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Introduction to the AMMA Conference

Background

African Monsoon Multidisciplinary Analysis (AMMA) is an international project to improve our knowledge and understanding of the West African monsoon (WAM) and its variability with an emphasis on daily-to-interannual timescales. AMMA is motivated by an interest in fundamental scientific issues and by the societal need for improved prediction of the WAM and its impacts on West African nations. 

At this time scientists from more than 20 countries, representing more than 40 national and pan-national agencies are involved in AMMA. In addition to the international structure which has been set up, a network of African scientists linked to AMMA has been established (AMMANET) which will help to consolidate existing collaborations in Africa and to federate initiatives through a pan-African partnership. 

AMMA is endorsed by the World Climate Research Programme (WCRP) and continues to develop in association with CLIVAR and GEWEX. AMMA has also been endorsed by two projects within the International Geosphere-Biosphere Programme (IGBP): IGAC and ILEAPS.  AMMA is working with other international projects and programmes to achieve its aims including GCOS, GOOS and THORPEX.

Conference Objectives

The conference aimed to bring together researchers from around the world working on the WAM and its impacts, to review ongoing research activities and to discuss future contributions and directions within the AMMA research programme. It also provided an ideal opportunity for establishing and coordinating collaborations, in particular with African scientists in AMMANET.

The conference took place within the enhanced observing period (EOP) and just ahead of the AMMA special observing period (SOP) in 2006. The conference was an ideal opportunity to review and discuss the plans for the observing campaign as well as the opportunities for related research activities.

Substantial efforts were made to ensure good attendance at the conference, particularly from Africans in the region. In the end we significantly exceeded our expectations. We received more than 300 abstracts and in the end had 255 participants from 23 countries including near 100 Africans from the region. This enthusiasm for AMMA is a strong endorsement for what AMMA is working to achieve.

Conference Themes

Recognising the societal need to develop strategies that reduce the socioeconomic impacts of the variability of the WAM, AMMA facilitates the multidisciplinary research required to provide improved predictions of the WAM and its impacts. This is achieved and coordinated through 5 international working groups: (i) West African monsoon and global climate, (ii) Water cycle, (iii) Land-surface atmosphere feedbacks, (iv) Prediction of climate impacts and (v) High impact weather prediction and predictability. These 5 research areas also constituted the main themes of the conference and are briefly described here: 

· West African Monsoon and Global Climate: The 2-way interactions between the West African Monsoon (WAM) and the rest of the globe are important for determining the variability of the WAM and its global impacts on intraseasonal-to-decadal time-scales. Research areas under this theme include (i) Variability and predictability of the WAM (nature and role of teleconnections, intraseasonal variability including easterly waves, predictability issues and the role of the ocean, detection of the global change), (ii) Monsoon processes (scale interactions, the seasonal cycle and the monsoon onset), and (iii) Global impacts of the WAM (e.g. on tropical cyclones, aerosol variability, atmospheric chemistry). 

· Water cycle: The efficiency of the processes controlling the advection of atmospheric moisture, its transformation into precipitation, and the behaviour of rain water over land (e.g. run-off, infiltration etc), is a crucial aspect of the WAM. The role of energy transport and exchanges in related to water vapour advection and latent heat release is also central for monsoon dynamics and its variability. Analysis of the water budget at regional-scale, mesoscale and local scale is promoted in this research theme.

· Land Surface-Atmosphere feedbacks:  Recent studies with climate models have confirmed that the WAM is a hot-spot of surface-atmosphere interactions but the processes causing this strong interaction have not yet been identified. Presentations in this section will review our current knowledge and present new ideas on the mechanisms which could explain the strong surface-atmosphere feedbacks. The discussions should foster coordinated studies to explore and better understand the coupling at a regional and mesoscale.
· Prediction of climate impacts:  A major aim of AMMA is to develop the underpinning science that supports the practical use of climate information in improving health, water resources, food security/agriculture and other key climate-sensitive sectors in West Africa countries by, for example, helping to define the relevant climate/environment monitoring and prediction strategies. AMMA will ensure strong linkages between the work taking place on impacts and that taking place on observed variability and predictability of the WAM.
· High impact weather prediction and predictability: This joint AMMA-THORPEX research initiative is concerned with improving our knowledge and understanding of high impact weather in different regions: (i) over the West African continent (e.g. intense rainfall events, onset and duration of dry/wet spells), (ii) the downstream tropical Atlantic (e.g. tropical cyclone genesis and intensity change) and (iii) the extratropics (e.g. extratropical transition events, large-scale tropical-extratropical interactions). In addition to addressing key science issues related to the nature and predictability of these high impact weather events, operational activities will be promoted including (i) Assessment of the impact of additional observations (especially radio-soundings over West Africa) in analysis/forecasting systems for the three regions; (ii) Development of targeted observing strategies and (iii) Tailoring of forecast products for users.

Conference Programme

The programme included a mixture of plenary sessions, poster sessions and parallel working sessions. The plenary sessions included invited and contributed oral presentations. The working sessions were designed to provide an opportunity to discuss future research directions in AMMA as well as to coordinate and promote international collaboration. A workshop dedicated to climate impacts took place on the Saturday and Sunday after the conference. Summaries of these working sessions and the workshop are included below. More information about the international AMMA project including the working group activities can be found via the international AMMA webpages at http://www.amma-international.org.
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AMMANET   A network of African scientists contributing to AMMA

CLIVAR
     Climate Variability and Predictability

GEWEX
     Global Energy and Water Cycle Experiment

IGAC
        International Global Atmospheric Chemistry

IGBP
        International Geosphere-Biosphere Programme

ILEAP         Integrated Land Ecosystem – Atmosphere Processes Study

GCOS
       Global Climate Observing System

GOOS
       Global Ocean Observing System

Working Session Summaries

The following summaries are included below :

1. WG1: West African Monsoon and Global Climate, 


including aerosol chemistry, ocean fluxes and modeling

2. WG2: Water Cycle

3. WG3: Land Surface-Atmosphere Feedbacks

4. WG4: Prediction of Climate Impacts

5. WG5: High Impact Weather Prediction and Predictability

Elisabeth and Isabelle decided to insert the text corresponding to each WS just before the abstracts of the concerned session.
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Session 1:

West African Monsoon and

Global Climate

WG1: West African Monsoon and Global Climate

Background

The 2-way interactions between the West African Monsoon (WAM) and the rest of the globe are important for determining the variability of the WAM and its global impacts.  The aim of this working group is to better understand and predict the multi-scale variability of the aspects of global climate linked to the WAM. This WG is particularly concerned with addressing science issues raised at the global scale and includes consideration of the coupled atmosphere-land-ocean WAM system, its variability including how this relates to aerosol-chemistry issues. Given the wide scope of this WG, there were four parallel discussion sessions at the conference. In addition to the WG1 overview session, three other focussed discussion sessions took place concerned with aerosol-chemistry, ocean fluxes and modelling. The key points from each of these sessions are summarised here. 

1.1 Summary and recommendations from the WG1 Working Session

Arona Diedhiou, Serge Janicot, Peter Lamb

1.1.1 Overview
Participation in the sessions that relate to WG1 was very strong with 94 contributions from Africa, Europe and the US. Key topics discussed in the parallel session included: Synoptic and Mesoscale weather systems, Climate Change uncertainties and Regional Climate Modeling. 

Format of working session

· Statement of general objectives and specific objectives (S. Janicot)

· Statement of purpose of session and introduction of 3 presentations (A. Diedhiou)

· Presentation of N. Hall on analysis and predictability of the different weather types determining the intraseasonal variability ; showing also that WAM is modulated by weather systems originating outside of West Africa

· Presentation of H. Douville on West African climate variation to global warning; considerations on the limitations of the simulations exercise to understand climate variability.

· Presentation on regional modelling by M. Fulakeza, A. Sarr, P. Peyrillé

1.1.2 Discussion issues and recommendations
(a) synoptic-mesoscale phenomena 
· Need for research and identifying relative importance of various “wave modes” for West African precipitation including validation using historical data

· Need to underpin forecasting, including for AMMA SOPs if time permits

· Discussions about areas of convective system initiation (Chad, Ethiopia)

· Discussion about forecast users need and difficulty of moving from basic research to use of key results

(b) Climate change uncertainties

· Noted previous IPCC reports did not convincingly. Presentation indicated by current IPCC processes will offer no useful guidance about the evolution of West African climate in the coming decade because models being used have not captured 1950-2000 climate variations.

· Presentation focused on ways to attend, to reduce the uncertainties but this will be challenging and not likely yield much clarification in the foreseeable future.

· It was recognized that “process studies” in AMMA are crucial for reducing uncertainties in model physical parameterizations that are relevant for West African (clouds, convection, air-see and land-atmosphere interactions, aerosols)

(c) Regional Climate Modelling

· Obtain listing of the RCMs being applied to West Africa by West African organization.

· Discussion of operational potential of RCMs versus use of high resolutions GCMs (for Africa).

· Recognition of importance of aerosols in recent modelling research and need for more work in that area.

· Noted challenge for convective parameterization in environment of relatively weak low – level convection.

· Need for strong linkage with seasonal forecasting community.

1.1.3 Key Activities that were agreed in the short term

Work with modeling community to agree international modeling strategy (see section 1.4. below)
Promote special session at AMS January 2007 on West African Monsoon
Establish core-group to address selected main issues :
· Modeling

· Aerosols and chemistry

· Regional scale of the monsoon (including eastern and central Africa)

· Intraseasonal predictability

The composition of the core group must then include expertise from these issues, as well as ocean subject area. It will also get links to the two impacts WGs (WG4 and WG5, and include appropriate representation from national and pan-national projects to aid the coordination and avoid duplication of efforts.

1.1.4 Linkages
WG1 must ensure strong linkages with all the WGs:

WG2: Role of water cycle on nature and variability of WAM

WG3: Role of surface feedbacks on nature and predictability of WAM

WG4: Predictibility of climate issues and links to users

WG5: Model evaluation; predictability issues, especially at intraseasonal timescales

1.1.5 Communication
The following plans were agreed in the short term:

Establish international e-mail list for WG1, 
Make contributions to AMMA International Newsletter
Develop international webpages for WG1.

1.2 Report from the Atmospheric chemistry and Aerosols session

Celine Mari

The session was organized around four themes:

Dust Aerosols

Anthropogenic aerosols

Water vapor and ozone

Wet and dry deposition

1.2.1 Overview of presentations

(a) dust aerosols
J.L Rajot presented the observations that will be available at the Banizoumbou supersite and at the different sites along the sahelian transect (details in the TT2b document). J. Cuesta showed the measurements at the TRESS station in Algeria where the role of saharan aerosols on the heat low will be monitored. J. McQuaid gave an overview of the DODO project focusing on the dust aerosols in the outflow of the senegalese coast and deposition over the Atlantic ocean. R. Washington described the BODEX 2005 experiment which focus was on dust emission processes in the Bodele region. Washington and coworkers have demonstrated the role of the BODELE low level jet in the triggering of dust emission. Their data represent a challenge for the modelling community. P. Knippertz showed his work on the relation between an extreme saharan dust outbreak in spring 2004 and the onset of the West African Monsoon. This work emphasized the need for strong links between dynamics and aerosol studies within AMMA. Several modelling studies has been performed to simulate dust plumes and composition over West Africa. L. Menut has done sensitivity studies on the number and values of aerosol size bins in the CHIMERE model. The CHIMERE model will be used on a forecast mode during the SOPs. F. Solmon  used the RegCM model to simulate dust aerosols at longer timescales. P. Tulet has used the Meso-NH model to simulate a dust event during the SHADE campaign showing the impact of dust aerosol on the radiative budget and the dynamics compared to climatological values of dust. I. Chiapello showed her work on the long-term variability of African dust as seen by satellite observations and ground-based observations in Barbados. She has found a progressive increase of residual dust export at Barbados between 1966 and 2000 that may be due to human-induced land degradation. 

(b) anthropogenic aerosols, biomass burning and aerosol mixing

F. Fierli presented the microlidar network that will be installed to monitor aerosols in the free troposphere during the AMMA SOP and EOP. Microlidar will be installed at Banizoumbou, Cinzana, and Dakar providing  2 profiles per day. C. Liousse described the Djougou supersite for chemistry. E. Key gave a overview of the US cruise on the NOAA Ship Ron Brown. Studies will focus on the connection between the SAL and cyclogenesis. Sea salt aerosols measurements will be available from May to beginning of July (with EGEE during SOP 1-2). A comparison of filters could be made with the aircraft samplers. She showed a long-term aerosol monitoring project on the island of Bioko in Equatorial Guinea (the Gulf of Guinea Aerosol Intensive Network). However, none of the plans of the ship are secured. A. Konaré showed recent RegCM simulations of anthropogenic aerosols over Africa and how they impact on the precipitation patterns. Comparisons are made with the AERONET measurements. M. Chin gave a presentation of the global modelling of aerosols with the GOCART model showing the impact of european pollution descending down to West Africa.

(c) Water vapor and ozone

F. Fierli showed the work being done with the FLEXPART trajectories to identify the dry intrusions, the transport pathways for water vapor to upper troposphere and the impact on upper troposphere cirrus. V. Thouret gave an overview of the main characteristics of ozone distribution over Africa inferred from MOZAIC and ozone soundings. She emphasized the potential role of lightning NOx in the formation of upper tropospheric layer of high ozone. A. Aghedo performed simulations with the MOZECH model and compared the different sources of biomass burning, biogenic VOC and lightning NOx. 70 % of the tropospheric ozone produced over Africa is found outside the african continent.

(d) wet and dry deposition
C. Galy-Lacaux gave an overview of the IDAF program and the new implementations at Banizoumbou and Djougou. L. Sigha showed his work on the chemical composition of rainwater over tropical forested sites and the influence of desert ions. V. Yoboué talked about the rainwater chemistry and wet deposition over wet savanna ecosystem of Lamto.

1.2.2 Discussion and key activities agreed in the short term
There was discussion on how to increase the visibility of the Atmospheric chemistry and Aerosols activities at international level. The group has now reached a critical mass but the activities are not well known and visible for the scientists currently outside of AMMA and for our sponsor IGBP (ILEAPS and IGAC). A proposal to discuss by AMMA-ISSC would be to identify a specific activity in WG1 (WG1b: Aerosol and Chemistry).

In the next 12 months, much of the activity will be on the field experiment.

The use of models and satellites was discussed. In terms of a modeling strategy, models from the local to the global scales are currently being used for aerosols and chemistry studies. For the study of ozone and the chemical composition of the TTL, the following models will be used: MNHC, RAMS, BOLAM-MOLOCH. Aerosols dust will be studied with MNHC-Aerosols, RAMS-dust, CHIMERE-dust, Reg-CM3, MADE, NAME-DUST. At global scale, aerosols mixing will be simulated in RegCM3, TM4 and GOCART and ozone budget will be described in LMDz-INCA, MOCAGE, TOMCAT, TM5 and MOZECH. To date, there is no common strategy for the Aerosol/Chemistry modelling activities within AMMA.

Satellites are used by this community for different objectives:

(i) Upscaling of local sources or inverse modelling: lightning NOx upscaled to global electrical activity, NOx emissions by soils related to regional and global vegetation maps, biomass burning emission upscaled with regional and global burned surface areas. Inverse modelling strategies are developed within the EU/ACCENT project.

(ii) Validation of modeled regional and global aerosol or gas distributions: validation of desert dust plumes and biomass burning plumes with AOT and images from satellites (MODIS, ...), validation of anthropogenic emissions with CO from MOPITT or NO2 from GOME, ...

(iii) Long-term variability of aerosols over West-Africa derived from satellite and ground-based measurements.

1.2.3 Communication
There will be a special AMMA session at the IGAC conference in September 2006, Cape Town, South Africa. Upcoming funding opportunities for the African partners working on aerosol and chemistry will come from the IGAC and ILEAPS programs.

1.3 Ocean-Fluxes

B.Bourlès, G.Caniaux

1.3.1 Report on a first “parallel” meeting :

(a) Introduction
The Dakar AMMA meeting was the first opportunity to gather most of the partners from African countries interested or collaborating with the oceanic component of AMMA. It has thus been organized a short parallel meeting in order to gather all the African oceanographers present at the conference, on Tuesday (Nov, 29) in Dakar, ie before the “official” ocean-flux session (organized on Thursday Dec.1).

Colleagues present during this 1st meeting : R. Folorunsho (Nigeria), A. Niang (Senegal), B. A. Sow (Sénégal), A. B. Blivi (Togo), R. Djiman (Benin), D. Ochou (Ivory Coast), G. Kouadio (Ivory Coast), A. Aman (Ivory Coast),  Y. Kouadio (Ivory Coast), E. Kouadio (Ivory Coast), A. Konare (Ivory Coast), M. Rouault (South Africa), B. Bourlès (France). The main purpose of this first meeting was for everyone to explain their interest in the oceanic component of AMMA and to discuss about possible involvement in AMMA-Africa, through the Ocean-Air Sea flux activities. The main discussion were about data sets, their availability, potential links with the ARGO program, Odinafrica, and other Coastal environment programmes (CCLME, GCLME, BCLME…). 

(b) Discussion and key activities agreed in the short term
Then, it has been discussed the way to work all together in the framework of, or in close relationship with, AMMA, on particular topics and thematic that could be closer to the priorities of the regional countries than large scale climate and open ocean studies.

The suggestion to provide a document (deadline not defined yet, but by the 1st semester of 2006) has been accepted by everybody, in order to do the inventory of:

- national programs and their potential link with / interest in / AMMA;

- their data needs;

- national data sets, their description and availability.  

One main goal is to built a global data set (Regional Ocean Data Set) that could be used for all the concerned studies, that could be considered as a main contribution to AMMA-Africa (through the CSAM). The clear wish of a close collaboration between all these international programs has been confirmed. An official letter could then be sent to the coordinators of Odinafrica, CCLME, GCLME and BCLME programs in order to suggest (to invite to) a close collaboration with AMMA and data sharing in the future. An e-mail list has been established. 

1.3.2 Report on the Ocean-Atmosphere coupling session (Thursday, Dec.1, 2005) :

(a) Overview of session

24 people attended this session (9 from France, 4 from Ivory coast, 3 from US, 2 from Nigeria, 2 from Senegal, 1 from Benin, 1 from Togo, 1 from The Netherland, 1 from South Af rica). This session were organised in 5 parts as follows:

1) General presentation of AMMA-Ocean & air-sea flux: main objectives  & in situ measurements;

2) Scientific thematic discussions (introduced by presentations), ie a) SST and West African Monsoon (large scale); b) Air sea fluxes ; c) Ocean circulation in the Eastern Tropical Atlantic and d) Air sea coupling;

3) Related programs/studies in Africa and links with EGEE/AMMA ;

4) Data bases & satellite data

5) Miscellaneous. Due to the available time, the 4th part has been very shortened.

During the two first parts of the session, some presentations have been provided, that allowed:

to recall on the main objectives of the Group :

to present the measurements acquired in the framework of AMMA and of linked international programs (ARGO & CORIOLIS, PIRATA, TAV&TACE CLIVAR);

to present an actual  study on SST influences on the interannual variability of the African Monsoon;

to summarize the actual knowledge on the roles of Air-Sea Interaction and the ITCZ In the WAM; 
to present some results about the low frequency variability in the Atlantic (actually, a very useful summarize of the problematic concerning these two last particular topics has been provided by C.Zhang -RSMAS / USA- and R. Haarsma -KNMI / Netherlands-, that also highlights the strong need of the oceanic campaigns planed in the framework of AMMA);

to present the next EGEE 3 experiment motivations and details on the cruise ;

to present some of the available satellite derived products (fluxes, wind…);

to learn that a large sampling of radiative, air moisture and gas is planed by USA (eg the installation of a long term -10 years- measurements station will be done in Equatorial Guinea, for aerosol, clouds and radiation, planed in early 2006) in the Gulf of  Guinea and off African coast during the AMMA SOP;

to briefly present some main studies in progress about ocean dynamic & processes (eg, Currents and variability at 10°W, termination of the eastward Equatorial Undercurrent in the Gulf of Guinea..);

to present the numerical models hierarchy and strategy for their use from operational (MERCATOR), to mesoscale processes studies (ROMS), as planed in France along with a 3D Simplified Oceanic Model Assimilating OGCM Currents for various regional studies during the 2006 SOP, i.e. flux budgets, and upper layer processes, and also to present numerical experiments for the study of the marine atmospheric boundary layer associated to surface oceanic heterogeneities;

to briefly present planed studies on the marine atmospheric boundary layer associated to surface oceanic heterogeneities and the coupled measurements that will be carried out during EGEE 3 cruise from the vessel and aircrafts.

Then, during the 3rd part of the session, Pr Adote Blivi (CGILE, Togo) presented an interesting summary of studies carried out in Togo and Benin, about coastal boundary evolution and tide gauges data analysis for the sea level variability monitoring. During this talk, Pr Blivi presented some of main concerns in ocean studies by regional countries, ie littoral environment, coastal erosion, coastal management and data needs.

The following describes other African concerns in regard to AMMA. It has been stated that some coastal countries have the feeling that they stay on the side/border of the AMMA motivations, that appear more dedicated to Sahelian countries, e.g., neither impact studies on fisheries nor coastal dedicated studies are mentioned, , and some numerical forecast models are limited north of 5°N (e.g. ALADIN). About the data sets : one began an inventory of free access data or products that may be used by African oceanographers. But it has been stated the need of precise information on data policy about a few products, e.g. satellite (e.g. Envisat…), analysis from specific numerical models (e.g. ECMWF…), ocean simulations (Mercator, …). All these aspects and answers will be included in a ocean group document to be provided in 2006 to all the attendees.

(b) Discussion and key activities agreed in the short term
It has to be noted that the clear wish of a close regional collaboration has been confirmed.  Main objectives and links between climatic studies (AMMA) and coastal and impact (coastal erosion, fisheries…) studies will be underlined in order to define a draft of a scientific document (e.g., winds variability versus coastal erosion variability, seasonal/interannual sea level variation…). The need for regional coordination funding is underlined.
About the 4th part (data base and satellite data). Only a little information about a few data sets has been provided. It has been said that a meeting was however planned in Dec 15, 2005 in Lannion (France) in order to begin an operational free web access to products of oceanic  and air-sea interactions parameters.  One goal is also to built a preliminary source of the best/adapted data  to feed  the AMMA-Database.

(c) Final discussions and miscellaneous item
About  the Senegalese cruises planed in the Senegal AMMA program : A final answer should be provided soon by AMMA-Senegal  in order to know if these cruises are possible.

About the French AMMA-EGEE cruises in 2007: They should be carried out onboard the IRD R.V ANTEA.

 About an ARGO regional meeting (planed in 2006 or 2007 in Ghana, resp. R.Folorunsho –Nigeria-):  This meeting could be the opportunity 1) to involve the ocean African community (or to make it to collaborate) in ARGO and associated programs as AMMA; 2) to push for the need of a regional ocean data set.

About training: During each EGEE or PIRATA cruises, scientists from interested/collaborating laboratories  (NIOMR/Nigera, LAPA/Ivory Coast, CRHOB/Benin, Univ.Lomé/Togo, LPA /Senegal) are invited.

Organization within the ISSC:  It has been stated that very few exchanges exist between the continental surface-atmosphere community and the ocean surface-atmosphere community within the WG3. Actually, only the studies of the boundary layer seem to be more favorable to internal collaborations. A solution would be to split the WG3 in two groups: WG3a: continental surface-atmosphere and WG3b: ocean surface- atmosphere.

1.4 Evaluation and improvement of GCMs

F Hourdin, S Janicot, PM Ruti
1.4.1 Introduction
This parallel session was established in recognition of the substantial interest that exists in the international community to contribute to this activity. In addition to the existing activities in Europe (model intercomparison in the AMMA-France and AMMA-EU components), other groups wish to contribute and collaborate (e.g. proposal from Y. Xue and B. Lau under the auspices of CEOP). 

1.4.2 Overview of Session
This session reviewed the international initiatives which address scientific issues related to the West African Monsoon area.

JL Redelsperger (CNRM) illustrated the main international programmes endorsing the AMMA project and he focused on the COPES (Coordinated Observation and Prediction of the Earth System) idea. In fact, the World Climate Research Programme (WCRP) has introduced a new strategic framework for its activities in the decade 2005-2015. This is in response both to the new scientific challenges posed by the understanding and prediction of the behaviour of the Earth system and to new opportunities for WCRP (World Climate Research Program) science to provide the basis for major applications for Coordinated Observation and Prediction of the Earth System (COPES). The aim under COPES is to facilitate analysis and prediction of Earth system variability and change for use in an increasing range of practical applications of direct relevance, benefit and value to society. It will provide the unifying context and agenda for the wide range of climate science coordinated by and performed through WCRP projects (SPARC, GEWEX, CLIVAR, CLIC) and activities, and for demonstrating their relevance to society. In recognition of the central role of modeling in COPES, a WCRP Modeling Panel (WMP) has been established in 2004 for promoting, coordinating and integrating modeling activities across WCRP.

C. Reason (Cape Town Un) presented the Clivar-Africa activities. In particular, the CLIVAR VACS (Variability in the African Climate System) panel has been analyzed. One of the goal of the VACS panel is to promote and coordinate efforts for evaluations and improvements of model simulations (e.g., AMIP, CMIP, IPCC, etc.) for the African region. This effort follows the main questions of the VACS initiative:

What are the causes of African Climate variability and how is this related to other parts of the globe?

How well do current dynamical models simulate African Climate variability and its relationship with the global climate?

Which deficiencies do dynamical models have that can account for known inadequacies in the simulation of African Climate variability and its relationship with the global climate?

Moreover, a collaborative effort between CLIVAR Atlantic and VACS will (2007-2012) focus on the understanding of coupled ocean-atmosphere processes and improve climate prediction for the Tropical Atlantic region, and improving SST prediction in tropical eastern Atlantic.

The GEWEX (Global Energy and Water Cycle Experiment) Modelling and Prediction Projects (GMPP) was described by J. Polcher. The GMPP panel coordinates the activities within GEWEX which aim at improving the representation of the global water and energy cycle within Earth system models. Particular attention is being paid to cloud systems, land-surface processes and the atmospheric boundary layer (ABL). The following groups exist to cover these activities:

GEWEX Cloud System Studies: GCSS

Global Land/Atmosphere System Studies: GLASS

GEWEX Atmospheric Boundary Layer Study: GABLS

GMPP keeps a close link with the Atmospheric Model Intercomparison Project (AMIP) in order to ensure that the activities within the panels are relevant to atmospheric models and that the global modeling community is aware and can take advantage of the improvements proposed in cloud, land-surface and ABL conceptual models.

S. Janicot presented how a “user” of GCM can consider the issue of models evaluation in the context of interannual variability of the WAM controlled by large-scale teleconnection mechanisms. GCM are helpful to support diagnostic analyses based on observational data sets through (i) comparison of teleconnection patterns consistency between observations and model outputs, (ii) providing more precise mechanisms using variables not available in the observational networks, (iii) sensitivity experiments to test hypotheses raised by diagnostic computations. However GCM experiments (for instance AMIP-type simulations) can provide results consistent with diagnostic analyses for good or bad reasons, or in fact for unknown reason as GCM are a too complex system to be understandable as a whole. So to evaluate a GCM means to try understanding how a GCM is working and why it is not working well. So what a “user” can propose is to evaluate GCMs processes in the context of a climatic large-scale key-question. For instance, investigate in the model the processes linking Mediterranean SST anomalies and WAM interannual variability through possible scenarios: (i) a direct link through advection of moisture in the African Easterly Jet, or an indirect link through a ventilation effect into the Saharan heat low which then modulates the ITCZ convective activity by intrusion of Saharan dry air into the ITCZ, (ii) then imagine sensitivity experiments on model parametrisations in this SST-teleconnection context, for instance modify the entrainment parameter in the convective scheme to estimate the role of the mixing of Saharan air into the ITCZ and observe how the SST-WAM teleconnection is modified.

A short summary of the intercomparison project undertaken under the AMMA-EU and AMMA-FRANCE umbrella was presented (PM Ruti-F Hourdin). West Africa is characterized by well defined strong meridian surface gradients of albedo and vegetation from the Guinean gulf to the Sahara. This feature is coupled to well defined atmospheric circulations such as the African easterly jet (AEJ) which develops over West Africa during the monsoon season typically between 10°N and 15°N. The West African monsoon exhibits specific seasonal variations, with in particular an onset characterized by an abrupt latitudinal shift ( 5°N) occurring typically at the end of June. While current (re-)analyses are able to reasonably capture the dynamics of these large-scale dynamical features, the extent to which large-scale models are able to properly reproduce these observations remains unclear. So, the main focus of the AMMA-EU model intercomparison is the evaluation of the simulated rainfall at seasonal and intraseasonal time scales and the link between monsoon rainfall and large scale dynamics (strength of the African Easterly Jet, penetration of the monsoon flow, etc ...). For the intercomparison exercise, the various modelling groups will be asked to provide particular outputs which will be made available on a web/ftp site (http://amma-mip.lmd.jussieu.fr).

These considerations led us to the definition of an intecomparison made of two parts: 

The cross-section (AMMA-CROSS) is motivated by the relative "zonallity" of the West Africa. It consists in comparing outputs of large-scale atmospheric models and observational products (including satellite and re-analyses datasets) on a latitude or latitude-height cross-section. In order to reduce the problem of reprensentativeness and filter out small scale phenomena, the cross section is defined as an average in longitude between 10°W and 10°E.

The second part, AMMA-MAPS, has two main objectives: the first one is to evaluate the ability of the models to reproduce the synoptic phenomena and in particular those related to the easterly waves, their relation with convection, jet intensity and so on. The second objective is to document the representativeness of one particular latitudinal cross-section. 

The intercomparison will concentrate on years 2000 and 2003. Year 2000 is a dry year, included in standard AMIP simulations. It has been studied during the JET2000 campaign. It is also a year for which a number of chemistry-transport simulations are available. Year 2003 is a wet year for which more recent observations are available. It is also a year chosen by AMMA for chemistry transport simulations because of the availability of MOZAIC data. 

Y. Xue (UCLA) presented another model intercomparison initiative focusing on the African Monsoon under the GEWEX umbrella. The CEOP/CIMS (Coordinated Enhanced Observing Period - Inter-Monsoon Studies) initiative has the following objectives:

To provide better understanding of fundamental physical processes (diurnal cycle, annual cycle, intraseasonal oscillations) in monsoon regions around the world

To demonstrate the synergy and utility of CEOP data in providing a pathway for model physics evaluation and improvement

Another CIMS objective is the Aerosol-monsoon water cycle analysis, for providing better understanding of the mechanisms of extreme events that affect water availability in monsoon regions, and for unraveling the effects of natural and anthropogenic aerosols on the monsoon water cycle and their interaction with the atmosphere-land-ocean system, from diurnal, intraseasonal, interannual, and intradecadal time scales. Within the CIMS framework, a West Africa Monsoon Modeling and Evaluation (WAMME) program has been proposed :

to evaluate the performance of current GCMs/RCMs in simulating WAM precipitation and relevant processes at diurnal, intraseasonal, interannual, and intradecadal scales, as well as its onset and withdrawal; 

to identify the common discrepancies and provide better understanding of fundamental physical processes in WAM; 

to conduct sensitivity experiments to isolate important key physical processes for diurnal, annual, interannual and interdecadal variations of WAM; 

1.4.3 Discussion and key activities agreed in the short term
There was general agreement to coordinate the intercomparison activities (AMMA-France , AMMA-EU, CEOP-CIMS initiative) under two main headings: Evaluation of Models (MIP) and Improvement of Processes and Feedbacks. The relevant issues to be diagnosed:
seasonal cycle

intra-seasonal variability

diurnal cycle

aerosols impact on dynamics

veg/soil-atmosphere interactions

Interannual variability : remote control versus local processes

There was a recommendation that these activities should be linked to the relevant interested international bodies:  COPES, CLIVAR (including VACS), GEWEX (including CEOP and GMPP), THORPEX and IGBP.

An international coordinating group was proposed to develop and continue these discussions.
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1. Introduction

Recent studies of the stucure of Afican easterly waves
(AEWs) have inicated that hese distuibances occur over
a bioad range of tme scales and can have ditincty
ditrent dynamical Structures depending on thei locaton
with respect (0 the low level Affcan easierly ft (AEJ)
Westward moving distuibances having quaskperodicites
of roughly 3-5 day and 62 days are dominant (Dizchiou et
a, 1999), and other ower fiequency moges wi around
10-15 and 2560 day periods have been observed as wel
(©9. Mounier et al, 2008). This study aims © provide &
compiehensive vieW of the stucture of AEWS and the
dynamics governing their behavior (Kiadis st al. 2006,
heeafier KTHOS; Hall ot . 2006; hereafier HKTOS).

2. Data and Methodology

We utiize a varity of data sourcss, including the Outgoing
Longwave Raciation (OLF) data set 1o categorize desp
convective rainfal, ECMWF and NCEPINCAR reanalyses,
and radiosonde data flom several long-tem stations.  The
reanalysis data are dally averages at 2.5° esolution.

Easterly wave actily can be readly isolated though
space-ime fiteing of e OLA data folowing the
methodology of Wheser and Kiadis (1999). In that siudy a
TD-ype" signal was identfied as a pronounced spectral
peak In giobal OLR during northem summer for westward
propagating wavenumbers greater than six and for periods
betwean 2.6 days. Here we fiter for this wavenumoer-
flequency band and use the fesuling OLR field as a
predictor n a inga regression madel (see KTHOS),

TDiered OLR for the June-September season was used
as an independent variable in the regression mocel at
variety of base giid pois over Afica.  Here we show
soaial patiems flom ERA-15 reanalysis, fof the 1978.93
perod. A egression between wind and OLR is calcuiated
at each gid point versus TD-ftered OLR at th bass point
Al fikls e scaled o an OLA perturbaton of -20 Wite, a
typical valu associated wih convecton in an AW,

3. Circulation

Fig. 1 shows the OLR and 850 hPa streamfunction and
statisticaly signiicant wind fieds associated with TD OLR
at the paint 10°N, 10°W over West Afica. Plots shown are
for two days prior fo the peak of convecton (Day-2, top),
Day O (midd), and Day+2 (botiom). In this sequence the
OLR sgnal propagates westward at a phase speed of
around 12 mis, ypical of AEWS on the equatorward side of
the AEJ. The period of this distuibance i around 3.5 days.

The ciculaion associated Wih the wave Shows an
interesting evoluton wilh fespect to the location of the
convection thiough the sequence. On Day-2 when the
main_ convectve center fs located 1o the east of the
Greenwich meridian and the wave is ampliying, the

convection is located in notherly flow at 850 hPa, to the
west (ahead) of the low level trough._AS the wave moves
closer to the coast and convectan peaks on Day 0, e
tough i then neaty coincident with the convective center,
and once convection moves offshore on Days2 it becomes
embedded in the southerty flow to the ast of (vehind) the
tough as in a cassical oceanic easterly wave.

Verical cioss sections of ciculation filds of the wave from
reanalysis data (not shown), reveal that they tit stiongly
castward with hegnt east of Greenwich, have a more or
less "frst barociic” tropospheric stiucture with opposite-
signed stacked in the vertcal over West Afica, then
develop westward its with height over the Atlanic.

4. Normal Mode Analysis

A pimitive equaton model s used 1o study the fastest
giowing Ingar nomal modss of the basic state fow over
Affica (HKTO) _For realsiic thiee_dimensional basec
staes, the dominant nomal mode (Fig. 2) koks
femarkadly smir 1o the obsened stucture in Fig. 1b
This simiarty extends fo the evoluion of the phase
relatlonship of vetical velocty Wil stisamfunction, which
fesembles the OLA compostes of Fig. 1 (not shown),
Suggesiing a stiong adiabatic forcing constaint on where
convecton occurs in a wave over s part of West Afica

5. Q Vector Analysis

A cucal queston regarding the couping between
convection and equatorial waves concems whether they
oignate as diy dstubances tat then couple to
convection, or whether convection infiates a Ciculation that
then projects onto a preferred mode of circulaton. In the
case of AEWs we are able to diagnose the adiabatic
contrbution to the forcing duz to the advection of vorticiy
and temperature thiough the use of Q Vectors (Hoskins et
al. 1978), which neglects the diabaic forcing ferm of the
omega squatrion. Q Vectors are useful here despie the
fact that AEWS occur at a atitude where the original quas-
geostiophic assumplions may not be vaid.

Verical mofon s proportonal o V-0, and i can be
Shown (KTH; HKT) that most of th signal s due o
o

e

»
Rv o ax ay
Which reptesents the_combined efiect of voricty and
themal advecion. Fig 3 shows the 850 hPa verical
mofon, G Vector and V-0 fiels for Day 0, and i can be
seen that the verical moton i wel represened by fie
adiabaic forcng orms of e O Veclor. I fac, mast of e
forcing in Fig. 3 is due fo the advecton of perturbation
voricy by the mean zonal wind, and i also explains e
evolton o he phase relatonshio between the convecion
and voriciy as fe wave evolves (nol shown). As tie
Waves propagate offshore, and for waves north of the AEJ,




[image: image2.png]this relationship breaks down, and the location of
convection can not be explained in tems of dynamical
forcing alone. Whik these resus do not necessarly
addiess the mechanisms (esponsible for the infiaton of
AEWS, recent stuciies have indicated that convecion over
the highland regions of Sudan may be imporiant as seeds.
Interestingly, HKT show the structure of noimal modes is
ot sensiive to obsenved inferannual variatons n the basic
State, suggesting that dynamical instabilty alon does not
explan the inifiaton and mtermitency of AEWs. This
‘argues for a strong dependence on infation mechanisms,
such as convection, to expiai such variabilty.
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Fig 2. Modal stucture at approximately 830 hPa in a
primitive equaton model liearized about the cbservad June-
‘Septemoe: three dimensional basic state (see HKT). Upward
moton i shown in biue, downward in red. Streamfunction
contour interval is arbirary.

Fig. 1. Regressed OLR (dark shading negative), signficant wind,
and sireamfuncion (contours) at 850 hPa assocated wih negaive.
TD-ftered OLA perturbations at 10°N, 10°W. 3) Day-2 (1op), b)
Day 0 (middie), and o) Days2 (sorom).

Fig. 3. O Veciors and vertical motion (dark shacing upward) at
850 hPa associated wih the pattern n Fig. 1b. Contour inerval s
510719 PaTs3 and the largest vecrors are around 10 X 1014
mPa's. Shading stans at=12 X 102 parls




Structure Tri-dimensionnelle et Dynamique des Perturbations Associées aux Ondes Est Africaines
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Traduction à revoir

La structure moyenne des ondes est africaines (AEW) sur l'Afrique de l'ouest et sur l'Atlantique à coté est isolée par projection des variables dynamiques en provenance des réanalyses et des données de radiosondes. Ils(elles ?) sont projetés sur l'OLR (radiation thermique sortant) après avoir filtré ce dernier en façon spatio-temporel.

Ces résultats sont mis en comparaison avec les résultats de modélisation présentés par Nick Hall. Les structures observées ressemblent beaucoup aux structures des modes propres de ce modèle pour un état basique d'été sur l'Afrique. Il y a une évolution considérable dans la structure tridimensionnelle de ces ondes selon leur propagation sur 10N à travers l'Afrique de l'ouest. A cette latitude, la convection est dans les courants du nord à l'est du méridien de Greenwich, et ensuite est déplacée dans le talweg et enfin dans les courants de sud quand les ondes se propagent à le côtier (vers la côte ?) et dans l'ITCZ sur l'Atlantique. Par contre, à 15N, au nord du jet d'est africain, la convection reste dans les courants du sud sur toute la trajectoire de l'onde. Sur 10N sur l'Afrique de l'ouest, la convection est en accord avec le forçage dynamique / adiabatique donné par l'advection des perturbations de vorticité par le vent thermique moyen dans la direction zonale, ce qui est aussi vu dans le modèle de Hall. Sur la mer, et sur 15N, la relation avec la convection et la dynamique est plus compliquée et pas facile à expliquer purement en terme de forçage dynamique. 

1.02

Etude multivariable de la dynamique des systèmes

convectifs en Afrique de l’Ouest
Garba ADAMOU (1), Kofivi ABALOVI (1), Diakaria KONE (1), 

Arona DIEDHIOU (2), Amadou.Thierno GAYE (3) et G. JENKINS (4)
(1) Ecole Africaine de la Météorologie et de l’Aviation Civile EAMAC, Niamey, Niger

(2) IRD, Niamey, Niger (3) LPASF ENSUT, Dakar Fann, Sénégal

(4) Howard University, Washingtown, USA

En région tropicale, l’absence d’une théorie unifiée à l’instar du concept du géostrophisme beaucoup plus valable dans les latitudes supérieures, la faiblesse des réseaux de mesures météorologiques et les faibles valeurs du paramètre de Coriolis, rendent peu aisées la compréhension et la prédictibilité des systèmes convectifs. 

Des travaux réalisés sur l’évolution des systèmes convectifs dans des champs de tourbillon potentiel et de CAPE ont conduit à des résultats préliminaires particulièrement intéressants, mais ont concerné l’impact de ces variables prises individuellement sur la dynamique des systèmes convectifs associés à des lignes de grains(LG). Par ailleurs ces travaux n’ont pas abordé l’influence du cisaillement de vent sur l’évolution de ces systèmes convectifs. 

Le travail que nous présentons ici, associe le tourbillon potentiel, la CAPE et le cisaillement de vent pour une étude multi variable de la dynamique des systèmes convectifs en Afrique de l’Ouest et d’analyser l’action combinée de ces trois variables sur l’évolution de la taille des systèmes convectifs. On fera également une analyse fréquentielle des événements liant la taille des systèmes convectifs et les variables ci-dessous mentionnées.

Contact :

Garba Adamou, EAMAC, BP 746, Niamey  Niger

Tel : 00227 93 54 33 - Email : garbadamou@yahoo.fr / garba@eamac.ne
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Seasonal forecasting of thunderstorms in West Africa

using satellite data

S.O. GBURIYO and B.N. ORJI

Nigerian Meteorological Agency, Lagos, Nigeria

The dynamics of the interactions of the ocean - atmosphere systems and their implications for the weather and climate systems in West Africa have been a subject for discussions by many writers. In most previous writings, there have been problems obtaining data for accurately examining the characteristics and consequences of patterns of weather systems. With the recently available satellite data in Nigeria, therefore, it has become a big challenge for meteorologists and climatologists to use this satellite data and information to critically examine the characteristics of the weather especially seasonal thunderstorms and climate systems and their implications for characteristics and consequences of environmental change in the region. But the forecasting of these thunderstorms had been difficult mainly due to orography, local factors (ITD) and break down of global models during the transition period from Wet (Dry) to Dry (Wet) in October (March). All these show the need to examine critically the use of satellite imageries on the development of weather systems in general and thunderstorms in particular.

It is the purpose of this paper, therefore, to use satellite images and global model charts (850 and 700 hPa charts) for 1998, 1999 and 2000 to: (a) identify the various areas in which thunderstorms are produced due to the influence of orography and (b) the seasonal latitudinal movements of the thunderstorms with respect to (a) the beginning of the rainy season (b) the middle of rainy season (c) the little dry season and (e) the end of the rainy season.

The results of the study showed that (i) The storms in generally move at an average speed of 7 degrees longitude in 24 hours, though faster over the coastal area (8 degree) (ii) Between the months of March and April and late Sept/Oct most of the storms affecting the coastal areas (Lat. 5 - 7 degree north) originate from Gabon/Congo. Insitu developments were noticed by late April and Sept over places like Jos plateau, Adamawa highlands and Oshogbo hills (In Nigeria), Togo Atakora Mountains and Futa Jallon - Guinea highlands (iii) Between May/ June and Sept, storms that affect areas between Lat. 10 - 12 degrees north originate over Chad and Central Africa Republic.  (iv) From July - August, most storms originate over Sudan / Ethiopia and move along Lat. 12 -14 degree north. (v) It was discovered that 70% of the most devastated storms that affected the coastal areas of Nigeria (which later affected others areas of West Africa) are joint product of storms that developed over Oshogbo, Akure, Ekiti, (highlands areas of southwest Nigeria) and western Cameroon mountains merging over Lagos to produce very severe storms.

From the above results, it has become relatively easier to locate and forecast the movements of storms along specified trajectories in West Africa with an accuracy as high as 80%, thereby improving the forecasts of thunderstorms. Although the  ITD(Inter Tropical Discontinuity) and the ocean factor are significant for inducing significant changes in the characteristics and patterns of change in the air-sea interactions. it is now becoming clearer that (a) the influence of topography and land and sea breezes are the main factors initiating and influencing the origin of the weather systems, while the ocean and other factors influence the changes in the patterns of movements of the weather systems.

Weather forecasting in West Africa has largely depended on the use of climatological techniques and persistence. But with the advent of global model charts and satellite images, a lot of improvements and accuracy had been achieved in terms of Nowcasting and Microforecasting.

In this part of the world, line squalls and thunderstorms together contribute at least 80% of the total annual rainfall (Omotosho, 1984) north of latitude  11o N and 60% south of latitude 10o N.  Hence the socio-economic and political survival of West African countries depend a great deal on these convective systems.

Existing forecasting charts

The model charts used for operational forecasting are: MSLP charts, 10m winds & 2m Temperature charts, 925 Hpa charts, 850 Hpa charts, 700 Hpa charts (all from Meteo-france), precipitation charts (from ECMWF) and Surface Significant Charts (from U.K).

Squall Line / Easterly wave

To a large extent, the West African squall lines are dependent on or controlled by the summer time monsoon oscillations. They are absent when the monsoon retreats from most parts of west Africa (Nov - Mar), suppressed if the monsoon is too deep (giving way to monsoon rain) over coastal regions in June/July and very violent when the monsoon depth is about 1 - 2 km, especially north of 11o N.  Other basic conditions determining the occurrence of squall line/thunderstorm are :

(i)
The presence of a deep layer of convective or conditional instability.

(ii)
A release mechanism for the instability usually in the form of low level convergence or topography.

The forecasting of Line squall is done by watching for an area of organised cumulonimbus clouds orientated in a north/south direction with reports of thunderstorms accompanied by strong winds on the surface charts. The above line is expected to move at 30 knots depending on the steering level at 700 Hpa.

Easterly wave form in peculiar region in East/Central Africa (long 25 - 35o E) south of the jet (AEJ) core where the mean zonal flow is barotropically unstable. The wave structure shows a surface convergence zone only, a cyclonic vortex at 850 hpa and a distinct wave pattern at 700 hpa. Wave intensity tends to decrease upwards thereafter (Omotosho 1984). According to Adefolalu (1986) they have phase speed of 7 - 8 m/s (6 - 7 long/day), a wavelength of about 2000 - 3000m and a 4 day meridional oscillation. Weather occurs to the southeast/southwest of a typically developed easterly wave.  Easterly waves are easily recognized at the 850 hpa level. Their movements follow the climatological characteristics as enumerated earlier 

The Climatological approach / advent of Satellite

The climatological approach to forecasting received wide attention and application, especially in West Africa because the North/South migrations of the sun could be reasonably associated the seasons (DRY) during the southward march of the sun in the northern winter and (WET) during the poleward march in northern summer.    Ojo (2001) actually showed that ITD is not enough to explain the weather and climate of West Africa.  From 1970 however, other system like the easterly waves, line squalls and severe thunderstorms which account for 60 – 80% of the precipitation in West Africa were well documented.( Omotosho, (1984)). They rely on surface and upper air data, which are either sparse or not readily available at the time of observation.

With the installation of the PDUS in 1997 and MDD in 1998 at the central forecast office, a lot of improvements came into weather forecasting in Nigeria, some of which are:

i) Satellite data are now used to supplement synoptic analysis, as well as validating the base chats of the model-forecast charts.  

ii) easy location and  intensity of meso-scale systems

iii) The tracking of meso-scale convective systems as they transverse West African sub-continent.

iv) It is possible to diagnose weather producing systems and the areas of heavy precipitation using cloud top temperature contrasts.
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Prévisions saisonnières d’orages en Afrique using ouest

données du satellite
S.O. GBURIYO et B.N. ORJI

Traduction à revoir

Agence Météorologique Nigériane, Lagos, Nigeria

La dynamique des interactions de l'océan - systèmes de l'atmosphère et leurs implications pour le temps et systèmes du climat en Afrique Ouest ont été un sujet pour les discussions par beaucoup d'écrivains. Dans la plupart des écrits antérieurs, il y a eu des problèmes qui obtiennent le données pour examiner les caractéristiques et conséquences de modèles de systèmes du temps correctement. Avec le récemment données du satellite disponible en Nigeria, par conséquent, il est devenu un grand défi pour les météorologistes et ? manque texte ?
Les climatologues utlisent ces données du satellite et information pour examiner les caractéristiques du temps orages particulièrement saisonniers et systèmes du climat et leurs implications pour caractéristiques et conséquences de changement de l'environnement dans la région d'un oeil critique. Mais la prévision de ces orages avait été difficile principalement dû à orographie, facteurs locaux (ITD) et casse vers le bas de modèles globaux pendant la période de la transition de Mouillé (Sec) Sécher (Mouillé) en octobre (mars). Tout ceux-ci montrent le besoin d'examiner l'usage d'imageries du satellite sur le développement de systèmes du temps dans général et orages d'un oeil critique en particulier.

C'est le but de ce papier, par conséquent, utiliser des images du satellite et des palmarès du modèle globaux (850 et 700 hPa établit un graphique) pour 1998, 1999 et 2000 à: (un) identifiez les plusieurs régions dans que les orages sont produits dû à l'influence d'orographie et (b) les mouvements latitudinaux saisonniers des orages en ce qui concerne (un) le commencement de la saison pluvieuse (b) le milieu de saison pluvieuse (c) la petite saison sèche et (e) la fin de la saison pluvieuse.

Les résultats de l'étude ont montré que (i) Les tempêtes dans généralement mouvement à une vitesse moyenne de 7 longitude des degrés en 24 heures, pourtant plus vite sur la région côtière (8 degré) (ii) Entre les mois de mars et avril et Sept/Oct tardif la plupart des tempêtes qui affectent les régions côtières (Lat. 5 - 7 degré nord) provenez de Gabon/Congo. les développements Insitu ont été remarqués par avril fin et Sept sur places comme plateau Jos, pays montagneux Adamawa et collines Oshogbo (en Nigeria), Togo Atakora Montagnes et Futa Jallon - pays montagneux de Guinée (iii) Entre mai / juin et Sept, tempêtes qui affectent des régions entre Lat. 10 - 12 nord des degrés provient sur Tchad et Central République d'Afrique.  (iv) De juillet - août, la plupart des tempêtes proviennent sur Soudan / Ethiopie et avance Lat. 12 -14 degré au nord. (v) Il a été découvert que 70% des tempêtes le plus le plus dévastées qui ont affecté les régions côtières de Nigeria (lequel a affecté des autres régions d'Afrique Ouest plus tard) est produit commun de tempêtes qui ont développé sur Oshogbo, Akure, Ekiti, (régions de pays montagneux de Nigeria sud-ouest) et montagnes de Cameroun de l'ouest qui fondent sur Lagos pour produire des tempêtes très sévères.

Des résultats précités, il est devenu relativement plus facile de localiser et prévoir les mouvements de tempêtes le long de trajectoires spécifiées en Afrique Ouest avec une exactitude aussi haut que 80%, en améliorant les prévisions d'orages de cette façon. Bien que l'ITD(Inter Discontinuité Tropique) et l'océan compte est considérable pour induire des changements considérables dans les caractéristiques et modèles de changement dans les interactions aéronavales. c'est maintenant convenable plus clair que (un) l'influence de topographie et terre et brises de mer est les principaux facteurs commencer et influencer l'origine des systèmes du temps, pendant que l'océan et autre influence des facteurs les changements dans les modèles de mouvements des systèmes du temps.
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West African Storm tracks and their relationship

to Atlantic tropical cyclones
Susanna B. HOPSCH (1), Chris THORNCROFT (1), Kevin HODGES (2)

and Anantha AIYYER (1)
(1) Department of Earth and Atmospheric Sciences, University at Albany, SUNY, NY, USA

(2) Environmental Systems Science Centre, University of Reading, Reading, UK
Most of the Atlantic Tropical Cyclones form from weather systems originating over West Africa (e.g. Avila and Pasch, 1992, Pasch and Avila, 1994). The dominating synoptic weather systems over West Africa are African Easterly Waves (AEWs). Embedded within these AEWs are mesoscale convective systems (MCSs) that can produce mesoscale vorticity anomalies and also can provide seedlings for tropical cyclogenesis over the tropical North Atlantic (Carlson,1969). Previous studies have shown a strong relationship between the variability of West African rainfall and Atlantic tropical cyclone activity (e.g. Landsea and Gray, 1992, Goldenberg and Shapiro, 1996)

This seasonal to interannual variability may be associated with: 

· Large scale/teleconnections and changes in the environment where storms  form (e.g. tropospheric wind shear)

· Variability in the West African weather systems

The focus of this study is to assess the variability in West African weather systems using the automatic tracking technique used by Thorncroft and Hodges (2001) to identify coherent vorticity structures at 850hPa over West Africa and the tropical Atlantic in the ECMWF 40-year reanalysis. Consistent with their study, the presence of two dominant source regions for storm tracks over the Atlantic was confirmed, see Fig.1, the first south of about 15°N in the rainy zone, and a second region north of 15°N on the fringes of the Sahara.

Results show that the southern storm track provides about 70% of the systems that reach the main development region where most tropical cyclones develop, whereas the northern storm tracks play a much less important role in the tropical Atlantic. Furthermore, the southern storm track is characterized by marked intraseasonal-to-decadal variability. Evidence also indicates that there exists a seasonal variability in location and intensity of the storms leaving the West African coast, which may influence the likelihood of downstream intensification and longevity (see also Hopsch et.al, 2005).

There exists considerable year-to-year variability in the number of West African storm tracks, both in numbers over the land and continuing out over the tropical Atlantic Ocean. While the low-frequency variability is well correlated with Atlantic tropical cyclone activity, West African rainfall (Fig. 2) and SSTs, the interannual variability is found to be uncorrelated. Using the example of two contrasting years (Fig.3) we examined possible explanations for this apparent poor correlation. Using the 2-6-day-filtered meridional wind variance, which provides a synoptic-scale view of the African Easterly Wave activity, a much better relationship with interannual tropical cyclone activity is found.

	.
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Figure 1: Track density (scaled to number density per unit area (~106 km2 ) per season (MJJASON) of all storm tracks over the mapped area for the months of May – November, and years 1958 - 2002. Contour intervals every 0.8, starting at 0.009. Also shown is the outline of the MDR and latitude/longitude lines for every 10º
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Figure 2 : Correlation map of 11 year running mean July – October tracks from southern storm track area and Hulme precipitation. Shading starts at 95% significance.
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Figure 3a : Tropical storm tracks from best track data for MDR storms, formed in 1988
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Figure 3b : storm tracks for July-October,1988, from ERA40 overlaid on SST anomalies (contours every 0.1ºC, positive anomalies warm colors, negative anomalies cold colors
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Figure 3c : same as in a) but for 1989
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Figure 3d : same as in b) but for 1989
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Trajectoires de systemes synoptiques sur l'Afrique de l'oueste et Ses relations aux cyclones tropicaux dans l'Atlantique

Susanna B. HOPSCH (1), Chris THORNCROFT (1), Kevin HODGES (2)

et Anantha AIYYER (1)
(1) Department of Earth and Atmospheric Sciences, University at Albany, SUNY, NY, USA

(2) Environmental Systems Science Centre, University of Reading, Reading, UK
Les réanalyses ERA40 ont été utilisées pour identifier des structures cohérentes en vorticité sur l'Afrique de l'ouest et l'Atlantique tropical, en se servant de la technique de suivi automatique de Thorncroft et Hodges (2001). En accord avec cette étude, on trouve deux régions de source sur les cyclones sur l'Atlantique. Des statistiques basées sur le niveau 850 hPa sont utilisées pour construire une climatologie de 45 ans, y compris une description du cycle saisonnier, les caractéristiques moyennes et la variabilité. 

Traduction paragraphe à revoir

Les résultats montrent que les trajectoires plus au sud apports 70% des systèmes qui atteint la région principal de développement, et les trajectoires au nord sont moins importantes. De plus, les trajectoires au ??sont caractérisées par une variabilité intra-saisonnière et décadale plus élevée. Il y a aussi d'évidence qui suggère une variabilité saisonnière dans la location et l'intensité des systèmes qui traversent le côtier – ce qui peut influencer la probabilité d'une intensification en aval et une durée de vie plus élevée.

Il y a beaucoup de variabilité d'une année à l'autre sur le nombre de systèmes, sur la surface continentale et aussi sur la mer. La variabilité à basse fréquence est bien corrélée avec l'activité des cyclones sur l'Atlantique, la pluie sur l'Afrique de l'ouest et les SSTs. La variabilité inter-annuelle, par contre, est peu corrélée. En utilisant l'exemple de deux années contrastées, nous recherchons des explications pour cette mauvaise corrélation. Le vent méridien, filtré à 2-6 jours, qui isole les ondes est africaines, nous permet de trouver une meilleure corrélation.
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The Atmospheric Dynamics of the West African Monsoon Onset and its Ocean Counterpart
B. SULTAN, S. JANICOT, A. LAZAR and C. MENKES

LOCEAN / IPSL, France

Introduction

Precipitation in the Sahel is produced by one rainy season during the northern summer monsoon over West Africa. The onset of these rains, linked to the northward migration of the Inter-Tropical Convergence Zone (ITCZ), is an important parameter for a large community of users like meteorologists, farmers, water resources managers... The aim of this study is to document the onset stage of the West African monsoon by using OLR data and NCEP / NCEP2 reanalyses and to describe its ocean counterpart by using TMI SST data and an oceanic simulation.

The onset stage of the West African monsoon

Previous works has described the onset stage of the West African monsoon by using combined daily rainfall and OLR data on the period 1968-1990 (Sultan and Janicot 2003). The monsoon onset is characterized by an abrupt latitudinal shift of the ITCZ in late June from a quasi-stationary location at 5N in May-June to another quasi-stationary location at 10N in July-August. Composite analyses based on NCEP reanalyses shows that this northward shift is associated with an enhanced Saharan heat low dynamics, increasing inland zonal moisture advection. This increase can favorize the occurrence of strong westerly winds events like the westerly jet previously noticed by Grodsky et al. (2003). We extend this work by using NCEP2 reanalyses for the 1979-2002 period. We show that the heat low dynamics around the onset date might impact the coastal upwelling forcing with a maximum of wind speed and curl at the time of the monsoon onset over the Mauritania-Senegal coastal area and a sudden decrease after the onset date.

The oceanic counterpart in SST observations

By applying the same composite analysis but to TMI SST data over the 1998-2003 period, we investigate the SST changes around the monsoon onset. These changes from the 15 days before and the 15 days after the onset of the monsoon are highlighted by the Figure 1. The SST difference shows an enhancement of SST in the eastern half of the Atlantic Ocean between 5°N and 20°N maximum over the Mauritania-Senegal coastal area. This warm SST anomaly is located where the wind speed (Fig.1) and curl (not shown) decrease is the stronger. The warming might be induced by the latent heat loss decrease and by ocean stratification changes due to the decrease of the wind curl in the western part of the Heat low circulation. Figure 1 shows also a cooling in the Guinean Gulf and in the southern part of the Atlantic Ocean that is not coherent with the atmospheric changes around the onset date. This meridional SST dipole over the Atlantic with warm anomalies north of the ITCZ location and cold anomalies southward could be favourable to the northward migration of the ITCZ.
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Figure 1: SST (shaded) and wind modulus (contour lines) differences between t0+15 days and t0-15 days

The oceanic counterpart in a numerical simulation

We analyse this SST response in an oceanic general circulation model by using the OPA/ORCA model of LODYC/IPSL forced by ERS-ECMWF based bulk formula over the 1992-2000 period. Since the ocean model and the surface bulk fluxes are able to represent the observed SSAT dipole describing below, we examine the respective contribution of both oceanic and atmospheric dynamics to this SST dipole through a mixed layer heat budget. The analysis of the mechanisms of mixed layer temperature change around the onset shows a significant contribution of both atmospheric and oceanic forcings. Each physical process at play (e.g. upwelling, horizontal transport, latent heat flux, etc....) is analyzed in terms of positive or negative feedbacks on the northward migration of the ITCZ. Concerning the oceanic dynamics contribution, the horizontal processes tend to push the ITCZ poleward while the vertical processes tend to stabilize it. Concerning the atmospheric forcing, the experiment shows that latent heat fluxes contribute to cold SST in the Western half of the Atlantic and in the Guinea Cost and solar heating contributes to warm SST in the Eastern half of the Atlantic and along the Equator. It is also interesting to notice that the atmospheric forcing is strongly influenced by the mixed layer depth suggesting a feedback between oceanic and atmospheric processes.
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La mise en place de la mousson en Afrique de l’Ouest : les dynamiques atmosphériques et océaniques

B. SULTAN, S. JANICOT, A. LAZAR et C. MENKES

LOCEAN / IPSL, France

Les pluies au Sahel apparaissent lors d’une unique saison pendant la mousson d’été en Afrique de l’Ouest. Le démarrage de ces pluies, en liaison avec la migration saisonnière de la Zone de Convergence InterTropicale (ZCIT) est donc un paramètre important pour l’agriculture et la gestion des ressources en eau.

En utilisant des données de pluies et d’OLR sur la période 1968-2002, on montre que la migration saisonnière de la ZCIT est caractérisée par un déplacement rapide d’une première position d’équilibre à 5N en Mai-Juin à une autre position d’équilibre à 10N en Juillet-Aout. Une analyse composite des champs de réanalyses NCEP montre que ce déplacement rapide, lié à la mise en place de la mousson en Afrique soudano-sahélienne, s’accompagne d’un renforcement de la circulation associée à la dépression thermique saharienne et à un renforcement des advections zonales d’humidité sur le continent.

En utilisant les données de SST (TMI) on montre que la mise en place de la mousson est caractérisée par un dipôle thermique sur l’Atlantique qui est favorable à la migration vers le Nord de la ZCIT. Une simulation du modèle OPA/ORCA du LOCEAN/IPSL forcé par ERS et les réanalyses ECMWF permet d’analyser les contributions océaniques et atmosphériques de ce dipôle en décomposant les différents termes du budget de chaleur dans la couche mélangé océanique.
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New climatic zoning based on rainfall variability

in Côte d’Ivoire and in Ghana
A. D. OCHOU, A. AMAN, K. Y. KOUADIO and P. ASSAMOI

Laboratoire de Physique de l’Atmosphère et de Mécanique des Fluides, Université de Cocody-Abidjan, 22 BP 582 Abidjan 22, Côte d’Ivoire
Under the influence of humid and dry air masses called monsoon and harmattan respectively, the west african region undergoes various climatic fluctuations marked by severe drought, of which those occurred in 1983 and 1994 and by some exceptional precipitations such as  in 1987,  which have always had a negative socio-economic impact. The obvious link between the climate and many environment vital sectors requires to better  apprehend the rainfall variability in this tropical area of west Africa, in order to outline its main causes and to ensure its forecast needed for the food farming period in particular.

We have then studied the spatio-temporal rainfall variability in Côte d’Ivoire and Ghana, two countries located at the same latitude and bordering the Gulf of Guinea, in order to update the climatic zonings in comparison to those proposed  by a study carried out at ASECNA (1979) and by Boateng (1967).

This study is carried out using monthly rainfall data recorded from 1964 to 1997 in 43 weather stations of which 22 in Côte d'Ivoire and 21 in Ghana.  In Côte d'Ivoire, the stations are  distributed over the three main climatic zones (North, Centre and  South) defined by a study carried out at ASECNA in 1979 using rainfall time series from 1961 to 1975 and by grouping the station having similar seasonal regime. As for Ghana, the stations are distributed into four noted climatic zones A, B, C and D identified by Boateng (1967) using a database prior to 1967. 

Applied to this database represented by time series of 34 years monthly heights rainfall distributed over 43 stations, the method of the Principal Components Analysis (PCA) allowed us to obtain a new climatic zoning which presents the following characteristics when compared to the former zoning:

- In Côte d'Ivoire, the South climatic zone is reduced and bordered on the littoral area to the profit of the Centre zone, which itself is subjected to a significant reduction to the profit of the North zone which is widened westward and eastward.  

- In Ghana, the A zone is  reduced to the profit of the C zone, which is also strongly reduced in its upper part to the profit of the D zone. As for the B zone, it is reduced southward to the profit of the C zone, while widening to the detriment of the C zone eastward.

Although climatic zoning shows some similarities between certain zones of Côte d'Ivoire and Ghana, the study of the standardized anomalies allowed us to appreciate the degree of interannual rainfall variability in each zone.  So, the North zone of Côte d'Ivoire, and to a lesser extent, the B and C zones of  Ghana, are characterized by a long series of rainfall deficit sarting at 1982-1983. For each climatic zone, significant rainfall deficits have occured for the first time in 1983 (year of severe drought having led to negative impacts on economic activities in the West African region). Despite some particularities presented by the standardized anomalies  from one zone to another, one observes a trend to a rainfall drop over the whole of the zones, the passage from the excess to the deficit being achieved at the beginning of the 1980s in Côte d'Ivoire as well as in Ghana. Moreover, the study of the average rainfall deviations between the periods of deficit (1981-1997) and  excess (1964-1980) shows that the drop of the rainfall regime is weak in almost the whole of Ghana except the B zone,  while Côte d'Ivoire is characterized by a higher deficit in the South and North zones but much  weaker in the Center.  
The present study shows that Côte d’Ivoire and Ghana, although located at the same latitude, behave differently regarding rainfall variablility. Such a situation can indeed be explained by the relief and coast morphology which are different, but would be more especially the fact of anthropogenic activity whose impact varies from a country to another according to the management strategies adopted.
Nouveau zonage climatique basé sur la variabilité

de la pluviométrie en Côte  d’Ivoire et au Ghana
A.D. Ochou, A. Aman, K.Y. Kouadio et P. Assamoi

Laboratoire de Physique de l’Atmosphère et de Mécanique des Fluides

UFR-SSMT, Université de Cocody, BP 22 582 Abidjan 22
Sous l’influence des masses d’air humide (mousson) et sec (harmattan), la zone ouest africaine subit des fluctuations climatiques marquées par de sévères sécheresses dont celles de 1983, 1994 et par des pluviométries exceptionnelles telles qu’en 1987 qui ont, à chaque fois, eu un impact socio-économique négatif. Le lien évident entre le climat et de nombreux secteurs vitaux de l’environnement nécessite de mieux appréhender la variabilité pluviométrique de cette région tropicale afin d’en trouver les causes et d’en assurer la prévision nécessaire pour les campagnes agricoles notamment.

Nous avons donc étudié la variabilité spatio-temporelle de la pluviométrie en Côte d'Ivoire et au Ghana, deux pays situés à la même latitude en bordure du Golfe de Guinée afin d’actualiser les zonages climatiques en comparaison de ceux proposés respectivement par l’ASECNA (1979) et Boateng (1967).

Cette étude est réalisée à l’aide des données mensuelles de la pluviométrie enregistrée de 1964 à 1997 dans 43 stations météorologiques dont 22 en Côte d’Ivoire et 21 au Ghana. En Côte d’Ivoire, les stations se répartissent sur les trois grandes zones climatiques (Nord, Centre et Sud) définies par une étude réalisée par l’ASECNA en 1979 sur la base des séries pluviométriques de 1961 à 1975, en tenant compte de leurs régimes saisonniers. Quant au Ghana, les stations se répartissent sur quatre zones climatiques notées A, B, C et D  identifiées par Boateng (1967) à l’aide d’une base de données antérieure à 1967.

Appliquée à cette base de données représentées par des séries chronologiques de 34 années de hauteurs mensuelles de pluie réparties dans les 43 stations de la zone, la méthode de l’Analyse en Composantes Principales (ACP) a permis d’obtenir un nouveau zonage climatique qui présente, en comparaison avec l’ancien zonage, les caractéristiques suivantes:

-En Côte d’Ivoire, la zone climatique Sud est réduite et confinée au littoral au profit de la zone Centre qui, elle-même, connaît une réduction importante au profit de la zone Nord qui se trouve élargie à l’Ouest et à l’Est. 

-Au Ghana, la zone A est réduite au profit de la zone C qui est fortement réduite dans sa partie supérieure au profit de la zone D. La zone B, quant à elle, est réduite en direction du Sud au profit de la zone C, tout en s’agrandissant au détriment de C à l’Est.

Bien que le zonage climatique montre des similarités entre zones de la Côte d’Ivoire et du Ghana, l’étude des anomalies standardisées a permis d’apprécier le degré de variabilité interannuelle de la pluviométrie de chacune des zones. Ainsi, la zone Nord de la Côte d’Ivoire et, dans une moindre mesure, les zones B et C du Ghana se caractérisent  par  une longue série de déficit pluviométrique à  partir de 1982-1983. Pour chacune des zones climatiques, les déficits pluviométriques importants ont été obtenus pour la première fois en 1983 (année de sévère sécheresse ayant engendré des conséquences économiques dramatiques dans la région ouest-africaine). Malgré les particularités présentées par les anomalies standardisées d’une zone à une autre, on observe une tendance à la baisse de la pluviométrie sur l’ensemble de ces zones, le passage de l’excédent au déficit s’étant réalisé quasiment au début des années 80 tant en Côte d’Ivoire qu’au Ghana. De plus, l’étude des écarts pluviométriques moyens entre la période déficitaire (1980-1997) et la période excédentaire (1964-1980) montre que la baisse du régime pluviométrique est faible dans la quasi-totalité du Ghana à l’exception de la zone B alors que la Côte d’Ivoire se caractérise par un déficit plus élevé dans les zones Sud et Nord mais bien plus faible au Centre.

La présente étude montre ainsi que, la Côte d’Ivoire et le Ghana, bien que situés à la même latitude se comportent différemment dans la variabilité de la pluviométrie. Une telle situation est, certes, explicable par les différences de relief et de morphologie des côtes, mais serait aussi et surtout le fait de l’activité anthropique dont l’impact diffère d’un pays à l’autre selon les stratégies d’aménagement adoptées.
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Evaluation de Simulations du Climat Présent de l’Afrique de l’Ouest par le Modèle Climatique

Régional RegCM3
Abdoulaye SARR (1) et al (2)

(1) Direction de la Météorologie Nationale du Sénégal, Dakar-Yoff, Sénégal

(2) Laboratoire de Physique de l’Atmosphère, ESP/UCAD, Dakar-Fann, Sénégal
Le modèle climatique RegCM3, développé par le groupe PWC de l’ICTP, est utilisé pour une simulation à haute résolution sur un domaine couvrant l’Afrique de l’Ouest. Les conditions initiales et aux limites sont issues des réanalyses du NCEP appelées NNRP2. La durée de la simulation est de 16 ans et va du 1er janvier 1988 au 30 septembre 2003. Les sorties des simulations sont validées par rapport aux réanalyses et aux observations du CRU. Les résultats préliminaires montrent que le modèle, à haute résolution, simule raisonnablement les traits majeurs qui caractérisent le climat de la région, et les structures moyennes de champs simulés comme les précipitations et les températures sont proches des observations.

Une investigation sur le mouvement de balançoire, entre années sèche et humide, qui caractérise le régime pluviométrique depuis la fin de la longue période de sécheresse des années 1970 et 1980, est également faite dans cette étude.
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Intraseasonal and Interannual Variability in the Tropical South East Atlantic and West African Rainfall
C.J.C. REASON and K. MOREBOTSANE

Dept. of Oceanography, University of Cape Town, South Africa (cjr@egs.uct.ac.za)

The tropical South East Atlantic Ocean is a region of substantial intraseasonal and interannual variability in sea surface temperature (SST) and surface wind (e.g., Florenchie et al., 2003, 2004; Risien et al., 2004) which impacts on southern African fisheries and rainfall (Rouault et al., 2003). Here, we consider the links between this region and West African rainfall. Kouadio et al. (2003) showed that coastal rainfall over Cote d’Ivoire was related not just to SST over the Gulf of Guinea but also to that off the coast of Angola. 

As in Rouault et al. (2003), we define a SST index for the SE Atlantic by averaging over the box 10-20oS, 8oE – coast. Fig. 1 shows this index calculated from the NOAA extended reconstructed SST (Smith and Reynolds, 2004) along with a time series of West African rainfall from the CRU data set (New et al., 2000) averaged over the coastal region of 5-10oN, 5oW-5oE for the period 1901-2000. Both series are characterised by substantial interannual variability and appear related to each other (r = 0.56), particularly after about 1930. Spatial correlations between the SST index and West African rainfall show that this region is most closely linked to the tropical SE Atlantic with an out of phase relationship during May (the first bimodal peak in the annual rainfall cycle) and a stronger in-phase relationship in July-September. The latter shows strongest correlations with SST in April or May indicating that some predictability, based on SE Atlantic SST, may exist. 

An in (out of) phase relationship between May (July-September) sea level pressure and NCEP re-analysis winds over the SE Atlantic also exists which is presumably related to the development of the cold tongue in boreal summer. A positive correlation between NCEP re-analysis latent heat fluxes in a region extending off the coast of Angola and rainfall (at 1 and two month lead of the fluxes) suggests that this region acts as a moisture source for part of the West African monsoon. To consider the intraseasonal and interannual variability in the SE Atlantic winds in more detail, 1999-2004 QuikSCAT data are used. Previous analysis of 1999-2000 QuikSCAT data (Risien et al., 2004) indicated that the coastal waters off Angola are dominated by an intraseasonal peak near 22-24 days and a weaker peak near 40 days. These peaks appear to be related to pulses in convection over West Africa (5-10oN, 5oW-5oE). We use NCEP re-analysis outgoing long wave radiation as a measure of convection.

Wavelet analysis of the longer 1999-2004 QuikSCAT data shows substantial intraseasonal variability in the 24-40 day range which appears related to pulses in convection over Angola during the austral summer and over West Africa in the boreal summer. Enhanced power in the wavelet spectrum of the winds exists during the 1999/2000 La Niño and 2002/2003 El Niño events relative to the other years. The relationship between the winds off the Angolan coast and West African convection indicates a 1-2 month lead of the winds suggesting that the latter result in stronger low-level moisture transport from the tropical South East Atlantic towards West Africa where they fuel the convection.

In summary, correlation and wavelet analyses suggests that a link exists between the tropical South East Atlantic and rainfall over the region of West Africa extending south of 10oN across much of Cote d’Ivoire, Ghana, Togo, Benin and Nigeria. Warmer SST and stronger winds over this ocean region appear related to increased July-September rainfall over this region with the opposite relationship in May. The sign of the SST / wind relationship suggests that the SE Atlantic SST anomalies may arise through dynamical processes, such as Benguela Niños (Florenchie et al., 2003, 2004), rather than from local air-sea interaction.
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Fig. 1. Standardised time series (1901-2000) of February-April SST averaged over 10-20oS, 8oE – coast and July – September West African rainfall averaged over 5-10oN, 5oW-5oE. 

Variabilité Intra saisonnière de la Mousson Africaine

et de l’Océan Atlantique Sud
C.J.C. REASON

Oceanography Dept., University of Cape Town, South Africa

L'analyse des données de QuikSCAT pour la période 1999-2005 montre que l'océan Atlantique sud-est tropical est caractérisé par une variabilité substantielle des vents de surface à des échelles de temps d'intra saisonnier qui semble être lié à la variabilité de la convection au-dessus de l'Afrique de l’ouest lors de l'été boréal et à la variabilité du bassin du Congo pendant l'été austral.

Cette région de l'océan Atlantique agit en tant que source d'humidité dans les bas niveaux pour la mousson d’Afrique de l’Ouest suggérant qu'une meilleure compréhension de sa variabilité puisse être importante pour comprendre le climat d’Afrique de l’Ouest. La variabilité intra saisonnière des vents de surface estimée par QuikSCAT pour 1999-2005 au-dessus de l'océan Atlantique sud-est tropical augmente pendant la Nina (1999/200) et El Nino (2002/2003) par rapport aux années neutres. Elle est aussi décalée dans le temps impliquant qu'une autre voie peut exister pour l’influence de ENSO sur le climat l'Afrique de l’Ouest.
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Mechanisms of ocean-forced Sahel drought
Alessandra GIANNINI (1), Michela BIASUTTI (2) and Beate LIEPERT (2)

(1) IRI for Climate and Society, Earth Institute at Columbia University, USA

(2) Lamont-Doherty Earth Obs, Earth Institute at Columbia University, USA

The goal of this paper is to discuss the ”state of the art” in global climate modeling as it pertains to the simulation of climate variability and change in the West African monsoon, with a focus on the causes of Sahel drought.

Recently, a ”new wave” of studies, with atmospheric general circulation models forced by the observed, long-term record of sea surface temperatures (SSTs), has conclusively demonstrated the dominant role played by the global oceans in causing the persistence of drought in the Sahel during the 1970s and 1980s (e.g. Giannini et al 2003; Bader and Latif 2003; Lu and Delworth 2005).

Here we first review the results of Giannini et al (2003), that attributed the recent persistence of drought in the Sahel to global oceanic forcing, and relate intrinsic time scales of oceanic variability to the time scales of Sahel rainfall variability. We complement the previous statistical results with a description of possible mechanisms by which an anomalous SST forcing is translated into an anomalous rainfall response on the African continent in terms of the mean meridional circulation and deviations from it.

We then discuss the extent to which it is possible to attribute late 20th century climate variability to global anthropogenic forcing, by comparing the patterns of Sahel climate variability obtained when forcing atmosphere-only models with the observed record of SST variability to those obtained in the coupled ocean-atmosphere models made available by the Intergovernmental Panel on Climate Change in view of the 4th Assessment Report to be published in 2007.
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Impact of Sea Surface Temperature and Soil Moisture on Seasonal Rainfall Prediction over the Sahel
Wassila M. THIAW and Kingtse C. MO

Climate Prediction Center, NCEP/NWS/NOAA, Washington DC, USA

Precipitation (P) forecasts over the Sahel from the NCEP coupled forecast system (CFS) model are compared to the gauge rainfall analysis. The CFS ensemble forecasts for JAS from initial conditions in June show a southward shift in the West African rain band. This leaves the Sahel very dry. The southward shift of the rain band is accompanied by the southward shift of the AEJ.  

The CFS forecasts also do not capture the interannual variability in the Sahel rainfall quite adequately (Fig. 1). The suppressed interannual variability in P suggests the existence of persistent erroneous forcing. The model simulations and CFS (corrected) have better representation of the position of the AEJ and the spatial distribution of rainfall across West Africa (not shown). They also show more realistic interannual rainfall variability.

Part of the P errors comes from the SST systematic errors (not shown). For the forecasts on the seasonal time scales, SSTs have dominant influence on rainfall over the Sahel. The systematic error pattern is similar to the decadal SST mode. It shows positive SSTs over the North Pacific and the North Atlantic and negative errors in the tropical Pacific and the southern oceans.

During the CFS forecasts, the systematic errors are not corrected so they serve as additional forcing. The persistence of the errors in the SST pattern may cause the errors in rainfall magnitudes and the suppressed variability. The CFS model does not have realistic ice model as a subcomponent. The ice information is supplied through the mean monthly climatology and the ocean coupling is limited to the south of 65N.  These model deficiencies may contribute to the warming over the North Pacific and the North Atlantic.

In addition to the SST errors, the soil moisture feedback mechanism may also contribute to the southward shift of the AEJ and rainfall. This is demonstrated by the comparison between the AMIP run and the simulations.  Both experiments are forced with the observed SSTs. The main differences are in soil moisture and surface fluxes. The SIMs are initialized from the R2 in June and has realistic information on soil moisture and surface fluxes.  The AMIP, which is a continuous run, does not have such information. The AMIP run shows the southward shift of the AEJ, while the SIMs provide a better representation of the jet location and rainfall spatial pattern.

As expected, the AMIP has less soil moisture over the Sahel and less evaporation (E).  E contributes to P directly, but the largest influence is indirect through the temperature gradients. The radiation differences are smaller so E is balanced by sensible heat. Less E implies more sensible heat and indeed the AMIP is warmer over the Sahel than the SIMs. This implies that the largest temperature gradients over West Africa in the AMIP are located further south than in the SIMs. The temperature gradients reach the middle troposphere. This serves as a forcing to move the AEJ southward. In response, The African wave disturbances, which account for much of the rains in the Sahel shift southward resulting in dryness over the Sahel.

As it is well known, the most important contribution to rainfall variability over the Sahel is the decadal mode. The AMIP forced with the observed SSTs does not capture the decadal changes in rainfall.  The model does not have interactive vegetation fraction and does not use the information of the leaf area index (LAI). The vegetation fraction is supplied to the model through the monthly mean vegetation fraction climatology. Therefore, it is not able to simulate the changes of albedo and surface fluxes due to the greenness of vegetation. Vegetation dynamics is a significant process in simulating rainfall over the Sahel and it has been found that the decadal variability which is an essential part of the rainfall variability over the Sahel is better produced when the interactive vegetation is added to the model. Therefore, a land-surface interaction model coupled with the CFS will improve precipitation forecasts over the Sahel.


[image: image12]
Fig.1: (a) Seasonal JAS mean precipitation over the Sahel (12.5-17.5°N;17.5°W-20°E) from the gauge analysis (solid line), CFS forecasts (crosses), CFS (corrected) (open circles) and SIMs (dark squares); (b) same as (a) but for the AMIP (open circles) and the gauge analysis (dark circles) from 1950-2001.  Standard deviation for July-September (JAS) for the period 1990 to 2001 from (c) the gauge analysis; (d) CFS forecasts and (e) CFS (corrected). Contour interval 0.3 mm day-1.  Values greater than 1.2 (1.5) mm day-1 are shaded light (dark).
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Regional-scale climate change detection over West Africa
V. LORANT(1), L. TERRAY (1) and S. JOURDAIN(2)

(1) Cerfacs, Toulouse, France (2) Météo-France, Toulouse, France

As part of the Discendo project, a high resolution database was assembled over West Africa. This database encompasses new series of homogenized observations data covering the 1950-1980 period and 4-members ensembles high resolution numerical simulations conducted from 1950 to 2000. Homogenized observations of monthly mean precipitation, minimum and maximum temperature are derived from daily measurements collected at 104 observation sites over West Africa. 

Ensemble numerical experiments were performed using the Arpege-climat atmospheric global circulation model. This "variable resolution" model is characterized by a 60km resolution over West Africa. Two numericals experiments were realized: one uses sea surface temperature, natural and anthropogenic forcing, and the second uses sea surface temperature only, natural and anthropogenic forcing being fixed at 1950 values. In the present study advantage is taken of these database to investigates the impact of anthropogenic forcing on the western African climate. Observation and model results are analyzed and compared over 1950-2000 to identify potential human-induced climate change at regional scale. Fingerprint-like detection method accounting for both spatial pattern and temporal variability is applied to near-surface temperature and precipitation to extract the signature of the forcing from anthropogenic greenhouse gases and sulfate aerosols concentration changes. Emphasis of the study is laid on intra-seasonal to inter-annual variability and associated mechanisms. 
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Virginie Lorant 

CERFACS, 42 avenue G. Coriolis, 31057 Toulouse Cedex 1, France
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Mineral dust in Sahelian Africa:

(I) rationale for the AMMA field experiment
P. FORMETNI (1), B. MARTICORENA (1), K. DESBOEUFS (1) and J. L. RAJOT (2)

(1) LISA, CNRS, Universités Paris7/Paris12, Créteil, France

(2) IRD, UR 176, Niamey, Niger

AMMA offers the unique opportunity to address specific questions related to mineral dust in western Africa, where it accounts for a large – at times the largest – fraction of the regional aerosol burden by mass, and where the mineral dust cycle is strongly linked to the alterning Monsoon/Harmattan regimes. The quantification of mineral dust emissions in the Sahel remains questionable, especially due to human and climatic disturbances to their natural levels. Such disturbances are expected to increase in the next future, so their influence on mineral dust emissions must be assessed right now. Furthermore, the radiative impact of dust emitted from disturbed soils is considered as an anthropogenic forcing to the natural climate system. Because of its size distribution ranging from fractions to tenths of microns, dust has multiple impacts on the land-ocean-atmosphere system, and on human health.

In this presentation, the major features and impacts of mineral dust in western Africa are illustrated. The specific observational/modelling strategy deployed during AMMA, and expected scientific outcomes, are described in a related poster. 
Content

Mineral dust is the second largest aerosol species by mass at the global scale. To date, it is estimated that 1 to 5 billions tons of mineral dust are emitted annually from arid and semi-arid areas [Duce, 1995; IPCC, 2001]. The emission of mineral dust is a natural phenomenon due to aeolian erosion in arid and semi-arid régions. This is a natural phenomenon, but its intensity can be altered by changes in soil use (agriculture, pasture…) and in climatic conditions in semi-arid areas [Tegen et Fung, 1995; Nicholson, 2000]. The contribution of disturbed areas to mineral dust emissions is not precisely known to date, but this dust is considered of anthropogenic origin, therefore accounts among the aerosol species exerting a radiative forcing on the atmosphere IPCC [2001]. 

The above considerations apply to the Sahara/Sahel region, the largest source area in the world. As a matter of fact, high aerosol concentrations are observed in the Sahelian part of Western Africa. The aerosol optical thickness in this region exhibit a clear seasonal cycle, with a maximum in winter, when the “Harmattan”, a northeastern dry cold wind, is responsible for intense dust emissions and very efficient transport. At contrary, during summer, due to the northern displacement of the InterTropical Convergence Zone (ITCZ), the Sahel experiences the dry and wet Monsoon flow from SouthWest. This monsoon flow is responsible precipitations thus for a minimal aerosol load. This is due to the scavenging of aerosol transported from remote sources and to the development of the annual vegetation preventing local aeolian erosion. Beside this pronounced seasonal cycle, the mineral dust amount over western Africa is characterized by a high variability from the daily to the interannual time scale. 

On a longer time scale, a continuous increase of the dust load in the Sahelian region has been observed in correspondence with the successive drought periods of the seventies and the eighties. At the meteorological station of Gao (16°N, Niger), the annual precipitation was of the order of 300-400 mm yr–1. at the beginning of the 50th’s, but it dropped down to 100-200 mm yr–1 during the eighties. Simultaneously, the number of days with dust haze has increased from a few days to about 300 d/yr [N’Tchayi et al., 1994]. Similarly, the mineral dust concentrations measured between the sixties and the eighties at Barbados in the Carribean Sea, have increased of a factor of 4 [Prospero and Nees, 1986]. These two simultaneous increases (dust haze in the Sahel, concentration of long range transported dust) have been interpreted as being due to an increase of the local dust emissions by additional Sahelian sources generated by the decrease of the vegetation cover rate. The contribution of the Sahelian belt to the mineral dust emission from North Africa has been further questioned based on numerical simulations of the mineral dust cycle performed with a global transport model [Tegen and Fung, 1995], showing that a correct simulation of dust concentrations over the Northern Tropical Atlantic Ocean and of the seasonal pattern of the Saharan plume requires the inclusion of Sahelian sources with a contribution of 30–50 % of the global dust emissions. These Sahelian emissions were attributed to regions affected by climatic changes and/or anthropogenic disturbance. From these results, some authors concluded that the Sahel was the major source of mineral dust in North Africa [Nicholson, 2000]. However, recent modelling studies tend to estimate to only 10 to 15% of the total dust emissions the contributions of anthropogenic sources over the Sahel [Tegen et al., 2004; Yoshioko et al., 2005].

All emitted mineral dust both of natural and anthropogenic origin, affects the radiative budget of the atmosphere: mineral dust contributes in average to 20% of the aerosol optical depth at the global scale, reaching up to 90% upwind the major source regions [Li et al., 1996; Chiapello et al., 1999]. The evaluation of this effect is complex, as, due to their size distribution and mineralogical composition, mineral dust can scatter and absorb both the solar and the terrestrial radiations. 

In the solar spectrum, mineral dust mainly scatters radiation. Their absorbing power is more controversial, depending on the wavelength of the incoming radiation and on the mineralogy of the source region [Sokolik and Toon, 1999; Lafon, 2004]. The net radiative effect is cooling at the surface and at the top of the atmosphere [IPCC, 2001]. Conversely, absorption dominates in the infrared spectrum, where dust aerosols absorb the terrestrial radiation and act as a greenhouse gas, warming the atmosphere. Absorption in the infrared depends on the mineralogical composition and it is mainly due to super-micron particles. In conclusion, the net radiation budget (solar + infrared) may be negative or positive (cooling or heating of the atmosphere) depending on particle size and mineralogical composition [Claquin et al., 1998; Myhre and Stordal, 2001]. As an example, the sensitivity study by Myhre and Stordal [2001] shows that the mean global radiative forcing (net, solar + infrared) varies between –0.40 W m–2 et +0.39 W m–2 depending on aerosol properties. These authors indicates that the spatial distribution, in particular the height of transport, the size distribution and the mineralogical composition are the most influent parameters in controlling the direct radiative effects, but also those affected by the largest uncertainties. 

Besides affecting the radiative balance of the atmosphere by scattering and absorption, mineral dust can alter the physical and radiative properties of clouds (their lifetime and reflectance, respectively), therefore their precipitating capacity, by altering the size distribution of the cloud condensation nuclei [Levin et al., 1996; Wurzler et al., 2000; Yin et al., 2002]. 

Also, mineral dust can provide the surface for hetereogeneous reactions for some trace gases such as HNO3, SO2, O3, N2O5 [Dentener et al., 1996]. As a consequence, the presence of mineral dust can locally alter the trace gas concentrations. Furthermore, is the gas is an aerosol precursor (as in the case of SO2), the chemical composition and the size distribution of the resulting aerosols will be modified, and so their optical and radiative properties [Dentener et al., 1996; Li-Jones et al., 1998]. The measurements of Chiapello [1996] upwind North Africa in the Atlantic Ocean have shown that up to 100% of the mass of sulfur aerosols in the supermicron fraction result from the heterogeneous reaction of SO2 and calcium carbonate (CaCO3) of mineral origin. In the absence of this reaction, the SO2 would have been photoxided and would have produced sulphate aerosols in the submicron fraction, more efficient in scattering radiating [Li-Jones et al., 1998].
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Dust outbreaks also provide a source of nutrients to the ocean, especially iron. Fe is important because it allows nitrogen fixation supplying nutrients to surface phytoplankton in the otherwise nutrient starved regions of the subtropical gyres (Mahaffey et al, 2003). Thus, the amount and location of dust deposition impacts biological productivity and subsequently the global carbon cycle – of fundamental importance to the climate system. Wet and dry deposition of Saharan dust in the North Atlantic region ensures that around 48% of the total Fe flux to the global oceans occurs to the North Atlantic (Gao et al, 2001).

Finally, mineral dust also has impact on human health. Over western Africa, it is suspected to be involved in the onset of meningococcal meningitis outbreaks. During the Harmattan season, the warm dry and dusty air may causes damage to the mucous membranes of the respiratory system and create conditions propitious to trigger meningitis epidemics. However, the quantitative relationships between the epidemic intensity and onset period and climatic conditions and mineral dust concentrations remain to be investigated.

The assessment of the different impacts of mineral dust required to precisely document the variability in space and time of the mineral dust load. This implies in particular (1) a high frequency sampling over long-time period; (2) a precise documentation of the vertical distribution of mineral dust and its physico-chemical properties, at least for intensive observation periods; and (3) an assessment of the budget of mineral dust emission and deposition over western Africa. 

Les poussières minérales en Afrique sahélienne :

(I) justification des expériences de terrain

dans le cadre d’AMMA

P. FORMETNI (1), B. MARTICORENA (1), K. DESBOEUFS (1) et J. L. RAJOT (2)

(1) LISA, CNRS-Universités Paris7/Paris12, Créteil, France (2) IRD, Niamey, Niger

Le programme AMMA offre l’opportunité unique de traiter des questions spécifiques liées aux poussières minérales en Afrique de l’Ouest. Elles y elles représentent une fraction majeure, et souvent largement majoritaire, de la charge massique atmosphérique en aérosol. Le cycle de l’aérosol minéral en Afrique de l’Ouest est fortement contrôlé par l’alternance des régimes alternés d’Harmattan et de mousson. La quantification des émissions de poussières au Sahel pose toujours question, et notamment la perturbation des émissions que constituent les activités anthropiques et les variations climatiques. De telles perturbations sont attendues dans le futur proche, aussi leurs influences doivent être évaluée dès maintenant. De plus, l’impact radiatif des émissions par des sols perturbés doit être considéré comme un forçage radiatif du système climatique naturel. Du fait de leur distribution en taille, qui s’étend d’une fraction à une dizaine de microns, les poussières minérales ont des impacts multiples sur le système terre-océan-atmosphère et sur la santé humaine.

Au cours de cette présentation, les principales caractéristiques et impacts des poussières minérales en Afrique de l’Ouest seront illustrés. La stratégie d’observation et de modélisation déployée dans le cadre de AMMA et les avancées scientifiques attendues sont décrites dans un poster associé.
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Preliminary evaluation of global model simulations

of trace gas distributions over West Africa
K. LAW (1), V. THOURET (2), M. PHAM (1), I. BOUARAR (1), M.-A. FILIBERTI (3),

F. HOURDIN (3), J.-Y . GRANDPEIX (3), P. NEDELEC (2),B. SAUVAGE (2),

V.-H. PEUCH (4), C. Galy-Lacau (2), D. Hauglustaine (5), S. Szopa (5)

and C. Granier (2)
(1) Service d’Aéronomie/IPSL, Université Pierre et Marie Curie/CNRS, Paris, France
(2) Laboratoire d’Aérologie, U. Paul Sabatier, Toulouse, France
(3) Laboratoire Meteorologie et Dynamiques/IPSL, Paris, France
(4) CNRM, Toulouse, France (5) Laboratoire des Sciences du Climat et de l’Environnement/IPSL, CNRS/CEA, Paris, France
West Africa is a large source of anthropogenic and natural emissions which are important for the production of tropospheric ozone and other oxidants such as OH in the atmosphere. In particular, this region has large emissions of biomass burning in the dry season and lightning NOx emissions in the wet season.

Results from two global chemistry-climate models (LMDz-INCA and MOCAGE) will be presented that have been run for at least one annual cycle and compared to available data over West Africa. Model results have been compared with vertical profiles of ozone and CO collected over several West African cities such as Lagos by the MOZAIC programme. This provides an evaluation of model treatments of vertical transport of pollutants out of the boundary layer by processes such as deep convection as well as an indication of the validity of emission inventories used in global models over this region. Analysis of MOZAIC data has also shown clear signatures of long-range transport of ozone and its precursors from biomass burning regions over central and southern Africa into the monsoon region over West Africa during the wet season.

However, it is not clear how well global models are able to simulate this phenomenon. Results from LMDz-INCA have also been compared to data collected as part of the IDAF network on levels of soluble gases in rainwater such as nitric acid in a first attempt to evaluate the performance of the model wet deposition scheme. Sensitivity of these model results to prescribed surface anthropogenic and biomass burning CO emissions and also lightning NOx emissions will also be discussed.
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Impact of african biomass burning emissions on combustion aerosol burden, transport and deposition
C. LIOUSSE (1), B. GUILLAUME (1), J.M. Grégoire (2), A. Konaré (3),

F. Solmon (4) and C. Junker (1)

(1) Laboratoire d'Aérologie, Toulouse, France

(2) Global Vegetation Monitoring Unit, Inst. for Environment and Sustainability, Joint Research Centre of the European Commission, Ispra, Italy

(3) Laboratoire de Physique de l’Atmosphère, Univ. d’Abidjan-Cocody, Abidjan, Côte d’Ivoire (4) ICTP, Trieste, Italie
African biomass burning emission inventories have been developed for the year 2000, a first step towards the determination of real-time emissions during the EOP-AMMA period. In this context, new emission factors (EF) have been firstly estimated, especially for black carbon (BC) and organic compounds. Two datasets are proposed, depending on the need of models. EF for primary organic carbon particles (EFPPOC) and EF for volatile organic carbon (EFVOC) (based on ground measurements) are provided for models that include an aerosol-chemistry module allowing for the formation of secondary organic particles (SOA) from VOC. For models without such an aerosol module, EFVOC and EF for particulate organic carbon (EFPOC) are provided, which are based on airplane measurements assumed to integrate the major part of secondary organic aerosols and the remaining VOC. Secondly, following a relevant methodology to derive burnt biomass maps over Africa, burnt area maps given by GBA 2000 Spot vegetation satellite product have been used with the GLC 2000 vegetation map (http:// www-gvm.jrc.it).

Then, these new inventories have been introduced in RegCM3 (a regional climatic model) and in TM4 (a global CTM model) in order to test the regional and global impact of african biomass burning emissions on aerosol budget, transport and deposition. Liousse et al., (1996) biomass burning inventory has been used for the rest of the world whereas the inventory of biofuel and fossil fuel emissions recently developed by Junker and Liousse, (2005) has been considered. A particular attention is addressed to the organic carbon budget and formation with TM4 model. Two different experiments are driven ; the first one considers POC as a tracer in TM4-tracer model whereas the second one considers both PPOC and secondary organic aerosols obtained from VOC with ORISAM-TM4 model. Differences on POC budget will be discussed. Figure 1 shows the first results about the ratios PPOC/POC, globally obtained for August 2000. Finally emission and impact interannual variabilities will be presented by comparing this work, with previous satellite-based developments existing for the years 1980-1990.

Figure 1 : Spatial distribution of PPOC/POC obtained with the ORISAM-TM4 model
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Session 2:

Water Cycle

WG2: Water Cycle: Report on Dakar Conference Discussions

Jean-Luc Redelsperger,  Amadou Gaye

2.1 Background
Understanding the water cycle and its change due to natural and anthropogenic factors is critically important: Availability of water is one of the most limiting parameters for life, agriculture and economic development in the Sahel. Water has also a central role in monsoon dynamics and variability and it has an important role in high impact weather forecasts. The understanding  of the water cycle over West Africa (WA) is difficult for two main reasons: (1) lack of data concerning a very large number of processes at a great variety of spatial & temporal scales; (2) coupling between these processes inducing complex feedbacks, which can either amplify or reduce the impact of oceanic, atmospheric or continental perturbations on water availability (texte manquant ??)
The approach of this WG is to consider the water cycle at a range of scales. The parallel discussion session was organized along 4 themes (i) Water cycle at regional scale; ii) Water cycle at mesoscale (103-105 km²); iii) Water cycle at local scale (1-10 km²). ; iv) downscaling issues.

A summary of the strategy adopted and planned activities for the next 12 months are included in this report below. The major decision of this WG during the conference was to set up a case study at mesoscale which will be central to all activities of the WG.

2.2 Key activities that were agreed in the short term included
2.2.1 Regional scale
A major objective of AMMA is to determine the water budget & its interannual variability in WA at spatial scales of a few hundred kms and at temporal scales of 10-days to a month. As shown during plenary and poster sessions, the budgets at these scales have large uncertainties.

The strategy adopted is twofold:

To improve our knowledge of the budget constraints, especially precipitation (The PRECIPAMMA group fully dedicated to this issue met showing progresses, plans and new contributions) and surface fluxes (through combined efforts using data from AMMA surface flux network and models)

To decrease the uncertainties in the representation of key processes in global/regional models through studies performed at mesoscale  (e.g. case study)

Activities in the 12 months

F. Guichard, P.Roucou & M.Desbois will lead these activities :

To pursue the improvement of precipitation estimate (PRECIPAMMA lead by M. Desbois) in working on estimation of error bars of products and on case studies

To prepare the use of new surface flux products in the estimate of the water budget

To write a paper providing state of (un)knowledge of water budget on the regional scale 

To involve more people (link with WG1, GEWEX community)

2.2.2 Mesoscale scale
The mesoscale is the privileged scale where disciplines and models can be integrated in AMMA. This scale complies with both hydrologic and atmospheric model capabilities. It is also the scale of MCSs & many surface-atmosphere interactions governing the transports of water. This scale is also where benefits from enhanced observations (EOP/SOP) are the most directly expected (high frequency soundings, surface flux network, radar observations, …) .

During the discussions, the idea of a first case study has emerged with the objective to compare atmospheric and hydrologic simulations at the meso-scale between them and with observations. This case will be based on EOP data and will prepare further studies based on SOP observations. A motivation comes from the need to validate model outputs and to ensure that outputs of atmospheric models comply with forcing of hydrologic models, and vice-versa. The case study will allow to link the activities performed in the different sub-WGs. It was proposed to choose a period  in the “dry forecast run” (See report of WG5), as outputs from many operational and research atmospheric models are available. The period of 27 Aug – 1 Sep 2005 was suggested.

Activities in the 12 months

C. Peugeot and J.L. Redelsperger will lead these activities in mainly managing the case study:

To set up the case study (methodology, choice of case, writing a work paper,…) (C. Peugeot, J.L. Redelsperger with all participants)

To gather surface (including radar) & hydrological data (S. Galle, L. Descroix et al); soil moisture information (ALMAS, Satellite, ) (A. Boone); atmospheric field observations (0. Bock); atmospheric data from AMMASAT (cloud top, tracking, water vapor, …) (F. Fierli)

To make links on this case study with “dry run” group,  GCM, WG3, WG5 (JL Redelsperger)

2.2.3 Local Scale
At the local scale, accurate hydrological budgets are currently carried out on the AMMA super-sites. Following this will be an evaluation of parameterizations and mesoscale models for supporting the water budget assessments (texte manquant ?)
Besides the important work of gathering all necessary data, work in coming years will concern :

To perform accurate hydrological budgets on super-sites

To test and develop parameterizations to be used at the mesoscale and applied to water budget assessment. 

Activities in the 12 months

B. Cappelaere, L. Descroix, S. Galle, L. Seguis will lead these activities :
To improve coordination between sites (e.g. methodology for vegetation studies, development local scale hydrological studies on Gourma site, sharing models and knowledge)

To better integrate the other local sites in the strategy (e.g. site monitored by AMMA-Burkina). This task will benefit activities scheduled in WP2.3 of AMMA-EU and AMMA-France.

2.2.4 Downscaling

Upscaling issues are being addressed through activities in the previous sub-WGs. The last sub-WG needs to deal with downscaling issues. Methods of downscaling used to transfer information between scales are indeed critical for impact studies. Though activities exist in Africa, EU, UK, US, the parallel session have revealed a small participation of people working on these issues. 

Activities in the 12 months

ISSC needs to identify active people to lead this activity in working with AMMA-Africa, AMMA-EU, AMMA-US (IRI) , AMMA-UK. ISSC need to ensure that activities occurs on downscaling in regard to the importance & the complexity of this issue (e.g. strong & clear request from WG4 )

2.3 Linkages with other AMMA WGs
There are several activities where WG2 should ensure strong linkages with the other AMMA WGs : 

Interannual variability of water cycle and role in monsoon dynamics & its variability (link with WG1)

Case study driven by WG2 should beneficiate studies of land-atmospheric feedback (link with WG3)

Availability of water is one of the most limiting parameters for life, agriculture & economic development in the Sahel and need to be better predict and estimated at small scale (downscaling issues, link with WG4)

Important role in high-impact forecasts (link with WG5)
2.4 Communication

Some brief discussion was had on how WG2 and contributors to WG2 activities should communicate during the coming year. The following was agreed :

An e-mail list will be established to help with communication between interested parties. 
The existing WG2 webpage (see international website http://www.amma-international.org) will be completed 
A contribution will be made for the AMMA-International Newsletter during 2006.
A core group should be constituted in including representatives from different AMMA projects (A. Gaye (Africa), JL Redelsperger (France), F. Fierli (EU), Somebody from USA, C. Peugeot (France) ) and leaders of activities (F. Guichard, C. Depraetere, …)
To develop and promote WG2 in AMMA-Africa
To report and promote WG2 activities in  GEWEX and AMMA sessions in conferences/meetings (e.g. GEWEX )
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Tendance climatique à partir des séries pluviométriques du bassin amont du Fleuve Sénégal :

l’exception de la station de Bakel
Soussou SAMBOU

Université Cheikh Anta DIOP, Département de Physique, Dakar Fann, Sénégal

La connaissance de la tendance climatique est une donnée très importante en matière de gestion et de planification de la ressource en eau. Les séries chronologiques des hauteurs de pluies annuelles contiennent des informations très utiles sur cette tendance climatique. 


Dans cet article nous étudions les propriétés statistiques de séries de hauteurs de pluies annuelles observées dans le bassin amont du fleuve Sénégal situé au Mali et au Sénégal en amont de Bakel. Nous avons utilisé pour celà des tests d’homogénéité éprouvés en Afrique Occidentale et Centrale et ailleurs : le test de Pettitt, le test du cumul des résidus et la procédure de segmentation des séries; pour ces tests, nous retenu comme hypothèse nulle H0=’la série est homogène’. Comme tests d’indépendance, nous avons retenu le test basé sur l’analyse de l’auto corrélogramme,  le test du coefficient d’auto corrélation d’ordre 1, le test des points de rebroussements, et le test de corrélation des rangs de Kendall. L’hypothèse nulle pour ces tests est : H0=’la série est aléatoire’. 

L’étude que nous entreprenons nécessite une masse importante de données hydro climatiques collectées en  différents sites du bassin versant considéré. Ces données sont constituées  des cumuls annuels de hauteurs de pluies journalières que nous avons obtenues à partir des publications du CIEH , ORSTOM-Hydrologie, Asecna de l’origine à 1965, puis de 1966 à 1980. La période allant de 1981 à 1995 a été obtenue pour certaines stations à partir de la banque ORSTOM. Ces séries ont été critiquées, homogénéisées et les observations manquantes reconstituées par régressions multiples fondées sur l’analyse en composantes principales. Cette opération nous a permis de retenir finalement  comme stations de référence celles de  Bakel, Kayes, Kidira, Kita, Nioro, Mourdali, Bafoulabé, Toukoto, Faladyé, Kéniéba, Yélimané, Galougo, et comme période de référence la période 1931-1995. Les calculs ont été faits soit sur tableur Excel (tests du cumul des résidus),  soit à l’aide de programmes écrits en Fortran (test de Pettitt, test de corrélation des rangs de Kendall, coefficients d’autocorrélation) soit à partir d’un logiciel (test de segmentation des séries). Nous présentons ci-dessous les résultats obtenus.

Synthèse des tests et résultats

Tests d’indépendance

L’analyse des auto corrélogrammes montre qu’au niveau de signification 
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 l’hypothèse nulle d’indépendance des observations n’est acceptée que pour la station de Bakel. Les autres stations se caractérisent soit par un coefficient d’auto corrélation d’ordre 1 trop élevé, soit par des points figuratifs hors des limites de confiance, ce qui ne permet pas de conclure. Le test du coefficient d’autocorrélation d’ordre 1 rejette l’hypothèse nulle pour les stations de Bafoulabé, Faladyé, Galougo, Mourdali, Nioro et Yélimané. Le test des points de rebroussement accepte l’hypothèse nulle d’une série aléatoire pour toutes les autres stations. Le test de corrélation des rangs n’accepte l’hypothèse nulle que pour la station de Bakel. Ces résultats, comparés à l’évolution interannuelle des séries de  pluies annuelles, permet de tirer les conclusions suivantes: le test de corrélation des rangs de Kendall traduit la tendance linéaire généralisée à la baisse des précipitations observée à toutes les stations à l’exception celle de Bakel ; le test des points de rebroussement souligne la forte irrégularité interannuelle des  observations commune à  toutes les séries de pluies annuelles ; le test du coefficient de corrélation d’ordre 1 indique une certaine persistance dans les observations,  la tendance de la pluviométrie se maintenant sur quelques années avant de s’inverser. 

Tests d’homogénéité

L’hypothèse nulle est rejetée pour toutes les stations: les points figuratifs des cumuls sortent des ellipses de Bois associés ;   le test de segmentation des séries à l’ordre 2 permet de déceler une rupture nette et prolongée dans toutes les séries caractérisée par un saut de la moyenne dans le sens d’un déficit. Cependant, la station de Bakel a un comportement différent : tous les points des cumuls des résidus se trouvent à l’intérieur de l’ellipse de Bois associé ; le test de segmentation des séries à l’ordre 2 ne décèle aucun saut de la moyenne, tandis que le test de Pettitt accepte l’hypothèse nulle.

Analyse en composantes principales réduites

Nous avons approfondi l’étude précédente en appliquant l’analyse en composantes principales réduites aux séries que nous avons étudiées. A l’aide des éléments de réduction de chaque variable (moyenne et écart – type) calculés à partir de la série chronologique représentant cette variable, nous avons déterminé la matrice de corrélation des variables. D’après cette matrice, les stations de Kéniéba et de Bakel sont faiblement corrélées avec les autres stations.  Nous avons alors a été estimé le poids de chaque station à l’aide du coefficient de corrélation moyen calculé à partir de la moyenne des coefficients de corrélation: ce coefficient est très faible pour Bakel et Kéniéba et confirme le comportement singulier de ces stations. 
Nous avons ensuite représenté le nuage des variables dans le plan des deux premiers axes factoriels. Le premier axe, (axe horizontal) rassemble 46,5% de la variance totale ; il révèle une forte association entre la plupart des variables stations (Nioro, Yélimané, Kayes, Kita, Mourdali, Faladyé, Galougo, Kidira, Bafoulabé et Toukoto) à l’exception de celles de Bakel et de Kéniéba qui sont très faiblement corrélées avec cet axe : Bakel est par contre fortement corrélée  avec l’axe vertical (
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= 0.76) (10.70 % de la variance totale). Le nuage des variables met donc en évidence l’opposition entre ces deux stations et les autres. 

Comportement singulier de la station de Bakel et perspectives

Le comportement singulier de la station de Bakel sur la période analysée (1931-1995) est manifeste: les observations contenues dans cette série sont indépendantes entre elles (propriété vérifiée par tous les tests d’indépendance utilisés), et la série est homogène (stationnaire et absence de rupture dans la moyenne). L’hypothèse d’erreurs systématiques survenues au cours de la chaîne d’acquisition et de traitement des données peut être avancée, mais il faudrait justifier pourquoi seule la station de Bakel serait concernée. Une étude plus poussée avec des outils plus performants est souhaitable pour trouver une justification convaincante du comportement singulier de cette station.
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Application of the Gibbs sampler to conditional simulation of Sahelian rain fields
Hubert ONIBON (1), Thierry EBEL (2) and Abel AFOUDA (1) 
(1) CIPMA UAC, Cotonou, Benin

(2) LTHE/IRD, Domaine Universitaire, Grenoble, France

The drought that struck the Sahelian region of West Africa for almost 30 years, starting at the end of the 60’s, has been widely documented using large scale observations as well as local high resolution data obtained from such experiments as HAPEX-Sahel and EPSAT-Niger. While this drought went somewhat abated in the end of the 90’s, the fragility of the Sahelian ecosystem and the chronic deficit in water resources require to anticipate possible episodes of similar or harsher drought in the future, whether linked to global climate change or the regional impact of land use modifications. 

GCM’s are currently the only tool available for obtaining possible rainfall scenarios over the Sahel for the next century. However their coarse resolution imposes to develop models that will provide rainfall fields at a scale more compatible with the requirements of hydrological models. Despite the improving performances of regional atmospheric models, stochastic approaches remain a powerful tool to carry out sensitivity studies regarding the impact of GCM’s rainfall scenarios onto regional water resources, mainly because several decades of rain may be simulated in a row. Building on a disaggregation model previously developed for the Sahel, some mathematical problems related to the conditioning of the turning band algorithm (TBM) used in this earlier version are presented here, as well as a technique used to solve them. 

The TBM is replaced by a Gibbs sampler, which tackle the conditioning issue by sampling from a multivariate density f(x) for an n-dimensional random vector x. As a preliminary step, the Gibbs sampler is described mathematically by its iteration kernel. A brief review of the Gibbs algorithm is given, which emphasize the stationary properties, transition probability, conditional distributions and convergence criteria. Subsequently it is shown how the stochastic space-time disaggregation model obtained by replacing the TBM algorithm by the Gibbs sampler provides an elegant and convenient answer to the conditional simulation of meta-gaussian rain fields. In order to explore the efficiency of the model, it is tested on a sample of Sahelian rainfields observed during the EPSAT-Niger experiment. The proposed validation of the model permits to compare observed and simulated rainfield statistics obtained for various space scales. 

Submitted by 
Hubert Onibon, Chargé de Missions

Groupe Afriturible International Sarl, 02 BP 1567, Cotonou, Rép. du Bénin

Tél,: (229) 33 06 88 - Portable : (229) 02 17 15 ou (229) 894253

Web : www.afriturible.com / Email :hubert.onibon@afriturible.com
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Analyse des estimations du bilan d’eau atmosphérique en Afrique de l’Ouest pendant la mousson
F. GUICHARD, J.-P. LAFORE, C. PIRIOU, N. ASENCIO, A. BOONE,

F. FAVOT et J.-L. REDELSPERGER

CNRM-GAME, CNRS & Météo-France), Toulouse, France

Notre connaissance et compréhension du cycle de l’eau en Afrique de l’ouest est encore partielle et limitée. Plusieurs causes expliquent cette situation : trop peu d’observations, des aspects méthodologiques, mais aussi des questions scientifiques plus fondamentales, non résolues. Le cycle de l’eau résulte d’un ensemble de processus de nature distincte, interagissant entre eux sur une large gamme d’échelles spatiales et temporelles. Actuellement, les mécanismes impliqués dans ces interactions ne sont pas tous identifiés, même au delà de ceux qui l’ont été mais sont encore débattus. Ainsi, une estimation précise du bilan d’eau à grande échelle sur cette région reste un objectif difficile à atteindre.

Les estimations actuelles du bilan d’eau atmosphérique à grande échelle reposent largement sur des produits de (ré)analyses issus des systèmes numériques de prévision temps. La présente étude analyse la précision de tels budgets. La méthode utilisée consiste à croiser les champs fournis par les ré-analyses (ERA-40 & NCEP/NCAR reanalysis) et des produits d’observations (en particulier des produits de précipitation), auxquels s'ajoutent des données locales et des simulations explicites de systèmes convectifs ; ces dernières permettent de quantifier la gamme de validité de certaines hypothèses couramment employées. L’étude se focalise principalement sur la mousson de l’année 2000. Les résultats obtenus montrent que si certaines différences entre produits d’observation et ré-analyses diminuent lorsque l’on considère des échelles spatio-temporelles de plus en plus grandes, d’autres persistent. Les pluies de mousson des deux ré-analyses restent confinées trop au sud. Ce défaut est visible par comparaison avec les produits satellitaires comme avec les observations locales. Les estimations de bilan sont aussi affectées par des problèmes de spin-down, qui reflètent des lacunes dans le traitement actuel des processus physiques de petite échelle par les modèles de grande échelle (paramétrisations). Ces différents problèmes affectent les estimations de flux d’eau fournis par les ré-analyses.
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TRMM-observed Characteristics of West African Mesoscale Convective Weather Systems
Z. Debo ADEYEWA (1), Edward ZIPSER (2) and Chuntao LIU (2)

(1) Department of Meteorology, Federal University of Technology, Akure, Nigeria

(2) Department of Meteorology, University of Utah, Salt Lake City, USA
1. Introduction

The Tropical Rainfall Measuring Mission (TRMM) satellite has provided detailed observations of precipitating systems in the tropics since its launch in late 1997. The unique combination of its instruments has facilitated simultaneous measurements of many quantities related to precipitation such as radar reflectivity, passive microwave brightness temperature, lightning flash counts, etc. The large and comprehensive Utah TRMM precipitation feature database enables us to examine the characteristics of different sizes of precipitating systems in these regions including their radar and ice scattering characteristics, with emphasis on mesoscale convective systems (MCS) as these systems have the greatest impact on the hydrological cycle in the region (Nesbitt and Zipser, 2003; Nesbitt et al, 2000; Toracinta et al, 2002).

2. Data and Methodology

The data used for this study were derived from the assorted instruments on the TRMM spacecraft. Our present database covers a period of 5 years and enables us to answer a number of crucial questions regarding the roles of MCS and other precipitating systems, as well as their diurnal and seasonal cycles, which are associated with variations in the solar forcing in these regions.  For the analyses, West Africa has been structured into 12 regions based on rainfall patterns, vegetation and terrain: Western Semi-Desert, Central Semi-Desert, Eastern Semi-Desert, South Western Sahel, South Central Sahel, South Eastern Sahel, West African Coast Rainforest, Dry Rainforest, Nigerian Savanna, Chad-CAR Savanna, Southern Sudan Savanna, and the Nigeria-Cameroon Rainforest. 

3. Some Preliminary Results
The studies have shown that on the average, the MCS fraction is highest in the southern Sahel region where at least, over 70% is attributed to this feature. MCS contribution increases gradually from the rainforest region (~65%) to the southern Sahel, then decreases gradually to the lowest in the Sahara (~20%). The TRMM observations give details of the characteristics of West African MCSs responsible for the majority of its annual rainfall and is strongly linked to the movement of the Inter-Tropical Discontinuity (ITD) across the region. 

We also used the distributions of median echo heights of max 20- and 40-dBZ over West Africa as indicators of convective intensity. The storms in the equatorial regions are very high for the intense (MCS) storms. The general height over this region is about 15 km. We note that the height of storms in the southern Sahel are a little higher than those in the rainforest regions. Storms over the Nigeria/Cameroon rainforest are lower than their northern or southern counterparts by 1 km. They are comparative in height to those in southern parts of Africa. We also note that storms over the northernmost parts of Africa are very low (9-10 km). This is due in part, to the fact that the intense squall lines that travel across the Sahel dissipate before reaching these upper latitudes. Storms over high terrain areas tend to have lower echo tops.

Some of the regions were further categorized into some groups based on their observed convective intensity (e.g. Fig. 1). Parameters used for this include mean monthly rainfall, seasonal density of MCS precipitation features, fraction of MCS area, MCS contribution to total rain, max 6-km reflectivity, mean MCS flash density, mean MCS max 20-dbz height, mean MCS min 85 pct, and the diurnal characteristics of MCS.

TRMM was able to capture the phases of the diurnal cycle of convection in the different regions and also revealed detailed information on the diurnal pattern of systems linked with small and large convective systems. In some regions, a bi-modal pattern in the diurnal cycle of surface rain rate, maximum echo heights and lightning flashes prevail while a very clear afternoon peak of convective activities occur in some other regions. In the rainforest areas for instance, the peak of dominant rainfall is in the early morning hours (Fig. 2).  TRMM-derived information on the hydrologic cycle could be used to improve the prediction of rainfall and the provision of vitally needed information on rainfall and runoff particularly in the Sahelian regions.
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Fig. 2: Five-year characteristics of mean maximum phases of MCS. Top: MCS rain. Bottom: MCS flash density
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Convictif Systèmes Climatiques ouest-africain 

Z. Debo ADEYEWA (1), Edward ZIPSER (2) and Chuntao LIU (2)

(1) Department of Meteorology, Federal University of Technology, Akure, Nigeria

(2) Department of Meteorology, University of Utah, Salt Lake City, United States of America.

Texte Français à revoir

Avec l’unique combinaison des ses instruments, le satellite de la Mission Tropicale de Mesures Pluviométriques (TRMM) a fourni une observation détaillée du sytème de précipitations dans les tropiques, depuis son lancement à la fin de l’anneé 1997. Il a facilité des mesures simultanées de plusieurs éléments liés à la précipitation tels que : la reflectivité du radar, leséclats passifs des micro-ondes de la température, le dénombrement des éclats d’éclaire, etc. 

L’Afrique de l’ouest a été diviseé en 12 régions selon les modéles de pluviométrie, de végétations et de terrains : région semi-désertique occidentale, région semi-désertique centrale, région semi-désertique orientale, le Sahel sud-ouest, le Sahel sud-central, le Sahel sud-est, la côte ouest, la forêt humide africaine, la forêt aride, la savane nigerianne, la savane du Tcad-CAR, la savane du sud-Soudan et la forêt humide Nigerianne-Camerounaise. La base de données de référence du large et comprehensif Utah (TRMM) nous permet d’examiner les caratéristiques de différentes ampleurs de système de précipitation dans ces régions, y compris leurs radar et les caractéristiques de la répartion de la glace, avec l’appui sur l’inter-echelle convictif système (MCS), comme ces systèmes ont un grand impact sur le cycle hydrologique dans la région. Nos bases de données présentes couvrent une période de 5 anneés et nous permettent de répondre à un certain nombre de questions cruciales concernant le rôle de MCS et d’autres systèmes de précipitations, aussi bien que le cycle jounalier et saisonnier, qui sont associés aux variations des forces solaires dans ces régions. Les informations résultantes du TRMM sur le cycle hydrologique peuvent ainsi être utilisées pour améliorer la prévision de la pluviométrie et aussi une provision pour un besoin vital d’informations sur la tombé et l’arrêt de pluies, particulièrement dans les régions sahéliennes.
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Multi-year streamflow and precipitation analysis

for the Ankobra River, Ghana
Michael M. TANU, Karen I. MOHR and Anantha R. AIYYER

University at Albany, SUNY, Albany, NY, USA

1. Introduction
Analysis of trends in hydroclimatological variables such as streamflow and precipitation have been found to be an effective way to investigate regional climate variability (e.g., Karl et al. 1989; Lettenmaier et al. 1993; Molnar and Ramirez 2002; Dery et al. 2005). Branstetter and Erickson (2003) examined the simulation by a GCM of discharge from major river basins around the world, obtaining particularly poor results for African rivers such as the Niger River. The Guinea Coast region of West Africa has significant contrasts in land cover and soil moisture, making the link between precipitation and streamflow difficult to simulate particularly in large-scale dynamical models. We are investigating the relationship between precipitation and streamflow at a variety of timescales to improve our understanding of the short- and long-term trends in this relationship.

This presentation depicts the monthly long-term trends in streamflow and precipitation for several sites in the Ankobra River basin in Ghana. The Mann-Kendall test of trends for non-parametric variables is used to determine the trend directions in these two hydroclimatic variables. Study data cover the period 1960-2003.

2. Results and Discussion
Stream gauge data for three sites (Bonsaso, Bepo, and Prestea) exhibit a bimodal distribution, with a major peak in June and a minor peak in October (Fig. 1a). Trend analysis using the Mann-Kendall test (Fig. 1b) showed that at the 95% confidence level (Z ( 1.96), all the stations have a significant decreasing trend from March to July. From September to November, the decreasing trend is significant at Prestea but not at Bonsaso or Bepo.

The analysis of precipitation trends used stations Axim, Takoradi, and Sefwi-Bekwai. These stations were chosen for their proximity to the stream gauges and their reliable long-term records. The bimodal distribution of precipitation in Fig. 2a has a major wet season peaking in June and a minor peaking in October. The trend statistics (Fig. 2b) for precipitation do not have the same consistent, significant decrease apparent in the streamflow trends (Fig. 1a). 

The decreasing trend in streamflow and the variable trend in precipitation in the Ankobra River basin in southern Ghana require further study to determine the causes of these trends and explain the difference in trends (variable vs. decreasing) between precipitation and streamflow. One possibility is to extend this analysis to other rivers in Ghana to see if these same trends exist elsewhere. Because 60% of the precipitation in Ghana is contributed by a small number of large convective systems, interannual variability in their frequency and characteristics will be investigated for the impact on streamflow. Long-lived convective systems with a significant stratiform rain fraction are likely to have a greater impact on streamflow than shorter-lived systems even if intense.  Since the decrease in streamflow is more pronounced than precipitation in the study area, it is also necessary to consider the withdrawal of water for human use around the river basin.

3. References
Branstetter, M. L. and D. J. Erickson 2003: Continental runoff dynamics in the Community Climate System Model 2 (CCSM2) control simulation. J. Geophys. Res., 108, 4550, doi:10.1029/2002JD003212.
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Karl, T. R., J. D. Tarpley, R. G. Quayle, H. F. Diaz, D. A. Robinson, and R. S. Bradley, 1989: The recent climate record: What it can and cannot tell us. Rev. Geophys., 27, 405-430.

Lettenmaier, D. P., E. F. Wood, and J. R. Wallis, 1993: Hydro-Climatological trends in the continental United States, 1948-88. J. Climate, 7, 586-607.
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Fig 1. (a) Streamflow for Bepo, Bonsaso, and Prestea on the Akobra River (1960-2003).

(b) Trend statistics Z for monthly streamflow. At the 95% confidence level, Z is significant if greater than or equal to 1.96.

[image: image24.emf](a)

0

100

200

300

400

500

600

JanFebMar

Apr

MayJunJul

Aug

Sep

OctNovDec

Month

Rainfall (mm/day)

Axim Takoradi Sefwi-Bekwai

[image: image25.emf](b)

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

JanFebMar

Apr

MayJunJul

Aug

Sep

OctNovDec

Month

Trend statictics (Z)

Axim Takoradi Sefwi-Bekwai


Fig 2. (a) Precipitation for Axim, Takoradi, and Sefwi-Bekwai (1960-2003).

(b) Trend statistics Z for monthly precipitation, Z ( 1.96.
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Changements d’usage des sols et modifications

du cycle de l’eau au Sahel

Ibrahim Bouzou MOUSSA (1), Luc DESCROIX (2), Stéphane BOUBKRAOUI (2), Ibrahim MAMADOU (1), Iliassou ALZOUMA (1), Eric LE BRETON (3)

et Okechukwu AMOGU (2) 
(1) Université Abdou Moumouni, dept de géographie, Niamey, Niger

(2) LTHE, IRD, Niamey, Niger (3) Université Paris 8, dept de géographie, France
L’augmentation des écoulements observée depuis quelques décennies au Sahel a eu comme conséquences en zone endoréïque un accroissement du nombre des mares, de leur taille et de leur durée en eau ; en zone exoréïque, un accroissement de débits et une diminution des débits de base et des temps de réponse. 

Ces changements sont dus aux modifications des usages des sols, qui se sont traduites par une mise à nu de ceux ci et un encroûtement de leurs horizons superficiels. 

Mais ce changement drastique de comportement hydrodynamique des versants a eu des conséquences qu’on a négligées jusqu’à présent et qui commencent à avoir des conséquences catastrophiques. 

On observe en particulier :

- un comblement des bas fonds, envahis par le sable venu des versants moins recouverts par la végétation ; 

- par voie de conséquence, une modification du fonctionnement des mares, celles-ci étant comblées ou coupées par ces sédiments ; 

- on observe aussi des changements de cours drastiques des koris (oueds) qui sont bloqués dans leur cours normal quand celui-ci est encombré par les matériaux apportés préalablement 

- enfin, on note un rapide ensablement du lit du fleuve Niger 

On se propose d’analyser les liens entre les changements d’usage des sols et le très fort accroissement de l’érosion puis les relations entre cette dernière et les changements en cours dans l’hydrologie sahélienne. 

Land use changes and consequent water cycle modifications

Ibrahim Bouzou MOUSSA (1), Luc DESCROIX (2), Stéphane BOUBKRAOUI (2), Ibrahim MAMADOU (1), Iliassou ALZOUMA (1), Eric LE BRETON (3)

and Okechukwu AMOGU (2)

(1) Université Abdou Moumouni, dept de géographie, Niamey, Niger

(2) LTHE, IRD, Niamey, Niger (3) Université Paris 8, dept de géographie, France
Increased runoff observed for some decades on endoreic areas of the Sahel, led to an enhancement of number of ponds, of their size and the duration of their water content ; and, on exoreic areas, to increasing discharges and a reduction in base flows and basins lag time.

These changes are linked to land use evolution, which caused a rise in bare soils areas and in crusting of their surface horizons.

However, this drastic change in hillslopes hydrodynamic behaviour had consequences whose analyse was neglected until the last years ; these changes in hillslopes behaviour begin to have severe impact on water resources.

The following processes where observed, among others :

- a sediment filling of sahelian low ground areas, linked to increased erosion on hillslopes ;

- as a consequence of the latter, a modification in ponds mechanisms, due to their sediment filling, or their division by alluvial fans ;

- severe changes in the « koris » (local name for temporary flow or wadi) course, their channels being blocked by material coming from hillslopes ;

- and thus ; a strong silting up of Niger River is observed.

Relationship between the land use changes and the severe increase in erosion on the one hand, and between the latter and hydrological modifications on the other hand, are described and analysed here.
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Implementation and Initial Evaluation of a Rain Gauge Network Deployed in Senegal 

Paul A. KUCERA (1),  Everette JOSEPH (2), Greg JENKINS (2), Amadou GAYE (3)

(1) University of North Dakota, Grand Forks, North Dakota, USA

(2) Howard University, Washington, DC, USA (3) UCAD, Dakar, Senegal

A high spatial and temporal resolution rain gauge network has been sighted and deployed or is in the process of being deployed in the western regions of Senegal in preparation for the intensive observation phase (IOP: August-September 2006) of AMMA. The rain gauge network consists of a large-scale and dense-scale component. The large-scale component includes 20 high-resolution tipping bucket rain gauges located over the spatial domain that will be observed by the NASA polarimetric S-Band polarimetric Doppler radar (NPOL) during the IOP. Most of the large-scale network rain gauges were deployed in June 2005. The network will provide high quality rainfall observations for verification of the NPOL and available spaceborne rainfall estimates. The dense-scale network consists of 20 high-resolution rain gauges located over an area that is about 12 x 12 km2 in extent, which was sighted in June 2005 and will be deployed in May 2006. The dense-scale network will provide estimates of the small-scale variability. The network will be used to provide uncertainty bounds in the remote sensing rainfall products. An overview of the rain gauge network along with preliminary analysis of the rainfall observations from 2005 will be given in the presentation. 

Exécution et évaluation initiale d'un réseau de mesure

de pluie déployé au Sénégal

Paul A. KUCERA (1),  Everette JOSEPH (2), Greg JENKINS (2) et Amadou GAYE (3)

Revoir traduction française

Un réseau spatial et temporel élevé de mesure de pluie de résolution a été aperçu et déployé ou est en cours d'être déployé dans les régions occidentales du Sénégal en vue de la phase intensive d'observation (IOP : Août-Septembre 2006) d'AMMA. Le réseau de mesure de pluie se compose d'un à grande échelle et dense-mesure le composant. Le composant à grande échelle inclut 20 mesures inclinantes à haute résolution de pluie de seau situées au-dessus du domaine spatial qui sera observé par le radar polarimétrique de Doppler de S-Bandepolarimétrique de la NASA (NPOL) pendant le IOP. La plupart des mesures à grande échelle de pluie de réseau ont été déployées en juin 2005. Le réseau fournira des observations de précipitations de haute qualité pour la vérification du NPOL et des évaluations disponibles de précipitations de spaceborne. Dense-mesurez le réseau se compose de 20 mesures à haute résolution de pluie situées au-dessus d'un secteur qui est environ 12 x 12 km2 dans l'ampleur, ce qui a été aperçu en juin 2005 et sera déployé en mai 2006. Dense-mesurez le réseau fournira des évaluations de la variabilité de petite taille. Le réseau sera employé pour fournir des limites d'incertitude dans les produits de précipitations de télédétection. Une vue d'ensemble du réseau de mesure de pluie avec l'analyse préliminaire des observations de précipitations de 2005 sera donnée dans la présentation. 
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Contribution of the MCS anvils to radiative, heat and water budgets : a strategy for quantification at different scales
Dominique BOUNIOL, Alain PROTAT, Nicolas VILTARD, Yvon LEMAITRE

and Georges SCIALOM

CETP, CNRS, Vélizy, France

Deep convection is the ultimate source of tropical upper tropospheric extended clouds, i. e. tropical anvils. These anvils formed in the outflow spread around large areas and exceed the duration of deep convection by many hours. The microphysics of crystals in this type of clouds is an important parameter impacting the radiative and heat budgets and the amount of water stored in ice phase and therefore the water budgets at different scales. 

The AMMA-SOPD (5-20th september 2006) will be devoted to the documentation of the internal structure and processes of these anvils by deploying a specific set of airborne instrumentation consisting of a five-beam Doppler cloud radar, a three wavelength lidar and a set of in-situ microphysical measurements onboard the french Falcon-20. Specific flying strategies (including ground-site and satellite overpasses) have been defined in order to be able to build radiative, water and energy budgets at different spatial and temporal scales. 

Since the duration of SOPD is very limited, preliminary studies based on previous monsoon seasons have been undertaken in order to estimate how the characteristics of the anvils observed during this period are representative of a whole monsoon season. These preliminary studies make use of the existing satellite measurements in order to obtain a first panel of the internal structure of these anvils. The outcomes of these studies will be presented at the conference. 

Manque titre en francais

Dominique BOUNIOL, Alain PROTAT, Nicolas VILTARD, Yvon LEMAITRE

et Georges SCIALOM

CETP, CNRS, Vélizy, France
La convection profonde est la source ultime des nuages de grande extension de la haute troposphère tropicale, les enclumes tropicales.  Ces enclumes se forment dans le flux sortant, s’étendent sur de vastes surfaces et leur durée de vie dépasse de plusieurs heures celle de la convection profonde.   La microphysique des cristaux dans ce type de nuage est un paramètre important qui a un fort impact sur les flux radiatif et de chaleur, ainsi que sur la quantité d’eau présente en phase glace et donc sur les bilans d’eau à différentes échelles. 

La SOP D d’AMMA (5-15 septembre 2006) sera consacrée à la documentation de la structure interne de ces enclumes et des processus associés grâce au déploiement d’un jeu spécifique d’instrumentation aéroportée  composé d’un radar nuage Doppler à cinq faisceaux,  d’un lidar à trois longueurs d’onde et d’un ensemble de mesures microphysiques in-situ, à bord du Falcon-20 français. Des stratégies de vol spécifiques (incluant des survols d’instruments sol et des passages satellite) ont été définies de façon à être en mesure de calculer les bilans radiatif, d’eau et d’énergie à différentes échelles d’espace et de temps. 

Comme la durée de la SOP D est très limitée, des études préliminaires ont été menées sur les saisons précédentes de mousson afin d’estimer de quelle façon les caractéristiques des enclumes observées durant cette période sont représentatives de l’ensemble d’une saison de mousson. Ces études préliminaires utilisent les données satellite de façon à obtenir une première image de la structure interne de ces enclumes. Les résultats de ces études seront présentés à la conférence. 
Soumis par :

Dominique Bouniol (dominique.bouniol@cetp.ipsl.fr)
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Analysis of total water vapour content from GPS data, radiosondes and numerical weather

prediction models in West Africa

O. BOCK (1), M.N. BOUIN (2), F. GUICHARD (3), A. WALPERSDORF (4),

E. DOERFLINGER (5) and F. MASSON (5)

(1) Service d'Aéronomie / CNRS, Université Paris VI, Paris, France

(2) LAREG, Institut Géographique National, Marne-la-Vallée, France

(3) CNRM / CNRS - Météo-France, Toulouse, France

(4) Lab. Géophysique Interne et Tectonophysique, Grenoble, France

(5) Lab. Dynamique de la Lithosphère / CNRS, Montpellier, France

1. Context and objectives
This work has been conducted in the framework of the AMMA project (http://www.amma-international.org/). The first objective was to assess the potential and accuracy of GPS data in Africa for the retrieval of precipitable water vapour (PWV). To this aim, data from the permanent GPS network in Africa have been processed and PWV estimates have been compared to independent observations such as radiosondes (RS), AERONET sun photometers,  and numerical weather prediction (NWP) model re-analyses from the ECMWF (ERA-40) and the NCEP (version 2, hereafter NCEP2). A second objective was to determine the climatological characteristics and meteorological features of the region from the GPS data. Various scales have been analysed: from seasonal cycle to diurnal cycle. The spectral characteristics retrieved from GPS PWV have been compared with the other datasets and with independent climatologies. Some interesting features could be evidenced from the GPS data, such as the modulation of PWV at intra-seasonal and synoptic scales.  Synoptic scale variability could be related to easterly waves. The origin of intra-seasonal variability needs further investigation and correlation with the climatological and meteorological environment. The good performance of GPS data in Africa promoted the deployment of a dedicated AMMA GPS network, in coordination with the enhancement of the existing radiosounding network. Figure 1 shows the location of the GPS and RS data for the present study, as well as GPS stations planned within the AMMA project, during EOP and SOP phases. The aim of the EOP GPS network is to document PWV in three key regions: tropical forest of Benin, savanna in Niger and semi-arid climate in Mali. It will provide special insight into the meridian variability of the ITCZ and ITF during monsoon onset and retreat. The SOP network will extend the view in the horizontal, giving hence insight into the zonal variability at mesoscale, namely for the study of water budgets and atmospheric processes (e.g. mesoscale convective systems). 

This paper presents mainly results from the intercomparison study. It provides evidence for: (i) the high accuracy of GPS and AERONET PWV data; (ii) the existence of dry biases in RS data; (iii) the limited accuracy of both ERA-40 and NCEP2 re-analyses; (iv) the better performance of ERA-40 over NCEP2.
[image: image163.wmf][image: image26.png]410 415

+40f

+35
Elevation [rr]

X 2500
+30

. 2000
+25
1500
+20°
1000
+15

500

+10°

+5

100




2. Results and discussion
RS and GPS PWV estimates have been compared at five GPS stations (DAKA, MAS1, NKLG, RABT, TGCV), over the period 1999 – 2005. The GPS – RS PWV differences show biases of 2 – 15%, standard deviations of 7 – 16%, and correlations of 81 – 96%. The two major findings are the identification of: (i) large errors in the RS data from Dakar in September and October 2003 (Fig. 2) and (ii) a nearly constant large bias (6 – 7 kg m-2) in the RS data from Libreville (not shown). At the other sites, the agreement between GPS and RS is ~ 3 kg m-2 RMS. GPS and AERONET PWV estimates have been compared at four stations (ASC1, DAKA, MAS1, TGCV). The agreement is slightly better than between GPS and RS. The relative (absolute) bias and standard deviation are in the range – 5% to 11% (–1.7 to 3.6 kg m-2) and 5 – 14 % (1.4 – 3.6 kg m-2), respectively.

Figure 2 shows PWV variations at Dakar reaching 20 kg m-2 (50%) within a few days. The seasonal cycle is also evident, with values of ~50 kg m-2 in summer and 10 – 20 kg m-2 in winter. Fluctuations in September and October 2003 have 3 – 4 days and 8 – 10 days periods. They are linked to the propagation of easterly waves that develop over Central Africa. A wavelet spectral analysis also reveals significant energy in the 8 – 10 days and 15 – 30 days periods, in November – December, and ~ 40 days between January and June (not shown).
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Fig. 2: Comparison of GPS, RS and AERONET sun photometer PWV data at Dakar, Senegal (15°N, 18°W), from 01 Sept to 31 Dec 2003. A large bias is seen in the GPS – RS difference: (9.1 kg m-2 in September and 6.9 kg m-2 in October). The comparison between GPS and AERONET shows a good agreement (better than 2 kg m-2) all the time.

The PWV estimates from the GPS stations have been compared to ERA-40 and NCEP2 PWV fields. The GPS – ERA-40 relative (absolute) bias and standard deviation are in the range – 9% to 11% (–3 to 3 kg m-2) and 9 – 16 % (3 – 4 kg m-2). The GPS – NCEP2 relative (absolute) bias and standard deviation are in the range – 6% to 24% (–2 to 9 kg m-2) and 11 – 21 % (3 – 7 kg m-2). Both NWP models agree quite well with GPS at seasonal scale, but somewhat less at intra-seasonal and synoptic scales (Fig. 3). They reproduce very badly the diurnal cycle of PWV (Fig. 4). Both models have increased difficulties at continental stations. Overall, ERA-40 is found to perform better than NCEP2, especially at coastal stations (ASC1, MALI, RABT). This might be due to higher spatial resolution and assimilation of humidity data from satellites over the oceans in ERA-40. 
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Fig. 3: Comparison of GPS (black line), ERA-40 (red line) and NCEP2 (blue line) PWV fields at Libreville, Gabon (0°N, 10°E), from 01 Jan to 31 Mar 2001.
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Fig. 4: Comparison of GPS (black line), ERA-40 (red line) and NCEP2 (blue line) PWV fields at M'Barara, Ouganda (1°S, 31°E), for the month of September 2001. This site has a marked continental climate and strong diurnal cycle. Correlation coefficient between GPS and ERA-40 (NCEP2) is 59% (48%).
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Analyse du contenu intégré de vapeur d'eau dans l'atmosphère à partir de données GPS, radiosondages et modèles numériques de prévision en Afrique de l'Ouest

O. BOCK (1), M.N. BOUIN (2), F. GUICHARD (3), A. WALPERSDORF (4),

E. DOERFLINGER (5) et F. MASSON (5)

(1) Service d'Aéronomie / CNRS, Université Paris VI, Paris, France, 

(2) LAREG, Institut Géographique National, Marne-la-Vallée, France 

(3) CNRM / CNRS - Météo-France, Toulouse, France

(4) Lab. Géophysique Interne et Tectonophysique, Grenoble, France 

(5) Lab. Dynamique de la Lithosphère / CNRS, Montpellier, France 

La vapeur d'eau atmosphérique est un des composants principaux du cycle de l'eau dans la mousson en Afrique de l'Ouest. La variabilité de la vapeur d'eau intégrée est analysée à différentes échelles spatiales et temporelles en Afrique de l'Ouest, sur la période 1999 – 2005. 

Pour cette etude, nous avons utilisé des observations du réseau GPS (Global Positioning System) au sol, de radiosondes (RS), et les ré-ERA-40 analyses du Centre Européen de Prévision Météorologique à Moyen Terme (CEPMMT). D'abord nous présentons une intercomparaison entre les trios jeux de données. L'accord entre GPS et RS est de 5-10% de biais et 10-15% d'écart-type. L'accord entre GPS et modèle est légèrement meilleur (biais < 5% et écart-type < 10%). L'analyse des séries temporelles révèle des cas où le modèle est largement en défaut (jusqu'à 10 kg m-2). La variabilité intra-saisonnière est étudiée à l'aide d'une analyse en ondelettes des données GPS. Un signal fort est observé à Dakar dans la bande spectrale des ondes d'est (périodes de 3 à 9 jours). Le cycle diurne est également analysé à partir des données GPS. Il est cohérent avec les études passées utilisant des observations satellitaires. Le cycle diurne du modèle météorologique n'est pas cohérent avec ces observations. Ce résultat confirme la difficulté des modèles à représenter les processus intervenant dans le cycle diurne d'une manière générale et de la vapeur d'eau en particulier. Au cours de la phase EOP du projet AMMA (2005-2007), un réseau de 3 stations GPS sera déployé entre 10°N et 17°N, le long de 2°E.

Ces données permettront d'étudier plus précisément le cycle de l'eau, dont le cycle diurne de la vapeur d'eau, et sa variabilité spatiale (entre la région guinéenne au sud et le Sahel au nord) et temporelle (saisonnière à inter-annuelle).

Contact

Oliver Bock

Email : olivier.bock@aero.jussieu.fr - Phone: +33 1 4427 8445 - Fax: +33 1 4427 3776

2.11

Approche de modélisation intégrée de la variabilité pluviométrique au Sahel
Abdou ALI (1, 2),  Abou AMANI (1) et Thierry LEBEL (2)

(1) Centre Régional AGRHYMET, Niamey, Niger (2) IRD, Niamey, Niger
Introduction

Les sorties pluviométriques des modèles de prévision du climat sont assez grossières par rapport aux échelles d’intérêt pour les hydrologues et les agronomes à cause des limites de la résolution. Les techniques utilisées pour désagréger ces sorties sont encore en développement. Par exemple, il n’existe pas encore, à notre connaissance, de méthodes permettant de désagréger les sorties mensuelles des modèles climatiques tout en restituant la structure spatiale observée. Dans ce contexte, la simulation stochastique des champs de pluie joue un rôle fondamental pour produire des scénarios permettant de tester l’impact hydrologique ou agronomique de la variabilité pluviométrique. La présente synthèse se place dans un contexte géostatistique en considérant l’événement pluvieux comme l’élément de base d’une modélisation stochastique intégrée au Sahel. Ce choix a un fondement climatologique important au Sahel. Plus que nulle part ailleurs, les événements pluvieux se présentent comme des objets individuels, facilement identifiables et dotés de caractéristiques stables dans le temps et dans l’espace ; le nombre d’événements étant, par ailleurs, le moteur essentiel de la variabilité pluviométrique. 

Intérêt d’une modélisation intégrée des champs de pluie au Sahel

Contrairement à ce qui se passe dans le domaine minier, par exemple, plusieurs observations des champs de pluie sont disponibles pour un même pas de temps. Pour les besoins d’opérationnalité, de robustesse des inférences et souhaitant disposer d’une représentation la plus synthétique possible des champs de pluie au Sahel, les différentes observations d’un même pas de temps sont considérées comme des réalisations indépendantes d’une même fonction aléatoire. Ce choix exige que ces observations soient assez homogènes, car considérées comme issues de la même population. Cette hypothèse n’est acceptable qu’à l’échelle de l’événement pluvieux. Or ce sont les pas de temps fixes (généralement le pas de temps journalier, décadaire, mensuel ou saisonnier) qui sont utilisés par les services opérationnels. Ces échelles sont également celles des estimations de pluie par satellite et des modèles globaux ou régionaux. Les cumuls de pluie à ces pas de temps, cependant, ne sont ni homogènes dans le temps, ni stationnaires dans l’espace car ils sont constitués d’un nombre d’événements différent. Pour s’affranchir de cette inadéquation entre échelle appropriée pour la modélisation et celles utilisées par les services opérationnels, une modélisation multi-échelle ou intégrée (ces deux termes sont utilisés indifféremment) des champs de pluie au Sahel est proposée. Dans un premier temps, les éléments de base de cette modélisation sont inférés à l’échelle de l’événement. En plus de l’adéquation statistique et de la robustesse des inférences à cette échelle, cette approche a l’avantage de caractériser l’élément météorologique à la base de la pluie, à savoir l’événement pluvieux. Le passage de l’échelle de l’événement aux échelles supérieures (échelles multi-événementielles) est ensuite envisagé en considérant des relations d’invariance d’échelle.

Passage de l’échelle de l’événement aux échelles supérieures

Le fait de disposer d’un réseau densément instrumenté en zone sahélienne (l’observatoire EPSAT-Niger) a permis de bien documenter les champs de pluie sur une large gamme d’échelles temporelles. Des outils de simulation et de désagrégation des champs de pluie ont été développés à l’échelle de l’événement. Ces travaux ont été effectués dans le cadre gaussien. La technique de l’anamorphose gaussienne a été utilisée à cet effet. L’intérêt de la loi gaussienne en statistique est multiple. Notons simplement que pour simuler un champ de pluie en géostatistique dans le cadre gaussien la connaissance des fonctions de distribution monovariable et de la structure spatiale est suffisante. Ainsi pour capitaliser les travaux de l’échelle de l’événement aux échelles supérieures il suffit d’établir des relations permettant de déduire ces deux fonctions pour ces échelles supérieures.

i) Fonction de distribution multi-échelle : la loi des fuites

La relation permettant de connaître la fonction de distribution du cumul de pluie 
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 sur une période
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supérieure au pas de temps de l’événement est la loi de fuite (Le Barbé and Lebel 1997). Elle est caractérisée par deux paramètres: 
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 le cumul moyen de l’événement et 
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 le nombre d’événements moyen sur la période 
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. Cette loi suppose une distribution exponentielle des cumuls événementiels et une loi de Poisson pour l’occurrence des événements. La fonction densité de probabilité de cette loi intégrée est la suivante :
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où 
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 est la fonction de premier ordre de Bessel modifiée. 
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 est le facteur d’échelle de cette relation.

ii) Fonction de structure spatiale multi-échelle : le variogramme N-événements
Deux notions sont essentielles à ce niveau : variabilité interne et externe de l’événement. La variabilité interne caractérise la manière dont se répartit la pluie à l’intérieur de l’espace couvert par l’événement. La variabilité externe est celle indiquant s’il y a événement ou pas en un point de l’espace. Considérant une invariance climatologique de ces deux variabilités, le modèle intégré ci-dessous a été établi (Ali et al. 2003) et permet le calcul du variogramme du cumul de pluie pour un pas de temps quelconque :
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Application

Disposant maintenant des relations permettant de déduire les fonctions de distribution et de structure spatiale des champs de pluie pour les pas de temps supérieurs à l’événement, nous pouvons envisager sans grande difficulté la simulation et la désagrégation des cumuls pluviométriques au Sahel. Une première application de ces relations a été de développer une fonction multi-échelle permettant de calculer l’erreur associée à l’estimation de la pluie moyenne spatiale (Ali et al. 2005a). Cette fonction d’erreur a ensuite été utilisée pour évaluer les réseaux pluviométriques des pays sahéliens et intercomparer des produits pluviométriques sur la région (Ali et al. 2005b) 
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An integrated modeling approach to

Sahelian rainfall variability

Abdou ALI (1, 2),  Abou AMANI (1) and Thierry LEBEL (2)
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This study concerns an integrated modeling approach to Sahelian rainfields by considering rain events as the basic elements of rainfall variability. Identifying the rain event characteristics (cumulative rain event, spatial structure) as climatological invariants and utilizing the concepts of internal and external variability of rain events, a geostatistical model allowing the characterization of the spatial variability of rainfields over a broad range of time scales is developped.

On the one hand, this model serves as a tool for diagnosting the different scales of the sahelian rainfall variability.

On the other hand, it allows extending an estimation error function initially established on the EPSAT-Niger experiment region to all the Sahelian region. This error function has been used to evaluate the rainfall networks in the Sahelian countries and to intercompare various satellite rainfall products for the region. 
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Caractérisation de la réponse hydrologique et de l’érosion hydrique d’un petit bassin versant sahélien : bassin versant de Tougou au nord du Burkina Faso
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A l’instar de tout le Sahel, on observe au Burkina Faso, grâce à de tests statistiques sur les chroniques de pluies, de températures et d’évapotranspirations, une rupture climatique à partir des années 1970 se traduisant par une baisse notable de la pluviométrie annuelle. Cette diminution des pluies a entraîné depuis une trentaine d’années une disparition progressive de la végétation, accélérée par une forte pression anthropique sur l’environnement à cause d’une population de plus en plus croissante : coupe de bois pour les besoins énergétiques domestiques, extension des surfaces de cultures et surpâturage.

Dans la moitié sud du pays, plus humide (pluviométrie annuelle supérieure à 1000 mm), la diminution des pluies a entraîné une baisse des écoulements de surface et des débits des rivières, comme dans la majeure partie de l’Afrique de l’Ouest et Centrale depuis trente (30) ans, même dans les zones où l’on constate une augmentation des zones cultivées.

Dans la moitié nord par contre (pluviométrie annuelle inférieure à 600 mm), malgré la baisse des pluies, on observe une augmentation des écoulements de surface. Cette augmentation des débits des cours d'eau est à relier à une augmentation des zones cultivées et des zones de sols nus au détriment des surfaces de végétation naturelle.
L’augmentation des écoulements de surface et donc de l’érosion hydrique a pour conséquences :

- une perte de fertilité accélérée des sols conduisant à d'importantes baisses de rendements agricoles,

- un envasement précoce et une dégradation rapide de la qualité des eaux des retenues (barrages, lacs, mares, boulis,…),

- un sous-dimensionnement de nombreux ouvrages hydrauliques (barrages, ponts, digues, routes, etc..) du fait de la modification des normes hydrologiques,

- une augmentation des surfaces encroûtées impropres à toute culture,

- une modification du bilan radiatif,

- des conflits sociaux et d'usages nés de la surexploitation des ressources naturelles raréfiées.

C’est donc dans ce contexte que la présente étude est menée et elle vise à une meilleure compréhension des impacts du changement climatique combiné aux activités anthropiques sur le cycle de l’eau et les processus de dégradation des sols dans le bassin du Nakambé au Burkina Faso. Elle permettra une meilleure quantification des différents compartiments du cycle de l’eau (ruissellement, infiltration, drainage interne, évapotranspiration), une bonne estimation de la dégradation de l’environnement (érosion des sols, envasement des retenues d’eau, dégradation de la qualité des eaux de surface, etc..) liée à la modification du cycle hydrologique et la mise en œuvre de modèles hydrologiques à petite échelle intégrant les changements de l’environnement au Sahel.

Le bassin de Tougou, d’une superficie de 37 km² a été retenu pour cette étude et fait partie des sites locaux d’observations intensives du programme AMMA. Il est situé dans la partie supérieure du bassin du Nakambé, en zone sahélienne du Burkina Faso, à 25 km à l’Est de Ouahigouya sur l’axe Ouahigouya-Titao. Ce bassin est fortement cultivé (à environ 95%) et se caractérise par un relief  très peu accidenté avec quelques monticules et collines par endroit, d’altitude faible. La morphologie présente une succession de collines (haut glacis) raccordées aux axes d'écoulement (bas-fonds) par de longs glacis. La végétation est surtout dominée par acacia albida et le karité. Les cultures les plus courantes sont le mil, le sorgho, le maïs, l’arachide et le niébé. Sur le plan pédologique, on rencontre des sols sableux et sablo-limoneux au niveau du bas-fond, des sols sablo-limoneux sur le glacis et un recouvrement gravillonnaire sur les têtes du bassin et les collines.

Le bassin de Tougou comprend deux sous-bassins de superficie inférieure à 1 km², celui de Bawogo-Pooré en zone entièrement cultivée et celui de Faogodo en zone entièrement dégradée avec des croûtes superficielles. Le bassin est en cours d’équipement depuis 2004 pour le suivi des paramètres hydrométéorologiques et d’érosion. Les mesures se font depuis l’échelle de la parcelle de 1 m² à celle du petit bassin versant de 37 km² en passant par celle des deux sous-bassins de quelques hectares. Ces mesures concernent la pluie, les écoulements aux exutoires, le ruissellement à la parcelle, les prélèvements d’échantillons d’eau aux exutoires et à la parcelle, les paramètres météorologiques (température, vents, humidité relative, évaporation bac), les teneurs en eau et les flux d’eau dans les sols.

Les résultats préliminaires de la campagne 2004 donne au total 42 événements pluvieux enregistrés (période  du 08/06/2004 au 19/09/2004) dont 14 de hauteur inférieure à 5 mm, 22 de hauteur comprise ente 5 et 20 mm et 6 de hauteur comprise entre 20 et 45 mm. La pluviométrie annuelle s’élève à environ 260 mm. La lame d’eau annuelle écoulée est de 26 mm, correspondant à un coefficient d’écoulement de 10% pour tout le bassin. A l’échelle de la parcelle, les coefficients de ruissellement sont plus élevés avec une forte variabilité en fonction des états de surface. Ainsi, les coefficients de ruissellement moyens annuels sont de 35% sur les croûtes de dessiccation (DES), de 50% sur les croûtes d’érosion (ERO) et 71% sur les croûtes gravillonnaires (G). Alors qu’en zone de cultures, ils varient entre 4% et 19% sur les différentes parcelles.

Quant à l’érosion hydrique, elle s’élève à 0.5 t/ha à l’exutoire du bassin de Tougou. Sur les parcelles en zone dégradée, elle atteint 42 t/ha sur les croûtes ERO, 57 t/ha sur les croûtes G et 30 t/ha sur les croûtes DES. An niveau des parcelles en zone de cultures, les pertes en terre sont en moyenne de 6.5 t/ha. 

Ces premiers résultats qui doivent être renforcés par les mesures des prochaines campagnes hydrologiques, montrent d’ores et déjà une réponse fortement contrastée à l’impulsion pluvieuse en fonction des différents états de surface du bassin. Les zones dégradées à croûtes superficielles semblent les plus aptes au ruissellement et présentent les taux d’érosion les plus élevés, comparativement aux zones de cultures. 

Mots clés : Changement climatique, activités anthropiques, érosion des sols, ruissellement, états de surface, Tougou, Nakambé, AMMA, Sahel, Burkina Faso.

Characterization of the hydrological and water erosion response of a small Sahelian catchment: the Tougou catchment in the north of Burkina Faso
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The Tougou catchment is one of the local intensive observation sites of the AMMA project. It is located in the Sahelian part of the Nakambé basin in the North of Burkina Faso and has an area of 37 km². In this zone, the combination of climatic factors (decrease of rainfalls) and human factors (farming and grazing) has led to a serious environmental degradation resulting in a progressive vegetation disappearance and severe soils crusting since about thirty years. 

These environmental changes have induced deep modifications in the hydrological cycle with a tendency to an increase of surface runoff, river discharges and water erosion rates despite of the established decrease of rainfalls since 1970. The Tougou catchment, predominantly cultivated, was equipped in 2004 for the monitoring of hydro-meteorological and water erosion parameters at different scales (from 1 m²-area plot to 37 km²-area catchment with two sub-catchments of some hectares).

The first results show high contrasted responses to the rain impulsion according to the different soil surface characteristics of the catchment. The uncultivated bare soils (erosion and gravelly crusts) show high runoff coefficients and appear to be more sensitive to water erosion compared to cultivated soils.

Key words: Climate change, anthropogenic activities, soil erosion, runoff, soil surface characteristics, Tougou, Nakambé, AMMA, Sahel, Burkina Faso.
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Depuis près de 50 ans, la nappe phréatique près de Niamey (Niger) est en hausse quasi-continue (Fig. 1), malgré le double impact d’un affaiblissement de la MOA et d’une exploitation croissante de la ressource.

De premiers travaux (Hapex-Sahel, 1997) ont permis d’expliciter ce paradoxe : au sud-ouest du Niger, la recharge de l’aquifère s’effectue par vidange rapide de mares endoréiques temporaires. Comme ailleurs au Sahel, le déboisement a favorisé le ruissellement vers les mares, et donc la recharge localisée. Pour la ressource souterraine, cet impact positif a outrepassé ceux, négatifs, d’une diminution des pluies et d’une augmentation des prélèvements. Plus récemment, d’autres approches ont permis de préciser à la fois les processus et le bilan de la nappe : 

	[image: image40.png]



	
[image: image41.emf]Jan-1960 Jan-1980 Jan-2000

-37

-35

-33

-31

NINEFOUNO

NO

3

<5mg/L

NO

3

>80mg/L

profondeur nappe (m)




Figure 1 – Densification du réseau de drainage endoréique (à gauche) et hausse de la piézométrie et des nitrates de la nappe phréatique (à droite) suite au déboisement observé depuis 1950.

(1) la télédétection, en particulier l’analyse de photographies aériennes disponibles depuis 1950, a révélé un triplement de la densité du réseau hydrographique, avec notamment la création de nouvelles mares endoréiques (Fig. 1), 

(2) la géophysique de sub-surface (EM-34, DC), couplée à (3) de nouvelles mesures hydrométriques (piézométrie, limnimétrie) et à (4) des modélisations à base physique (surface et souterrain), a montré l’existence d’une recharge occasionnelle sous les ravines et les cônes d’épandage situés en amont des mares (Massuel et al., 2005), 

(5) La géochimie isotopique (3H2O, 14CITD) a permis une quantification de la recharge « naturelle », estimée à quelques mm/an dans les années 1950, aujourd’hui supérieure à 20 mm/an (Favreau et al., 2002) ; l’augmentation durable des teneurs en nitrates de la nappe (Fig. 1) a été expliquée, notamment par analyse des isotopes stables (15N18O3), comme étant provoquée par le déboisement et le lessivage consécutif de l’azote naturel des sols (Favreau et al., 2004),

(6) pour cet aquifère transfrontalier de plus de 150 000 km2, une dynamique hydrologique identique a été montrée à plus vaste échelle, avec des hausses piézométriques interannuelles et des taux de recharge similaires (Guéro, 2003).
Au sud-ouest du Niger, la nappe phréatique constitue le meilleur intégrateur à long terme des changements hydrologiques de méso-échelle. Estimé par des enquêtes de terrain, l’usage de l’eau de la nappe reste faible (0,3 mm/an) ; l’impact des puisages anthropiques reste donc négligeable face à une recharge actuelle de plus de 20 mm/an (variable de 1 à 4 selon la pluviométrie) et face à l’impact du déboisement sur le bilan hydrogéologique (augmentation d’un ordre de grandeur de la recharge sur les dernières décennies).

Dans le cadre du programme AMMA, l’application de méthodes plus spécifiques (géophysique : RMP ; physico-chimie : caractérisation des températures de recharge de la nappe ; hydrodynamique : suivis neutroniques de la ZNS profonde) ainsi que la poursuite des suivis hydrométriques à long terme permettront de mieux contraindre et de modéliser plus finement le bilan des flux surface – souterrain de cet aquifère singulier, devenu un cas d’école en Afrique de l’Ouest de l’impact inattendu des changements environnementaux sur le cycle hydrologique.
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The rising water table in SW Niger, a sahelian paradox ?
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For the past 50 years, the groundwater table near Niamey (Niger) has been rising almost continuously (Fig. 1), despite a dramatic drop in WAM rainfalls and a steady increase in groundwater use.

Preliminary results (Hapex-Sahel, 1997) gave the clues to explain this paradox: in south-western Niger, aquifer recharge occurs mainly by rapid infiltration of water accumulated in seasonal endoreic ponds; consequently to land clearance, surface crusting has enhanced runoff to the ponds, and thus localized recharge. For groundwater resources, this positive impact has exceeded those, negative, of reduced rainfalls and increasing pumpings.

More recently, several approaches were applied to better describe and constrain the hydrological processes and the groundwater balance: (1) remote sensing revealed a spectacular development in the surface area of the hydrological network (Fig. 1), (2) sub-surface geophysics, together with (3) new hydrodynamic measurements and (4) physically based numerical modelling showed that occasional recharge occurs through main gullies and sandy alluvial fans (Massuel et al., 2005), (5) environmental isotopes were used to estimate a tenfold increase in aquifer recharge (Favreau et al., 2002) and identify land clearance and subsequent leaching of natural soil nitrogen as the cause of recent groundwater nitrate increase (Fig. 1; Favreau et al., 2004), (6) for this transboundary aquifer, a similar trend has been observed at a wider scale (Guéro, 2003).

In south-western Niger, the unconfined aquifer acts as a natural record of hydrological changes. During the AMMA programme, reinforced surveys and implementation of new methods will aim at further constraining groundwater flux of this remarkable aquifer, now considered as a classic example for unexpected effect on the water cycle of environmental changes in western Africa.  

Session 3:

Surface–Atmosphere Feedbacks

WG3 : Land surface atmosphere feedbacks

Jan Polcher, Chris Taylor

The meeting took place under the assumption that the problem of the surface atmosphere interaction within AMMA needs to be dealt firstly at the fine spatial and short time scale before the knowledge is integrated towards the large scale. This is motivated by the fact that the variability of rainfall at many scales is dominated by the number of convective systems. Thus if we aim to understand how the land-surface processes affect this variability it requires that the advance our knowledge about the interactions of theses systems with the surface.

The strategy proposed for WG3 is to work progressively from the small scales (or high resolution information over the region) to the broader scales (low resolution representation of the processes). This will allow to study the processes at the small scales and devise methods or conceptual models to represent theses processes at a larger scale or lower resolution.

3.1 Surface states

Land-surface models, driven by observed atmospheric conditions, and remote sensed data offer access to surface state variables. As they do not provide exactly the same information nor the same resolution, both approaches are complementary and should be used as such.

The day to day field campaign planning, the modeling/forecasting activities and the later analysis of the observations will require these descriptions of the surface conditions.

It was felt in the discussion that there was not enough collaboration or exchange between both approaches. There should be a better understanding of the pros and cons of each approach so that proper advise can be given to users.

The conclusion was that a stronger interaction was needed between remote sensors and land-surface modelers. This should in the long term be beneficial for data assimilation in land surface models.

Task: Organize a workshop bringing together the land-surface remote sensing community and the land-surface modeling community involved in ALDAS. The outcome needs to be a strategy to integrate these two paths for accessing information on surface states. Ultimately, but probably in a research mode, this should lead to a strategy of data assimilation in ALDAS.

3.2 Planetary Boundary Layer
The potential contribution of AMMA to progress on known issues in the surface/PBL interactions and diurnal cycle in large scale models (GCMs and RCMs) need to be made known.

Task : The proposed solution is to apply simple diagnostics on GCM output available in inter-comparisons projects (the IPCC data base has a 3 hourly sampled year for all GCMs) and show how poorly these models perform.

3.3 Genesis & Evolution of convection
The WG2 has picked a case within the Dry Run period to perform evaluations of the water cycle in both atmospheric and hydrological models. It is proposed to use the same case to study the surface atmosphere interactions.

Task:  To examine the potential of WG2 case study for surface/atmosphere interactions studies. Once the potential of this case is ascertained experimental designs will be proposed.

3.4 Large Scale Analysis
It was felt that at this stage large scale studies could not be advocated as too many uncertainties exist on the capabilities of large scale models to reproduce a realistic surface atmosphere interaction.
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Soil moisture influence on the West African Monsoon variability and predictability at the seasonal timescale
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	Fig. 1: ANOVA analysis of the JAS mean precipitation simulated in seasonal hindcasts with the ARPEGE-Climat model driven by observed SST over the 1979-1993 period. AAX: Control experiment with interactive SM initialized with ERA15. A0X: Climatological instead of ERA15 initial conditions of SM. A1X: Climatological instead of interactive boundary conditions of SM. S² is the total variance of JAS mean precipitation in the 15x10=150 hindcasts available for each experiment. R² is the fraction of total variance that is explained by boundary conditions and initial conditions of SM. Upper panels (a,b): results of the control experiment. Left panels (c,e): impact on S². Right panels (d,f): impact on R². More details in Douville (2004).


	Fig. 2: Distribution of grid-cell Anomaly Correlation Coefficients between observed and simulated surface air temperature anomalies over the 1986-1995 period. FFX: Control experiment with interactive SM and observed SST. GGX: Same as FFX, but with analysed (GSWP-2) instead of interactive SM boundary conditions. EEX: Same as GGX, but with climatological instead of observed SST boundary conditions.
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In this paper we present our studies regarding the effect of land surface condition on climate and environment and mechanisms governing the land/climate interaction processes. In a statistical – dynamical study, observational meteorological data from HAPEX-Sahel was used to drive a surface biophysical model with different values of surface vegetation variables, and their combinations. The Pareto-plot analysis of the simulation results shows that the arid tropical regimes are dominated through vegetative interactions. The interactions are either directly between vegetation/atmosphere or soil/atmosphere with little interactions between vegetation and soil variables. 

To further test interaction mechanisms, experiments with two land-surface parameterizations were conducted: one land surface parameterization had explicit vegetation processes (GCM/veg) and another had not (GCM/soil), but with similar monthly mean surface albedo. Comparisons between these two simulations show clear differences in spatial distributions of circulation as well as precipitation. Different mechanisms govern the June and August rainfall changes in Sahel. Furthermore, a stronger heating source near 10°N in GCM/Veg induced airflow turned clockwise after crossing the equator. But this heating source was missing in GCM/Soil. 

Assessment of two different satellite-derived LAI datasets was made to further investigate impacts of vegetation parameters on seasonal climate simulation with a GCM. The response of the land-atmosphere interaction forced by LAI differences was able to explain the relationship between LAI, evaporation, surface temperature, and precipitation in northern Africa. It is also found that changes of surface albedo played a major role in modulating near-surface climate in the northern Sahel. 

Studies have also revealed a connection between land-surface condition and genetic variation in malaria vector populations in West Africa. The preliminary results from this investigation will be briefly presented. 
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Dans ce travail, nous présentons notre étude des effets des conditions de surface continentale sur le climat et l’environnement, ainsi que les mécanismes qui gouvernent les processus d’interaction surface/climat. En se basant sur une étude dynamique statistique, nous avons utilisés les données météorologiques observées issues de HAPEX-Sahel pour forcer un modèle biophysique de surface intégrant différentes valeurs du paramètre caractérisant la végétation, ainsi que leur combinaison. L’analyse des runs de modèle via la méthode Pareto-plot montre que les régimes arides tropicaux sont dominés par des interactions de la végétation. Ces interactions se font soit directement entre la végétation et l’atmosphère, soit entre le sol et l’atmosphère par l’intermédiaire d’interactions secondaires entre la végétation et le sol.

Afin d’identifier les mécanismes qui entrent en ligne de compte dans ces interactions, des expériences avec deux paramétrisations de la surface continentale ont été menées : une paramétrisation de la surface intègre des processus de végétation explicites (noté GCM/Veg), l’autre ne l’intègre pas (noté GCM/Soil). Toutefois, elles ont des valeurs moyennes mensuelles d’albédo similaires. La comparaison entre ces deux expériences montrent des différentes marquées dans la distribution spatiale de la circulation atmosphérique et des précipitations. Des mécanismes différents gouvernent les modifications de précipitations en juin et en août au Sahel. Par ailleurs, une forte source de chaleur localisée vers 10°N dans l’expérience GCM/Veg induit un écoulement d’air tournant dans le sens des aiguilles d’une montre après le passage de l’équateur. Or, on ne retrouve pas cette source de chaleur dans l’expérience GCM/Soil.

Une évaluation de deux bases de données de LAI différentes a été effectuée afin de mettre en évidence l’impact des paramètres de la végétation sur le climat saisonnier dans des simulations de GCM. La réponse des interactions entre la surface et l’atmosphère, forcées par des valeurs de LAI différentes, nous a permis d’expliquer la relation entre LAI, évaporation, température de surface et précipitations en Afrique du nord. Nous avons également montré que des modifications d’albédo peuvent jouer un rôle majeur dans la modulation du climat à proximité de la surface dans la partie nord du Sahel.

Ces études ont également révélé l’existence d’une connexion entre les conditions de surface continentale et des modulations génétiques du vecteur de la malaria pour les populations ouest-africaines. Des résultats préliminaires seront brièvement présentés. 
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Réponse de la végétation sahélienne en Afrique de l’Ouest à la variabilité climatique : Conséquences sur les interactions surface-atmosphère
E. MOUGIN (1), P. HERNIAUX (1), L. KERGOAT (1), J. SEGHIERI (1),

F. LAVENU (1), Y. TRACOL (1), L. JARLAN (2), L. DIARRA (3), F. DEMBELE (3), M. KAREMBE (3), B. MOUGENOT (1), F. TIMOUK (1), P. DE ROSNAY (1),

V. LE DANTEC (1), F. BAUP (1), S. MAN GIAROTTI (1)
(1) CESBIO, 18 avenue Edouard Belin 31405 Toulouse, France

(2) CNRM/Météo-France, 42 avenue G. Coriolis 31057 Toulouse, France

(3) Institut d’Economie Rurale, Bamako, Mali

Situé à la limite nord de l’extension de la mousson ouest africaine, le Sahel est caractérisé par une très forte variabilité spatiale et temporelle des précipitations. Cette variabilité, qui s’exprime à diverses échelles temporelles : saisonnière, interannuelle et décennale, a un impact majeur sur le développement et le fonctionnement de la végétation. Sur l’ensemble du Sahel, celle ci est composée d’une strate herbacée plus ou moins continue et d’un couvert ligneux épars. Les effets de la variabilité climatique sont immédiatement perceptibles au niveau de la strate herbacée qui est dominée par des plantes annuelles. Les répercussions de la variabilité climatique sur le couvert ligneux sont aussi bien visibles mais celles-ci interviennent à des échelles de temps différentes. 

Les effets de la variabilité des précipitations sur la végétation sahélienne, à ces diverses échelles de temps, restent cependant difficiles à appréhender pour 2 raisons principales : 1) nous manquons encore d’observations acquises sur des périodes de temps suffisamment longues ; 2) la diversité des situations rencontrées, dues à l’hétérogénéité du milieu (sol et végétation) conjuguée à la forte variabilité spatiale des précipitations, rend difficile toute généralisation. 

Dans cette présentation, on montrera les liens entre la variabilité des précipitations et le développement de la végétation sahélienne en se basant sur l’analyse de données recueillies sur le terrain sur un grand nombre de sites localisés au Mali (Sahel et Nord-Sahel) et au Niger (Sud-Sahel), sur une période d’environ 20 ans et 10 ans respectivement. 

On montrera aussi, à l’aide de simulations réalisées avec un modèle couplé ‘végétation et SVAT’, les conséquences de la variabilité climatique observée sur les termes du bilan d’énergie à la surface. 
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Multiscale land surface model database and Intercomparison within AMMA
Aaron BOONE (1), Patricia DE ROSNAY (2), Jean-Philippe LAFORE (3)

and ALMIP Group*

(1) CNRS CNRM/GAME (Centre National de Recheches Météorologiques)

(2) CNRS CESBIO (Centre d'Etudes Spatiales de la BIOsphère)

(3) Météo-France CNRM/GMME/MOANA
The land surface and the atmosphere are coupled over a large range of spatial and temporal scales over western Africa. The strategy proposed in AMMA to develop a better understanding of the coupled system is to break the various components into more manageable portions which will then provide insight into the various important processes. The first step is to begin with the land surface in off-line or uncoupled (without atmospheric feedbacks) mode. The idea is to force state-of-the-art land surface models (LSMs) with the best quality and highest (space and time) resolution data available. As no one LSM is perfect, it is of interest to inter-compare an ensemble of model simulations at various spatial and temporal scales. This multi-model “off-line” technique has been used by numerous multi-model intercomparison projects (PILPS: Henderson-Sellers et al. 1995, GSWP: Dirmeyer et al. 1999, Rhone-AGG: Boone et al. 2004), and it is also used in land data assimilation systems (LDAS) such as the North American LDAS (NLDAS: Mitchell et al. 2004) and the Global LDAS (GLDAS: Rodell et al. 2004). The ALMIP (AMMA Land surface Model Intercomparison Project) has been initiated and it will attempt to improve our understanding of the key land surface processes influencing the African monsoon and their corresponding temporal and spatial scales.

The critical aspect of such a project is the LSM forcing database (Fig. 1a). There are two components at three distinct scales (regional, meso and local). The first component consists in the land surface parameters which are based on ECOCLIMAP (Masson et al. 2003), which are available at a 1 km spatial resolution over the entire globe for a single “Sclimatological” annual cycle. The second component consists in the low-level atmospheric forcing, which is based on ECMWF FC (forecast) data. This data is also being “hybridized” using several remotely sensed radiation flux products from OSI-SAF (Ocean and Sea Ice - Satellite Application Facility: http://www.osi-saf.org), and the LAND-SAF (Land - Satellite Application Facility: http://www.osi-saf.org), and the satellite-derived precipitation data (Chopin et al. 2004) from AMMA-SAT (AMMA-Satellite: HThttp://ammasat.ipsl.polytechnique.fr/TH).
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Fig.1 Various sources and spatial scales of the LSM forcing database (left panel). The regional domain is shown in the right panel, and the sub-regional and mesoscale zones are indicated.

ALMIP has the following objectives: i) inter-compare results from an ensemble of state-of-the-art models, ii) determine which processes are missing or not adequately modeled by the current generation of LSMs over this region, iii) examine how the various LSMs respond to changing the spatial scale (three scales will be analyzed: the local, meso and regional scales), iv) develop a multi-model climatology of “realistic” high resolution (multi-scale) soil moisture, surface fluxes, and water and energy budget diagnostics at the surface which can then be used by other projects within AMMA, and v) evaluate how relatively simple LSMs simulate the vegetation (in terms of leaf area index or biomass) response to the atmospheric forcing on seasonal and inter-annual time scales. A series of 4 2-year experiments (2003-2004) are to be performed which consist in i) running the LSM at a regional scale (-20 to 30 E, -5 to 20 N, on a 0.5 degree grid) using NWP forcing data, and ii) then again using hybridized forcing, iii) doing a sub-regional or mesoscale (a north-south sub-zone using a 0.05 to 0.10 degree resolution) simulation, and iv) finally running at the local scale (currently one site has been selected and a second site is being evaluated). The corresponding model domains are indicated in Fig.1b. A second optional series of experiments consists in repeating the above while allowing LSMs to simulate (some property) the vegetation. 

The input data will be distributed in early 2006 to the model participants. The preliminary results are due this summer, and a several month period will follow in which the results will be quality controlled and analyzed. A sample result is shown in Fig. 2: the surface (upper several cm) soil moisture simulated by the ISBA LSM (Regional experiment) for June 2004 has a significant meridianal gradient, which influences the lower atmosphere and convection. The longitudinally averaged evapotranspiration flux is shown at right for 2004, also illustrating a sharp north-south gradient. In addition to the LSM intercomparison, the results of this project and the corresponding database will be used to conduct fully coupled mesoscale atmospheric model investigations of the influence of the surface on convection, and to evaluate land-data assimilation systems. There are also links to other AMMA WPs, notably land-surface atmosphere feedbacks, the water cycle and impact studies.
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Fig 2. Surface soil moisture monthly average for June, 2004, (left) simulated by the ISBA LSM using the default regional scale (ECMWF non-hybridized atmospheric forcing and ECOCLIMAP land parameters). The evapotranspiration Hovmoller plot for 2004 is shown at right (values range from 0 to 5.3 mm day-1).

ALMIP is part of the AMMA-EU (European Union) and API (Action Programmée Interorganisme: the AMMA French program) work packages (WP) 4.1. The ALMIP Group* currently consists in A. Boone, P. de Rosnay, A. Beljaars, F. Chopin, C. Delire, P. Harris, L. Kergoat, R. Lacaze, E. Mougin, T. d'Orgeval, C. Ottlé, J. Polcher, and C. Taylor. For more information, see http://www.cnrm.meteo.fr/amma_moana/amma_surf/almip/
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Impact of the Sahel drought on the water balance in LSMs
T. D’ORGEVAL (1), J. POLCHER (1), P. DE ROSNAY (2) and T. NGO-DUC (1)

(1) Laboratoire de Météorologie Dynamique du CNRS, Paris, France

(2) CESBIO, CNES, Toulouse, France

Between 1970 and 1990, the Sahel has undergone its most severe drought of the century. This drought had a strong impact on the availability of water on the ground.

The question raised by this study is whether current Land Surface Models are able to reproduce the impact of the drought in terms of soil wetness and river discharge changes. Indeed, as very few observations are available over West Africa, it is difficult first to evaluate the quality of the forcing datasets used for LSMs, and then to analyze their outputs. Here, we focus on the discharge of the largest basins in West Africa (Niger,Senegal...), and on the water balance on the ground. We use river discharge observations available for the period 1950-2000 and results from Hapex-Sahel to evaluate the performance of the LSMs. This allows us to test the sensitivity of the LSM ORCHIDEE to the different inputs and mainly the precipitation. The role of the representation of root/soil moisture profiles interactions is analyzed with the LSM ORCHIDEE, based on the comparison of the results with its different soil moisture parameretizations. We then evaluate the spread between different models within the project GSWP2. 
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Modeling the impact of bushfire-induced land use change

on the surface energy fluxes and moisture indicators

in the Volta Basin
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The fact that bushfire impacts on the land surface properties is well established. However, the extent and nature of these impacts and associated feedbacks are not well understood. The problem is more complicated in regions where intensive intentional bushfire is an integral part of the livelihoods of the population, particularly, in the Volta Basin of West Africa where over 70% of the population is involved in rain-fed agriculture and bushfire is widely used as a farm management tool. It is estimated that about 80% of the African Savanna is burnt annually which results in drastic changes in the dynamics of the Soil-Vegetation-Atmosphere-Transfer (SVAT) interactions. It is therefore important to investigate the impacts of the widespread use of bushfire in the region. 

To this end a combination of measurements and simulations were undertaken to investigate the impacts of bushfire on the energy and atmospheric particles dynamics of the Volta Basin of West Africa using a pilot site in northen Ghana. A preliminary modeling investigation was undertaken with 1D SVAT model, the Biosphere-Atmosphere-Transfer-Scheme (BATS), to estimate the local effect resulting from the bushfire. The experiment was extended to cover the whole Volta Basin using the International Center for Theoretical Physics Regional Climate Model, RegCM, to investigate the local-to-regional impact of bushfire. The results show that bushfire induces threshold changes in surface energy fluxes and moisture indicators. More importantly, landuse changes induced by fire significantly influence the local-to-regional scale atmospheric circulation and the hydrological cycle. Preliminary illustrative results on impacts on atmospheric chemistry dynamics and outlook for future investigations are discussed. 

1. Objectives and research questions

The main objective of the study is to estimate the impact of bushfire-induced landuse change on the climate and natural system systems in the Volta Basin. The specific objectives of the study are to:

· Characterize the feedback mechanisms between bushfire-induced landuse change and the climatology of the Volta Basin

· Quantify the extent of changes in the surface energy fluxes and moisture indicators and atmospheric chemical composition in response to bushfire-induced landuse changes

· Assess the long term impact of bushfire on the hydrological cycle of the Volta Basin

· Provide information on changes in land surface properties induced by bushfire 
In order to meet the above objectives, the following research questions needs to be addressed:

· Does bushfire-induced landuse change create threshold changes in the surface energy fluxes and moisture indicators?

· To what extent does bushfire-induced landuse change affect the local-to-regional scale atmospheric circulation and the hydrological cycle?
2. Methodology

A controlled bushfire experiment was undertaken for selected areas in the northern region of Ghana. Twenty main plots of 10 m x 10 m were marked and pegged at each of the experimental sites. Adjacent to each main plot, a sub-plot of 5 m x 5 m was set aside for vegetative matter (fuel load) sampling. The 10 m x 10 m plots were left undisturbed for the control burning to simulate field conditions, which is the nature of occurrence of bushfires in this area. At each site a 10 m wide fire belt was created around the demarcated area. Samples from both the burnt and unburnt plots were taken for analysis. The carbon and nutrient stocks were calculated for each main plot by multiplying the mean fuel load dry matter by the carbon and nutrient concentrations obtained from the chemical analyses. The transfer of carbon and nutrients to the atmosphere was calculated as the difference between the mean carbon and nutrient stock of the fuel load and that of the ash. A remote sensing technique was used to estimate the amount of biomass burnt in the form of total gaseous emissions and ash. A classification of the remote sensing image for the land cover types was undertaken to estimate the amount of burnt and unburnt vegetation. Statistical measures consisting of percentage area coverage and related pixel statistics of each land cover type were computed. These measures were multiplied by the emission factors and scaling parameters to obtain the annual emissions of various gaseous and particulate constituents of interest.  
Landsurface parameters obtained from the measurement campaign and related data from other sources for the region were fed into BATS and RegCM codes to simulate the various atmospheric state variables of interest.

3. Discussion of results
The results show drastic changes in albedo for the burnt and unburnt vegetation. This resulted in drastic changes in sensible and latent heat fluxes. Similarly, the Bowen ratio and evaporative fraction showed drastic changes for the burnt and unburnt vegetation. The net absorbed radiation did not change much. The percentage changes in sensible heat fluxes were between 12 – 16.5% and that for the latent heat fluxes was 100%. The percentage change in Bowen ratio and evaporative fraction were infinite. More importantly, the diurnal maximum temperatures for the sites ranged between 5 oC – 10 oC. This was consistent with observed diurnal temperatures taken at the sites.

Generally, grass/tree savanna and grass savanna released the highest amount of emissions and the tree savanna the lowest. The highest amount of gas that was emitted was CO2, ranging from 3 x 104 to 5 x104 tons; the lowest was N2O between 2.2 and 5.2 tons. The cumulative total for all vegetation cover types was 1.7 x 105 tons. It is estimated that 438 x 106 tons of CO2, 27 x 106 tons of CO, 1.75 x 106 tons of CH4, 130 x 106 tons of NO and 7.6 x 106 tons were released in West Africa. If the emissions of this study are extrapolated to the whole of the savanna of northern Ghana, this area is likely to contribute significantly to the total emissions of West Africa, which will have climatic implications. Furthermore, the calculated emissions are locally significant, especially considering the fact that the releases are seasonal phenomena concentrated in the dry season.

4. Summary and conclusions

This study quantifies locally significant amounts of gaseous and particulate emissions to the atmosphere through biomass burning in the savanna of northern Ghana. The results show a possible contribution of the bushfires to the regional CO2 emissions to be about 1.75 x 106 tons. It should be noted that there are possible sources of errors in these calculations that may result from inaccurate burnt areas as a result of fading of burnt scars and a limited temporal data set. However, results obtained using contemporaneous spatial data sets as the ones in this study give much accurate indication of the contribution of emissions from the study area. These results help quantify the perturbation of the atmosphere associated with emissions from the study area and will assist in quantifying the effect emissions have on ecosystems within the study area and beyond. Fire mosaic detection techniques may be used to assist in the regional monitoring of fire activity. Mapping of fire activity by satellite provides a fast, reliable and inexpensive method of regional monitoring. The production of fire maps is important for the land managers to achieve an appropriate burning frequency.
In conclusion, the results obtained from the study show that: 1) Bushfire induces threshold changes in the energy dynamics and hydrological cycle of the area, 2) Bushfire significantly affect land surface characteristics, 3) Bushfire significantly increases the diurnal maximum temperature and decreases the minimum diurnal temperature and 4) Bushfire can induce significant changes in local-to-regional atmospheric circulation, with a massive transport of dust and greenhouse gases. These results are consistent with observed climatic conditions of the region of the study.
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Soil Moisture – Rainfall Feedbacks in the Sahel
Christopher M. Taylor

Centre for Ecology and Hydrology, Wallingford, OX10 8BB, U.K

During the Sahelian wet season, rain events typically occur every few days, and generate strong space-time variability in soil moisture. Near-surface moisture from recent rainfall has a strong impact on the surface energy balance via high rates of bare soil evaporation, depressing both the surface temperature and sensible heat flux. In the aftermath of storms, the spatial extent of rainfall can be detected accurately from satellite imagery. Identifying wet and dry areas in this way provides a means to assess the sensitivity of the atmosphere to soil moisture (and surface flux) variability given similar large-scale conditions. 

Thermal Infra-Red (TIR) data from Meteosat have been used previously (Taylor et al 2003) to identify the importance of soil moisture for understanding mesoscale variability in low level temperature, humidity and turbulent kinetic energy. A similar approach at the synoptic scale provided a means to understand the coupling between African Easterly Waves and zonal variations in the land surface energy balance (Taylor et al 2004). In this presentation, passive microwave data at 10.65 GHz from the Tropical Rainfall Measuring Mission (TRMM) Microwave Imager were used to identify mesoscale soil moisture variations. Wet patches at a range of length scales from 37 to 200 km were combined to construct a composite cross-section across heterogeneous soil moisture conditions. The evolution of the cloud field in response to the surface variability on the composite cross-section could be identified from TIR imagery. A suppression of convective cloud is evident over the wet soil during the afternoon and evening. This effect is not apparent for length scales of 37 km or less. Analysis of over 100 individual cases where convection occurs in the vicinity of a larger patch reveals that initiation of convection over wet soils is very rare in this dataset. The development of cloud systems in their early stages appears to be particularly sensitive to soil moisture, whilst cloudiness associated with mature, mesoscale convective systems is less affected.
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Tropical Atlantic variability in the coupled SPEEDO model
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The Speedy-MICOM (SPEEDO) model is a flexible coupled atmosphere-ocean model. It consists of a primitive atmosphere model (Speedy) of T30L7 resolution and simplified parameterizations. The ocean model is the Miami Isopycnic Coordinate Model (MICOM) with 22 layers and 1 degree horizontal resolution. In the present configuration it is fully coupled over the Atlantic, whereas outside the Atlantic Ocean the Speedy model is forced by prescribed sea surface temperatures (SST). The simulation of the climatology, including the thermocline, and the seasonal cycle compare favorably with the observations. Also the dominant modes of variability in the equatorial Atlantic i.e: the interhemispheric gradient mode and the equatorial cold tongue mode are well simulated (Fig.1) (Hazeleger and Haarsma, 2005). 

Analyzing the heat budgets of these two modes it appears that the interhemispheric mode is driven by latent heat fluxes resulting from anomalous atmospheric circulation patterns, with a prominent role for the North Atlantic Oscillation (NAO) pattern. The cold tongue mode on the other hand, is generated by thermocline feedbacks and damped by latent heat fluxes on interannual to decadal time scales. It appears that the SST variability lags up to three months behind the thermocline variability. This gives the potential for predicting the cold tongue mode a few months in advance. The potential for predicting the cold tongue mode has been investigate with SPEEDO in an idealized ensemble forecast experiment. It appears that in the coupled model predictability up to 4 months is obtained. 

Apart from directly forcing the circulation over the tropical Atlantic and Africa, the cold tongue mode also forces a lagged remote response over the North Atlantic and Western Europe. Czaja and Frankignoul (2002) showed, using lead-lag maximum covariance analysis (MCA), a significant association between the NAO during the early winter and the cold tongue mode 1-2 months earlier. This relationship is also simulated in SPEEDO. It appears that the lagged relationship is caused by the persistence of the cold tongue mode, which attains its maximum amplitude in the late summer, and the favorable conditions for Rossby wave propagation into the Northern Hemisphere in early winter. During that time of the year the ITCZ is situated over the cold tongue mode, enabling the generation of upper tropospheric divergence which induces the Rossby wave propagation. The final response over the North Atlantic is, however, strongly modified by nonlinear interactions due to transient-eddy feedbacks.
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Figure 1. Cold tongue (upper panel) mode and interhemispheric mode (lower panel) simulated by SPEEDO. The patterns obtained from an REOF analysis. Colors: SST; Arrows: surface wind stress. (Hazeleger and Haarsma, 2005).
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The wind-driven circulation in the Senegalese upwelling system is investigated using ROMS. The model is initialized and forced at its lateral boundaries with the ECCO model decadal outputs (horizontal currents, temperature, salinity, sea surface height), at the surface with QuikSCAT daily winds over 2000-2004 and WRF wind for one experiment. The model is forced with climatological heat and salinity fluxes from COADS. The Cap Vert peninsula subdivides the Senegalese ecosystem into two distinct regions. When there is upwelling, the structure of the surface water on each side of the Cape differs. To its north the structure of the upwelling is classical with low SST at the coast and increases offshore whereas at the south the upwelling core is in the middle of the continental shelf with lowest SST, increasing in both offshore and onshore. The ROMS model outputs are in good agreement with MODIS sea surface temperature observations and reproduce the seasonal cycle rather well. Using high regional atmospheric models seems to improve the results on local scales.

1. Regional scale

The figure 1.1 shows the first configuration with a 5 km resolution grid embedded into a 15 km resolution grid using the AGRIF refinement method (Blayo and Debreu, 1999). Initial and boundary conditions are provided by ECCO model, surface fluxes (heat and salinity) from COADS and wind stress forcing from QuikSCAT. 
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Figure 1.1 – AGRIF refinement method

The outputs of the second grid are validated using satellite sea surface temperature data provided by MODIS. The comparison shows the Roms model ability to simulate large and mesoscale structures in the Senegalese system like the coastal upwelling with the difference between north and south of the Cape, warm waters in the south, cold water filaments around the Cape and further towards Saint Louis in the northern part of the continental shelf.
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Figure 1.2 – Sea surface temperature from ROMS outputs (left) and Modis satellite data

2. Local scale

A second experiment is realized using both QuikSCAT and WRF wind forcing on ROMS to study the impact of local scales on the upwelling. Initial and boundary conditions are still from ECCO and surface fluxes from COADS. On average, WRF forcing provides coastal waters less cold than the QuikSCAT forcing particularly in the southern part of the continental shelf where WRF winds are much weaker and a positive wind stress curl is generated. Comparison of the SST provided respectively by QuikSCAT forcing and WRF forcing with MSG data at Mbour, a coastal station in the southern region shows that the cold biais introduced with QuikSCAT forcing seems to be improved with WRF forcing, however according to MSG data, coastal waters get warmer during upwelling events and only WRF model reproduces that.

The increase of coastal SST during upwelling events is unusual but can be explained in that, according to the Sverdrup balance, the positive coastal wind stress curl generated in the WRF wind south of the Cape, produces an inshore current which carries warm waters in the upwelling region whereas for QuikSCAT forcing, coastal wind is probably overestimated and generate the classical upwelling jet with cold waters. 
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Figure 2.1 – Meridional surface currents generated with QuikSCAT wind forcing (left) and WRF wind forcing (right)

Modélisation de l'upwelling sénégalais

Bamol Ali SOW

LPAO-SF & IRD-Brest & UBO

La circulation forcée par le vent dans le système d'upwelling sénégalais est étudiée en utilisant ROMS (Regional Ocean Modeling System), un modèle régional tri-dimensionnelle haute résolution. Le modèle est initialisé par des champs décadaires (vitesse horizontale, température, salinité, hauteur de la mer) du modèle ECCO (Estimating the Circulation and Climate of the Ocean) et forcé par des vents journaliers QuikSCAT entre 2000 et 2004 et des flux climatologiques COADS (Comprehensive Ocean Atmosphere Data System). 

L'analyse des résultats montre que la péninsule du Cap-Vert divise le système d'upwelling sénégalais en deux régions; au nord la structure de l'upwelling est classique avec un minimum de température à la côte alors qu'au sud la température de surface présente des signes distinctifs avec un minimum de température au milieu du plateau continental. 

La SST du modèle ROMS est comparée à différents produits satellitaires (Pathfinder 9km, Modis 4km) et reproduit assez bien le cycle saisonnier. Un indice d'upwelling saisonnier égal au gradient de température de surface entre la côte et le large est calculé pour le modèle et semble en accord avec la variation saisonnière du vent. 

Notre étude met l'accent sur la sensibilité du modèle d'océan côtier au forçage atmosphérique et les processus dynamiques qui contrôlent la circulation sur le plateau continental. 
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Coupled ocean-atmosphere variability in the South Atlantic
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Variabilité couplée ocean-atmosphère dans

l’Atlantique Sud
Sylwia TRZASKA (1), Andrew W. ROBERTSON (1), John D. FARRARA (2)

and Carlos R. MECHOSO (2)
(1) International Research Institute for Climate Prediction, The Earth Institute at Columbia University, Palisades, NY, USA (2) Department of Atmospheric and Ocean Sciences, University of California Los Angeles, Los Angeles, CA, USA
Les progrès de la prévision dynamique de la saison des pluies en Afrique de l’Ouest sont ralentis par la difficulté à prévoir les températures de surface océanique dans l’océan Atlantique. La représentation du mode zonal semble particulièrement importante à cause de sa saisonnalité (été boréal) et de son caractère interannuel.

Un mode de variabilité présentant des caractéristique similaires peut être simulé par un MCGA couplé dans l’Atlantique à une couche océanique de surface de type SLAB. Les caractéristiques spatio-temporelles, plus particulièrement dans les bandes QB et 4-5 ans, reliées précédemment à l’influence de l’ENSO, sont bien simulées sans forçage extérieur. Alors que l’échelle 4-5 ans implique des vents transéquatoriaux et des interactions entre les bassins sud et nord de l’Atlantique tropical, la variabilité QB semble naître dans l’Atlantique sud, même en l’absence de l’ENSO. Elle est fortement liée au cycle saisonnier, atteignant la phase mature en été boréal avec une signature spatiale similaire au mode zonal  et semble se propager autour du bassin dans le sens contraire aux aiguilles d’une montre, en relation avec les zones de convection profonde (ZCIT, ZCAS) et leur cycle saisonnier. Le principal mécanisme de ce mode implique les rétroactions vent-évaporation-TSO et rayonnement-TSO. Les implications pour la prévision saisonnière en Afrique de l’Ouest seront également étudiées.

Mots clés : Variabilité des températures de surface océanique, Océan Atlantique, Interactions tropiques-extratropiques, interaction océan-atmosphère, relations TSO-précipitations en Afrique de l’Ouest.

Session 4:

High Impact Weather Prediction and Predictability

WG4 : Prediction of Climate Impacts

We have a big error here: session 4 was the session on high impact weather prediction – need to move the WG5 discussion text to here and move WG4 discussion to session 5. 
Needs introducing – I will make a proposal
Report on AMMA Workshop: ‘Closing the Gap’

Developing  the use of seasonal forecast products and climate information for operational users in West Africa

Abou Amani, Andy Morse, Madeline Thomson

4.1 AMMA objectives

The objectives of the African Monsoon Multidisciplinary Analysis (AMMA) project (http://www.amma-international.org/) are :

To improve our understanding of the West African Monsoon and its influence on the physical, chemical and biological environment regionally and globally.

To provide the underpinning science that relates variability of the WAM to issues of health, water resources, food security and demography for West African nations and defining and implementing relevant monitoring and prediction strategies.

To ensure that the multidisciplinary research carried out in AMMA is effectively integrated with operational prediction and decision-making activity.

4.2 Purpose of AMMA Impacts workshop
This workshop aim was to develop a framework for the uptake of climate information derived from AMMA related projects within climate sensitive operational sectors in West Africa.   This framework can then be used by :

a) the AMMA community to better target product development to specific user communities

b) the operational community to better understand the potential and pitfalls of climate information 

c) the development donor community
 who can then better understand how investing in climate science and services in Africa can be targeted to improve development outcomes

The themes of scale, timing and uncertainty
 were used to guide the discussions in 4 groups divided along sectoral lines; agriculture (2 groups); water and health. 

The workshop gathered ca 60+ participants from research and decision making community who identified their activities as related to: climate ( 22), water resources (11), agriculture (10), livestock (1), health (5), economy (2), other (4).

4.3 Recommendations

After discussions in sectoral working groups (2 from agriculture, 1 on water resources and 1 on health) in order for AMMA to achieve the above development goals 2 and 3, the participants recommended:

AMMA climate research be more strongly oriented toward predicting climate impacts relevant for stakeholders (e.g. agriculture, water management, health…) by :

a. Providing a strong evidence/evaluating climate impact on different sectors

b. Targeting specific climate components that influence outcomes of importance to stakeholders 

c. Downscaling and providing probabilistic climate information driven by value not by skill

d. Improve collaborations to build interdisciplinary research focus on climate impacts

AMMA impact research provide stronger links to decision makers by :

e. Characterizing and  communicating uncertainty and probabilistic forecast – research of appropriate formats to communicate these aspects

f. Evaluating economic benefits of the use of climate information

g. Collaborating with national committees that deal with climate impact issues (CILSS GTP etc)

VERIFIER que cette note va bien ici (This should be a footnote i believe)
 For instance the UK Department for International Development (DfID) is developing the means to implement its policy response to climate change adaptation in Africa following the G8 summit at Gleneagles in July 2005.  The department dealing with climate change adaptation is undertaking a ‘gap analysis’ to ascertain the key climate information and decision support requirements in Sub-Saharan Africa which may be met through an effective development and implementation of the GCOS project.  The AMMA impacts meeting report will contribute to the ‘gap analysis. 
 Rationale for choosing workshop discussion topics:
Scale, timing and uncertainty are inherent in the connections between climate variability and the climate impacts that are of concern to society in ways that are only partially understood. Furthermore the poorly understood scale aspects of predictability in West Africa as well as its late establishment viz-a-viz the onset of the rainy season  mean that there is much to be learnt about the trade-offs between scale, timing and predictability in this region, if ‘information-rich’ climate products are to be created and used effectively by decision-makers. Scale, timing and uncertainty are issues that cut across disciplines and are common to all analyses of climate impacts and decision responses in all regions of the world including West Africa, although the specifics vary according to the region and application of concern.
Also: Andy Morse sent additional information – I will check this and make a proposal how to include it  - please remind me
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Progress towards useful weather and climate predictions in sub-saharan Africa
Andre KAMGA FOAMOUHOUE

ACMAD, PO Box 13184, Niamey, Niger

1. Introduction
The transition from research to operations and applications requires that weather and climate forecasts are reliable. A good understanding of forecasts uncertainties and integration of these uncertainties in decision support tools will help the users to clarify the level of confidence of a given decision scenario. The 20th century has witnessed significant improvements in weather and climate forecasting. AMMA, DEMETER, ENSEMBLES and THORPEX will guide further scientific, technological and operational improvements during the 21st century.

As a multi disciplinary project, AMMA will deal with existing administrative, technical and social barriers between meteorology and other disciplines ( Food security, water, agriculture, health…). To overcome these barriers, it is probably crucial to discuss and understand partner institutions policies and adapt project implementation decisions. Structural adjustments are particularly necessary in African institutions without any previous involvement in multidisciplinary initiatives. 

In this paper, the progress in weather and climate forecasting systems and applications is discussed. World class weather and climate services are within the reach of countries within the AMMA region if a more enabling environment is built in African participating institutions through institutional reforms and effective networking. AMMA will therefore be a scientific as well as an operational success. 

2. Current status and prospects for weather forecasting over the AMMA region

Operational weather forecasters in the AMMA region use forecasting systems outputs on which evaluations are not well documented. The knowledge of local climatology (forecaster’s experience) plays a major role in practice.  The low resolution and formulation of global models available, the small number of the observing networks are limiting factors in forecasting most of the high impacts West African weather systems. Only synoptic to large scale patterns are sometimes well simulated by current operational forecasting systems. Applications of forecast information are relatively well developed for aviation safety only. Substantial effort is needed to:

· improve observing systems, model resolution and formulation, forecasting methods and tools;

·  develop evaluation and use of weather forecast for different sectors of the national and regional economy.

The AMMA consortium will offer high resolution Limited area and global models, additional observations and weather monitoring tools, ensemble and multimodel ensemble systems for probabilistic forecasting , verification and adaptation tools , documentation on forecasting methods. New opportunities to predict the risk of severe weather, storms, floods with a credible estimate of inherent uncertainties will be possible.

3. Current status and future of seasonal forecasting

With sponsorship from national and international organizations, research and operational services in climate variability , Climate Outlook Forums (COFs) have been organized throughout Africa since the late 90s. The COFs produced seasonal forecasts of probabilities of rainfall anomalies in a given category ( Above or below normal and normal) for the upcoming 3 months period.

In contrast to weather forecasting, which is an initial value problem, seasonal forecast strongly rely on boundary conditions over ocean and land. One of the major achievements of the climate community in recent years has been the production of reanalysis data, multimodel climate hindcasts and forecasts datasets with projects like SMIP, DEMETER and operational programs in world climate centers. At the beginning of the exercise, seasonal forecasts were based on statistical relationships between a predictand (rainfall,..) and predictors ( SSTs, ….). The most commonly used statistical techniques include Canonical correlation analysis, multiple linear regression, auto regression and discriminant analysis. More recently, complex techniques ( numerical climate forecasts) came into play with 2 types: Atmospheric General Circulation Models (AGCMs) and Coupled General Circulation Models (CGCMs)  based on physical laws. However, parameterizations using empirical mathematical relationships based on observed data are introduced in these models. 

Benefits are likely to be gained by considering the two types of approaches in operational seasonal forecasting. However the dynamical approach has significant prospects for improvements. AMMA activities in seasonal forecasting consider developments and applications with dynamical, statistical and hybrid models. DEMETER and ENSEMBLES projects will be providing additional models outputs. Statistical and dynamical downscaling methodologies will be tested to improve the local utility of climate forecasts.

4. Conclusion
Work in the Framework of WMO supported projects  has led to explicit recognition of uncertainty in the initial, boundary conditions and formulation of weather/climate models. A given set of ensemble weather/climate forecasts systems predicts not only the most likely evolution of weather/climate, but also the uncertainty in such a prediction.. Activities leading to multi-model ensemble systems require extensive international collaborations promoted by AMMA, DEMETER, ENSEMBLES and THORPEX. More interestingly, these collaborations are strengthening and sustaining working relationships between developed and developing countries on the African monsoon. Developing links between forecasters and users is key to making prediction more socially useful because predictability is inherently linked to application. The users need to know what kinds of predictions are made and the forecasters need to understand the sector to which the prediction is applied. Therefore, efforts are required to foster continual interaction between the producers and the consumers of forecasts because an event or a variable is predictable only if its forecast influences relevant decision-makers. A strategy is necessary to adapt project implementation plans to participating institutions policies.

Titre français à ajouter

Andre KAMGA FOAMOUHOUE

ACMAD, Niamey, Niger

1. Introduction
Le passage de la recherche à l’exploitation est possible dès que la prévision devient fiable. Une bonne compréhension des incertitudes de la prévision et leur intégration dans le système de décision aidera les décideurs à estimer la confiance associée à un scénario de décision donné. Le 20ième siècle a vu des améliorations notables de la prévision du temps et du climat. AMMA, DEMETER, ENSEMBLES, THORPEX guideront les améliorations techniques, scientifiques et opérationnelles du 21ième siècle.

En tant que projet multidisciplinaire, AMMA gère les barrières administratives, techniques et sociales entre la météorologie et les autres disciplines (sécurité alimentaire, eau, santé, …). Pour réduire ces barrières, il apparaît utile d’observer et de comprendre les politiques des institutions partenaires et d’adapter les décisions liées à la mise en œuvre du projet. Les ajustements structurels paraissent nécessaires, en particulier pour les institutions africaines impliquées, afin de mieux garantir la réussite scientifique et opérationnelle du projet.

Ce document discute les progrès des systèmes de prévision du temps et du climat. De meilleurs produits météorologiques peuvent être disponibles en zone AMMA si des reformes sont effectuées dans les institutions partenaires africaines pour faciliter le renforcement du réseau AMMA en Afrique.

2. Etat actuel et perspectives de la prévision du temps en zone AMMA

Les prévisionnistes de la zone AMMA utilisent les sorties de modèles pour lesquelles peu de documentations d’évaluation existent. La connaissance de la climatologie locale et l’analyse de l’observation jouent un rôle majeur dans la pratique de la prévision. La résolution, la formulation, la qualité des modèles et l’insuffisance des systèmes d’observation sont des facteurs limitant la prévision des phénomènes à fort impact en zone de mousson africaine. Les applications de la prévision sont relativement mieux développées dans le domaine de l’aviation uniquement. Des efforts substantiels sont nécessaires pour :

· Améliorer les réseaux d’observation, la formulation et la résolution des modèles, les méthodes et outils de prévision ;

· Développer l’évaluation et l’utilisation des prévisions pour différents secteurs d’activité.

Le consortium AMMA offre des modèles à haute résolution, des observations additionnelles et outils de suivi du temps, des ensembles de modèles pour la prévision probabiliste, les outils de vérification et d’adaptation ainsi que la documentation sur les méthodes de prévision. De nouvelles opportunités pour prévoir les risques de mauvais temps, les inondations et vents forts avec une estimation des incertitudes deviendront possible. 

3. Etat actuel et perspectives de la prévision saisonnière

A l’aide des appuis financiers d’organisations nationales et internationales, des services opérationnels et de recherches sur la variabilité climatique, des forums de prévision saisonnière ont été organisés à travers l’Afrique depuis la fin des années 90. Ces forums produisent de catégories (normale, en dessous ou au dessus de la normale) de précipitations prévues à trois mois d’échéance.  

Sens de la phrase ?

La prévision saisonnière dépend fortement des conditions aux limites sur l’océan et le continent. L’une des réalisations de la communauté climatique a été la production des ré analyses, des simulations du climat passé et présent, les prévisions et projections climatiques à travers des projets tel que SMIP, DEMETER, ENSEMBLES et des programmes opérationnels des centres climatiques mondiaux. Ces bases de données ont permis au début de l’exercice de prévision saisonnière d’établir des relations statistiques entre prédictants (précipitation,…) et prédicteurs (TSM,...). C’est l’approche statistique en prévision saisonnière. Les techniques statistiques les plus utilisées sont la corrélation canonique, la régression linéaire multiple, l’auto-correlation et l’analyse discriminante. Des techniques complexes ( modèles numériques) ont été utilisées récemment avec deux types de modèles de circulation générale ( modèles atmosphériques forcés par les TSM et les modèles couplés). Cependant, les paramétrisations de ces modèles utilisent des relations empiriques construites à l’aide des observations. Il paraît bénéfique d’exploiter les approches statistiques et dynamiques en prévision saisonnière opérationnelle. L’approche dynamique présente des possibilités d’amélioration. Les activités AMMA en prévision saisonnière considèrent les développements et les applications avec les modèles dynamiques et statistiques. Les méthodes dynamiques et statistiques seront testées pour améliorer les prévisions saisonnières et expérimenter de nouveaux produits demandés par les usagers ( prévision des séquences sèches, du début et de la fin de la mousson)..

4. Conclusion
Les travaux dans le cadre des projets appuyés par l’OMM ont permis de reconnaître les incertitudes de formulation, des conditions initiales et aux limites des modèles météorologiques. Les ensembles de modèles permettent de prévoir l’évolution probable du temps et du climat. Les activités impliquant une multitude de modèles, entraînent des collaborations internationales importantes dont la promotion est faite par les projets AMMA, ENSEMBLES , DEMETER et THORPEX. Ces collaborations renforcent les relations entre les institutions sur la mousson africaine. Le renforcement des liens entre prévisionnistes et usagers est une action clé qui facilitera l’élaboration de produits plus utiles. Des efforts sont nécessaires pour soutenir les interactions continues entre producteurs et consommateurs des prévisions parce qu’un événement n’est prévisible que si sa prévision influence les décisions. Une stratégie est nécessaire pour adapter les plans d’implémentation des projets aux politiques des institutions participantes.
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Monitoring of Mid Summer Drought in West Africa

using Global Models

S. O. GBUYIRO (1), B.N. ORJI (1), O. OJO (2) and A.O. EDIANG (1)

(1) Nigerian Met. Agency, Lagos, Nigeria (2) Geography Dept, University of Lagos, Nigeria
Abstract

The Mid Summer Drought (MSD) or Little Dry Season (LDS) is a phenomenon that generally occurs between late July and Mid August every year. This occurs as a result of drop in static energy over the mid troposphere during this period. Various parameters and charts like Rainfall, Equivalent potential Temperature, Pressure, Surface Temperature, actual MSLP charts and 850Hpa had been used to monitor this phenomenon. But due to lack of data (upper air and surface) it has been difficult to predict both the onset and cessation of LDS accurately.

In this work, attempts are made to monitor and predict the onset and cessation of LDS using the Global models of MSLP, 850Hpa Temperature and wind for the period June-Sept 2000-2004. It involves the use of statistical analysis. The study area is West Africa with emphasis on Nigeria.

Results showed that : (i)The signals of the commencement of the LDS are normally given 2 weeks before the proper onset, while the cessation is just 3 to 4 days ahead. (ii) The critical temperature for the onset is ≤ 16 co at the 850 Hpa while the cessation is ≥16 oC.  (iii) Between lat 5 and 15 deg South and Long 10W and 10E it takes about 10-15 days for sea surface temperature to appreciate from 14-16deg C to 17-19deg C for LDS to clear 

This methodology has proved to be a useful tool in monitoring and predicting LDS in the year 2005. Efforts will be made in future work to document the use of model to simulate the SST over the Gulf of Guinea for the monitoring of LDS.

1. Introduction
The little Dry Season (LDS) can be described as any period during raining season when negative anomalies were observed in the seasonal rainfall pattern from June-August.

Various Authors Ireland (1961), Hamilton and Arch bold (1945) Obasi (1974) and Ojo (1970) Adefolalu (1972) and Aribo (1989) gave several explanations for the occurrence of little dry season. Among those are (a) Deflection of the south westerly winds (b) relative coolness of the sea (c) atmospheric changes over Southern Africa, (d) the influence of the big rain and (e) lower temperature both at the surface and in the upper air, with lower surface humidities and with a deeper surface layer of westerly winds.

Earlier investigators have used the parameters such as temperature, pressure, dew point, humidity, sea surface temperature and equivalent potential temperature to study the characteristics of LDS. But availability of the above parameters on surface and upper level charts as and when required has made the study on onset, persistence and cessation of LDS difficult and atimes its prediction inaccurate.

2. Data and Method of analysis

The data used consist of current and prognostic global model charts, as well as synoptic charts for the months of June to September.  Temperature pressure and rainfall data (for July and August) were also extracted for Ikeja and some selected stations in the southern part of the country for 2001 -2003.  The charts consist of:  Mean sea level pressure chart (MSLP), 2M temperature chart and 850 Hpa level charts.  The methodology consists of descriptive statistics as well as trend analysis for the historical rainfall records.

3. Result and discussion
Year 2000 : Using the model MSLP, Pressure build up which was evident by 17th July slackened by 19th over the greater part of eastern Guinea coast.  By 25th pockets of anticyclogenesis of the St. Helena high was again noticed over the West African sub region.  This also weakened on the 26th.  From 28th July intense anticyclogenesis set in and persisted till 29th August.  Prior to 17th July, there was no pressure buildup over West African region as indicated by the 1015Hpa isobar line, being clear of the West African domain.  The periods 17 - 18th July and 25 - 26th July could be regarded as giving false start signals. The real onset of LDS was 28th July.  This is about 10 days from the first period of false start. The actual chart gave Onset as 27-29th. At the 850Hpa level, temperatures were generally observed to be between 13-15oC from the equator to about Lat. 10o N from 21st of July. By 31st August it ranged from 15-17oC. At the 2M level, temperature dropped from 26-28 oC to 22-24 oC during the period of LDS. Also between Lat. 5 to 10 o  S temperature dropped to between 14-16 oC  from 17-19 oC during the LDS.

Years 2002 : Using the model MSLP, Pressure build up was fully observed over the West African sub region from 23rd July and lasted till 18th September.  At the 850Hpa level, temperatures were generally observed to be between 15-17oC from the equator to about Lat. 10o N from 16th of July. By 22nd September August it ranged from 15-17oC. At the 2M level, temperature dropped from 25-28 oC to 22-25 oC during the period of LDS. While between Lat. 5 to 10 o  S temperature dropped to between 12-16 oC  from 17-20 oC during the LDS.

Year 2003 : Using the model MSLP, Pressure build up was fully observed over the West African sub region from 21st July and lasted till 19th August.  At the 850Hpa level, temperatures were generally observed to be between 15-17oC from the equator to about Lat. 10o N from 13th of July. By 22nd August it ranged from 16-18oC. At the 2M level, temperature dropped from 25-27 oC to 23-25 oC during the period of LDS. While between Lat. 5 to 10 o  S temperature dropped to between 13-17 oC  from 18-20 oC during the LDS.  

4. Conclusion

This methodology of using global models has proved to be a very useful guide in monitoring the 2001-2003 LDS little dry season. The result of the models when available compared favourably with actual results. This methodology has proved to be a useful tool in monitoring and predicting the Onset, persistence and end of LDS in the year 2005.
Acknowledgements :  I wish to thank the Nigerian Meteorological Agency for their sponsorship to the conference
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Diriger de Mi Sécheresse de l'été en Afrique Ouest qui utilise des Modèles Globaux

S. O. GBUYIRO (1), B.N. ORJI (1), O. OJO (2) et A.O. EDIANG (1)

(1) Nigerian Met. Agency, Lagos, Nigeria (2) Geography Dept, University of Lagos, Nigeria
Titre et texte à revoir en français

La Mi Sécheresse de l'été (MSD) ou Peu saison Sèche (LDS) est un phénomène qui généralement se produit entre fin du juillet et mi-août chaque année. Cela se produit par suite de goutte dans énergie statique sur la mi troposphère pendant cette période. Les plusieurs paramètres et palmarès aiment Chute de pluie, ?e, Pression, Température de la Surface, réel MSLP établit un graphique et 850Hpa avaient été utilisés pour diriger ce phénomène. Mais dû à manque de données (air supérieur et surface) il a été difficile de prédire le début et cessation de LDS correctement. 

Dans ce travail, les tentatives sont faites diriger et prédire le début et cessation de LDS qui utilise les modèles Globaux de MSLP, 850Hpa Température et enroule pour le juin de la période Sept 2000-2004. Il implique l'usage d'analyse statistique. Les résultats ont montré cela:  

(i) Le signal du commencement du LDS est donné 2 semaines avant le début adéquat normalement, pendant que la cessation est juste 3 à 4 jours avant. (ii) La température critique pour le début est = 16 co aux 850 Hpa pendant que la cessation est =16 oC.  (iii) Entre lat 5 et 15 Sud du deg et Long 10W et 10E il prend approximativement 10-15 jours pour température de la surface de la mer pour apprécier de 14-16deg C à 17-19deg C pour LDS pour clarifier

Cette méthodologie a prouvé pour être un outil utile dans diriger et prédire LDS dans l'année 2005. Les efforts seront faits dans travail du futur pour documenter l'usage de modèle pour simuler le SST sur le Golfe de Guinée pour l'écoute de LDS.
4.03
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Sur techniques de la prévision météorologique

sur région africaine Ouest

Ernest A. AFIESIMAMA et T. OBIDIKE

Services de la prévision météorologique, Agence Météorologique Nigériane,

Lagos, Nigeria

Résumé

La tentative a été faite dans ce papier pour fournir des applications pratiques du climatological, techniques de la prédiction du temps géométriques, cinématiques et numériques qui sont les outils fondamentaux disponibles au météorologiste tropique et utile dans aider AMMA les campagnes présentent. La technique pour activité de la précipitation répandue en été est associée avec divergence du niveau supérieur bien marquée / champs de la convergence égaux inférieurs avec humidité adéquate. Les troubles africains Ouest sont déterminés à travers instabilité du baroclinic (a reflété dans le ciseau vertical), l'instabilité CISK et l'instabilité du barotropic (a reflété dans grand ciseau latéral). Avec la ligne du trouble en premier tachée comme est lointain comme possible et l'extrapolation rentrée le mouvement vers l'ouest généralement, la ligne du trouble est prédite près correctement. En hiver, le tracement du devant froid d'un système supplémentaire tropique avec la forte surface associée les vents vers le nord-est sont des exigences pour la tempête de la poussière. Le transport de la poussière en aval et la distribution est liée aux vents à 900m niveau et l'indices de la stabilité. Ces techniques de la prévision ont amélioré la capacité de notre société de répondre à situations où le temps nous affecte correctement, surtout la provision de tôt système de l'avertissement de modèles numériques qui sont utilisés pour estimation de l'impact donc comme fournir des stratégies de l'adaptation et des options de l'adoucissement aux événements du temps extrêmes. Cependant, la capacité de faire l'interprétation correcte des analyses du temps est un attribut essentiel du pronostiqueur. À cet égard, le pronostiqueur du temps prospère possède une combinaison complexe d'une bonne compréhension théorique de processus atmosphériques, un large synoptique et les meso pèsent de la connaissance du climatological, longue expérience et jugement sain.

1. Introduction
La prévision météorologique s'inquiète d'extrapolation de futures conditions de l'atmosphère d'après les présentes et passées conditions. Les prévisions sont connu sous le nom de très à court terme habituellement (ou nowcast) (1 jour plus petit que), à court terme (1-2 jours), gamme étendue (3-5 jours), à moyenne portée (jusqu'à 6-10 jours) et long-courrier (mensuel ou saisonnier) guets.  Les systems du temps sévères sont typiquement éphémères (2 heures habituellement plus petit que) et dû à leurs meso - échelle caractères (plus petit que 100km), ils affectent des régions locales ou régionales qui nécessitent des prévisions emplacement - spécifiques. Exemples de tel systèmes du temps sévère en Afrique Ouest incluent des orages, lignes du cri, le haut vent agite les côtes, inondations de l'éclat, tempêtes de la poussière ou tous autres tels phénomènes le long de. Cependant, le développement de réseaux du radar, nouveaux instruments et les liens de la communication ultra-rapides ont maintenant fourni des un moyen de publier des avertissements tôt de temps sévère.

Il doit être noté que prévoir est une activité très complexe qui exige, pas seul comprendre adéquat du mouvement d'un système du temps particulier, mais comprendre aussi sa place et intensité les deux intensité à la surface et à tous les autres niveaux. Malheureusement, les lois qui gouvernent les interactions complexes du plusieurs compte controlling que les systèmes du temps ne sont pas complètement comprises. À l'ampleur qu'ils sont comprises, ils peuvent être représentés par les équations mathématiques, mais quand même, il retourne que la solution des équations dans leur complexité pleine exigerait des ordinateurs de beaucoup de plus grande capacité et vitesse que le plus grand ordinateur si loin disponible. Malgré les problèmes et manques associés avec prévision météorologique en Afrique Ouest, les prévisions ont été faites à niveaux utiles d'exactitude pour plusieurs décennies.

2. Techniques de prévision météorologique sur la région Africaine Ouest
Les deux voies d'accès majeurs sont (i) l'approche subjective et (ii) l'approche objective.

2.1 L'approche subjective
L'approche subjective implique l'usage de (un) modèle de la prévision empirique (b) extrapolation (c) prévoyez par ressemblance (d) climatologie (e) techniques de la prévision météorologique locales.

2.1.1 prévision empirique modèle: Le modèle de la prévision empirique implique une séquence des périodes d'achats d'option couvert des palmarès du temps qui montrent que le temps ne change pas dans un chemin complètement aléatoire.   

2.1.2 prévision par l'Extrapolation: Un très utile et a pratiqué largement la technique de prévoir en Afrique Ouest est prédire le mouvement de temps existant en extrapolant des tendances du passé immédiat. Le mouvement du temps est étendu dans le futur sur la supposition que les changements continueront à se produire dans un semblable chemin  

2.1.3 prévision par ressemblance: Une façon de prévoir les futurs développements qui sont possible de suivre une situation particulière est chercher de semblables situations (ou analogues) dans le passé et voit ce qui s'est passé alors.

2.1.4 prévision a basé sur Climatologie: La climatologie fournit un outil extrêmement précieux dans toute technique de la prévision. Publier la prévision de quelque élément météorologique telle que pression ou température ou même l'ITD, une idée de la valeur normale de l'élément comme déduit de palmarès du climatological, avec le départ de la valeur actuelle de cet élément de cette valeur normale, c.-à-d. l'anomalie, donnera quelque indication si quelques conditions météorologiques normaux ou anormaux seront attendus des valeurs observées.

2.1.5 Techniques de la prévision météorologique locales: Beaucoup caractérise du temps est soumis à variations larges sur tout à fait courtes distances.  Le brouillard est un particulièrement bon exemple de ceci.  C'est fréquemment très inégal, et souvent une place sera dans brouillard épais pendant qu'autres proche ayez la tout à fait bonne visibilité. Prévoir de tel caractérise par conséquent exigez une bonne connaissance du terrain local et son influence sur les éléments du temps.

2.2 l'approche objective

L’approche objective de prédiction où plusieurs équations non-linéaire doivent être résolues utiliser des ordinateurs rapides pour prédire des valeurs numériques à une grille de points est connu comme méthodes de la prédiction numériques.

2.2.1 Usage Direct de produits de la Production Modèle: La disponibilité de gridded production NWP pour National Services Météorologiques en Afrique présents champ pronostiqueurs Ouest avec une nouvelle source d'information du conseil pour améliorer leurs services. Comme un moyen d'étendre l'utilité de NWP conseil données numérique au-delà préparations de la carte conventionnelles, plusieurs National les Services Météorologiques dans le subregion ont acquis afficher et manipuler la données du gridded, tel que RETIM, à une variété d'outils logiciels de l'ordinateur SYNERGIE, etc. Le pronostiqueur africain Ouest qui utilise une variété large de produits diagnostiques applique une technique basée sur évolution physique et dynamique de systèmes synoptique essentiellement. Les systèmes incluent région structurellement abaissée, hauts, dépressions, corniches, que la convergence répartit en zones, jets, etc.

2.2.2 Modélisation conceptuelle: Dans une tentative améliorer la qualité de prévisions sur le subregion, synoptique, climatological et autres messages météorologiques pertinents du réseau de postes et distribution de données météorologique (MDD) le poste est analysé en plus de produits de la production modèle de centres de la modélisation mondiaux. Image du satellite de seconde génération METEOSAT (MSG) aussi partie des formes de la prévision qui fournit un mécanisme pour décrire beaucoup d'amende échelle temps traits surtout nuage et modèles de la précipitation.

2.2.3 prévision de Statistiques de la Production Modèle: C'est maintenant la vue commune que le modèle NWP est préféré aux méthodes purement statistiques pour prévision à court terme. Cependant, il est aussi reconnu que les méthodes statistiques ont une façon d'ajouter la valeur aux prévisions NWP. Par conséquent, techniques statistiques qui mesurent des rapports entre éléments du temps d'intérêt (predictand) et autres variables météorologiques (prophètes) est appliqué dans quelque National Services Météorologiques sur la région. Les méthodes de la formulation principalement utilisé pour interprétation statistique de NWP est parfaite méthode du pronostic (PPM) et statistiques de la production modèle (MOS). Les méthodes du traitement statistiques incluent analyse du regressional, analyse du discriminant, estimation du retour en arrière de probabilités de l'événement (REEP), classification et arbres du retour en arrière (CHARRETTE), les procédures adaptatives et kalman filtrent (KF).

2.2.4 prévision de l'ensemble: Les pronostiqueurs en Afrique Ouest ont toujours compris la valeur d'examiner multiple NWP prévoit pour aider produisez une prévision publique plus fiable. Ils sont familiers avec deux types de prévisions de l'ensemble. Ce sont prévoit de modèles différents et prévoit d'un modèle mais avec les conditions initiales différentes.  Mais ce qui est disponible aux pronostiqueurs africains Ouest est cela du fondateur que le dernier. Les produits de la prévision commun à la région ce sont de centres tel qu'ECMWF, Meteo France, ROYAUME-UNI Met. Le Bureau et le plus récemment Prévision Globale System.  La prédiction de l'ensemble est un relativement nouvel outil pour prévision opérationnelle en Afrique Ouest qui tient compte de comparaisons plus rapides et scientifiquement basées de multiples prévisions du modèle. Avec produits de la prédiction de l'ensemble ajoutés à leur jeu d'outils NWP, les pronostiqueurs dans la région ont maintenant un autre égal d'information qui les aidera faites usage intelligent de conseil NWP dans leur processus de la prévision.   

3. Conclusion
Les pre - conditions requises essentielles à la préparation de palmarès de la prévision prospères sont analyses prudentes et considérations d'une série de surface et niveau supérieur établit un graphique de variables météorologiques. Pour l'approche subjective, c'est très important que les palmarès les plus tardifs et les séries précédentes sont examinées méticuleusement afin que l'analyste obtienne un temps et appréciation de l'espace de mouvement et développement. La capacité de faire l'interprétation correcte des analyses est un attribut essentiel du pronostiqueur.   

Dans l'approche objective, donné une description de l'état courant de l'atmosphère, les gouvernant équations peuvent être utilisées pour propager cette information avance pour produire une prévision pour futur temps. Les méthodes numériques sont exigées de fournir des solutions approximatives. Le pronostiqueur dans ou les deterministic ou les prévisions de l'ensemble doit considérer les contraintes dans produire la prévision. Les incertitudes doivent être pesées contre la production modèle.

Les prévoyant activités pour AMMA en Afrique Ouest exigent des capacités de bâtiment, quant à ressources humaines, par exemple développement de ressources et instrumentation. Les résultats apporteront scientifiques d'Afrique Ouest et la science de temps et climat et leurs candidatures à nouveau piédestal qui synergies la compréhension du temps global et systèmes du climat.   
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Abstract

An attempt has been made in this paper to provide practical applications of the climatological, geometric, kinematic and numerical weather prediction techniques, which are the primary tools available to the tropical meteorologist and useful in assisting AMMA field campaigns. The technique for widespread precipitation activity in summer is associated with well marked upper level divergence / lower level convergence fields with adequate moisture. The West African disturbances are determined through baroclinic instability (reflected in the vertical shear), the CISK instability and the barotropic instability (reflected in large lateral shear). With the disturbance line first spotted as far east as possible and the extrapolation taken generally in westward movement, the disturbance line is near accurately predicted. In winter, the tracing of the cold front from an extra-tropical system with the associated strong surface northeasterly winds are requirements for the dust storm. The dust transport downstream and distribution are linked to the winds at 900m level and the stability indices. These forecast techniques have improved our society's ability to respond properly to situations where the weather affects us, especially the provision of early warning system from numerical models, which are used for impact assessment so as to provide adaptation strategies and mitigation options to extreme weather events. However, the ability to make correct interpretation from the weather analyses is an essential attribute of the forecaster. In this respect, the successful weather forecaster possesses a complex combination of a good theoretical understanding of atmospheric processes, a wide synoptic and meso-scale climatological knowledge, long experience and sound judgement. 

1. Introduction
Weather forecasting is concerned with extrapolation of future conditions of the atmosphere on the basis of the present and past conditions. Forecasts are usually referred to as very short-range (or nowcast) (less than 1 day), short-range (1-2 days), extended range (3-5 days), medium-range (up to 6-10 days) and long-range (monthly or seasonal) outlooks.  Severe weather systems are typically short-lived (usually less than 2 hours) and due to their meso-scale characters (less than 100km), they affect local or regional areas necessitating site-specific forecasts. Examples of such severe weather systems in West Africa include thunderstorms, squall lines, high wind waves along the coasts, flash floods, dust storms or any other such phenomena. However, the development of radar networks, new instruments and high-speed communication links has now provided a means of issuing early warnings of severe weather.

It must be noted that forecasting is a very complex activity which require, not only proper understanding of the movement of a particular weather system, but also understanding its position and intensity both intensity at the surface and at all other levels. Unfortunately, the laws governing the complex interactions of the various factors controlling the weather systems are not completely understood. To the extent that they are understood, they can be represented by mathematical equations, but even then, it turns out that the solution of the equations in their full complexity would require computers of much greater capacity and speed than the largest computer so far available. In spite of the problems and deficiencies associated with weather forecasting in West Africa, forecasts have been made at useful levels of accuracy for several decades.

2. Techniques of Weather Forecasting over the West African region
The two major approaches are (i) the subjective approach and (ii) the objective approach.

2.1 The subjective approach
The subjective approach involves the use of (a) empirical forecasting model (b) extrapolation (c) forecast by similarity (d) climatology  (e) local weather forecasting techniques.

2.1.1 Empirical forecasting models: The empirical forecasting model involves a sequence of weather charts covering long periods, which shows that the weather does not change in a completely random way. 

2.1.2 Forecast by Extrapolation: A very useful and widely practised technique of forecasting in West Africa is to predict the movement of existing weather by extrapolating from the trends of the immediate past. The motion of the weather is extended into the future on the assumption that changes will continue to occur in a similar way.

2.1.3 Forecast by similarity: One way of forecasting the future developments that are likely to follow a particular situation is to search for similar situations (or analogues) in the past and see what happened then.

2.1.4 Forecast based on Climatology: Climatology provides an extremely valuable tool in any forecasting technique. To issue the forecast of some meteorological element such as pressure or temperature or even the ITD, an idea of the normal value of the element as deduced from climatological charts, together with the departure of the present value of this element from this normal value, i.e. the anomaly, will give some indication whether some normal or abnormal weather conditions are to be expected from the observed values. 

2.1.5 Local Weather Forecasting Techniques: Many features of the weather are subject to wide variations over quite short distances.  Fog is a particularly good example of this.  It is frequently very patchy, and often one place will be in thick fog while others nearby have quite good visibility. Forecasting of such features therefore require a good knowledge of the local terrain and its influence on weather elements.

2.2 The objective approach
The objective approach of prediction where a number of non-linear equations have to be solved using fast computers in order to predict numerical values at a grid of points is known as numerical prediction methods. 
2.2.1 Direct Use from Model Output products: The availability of gridded NWP output for National Meteorological Services in West Africa presents field forecasters with a new source of guidance information for improving their services. As a means of expanding the utility of digital NWP guidance data beyond conventional map preparations, several National Meteorological Services in the subregion have acquired a variety of computer software tools to display and manipulate gridded data, such as RETIM, SYNERGIE, etc. The West African forecaster using a wide variety of diagnostic products is essentially applying a technique based on physical and dynamical evolution of synoptic systems. The systems include lows, highs, troughs, ridges, convergence zones, jets, etc. 

2.2.2 Conceptual Modelling: In an attempt to improve the quality of forecasts over the subregion, synoptic, climatological and other relevant meteorological messages from the network of stations and meteorological data distribution (MDD) station are analysed in addition to model output products from world modelling centres. Satellite imagery from METEOSAT Second Generation (MSG) also forms part of the forecast, which provide a mechanism for describing many fine-scale weather features, especially cloud and precipitation patterns. 
2.2.3 Forecast from Model Output Statistics: It is now the common view that NWP model is preferred to purely statistical methods for short-range forecasting. However, it is also recognised that statistical methods have a way of adding value to NWP forecasts. Therefore, statistical techniques, which quantify relationships between weather elements of interest (predictand) and other meteorological variables (predictors) are applied in some National Meteorological Services over the region. 

The formulation methods mainly used for statistical interpretation of NWP are perfect prognosis method (PPM) and model output statistics (MOS). The statistical processing methods include regressional analysis, discriminant analysis, regression estimation of event probabilities (REEP), classification and regression trees (CART), adaptive procedures and kalman filter (KF).

2.2.4 Ensemble forecasting: Forecasters in West Africa have always understood the value of examining multiple NWP forecasts to help produce a more reliable public forecast. They are familiar with two types of ensemble forecasts. These are forecasts from different models and forecasts from one model but with different initial conditions.  But what is available to the West African forecasters is that of the former than the latter. The forecast products common to the region are those from centres such as ECMWF, Meteo France, UK Met. Office and most recently Global Forecast System.  Ensemble prediction is a relatively new tool for operational forecasting in West Africa that allows for more rapid and scientifically based comparisons of multiple model forecasts. With ensemble prediction products added to their NWP toolkit, forecasters in the region now have another level of information that will help them make intelligent use of NWP guidance in their forecast process. 
3. Conclusion
Essential pre-requisites to the preparation of successful forecast charts are careful analyses and considerations of a series of surface and upper level charts of meteorological variables. For the subjective approach, it is most important that the latest charts and the preceding series are meticulously examined so that the analyst obtains a time and space appreciation of movement and development. The ability to make correct interpretation from the analyses is an essential attribute of the forecaster. 

In the objective approach, given a description of the current state of the atmosphere, the governing equations can be used to propagate this information forwards to produce a forecast for future weather. Numerical methods are needed to provide approximate solutions. The forecaster in either the deterministic or the ensemble forecasts must consider the constraints in producing the forecast. The uncertainties must be weighted against the model output. 

Forecasting activities for AMMA in West Africa require building capacities for example, in terms of human resources, development of resources and instrumentation. The results will be bringing West Africa scientists and the science of weather and climate and their applications to new pedestal which synergies the understanding of the global weather and climate systems.  
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1. Introduction

This paper aims to summarise some of the methods used to predict moist convection over daily timescales in subsaharan West Africa, a data sparse region of marginal climate in which convective rainfall is of particular importance. These methods will then be demonstrated in the context of a particular forecasting exercise, associated with the JET2000 experiment
JET2000 was an observational campaign that took place between 25 and 31 August 2000 over West Africa (Thorncroft et al 2002). One of its aims was to improve the numerical model representation of the African easterly jet (AEJ) and the boundary layer through analysis of dropsonde data and aircraft measurements. The objective of the experiment was not to observe convective storms directly, but forecasting the convective systems was necessary to perform the flights succesfully, since flight plans would need to be modified to avoid severe storms. Forecasting was conducted at the Met Office in Bracknell, U.K, with products faxed to the detachment daily. The detachment had also access to satellite imagery at the Meteorological Offices in Sal (Cape Verde) and Niamey (Niger) and could double-check and discuss the forecast with local forecasters. Once airborne, basic updates on the developing situation were relayed to the aircraft scientists by satellite link from the UK.

2. Convection forecasting in West Africa
The climate of West Africa is determined largely by the northward thermal gradient at low levels, which leads to the maintenance of the AEJ, through approximate thermal wind balance, at a level of around 600-700hPa. During the dry winter season, the thermal gradient and the AEJ lie approximately over the Gulf of Guinea coast; in late spring they shift northward into the continent and moisture is carried inland on the low level, southwesterly monsoon winds. With the low level inflow of humid air, deep convection moves northward into the continent. The AEJ is found to support African easterly waves (AEWs) with a period of approximately 4 days (see Reed et al 1977). These systems act to modulate rainfall, and may lead to the initiation of hurricanes when they move over the Atlantic ocean.

Forecasting of convection is the most common requirement for West Africa as the convection is closely related to rainfall, a useful quantity for agricultural and hydrological purposes. In the Sahel at least 80% of rainfall comes from organised convective storms in the summer monsoon season. The most intense and organised storms occur in the Sahel and generally propagate towards the west, steered by the AEJ. In order to issue appropriate forecasts the end-user needs to be known; the end-user determines the lead-time that ranges from ‘nowcasts’, up to months or seasons. Forecasting specific convective systems is necessarily limited to few days, for which the higher the lead-time, the more difficult is the forecast.. For the JET2000 project, it was necessary to predict convective systems around the path of the flights between take off and landing: flying was constrained to take place between the daylight hours of approximately 0600 to 1800 UTC and 24 hour convection forecasts were attempted. 

3. An example forecast for 30th August 2000
Table 1 summarises the synoptic features of the 29th and forecast for the 30th, which are the bases for forecasting convective systems. Figure 1 shows the horizontal plots of forecast winds at the surface, 850 hPa and 700 hPa.
Table 1: Meteorological situation for the 29th, and forecast for the 30th. 

	Observations 29/8/00; (T+12 model fields)
	Forecasts (T+36; Validation 30/8/12)

	Surface

-ITD about 18N

-Cyclonic circulation at 17N 05E

-Cyclonic circulation at 18N 08W

-Cyclonic circulation at 13N 19W
	Surface

-ITD slightly further south

-Cyclonic circulation at 17N 04E

-Cyclonic circulation at 16N 15W

	850 hPa

-Cyclonic circulation at 18N 06E

-Anticyclonic circulation at 14N 07E

-Cyclonic circulation at 18N 08W

-Cyclonic circulation at 11N 20W

-Cyclonic circulation at 06N 21W
	850 hPa

-Cyclonic circulation at 16N 04E

-Cyclonic circulation at 29N 10W

-Cyclonic circulation at 17N 10W

-Cyclonic circulation at 08N 12W

-Anticyclonic circulation at 07N 25W



	700 hPa

Short AEW N of 15N; longer one south.

Niamey and Senegal in the ridge
	700 hPa

AEW moved; E Senegal ahead of a trough, in the northerlies.

Niamey in the ridge of the southern wave.

	Profile


	Profile

LCL too high for Bamako and Niamey.

Too much CINE for Dakar.

	CS

 C15, C16, C18, C19
	CS

C16, C18, C19


Fig.1: UKMO operational winds forecast T+36 on 30 August 2000 at 12Z at the surface (left panel), at 850 hPa (middle panel) and at 700 hPa (right panel).ITF is overplotted at the surface and streamlines are overplotted at 850 and 700 hPa.
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On 29 August at 1200UTC, the ITF lies between 15N and 18N in West Africa. Its position is similar in the T+36 forecast.  Convection is expected to lie to the south of this line.

At 850 hPa and 700hPa respectively, streamlines are overplotted. Note the persistence of a synoptic circulation from the surface to the 700 hPa level, and the elongated area of a vortex on 29th at 1200 UTC centred at 18N 07W. On the T+36 forecast, i.e. on the 30th at 1200UTC, this area extends from the southern coast of west Africa to the Mediterranean. This vortex is expected to bring significantly humid air  from the south and makes the area to the east of the vortex centre favourable for convection.

The profile and forecast profile for the three synoptic stations Dakar, Bamako and Niamey are not shown. The lifting condensation level is relatively high for Bamako and Niamey on 30 August at 1200UTC; so convective storms will not be expected around these areas. At Dakar the LCL is below 900 hPa, but soon above, the atmosphere is dry and CIN is high; so any convective storm that develops or move around Dakar will struggle to survive.

Convective storms illustrated in Figure 2 were then forecast with the summary below, and faxed to the detachment in Niamey:

“ Convective systems are likely to develop over most of West Africa in the evening of 29 August. Monitoring is advised for those that may become organised and stayed overnight. The convective cells of C19 may merge in the next few hours; it should be close to Niamey tomorrow morning although in a decaying state. C18 may merge with the convective cells that should develop between 10W and 00, and moved westward. C16 should be in the South of Senegal and the Atlantic coast. Finally convective storm can be expected east of Senegal”. 

Fig.2: Schematic convective systems faxed to the detachment. Left panel shows MCs as seen by satellite imagery on 29 August 2000 at 1500 UTC. Right panel shows the next day forecast
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4. Discussion
The forecast turned out to be rather good (Fig. 3). Although C18 did not reach Senegal, we had a convective system all over Senegal. It did not merge with the other convective cells as forecast; it decayed around midnight NW Niamey. It was C16 that merged with the other convective cells around and moved towards Senegal; by 0600 UTC it was in a decaying state while a northern cell reinvigorated east of Senegal. C16 was quite well forecast although it was not expected to reach Senegal; but a convective system was expected to develop east of Senegal and it was from C16. At 0900 UTC it was fully developed but the morning update forecast predicted its decay by the time of landing. C19 was also well forecast; between 0300 and 0600 UTC it was close to Niamey in a decaying state. However, the three convective cells of C19 did not merge. Good forecast! The area around Niamey was clear for take off, some patches of clouds in Senegal and the area around Sal clear for landing.

Fig.3: IR Meteosat images from 29 August 2000 at 1800 to 30 August 2000 at 1500 UTC. The cross in the Atlantic indicates Sal; the one inland represents Niamey.
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Contact : mariane@env.leeds.ac.uk, riane_diopkane@yahoo.fr
La prévision de systèmes convectifs en Afrique de l’ouest, l’expérience de JET2000

M. Diop KANE

Direction de la Météorologie Nationale du Sénégal, BP 8257, Dakar-Yoff, Sénégal

Prévoir la convection est un exercice difficile presque partout dans le monde, mais c’est au niveau des tropiques où la prévision est d’une importance capitale car les  pluies y sont d’origine convective et particulièrement intenses. En plus, la manière dont la prévision est élaborée reste encore astucieuse ; les prévisionnistes sont contraints d’utiliser les sorties de plusieurs modèles numériques, en plus de produits théoriques et empiriques. Un bref résumé de la météorologie ouest africaine est présenté; en insistant sur des phénomènes comme le FIT, les ondes d’est, la hauteur de mousson pouvant déterminer la prédictibilité des systèmes convectifs.  Des exemples de prévision faits durant l’expérience JET2000 sont présentés.

Contact : mariane@env.leeds.ac.uk, riane_diopkane@yahoo.fr
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Prediction and predictability of high-impact

weather systems

Zilore MUMBA

African Centre of Meteorological Applications for Development (ACMAD)

Convective weather systems over the Sahelian west African region are characterised by mobile cloud clusters (squall lines) from which up to 80% of the precipitation is derived. The squall lines are usually associated with waves in the easterlies ( African Easterly waves).

This work presents a case study of a mobile convective cloud cluster that was observed to propagate from central Niger on 6th August 2005, and dissipated over Burkina Faso on the 8th August. During its passage it gave substantial rainfall (80-100mm/day) over the affected areas in the two countries, qualifying it as a high-impact weather system due to its potential for flooding.

The case study presents the three-dimension structure and an analysis of the initiation, maintenance and propagation of the convective weather system. Assessments are made of the capability of current model forecasts to capture and to predict the development, movement and maintenance of the weather system. An understanding of model capabilities and their limitations will contribute to the improvement in the forecasting of high-impact weather events, as well as in the design of improved forecasting systems.

Some studies have revealed persistent vortices (Viltand et al, 2000) during the west African monsoon season over southern Algeria, Niger and over the Darfur region of the Sudan. The western vortex is associated with a heat low, while the two eastern vortices are orographically induced. The vortices are natural origins for the initiation of Africa easterly waves. It is also equally recognised that the low level monsoon flow carries humid air from the Atlantic ocean, and that that moisture over the Sahel region is concentrated below 700hPa.

This study clearly brings the above observations into evidence in. The study also depicts acceptably high model skill in capturing and predicting the development and movement of the system. A verification of model forecasts out to T+48H against the model’s own analysis shows small model errors. The judicious interpretation of model fields can contribute to accurate forecasting of high-impact weather systems.

References

A. Viltand, H. Laurent and P. de Felice, 1990: lower Tropospheric cyclonic vortices in northern Africa in summer.

Fontaine, S. Janicot, and V. Moron, 1995: Rainfall anomaly patterns and wind field signals over west Africa in August (1658-1989). J. Climate, 8, 1503-1510.
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Améliorations récentes apportées à l’assimilation de données à Météo-France : applications à AMMA

M. NURET, F. RABIER, T. MONTMERLE et F. KARBOU
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Recent improvement in data assimilation at Météo-France : emphasis on AMMA region

M. NURET, F. RABIER, T. MONTMERLE and F. KARBOU
The AMMA region is characterized by a sparsity of conventional meteorological data, hence satellite data are a major source of information for data assimilation in this region. Operational data assimilation is performed on a global scale with the 4d-var ARPEGE, and for the AMMA field experiment (June-September 2006) the 3d-var ALADIN analysis and ALADIN-LAM model will be run on an operational basis over the AMMA domain at 10km resolution. 

The main source of satellite information assimilated on an operational basis at METEO-FRANCE for the AMMA region come from the following satellites: 

• polar orbiting satellite: radiances from NOAA satellite (AMSUA, AMSUB, HIRS) and wind from QUIKSCAT 

• geostationary satellite: radiances and Cloud Motion Vector derived from METEOSAT-8 (SEVIRI radiometer). Research is conducted to produce bogus data where convection is triggered that could benefit to the initial conditions and subsequent convection simulation at mesoscale. 

Recent improvement and research conducted in the assimilation of satellite data will be detailed. It is also expected to have the first result of the ALADIN analysis and simulations of the “dry-run” exercise that has been conducted on the 2005 monsoon (2 last weeks of August 2005). This will enable the validation of ALADIN products that will be used to support operational forecast at AMMA Operation Center (AOC) in Niamey during the field campaign. 
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The Dry-run forecasting activities in Summer ‘05 for AMMA : elaboration and test of the Forecasting tools, methods and procedures 
J.P. LAFORE (1), N. ASENCIO (1), P. CHAPELET (1), F. FAVOT (1), M. NURET (1),

N. CHAPELON (1), Z. MUMBA (2), A. EL MAJDOUB (2), A. KAMGA (2),

A. HASSNE (3), A. DIONGUE (4), M. JIDANE (5), S. MILTON (6), A . GHELLI (7),
W. THIAW (8), A. TCHOUANWO (6), C. MARI (9), JP. CHABOUREAU (7),

B. SULYTAN (10), L. FAIRHED (8) and G. BERRY (11) 
(1) Météo-France, (2) ACMAD, (3) ASECNA/Niger, (4) Senegelese Met Service

(5) Marocco Met Services, (6) UK Met Office, (7) ECMWF, (8) NOAA/African Desk

(9) LA/Toulouse, France (10) IPSL/Paris, France, (11) SUNY/Albany University, USA

The AMMA-Forecasting core group organized a near real time 2-weeks forecasting exercise (22 August to 2nd September 2005). Two major goals were pursued concerning:

(i) 
The Forecasting Science to improve our scientific understanding of the WAM and its predictability at different space and time scales and 

(ii) 
Operational Needs of PIs and platforms (e.g. aircraft and ground-based) and their security to develop strategies and a framework for provision of forecasts in the field in 2006. 

Some NWP centers, Regional Organizations, Universities, Laboratories (ACMAD, ASECNA, ECMWF, IPSL, LA, Morocco and Senegal Met Services, Météo-France, NOAA/African Desk, SUNY-Albany, UK Met Office) actively participated by providing analysis, model forecasts, diagnostics, forecasting reports… Five global NWP systems and five LAM operational or research models (one with chemistry and tracers) have been involved. 

The Dry Run has been organized around the development of a web site, automatically collecting a selection of observations, analysis and NWP products provided by the participants on their own web site. This source of information has been chosen to help the forecasters and AMMA scientists to give answers to Forecasting Science and Operational needs. The way to synthesize the situation of the day and its forecasted evolution has been discuss to propose a frame for the Daily Reports. Proposition for aircraft operations were made. We also qualitatively evaluated the forecasts accuracy and the model dispersion on the following day. 

Daily Conference Calls were organized to discuss all these points between 7 centres on average. We mainly focused on the 0-2 days forecast range, began to consider the intra seasonal scale (week), but didn’t have the time to treat the nowcasting part. 

This exercise has been very useful to facilitate the communication and to initiate a dynamics within a group of persons and centres widespread all over the world. It allowed setting up some basic tools and methods, identifying the key problem to be solved and estimating the models skill. The next nine-month period will be used to solve those difficulties, to complete the web site and to improve the procedures. It will also help the preparation of the forecasters training course/workshop to be held end of June 2006 before the wet SOP starts. 

L’exercice à blanc de prévision AMMA durant l’été 2005: Elaboration et test des outils, des méthodes et des procédures de prévision
J.P. LAFORE (1), N. ASENCIO (1), P. CHAPELET (1), F. FAVOT (1), M. NURET (1),

N. CHAPELON (1), Z. MUMBA (2), A. EL MAJDOUB (2), A. KAMGA (2),

A. HASSNE (3), A. DIONGUE (4), M. JIDANE (5), S. MILTON (6), A . GHELLI (7),
W. THIAW (8), A. TCHOUANWO (6), C. MARI (9), JP. CHABOUREAU (7),

B. SULTAN (10), L. FAIRHED (8) et G. BERRY (11)
(1) Météo-France, (2) ACMAD, (3) ASECNA/Niger, (4) Senegelese Met Service

(5) Marocco Met Services, (6) UK Met Office, (7) ECMWF, (8) NOAA/African Desk

(9) LA/Toulouse, France (10) IPSL/Paris, France, (11) SUNY/Albany University, USA
Le noyau central du groupe AMMA-Forecasting a organisé un exercice de prévision en temps quasi-réel (22 août au 2 septembre 2005). Deux objectifs principaux ont été poursuivis concernant (i) la science de la prévision afin d’améliorer notre compréhension du système de Mousson Ouest Africaine (MAO) et sa prévisibilité à différentes échelles spatio-temporelles, et (ii) les besoins opérationnels des PIs et des plates-formes instrumentales (i.e. avions et sol), leur sécurité, ainsi que le développement de stratégies et d’un cadre pour fournir des prévisions sur le terrain en 2006.

Quelques centres de prévisions numériques, organisations régionales, universités, laboratoires (ACMAD, ASECNA, ECMWF, IPSL, LA, les DMN du Maroc et du Sénégal, Météo-France, NOAA/African Desk, SUNY-Albany, UK Met Office) ont activement participé en fournissant des analyses, des prévisions numériques, des diagnostics, des bulletins de prévision… Cinq systèmes globaux de prévision et 5 modèles opérationnels ou de recherche à aire limitée (dont un avec des traceurs et une chimie simplifiée) ont été impliqués. 

Cet exercice à blanc a été organisé autour du développement d’un site web, collectant automatiquement une sélection d’observations, d’analyses et produits de prévisions mis à disposition par les participants sur leur propre site. La sélection de ces informations a été faite pour tenter de répondre aux besoins des prévisionnistes et des scientifiques d’AMMA. La méthode pour synthétiser la situation du jour et son évolution prévue a été discutée pour déboucher sur une proposition d’une trame de bulletin de prévision quotidien. Des propositions pour les opérations aéroportées ont été faites. Nous avons également évalué qualitativement la qualité des prévisions et la dispersion des modèles pour le lendemain.

Une conférence téléphonique quotidienne était organisée pour discuter des points précédents. Ces conférences regroupaient en moyenne 7 centres ou laboratoires. Nous nous sommes concentrés en priorité sur la prévision de 0 à 2 jours, mais nous avons commencé à considérer la variabilité intrasaisonnière à l’échelle de la semaine. Par contre nous n’avons pas eu le temps de traiter la partie prévision immédiate.

Cet exercice a été très utile pour développer la communication et initier une dynamique à l’intérieur du groupe AMMA-Prévision entre des centres dispersés dans le monde. Cela nous a permis de développer quelques outils de base et des méthodes, d’identifier les difficultés à résoudre et d’estimer les performances des modèles. La période actuelle avant la SOP sera dédiée à la résolution de ces problèmes, à l’élaboration d’un site opérationnel durant la SOP et à l’amélioration des procédures de prévision. Notons également que cet exercice nous aidera à préparer l’atelier/stage de prévision qui se tiendra début juin 2006 au début de la SOP humide.
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Validation du modèle ALADIN NORAF sur l’Afrique de l’Ouest avec le cas de la genèse du cyclone Cindy
Aïda DIONGUE-NIANG (1) et Siham SBII (2)

(1) Direction de la Météorologie Nationale du Sénégal

2) Direction de la Météorologie Nationale du Maroc

Le modèle ALADIN NORAF, opérationnel à la Direction de la Météorologie Nationale du Maroc, a été utilisé pour tourner un cas de ligne de grains se développant entre le Mali et le Sénégal en août 1999 et qui a donné naissance ultérieurement sur l’Atlantique au cyclone dénommé Cindy. 

Les premiers résultats montrent que le modèle est capable de reproduire l’évolution synoptique du système convectif et la genèse du cyclone Cindy. Des Analyses dynamiques et thermodynamiques sont entrain d’être effectuées pour comprendre la genèse des cyclones tropicaux à partir des systèmes convectifs de mésoéchelle à la traversée des côtes d’Afrique de l’Ouest. 

Validation of ALADIN NORAF model over West Africa with the cyclone Cindy genesis case
Aïda DIONGUE-NIANG (1) and Siham SBII (2)

(1) Direction de la Météorologie Nationale du Sénégal

(2) Direction de la Météorologie Nationale du Maroc

The model ALADIN NORAF, operational at the Meteorological Service of Morocco, has been used to run a Squall line case in August 1999 developing between Mali and Senegal. This Squall line has evolved to a tropical depression over the East Atlantic Basin and later to the cyclone Cindy. 

The preliminary results indicate the model has been able to reproduce the synoptic evolution of the squall line and the genesis of the cyclone Cindy. Dynamic and thermodynamic analyses are being conducted to understand the genesis of tropical cyclones from mesoscale convective systems crossing the West African coast. 

Session 5:

Prediction of Climate Impacts

NOTE that this WG5 description goes at the beginning of session 4 and the wg4 description comes here
WG5 : High Impact Weather Prediction and Predictability

Report on Dakar Conference Discussions

Ernest Afiesimama, Sarah Jones, David Parsons, Florence Rabier

 Chris Thorncroft and Zoltan Toth

1. Background

This joint AMMA-THORPEX WG is concerned with improving our knowledge and understanding of high impact weather over the West African continent, downstream tropical Atlantic and the extratropics. It is also developing several operational-related activities that link with NWP centers around the globe. We have received enthusiastic responses from several NWP centers wishing to interact with and contribute to the operational activities in WG5 (e.g. ECMWF, Meteo-France, NCEP, NRL, UK Met Office) and these will be developed in the coming year.

Those attending the conference were mainly concerned with the West African region and most of the plenary talks and discussion reflected this. For example, in the plenary session we had many interesting talks from West African forecasters on current forecasting techniques. The parallel discussion session was organized along 4 themes important for WG5 (i) Tailoring and evaluation of forecast products for users in tropical regions; (ii) Impact of additional observations and especially radiosoundings over West Africa and driftsondes in analysis/forecasting systems for (a) West Africa, (b) Atlantic and USA and (c) Europe; (iii) Targeted observations in tropical regions and (iv) Societal impacts. A brief summary of the discussion along with key recommendations and planned activities for the next 12 months are included in this report below.

2 Brief summaries of discussion sessions and planned activities
2.1 Tailoring and evaluation of forecast products for users in tropical regions

(a) The Dry Run

Strong contributions to this WG5 activity are being made by the AMMA forecasting group lead by J.P. Lafore (Meteo France); in particular through the dry run that is concerned with evaluating forecasting methods and products for 2 weeks in the summer of 2005 (22nd August – 2nd September). A variety of forecast products have been developed through the work taking place in the AMMA forecasting group and these will continue to be evaluated in the coming months. 

Key Activities that were agreed in the short term include:

· Continue to evaluate the forecasts during the dry run period and to provide documentation on the various activities related to this on the WG5 webpages (See below).
· Include in this dry-run effort coordination of the evaluation of models (regional and global) and ensure that results are communicated to the AMMA GCM group.
Key Recommendations:

- Ensure coordination with WG2 on the investigation of their chosen Aug 28th case-study.

- Efforts should be made to evaluate and make use of the products made available through the THORPEX Interactive Grand Global Ensemble (TIGGE) project. Through TIGGE, such products may be made available routinely, even after the field campaign in 2006.

(b) The Ensemble Prediction System (EPS)

The EPS was discussed here and also in the impacts session (see below). The potential value of the EPS for users and forecasters in the West African region was recognized. There is a need however for training in this area for both of these communities. A series of workshops should be considered in this regard. The TIGGE group has recently expressed an strong interest in AMMA and the possibility of making it a forecast demonstration project (FDP).

Key Activities that were agreed in the short term include :

- Review and discuss the utility of using the EPS for prediction of high impact weather impacts in the West African region with WG4.

- Liaise with TIGGE regarding the idea of the AMMA FDP and the potential for training.

2.2 Impact of additional observations
Observing System Experiments (OSEs) will be carried out by Meteo-France and ECMWF for the dry run period. These will include high resolution analyses and forecasts for the 28th August case. Other NWP centers will also contribute to this activity but precise details were not known at the time of the conference. To evaluate the impact of “special observations” it is necessary to have reliable high resolution independent datasets. This is needed here and also in 2.1. Rainfall datasets are particularly important and should be made available.

The importance of soil moisture for data assimilation and prediction was recognized. In the long term African Land Data Assimilation (ALDAS) products will be useful for supporting research on this topic. In the absence of these products current efforts will make use of satellite (e.g. AMSR) and routine synoptic measurements.

Key Activities that were agreed in the short term included :

- Establish and coordinate what the various NWP centers and groups will contribute regarding OSEs in AMMA (including the dry run).  
- Request and make available high-resolution rainfall datasets for evaluation of models during the dry run.

- Ensure that satellite rainfall estimates are made available on the website to support this evaluation – communicate with AMMA-Satellite.

2.3 Targeting in tropical regions
There is concern in the numerical modeling community about the usefulness of targeted observations for the AMMA field campaign next year – except, that is, for the driftsonde system. Despite this, groups will continue to work on sensitivity area calculations, as a contribution to the AMMA project and WG5. 

Key Activities that were agreed in the short term included: 

- Establish and coordinate what the various NWP centers and groups will contribute regar-

ding targeting work and sensitivity area calculations in AMMA. 

2.4 Societal impacts
The presentation from Andy Morse (WG4) emphasized the need for WG5 to define high impact weather with respect to societal needs and users. Several applications at the 15-day timescale were presented (e.g. rainfall onset, break cycles, false onset, dust, fires, extreme heat in urban areas).
There was a strong recommendation for us to make more effort to identify the users of the 1-15 day forecasters. Potential users could include a diverse group – as well as agriculture and health we could also consider fisheries, insurance companies etc. There was a strong recommendation that WG5 should work closely with WG4 on linkages with users. 

Key Activities that were agreed in the short term included:

- To continue discussions with WG4 on the utility of the ensemble prediction system (EPS) in the West African region and to consider establishing training courses to support their use, perhaps in collaboration with TIGGE. 
- To work closely with WG4 on identification of users of 1-15 day forecasts.
3 Linkages with other AMMA WGs

There are several research areas/activities where WG5 should ensure strong linkages with the other AMMA WGs: 

WG1: Model evaluation; Monsoon onset; break cycles

WG2: Rainfall prediction; floods

WG3: Role of land surface processes; ALDAS

WG4: Impacts; seamless prediction

4 Communication

Some brief discussion was had on how WG5 and contributors to WG5 activities should communicate during the coming year. The following was agreed:

- An e-mail list will be established to help with communication between interested parties. A WG5 newsletter will be produced and distributed at regular intervals to this list.
- The WG5 webpages reached through the international website (http://www.amma-international.org) will be developed to highlight ongoing research and opportunities for collaborations etc. 
- A contribution will be made for the AMMA-International Newsletter during 2006.
- A workshop in 2007 will be considered.
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Approaches to studying adaptation to climate change and fluctuations in the West-African Sahel-Sudan : Research priorities of the AMMA EU WP 3.2.

on impact assessment and adaptation

Inge SANDHOLT (1), Anette REENBERG (1), Kjeld RASMUSSEN (1),

Bruno BARBIER (2), Christian BARON (2), Christian FEAU (2),

Harouna KARAMBIRI (3), Eric LAMBIN (4), Bertand MULLER (2),

Anette NORGAARD (1), Benjamin SULTAN (5), Lorenzo GENESIO (6)

and Patrizio VIGNAROLI (6)

(1) Institute of Geography, University of Copenhagen, Denmark (2) CIRAD

(3) Groupe EIER-ETSHER, (4) UCL, (5) LOCEAN, France (6) CNR-IBIMET
AMMA-EU may be seen as a response to the increasingly obvious reality that, given the substantial increase in concentrations of greenhouse gases in the atmosphere that has taken place and will inevitably proceed, the West African monsoon (WAM) is changing and will change much more in the next one hundred years or more. While the main body of research of AMMA EU is on improving our understanding of the climatological aspects of WAM, WP 3.2 deals with assessing the likely impacts and understanding the possible adaptation strategies, counteracting the negative effects and making the best use of the positive effects of changes in WAM. While mitigation of climate change is obviously required, adaptation measures will be needed in order to optimize human welfare, in a situation where changes in climate, and in particular WAM, will certainly continue for many decades, irrespective of mitigation efforts. 

Developing countries, and in particular the poorest and most rural ones in West Africa, are likely to be the most affected, even though our knowledge of the exact character, direction and location of key changes in climate are not known very well at present. This is due to their inherent high reliance on climate-dependent economic activities, primarily rainfed crop production and livestock production. These poor developing countries do not contribute very much to greenhouse gases emissions, and thus mitigation actions play a relatively limited role, apart from the possible impacts of CDM sink projects which is still quite uncertain. There is, on the other hand, a strong need for these countries to adapt to climate change, yet at the same time they have limited capacities to do so, because of their weakly developed climate-independent economic sectors. It should not be forgotten, however, that these countries have been subjected to great variability of climate in the past, and there is a long tradition for adapting to such variability through changes in livelihood strategies and land use, as well as through migration. Some of these traditional strategies will be relevant also in the future, yet it is uncertain to what extent, and what their limits may be. 

National planning in these countries only takes the likely effects of change in WAM into account to a very limited degree, and few academic institutions have developed expertise in the domain. One reason for this is that climate change is but one among many challenges facing these countries. Its relatively long time horizon, as compared to issues associated with economic problems in general, food security in the face of population growth, access to clean water and health problems, means that it often plays a minor role in terms of the political attention paid to it. It may be argued that this is short-sighted, but governments can hardly be blamed for not putting it at the top of the agenda. However, many of the elements of efficient adaptation strategies towards effects of climate change may overlap with elements of strategies relevant in relation to these other problems, facing the poorest developing countries. One way to promote adaptive strategies towards effects of climate change would therefore be to identify areas where such ‘co-benefits’ may be argued to exist. This issue is a common concern of WP3.2 and the other ‘impact WPs’ of AMMA-EU (WP3.1 on agricultural production, WP3.3 on water resources and WP3.4 on health). AMMA-EU WP 3.2 will address these challenges by carrying out research on the following themes:

1. Empirical household- and village-scale studies of past, current and expected future adaptation strategies, when facing changes in WAM in the form of changes in amounts, distribution and intensity of rainfall. These studies will take their point of departure in a number of WAM change scenarios. Adaptation strategy elements studied will include (a) changes in land use, diversification of livelihood strategies and (b) rural-to-urban migration and reliance on remittances.

2. Empirical analysis of WAM change impacts on the pastoral sector of the semi-arid, Sahelian part of West Africa, and its historical and likely future adaptive responses. Emphasis will be on WAM change impacts on the cultivation/pastoral frontier. 

3. Modelling at coarse spatial scales of impacts of WAM change on land use, natural resource management and national/regional economics.

4. Analysis of vulnerability to WAM changes, with emphasis on food security issues. This involves integrating bio-physical information with economic information on factors such as the market situation, emergency stocks and infrastructure, with demographic information and with social information. This analysis will feed into design of ‘early warning systems’.  

These research foci share a number of methodological challenges:

· The research themes outlined range, with respect to the spatial scales considered, from household and village scale to national and even super-national scale. Integrating research carried out these scales efficiently will be a challenge. The land use theme may provide an example: Empirical studies of land use change at household and village scale must be related to coarse scale modelling of land use change at national scale.

· Land, vegetation, water and energy resources and uses need to be seen and studied as elements in one coupled socio-natural system. This calls for collaboration between several AMMA-EU WPs, not the least the ‘impact WPs’.

· Impacts of WAM changes may be difficult to separate from impacts of other non-climatic changes, such as population growth, economic growth, changes in world market prices and economic globalization. Likewise, adaptation strategies at both local and national levels need to address not only climatic, but a whole range of external impacts, as well as internal development trends.

AMMA-EU WP3.2 will attempt to address these challenges by taking the following steps: Firstly, field campaigns at household and village level, using identical/similar methods will be carried out for a number of intensive study sites in Senegal and Burkina Faso, allowing an assessment of the generality of the findings. These studies will explicitly place WAM change impacts in a broader context. Secondly, an existing model of land use change, operating at national scale, will be further developed to operate at a finer spatial scale. Thirdly, meso-scale analysis of land use change, based on remote sensing data, will be carried out in Senegal to bridge the gap between the coarse scale of the modelling and the finer scale of the village-scale empirical work. Fourthly, close coordination with other WPs, and in particular the ‘impact WPs’ will be organized.

Contact :
Inge Sandholt – Email : is@geogr.ku.dk
Approches d’étude de l’adaptation au changement et fluctuations climatiques en Afrique

de l’Ouest Sub-saharienne
Inge SANDHOLT (1), Anette REENBERG (1), Kjeld RASMUSSEN (1),

Bruno BARBIER (2), Christian BARON (2), Christian FEAU (2),

Harouna KARAMBIRI (3) Eric LAMBIN (4), Bertand MULLER (2),

Anette NORGAARD (1), Benjamin SULTAN (5), Lorenzo GENESIO (6)

et Patrizio VIGNAROLI (6)
(1) Institute of Geography, University of Copenhagen, Denmark (2) CIRAD

(3) Groupe EIER-ETSHER, (4) UCL, (5) LOCEAN, France (6) CNR-IBIMET

Le changement et les fluctuations climatiques jouent un rôle plus important en Afrique de l’Ouest sub-saharienne que dans la plupart des régions du monde, et les populations de cette zone ont une longue tradition de vivre avec les périodes de sécheresses.

Cette étude part du principe qu’il existe à l’évidence des stratégies d’adaptation au niveau local (échelles des ménages et villages), sub-national et national, pour proposer des approches de recherche permettant de  comprendre et de prévoir les réponses aux actuels et futurs changements de la mousson ouest-africaine. Ces réponses doivent être perçues dans un contexte plus large de stratégies d’adaptation et de minimisation des risques car d ‘autres facteurs de risque influençant tant les réponses des gouvernements que celles des ménages, peuvent se superposer à ceux du climat.

Le plan de recherche qui en découle dans le cadre du WP 3.2 «Processus humains et sécurité alimentaire» de AMMA-EU sera brièvement présenté. Ce plan devra se focaliser sur les réponses aux variations des pluies de l’échelle du ménage à l’échelle nationale, et d’une manière générale, aux stratégies d’utilisation des terres et à la production agricole à l’échelle régionale.
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Les fluctuations de nappe comme enregistreur de la dynamique de la mousson ouest africaine
Raymond MALOU (1), Fatou DIOP NGOM (1), Honoré DACOSTA (2),

Léonard Elie AKPO (3) et Diome FARY (4)
(1) Dépt. de Géologie, Université Cheikh Anta Diop, Dakar, Sénégal

(2) Dépt de Géographie, Univ. Cheikh Anta Diop, Dakar, Sénégal

(3) Dépt de Biologie Végétale, Univ. Cheikh Anta Diop, Dakar, Sénégal

(4) Institut des Sciences de la Terre, Université Cheikh Anta Diop, Dakar, Sénégal
Le déficit pluviométrique, qui sévit en Afrique Occidental depuis plus de trois de décennies, est sans aucun doute la conséquence d’une évolution de la dynamique de la mousson africaine. Au Sénégal les études de l’évolution des ressources en eau ont montré l’infléchissement des précipitations à partir des années 1970 dans le sens d’entrée du Front Intertropical dans le pays. Cet infléchissement des précipitations a eu comme conséquences une baisse drastique des ressources en eau d’une manière générale et en particulier des nappes phréatiques qui s’identifient comme de bons enregistreurs de cette évolution pluviométrique. Les résultats de l’analyse des fluctuations des niveaux phréatiques dans le bassin sédimentaire sénégalais ont permis de mettre en évidence cette fonction. 

Les observations effectuées sur l’ensemble du domaine de l’étude ont montré une bonne signature phréatique du climat. Cette signature est marquée par l’évolution saisonnière des niveaux phréatiques (par les processus de stockage, au cours de la saison pluvieuse puis de déstockage, au cours de la saison sèche) et la tendance générale à l’épuisement des ressources hydriques du fait de la prépondérance des fonctions de déstockage à l’échelle inter annuelle. 

La baisse des amplitudes des fluctuations vers le nord (où les précipitations sont de moins en moins efficaces) et la tendance des nappes à l’épuisement est une bonne illustration de l’évolution actuelle de la mousson ouest africaine. 

Mots clés : impact, mousson ouest-africaine, fluctuations de nappe, zone soudano-sahélienne
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Prévision Saisonnière Comme Outil de Prévention et de Gestion des Catastrophes Naturelles : Tentative d’Expérimentation au Tchad dans le Cadre

du Projet FIRMA II-B
Application et Vulgarisation des Produits de la Prévision Saisonnière des Pluies et des Ecoulements des Eaux de Surface  pour un Développement Durable

Nadji TELLRO WAÏ

Direction des Ressources en Eau et de la Météorologie, N’Djamena, Tchad

1. Introduction

La nécessité de la connaissance de la mousson africaine et de ses impacts régionaux a été la source de motivation pour le développement des études multidisciplinaires sur la dynamique de l’atmosphère et les cycles de l’eau. 

L’Afrique de l’Ouest a été identifiée comme région pilote pour une expérimentation multi-échelle et multidisciplinaire pour sa vulnérabilité aux fluctuations climatiques, s’est vue à travers certaines institutions régionales comme ACMAD, AGRHYMET, confiée les programmes internationaux de OMM, PNUE, PNUD pour la recherche sur la mousson africaine et ses interactions avec le cycle de l’eau et la biosphère. C’est ainsi suite aux réunions de Niamey en 2002, la nécessité des études/recherche par des équipes africaines par l’élaboration des projets scientifiques avec la création du Fonds d’Incitation à la Recherche Météorologique en Afrique (FIRMA) comme Coordonnateurs régionaux l’ACMAD et l’AGRHYMET.

La Direction des Ressources en eau et de la Météorologie en collaboration avec la CBLT et le département de Géographie de l’université de N’Djaména a soumis et obtenu un financement d’un projet de recherche intitulé : Application et Vulgarisation des produits de la Prévision Saisonnière des Pluies et des Ecoulements des Eaux de Surface pour un Développement Durable.

Il sera établi par cette recherche, comment la prévision saisonnière peut être utile dans la gestion des ressources naturelles en périodes de catastrophes naturelles afin d’assurer le développement durable à l’échelle locale, nationale ou régional dans le cadre des bassins partagés des cours d’eau.

A travers cette présentation, nous aimerions partager avec les autres les résultats de cette première phase, et l’état dans lequel évolue la dissémination de la prévision saisonnière aux usagers et les résultats obtenus sous forme de feedback et nos attentes  des partenaires pour la relance de cette phase d’expérimentation. 

2. Méthodologie
Cette recherche/étude s’effectue suivante la méthodologie suivante : i) élaboration d’un petit document sur les informations sur la prévisions saisonnières et activités connexes destiné aux usagers, ii) choix des bassins versants dont la plupart servent de tests pour la prévision saisonnière, iii) identification des usagers à travers des rencontres formelles et informelles au niveau national et dans chaque composante du bassin versant ou du sous-bassin, iv) établissement des contacts avec des responsables des moyens de communication de proximités (radio communautaires FM, radios rurales, des stations des radios régionales, etc.. ) et v) prise de contacts tant au niveau de la capitale et dans les zones pilotes choisis où le processus de mise en œuvre est expliquée, discuté et retenu avec les usagers pour ce qui les prochaines phases d’exécution et du suivi de l’étude. Un questionnaire en langage simple  relatif aux phénomènes hydrométéorologiques extrêmes passés et les solutions d’adaptions utilisées dans les sites retenus a été remis  aux participants le long du parcours aller et collecté au parcours retour. 

3. Résultats obtenus
Les différentes manifestations ou rencontres ont permis au public et aux différents secteurs de développement dont certains pour la première fois de prendre connaissance de l’existence des produits de la prévision saisonnière et de ses applications possibles.

La majorité des acteur-usagers, ont émis le désir d’utiliser ces produits  et de prendre compte dans leurs activités liées à l’hydrométéorologie. Particulièrement quelques zones pilotes composées de groupements des agriculteurs, des pêcheurs ou pisciculteurs et de certaines municipalités. L’engouement suscité chez les différents chefs de l’Administration territoriale de cette approche a réconforté l’équipe de la recherche pour son extension sur l’ensemble du territoire et en particulier de la région du Lac Tchad.

4. Difficultés rencontrées
Au bureau : i) manque ou délestage intempestif d’électricité et ii) difficulté de mobilisation des moyens financiers alloués à cause de co-signature, ralentissant ainsi l’exécution du projet.

Sur le terrain : i)l’alphabétisme de la population risque d’être un obstacle à l’application de la prévision saisonnière et ii) les moyens logistiques dont disposent les différentes institutions partenaires (CBLT, Université de N’Djamena) ne correspondent pas à l’ampleur des travaux de terrain.

D’une manière générale, la suite du processus est interrompu à cause de la seconde tranche de ce fonds, ce qui nous handicape de beaucoup d’informations à recueillir auprès des usagers dans les zones pilotes afin de mieux faire une évaluation des effets de l’utilisation des produits de la prévision saisonnière sur leurs activités. 

5. Perspectives
Pour la re-dynamisation du processus interrompu, un appel est lancé ici au responsable du Projet FIRMA, logé à l’ACMAD de faire l’état des lieux en concertation avec les coordinateurs nationaux de ces projets de leur phase dans la perspective d’une relance immédiate des activités de la seconde phase.

6. Conclusion et recommandations
L’exécution de la première phase du processus de la prévision saisonnière a été bien accueillie par les usagers, les autorités locales qui ont sollicités être pleinement impliqués dans le processus car du succès de leurs activités en dépend cette prévision. Tenant en compte cet engouement tant au niveau des usagers, des autorités administratives et de l’équipe de recherche, il est souhaite que l’ACMAD relance la seconde phase de ce projet en essayant de voir certaines conditionnalités. Enfin, que l’ACMAD aille au fond de sa volonté dans le cadre du Projet FIRMA afin de crédibiliser les Services de Prévisions hydrométéorologiques auprès du public qui ne cesse de considérer  la météorologie de « Menteuse ». 
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Seasonal Forecasting As Tool Of Prevention And Management Of The Natural Disasters :

Attempt Of Experimentation In Chad

In The Project Firma II-B Framework

Nadji TELLRO WAÏ

Directorate of  Water Resources and the Meteorology, N’Djamena, Chad

The problematic of the acquaintance balance on the different knowledge of the African west monsoon and especially the impacts of its variability were the main incentive of the Direction of resources in water and the Meteorology in collaboration with the Commission of the basin of the Lake Chad of the project "Application and awarness of the products of the seasonal forecasting of rains and the discharges of the surface water for a sustainable Development" in the setting of the project, Fund of Incitement in Research of the Meteorology in Africa (FIRMA) II-B managed by ACMAD. To shortcoming this project, it would be established the contribution that the seasonal forecasting can bring in the management of resources in water and other natural resources in extreme hydrometeogical periods in order to assure the sustainable development to the local, national scale and transboundary for the shared river basins.

With the first slice of funds allocated permitted to do the preliminary phase to make this work by to the national level called" the seasonal forecasting of rains and the discharges of the surface water for a sustainable Development " dedicated to identification and the sensitization of the users, then to the decentralized level in the chosen pilot sites of the river basins of the Logone, the Chari and the Lake Chad.

This first satisfactory phase to in regards to the level of the administrative authorities and the major users expressed their enjoyment to be involved in the process.The second phase has been planned in the national forum  at N’djamena during which the products of the seasonal forecasting from the  PRESAO-07 were be available to these users. Unfortunately the second slice of this fund ever was not available until this day for the continuation of the process while letting a bitter taste for the forecast team who sees itself reproaching by users as" the lying Meteorology ".

To shortcoming this presentation, we would like to share with the other the results of this first phase, and the state in which evolve the dissemination of the seasonal forecasting to the users and the results gotten as feedback and our waitings of the partners for the raise of this experimentation phase.

Key words: west african monsoon
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A first step toward a model coupling the climate and resources variability with socio-economical dynamics and legal norms

P. MAZZEGA (1, 2), Ch. COURNIL (1, 3) and J.-P. AMIGUES (2)

(1) LMTG Observatoire Midi-Pyrénées, CNRS / IRD / Univ. Toulouse III, France

(2) LERNA, INRA / Univ. Sciences Sociales Toulouse I, France

(3) TACIP / CERDH, Univ. Sciences Sociales Toulouse 1, France
The long term objective of this study is to explore the possibility to draw, in a diversity of contexts simulating co-evolutions of societies and environments, some « rules » favouring the sustainability of the resources and environmental services as well as the reproduction of social groups and of their cultures.

The first problem to be solved consists in integrating in a common conceptual frame knowledge coming from ecological and economical theories and from the analysis of legal and customary norms. This “knowledge management” is set in a formal model. We here present some basic ingredients of this approach : (1) resources are produced by a very simple ecosystem dynamical model; (2) a swarm of economical agents are trading some abstract wealth on a competing market. Both sub-models 1 and 2 are analyzed using tools from the ergodic theory of dynamical systems. Then (3) the question is opened of how to couple resource dynamics with the economical agent strategies. We suggest that this mediation is partly embedded in laws and custom that have to be formalized in order to enter the modelling frame, an on-going work.

1. Simple Resource Dynamics

The complex spatio-temporal pattern dynamics of the components of an ecosystem can be finely represented with agent-based models. From simple and explicite rules constraining the agent behaviour in their environment, complex time dependent dynamics are emerging at the scale of population densities (Pascual & Levine 1999). Then it has been shown that pertinent density dynamics, obtained via an aggregation at an intermediate scale of non trivial determinism, can in turn be captured in non linear ordinary differential equations (like the celebrated Lotka-Volterra system) once the parametrization of the involved processes are properly perturbed in order to account mainly for the stabilizing effect of space (not well mixed system) and for the interaction of population cycles with demographic noise (Pascual et al. 2001).
On this basis, we simulate the time interactions between vegetation V, “ruminants” R and “predators” P densities. In this provisional model, ruminants are interpreted as livestock and predators as those agents that can remove or drive some cattle out of the livestock
. The whole system is forced by a periodic precipitation rate
 (sine function with period T) that provides surface waters W consumed by the vegetation, ruminants and predators. As a consequence of the non linearities in the system, the time series of V, R and P present irregular cycles (Fig.1a for R(t) and P(t)) with harmonic T2 and sub-harmonic T/2 spectral peaks (Fig.1b). The analysis of such time series relies on the estimation of correlation or average mutual information functions (Fig.1c) and in a further step on the embedding of the dependent variables in phase space (Fig.1d). The analysis of the geometric and statistical properties of such phase space system trajectory, based on the ergodic theory, allows to characterize the system dynamics (stability analysis, various dimension estimations, predictibility of the system state evolution, etc.; see e.g. Lasota & Mackey 1994, Abarbanel 1996, Diks 1999). A single system time evolution being also dependent on the set of process (grazing, predation, growth, …) parameters (the perturbation of which being able to induce sequences of system bifurcations) we then generate an ensemble of trajectories based on an ensemble of parameter sets and estimate the associated multi-dimensional probability density function (pdf) over the system phase space. The impact of the economical use of the ecosystem resources will be estimated on this pdf. Conversely we will try to estimate the incidence of the pdf structure of the resources state on the market dynamics … the next step of our study.

Is the next scanned page linked to this one ?

[image: image80.wmf]
5.05

Impact de la variabilité hydroclimatique sur la dynamique spatio-temporelle de l’inondation en zone lacustre sahélienne par NOAA/AVHRR sur la période 1990-2000 : cas du Delta intérieur du Niger (DIN) au Mali
A. MARIKO (1), G. MAHE (2) et E. SERVAT (2)

(1) École Nationale d’Ingénieurs, Bamako, Mali

(2) Hydrosciences, MSE, UM2, Montpellier, France
Introduction

La zone lacustre (latitudes 15° et 17 ° N et longitudes 2° à 5° W (fig.1)) inondée au rythme annuel grâce aux pertes en écoulement (2,7 et 8 km3 ) alimentées par les eaux du bassin amont du fleuve Niger (800 à 1200 mm d’eau/an) et la pluie locale (< 200 mm/an) est  soumise à une forte demande, de la part de la population croissante (2,5 % an), dans différents secteurs de production (agriculture, élevage et pêche). Les déficits pluviométriques enregistrées (23 %) depuis les années 1970 dans toute la région Ouest africaine notamment dans le bassin du Niger (Servat et al., 1999 ; Mahé et al., 2001) ont eu pour conséquence dans la zone lacustre une diminution des surfaces inondées, une modification de l’occupation du sol, la construction de digue de retenu d’eau. En vue d’anticiper les surfaces inondables, s’inscrivant dans une politique de meilleure gestion des ressources en eau dans les domaines de l'agriculture, la pêche, l’élevage voire du trafic fluvial, cette étude a pour objectif la recherche de relation fonctionnelle entre les hauteurs d’eau de la zone lacustre et les surfaces inondées extraites à partir des images NOAA/AVHRR. Elle devrait servir d’outil d’aide à la gestion des ressources en eau voire de l’écosystème de la région fortement ébranlé par une trentaine années de sécheresse.
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Figure 1 Carte de présentation de la zone lacustre dans le DIN au Mali

Matériel et méthodes

Les images NOAA/AVHRR (1km) de la période 1990 à 2000 (AGRHYMET) et les hauteurs d’eau aux échelles limnimétriques des stations de la zone lacustre (DNH) sont utilisées dans cette étude. Les images améliorées par application successive du "Minimum Noise Fraction" (MNF) basée sur l’estimation de la matrice de covariance du bruit (Green et al., 1998) et de l’Analyse en Composante Principale (ACP) ont été utilisées pour la construction de d’indices spectraux (Pseudo-canaux) plus sensibles aux surfaces inondées (Mariko  et al, 2005). La classification supervisée des images issues des indices spectraux a permis d’estimer les surfaces inondées. L’étendue de l’inondation étant liée à la montée des eaux aux différentes stations hydrométriques, nous avons utilisé les modèles prédictifs des surfaces inondées sous la forme de relations fonctionnelles de type 
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 (décrue) où X et Y sont les hauteurs d'eau (cm) et les surfaces inondées (Km2). A et B sont les paramètres. La construction du modèle prédictif a été conduite par estimation des paramètres (calibration) et par validation du modèle  sur différents jeux de données.

Résultats

Les surfaces inondées sur la période 1990-2000 varient en moyenne du simple au triple selon l’hydraulicité de l’année (tableau 1). Les hauteurs d’eau à Diré s’ajustent mieux aux surfaces inondées  avec des surfaces calculées légèrement inférieures à celles observées sur les images. Les coefficients de corrélation R valent 0.75 et 0.95 (fig.2). On note une différence non négligeable dans la validation avec un biais de -18 % en crue et +7 % en décrue (Fig.3).

Tableau 1 Statistiques des surfaces inondées en zone lacustre sur la période 1990-2000

(1990/1993 "plus sèche", 1994/2000 "humide")

	
	1990/1993 (plus sèche)
	1994/2000 (humide)
	1990/2000

	
	Surface maximale

Inondée

(km2)
	Surface moyenne

Inondée

(km2)
	Ecart-type
	Surface maximale

Inondée

(km2)
	Surface moyenne

Inondée

(km2)
	Ecart-type
	Surface maximale

Inondée

(km2)
	Surface moyenne

Inondée

(km2)
	Ecart-type

	Surfaces inondées 
	1865
	666
	497
	7455
	2358
	1592
	7455
	2007
	1590
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Figure 2 : Comparaison des surfaces inondées observées d'après les images NOAA et

calculées sur la période 1990-2000 dans la zone lacustre

Conclusion

La mise en relation des hauteurs d’eau limnimétriques avec les surfaces inondées estimées selon les images AVHRR offre une possibilité d’anticipation des surfaces inondables dans la zone lacustre. Dans le contexte de variabilité spatio-temporelle des surfaces inondées conséquente à la variabilité hydroclimatique, la prévision de l’inondation peut aider à la programmation des calendriers agricoles et les autres activités liées à la pêche à l’élevage et voir le trafic fluvial. L’utilisation des images haute résolution (Landsat, SPOT, QuickBird,  ERS, ENVISAT…) couplée à la prise en compte de la propagation des ondes de crue devrait permettre de fournir un outil d’aide bien adapté à l’échelle des exploitations agricoles de l’ordre de quelques hectares.
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Assessment of uncertainty on satellite-derived areal rainfall estimates based on a dual sequential simulation
D.I.F. GRIMES, C.K. TEO, B. GOMEZ and A.J. CHALLINOR

Names of organisms ? The 1st and last are University of Reading
1. Introduction

Rainfall monitoring has important applications in hydrology (river flow forecasting and flood warning) and agriculture (crop yield forecasting) as well as climate monitoring. In sparsely gauged areas of Africa such as the Sahel, satellite based methods provide the only feasible approach. In most cases, the most valuable information is average rainfall over a specified area whether this is a river catchment, an agricultural district or a climate grid square. One often neglected but important aspect of rainfall estimation is the assessment of uncertainty on the areal rainfall amount. This is vital information particularly for operational decisions on, for example, dam releases or alerting governments and NGO’s to potential crop failures. A difficulty in the assessment of likely uncertainty is the peculiar statistical properties of rainfall which exhibits a joint distribution combining the statistics of rain/no-rain with a non-Gaussian distribution  of rainfall amount. Here we present a method of assessing the uncertainty on satellite-based areal rainfall estimates.

2. Methodology
The first step in the approach is to produce a statistical model which describes both the probability of a pixel being rainy and also the probability of a certain rainfall amount, given that it is rainy. The model here is based on the TAMSAT Cold Cloud Duration (CCD) method (Thorne et al, 2001) but it is important to realise that it can be generalised to any satellite rainfall algorithm.

The probability p of a pixel being rainy is represented by a logistic regression[image: image176.emf][image: image177.emf]
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where b0, b1 and p0 are parameters to be determined by calibration.

[image: image179.wmf]The probability of a given rainfall amount is expressed as 

where (+  and (+2 are respectively the pixel rainfall mean and variance for rainy events, a0, a1, A and ( are parameters to be determined by calibration. 

It is further assumed that rainfall amount can be represented by a ( distribution.
The calibration parameters are determined empirically by comparing pixel CCD with pixel rainfall values obtained by applying block kriging to the raingauge data. Non-rainy areas are identified by indicator kriging according to the method of Barancourt et al (1992).

3. Area rainfall uncertainty estimation

Mean area rainfall Zm  over an area ( is easily obtained as the average of pixel rainfall for all pixels within (. The uncertainty on Z​m must be a combination of the uncertainty on the number of rainy pixels and the uncertainty on the mean rainfall amount over the rainy pixels. An analytical solution to this problem is non-trivial and here we have used an ensemble approach to generate a full pdf for Zm which takes account of both the statistical parameters in Equations (1) and (2) and the spatial continuity of the rainfall patterns as expressed by the variograms both with respect to rain/no-rain probability and to rainfall amount. The approach is based on sequential simulation as described in Goovaerts (1997)

There is a three stage process as follows:

1. For each dekad, an ensemble of binary rainfall occurrence fields is generated using Sequential Indicator Simulation. For each pixel, the proportion of rainy events over the ensemble is in accordance with Equation (1), while the spatial pattern for each ensemble member is constrained by the indicator variogram determined from the original data.

2. For each binary ensemble member produced in Stage (1), rainfall amounts for rainy pixels are assigned by Sequential Gaussian Simulation (having first carried out a normal score transform on the pixel rainfall amounts). Again, the pixel rainfall values have a distribution in agreement in Equation (2) but within each ensemble member are constrained by the rainfall variogram.

3.  For each ensemble member thus generated, the mean rainfall over the target area ( may be easily computed. The histogram of all ensemble members for each dekad gives the full pdf of Zm from which uncertainty statistics or confidence intervals may be easily calculated.
4. Gambian case study - application to ground nut yield

As an example of a suitable application, the ensemble approach has been used to generate ensembles of daily rainfall amounts for groundnut growing districts within the Gambia in west Africa.  Comparison of the ensemble rainfall distribution with the distribution of block-kriged raingauge amounts at the pixel scale for each calendar month showed very good agreement. Random selection from the daily ensembles was then used to produce an ensemble of daily mean rainfall values for each growing district. These values were used as input to the GLAM crop-yield model (Challinor et al., 2004) to generate an ensemble of seasonal crop yields for the years 1988 to 2002. Preliminary  results indicate that the sensitivity of the model to random variability of the rainfall data is much less than the sensitivity to other factors such as planting date or systematic errors in the rainfall estimate calibration.

5. Conclusions

The method of sequential simulation allows the estimation of the full pdf of areal rainfall values associated with a particular satellite rainfall field, taking account of rainfall intermittency. Application to groundnut crop yield forecasting have produced useful results. The methodology may also be applied to riverflow forecasting. This is an object of ongoing research.
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Evaluation de l’incertitude sur des estimations régionales de précipitation par satellite basée sur une simulation duelle

D.I.F. GRIMES, C.K. TEO, B. GOMEZ et A.J. CHALLINOR

La surveillance de précipitation a des applications importantes dans l'hydrologie (telles que des prévisions d'écoulement de fleuve et avertissement d'inondation), dans l'agriculture (comme les prévisions de rendement de récolte) et également dans la surveillance du climat. Dans des régions pas sufisamment mesurées de l'Afrique, telles que le Sahel, les méthodes basées sur satellite fournissent la seule approche possible.

Dans la majorite des cas, l'information la plus valable est la précipitation moyenne sur un secteur specifique, qu’il s’agisse d’une captation de fleuve, d’une zone agricole ou d’une boîte de grille climatique. Un aspect important souvent négligé de l’estimation de précipitation est l'évaluation de l'incertitude sur la quantité de précipitation. Cette information est essentielle, en particulier pour des décisions opérationnelles telles que degager des reservoirs ou alerter des gouvernements et des ONGs sur des échecs potentiels de récolte. Une difficulté majeure dans l'évaluation de l'incertitude probable s’agit des propriétés statistiques assez particulières des précipitations. Celles-ci montrent une distribution associant des statistiques de pluie/non-pluie à une distribution non gaussienne de la quantité de précipitations en cas de la pluie.

Une méthode pour évaluer l'incertitude sur des estimations régionales de précipitation par satellite est ainsi présentée. Cette méthode est basée sur la comparaison des données satellites avec des observations de pluviometrie ajustées afin de tenir en compte des différentes balances spatiales d'information. Une simulation séquentielle est enfin utilisée, afin de produire un ensemble d’échantillons de précipitation qui tienne en compte à la fois la distribution de pluie/non-pluie et la distribution de la quantité de précipitation. Les incertitudes sont alors facilement calculées à partir de l'analyse de l’ensemble des résultats.

Les résultats présentés concernent l'application de cette méthodologie aux prévisions de récolte de l'arachide en Gambie.
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Prévision des épidémies de méningite en Afrique Sahélienne à partir de la dynamique atmosphérique
P. YAKA (1), B. SULTAN (2), S. JANICOT (2), N. FOURQUET (1), S. PHILIPPON (1),

MF COUREL (1), M. LEGRAND (3) et I. CHIAPELLO (3)

(1) PRODIG UMR 8586, Paris, France

(2) LOCEAN / IPSL, Paris, France (3) LOA, Lille, France

Introduction
Chaque année, des pays de l’Afrique Sahélienne sont affectés par des épidémies de Méningite Cérébro-spinale (MCS). Bien que la recrudescence saisonnière de la maladie dans les pays de la << ceinture de la MCS >> survient généralement en période d’harmattan et demeure en étroite liaison avec la variabilité climatique, les mécanismes responsables de cette distribution spatio-temporelle de la maladie ne sont pas encore bien identifiés. Cela est particulièrement vrai en ce qui concerne la liaison entre les intensités annuelles des épidémies de MCS et la variabilité climatique saisonnière.

Une analyse spatio-temporelle de données épidémiologiques de l’OMS de cumuls annuels de cas de  MCS de 1966 à 1999 des pays d’Afrique Sahélienne couplées à celles des différentes variables climatiques des re-analyses de NCEP a permis de mettre en évidence une relation climato-dépendante tant au niveau de la  distribution spatiale que de l’évolution temporelle interannuelle de la MCS en Afrique Sahélienne. Les résultats de ces analyses nous permettent de sélectionner des variables climatiques pertinentes pour la construction de Modèles Linéaires Généralisés (GLM), pour la prévision des épidémies pouvant servir de base à la mise en place d’un système de veille et d’alerte précoce des épidémies de MCS en Afrique Sahélienne.
L’intensité de la MCS en Afrique

Afin de mieux cerner la disparité de la MCS entre les différents pays et pour mieux illustrer l’ampleur de la mcs dans les différents pays (sur la période 1966 à 1999), nous avons réalisé une Analyse Factorielle des Correspondances (AFC) en classant les différentes années d’observations en 4 classes suivant les seuils d’occurrence de 500, de 1000 et 1500 cas par an et par pays. Il en découle  que la MCS sévit grandement dans les pays sahéliens et dans une moindre mesure les pays des régions guinéenne, orientale et centrale de l’Afrique. En Afrique du Nord, la dynamique de la maladie est différente en ce sens qu’elle est caractérisée par un grand nombre d’année avec un cumul annuel moyen (entre 500 et 1500 cas) et un nombre plus faible d’années extrêmes (avec beaucoup ou très peu de cas).

AFC  des cas annuels de MCS de 1966 à  1999 en Afrique
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En examinant les cas de MCS  pour chaque pays et chaque année ainsi qu’en calculant les corrélations (instantanées ou décalées) entre les différents pays, il se révèle que le sens de propagation des épidémies de cas de MCS dans la zone sahélienne est variable voire même multiforme bien que des propagations notamment d’Est vers l’Ouest apparaissent clairement pour certaines grosses épidémies comme celle du milieu des années 90. Des investigations plus poussées devraient être menées avec des données spatio-temporelles plus détaillées de ces pays pour analyser la transmission inter-pays d’une année sur l’autre.

La prédiction des épidémies

De manière à sélectionner des prédicteurs atmosphériques pour les cas de MCS, on a réalisé des cartes de corrélation entre diverses variables des réanalyses NCEP (vent, pression, température, humidité…) et les cas de MCS. On a ensuite choisi des prédicteurs dans les zones les plus corrélées de manière à construire un modèle généralisé (MLG) pour prévoir les épidémies au Burkina et au Niger.

On a réduit le nombre de prédicteurs en faisant une Analyse en Composante Principale pour extraire les modes principaux de variabilité de notre set de prédicteurs.  Plusieurs types de modèle ont été testés (Gauss, Poisson et Gamma). Pour le Burkina Faso, en prenant en compte uniquement les deux premières composantes principales (85 % de l’information totale de nos différents prédicteurs) nous obtenons les résultats suivants :
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Courbe en couleur rouge : Ajustement des cas annuels de MCS par la loi de Gauss : R = 0.85

Courbe de couleur bleu : Ajustement des cas annuels de MCS par la loi de Poisson : R= 0.89

Courbe de couleur verte : Ajustement des cas annuels de MCS par la loi de Gamma : R = 0.83

Ces résultats montrent que le MLG permet un bon ajustement des cas annuels de MCS et de ce fait, offrent de bonnes perspectives pour leur prévision saisonnière. A en noter par la valeur élevée des coefficients de corrélation (R) et de la variance expliquée (R2) et également par la longueur de la série de données  qui s’étalent sur prés de 34 années. En terme de modèles plus performants, on remarque que la loi gaussienne estime assez mal certains cas annuels de mcs très faibles (existence de valeurs négatives prédites) ainsi que certains cas très élevés (supérieur à 40000 cas). D’où une certaine limite de cette loi comparativement au deux autres (Poisson et Gamma) pour ce qui est de l’estimation de la survenue de très faibles et de très grands cas annuels de mcs (estimation des extrêmes).

Predicting the Meningitis epidemics in West Africa

by using climate dynamics

P. YAKA (1), B. SULTAN (2), S. JANICOT (2), N. FOURQUET (1), S. PHILIPPON (1)

MF COUREL (1), M. LEGRAND (3) and I. CHIAPELLO (3)

(1) PRODIG UMR 8586, Paris, France

(2) LOCEAN / IPSL, Paris, France (3) LOA, Lille, France

Every year, West African countries are afflicted with Meningococcal Meningitis (MCM) disease outbreaks. Although the seasonal and spatial patterns of disease cases which occur mostly during winter in the “meningitis belt” are closely linked with climate variability, the mechanisms responsible for these observed patterns are still not well identified. This is particularly true for the linkage between epidemic intensity from year to year and climate variability. 

A spatio-temporal analysis of annual cases of MCM reported from 1939 to 1999 in African countries provided by World Helath Organization and several climatic variables from NCEP/NCAR reanalyses has been performed to highlight the relationships between climate and MCM disease at the interannual scale. First, we computed correlation maps of atmospheric variables likely to influence MCM disease outbreaks (e.g. moisture, wind, pressure, temperature...) and annual cases of MCM in three afflicted countries, e.g. Burkina Faso, Mali and Niger. Then, the results of these correlations enable the selection of relevant climatic variables for construction of generalized linear models Generalized to forecast MCM intensity from year to year. 

The encouraging results of such simple models enable the development of a survey and an early warning system of MCM epidemics in African Sahelian countries. The development of such outbreaks forecast could help nationwide and international public health institutions to better control MCM disease. 

Submitted by : 
Pascal YAKA – Email : pascal_yaka@yahoo.fr 
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Dust events and meningitis cases during the dry season (November to April) in the Sahel from 1995 to 2005: methodology for temporal and spatial analysis
I. JEANNE (1), J.-L. RAJOT (2), A. DEFOSSEY (3), KK KAIRO (4), M. KALACHE (1) and P. BOISIER (1)

(1) CERMES (MoH Niger et RIIP) (2) IRD, Niger (3) ENSG (4) DSCE (MoH Niger)

Meningoccoccal meningitis depends first of all on the human factors (immunity, population density and movements, ..). Nevertheless, the seasonal dynamics and the environmental and climatic characteristics of the African meningitis belt led to hypothesize an impact of atmospheric conditions on the incidence of epidemic meningitis in the Sahel.

The aim of this study is to assess the role of mineral dust transported by Harmattan trade wind during the dry season. The goal purpose here is to determine whether shared characteristics of atmospheric conditions occur before all the meningitis picks. Due to weekly epidemiological available data, we need weekly dust representations.

The Infrared Difference Dust Index (IDDI) obtained from infrared band of METEOSAT by Legrand (2001) allows detecting dust plume in arid and semi arid areas in the Sahel. As we wanted to detect the most important dust events before the picks of meningitis from 1995 to 2005, maximum IDDI maps were used. Thanks to ESA EPIDEMIO and AMMA EU, it was possible to obtain weekly maximum of IDDI maps, from November to April, during the years 1995 to 2005, over a part of West Africa: N7° to N20°, E-17° to E26°.

From these data, it is possible to determine when and where dust events occurred for performing temporal and spatial analysis with epidemiological data by the means of GIS and image processing. Preliminary results and perspectives to possibly include dust events identification in public health policies for a quasi real time follow up are presented. 

Keywords : meningitis, Sahel, Niger, IDDI, dust, aerosols, spatial analysis, METEOSAT 
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Climatic and Environmental Conditions Associated

with RVF in Senegal
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Re-analyses of the Rift Valley Fever (RVF) epidemic which occurred in the Senegal river basin, show that yearly rainfall amount is not the epidemic confounding factor. By analyzing the seasonal variability of the regional NDVI, an integrated spatial proxy linked to precipitation, it is also found that RVF epidemics are not significantly correlated with the variability of this vegetation index, contrary to results obtained over East Africa. From the EMERCASE and CORUS projects, relying upon in-situ multidisciplinary monitoring and satellite observations, a new methodological approach has thus been implemented. It is to highlight combined key climatic and environmental conditions as potential triggers of RVF epidemics in Senegal. The most important factor for the environment-epidemic relationship is found to be the vectors’ biological life-cycle at the pond’s spatial scale. More specifically mechanisms are quantified at the 60x60 km2 Barkedji site of the Senegalese sahelian zonel. It is shown that ponds’ dynamic combined with rainfall events larger than 20mm, do trigger vectors population (i.e., Aedes and Culex mosquitoes) responsible for RVF diffusion and transmission. The spatial area under risks goes from 3% to ~25% at the Barkedji site, during the full span of the rainy season. A generic information system on Re-Emergent Diseases and Global Environmental Monitoring from Space (RedGems) is being developed in the framework of the AMMA-Health application component. RedGems will include among others, most of the key elements identified here and concerning RVF risks and diffusion over Senegal. 
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Conditions climatiques et environnementales associées

à la FVR au Sénégal

Jacques-André NDIONE (1), Jean-Pierre LACAUX (2), Yves M. TOURRE (2)

et Baba SALL (3)

(1) Centre de Suivi Ecologique, Sénégal

(2) MEDIAS-France, CNES, Toulouse, France

(3) Direction de l’Elevage (DIREL), Dakar, Sénégal
En ré-analysant les différents événements de FVR survenus dans le bassin du fleuve Sénégal, on se rend compte que la pluviométrie annuelle n’est pas un facteur épidémique déterminant. De même, en considérant la variabilité saisonnière régionale du NDVI, un « proxy » spatial fortement dépendant de la pluviométrie, il a été démontré que les épidémies de FVR ne sont pas significativement corrélées à la variabilité de cet index contrairement aux résultats obtenus en Afrique de l’Est.

Ainsi, grâce aux projets de recherche EMERCASE à CORUS d’une part et en se fondant sur une surveillance multidisciplinaire grâce à des données in-situ associées à des observations satellitaires d’autre part, une nouvelle approche méthodologique a été développée. Elle a pour but de mettre en valeur l’association des conditions climatiques et environnementales fondamentales comme facteurs déclenchant des épidémies de la FVR au Sénégal. Le facteur le plus important dans la relation environnement-épidémie s’avère être le cycle de vie des vecteurs à l’échelle de la mare. Plus spécifiquement, les mécanismes ont été quantifiés sur une zone de 60x60 km centrée sur Barkédji, site d’étude dans le Sahel sénégalais.

Les résultats montrent que la dynamique des mares reste liée aux événements pluvieux dont la quantité est supérieure ou égale à 20mm, qui à son tour contrôle l’émergence de la population de moustiques vecteurs (Aedes et Culex) responsables de la transmission de la FVR. Par rapport à la zone d’étude, l’étendue spatiale de la région à risque est comprise entre 3 et 25% environ durant la saison pluvieuse.

Un système d’information générique sur les maladies ré-émergentes et sur le suivi global de l’environnement à partir de données satellitaires (RedGems) a été développé dans le cadre des applications AMMA-Santé. RedGems va inclure, la plupart des éléments clés identifiés dans ce travail et concernant les risques de diffusion de la FVR au Sénégal.
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Caractérisation de l’évolution de trois classes d’occupation du sol dans la Sahel burkinabé à partir d’une modélisation démographique et d’images satellites : applications à la modélisation hydrologique

Pierre DIELLO (1), Jean-Emmanuel PATUREL (1), Gil MAHE (1), Harouna KARAMBIRI (2) et Eric SERVAT (1)

(1) IRD-MSE (Maison des Sciences de l’Eau), BP 64501, 34394 Montpellier cedex 5, France

(2) EIER-ETSHER, BP 7023, Ouagadougou 03, Burkina Faso
Si de nombreuses régions du monde sont soumises à des fluctuations climatiques spectaculaires, le Sahel se distingue par la sévérité et la persistance du déficit pluviométrique qu’il connaît depuis maintenant plus de trois décennies. A l’échelle annuelle, cette diminution des quantités précipitées est imputable, en grande partie, à une baisse généralisée du nombre d’événements pluvieux de -20 à – 40% selon certains auteurs. 

Durant la même période, la croissance démographique a fortement réduit l’espace vital sur les sols fertiles dans ces régions. La densité de population au km2 de terrain cultivable n’a cessé d’augmenter, atteignant des valeurs très élevées dans les pays comme la Mauritanie, le Mali, le Burkina Faso et le Sénégal. La pression sur les terres n’est pas encore telle qu’une intensification des pratiques agricoles soit incontournable, mais elle est déjà suffisante pour entraîner des dégâts écologiques importants. La gestion durable de l’environnement se pose donc désormais en terme de déséquilibre entre ressources naturelles d’une part (sols cultivables, eau en quantité et en qualité, végétation,…) et besoins accrus d’une population en croissance rapide, d’autre part. 

Les déficits pluviométriques enregistrés depuis le début des années 70 et leurs effets cumulés ont fortement influencé les régimes hydrologiques des grands bassins fluviaux d’Afrique intertropicale. D’une façon générale, l’hydraulicité des fleuves a fortement diminué. Les débits moyens annuels ont baissés de plus de 30% et quelques fois au delà de 50%. L’écoulement a même cessé sur le Niger à Niamey et le Sénégal à Bakel en 1984 ! A côté de l’effondrement des débits des grands systèmes hydrologiques intertropicaux, apparaît une « contradiction » de fonctionnement dans certains hydrosystèmes de plus petite taille.

En effet, les différentes études menées depuis une vingtaine d’années sur les conséquences de la sécheresse sur les écoulements des petits bassins versants d’Afrique soudano-sahélienne, montrent que l’effet conjoint du changement climatique et des activités humaines sur les états de surface est à l’origine d’une augmentation des écoulements dans la région. Ces nouvelles conditions de ruissellement apparaissent plus favorables dans les zones où on observe une diminution du couvert végétal,  une extension des surfaces cultivées et des surfaces dégradées.

A partir d’images LANDSAT acquises à différentes dates (1972, 1986, 1999, 2002, et 2003), les pourcentages de couverture végétale, de couverture agricole et de couverture de sols dégradés (nus) sont extraits pour ces cinq dates. Ces cartes d’indicateurs de pression anthropique et climatique mettent en évidence l’évolution globale du milieu depuis la décennie 70 jusqu’à la décennie 2000. L’analyse des données démographiques et des données des statistiques agricoles montre l’étroite corrélation (R² = 93%) entre les superficies cultivées et l’évolution de la population. A partir de ce résultat et sur la base d’hypothèses construites en tenant des pratiques agro-pastorales de la région, les auteurs élaborent des scénarii d’évolution, au pas de temps annuel, des indicateurs précédemment définis. 

Dans la seconde partie de ce travail, les auteurs élaborent une méthodologie de prise en compte des activités anthropiques et des changements climatiques  dans la modélisation hydrologique des bassins versants. Les indicateurs de pression anthropiques sont liés à la capacité de rétention en eau du sol (WHC, Water Holding Capacity). Cette variable caractérise le réservoir sol des modèles que nous utilisons. L’hypothèse fondamentale utilisée dans cette démarche est que « l’augmentation (respectivement la diminution) des coefficients d’écoulement dans une proportion donnée (du fait des changement climatiques et des activités humaines) se traduit par une diminution (respectivement une augmentation) de la capacité de rétention en eau du sol (WHC) dans la même proportion ». A chaque indicateur est associé un coefficient de ruissellement déterminé à partir de mesures de terrain et une valeur de WHC. A une date To chaque surface élémentaire du bassin versant (un demi-degré carré soit 2500 km² environ dans nos modèles) est constitué de Xo% de sols en végétation naturelle, Yo% de sols cultivés et Zo% de sols nus avec une capacité de rétention en eau de WHCo définit à partir des données sols de la FAO. A une date ultérieure T, sous l’action de l’homme et du climat, la composition de la surface élémentaire devient X% de sols en végétation naturelle, Y% de sols cultivés et Z% de sols nus avec une capacité de rétention en eau de WHC définit par la relation : 
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où CrVg, CrCult et CrSn représentent respectivement les coefficients d’écoulement des sols en végétation naturelle, des sols en cultures et des sols nus. La fonction f est déterminée et les valeurs de WHC sont générées et intégrées dans le modèle. Le modèle est testé sur le bassin du Nakambé à Wayen (21 000 km²) et les résultats sont comparés aux tests réalisés en gardant le WHC constant, ce qui correspond à une situation où les états de surface sur le bassin n’évoluent pas. Les résultats obtenus montrent des améliorations significatives des performances du modèle par rapports aux tests où les WHC est constant (+20% en calibration et +26% en simulation).

Using demographic agricultural and remote sensing data in hydrological modeling of sahelian rivers in Burkina Faso

Pierre DIELLO (1), Jean-Emmanuel PATUREL (1), Gil MAHE (1), Harouna KARAMBIRI (2) and Eric SERVAT (1)

(1) IRD-MSE (Maison des Sciences de l’Eau), BP 64501, 34394 Montpellier cedex 5, France

(2) EIER-ETSHER, BP 7023, Ouagadougou 03, Burkina Faso
The hydrological studies undertaken during the last twenty years have shown that the hydrological variability observed since the years 1970 on the Sahelian river basins is due to the combined effect of climate changes and human activities on land-cover (the Nakambé river upstream of the station of Wayen, and right bank tributaries of  the Niger river issued from  Burkina Faso): the runoff coefficients increased, inducing more important flows than in the past years despite a reduction in rainfall.

These modifications of the rainfall-runoff relationship require new approaches making possible to take into account both the climatic variability and the human dimension in hydrological modelling of these basins. The first part of this work consists in defining three indicators of human activities by using percentages of vegetation cover, agricultural cover and bare soils. From a database of agricultural and population statistics, and from LANDSAT images acquired at various dates, the authors characterize the percentages of the three types of land cover in the studied zone.

The evolution of the environment is thus described since the years 1970 up to 2000. On the basis of a relationship between these environmental indicators and the soil Water Holding Capacity (WHC, variable used as the soil water reservoir in our models) an hydrological modelling is used and results are analysed

Key words : Hydrological variability, climatic variability, human activities, land cover, hydrological modelling, demography, Burkina Faso, Sahel
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Le photopériodisme des sorghos africains, une réponse

à la variabilité pluviométrique
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(1) Institut d’Economie Rurale (IER), Bamako, Mali (2) CIRAD, Bamako, Mali

(3) Agrhymet – Nyamey, Niger
L’ajustement du cycle d’une plante aux contraintes environnementales est un caractère essentiel de l’adaptation au milieu. Ceci est particulièrement vrai dans les conditions soudano-sahéliennes où la saison des pluies s’interrompt brusquement, avec une durée très variable d’une année sur l’autre. La correspondance de la date de floraison avec l’offre climatique est, par conséquent, un facteur clef de la production agricole (Cocheme et Franquin, 1967). 

L’objectif de ce travail était d’étudier l’adaptation spécifique des écotypes de sorgho du Mali au climat de leur zone d’origine. Cette connaissance devrait permettre d’une part de mieux comprendre et hiérarchiser les contraintes et, d’autre part, de veiller à ce que les propositions de la recherche en matière de choix variétal respectent ces critères d’adaptation au milieu.

Dans notre étude, nous avons procédé dans un premier temps à la caractérisation de la saison des pluies en déterminant (i) la valeur moyenne de la pluviométrie annuelle, (ii) la date moyenne de début et (iii) la date moyenne de fin de la saison des pluies. Les périodes 1959-1978 et 1978-1998 ont été comparées entre elles, l’année 1978, année de la prospection IBPGR-ORSTOM (Clément et Leblanc, 1980) servant de point de repère de façon à caractériser la saison des pluies 20 ans avant et 20 ans après cette prospection. Les trois caractéristiques de la saison ont été déterminées sur 110 postes pluviométriques ayant au moins 75% d’années complètes.

Au cours de la prospection IBPGR-ORSTOM de 1978, 800 variétés locales de sorgho ont été prélevées dans 280 villages (Clément et Leblanc, 1980). Nous avons réalisé en 1999 et 2001 de nouvelles prospections dans quelques uns de ces villages sur 2 transects différents : le premier, parcouru en 1999, coupe le Mali selon un axe nord-sud passant par Bamako et concerne 59 villages et le second, parcouru en 2001, est incliné vers l’Est suivant l’axe Sikasso - Hombori et concerne 90 villages.
La caractérisation des variétés avait comme objectif de déterminer le cycle des variétés lorsqu’elles sont semées à des dates normales de semis au Mali (entre le 15 juin et le 20 juillet), d’étudier la photosensibilité de l’ensemble de la collection, et de comparer le cycle de chaque variété au climat de sa zone d’origine (notamment la durée de la saison des pluies). Les essais ont été mis en place au  centre Régional de Recherche Agronomique de Sotuba (12°39’ N 7° 56’ O). Les variétés issues d’une même zone climatique ont été regroupées dans un même essai. Pour cela, l’aire prospectée au Mali a été partagée en quatre grandes zones en fonction de la pluviométrie annuelle : moins de 600 mm, 600 à 800 mm, 800 à 1000 mm et plus de 1000 mm. Les semis des essais ont été réalisés systématiquement le 17 juin et le 17 juillet, de façon à ce que la première date corresponde aux jours longs (photopériode maximale) et la seconde date aux jours courts et décroissants. Ceci permet d’étudier l’effet de la photopériode sur le cycle des variétés. Les observations ont porté sur la phénologie (date d’apparition des ligules des feuilles) et l’ensemble des descripteurs du sorgho conformément aux recommandations de l’IPGRI (IBPGR-ICRISAT, 1993).

Les résultats obtenus ont montré que sur les 40 années étudiées, la pluviométrie annuelle a connu une diminution très nette, illustrée par un mouvement sud des isohyètes sur l’ensemble du pays. Ce mouvement des isohyètes dans la zone soudano-sahélienne a été signalé par de nombreux auteurs (Diop, 1996 ; L’Hôte et Mahé, 1996 ; Houndénou et Hernandez, 1998). L’analyse au niveau des stations individuelles montre cependant que cette baisse n’a été ni uniforme ni régulière, avec une alternance de périodes excédentaires et déficitaires, les épisodes secs devenant de plus en plus longs (Traoré et al., 2000).

Par ailleurs, à mesure que l’on se déplace vers le sud, la saison des pluies démarre plus tôt et se termine plus tardivement. Ainsi dans la zone étudiée, du nord au sud, le début de la saison passe du 25 juillet au 15 mai, et la fin du 15 septembre au 15 octobre, soit une durée de saison variant de 50 à 150 jours. Sur cette variation spatiale des caractéristiques de la saison pluvieuse, se surimpose une variation interannuelle toute aussi importante. En plus, il existe une relation significative entre la date d’installation des pluies et la durée de la saison, la première expliquant 50 à 70 % de la variation interannuelle de la seconde. Ceci infirme la croyance populaire selon laquelle les débuts tardifs de saison sont compensés par des fins également tardives (Traoré et al., 2000). La comparaison entre les deux périodes de 20 ans fait ressortir qu’aucun changement significatif des dates de début et de fin de saison n’a eu lieu. 
La figure n°1, qui met en relation la date moyenne de fin de saison de chaque zone climatique avec la date moyenne d’épiaison des variétés de cette zone, montre que les variétés épient en moyenne 15 jours avant la fin de saison en zone sèche et 20 jours avant en zone plus humide. Il s’agit là d’une règle environnementale qui régit le comportement moyen des variétés d’une zone donnée. Il existe également une relation étroite entre la durée du cycle et le degré de photopériodisme pour l’ensemble des variétés étudiées. Ceci illustre le fait que les variétés les plus tardives sont aussi les plus photopériodiques, ce phénomène permettant justement de rallonger la durée du cycle en cas de semis précoce. De même, la quasi-totalité des cultivars étudiés sont photopériodiques. Cette sensibilité à la photopériode les rend plus aptes à supporter la grande variabilité de la date d’installation de saison pluvieuse, car leur permettant de moduler la durée de leur cycle en fonction des dates de semis.

Enfin, aucune différence significative n’a été observée entre le cycle des écotypes collectés en 1978 et celui de leurs homologues collectés en 1999 et 2001 (Kouressy, 2002). Ces écotypes sont le résultat de plusieurs siècles de sélection empirique qui leur a procuré une bonne adaptation et la meilleure plasticité possible. Ces résultats permettent de mieux orienter les programmes d’amélioration variétale de sorgho en Afrique de l’Ouest, où le régime de la mousson détermine les dates de début et de fin de la saison agricole.
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Figure 1 : Relation entre la date moyenne de fin de saison d’une zone climatique et la date moyenne d’épiaison des variétés de cette zone pour un semis précoce (17 juin).
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A study of the phenology of Malian sorghums was conducted in order to understand the consequences of climatic constraints on the cycle duration of local varieties. This was done by sowing at two different dates 443 varieties collected in 1978 and 270 varieties collected in 1999 and 2001. 

The rainy season in Mali is characterised by an important inter annual variation, mostly determined by the date of onset of the monsoon. The droughts of the 1970s and later have not much affected the structure of the rainy season and the variability of the onset and ending dates is as important nowadays as it was before. 

In the 400 to 600 mm rainfall zone, the coexistence of both late and early maturing sorghum ecotypes illustrate the diversification strategy of local farmers that allows them cope with the risks associated with crop production in these arid zones.

As for the southern zone (600 to 1000 mm of annual rainfall), there is less variability in the behaviour of the ecotypes, with more than 90% of them being photoperiod sensitive, i.e. they always flower at about 20 days before the average ending date of the rainy season, independently of sowing date. This is an important adaptation character of these ecotypes.

We have not observed any significant change in the phenology of the sorghum ecotypes we have studied. In fact, for a given climatic zone, the average cycle duration of the ecotypes collected in 1978 was not much different from that of those collected in 1999 and 2001. 
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AGCM simulations of subseasonal characteristics of rainfall and implications for crop yield prediction

in Central West Africa
Sylwia TRZASKA, Liqiang SUN, Pauline DIBI-KANGAH and Andrew ROBERTSON

IRI - International Research Institute for Climate Prediction, The Earth Institute at Columbia University, Palisades, NY 100964-8000 - USA

IRI issues a global seasonal climate forecast every month up to 4 seasons in advance using a dynamical two-tier system in which Atmospheric General Circulation Models are forced with Sea Surface Temperature scenarios for upcoming seasons. Simple evaluations of the seasonal mean rainfall forecast show moderate skill over West Africa during the main rainy season in the Sahel (July to September). However, the subseasonal characteristics of the rainy season are often more important for the users of the seasonal forecasts than the seasonal totals. Occurrence of a particularly long dry spell, especially during crucial vegetative stage, is more damageable to the crop yield than rainy events of low intensity but well distributed during the season. So far predictability studies of such subseasonal characteristics derived from GCMs and their potential for application in different sectors in West Africa have not been numerous. Analyses performed for other semi-arid regions such as the Brazilian Nordeste and East Africa suggested that GCM outputs can provide with useful information on subseasonal characteristics such as the distribution of wet/dry spells, which may also relate well to observed agricultural yields.

Evaluation of the performance of ECHAM4.5 model in simulating subseasonal characteristics of rainy season in Central West Africa (Cote d’Ivoire, Burkina Faso, Mali) will be presented. The potential for yield prediction of major crops in the region based on seasonal forecasts and crop yield data gathered since 1970 will be assessed.

Key words : Rainfall variability and predictability, subseasonal characteristics, dynamical seasonal forecasts, Atmospheric General Circulation Models, crop yield predictability, Central West Africa.

Simulation des caractéristiques sub-saisonnières des précipitations par les MCGA et implications pour la prévision des rendements agricoles en Afrique de l’Ouest centrale

Sylwia TRZASKA, Liqiang SUN, Pauline DIBI-KANGAH et Andrew ROBERTSON

IRI - International Research Institute for Climate Prediction, The Earth Institute at Columbia University, Palisades, NY 100964-8000 - USA
IRI prépare chaque mois une prévision saisonnière du climat allant jusqu’à 4 saisons suivantes en utilisant un système dynamique en deux étapes, dans lequel des modèles de circulation générale de l’atmosphère (MCGA) sont forcés avec des scénarios de températures de surface océanique (TSO) pour les saisons à venir. Des évaluations simples basées sur des totaux saisonniers montrent des performances modérées sur l’Afrique de l’Ouest au cœur de la saison des pluies au Sahel (juillet à septembre). Cependant, les caractéristiques sub-saisonnières de la saison des pluies sont souvent plus importantes pour les utilisateurs des prévisions saisonnières que les seuls totaux précipités. L’occurrence d’une séquence sèche longue, plus particulièrement pendant une phase cruciale du développement de la culture, peut être plus néfaste que des pluies de faible intensité mais réparties uniformément pendant la saison. Jusqu’à présent on trouve peu d’études de la prévisibilité de telles caractéristiques à partir des sorties de modèles et de leurs applications dans différents secteurs en Afrique de l’Ouest. Des analyses effectuées pour d’autres régions sub-arides, telles le Nordeste brésilien et l’Afrique de l’Est, suggèrent que les sorties de modèles numériques contiennent des informations sur les caractéristiques sub-saisonnières, comme la fréquence des séquences sèches /pluvieuses,  utiles dans le secteur agricole.

Nous nous proposons d’évaluer la simulation des caractéristiques sub-saisonnières en Afrique de l’Ouest centrale (Côte d’Ivoire, Burkina Faso, Mali) par le MCG ECHAM 4.5. Le potentiel pour la prévision des rendements sera également estimé pour les principales cultures de la région à partir de données des rendements depuis les années 70.

Mots clés : variabilité et prévisibilité des précipitations, caractéristiques sub-saisonnières, prévisions saisonnières dynamiques, Modèles de circulation générale de l’atmosphère, prévisibilité des rendements agricoles, Afrique de l’Ouest centrale.
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Prévisions climatiques saisonnières en Afrique de l’Ouest : application à la prévision des rendements agricoles dans les pays du CILSS
Seydou B. TRAORE
Centre Régional AGRHYMET, BP 11011, Niamey, Niger 

Les prévisions saisonnières en Afrique de l’ouest (PRESAO) donnent une appréciation qualitative de ce que va être le cumul pluviométrique par rapport à une situation moyenne. Cependant, pour la production agricole, il est très important de connaître, au-delà du cumul saisonnier, la répartition temporelle des pluies afin de pouvoir apprécier la satisfaction des besoins en eau des cultures à différents stades de leur développement, et d’en prévoir les rendements. Cette prévision des rendements s’effectue à l’échelle du Sahel au Centre Régional AGRHYMET (CRA) avec le modèle de simulation du bilan hydrique DHC (Diagnostic Hydrique des Cultures). Ce modèle a été mis au point depuis la fin des années 1980 et transféré au CRA et à ses composantes nationales. Il a évolué des versions stationnelles qui utilisent les données pluviométriques du réseau classique de mesures des services météorologiques nationaux à une version spatialisée utilisant les champs pluviométriques estimés à partir des images du satellite METEOSAT (Samba, 1998).

Les deux versions actuelles du modèle, DHC4 et DHC_P, ont toutes été programmées pour effectuer le suivi décadaire de l’état hydrique des cultures et donner des rendements prévisionnels à partir de la fin Août. Le choix de la fin Août était motivé par la volonté de réduire la marge d’erreur que l’on avait en essayant de prévoir les rendements avant cette date. Cependant, lorsque le démarrage de la saison connaît des difficultés et que les semis des cultures vivrières continuent au-delà de la fin juillet dans les des zones agricoles comme cela a été le cas en 2002, les populations et les autorités s’interrogent sur l’issue probable de la campagne. Ces inquiétudes sont justifiées non seulement par le fait que l’avènement de la fin de saison dans les zones soudano sahéliennes est relativement moins variable que le début (Stern et al. 1982 ; Tékété et Sivakumar, 1990) et qu’un début tardif n’implique pas forcément une fin tardive (Traoré et al. 2000), mais aussi parce que les retards de semis ont généralement pour conséquence la baisse du potentiel productif des variétés de mil et sorgho cultivées par les paysans de ces zones (Kassam et Andrews, 1975 ; Craufurd et Bidinger, 1988 ; Bacci et al., 1998).

Afin de pouvoir prévoir les rendements à partir des prévisions saisonnières issues du processus PRESAO, nous avons procédé à l’analyse fréquentielle des données pluviométriques décadaires sur la période 1961-1990 sur l’ensemble des postes pluviométriques des pays du CILSS. Ces résultats d’analyse fréquentielle ont par la suite été interpolés spatialement (par krigeage) pour obtenir des cartes de pluies décadaires atteintes ou dépassées aux fréquences 25, 50 et 75% pour représenter respectivement les hypothèses d’une année bonne (supérieure à la normale), moyenne (normale) et mauvaise (inférieure à la normale) (Traoré, 2002).

Pour effectuer les prévisions de rendements à une date donnée, nous utilisons, pour les décades dont les données n’ont pas encore été observées, les données fréquentielles selon l’hypothèse retenue par les prévisions PRESAO. Ces prévisions sont mises à jour à la fin de chaque décade en remplaçant les données fréquentielles par celles transmises par les services météorologiques des pays.

Afin de prendre en compte l’effet du décalage de la date de début de saison sur le potentiel de production, les rendements obtenus à la suite de ces simulations sont pondérés par le rapport des dates moyennes de début sur les dates de l’année en cours. Ce rapport est supérieur à 1.0 quand la saison est en avance, et inférieur à 1.0 quand elle est en retard.

Les résultats des prévisions effectuées au 30 juin 2005 en utilisant les hypothèses de PRESAO-8 ont permis d’anticiper des rendements supérieurs à la moyenne dans les zones sahéliennes et équivalents dans les zones soudaniennes des pays du CILSS (Traoré, 2005). Ces prévisions se sont vérifiées par la suite, au vue de estimations faites au 30 septembre 2005 avec les données réelles obtenues du terrain, ce qui démontre l’intérêt de la méthode. Toutefois, il y a lieu de signaler que ces prévisions et estimations de rendements ne tiennent pas compte de l’effet des attaques de déprédateurs, des inondations, des disfonctionnements d’ordre socio-économiques et tout autres facteurs pouvant contribuer à réduire la production agricole. A l’issue de ces travaux, nous formulons des suggestions à l’attention des prévisionnistes du climat, afin qu’ils tiennent compte du rôle déterminant des pluies du mois de juin pour la production agricole dans la sous région Ouest Africaine. Aussi, il serait souhaitable d’avoir une échéance de prévision des pluies plus courte, même si qualitative, que celle actuelle qui est de trois mois (Juillet-Août-Septembre). Ceci permettra de mieux adapter les prévisions climatiques aux besoins des utilisateurs du domaine de l’alerte précoce pour la sécurité alimentaire. 
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Seasonal climate forecasts in West Africa : application to crop yield forecasting in CILSS member countries

Seydou B. TRAORE
Centre Régional AGRHYMET, BP 11011, Niamey, Niger
Seasonal climate forecasts in West Africa, commonly known as PRESAO, (Prévisions Saisonnières en Afrique de l’Ouest), give a qualitative appreciation of what cumulative rainfall is to be expected during the July-August-September (JAS) period relative to the average situation.

However, for agriculture, it is important to know, besides the seasonal total amount, the temporal distribution of rainfall for the assessment of crops water requirement satisfaction at different growth stages and predict their yields. This yield forecasting is done at the AGRHYMET Regional Centre using the DHC (Diagnostic Hydrique des Cultures) crop water balance simulation model. A methodology was developed to generate quantitative data for input to the DHC model and get yields forecasts, once the PRESAO results have been publicised.

The outputs for the year 2005 indicated that average to above average yields were expected in all agricultural zones of CILSS member countries from Senegal to Chad. However, these forecasts did not take into account the effects of crop pests, flooding, socio-economic distortions or any other factor that might have negatively affected the yields. Some recommendations are made toward the scientific community for adapting climate forecasts to users needs in the food security sector.
Contact : S. Traoré (s.traore@agrhymet.ne)
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Methods for Predicting Rainfall Impacts on Crops
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Seasonal climate prediction offers the potential to anticipate variations in crop production early enough to adjust critical decisions.  Process-oriented crop simulation models translate our understanding of how crop growth and development interact with weather and management into quantitative yield forecasts.   Interest in linking seasonal forecasts with crop models is motivated by: (a) the need for information that is directly relevant to decisions, (b) use for ex ante assessment of potential benefits to enhance credibility and support targeting, and (c) support for fostering and guiding management responses to advance climate information [3].  The task is complicated by the nonlinear, dynamic nature of crop response to rainfall, and a mismatch between the scale of dynamic climate models and crop simulation models.  Crop response is generally nonlinear and often non-monotonic over a range of environmental variability.  Crops respond not to mean precipitation but to dynamic interactions, particularly between soil water balance and phonological stage.  Although GCMs simulate the atmosphere on a sub-daily time step, their coarse spatial resolution distorts the day-to-day variability of rainfall outputs in a manner that adversely affects simulated crop response [1].

An examination of possible information pathways from large-scale seasonal climatic predictors to simulated crop response suggests four categories of methods for coupling the two: (a) classification and analog methods, (b) synthetic daily weather conditioned on forecast: stochastic disaggregation, (c) direct use of (corrected) daily climate model output, and (d) statistical function of simulated response [4].

Equally weighted historic analogs based on categorical predictors, e.g., ENSO phases, remain the dominant method for using seasonal forecasts with crop simulation.  The analog approach is attractive because has an intuitive probabilistic interpretation, it accounts for any year-to-year differences in predictability or “signal strength,” and it readily incorporates any useful predictive information about higher-order statistics beyond seasonal climatic means.  Concerns about sample size within categories and resulting risk of artificial skill, and about whether analogs use the best predictive information that climate science has to offer, are motivating research into methods for using the output of dynamic climate models directly for crop simulation applications.  Approaches based on “weather types” at a daily time scale offer some promise for predicting aspects of rainfall variability within the growing season and across space, but so far have been used more as a diagnostic than a predictive approach.

Forecast seasonal or sub-seasonal climatic anomalies can be disaggregated into the daily series that crop models require, using stochastic weather generators.  Climate change impact studies have advanced understanding of how to adjust the input parameters of stochastic weather generators to generate statistics of interest.  An alternative approach, constraining weather generator outputs to match target climatic means, does not require any a-priori assumption about the relative role of rainfall intensity vs. frequency, and is more efficient in the sense that it requires fewer replicates to achieve given level of accuracy [5].

Crop simulation with daily climate model output has the potential to capitalize on any information about within-season variability that GCMs provide, but must deal with the distortion of daily variability that occurs when averaging weather within GCM grid cells [2, 8].  Daily CGM rainfall can be calibrated to a local station by first fitting a threshold that reproduces the climatological rainfall frequency, then mapping the distribution of GCM rainfall above the threshold onto the climatological intensity distribution [7].

The final alternative that we consider is to condition the output of a crop model, simulated with historic weather data, on seasonal rainfall predictors using an appropriate statistical transfer function.  This approach bypasses the need for daily weather data conditioned on the forecast.  However, it must treat the relationship between seasonal climate predictors and simulated crop response as static.  At a field scale, the relationship may have poor statistical properties that require nonlinear or non-parametric regression methods [4].  At an aggregate scale, the statistical properties of the relationship between crop response and rainfall predictors may allow the benefits of ordinary least-squares linear regression, possibly with a normalizing transformation [6].  General linear models appear promising, but have not yet been used widely for this purpose.

Several promising areas of research are likely to improve the use of seasonal rainfall forecasts to predict crop yields: (a) expanded evaluation of alternative methods, (b) embedding crop models within dynamic climate models, (c) enhancing the use of remote sensing and spatial data sets, and (d) new avenues of climate prediction research related to “weather within climate.”
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Seasonal climate forecast for impact assessment in food crisis prevention process : case study in Mali
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In Sahelian countries, food security dramatically depends on biophysical environmental characteristics and on climatic hazard. Populations threatened by food insecurity live in ecologically disadvantaged regions, poor in resources and exposed to the effects of desertification and drought. Above all, climate variability is responsible of instability of productions causing food crisis that became more severe the more extended they are. 

In fact, it has been observed that regional scale food crisis, occurring every ten years or more, are characterised by a large reduction in agricultural productions, in particular cereals productions, that represents the primary nutritional base, especially in rural environment. At this scale, the population affected by food crisis is by the order of millions of people, since their survival depends by the capability of International Organization of providing food aid in appropriate time. 

Considering the problems related to the organisation and logistics of interventions, experiences carried on in the recent past, give evidence that a critical factor is the timely distribution of commodity aid. In fact, the wide extension of Sahelian area is characterised by an insufficient transport network (roads, railways, airports) for ensuring the timely displacement of commodities to the less accessible areas. 

On the other hand, in local crisis occurring every year, the critical factor is represented by the capability to early identify the people or the groups of people that need intervention and activate the more efficient strategies of prevention and aid. 

For this reasons, the prevention and management of food crisis increasingly necessitate of the capability of incorporating the different information generated along the agro-pastoral campaign into an integrated process of decision-making. In this context, the capacity of understanding, as a work in progress, the crisis degree of severity as well as the localization of affected population, is crucial to start a coordinated ensemble of actions aiming at the mitigation of impacts for affected areas or group of people and evaluate the efficacy of the actions undertaken.
In this context, seasonal rainfall forecasts, providing an outline of the course of the agricultural season, represent in the above-mentioned approach, the first step for the identification of the level of crisis. Currently the seasonal forecasts available for the Sahelian area are inappropriate in terms of spatial and temporal resolution to satisfy the information needs of decision makers.
Between different seasonal rainfall forecast methodologies, currently used for operational scopes, the method of analogous implemented by IBIMET CNR in the framework of Sahel Resources Project (Italy) represents an interesting option. This method is based on the analysis of Sea Surface Temperature (SST) in three main climatologic zones influencing the African monsoon. The study involved the monthly SST data by NOAA observed in 1979 – 2002 and the GCPC data referred to the same period. The relationship between the SST of historical series of months going from March to May and the SST of current month lead to the identification of analogous years.

The rainfall forecasts are then computed considering the rainfall values from GPCP dataset (1979-2002) in the homogeneous years: rainfall data are projected in grids with 2,5° resolution for the months of June, July and August and also cumulated in a unique seasonal data. The final product is constituted by images representing the proportional anomaly on the mean GPCP value.

In this work, the outputs of this methodology have been used at regional scale for the 2004 season as input for a model of yield forecast for the main cultures (millet and sorghum) based on a linear relationship rainfall-yields. The analysis of results allowed to exclude the hypothesis of a food crisis at regional scale for the year 2004, showing nevertheless a number of restricted areas of probable crisis, placed in the deeper zones of Sahelian region (Mali, Burkina Faso, Niger, Tchad). 

In order to evaluate the impact of a yield anomaly on food security in risk areas, it is crucial to establish its relationship with the structural context of the territory and in particular with the coping capacity of people living in the affected areas, a concept better known as vulnerability.

In fact, the early detection of vulnerable areas impacted by risk events is a strategic factor for decision-making in the domain of prevention and management of food crisis at different scales (regional, national, sub-national). 

In the current study, the impacts determined by the forecasted yield anomalies have been then analysed at national and sub-national scale. In particular, the results for the agricultural season 2004 have been used as input to characterize the current situation compared to the reference one based on time series average, focussing on a case study for Mali. 

This evaluation, aiming at the identification of the impact of yield anomalies on the commodities balance for a given administrative unit was carried on with a sensitivity analysis thanks to a dedicated software developed by AGRHYMETY Regional Centre. This capability is expressed through a synthetic indicator, the Cereal Need Virtual Satisfaction Rate (CNVSR). The CNVSR provides an estimation of vulnerability of an area based on the capability of the agricultural sector of providing the satisfaction of primary nutrition needs to the resident population. 

In the analysis, non-cereal productions have been transformed in cereal equivalents based on market prices. The total have been compared with the official cereal consumption rates established by the CILSS for on the base of the nutritional behaviour of each country; in the case of Mali 204 kg of cereals per inhabitant per year.

The results of simulation for year 2004 were then compared with the structural data  of CNVSR computed in the period 1985 – 2000, with the aim of highlighting third level administrative units (cercle) in which a consistent negative variation of CNVSR is forecasted as a consequence of the predicted seasonal rainfall regime. Moreover, a particular attention was given to those zones that, as a consequence of the rainfall anomaly, passed from self-sufficiency/equilibrium to a deficit situation.

Furthermore, this prediction framework was compared with the results provided by the end of the agricultural season (November) by National Early Warning System (SAP) based on ground data.

Starting from this comparison we have evidence of how sensitive areas identified by mean of seasonal forecast largely overlaps with the ones established through the coarser scale vulnerability assessment (villages). Differences between the two analyses are attributable to the presence of risk factors that are not directly related to rainfall anomaly such as the impact of desert locust plague and the related price growth. 

Finally, the results of the analysis carried on for the case study in Mali for year 2004, shows that a appropriate use of seasonal forecasts, inside a framework of convergence with other analysis and monitoring tools, represents a crucial factor for prevention and management of food crisis. 

The possibility of improving the suitability of predictions through a better spatial and temporal resolution is a priority element for improving the response of simulation models able to translate rainfall anomalies into main crops yield variations. 

The production of impact assessment scenarios, by mean of the evaluation of the effect of yield anomalies on the vulnerability of the territory, allows to significantly contribute to the correct identification of sensitive areas and consequently evaluate which actions have to be undertaken, in relation to structural characteristics, in order to effectively prevent food crisis.
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Utilisation des prévisions climatiques saisonnières pour l’évaluation des impacts dans la prévention des crises alimentaires : le cas d’étude du Mali

A. DI VECCHIA, L. GENESIO and P. VIGNAROLI

Institute of Biometeorology, National Research Council, IBIMET-CNR, Florence, Italy
Dans les pays sahéliens, les caractéristiques de l’environnement biophysique ainsi que l’aléa climatique influencent de façon déterminante la sécurité alimentaire. La population touchée par l’insécurité alimentaire vit pour la plupart dans des régions désavantagées du point de vue écologique, pauvres en ressources et touchées par les effets de la désertification et de la sécheresse. En particulier, la variabilité climatique est la responsable principale de l’instabilité des productions et par conséquent des crises alimentaires dont la gravité devient de plus en plus marquée en fonction de  leur étendu.      

L’analyse des crises à l’échelle régionale – qui se vérifient moyennement à intervalles de dix ans ou plus – a montré comment elles se caractérisent normalement par une réduction importante des productions agricoles et tout particulièrement des productions céréalières qui représentent la principale source alimentaire en milieu rural.     

A cette échelle les populations touchées par l’insécurité montent à des millions d’habitants, dont la survie découle en premier lieu de la capacité des Organismes Internationaux d’acheminer l’aide alimentaire à temps 

Les expériences réalisées dans le passé ont montré clairement comment le facteur critique primaire doit être recherché en premier lieu dans la capacité de mobiliser l’aide international et de procéder à sa distribution le plus tôt possible en dépit des nombreuses contraintes d’ordre environnemental et logistique.  Le Sahel est, à tout effet, une large étendu territoriale qui se caractérise par un réseau de communication (route chemin de fer, aéroports) ne permettant pas d’assurer un transfert rapide de l’aide alimentaire aux zones les plus enclavées.    

Dans la gestion crises localisées, dont la fréquence est annuelle, le place de choix est par contre représentée par un correct ciblage des populations ainsi que des groupes socio-économiques les plus sensibles afin de mettre en œuvre les stratégies ainsi que les moyens de prévention et d’aide les plus appropriées et les plus efficaces. 

La prévention et la gestion des crises alimentaires demande ainsi de plus en plus la capacité d’intégrer les différentes informations générées tout au cours d’une campagne agropastorale dans un processus organique de prise de décision. Dans un contexte pareil, la capacité d’appréhender de manière progressive et transparente le degré de gravité de la crise ainsi que la localisation de la population touchée devient un élément décisif afin d’engager un ensemble coordonné d’actions ayant pour but l’atténuation des impacts au niveau des zones et des populations cibles et, par la suit, l’évaluation de l’efficacité des mesures entreprise.

Face à ce schéma, les prévisions saisonnières de pluie peuvent contribuer à une première caractérisation de la saison en cours. Dans ce sens elles sont le premier escalier pour aboutir à une évaluation très précoce du niveau de crise qu’on devra s’attendre, parfois avant le démarrage de la saison des pluies. Cependant il y a lieu à constater que jusqu’au présent les prévisions saisonnières rendues disponibles au niveau de la région sahélienne comportent une série de limitation d’ordre spatiale ainsi que temporale qui les rendent à tout effet inappropriées à répondre aux besoins d’information des décideurs.
Parmi les nombreuses méthodologies utilisées à fin opérationnel pour la prévision saisonnière des pluies, la méthode ainsi dite des homologues développée par le CNR IBIMET dans le cadre du projet Ressources Sahel (Italie), peut représenter une alternative possible aux modèles probabiliste actuellement utilisés dans la région pour mieux répondre à un tel souci. Telle méthodologie se base sur la relation existant entre l’entité des phénomènes pluvieux et les anomalies de Température Superficielle de la Mer (SST) enregistrées au niveau de trois zones climatologique qui semblent influencer particulièrement la dynamique de la  mousson africaine.  Elle utilise comme élément d’entrée la série des données mensuelles de  SST produites par la NOAA (National Oceanic and Atmospheric Administration)  sur la période 1979 – 2002, ainsi que les données de pluies issues du Global Precipitation Climatology Project (GPCP) couvrant le même intervalle temporaire.

Les relations parmi les données historiques des anomalies de SST pour les mois allant de mars en mai et celles se référant à l’année courante permettent d’aboutir à l’identification de l’année homologue. Les prévisions de pluies pour le trimestre juin juillet août sont par la suit générées tout en considérant les données GPCP de l’année identifiée comme étant l’analogue de l’année courent. Les prévisions de pluies sont rendues disponibles sous forme maillée à une résolution de 2.5° soit à une échelle mensuelle soit comme cumul trimestriel. Les produits en sortie portent aussi sur les images des anomalies de pluies en valeur absolue ainsi qu’en pourcentage par rapport à la moyenne des pluies issues des données GPCP sur la période de référence (1979-2000). 

Se référant en particulier à l’analyse conduite à l’échelle régional, les données prévisionnelles de pluie se référant à l’année 2004 ont été employés comme entrée d’un modèle d’estimation des rendements des principales cultures alimentaires (mil et sorgho) basée sur une relation linéaire avec les pluies. L’analyse des résultats ainsi obtenus dès le début du mois de juin a autorisé à retenir peut probable l’hypothèse d’une crise à niveau régionale ainsi que sub régionale.  Cependant des zones caractérisées par des situations de crises localisées ont été envisagées au niveau des parties le plus internes de la région sahéliens (Mali, Burkina Faso,  Niger et Tchad).

Pour mieux comprendre l’impact des anomalies des rendements sur la sécurité alimentaire des terroirs marqués comme étant à risque, il est toutefois opportun procéder à une analyse de vulnérabilité qui prend en compte les caractéristiques structurelles de ces zones, avec une attention particulière aux stratégies productives et aux capacités de réactions de la population y vivant. A cet effet, l’identification précoce des zones vulnérables aux facteurs de risque envisagés par les prévisions saisonnières peut représenter un atout  pour le décideur, en permettant la mise en place d’actions spécifiques,  mirées à la prévention ainsi qu’à la gestion des crises alimentaires à différentes échelles (régionale, nationale et sub-nationale).

Selon cette approche l’étude présente se focalise sur l’analyse des impacts engendrés par les anomalies des rendements observée au Mali au cours de l’année 2004 à une échelle nationale et sub nationale par comparaison de la situation courante avec celle de référence. Une telle évaluation a été réalisée par le biais d’une analyse de sensibilité réalisée à travers l’utilisation d’un software spécifique mis à point par le Centre Régional AGRHYMET qui se propose de mettre en évidence l’impact engendré par ces anomalies sur les capacités alimentaires d’une unité administrative donnée. Cette mesure a été exprimée par un indicateur de synthèse, le Taux Virtuelle de Couverture des Besoins Céréaliers (TVCBC) qui fournit une estimation de la vulnérabilité d’une zone sur la base des capacités du secteur primaire d’assurer la couverture des besoins alimentaires des habitants. Dans l’analyse, les cultures non céréalières (cultures de rente et productions zootechniques) ont été transformées en céréales équivalentes aux prix du marché et sommées par la suit aux disponibilités céréalières. Le total ainsi obtenu a été confronté avec les normes officielles de consommation des céréales établies par chaque pays du CILSS sur la base des habitudes alimentaires de la population. Pour le Mali les quantités  fixées par ces normes montent à 204 kilos de céréales par habitant et par année.

Les résultats de la simulation se référant à l’année 2004 ont été comparés avec les valeurs de référence de TVCBC établi sur la période 1985 – 2000 afin de mettre en évidence les unités administratives de troisième niveau (Cercles) pour lesquelles l’on prévoit une variation négative consistante du taux de couverture en conséquence du régime de pluie prévu pour la saison en cours. Dans ce sens, une attention particulière a été réservée aux  zones qui suite aux anomalies de rendements ont vu leur bilan passer d’une situation d’autosuffisance à une de déficit.

Le cadre prévisionnel ainsi obtenu a été finalement confronté avec les résultats fournis à la fin de la saison agricole  (novembre) par le Système d’Alerte Précoce du Mali (SAP/Mali) sur la base des données de terrains collectées tout au cours de la campagne dans les zones couverte par le service.

Les résultats de cette comparaison montrent que les zones sensibles identifiées sur la base des prévisions saisonnières calquent pour la plupart celles établies par le SAP suite à une évaluation de la vulnérabilité à une échelle plus fine (communes et localités). Les différences constatées parmi les deux analyses sont imputables aux impacts engendrés par d’autres facteurs de risque, quels l’invasion des criquets pèlerins ainsi que la montées des prix à la consommation des céréales de base qui ne sont pas directement liés aux anomalies des pluies.

En conclusion, les résultats se référant au cas d’étude Mali pour l’année 2004 montrent que l’utilisation appropriée des prévisions saisonnières dans un cadre de convergence de plusieurs outils de suivi de la  campagne agropastorale peut jouer un rôle déterminant dans la prévention ainsi que la gestion des crises alimentaires. La possibilité d’améliorer  la confiance des prévisions face à une meilleure résolution spatiale et temporale revêt à tout effet une place prioritaire  afin de rendre plus performant la réponse des modèles de simulation qui doivent traduire les anomalies de pluie en variations de rendements  pour les cultures les plus importantes.

En autre, la création de scénarios d’évaluation des impacts engendrés par ces variations de rendement sur le niveau de vulnérabilité des différentes zones donne une contribution significative pour  une meilleure identification des parties du territoire les plus vulnérables ainsi que des actions les plus opportunes à mettre en œuvre par rapport à leurs caractéristiques structurelles afin de prévenir efficacement le risque de crises alimentaires.
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Rainfall and Agriculture in Central West Africa: Predictability of Crop Yields in Burkina Faso
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Stern et al. (1982, p. 223) noted : “Rainfall governs crop yields…determines the choice of crops that can be grown…important questions are…the start, end and length of the rainy seasons, the distribution of rainfall amounts through the year, and the risk of dry spells.”  In this paper, the relationships between rainfall and crops are explored through variability in yields, which integrate both acreage and production and strongly reflect rainfall variability.  Not only are yields economically important to farmers, but also they are good indicators for the assessment of agricultural change, by indicating the efficiency with which the environment has been used for farming.

A national scale analysis of three crops, cotton, maize, and rice is undertaken for Mali, Burkina Faso, and Côte d’Ivoire to reveal how variations in crop yields are related to rainfall variability.  These crops are chosen because they are the three crops whose data are consistently available since 1970.  In addition, this paper explores the potential benefits of crop yield forecasting system through the predictability of crop yields in Burkina Faso.  It explores how crop productivity and farming operations such as planting and harvesting for six crops (cotton, peanuts, maize, millet, rice, and sorghum) may be related to climate and environmental predictors such as rainfall (observed and estimated values), sea surface temperature, and normalized difference vegetation index.  

Key Words : Rainfall, Agriculture, Variability, Predictability of Crop Yields, Central West Africa
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Précipitations et Agriculture en Afrique Occidentale :  la Prévision des Rendements Agricoles au Burkina Faso

Pauline DIBI KANGAH
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Stern et al. (1982, p. 223) ont noté que «les précipitations influent sur les rendements agricoles...déterminent le choix des variétés culturales à planter...les questions importantes à répondre sont...le début, la fin et la durée des saisons de pluie, la distribution des quantités de précipitations au cours de l'année, et les risques d’occurrence des pauses pluviométriques».   Dans cette étude, les liens entre les précipitations et les récoltes sont analysés à travers la variabilité des rendements agricoles, qui intègrent les surfaces cultivées et les productions qui reflètent aussi les variabilités pluviométriques.  En effet, les rendements sont non seulement économiquement importants pour les fermiers, mais ils sont également de bons indicateurs pour évaluer les changements agricoles, en indiquant l'efficacité avec laquelle l'environnement a été exploité à des fins agricoles.  

Une analyse à l’échelle nationale de trois cultures (coton, maïs et riz) a été réalisée sur le Mali, le Burkina Faso, et la Côte d'Ivoire pour montrer comment les variations des rendements agricoles sont liées à la variabilité des précipitations.  Ces trois cultures sont choisies parce qu'elles sont celles dont les données sont continues depuis 1970.  En outre, cette étude explore les avantages potentiels des prévisions de rendements agricoles au Burkina Faso.  Elle analyse comment on peut prévoir les rendements et les opérations agricoles telles que les semis et les récoltes de six cultures (coton, arachide, maïs, mil, riz et sorgho) à travers les indicateurs climatiques et environnementaux tels que les précipitations (valeurs observées et estimées), les températures de surface de la mer, et les indices de végétation.  

Mots clés : Précipitations, Agriculture, Variabilité, Prévision des Rendements Agricoles, Afrique Occidentale
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The EGEE3/AMMA experiment
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The EGEE experiment is the oceanographic component of the AMMA program. It focuses on the oceanic circulation and on air-sea interactions in the Gulf of Guinea. Part of this program, EGEE3 will take place in May-July 2006. The main scientific objectives are to document: (1) the seasonal and inter-annual variability of the circulation through repeated trans-equatorial sections with hydrological and current measurements; (2) the processes leading to the strong boreal summer cooling of sea surface temperature along the Equator and at the coast and its link with the African Monsoon. The role of sea surface fluxes will be investigated through continuous measurements of surface fluxes; radio-soundings twice a day and oceanic mixed layer properties with drifting buoys. This data set will be used to document the monsoon flux over the Gulf of Guinae, to derive bulk flux parameterizations, produce gridded fluxes, model and determine oceanic and atmospheric mixed layer processes, validate operationnal oceanic/atmospheric models, and also to test new methods for reconstructing gridded fluxes form satellite.

Le programme EGEE est la partie océanographique de AMMA. Il vise à documenter la circulation océanique et les interactions océan-atmosphère dans le Golfe de Guinée. La campagne EGEE3 fait suite à EGEE1 et EGEE2 et aura lieu entre mai et juillet 2006, lors des SOP1 et SOP2. Ses objectifs scientifiques sont: (1) l’étude de la variabilité saisonnière de la circulation océanique réalisée grâce à des sections trans-équatoriales déjà réalisées lors de campagnes antérieures à l’aide de mesures hydrologiques et courantométriques; (2) l’étude des processus de surface conduisant à la forte évolution des températures de surface de la mer, son lien et son rôle sur la Mousson Africaine. Des mesures continues de paramètres météo-océaniques et de flux seront réalisées, ainsi que des radio-sondages. Des bouées donneront des renseignements sur la couche de mélange océanique. Toutes ces données permettront de documenter le flux de mousson sur le Golfe de Guinée, de reconstituer et de valider des champs de flux grillés à fine échelle; de modéliser l’océan superficiel; de déterminer les processus océaniques de sub-surface ainsi que dans la couche limite atmosphérique; de valider des modèles opérationnels; enfin de tester des méthodes de restitution de flux par satellite.

Scientific objectives

The Equatorial Atlantic Basin is a region of important climatic sea surface temperature (SST) variability.  This variability is highly correlated with land rainfall anomalies, on the South American continent (Nordeste in Brazil) and on the African continent, as well as with the position and extension of the Monsoon system (Vizy and Cook, 2001).

One important question for the monsoon problem is the marked seasonal cycle in the Gulf of Guinea (GG),  associated with the development of a coastal up-welling and the development of the "cold tongue", a SST cooling which appears in boreal summer, starting in the South-Eastern part of the basin and rapidly reaching the middle of the Equatorial basin.  This system, largely influenced by the establishment of the south-westerly winds of the monsoon, tends to establish a large meridian SST gradient in the GG.

The variation of the SST is also largely dependent of the complex current system.  In the northern part of the GG, the circulation is dominated by the Eastward Guinea Current, which is sometimes considered as the extension of the North Equatorial Counter Current in boreal summer. Like in the Pacific, the circulation is characterised by the eastward Equatorial Undercurrent underlying the westward South Equatorial Current.  However, the circulation in the eastern part of the GG is complex, highly variable and not well documented (Bourlès et al., 2002; 2003).

Consequently, the processes that modulate the SST in this part of the Atlantic are largely unknown (Foltz et al., 2003).  SST is influenced by the surface fluxes related to the wind enhancement associated to the Monsoon, especially through the latent heat, but also depends on the upper circulation due to advection.  The contribution of these processes and also of vertical advection associated to the development of up-welling and of the cold tongue is thus to be determined.

In addition, the salinity field in the eastern part of the GG is dominated by a large freshening, due both to large precipitation rates and river runoff, principally due the presence of the Congo and Niger rivers. This freshening is able to modify the stability in the oceanic upper layers and the vertical mixing in the mixed layer, thus influencing the SST evolution.

In order to illustrate the annual and latitudinal variation of the SST, Figure 1 shows these variations deduced from the last 10 years Reynold SSTs.  SSTs were averaged over a band 8 degrees of longitude from 4°W to 4°E.  In April the SST is at a maximum at all latitudes, with a North to South gradient of 2°C over 14° of latitude.  After the monsoon jump at the end of June, an intense cooling is observed until September with an increase of the latitudinal gradient which reaches 3° to 4°C over 14° of latitude.  From October to April, the SST increases regularly with an excess of heating in the southern part of the basin in order to re-establish the initial latitudinal gradient.
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Figure 1: latitudinal and monthly variations of 10 years Reynold’s SSTs averaged over a band 4°W-4°E over the GG.

The different scientific questions to be addressed during the SOP and LOP concerning the air-sea interactions are:

- what is the role of the surface fluxes in the evolution of the oceanic upper layers and what is the role of the monsoon in modifying these fluxes?

- what is the oceanic response to the monsoon (Ekman transport, development of up-welling), and how does this response affect the evolution of the SST, mean mixed layer temperature/salinity and mixed layer depth?

- what are the transfers through the mixed layer base, what is the importance of the vertical velocity, of the vertical advection, specifically in the up-welling regions; in which part of the Equatorial Basin does the vertical velocity play its major role?

- what is the effect of SST, especially of the SST fronts associated with the cold tongue and coastal up-welling on the atmospheric mixed layer and how does this mixed layer influence the monsoon flow?

- what is the role of salinity, especially its freshening in the eastern part of the GG, the role of precipitation/runoff on the stability of the mixed layer and its influence on the temperature profiles?

- do the parameterizations of the turbulent heat fluxes or reconstruction of the turbulent heat fluxes from satellites allow us to reconstruct basin scale flux fields and what is their ability in forcing oceanic mixed layer models?

- do NWP models succeed in producing heat, freshwater and momentum fluxes?  Do oceanic models (MERCATOR, CLIPPER) succeed in modelling the top layers, the characteristics of the mixed layer and the current systems along the Equator and in the GG?

The experimental strategy 

The EGEE program consists of different campaigns at sea, where in-situ data will be collected during the specific periods defined in AMMA. In order to complete the EOP, two campaigns were realised in 2005 (EGEE1 and EGEE2, Bourlès et al., 2005) and two are programmed for 2006 (EGEE3) and 2007.  During these three years, great attention will be given to document inter-annual variability (currents, development of the cold tongue and of up-welling) during specific periods of the year when these oceanic conditions are present.

During the SOP, a larger component of the program will be given to air-sea interactions. EGEE3 will thus be largely dedicated to the upper ocean and to the coupling with the marine atmospheric boundary layer. Outside the intense observation periods, operational in-situ data arrays will be used: the PIRATA buoy array and a specially equipped met-station installed by IRD on the Island of São Tomé, as well as numerical model output and satellite products.
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Figure 2: Ship trajectory planned

during EGEE3 and the position of 

the PIRATA buoys.
The EGEE3 campaign will thus take place between the end of May 2005 and the beginning of July. Three main requirements were taken into account for the experimental strategy: (1) the two legs were programmed in order to take place before the monsoon jump (which takes place climatologically around the end of June) and the second one just after: (2) during this period, the development of the cold tongue across the Equatorial Basin and the establishment of the northern coastal up-welling will occur and will be documented through specific North to South cross sections; (3) the section at 3°E is programmed to be covered twice, at the end of each legs so that coupled ship and aircraft measurements can be achieved at the same time; (4) the maintenance of the PIRATA buoys at 3°E, 0°W and 10°W; the deployment of a new PIRATA buoy at 8°E; 6°S (if funded) and a fixed point in front of the island of São Tomé where a met-station has been specially installed for AMMA/EGEE in order to compare ship and on-land data series.

Figure 2 portrays the 2 legs and the direction along their trajectory that will be covered by the ship R/V ATALANTE during EGEE3. The western part of the GG will be covered from 26 May to 15 June 2006 and the eastern part from 17 June to 6 July 2006. Systematic CTD transects will be carried out that will be associated to the in-situ data arrays, as well as additional XBT measurements between the CTD stations. The Equatorial cross sections will complement similar cross sections that were covered during previous experiments: EQUALANT99 (Gouriou et al., 2001), EQUALANT 2000 (Bourlès et al., 2002) and the EGEE1 and EGEE2 cruises (Bourlès et al., 2005).  

The following data will be collected according to the air-sea interaction program:

- continuous atmospheric measurements with an instrumented mast located on the foredeck of the ship; this mast has been used for several experiments at sea for the past 10 years by the French community (cf. the ALBATROS database (Weill et al., 2003; address:  http://dataserv.cetp.ipsl.fr/) developed in the framework of the AUTOFLUX project, a European project for the measurement and parameterization of turbulent fluxes over sea (Larsen et al., 2003). It can provide air temperature, humidity, atmospheric pressure, horizontal velocity with corrections for airflow distortion due to the ship (Brut et al., 2005), radiative fluxes (incoming solar radiation and incoming infra-red, mounted with a hook’s coupling system),

- continuous SST, salinity and currents velocity measurements; an U.S. invited experiment will be devoted to the skin temperature with the Marine-Atmospheric Emitted Radiance Interferometer (M-AERI) (Minnett et al., 2001),

- continuous measurements of turbulence with the instrumented mast in order to determine the turbulent fluxes (latent heat, sensible heat, wind stress) by applying the inertio-dissipative method, the eddy correlation method and the bulk method (Weill et al., 2003); a licor 7500 analyzer will also be tested in order to estimate latent heat fluxes by a fourth method,

- specific rain gauge and measurements of rain temperature will be installed onboard by the CETP (Paris) to determine the influence of top layer cooling associated with rain,

- drifting buoys (MARISONDE) will be launched; these buoys have a thermistance chain and will be used to document the mixed layer / upper thermocline along their trajectories,

- deep drifting PROVOR profilers will be deployed; these profilers provide T/S vertical profiles from the surface down to 2000m every 10 days, in a ARGO program configuration. With these data, the surface fluxes can be estimated as a residue of the heat budget measured between consecutive profiles and can be a valuated method to evaluate errors of gridded satellite and model flux fields,

- Surface Velocity Profilers (SVP) will be deployed; these surface buoys provide daily their position and the SST, 

- systematic radio-soundings will be launched at synoptic hours in order to complete the ground station array over the African continent and to be assimilated in real time by the NWP models; improved atmospheric fields to retrieve gridded fluxes over the whole GG are thus expected,

- about 100 temperature, salinity, current and oxygen profiles will be carried out during hydrological stations; some profiles will be repeated during a few “long duration –24 to 36h- stations”.

The EGEE3 cruises will be coordinated with 2 other experiments: the German R/V METEOR and US Ron BROWN which is a unique opportunity for covering the Equator Basin during the SOP1 and SOP2. The R/V METEOR cruises (campaigns M68/2 and M68/3) are planed in the framework of TACE (CLIVAR)/AMMA/SOLAS for the period June to August 2006 by the IFM/GEOMAR in Kiel (Chief scientist: Peter Brandt). It will include, besides hydrographic measurements, continuous measurements of SST and SSS, air temperature, humidity, pressure wind and precipitation, global radiation and incoming longwave radiation. Radiosoundings will also be launched twice a day. The ship will settle the eastern Equatorial Basin, from 35°W to 10°W with special deployment of moorings along 23°W in order to quantify advection and vertical mixing in the oceanic surface layers. 

The R/V Ron BROWN is also participating in the AMMA deployment in the framework of the TACE and SOLAS programs. The campaign will be held from end May to mid-July for 44 days along the 23°W from 6°N to 6°S. Similar flux measurements as onboard the R/V ATALANTE are scheduled so as radiosoundings and hydrographic profiles along the section.

Complementary data
During the EGEE3/AMMA experiment, satellite data will be used as a source of data for covering the GG, and as comparison with in-situ data, in order to gauge the quality of the satellite algorithms. The experiment will be an opportunity to collect data to be compared against satellite retrievals of SST, radiative fluxes and wind.  Note that radiative fluxes at sea are not collected systematically and operationally as is done on land stations and there is a crucial need for this kind of data at sea (Marsouin et al., 2005).

Satellite data will be also used extensively to provide data for computing gridded surface flux fields at a fine temporal and spatial scale. Different data centre (i.e. the OSI-SAF) will thus be an important source of data for this program.  Expected data concerns:  SST at a temporal scale of 1hr or 3hr in order to reconstruct the diurnal cycle, winds, radiative solar and infrared fluxes. 

From these fields, specific net heat freshwater and movement flux fields will be derived by using different methods: synthesis approach (Caniaux et al., 2005) or from satellite retrievals (Bourras et al., 2003; Bentamy et al., 2005). With these fields, a hierarchy of oceanic models (see the review by Giordani et al., 2005) can be forced and run to simulate the development of the cold tongue and coastal upwelling, evaluate the processes at play during specific period in the GG. Flux data sets along the ship trajectory or along the MARISONDE buoy trajectories will be used to validate NWP fluxes, satellite retrievals and evaluate the capacity of models to simulate mixed layer processes.
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Ce poster  présente un résumé des objectifs principaux du programme EGEE realize dans le cadre d’AMMA, et des deux premières campagnes océanographiques réalisées en 2005 dans le cadre de l’EOP AMMA. 

Scientific context

The main objectives of the EGEE (Etude de la circulation océanique et de sa variabilité  dans le Golfe de Guinée / Study of the oceanic circulation and its variability in the Gulf of Guinea)  project are to study in the framework of AMMA the oceanic circulation and its variability in the upper layers of the eastern Tropical Atlantic, more precisely in the Gulf of Guinea (GG), through the joint utilization of in situ and satellite measurements along with numerical models results. 

The EGEE project includes different kinds of complementary works, including studies based on in situ and satellite measurements, products validation, numerical experiments, air-sea exchanges and fluxes analysis… (refer to associated posters: Bourlès et al., poster 0.01; Kouadio et al., poster 0.03; Dagorne et al., poster 0.05; Bourlès et al., 0.43; Ayina et al., 3.31; Bentamy et al., 3.32; Bourras & Caniaux, 3.33; Dagorne et al., 3.34; Giordani et al., 3.35, Peter et al., 3.36…)

Most of the works carried out in the framework of EGEE principally aim to better understand the oceanic processes responsible for the SST and mixed layer variability, their impacts on air-sea exhanges, and finally to improve numerical simulations through a better estimate of mixing parameterization. Such studies obviously need dedicated in situ measurements, carried out along same sections during two monsoon phases (late boreal spring and early fall), and during three years, in order to assess both seasonal and interannual variability. 

The EGEE 1 & EGEE 2 cruises

a) general presentation:

Thus, two oceanographic cruises per year will be carried out in the framework of EGEE, during the three years of the AMMA Extended Observation Period (EOP; 2005-2007), and the first two ones have been carried out in June-July 2005 (EGEE 1) and September 2005 (EGEE 2) onboard the R/V LE SUROIT from COTONOU (Benin; see figures 1). The EOP EGEE cruises are mostly dedicated to the study of the variability of the hydrological parameters and currents in the ocean upper layers (see posters 0.01 and 0.43 for details on the SOP dedicated cruises).  

Figures 1 : Maps of EGEE 1 (left)  and EGEE 2 (right) and summarize of works (CTD: blue dots; XBT & XCTD: red and green dots; ARGO profilers: black dots) Red triangles = PIRATA buoys). 
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These cruises allowed to carry out many kinds of works and measurements :

· About 60 hydrological profiles (CTD-O2) and current profiles (L-ADCP) per cruise, along with 11 sea water samplings along the water column (surface to 500m or 1000m) for salinity, dissolved oxygen and nutrients analysis ;

· More than 110 temperature profiles per cruise (XBT);

· Change of the 4 ATLAS buoys of the PIRATA program located in the Gulf of Guinea;

· the deployment of 24 ARGO profilers (18 french PROVOR and 6 US SOLO –coll. S.Garzoli, NOAA/AOML –Miami-USA- that provide temperature and salinity profiles from the surface down to 2000m depth every 10 days) ;

· About 30 sea surface samplings per cruise for salinity, nutrients, CO2, C13 and O18; 

· the deployment of 16 surface drifers (SVP) that provide daily SST and surface current drift measurements (coll. R.Lumpkin, NOAA/AOML-Miami-USA).

·  upper layer current measurements all along the trackline (surface to 200m depth), along with meteorological measurements, SST and salinity (thermosalinograph);

· 12 microstructure profiles along 10°W during EGEE 2 (that allow an estimate of vertical mixing; coll.M.Dengler,  IFM-GEOMAR / Kiel, Germany)

· about 60 sea water samplings during hydrological profiles along 10°W and 3°E during EGEE 2 for Helium analysis (that allow an estimate of vertical upwelling rate; coll. M. Rhein, University of  Bremen, Germany). 
b) Very first observations:

It has first to be noticed that the 2005 seemed to be particular climatic year in the Tropical Atlantic: during the 2005 boreal summer, the SST were very warm in the northern tropical Atlantic (and the north of the GG in May-June), and the SST were very cold along the equator, the south of the GG (cold tongue) and within the eastern coastal upwelling (off Gabon). We observed that the SST decreased from about 5°C around 5°W-Equator in three weeks… According to the Reynolds & Smith climatologic index, 2005 was the coldest equatorial upwelling observed in June since 1981 (-1.5°C in June 2005 within the 5°W-1°5W longitude band and 3°S-Equator latitude band ; not shown). SST lower than 19°C has been measured off Gabon on July 2, 2005. In September, the SST consequently increased along the equator and the coastal upwelling from Ivory Coast to Benin can be observed. 
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The surface measured currents allow observing different patterns:

· The Guinea Current (eastward current located north of the equator) is relatively weak in June (note that the first section between Benin and 0-0, where the GC may appear weak or even reversed, was done at the very beginning of the cruise), and well developed in September, when it appears with meanders at 2°N ;  

·  the eastward flows measured at the equator along 10°W in June and September and at 3°E in September seem to be a signature of the surfacing of the Equatorial UnderCurrent, that is linked to the equatorial upwelling (upward movement of the thermocline and of subsurface / cold waters);
c) Conclusions:

The EGEE cruises have been detailed in quasi-real time by internet, and a description can be found at:  http://www.brest.ird.fr/actualites/actu_sept_05.htm. A very important number of measurements have been carried out during the EGEE1 and EGEE 2 cruises, and different studies will be initiated thanks to these data. For example the SST distribution in the GG during the monsoon onset will be studied in relation with the relatively strong observed winds during EGEE 1 cruise (along with precipitation anomalies in the west Africa), the mixed layer depth and the measured currents. The data treatment and validation steps are still in progress, and a first data set should be available in mid-2006. A data report will be provided (that should be also available through the AMMA/EGEE web page : :http://www.brest.ird.fr/activites/act_LEGOS_Brest.htm). 
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Abstract

During fio recent oceanographic cruises,
Biozaire ITI (December 2003) and Pirata-FR12
(February 2004) a serie of carbon dioxyde system
‘parameters have been collected in the Gulf of
Guinea and the Tropical Atlantic Ocean. Tofal
alkalinity (TA) and dissolved inorgasic carbon
(DIC) have been measured with high precision
using a potentiometric method and infernationl
standards. The seasurface disiributions of both
TA and DIC are closely related to salinity and
selationship are established for a large range of
salinity in this region (23 < SSS < 36.5). The
seasurface partial pressure of CO; (pCO3)
distribution has been also calculated from the
‘pairs TA and DIC. In the Gulf of Guinea the
spatial vaiabilty of pCO is very high, with
values ranging from 250 to 400 atm. In this
segion ocean waters act as a CO; sink or source
for the atmosphere. In the equatorial zone of the
eastern atlantic we observed that during February
2004 the ocean was undersaturated with sespect to
atmospheric COy. These new observations
contrast with previous reparts as this region is
generally considered as 2 permanent source of
€O, These new oceanic CO; observations will
complement the international CO; database in an
oceanic sector where observations are very
sparse. This highlights the need of perfornting
high density sampling in this zone. This will be
achieved in the frame of the seasoral
EGEE/AMMA cruises that will be conducted in
2005-2007.

1. Introduction, data collection

Time series and repeated observations of
the oceanic carbon dioxide system are highly
recommended at regional scale to betier quanify
airsea CO; fluses, to detect anthropogenic
catbon in the ocean and fo progress in our
understanding of the complex coupling between

ocean carbon cycle and climate. In the frame
of AMMA, the oceasic project EGEE
conducted in the Gulf of Guinea in 2005-2007
offers an imvalusble opportunity to collect
regular oceanic CO; samples in a region
where historical data ate very sparse. The
sesults presented here constinute a preliminary
analysis of the study that will be conducted
during EGEE. During two cruises, BioZaiselll
in December 2003 and PirataFRI2 in
February 2004 conducted in the eastern
Tropical Atlantic, approximately 150 samples
(bortles 500 ) were sampled to obtain new
observations for total alkalinity (TA) and
dissolved inorganic cabon  (DIC).  The
samples were measured at the laboratory in
Paris (Aprl 2004) using 2 potentiometric
method. The calibration of the measurements
was based on Certified Reference Material
(CRM) obtaied from A. Dickson (SIO, Usiv
Califomiz). The accuracy of TA and DIC data
are estimated to be about 2 pmol k.

2. Results

In the Easterm Tropical Atlantic, the
concentrations of TA and DIC cover a very
wide range of values, 1950-2450 umol kg
for AT and 1630-2250 yumol kg * for DIC.
Very low concentrations were observed ia the
Gulf of Guines near the African coasts, in
areas not dominated by local upwellings and
adoubtedly influcenced by rivers (Congo)
Low concentrations were also observed far
from the coasts (8-10°E) in a the so-called
"Low Salinity Region (LSR)". The influence
of low salinity waters was identified both at
local and large scales. Strong correlations
berween DIC or AT and salinity (Figure 1)
were determined fom all samples collected in
constal and open ocean regions for a wide
salinity range, 23 to 36. This is an important
sesult that suggest one could use regional





[image: image92.png]fields of salinity to reconstruct regional
distributions for AT and DIC and deduce partial
pressure of CO; and airsea CO, fluxes. As an
example we show the results of the calculated
PCO; from the TA/DIC data obiained along the
equator during Pirata-FR12 cruise in February
2004 (Figure 2). This distibution is also
compared with the pCO; monthly climatology
that was constructed at global scale (Takahashi et
al. 2002, DSR. IL 49). Two important remarks
must be mentioned here. First, the climatolo
shows almost no variations berween Jamuary an
Febmary and on average the climatological pCO
decreases from east fo west. The data obfained
during Pirata-FR12 cruise shows the opposite.
Along the equator, oceanic pCO; decreases
towards the East, with a masimum around 0-0
near a front marked in temperatuce and
corresponding to a mininmm of alkaliniry. On the
other hand, the climatology (established for 1995
as reference year, when atmospheric level was
around 345-350 patm) suggests that the equatorial
zone of the Eastern Atlantic was a source of CO
in January-February. The pCO; calculated with
the TA and DIC data obtained in February 2004
were everywhere mmch lower than the
climatological pCO;. According to the new data,
the equatorial Alantic Ocean was undersafurated.
(the atmospheric level being approximately 362
paim at the time of the cruise). Therefore this
zone was a CO; sink in February 2004. This is
opposite fo the climatological view which
suggests that the tropical Atlantic Ocean is a
soutce of CO; all the year. These preliminary
sesults call for a sustainable sampling during the
EGEE/AMMA cruises mn order to better evaluate
and understand the seasonal and interannual
variations of airsea CO; flux m the eastern
Tropical Atlantic.
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Figure 1: Plots of TA and DIC data versus Salinity
for seasurface waters sampled during Biozaie IIl and
Pirata Fr-12 cruises in the Gulf of Guinea and Easters.
Equatorial Atlantic ocean.
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Figure 2: Oceanic pCO; distribution in surface
waters (black: circles) along the Equator, caleulated
from DIC and TA measurements (Pirata-FR12
February 2004). The pCO; climatology for
January and February is also shown (Takahashi et
al. 2002, triangles)





Distribution des paramètres du CO2 océanique dans le Golf de Guinée : Nouvelles observations d’hiver boréal (BIOZAIRE III et PIRATA-FR12)
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(1) Université Cocody, Abidjan, Cote d’ivoire
(2) LOCEAN/IPSL, CNRS, Univ. P. et M. Curie, Paris Cedex 05, France
Des échantillons de paramètres du système du dioxyde de carbone ont été collectés lors des récentes campagnes océanographiques Biozaïre III ( Décembre 2003) et Pirata FR-12 ( Février 2004) dans la province océanique du Golfe de Guinée. L’alcalinité totale ( AT) et le carbone inorganique dissous ( CT) ont été mesurés avec précision ( ± 2 μmol kg –1 ) en utilisant des étalons de CO2 certifiés au niveau international. L’analyse de la distribution des propriétés de AT et CT des eaux de surface sur une gamme très étendue de salinité (25 < SSS < 36.5) a permis de proposer de nouvelles relations AT/SSS et DIC/SSS. Les mesures d’AT et CT on également permis de calculer et analyser la distribution des pressions partielles de CO2 (pCO2). Dans le Golf de Guinée, pCO2 océanique est très variable oscillant entre 250 et 400 μatm. Dans la zone équatoriale, dans le Golf de Guinée jusqu’à 10°W, pCO2 océanique est sous-saturée vis à vis de l’atmosphère pour la période Décembre 2003-Février 2004 alors que cette zone était généralement considérée comme une source permanente de CO2 toute l’année. 

Ces résultats permettent de compléter la base de données du système des paramètres de CO2 dans une zone océanique très peu échantillonnée. Ils montrent la nécessité d’avoir une couverture spatiale et temporelle de densité élevée dans cette zone. Il est donc important de réaliser la collecte d’échantillons de AT et DIC lors des campagnes saisonnières EGEE/AMMA en 2005-2007. Il sera alors possible de produire des cartes de flux de CO2 réalistes dans la province océanique du Golfe de Guinée. Ces résultats aideront aussi à mieux contraindre les modèles atmosphériques inverses qui décrivent les bilans de carbone à l’échelle globale, mais souffrent d’un manque d’observations tant continentales qu’océaniques dans les zones tropicales. 

Soumis par : 
KOUADIO Georges ADROH 
Université Cocody, Abidjan, Cote d’ivoire 
georges.kouadio@laposte.net 
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A Coherent System for Measuring Turbulent Air-Sea Fluxes during AMMA/EGEE 

S. LETOURNEUR (1), D. BOURRAS (2), C. GUERIN (2), D. LEGAIN (3), 

G. BOUHOURS (3), G. CANIAUX (3), A. WEILL (2), L. EYMARD (4)

and A. DABAS (3)

(1) DT-INSU, Paris, France, (2) CETP, Vélizy, France, (3) CNRM, Toulouse, France

(4) LOCEAN, Paris, France

An air-sea flux measurement system was jointly developed at DT-INSU, CNRM, CETP, and LOCEAN. The system includes a custom mast. Both were designed for reducing airflow distortion, with a CFD software. The flux measurement system will be installed onboard the R/V L’Atalante, which will cruise in the Gulf of Guinea from April 2006 to July 2006 (Cruise EGEE3 corresponding to the SOP of AMMA). The available sensors include one sonic anemometer, one Infra-red Gas Analyser (IRGA) humidity sensor, a microwave radiometer, and a motion package that will record the six degrees of freedom of the vessel. Eddy variables will be sampled at 50Hz on a common, dedicated, acquisition system especially designed for avoiding time phase problems. Both the Eddy Correlation Method and the Inertial Dissipation Method will be used for calculating the momentum, sensible, and latent heat fluxes, as well as their respective transfer coefficients. 

[image: image93.wmf]
Overview of the eddy flux measurement system 

(image provided by S. Letourneur, DT-INSU) 

Submitted by : 
Guy CANIAUX , guy.caniaux@meteo.fr 
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Observations météorologiques à Sao Tomé

Exploitation – Comparaison – Application

Dominique  DAGORNE (1), Mélanie JUZA, Fabrice ROUBAUD (1)

Et Bernard BOURLES (2)

(1)  IRD, Centre IRD de Bretagne (Intervention à la Mer et Observatoires Océanique), France

(2)  IRD, Centre IRD de Bretagne – LEGOS, France

L’observation permanente des conditions météo-océanique du  Golfe de Guinée, assurée par un réseau de bouées instrumentées (bouées ATLAS du programme PIRATA), a été complétée  dans l’est du bassin  avec les mesures d’une station météorologique  automatique implantée sur l’Ile de São Tomé (située  sur l’équateur à 6,5 Est de longitude).
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fig 1 : situation et vue de la station météorologique – Ile de Rolas (située au sud de São-Tomé)
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Valeurs climatologiques des paramètres météorologiques et des flux radiatifs solaire et turbulent (en W/m**2)


Installée le 17 octobre 2003,  puis en août 2004 suite à une défaillance de composants électroniques, la station a subit une intervention et maintenance en septembre 2005. Les données hautes fréquences (10 mn) des paramètres  mesurés : température et humidité de l’air, vitesse et direction du vent, radiation solaire, précipitations et pression atmosphériques, sont récupérés tous les 3 mois environ, puis contrôlés et analysés à l’aide d’un outil interactif de visualisation. Des données horaires  moyennées sont  également  transmises par  ARGOS en temps réel.


[image: image95]
fig 2 :  copie d’écran de l’outil de visualisation pour une période de 10 jours

Pendant la première période d’activité (octobre – novembre 2003)  il a  été entrepris des comparaisons avec des produits satellites existants  et sorties de  modèles.


Pour les vitesses du vent, les restitutions journalières à partir de « QuickScat » (diffusiomètre) et TMI (radiomètre)  indiquent une surestimation  de la source satellite.  Cette constatation,  réalisée pour des vents « faibles » (< 4 m/s)  n’est plus vrai pour des vitesses  supérieures (ce qui est le cas des bouées ATLAS du réseau PIRATA situées plus à l’ouest)  où il existe un meilleur accord.

[image: image194.png]Temperature Profile (Boundary Layer)

Date:
24092005

Temperature:
242K

H

Radiosonde
Retrieval

om: 215K+
]
20 205 Dewpoint

Temperature [K]




[image: image195.png]Temperature Profile (Boundary Layer)

10

Attitude fkm]

Temperature:
215K

Radiosonde
Retrieval

215 20 25
Temperature [K]

Dewpoi




[image: image196.jpg]380 400 420 440

360

200
150
100

380 400 420 440

360

200
150
100

200
150
100

50

380 400 420 440

360

200
150
100

380 400 420 440

360

380 400 420 440

360

380 400 420 440

360




[image: image96]

La radiation solaire incidente horaire a été comparée, pour quelques journées spécifiques (claires, peu ou très nuageuses), aux restitutions SSI (Solar Surface Irradiance)  obtenues par MSG-SAFO (Météosat Seconde Génération - Satellite Application Facilities Ocean). Sur les cas étudiés, il existe une bonne concordance pour des ciels clairs ou peu nuageux, en particulier en début de journée. Les comparaisons satellite/ in-situ de l’après-midi semblent être affectées par un phénomène de convection locale non détectée aux échelles d’observation du satellite (1/10 deg).

 
Il  existe une bonne correspondance entre les mesures « réduites » (moyenne horaire) in-situ à la station et les données de modèles (ECMWF)  pour  température et  humidité de l’air. 

La connaissance de paramètres météorologiques moyens mesurables ou modélisables (température et humidité de l’air, vitesse du vent,  SST,..) permet la restitution des flux de chaleurs turbulents océaniques, paramètres essentiels du bilan thermique à l’interface océan-atmosphère. Les valeurs des flux de chaleurs latente et sensible sont calculés par des méthodes  « bulk » (globales) caractérisées par des paramétrisations empiriques dépendant principalement du vent (vitesse, stratification,..). Si les résultats des flux de chaleur sensible sont équivalents pour les hypothèses appliquées, ceux de chaleur latente présente une plus grande dispersion.

[image: image97.emf]
fig 3 : restitution des flux turbulents horaires suivant plusieurs paramétrisations

bleu : Dupuis  - rouge : Fairall – noir : Brut

Une étude de sensibilité menée sur les paramètres d’entrées montre un fort impact de la dispersion de ceux-ci sur les restitutions et l’intérêt d’expérimentations pour qualifier ces méthodes et la représentativité « océanique » des mesures de cette station. Cette expérience est programmée pendant la campagne océanographique EGEE3 de juin 2006, et permettra de valider les produits satellite dans cette région.

	Paramètres
	ΔTair

= 0.5°C
	Δhumidité

= 5 %
	ΔWvent

=0.5 m/s
	ΔSST   

= 0.5°C
	Δpression

= 10 hPa

	Er (Hs)
	24-27%
	1%
	13-14%
	24-27%
	1%

	Er (Hl)
	12-14%
	18-22%
	13-14%
	14-16%
	0-0.2%






Sensibilité (erreur relative) du calcul des flux turbulents





(Hs : chaleur sensible , Hl : chaleur latente)





aux variations des paramètres d’entrées :



Tair : 26.4°C  - Hum : 85,8%  -  Wvent : 2,7 m/s – Patm : 1013 hPa


Conclusions : la récente installation d’une station sur l’île de São-Tomé en automne 2003, a permis d’étendre les mesures météorologiques  disponibles vers l’est du golfe de Guinée, et ceci sur une base opérationnelle nécessaire à l’observation à long terme. Une première exploitation, menée sur une courte durée, a mis en évidence la nécessité de recourir à des mesures in-situ pour disposer de données fiables dans le développement des méthodes de restitutions et de qualifier les futurs produits satellites  en ces régions où il n’existe que peu de moyens d’observations.
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The nocturnal boundary layer of the west African monsoon in observations and numerical prediction models
C. L. BAIN (1), F. GUICHARD (2), L. KERGOAT (3), D. J. PARKER (1),

C. M. TAYLOR (4), F. BAUP (3), E. MOUGIN (3) and Y. TRAORE (5)

(1) University of Leeds, UK, (2) CNRM Toulouse France

(3) CESBIO (cnrs/cnes/ird/ups) Toulouse France, (4) CEH Wallingford, UK

(5) IRD Bamako, Mali

Few detailed studies of the nocturnal boundary layer (NBL) in the Sahelian region of Africa exist, despite the significant role the boundary layer plays in this moisture sensitive region. Investigation into nocturnal processes has thus far been limited due to a lack in detailed observations, and literature is often based on a more general model of tropical boundary layer behaviour.

An AMMA field experiment was conducted in August 2005, involving personnel from France, the UK and Mali. Tethered balloon soundings were conducted near Hombori (15.2N, 1.5W), on the AMMA Gourma super site. The balloon was used to profile the immediate boundary layer up to 200m using a PTU sonde.

We present the complete set of profiles for the experiment period, along with a more detailed analysis of the NBL, identifying key features and linking them to large and local scale processes.

The observations reveal some characteristic structures in the NBL evolution. On most of the nights the surface layers show a defined inversion in temperature and humidity fields after sunset. During the night a stable surface layer develops, eroding the inversion, reducing temperatures throughout the profile. The formation of a low level nocturnal jet was also observed on several occasions. But possibly the most significant outcome is the variability in observations from one night to the next.

In addition to the presentation of the raw results, analysis of the larger scale synoptic patterns and the effect that synoptic and convective dynamics might have had on the local scale boundary layer are also examined. Satellite data and model information are combined to produce a detailed overview of the atmospheric situation in the region, which is then used to speculate on the differences in observations from the NBL.

Finally, data is compared to ECMWF and the UK Met Offices Unified Model operational analysis to further examine the processes and to evaluate the performance of numerical weather prediction models in representing this important feature in the west African monsoon.
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[image: image98.png]INVESTIGATION OF THE WEST AFRICAN MONSOON FLOW USING CONSTANT VOLUME
BALLOONS IN THE PLANETARY BOUNDARY LAYER
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(1) IPSL/LMD, Paris, France, clande basdevant@lmd ens &
(2) IPSL/SA. Pasis, France. philippe drobinski @aero jussie.
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During AMMA SOP-1 boundary layer pressurised balloons (BLPB) will be launched from Cotonou in the
‘planetary boundary layer (PBL). Fifteen balloons aze planned to be launched befween mid-June and mid-July. to
document the monsoon flow together with the monsoon onset.

Ballooss, inflated with Helivm, are spherical with 2 2.5 meters diameter. The scientific and fechnical gondola is
Located inside the balloon, the total flying weight being about Skg. Except for water loading under heavy rains,
the constant volume balloons drift with air masses at a pre-set constant density level, their diurnal cycle over the
continent s estimated to be within =10 hPa.

BLPB transmit though the ARGOS satellite system their GPS 3-d position. together with ai pressure,
temperature and bumidity. Data ase collected every 10 minutes.
Launched from Cotonou at levels between §50bPa and 880hPa the balloons should be advected by the

southwesterly monsoon winds over the Afiican continent

‘Huamidity, pressure and femperatuse seasors

This experiment addresses several scientific key issues related to the monsoon dynamics

1) lagrangian trajectories and humidification of the monsoon (diuraal cycle)

2) modulation of the monsoon by the African easterly waves (masimum of pertusbation at 700 hPa)

3) estimation of the monsoon penetration over the continent and determination of the monsoon onset

4) quantification of the performances of NCEPECMWF analysis on the meteorological fields (wind speed.
and direction, pressure, temperafure and moisture) in the AMMA region.

5) validation of research models (e.z. Meso-NH) for the understanding of the dymamical processes
associated with the monsoon onset.

6) assimilation of the full thermodynamical dataset during SOP-1 in 3D-VAR MANDOPAS at the scale of
western Africa. The objective is to compute water vapor budgets fom the analyses of the full dataset
(ground-based, airborne and satellte-borne measurements). The selevance of the CVB data must be
addressed using simulations.

The sampling strategy will be mixed: half of the CVB will be launched regularly during SOP-1. fa order to
document the monsoon onset. The semaining half will be used fo increase the sampling before and after the
monsoon onset (the intensification of the sampling will rely on the monscon ouset prediction by numerical
models at AOC).

The balloons will fly over the instrumented meso-scale sites (Djougou in particular). We will also try to operate
at nuch dusing aireraft flights (the 2 Falcon canrying the lidars LEANDRE-2 and WIND, and the ATR-42
carrying in-sity sensors).




Investigation of the West African Monsoon flow

using constant volume balloons in

the planetary boundary layer 

C. BASDEVANT (1), P. DROBINSKI (2), N. VERDIER (3) and P. COCQUEREZ (3) 

(1) IPSL/LMD, Paris, France (2) IPSL/SA, Paris, France

(3) CNES, Toulouse, France

During AMMA, boundary layer pressurised balloons (BLPB) will be launched from Cotonou in the planetary boundary layer (PBL) between mid-June and mid-July (monsoon onset) to address several scientific key issues related to the monsoon dynamics :

(1) Lagrangian trajectories and humidification of the monsoon (diurnal cycle) ;

(2) modulation of the monsoon by the African easterly waves ;

(3) estimation of the monsoon penetration over the continent and determination of the monsoon onset ;

(4) quantification of the performances of NCEP/ECMWF on the meteorological fields (wind speed and direction, pressure, temperature and moisture) in the AMMA region ;

(5) validation of research models for the understanding of the dynamical processes associated with the monsoon onset. 
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A mesoscale sodar network for observing surface-forced atmospheric circulations in the west African monsoon
B. BROOKS, N. KALTHOFF and D.J. PARKER

Names of organisms ?

It is planned to deploy four sodars in a mesoscale array to observe the low level structure of the monsoon winds.

The sodars measure profiles of winds from the surface to around 500 m in altitude, and the data are provided at 30 minute resolution. By locating the sodars in an array of separation around 50-100 km, we aim to measure mesoscale structures in the wind fields, such as convergence over relatively dry surfaces.

The systems will run freely, and should also monitor the low level wind structures of deep convective systems. 

Submitted by 
Doug Parker 

Institute for Atmospheric Science, Environment, School of Earth and Environment, 

University of Leeds, Leeds, LS2 9JT, UK

Phone : +44 (0)113 343-6739 – Fax : +44 343-6716

doug@env.leeds.ac.uk http://www.env.leeds.ac.uk/~doug/
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TETHERSONDE: A tethered sounding system for measuring boundary layer winds in 3 dimensions
B.J. BROOKS, M.HOBBY, I.M. BROOKS, S.D. MOBBS, D.J. PARKER,

A.M. BLYTH, M. HILL and J.B. MCQUAID
Institute for Atmospheric Science, School of Earth and Environment

University of Leeds, Leeds, UK
A new and unique tethered sounding system is currently under development that is capable of providing turbulent wind data of a sufficient quality for calculating fluxes by direct eddy correlation. In addition to this innovative sensing package, more traditional devices are included for the measurement of temperature, relative humidity and static pressure.

The balloon platform makes use of existing SKY-DOC™ aerostat technology from Floatograph™ Technologies of Marion, Indiana, USA. The platform is a single ply, 15 foot, 708 cu ft capacity, urethane prolate spheroid with trimming wing. This envelope has a lift of 25lb in static air, 46lb @ 10 mph, 191 @ 30 mph, 1522lb @ 90 mph and maximum recorded stable flight wind speed of 110 mph. Wind tunnel tests (http://www.floatograph.com/oilspill/skydoc.html) have shown that the SKY-DOC™ aerostat maintains a constant stable flight altitude for wind speeds over 10 mph while the flight altitude of a blimp of comparable size decreases and its motion become erratic. 
The sonde package being developed in collaboration with Gill Instruments of the UK is capable of making high rate measurements of the U, V, and W components that are decoupled from the motion of the aerofoil itself. Gill have designed an aerodynamic housing on which is mounted the sensor head from their WindMaster Pro, 3-axis ultrasonic anemometer: UoL have designed and implemented an interface between the anemometer, auxiliary pressure, temperature, and humidity sensors, the motion package, the onboard data storage system and ground station. The motion package comprises roll/pitch/yaw sensors, a 3-axis accelerometer, and digital compass. GPS receivers are also mounted both within the sonde and at the ground station allowing both for an accurate instrument clock and for the sonde position to be determined (using differential GPS techniques) to sub metre accuracy, in both the vertical and horizontal. The estimated accuracy for the final wind measurements at 10 Hz is 2-5 cm/s. In addition to the wind sensors the sonde is equipped with pressure, temperature, and humidity sensors. The pressure sensor is an Intersema MS 5534A with a nominal resolution of 0.01mb at 3Hz, temperature and humidity is derived from the Senserion SHT75 with accuracies of 0.2°C and 1% respectively at 1 Hz. A secondary temperature sensor in the form of 5K betatherm thermistor is also provided. This has an accuracy of 0.1°C at 1Hz. The raw data streams form the onboard sensor packages are stored locally on a Secure Digital data card and also transmitted in real time to a ground station. The ground station also logs this data in addition to the data stream from its local GPS receiver. Post processing of these data streams results in the desired decoupled wind components however an anticipated aim is that the ground station will perform this task thus giving a real time motion corrected output to the operator. An onboard battery power pack allows for flight times of the order 10 hr and the final weight is approximately 1.5 Kg.

Extensive testing is planned for winter 2005 and spring 2006; the AMMA Special Observing Period 2 (SOP 2) being the Tethersonde's maiden scientific deployment. The system will be installed in the Niamey mesoscale site and will be flown during intensive observing periods (IOPs) in association with aircraft operations over the region. The tethersonde system is unique among the ground-based instruments planned for SOP2, in that it will enable us to evaluate profiles of winds, thermodynamics and turbulent fluxes in the lower part of the monsoon flow, by day and by night. These data will be combined with observations from other profiling systems in the region (radiosondes, sodars, GPS and wind profilers) and from aircraft data. Through these, we aim to evaluate the physical balances controlling the monsoon circulation, and the representation of these balances in numerical weather prediction models.

[image: image99.png]



The Leeds Tethersonde Module.

TETHERSONDE : Un système retentissant attaché pour les vents de mesure de couche de frontière dans 3 dimensions

B.J. BROOKS, M.HOBBY, I.M. BROOKS, S.D. MOBBS, D.J. PARKER, A.M. BLYTH, M. HILL and J.B. MCQUAID
Institute for Atmospheric Science, School of Earth and Environment

University of Leeds, Leeds, UK

Un nouveau système de sonde capable des mesures fortement précises de couche de frontière sera déployé pendant l'AMMA SOP2. Le système, qui se sert de la technologie innovatrice existante d'aerostat (http://www.floatograph.com/oilspill/skydoc.html), fera des mesures à haute fréquence de 3 vents dimensionnels à l'aide d'un anémomètre ultrasonique. Une fois qu'aéroporté, l'aerostat est capable de voler en vents au-dessus de 40 m/s, avec un plafond de 1500 mètres. Des accéléromètres de Pitch/roll/yaw seront employés pour découpler le mouvement d'aerostat fournissant de ce fait des données turbulentes de vent d'une qualité suffisante pour des flux calculateurs par corrélation directe de remous. En plus de ce paquet de sensation innovateur, des dispositifs plus traditionnels mesureront la température, l'humidité relative et la pression statique. Le système inclut un module de GPS pour le traitement différentiel de poteau. Toutes les données sont stockées à bord à une carte de mémoire simple, qui peut facilement être enlevée pour l'interrogation une fois que le métier est amarré. En plus, des données sont coulées en marche de nouveau à un récepteur basé moulu par l'intermédiaire d'un lien par radio analyse pour ` '. (words missing ?)
L'essai étendu étant projeté pour l'hiver 2005 et le printemps 2006, la période observante spéciale 2 d'AMMA (SOP 2) sera le premier déploiement scientifique du TetherSonde. Le système sera installé dans l'emplacement de mesoscale de Niamey et volé pendant des périodes observantes intensives (IOP) en association avec des opérations d'avions au-dessus de la région. Le système de tethersonde est unique parmi les instruments au sol prévus pour SOP2, parce qu'il nous permettra d'évaluer des profils des vents, thermodynamique et les flux turbulents dans la partie plus inférieure de la mousson coulent, par jour et par nuit. Ces données seront combinées avec des observations d'autres systèmes de profilage dans la région (radiosondes, sodars, GPS et profileurs de vent) et des données d'avion. Par ces derniers, nous visons à évaluer les équilibres physiques commandant la circulation de mousson, et la représentation de ces équilibres dans numérique survivent à à des modèles de prévision.
TETHERSONDE: A tethered sounding system for measuring boundary layer winds in 3 dimensions

B.J. BROOKS, M.HOBBY, I.M. BROOKS, S.D. MOBBS, D.J. PARKER, A.M. BLYTH, M. HILL and J.B. MCQUAID
Institute for Atmospheric Science, School of Earth and Environment

University of Leeds, Leeds, UK
A new sonde system capable of highly accurate boundary layer measurements will be deployed during AMMA SOP2. The system, which makes use of existing innovative aerostat technology (http://www.floatograph.com/oilspill/skydoc.html), will make high frequency measurements of 3 dimensional winds using an ultrasonic anemometer. Once airborne, the aerostat is capable of flying in winds in excess of 40 m/s, with a ceiling of 1500 metres. Pitch/roll/yaw accelerometers will be used to decouple aerostat movement thus providing turbulent wind data of a sufficient quality for calculating fluxes by direct eddy correlation. In addition to this innovative sensing package, more traditional devices will measure temperature, relative humidity and static pressure. The system includes a GPS module for differential post processing. All data is stored on board to a simple memory card, which can easily be removed for interrogation once the craft is moored. Additionally, data is streamed back to a ground based receiver via a radio link for ‘on the fly’ analysis.

With extensive testing planned for winter 2005 and spring 2006, the AMMA Special Observing Period 2 (SOP 2) will be the TetherSonde's maiden scientific deployment. The system will be installed in the Niamey mesoscale site and will be flown during intensive observing periods (IOPs) in association with aircraft operations over the region. The tethersonde system is unique among the ground-based instruments planned for SOP2, in that it will enable us to evaluate profiles of winds, thermodynamics and turbulent fluxes in the lower part of the monsoon flow, by day and by night. These data will be combined with observations from other profiling systems in the region (radiosondes, sodars, GPS and wind profilers) and from aircraft data. Through these, we aim to evaluate the physical balances controlling the monsoon circulation, and the representation of these balances in numerical weather prediction models. 

Submitted by 
Jim McQuaid

Institute for Atmospheric Science, Environment, School of Earth and Environment, University of Leeds, Leeds, LS2 9JT, UK - Phone : +44 (0)113 343-6724 
DO WE KEEP THE SHORT ABSTRACT IN ENGLISH ?
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The 2005 March-June transition period

from dry to humid season at Bamako (Mali)

as observed with a UHF wind profiler radar
B. CAMPISTRON (1), F. SAID (1), F. TRAORE (2), D. BADIANE (3), C. S. SOW (4),

C. F. KEBE (3) and S. MADOUGOU (5)

(1) LA, France (2) ENI, Mali (3) ASECNA, Senegal (5) ENS, Niamey, Niger

A UHF wind profiler has been put into operation in a continuous survey mode since February 2004 by ASECNA at Bamako airport for monitoring nocturnal strong low level wind shear occurrences that regularly compromise aircraft landing and take-off safety. It is the first wind profiler radar ever installed in Africa. In the AMMA frame of work, the 2005 March-June period of radar observations, covering the two last months of the dry season and the two first months of the humid season are presented and analyzed. The aim is to follow the seasonal cycle of the monsoon and to characterize typical dynamics and microphysics mechanisms (UHF radar is very sensitive in the detection of rain even light) of the first 3 to 6 km height of the troposphere. The profiler data analysis is complemented with radiosoundings launched twice a day at Bamako airport. 

Because we were provided with profiler data recently, the analysis is still in progress. First results indicate a very good radar data quality and a very simple and repetitive picture of the low level atmospheric dynamics during the two dry season months. March and April are characterized by a remarkably prominent diurnal cycle observable in the horizontal wind, vertical velocity and reflectivity time-series. The main feature is a nocturnal low level easterly jet stream that starts around sunset, with the disappearance of the thermal turbulence, peaks at sunrise (reaching about 15 ms-1), and slows down until midday. Weak wind, (< 5 ms-1) prevails in the afternoon. Downdrafts reaching at least -1 ms-1, occupying the whole observable atmospheric column are present nearly continuously every afternoon between 12 and 18 UTC. Because these downdrafts are correlated with reflectivity maxima it is supposed that the profiler has detected weak precipitations coming from convective clouds based near 3 to 4 km height where strong relative humidity exists. At the present stage of the analysis the possibility that this descent is due to subsiding motion is not excluded. Nights are associated with updrafts that are weaker in magnitude (< 0.5 ms-1) but always well discernable. 

We have just begun the analysis of the May to June humid period which will be presented during the conference. These preliminary data need further investigation but they already demonstrate the interest of a continuous survey of the dynamics of the lower layers and the interaction between the various synoptic winds. 

Contact : Bernard Campistron Laboratoire d’Aérologie,UMR CNRS 5560, CRA 8 rte de Lannemezan, 65300 Campistrous, France. (camb@aero.obs-mip.fr).
La période de transition mars-juin 2005

entre les saisons sèche et humide à Bamako (Mali)

observée par un radar UHF profileur de vent

B. CAMPISTRON (1), F. SAID (1), F. TRAORE (2), D. BADIANE (3), C. S. SOW (4),

C. F. KEBE (3) et S. MADOUGOU (5)

(1) LA, France (2) ENI, Mali (3) ASECNA, Senegal (5) ENS, Niamey, Niger

Un profileur de vent en bande VHF a été mis en fonctionnement en continue par l’ASSECNA depuis février 2004 sur l’aéroport Bamako pour surveiller les forts cisaillements de vent à bas niveaux qui régulièrement la nuit compromettent les atterrissages et les décollages. C’est le premier radar profileur de vent jamais installé en Afrique. Dans le cadre d’AMMA, les observations radar de mars-juin 2005, couvrant les deux derniers mois de la saison sèche et les deux premiers mois de la saison humide sont décrites et analysées. L’objectif est de suivre le cycle saisonnier de la mousson et de caractériser les mécanismes dynamiques et microphysiques typiques (le radar UHF est très sensible dans la détection des précipitations même faibles) des 3 à 6 premiers km de l’atmosphère. L’analyse des données du profileur est complétée par les radiosondages lâchés deux fois par jour sur l’aéroport de Bamako. 
Parce que les données du profileur nous sont parvenues récemment, leur analyse est encore en cours. Les premiers résultats indiquent une très bonne qualité des mesures et une très simple et répétitive  image de la dynamique atmosphérique à bas niveaux. Les deux mois de la saison sèche, mars et avril, sont caractérisés par un remarquable cycle diurne observé sur les séries temporelles du vent horizontal, de la vitesse verticale et de la  réflectivité. La principale caractéristique est un courant jet d’est de basse couche qui débute vers le coucher du soleil, avec la disparition de la turbulence thermique, est maximum au lever du soleil (atteignant plus de 15 ms-1) puis se ralentit jusqu’à midi. Un vent faible (< 5 ms-1) prédomine dans l’après-midi. Des mouvements descendants atteignant -1 ms-1, sont observables dans toute la colonne atmosphérique sondée par le profileur presque continûment tous les après-midi entre 12 et 18 TUC. Comme ces descentes sont corrélées avec la réflectivité, on peut supposer que le radar a détecté de faibles précipitations provenant de nuages convectifs basés vers 3 à 4 km de hauteur où existe une forte humidité relative. Dans l’état actuel de l’analyse, la possibilité que ces descentes soient dues à des mouvements subsidents n’est pas exclue. Les nuits sont associées à de faible ascendances beaucoup plus faibles (<0.5 ms-1) mais toujours bien discernables. 
L’analyse de la période humide de mai-juin est juste entamée, elle sera présentée durant la conférence. Ces résultats préliminaires nécessitent un approfondissement mais déjà ils montrent l’intérêt d’une surveillance continue de la dynamique de la basse atmosphère et l’interaction de diverses circulations synoptiques.

Contact : Bernard Campistron Laboratoire d’Aérologie,UMR CNRS 5560, CRA 8 rte de Lannemezan, 65300 Campistrous, France. (camb@aero.obs-mip.fr)
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Water cycle measurements during the AMMA EOP on the mesoscale site of the Upper Ouémé River, Benin
Marielle GOSSE (1), Frederic CAZENAVE (1), Olivier LEBROUSTER (1),

Josias DOSSUGOUIN (2) and Etienne HOUNGNINOU (2)

(1) IRD, Cotonou, Bénin (2) Univ Abomey Calavey, Cotonou, Benin

The Xband polarimetric weather radar Xport has been installed in the Upper Valley of the Oueme River in Benin, since June 2005. The radar is located in Djougou with a good visibility of the Donga watershed well equipped with a full set of hydrological measurements, such as rain gages, river flow and well levels.

Early August 2005 this equipment has been completed with the installation of a optical spectrogranulometer, to measure rain drops size distributions at ground level. During July 2005 several rainy events were sampled by the radar as they were crossing the Oueme Basin. The very first resulst from these observations will be presented. The scanning strategy adopted for 2005 allows fast scanning of the rainfield at a 2 PPIs per minut rate. This will allow to discuss the dynamic of the rain cells.

The experiment itself and the logistical and field issues will also be discussed. 
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Profileur de vent VHF dans les tropiques pour l’étude

de la basse et haute atmosphère
M. PETITDIDIER (1), B. CAMPISTRON (2) et V. KLAUS (3)

(1) CETP, Vélizy, France, (2) CRA, Campistrous, Lannemezan, France

(3) Météo-France/CNRM, Toulouse, France

Introduction

Les radars ST en VHF donnent accès sous certaines conditions à la vitesse de l’air et à la turbulence. En cas de très fortes précipitations, on mesure à la fois les échos dus à la pluie et à l'air clair. Jusqu’à présent les radars ST français ont été équipés d’émetteurs de 6kW avec une portée maximum dépendant des conditions atmosphériques et du rapport signal/bruit (Petitdidier et al., 1990). Ce radar Strato-Troposphérique (ST) VHF sera équipé d’un émetteur de 12kW pour fonctionner au Bénin pendant l’expérience AMMA (Analyse Multidisciplinaire de la Mousson Africaine) durant 2 cycles de mousson. Les données du radar ST VHF fournira des observations continues avec une résolution temporelle d’environ 15 minutes, pour une tranche d’altitude allant de 2 km à 20 km environ. Il permettra d’étudier les jets et leur variabilité, les ondes (source, période, longueur d’onde…), les échanges tropo-stratosphérique, la tropopause…. Dans cette présentation, nous montrerons les performances de ce type de radar à partir des paramètres mesurés ou déduits des observations aux moyennes latitudes et dans les zones tropicales et équatoriales.

Paramètres en moyenne latitude

Cet instrument fournit les composantes du vent depuis environ 1,5km jusqu’à la basse stratosphère, l’altitude maximum est fonction du Cn2, qui dépend  de l’humidité et de la turbulence. Il a été montré que le signal observé à la verticale du radar permet de détecter la tropopause (Caccia et al., 2001) et aussi de déterminer la distribution de l’humidité en fonction de l’altitude moyennant certaines hypothèses(Klaus et al., 2003, 2004.).Couplé avec un sondeur acoustique de type RASS la température virtuelle en fonction de l’altitude est estimée dans les 8 premiers kilomètres. En cas de fortes précipitations, la contribution de la diffusion du signal VHF émis par les hydrométéores permet de déterminer leur vitesse de chute et leur dimension. Comme le radar fonctionne continûment on obtient de longues séries de données avec une résolution temporelle de 15mn. A partir de ces données,  les caractéristiques des ondes et des marées ainsi que le flux de moment qu’elles transportent peuvent être déterminés. 
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Figure 1. Exemple de profils d'humidité obtenus avec le radar VHF sur le site du CNRM à Toulouse comparés au radio sondages (RS4M) du 15 au 17/11/2002 (V ; Klaus et al., 2003, 2004)

Radar VHF en zone tropicale

Dans les régions tropicales 2 phénomènes supplémentaires contribuent au signal rétrodiffusé, les éclairs et l’électrojet équatorial. En ce qui concerne les éclairs, leur contribution au signal reçu par le radar provient de leur rayonnement ainsi que de la rétrodiffusion du signal VHF émis par les canaux d’ionisation produits lors de la propagation des éclairs. Quelques caractéristiques des éclairs peuvent être déduites (Petitdidier and Laroche, 2005). 

L’électrojet équatorial est considéré comme un ruban mince dans lequel circule vers l’est un courant électrique. Il est situé dans l’ionosphère entre 100 et 115 km d’altitude. Il existe un tel électrojet de part et d’autre de l’équateur magnétique. L’électrojet peut contribuer par rétrodiffusion du signal VHF émis au signal observé par le radar comme cela a été observé précédemment par Carter et al. (1976). Afin de diminuer la contribution de l’électrojet l’antenne ne sera pas orientée parallèlement à l’électrojet, qui est pratiquement Est-Ouest. De plus, pour éviter de mélanger le signal rétrodiffusé provenant de la basse et haute atmosphère la période de répétition du radar a été modifiée. 
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VHF Wind profiler in tropical region for lower and upper atmospheric studies

M. PETITDIDIER (1), B. CAMPISTRON (2), V. KLAUS (3)

(1) CETP, Vélizy, France, (2) CRA, Campistrous, Lannemezan, France 

(3) Météo-France/CNRM, Toulouse, France
During the AMMA experiment a VHF wind profiler will be installed in North Benin. In this paper the capability of such radar will be presented, taking into account the parameters measured or deduced at mid latitude and in tropical and equatorial zones. 

This instrument provides the wind components from around 1.5km up to the lower stratosphere, the maximum altitude depend on the Cn2 value, related to humidity and turbulence. It has been shown that the vertical signal permits to detect the tropopause height and to retrieve the humidity as a function of the altitude with some assumption. Coupled with a RASS the virtual temperature is estimated as a function of the altitude in the 8 first kilometres. In case of strong precipitation, the contribution is also detected in the vertical signal that permits to deduce their mean fall speed. 

As the radar is running continuously with a time rate of 15min from the long set of data waves, tides characteristics and their momentum flux can be estimated.

In tropical region two phenomena contribute to the backscattered signal, lightning and the equatorial electrojet. Lighting contributes to the signal backscattered in two ways, one due to the lightning radiation at VHF, the other due to the signal backscattered by the ionized channel produced by lightning while they propagate. Some characteristics of the lightning can be deduced from this detection. The equatorial electrojet, which is a thin electric current in the ionosphere on each side of the magnetic equator around 100 to 115 km altitude normally flowing eastward, may contribute to the VHF signal as it was observed by similar profilers by Carter et al.(1976). To avoid the mixing of signal coming from the lower and upper atmosphere the repetition period of the radar has to be modified. In this paper, these last points will be emphasized as the VHF radar , installed during AMMA experiment, will receive such contributions.
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Observation of boundary layer evolution in Djougou, Benin, in 2006 using microwave radiometers
Bernhard POSPICHAL (1), Susanne CREWELL (1), Ulrich LOHNERT (1)

and Thomas ROSE (2)
(1) Meteorological Institute, University of Munich, München, Germany

(2) Radiometer Physics GmbH, Meckenheim, Germany
1. Introduction


In a collaborative effort the universities of Bonn and Munich (Germany) will operate the unique microwave profiler HATPRO (Fig. 1) during the whole year 2006 in Djougou (Benin). Microwave profilers are an accurate and relatively inexpensive way to continuously observe temperature and humidity profiles of the lower troposphere as well as the liquid water path (LWP). However, such an instrument has never been used in Africa before. 


Special attention will be paid to observe the planetary boundary layer by continuously observing the temperature profile with high vertical resolution using so called boundary layer scans. As a completely new application several atmospheric stability indices (e.g. CAPE, or Lifted Index) will be directly retrieved from microwave observations to study the development of convection (pre- and post-MCS developments) and thunderstorm probability. 


Further information on mixing layer height, cloud base height and aerosol distribution will be gained by operating a CT25K lidar ceilometer next to HATPRO. During rainy periods information on the vertical profile of the drop size distribution will be observed by a micro rain radar. All instruments will continuously operate over all seasons with high temporal resolution (< 1 min). They will be analysed together with complementary AMMA observations at the Djougou super-site and satellite observations to also support the evaluation of mesoscale models. 

2. MICROWAVE RADIOMETER HATPRO

The microwave radiometer measures the thermal emission by atmospheric components (water vapour, oxygen, cloud water) at 14 frequencies expressed as brightness temperatures. High accuracy in brightness temperatures is achieved by a combination of absolute and relative calibrations involving liquid nitrogen, noise diode standards and sky tipping. In addition. auxiliary measurements of environ-mental temperature, pressure and humidity as well as the presence of rain are performed. Exact time synchronization is possible via a GPS clock. Automatic observation during all weather conditions is guaranteed through a strong blower system. The radiometer is described in detail by Rose et al. (2005).


Brightness temperatures are continuously acquired in zenith direction. At prescribed intervals (for example 20 min) boundary layer scans observe the atmosphere under several angles. Assuming horizontal homogeneity the temperature profile of the boundary layer can be determined with a high vertical resolution of about 100 m. 
[image: image197.jpg]
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Figure 1 : Photo of the microwave radiometer HATPRO

3. OBSERVED PRODUCTS
In order to derive the atmospheric parameters from the observed brightness temperatures statistical retrieval algorithms are developed on the basis of a large set of atmospheric profiles observed by radiosondes [Crewell and Löhnert, 2003]. For the zenith pointing observations the theoretical accuracy of the liquid water path (LWP) is about 20 gm-2 and below 1 kg m-2 for the integrated water vapor (IWV) content.

[image: image104.emf]
Figure 2 : Theoretical accuracy of temperature profiles derived from boundary layer scans (thick line) and from zenith observations (top) The dashed lines gives the natural variability (standard deviation) of the data set used for algorithm development..


In the zenith observation mode the profiles of humidity and temperature are retrieved from the spectral characteristics of the 22 GHz water vapor line and the 60 GHz oxygen band, respectively. The accuracy for the absolute humidity is below 1 gm-3 and 2 K for temperature. At altitudes above about 5 km the information content of the brightness temperatures decreases strongly. This can be seen in Fig.2 by accuracy approaching the natural variability of the data set. 


Boundary layer scans include angular information in addition to the spectral one. The lower the radiometer points the more information comes from the lowest atmospheric layers. For the highly opaque channels this information is only useful than the brightness temperatures can be observed at least with an accuracy of 0.1 K. If this achieved the uncertainty in the temperature profile reduces to 0.5 K in the lowest kilometer (Fig. 2). Above about 2 km the boundary layer scan can not achieve a better accuracy than the zenith pointing mode. 


The high accuracy of HATPRO allows the temperature retrieval based on boundary layer scans. The comparison with radiosoundings demonstrates the ability to retrieve temperature inversions as well as more complex structures (Fig. 3).


[image: image105]
Figure 3 : Examples of two temperature profiles retrieved from boundary layer scans (blue) and corresponding radiosonde ascents. Data from the test campaign in Lindenberg (Germany), Sept/Oct 2005. 

4. CONCLUSIONS
The microwave radiometer HATPRO, a lidar ceilometer and a micro rain radar will complement the AMMA super site at Djougou, Benin. HATPRO experiences a unique accuracy which allows improved temperature retrievals for the planetary boundary layer. The performance of the radiometer has been confirmed in a test campaign at Lindenberg, Germany. 
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Observation de l’évolution de la couche limite à Djougou, Bénin en 2006 en utilisant des radiomètres

à micro-ondes
Bernhard POSPICHAL (1), Susanne CREWELL (1), Ulrich LOHNERT (1)

et Thomas ROSE (2)
(1) Meteorological Institute, University of Munich, München, Germany

(2) Radiometer Physics GmbH, Meckenheim, Germany

L’Université de Bonn va faire des mesures avec un profileur à micro-ondes unique (HATPRO - Humidity And Temperature PROfiler) pendant toute l’année 2006 à Djougou, Bénin. Cet instrument mesure l’émission thermique de l’atmosphère dans 14 fréquences différentes autour de la ligne de vapeur d’eau de 22.235 GHz et le complexe d’absorption de l’oxygène de 60 GHz.

C’est une manière bonne et relativement bon marché d’utiliser des profileurs à micro-ondes pour l’observation continuelle des profiles de la température et de l’humidité de la troposphère basse ainsi que le contenu en eau liquide (liquid water path, LWP). En plus, un tel instrument n’avait jamais été utilisé en Afrique avant. 

Comme application complètement nouvelle plusieurs index atmosphériques de stabilité seront directement récupérés des températures de brillance. Ces index (par exemple CAPE, ou Lifted Index) qui jusqu'ici ont été habituellement calculés à partir des radiosondages fournissent de bonnes informations sur le développement de convection et la probabilité d'orages.
La résolution temporelle élevée (< 1 minute) des observations nous permettra d'étudier le développement de la couche limite pendant toutes les saisons. La considération particulière sera mise sur des développements avant et après les MCS ainsi que des observations complémentaires d'AMMA et des activités de modeler.
Notre poster donne un sommaire court du concept de mesure, des algorithmes de récupération, et de l'exactitude d'observation ainsi qu'une vue d'ensemble des résultats prévus de la campagne 2006 d'AMMA. 

Pour montrer le potentiel des observations quelques résultats des mesures précédents de HATPRO sont présentés.
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The RADAGAST Project
Anthony SLINGO

Environmental Systems Science Centre, University of Reading, UK


The US Atmospheric Radiation Measurement (ARM) programme has for several years operated a number of well-instrumented surface sites in different climatic regimes. At each site, there is a wide range of passive and active sensors, which measure the surface radiative fluxes and also characterize the structure of the atmosphere above the site. An important objective is to improve our understanding of the processes that control the surface fluxes and to provide data with which to evaluate and improve the treatment of radiation in climate and numerical weather prediction (NWP) models.


The development of the ARM Mobile Facility (AMF) represents an enhancement of this capability. The AMF includes most of the instruments currently operated at the fixed sites and is transportable to virtually any part of the world, enabling ARM to interact closely with field programmes away from the fixed sites. In 2004, ARM invited proposals for sites at which to deploy the AMF for a period of up to one year. A proposal entitled RADAGAST (Radiative Atmospheric Divergence using Arm mobile facility, Gerb data and Amma STations) was selected, in which it was proposed to deploy the AMF at Niamey, Niger, for the whole of 2006. The choice of site was determined partly by the fact that Niamey will be the centre of operations for the AMMA Special Observing Periods in 2006. In addition, it was recognized that the site is in a favourable position for coordinated observations with the Meteosat series of operational geostationary satellites. The current satellite, known as MSG-1 or Meteosat-8, carries the Geostationary Earth Radiation Budget (GERB) instrument, which is the first broad-band radiometer to fly on a geostationary satellite (Harries et al. 2005). GERB observes the radiation budget with the unprecedented temporal resolution of 15 minutes: the same as the high resolution Spinning Enhanced Visible and Infra-Red Imager (SEVIRI) on the same satellite (Schmetz et al. 2002). Further GERB and SEVIRI instruments will fly on MSG-2, 3 and 4. In the RADAGAST project, data from the AMF will be merged with those from AMMA, GERB and SEVIRI to provide a dataset that describes the surface and top-of-atmosphere radiative fluxes and the structure of the atmosphere inbetween.


One motivation for RADAGAST is to make progress in reconciling surface and top-of-atmosphere radiative fluxes and to improve our understanding of the radiation budget of the atmosphere. Radiative fluxes at the top of the atmosphere are now well observed from satellites. In contrast, fluxes at the surface are less well observed, due to the variable quality and sparse distribution of measurements. As a result, estimates of the radiation balance of the atmosphere are not well constrained. For example, estimates of the global absorption of solar radiation vary from 67 to 93 Wm-2, with similar disagreements for thermal fluxes. Attempts to resolve these uncertainties have been beset by sampling problems, which include the limited global distribution of surface sites and limited instrumentation, the limited spatial and temporal sampling by in situ experiments using aircraft and the limited spatial, temporal and/or spectral sampling by satellites above the few well-instrumented surface sites.
In order to minimise the sampling problems, an extended series of broad-band observations from both space and the surface are required, with high temporal resolution. This in effect means a combination of a geostationary satellite and a well-instrumented surface site. RADAGAST achieves this for the first time, by bringing together the new ARM Mobile Facility and the GERB radiation budget instrument, both operating during AMMA.

The main deployment at Niamey includes a wide range of instrumentation to measure the upward and downward components of the radiation budget, surface meteorological tower instruments, a total sky imager, eddy correlation flux measurement system, microwave radiometer and microwave radiometer profiler, ceilometer, micro-pulse lidar, balloon-borne sounding system, Atmospheric Emitted Radiance Interferometer (AERI), aerosol observation system, W-band cloud radar and a radar wind profiler.

Modelling

RADAGAST data will be especially valuable for evaluating climate and NWP models. The initial analysis methodology will build on that employed in the SINERGEE project, in which data from GERB have been used to evaluate simulations by the Met Office NWP model (Allan et al. 2005). The Met Office will run its operational global NWP model with a horizontal resolution of about 40km and with 50 vertical levels. In addition, a limited area model with 20km resolution and 38 levels will be run over Africa and an experimental model will also be run over West Africa with 4km resolution to resolve convective systems explicitly. Further enhancements will be made during 2006. Details of the current model are in Allan et al. (2005). Results from the European Centre for Medium range Weather Forecasts (ECMWF) global NWP model will also be used. Currently, the model forecasts are performed with a horizontal resolution of about 40km, although this is planned to be improved to 25km later this year. At present the model has 60 vertical levels, with 91 planned. The third partner in the RADAGAST project is the US NWP component of the National Centers for Environmental Prediction, which also runs a comprehensive suite of data assimilation and prediction models.

There are many other projects that could benefit from the new data. These include the evaluation of surface fluxes derived from satellite data, studies of the radiative properties of water vapour, aerosols and clouds, the diurnal cycle and the structure of cloud and aerosol layers.
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Le projet RADAGAST

Anthony SLINGO

Environmental Systems Science Centre, University of Reading, UK

L’augmentation des concentrations atmosphériques en gaz à effet de serre, par leur action sur le bilan radiatif, est maintenant acceptée de façon générale comme un facteur principal du réchauffement de la planète.

C’est pourquoi l’observation des flux de radiations de l’espace et de la surface du sol joue un rôle crucial dans l’amélioration de notre connaissance du changement climatique et dans l’évaluation des modèles numériques météorologiques. La région influencée par la Mousson d’Afrique de l’Ouest est idéale pour étudier ces flux à cause des larges variations saisonières de l’humidité, de la couverture nuageuse et des concentrations en aérosols. Pour ces raisons et pour profiter de l’unique opportunité que propose AMMA, le programme Americain ARM (Atmospheric Radiation Measurement / Mesure des radiations atmosphériques) va déployer son laboratoire mobile à Niamey et procéder à des mesures pendant toute l’année 2006. Ce laboratoire comporte l’instrumentation pour mesurer les flux de radiations et les profils atmosphériques de température, d’humidité, de couverture nuageuse et d’aérosols.

Les partenaires de ce projet vont combiner ces mesures avec les données provenant du radiomètre GERB sur le satellite de veille metéorologique Meteosat et d’autres données provenant d’AMMA pour générer une description complète de la structure verticale du bilan radiatif et des taux de réchauffement, de la surface du sol jusqu'à la limite de l’atmosphère. Cette présentation décrit le projet, connu sous le nom de RADAGAST (Radiative Atmospheric Divergence using Arm mobile facility, Gerb data and Amma Stations / Divergence radiative atmosphérique utilisant le laboratoire mobile ARM, les données GERB et les stations AMMA) et discute les applications diverses des données obtenues.
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Abstract

The need for augmentation of total electron content (TEC), scintillation and
‘magnetometer measurements in Sub-Saharan Africa is determined by the importance of
‘understanding the day-to-day variability of space weather in equatorial regions during
‘both magnetically quiet and disturbed periods. These measurements performed with GPS
and satellite scintillation receivers, and magnetometers will help us t0 define the
‘underlying electrodynamics and plasma structuring processes which create such space
weather events. Currently, the sparse data availability from this region s 2 deterrent to
the development of lobal data assimilation models. Such models are necessary for the
specification and forecasting of deleterious effects on communication and navigation
systems operating in such regions. The dual objectives of this presentation will be to
discuss the deployment of this network at magnetic equatorial and off-equatorial
Tocations across the continent of Afica and to informn the AMMA scientists and solicit
their cooperation regarding the possibility of collocating some of these instruments at
their current sites, if possible. It i imporiant to note that this joint activity wil be
extremely beneficial in understanding the coupling betiveen the neutral lower atmosphere
and the ionized upper atmosphere, which may be responsible for triggering ionospheric
furbulence.

Introduction
Much attention in space weather has been devoted recently to the large changes in total
electron content (TEC) over the American sector during geomzgnetic storms. The
attention has been fueled by the ability to map the electron content using nefworks of
ground-based, dual-frequency GPS receivers. The top panel in Figure 1 shows a large
gradient in TEC stretching nortiwest from Texas to the vicinity of Seattle during an
fonospheric storm. Steep gradients in TEC can disrupt operational systems such as the
Wide Area Augmentation System (WAAS). which s utilized by the Federal Aviation
Administration (FAA) for aircraft positioning. WAAS relies on about 26 reference
receivers across the United States to model the ionospheric delay to the GPS signal
‘When sharp gradients exist, the reference receiver spacing is foo large to accurately
‘model the delay. When the WAAS reference receivers detect gradients, use of WAAS by
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service volume for periods totaling 26 hours, navigation errors sometimes exceeded 50
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Figurel. Steep gradients in TEC over North America during a geomagnetic storm.

There has been speculation that the large changes in plasma density and electrodynamics
are related to the unusual configuration of the geomagnetic field, including the South
Alantic Anomaly (SAA) and large values of declination. The speculation has spurred the
need to target other geographic regions with significantly different geomagnetic field
configurations. In contrast, over Africa the magnetic equator is parallel to the geographic
equator and more uniform in magnitude. This region, however, does not have a dense
network of ground-based GPS receivers available to perform a complementary siudy.

The space science community is therefore exploring ways to increase the observational
infrastructure at mid and low latifudes in this sector. Initial funding for five fo cight GPS
receivers has been secured for the siudy of ionospheric scintillations, and plans are
underway to determine suitable sites within a 20°-latitude band of the magnetic equator.
Funds for additional GPS receivers and magnetometers are currently being pursued. The
‘purpose of this paper is to inform AMMA scientists of the space weather activities in
Africa, to explore possible data sharing opportunities, and to leverage infrastructure at
existing sites in order to deploy additional instrumentation. We welcome collaboration in
these areas. Please contact Olivier Bock (alivier bock@acro jussieu fr) or Monique
Petitdidier (Monique petitdidier@cetp ipsl f). our AMMA representatives, for further
information and list of space weather contacts.




Plans pour l’augmentation du nombre d’observations magnétométriques, de contenu total en électron (TEC) et de scintillation dans la région sub-saharienne
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Le besoin d’augmenter le nombre d’observations magnétométriques, de contenu total en électron (TEC) et de scintillations dans la région sub-saharienne provient de l’importance de comprendre la variabilité jour à jour de la météorologie spatiale dans les régions équatoriales pendant les périodes magnétiquement calmes et perturbées.

Ces mesures sont effectuées avec des GPS et des récepteurs de scintillations. Les magnétomètres aideront à définir l’électrodynamique sous-jacente et les processus structurant les plasmas qui produisent ces événements météorologiques spatiaux. A l’heure actuelle, le manque de données dans cette région freine le développement de modèles globaux d’assimilation de données. De tels modèles sont indispensables pour spécifier et prévoir les effets nuisibles pour les communications et les systèmes de navigation dans ces régions.

L’objectif de cette présentation est double ; D’une part il sera de discuter le développement de ce réseau aux latitudes magnétiques équatoriales et extra-équatoriales en Afrique. D’autre part il consistera à informer les chercheurs d’AMMA et à solliciter leur coopération pour l’installation de ces instruments dans les sites actuels d’AMMA.

Il est important de noter que cette activité conjointe sera extrêmement bénéfique pour la compréhension du couplage entre la basse atmosphère neutre et la haute atmosphère ionisée, qui pourrait être responsable du déclenchement de la turbulence ionosphérique.
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Monitoring of the radiative budget, the aerosol optical/microphysical properties and the vertical distribution of aerosols in the Saharan heat low region using the Transportable Remote Sensing Station (TReSS)
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Summary

TReSS is an autonomous and high-performance system designed to observe radiative and structural properties of clouds and aerosol layers, as well as atmospheric boundary layer (ABL) dynamics. TReSS (to be installed in Tamanrasset under the hospices of the Météo Algérienne) is a key component of the experimental strategy that will be implemented during the AMMA SOP which involves a complementary ground-based/airborne/spaceborne observational approach to address the issues associated with the Saharan heat low (SHL) dynamics and related impact of desert dust aerosols. Assessing the impact of desert dust on SHL requires concomitant monitoring of the radiative budget, the aerosol optical/microphysical properties, the vertical distribution of aerosols in the troposphere, and the ABL structural parameters. The standard payload of TReSS (including a multi-wavelength elastic backscatter Mini-Lidar operating at 532 nm with diverse polarization capability, a sun-photometer and two IR radiometers) is well suited for achieving these objectives. The combination of TReSS and space-borne observations performed by the A-Train (including the lidar CALIOP) will enable to tackle issues associated with diurnal and mesoscale, as well as seasonal variability of the SHL radiative budget and main features (SAL, inter-tropical front -ITF). It will also provide a high-quality set of observations for improving the representation the impact of aerosol radiative forcing in numerical simulations, and analyse the role of aerosols forcing on SHL dynamics.

1. Rationale

The Saharan heat low (SHL) region is key to understand the monsoon dynamics.  The SHL is generally (and very roughly) defined as a region bounded latitudinally by 20°N and 30°N, and longitudinally by 15°W and 10°E. The SHL can be characterized as a region of high surface albedo, overlain by strong synoptic subsidence, where dry (moist) convection is (is not) an important heating process. In addition, the omnipresence of a sand layer heated by shortwave solar radiation absorption presents a secondary heat source in the Saharan planetary boundary layer, also sometimes referred to as the Saharan aerosol layer (SAL). The presence of the dust layer combined with the high soil temperature which is controlled by the earth’s surface heat balance, constitute a unique destabilization factor for the Saharan desert mixed layer. 
 
The thermodynamic budget of the thermal low over the Saharan desert is an important element of the climate of the West African region. Also, there is now evidence that the intensity of southerly/southwesterly monsoon flow (including the sudden surge associated with the so called “jump” or onset) is partly controlled by the intensity of the SHL. 
Despite its central role, the very little is known on the dynamics of SHL as well as the diurnal and seasonal evolution of its main characteristics (position, horizontal extend, subsidence aloft, thermodynamic budget, radiative budget, cloud cover) and features (SAL, inter-tropical front -ITF). Furthermore, this region is affected by an important horizontal variability of its main characteristics and features at the regional scale. 
 
Improved knowledge of the Saharan heat low dynamics requires concomitant monitoring of:

i) the radiation budget, 
ii) the aerosol optical/microphysical properties,
 iii) the vertical distribution of aerosols in the troposphere,
 iv) the PBL structural parameters, as they impact the formation of the SAL.
 
The diurnal cycle being very marked in this region and the mesoscale variability being important (both in terms of SAL structural parameters and dust emissions), the experimental strategy calls for a complementary ground-based/airborne/spaceborne observational approach to address these key issues. The objective of ground-based (resp. airborne and spaceborne) component of the experimental strategy is to document the diurnal cycle (resp. mesoscale variability) of relevant variables (structural, thermodynamics, radiative, etc..) in the SHL region. This will partly be achieved during the SOP via the implementation of the Tamanrasset “Supersite” (where we will install the Transportable Remote Sensing Station –TReSS- to complement the existing radiative observations) in combination with airborne explorations north of the ITF and spaceborne observations acquired in the framework of the A-Train, as all these platforms can provide a monitoring of the variables relevant to the understanding of heat low dynamics and its variability.

2. Description of the TReSS platform

TReSS is an autonomous and high-performance system designed to observe radiative and structural properties of clouds and aerosol layers, as well as atmospheric boundary layer (ABL) dynamics. The standard payload is made of the following instruments: 1) a multi-wavelength elastic and Raman channels backscatter Mini-Lidar operating at 532, 1064 and 607 nm (with diverse polarization capability at 532 nm, Figure 1), 2) a sun-photometer, 3) an IR radiometer and 4) a full sky visible channel web-type camera. For the AMMA SOP period, the platform capability will be enhanced with an Optical Depth Sensor (ODS for daytime and nighttime measurements), a CLIMAT radiometer and a sonic anemometer. Near-surface extinction and size distribution measurements will also be performed. The above instrumentation will also be enhanced by the measurements conducted routinely by the Météo Algérienne. 
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	Figure 1: from left to right: the mini-lidar, time-height-intensity representation of the growing PBL over Palaiseau using the backscatter signal, and time-height representation of a Saharan dust plume over Palaiseau.


3. Objectives
The objective behind the deployment of TReSS is two-fold:
1. Monitor the diurnal cycle of variables relevant to the scientific objectives of AMMA, 
2. Provide observations relevant to the validation of selected level 1 and level 2 A-Train products over the Sahara, which in turn will used to assess the mesoscale variability of variables needed to comprehend the complex dynamics of the heat low and the role of aerosols in the process.
 
The so-called A-Train is composed of five satellites flying in formation, among which: 
CALIPSO (Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations ) equipped with the nadir pointing backscatter lidar CALIOP, the infra-red radiometer IIR and a large field-of-view camera operating in the visible spectrum,
 PARASOL (Polarization and Anisotropy of Reflectances for Atmospheric Sciences coupled with Observations from a Lidar) dedicated to improving the characterization of the aerosols microphysical and radiative properties (among others),
 AQUA carrying among others the Moderate-Resolution Imaging Spectroradiometer (MODIS), and Clouds and the Earth's Radiant Energy System (CERES) to characterize aerosols microphysical and radiative properties and measure radiative energy fluxes.
4. TReSS analysis of two Saharan dust transport episodes of June 2003 over Palaiseau, France
The potential of TReSS is now illustrated for two Saharan dust transport episodes of June 2003 over Palaiseau. The synergetic approach between the sunphotometer and lidar measurements to assess the aerosols optical properties in the PBL and above is illustrated in Figure 2. It can be summarized as follow: sunphotometer-derived size distributions are used to determine the so-called “lidar ratio” (the backscatter-to-extinction ratio) which is key to the so-called lidar inversion and the retrieval of the backscatter and extinction coefficient profiles. These variables, in turn, enable to separate contributions to the AOD and other variables from the PBL and the transported Saharan dust layers. 
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	Figure 2: Illustration of the synergy between the sunphotometer and lidar measurements to assess the aerosols optical properties in the PBL and above. From left to right: a) Synergy scheme, b) & c) Apparent backscatter height-time representation, d) & e) Almucantar-retrieved and mode decomposition of volume size distributions, f) & g) Lidar ratio estimation, h) & i) Retrieved extinction coefficient, j) & k) Retrieved aerosol optical depth contributions.


0.16

Mineral dust in Sahelian Africa: (II) observations during the AMMA field experiment
P. FORMENTI (1), B. MMARTICORENA (1), K. DESBOEUFS (1), J. L. RAJOT (2), B. CHATENET (1), C. SCHMECHTIG (1), L. MENUT (3), A. GAUDICHET (1),

D. GOOSSENS (1), E. JOURNET (1), M. SOW (1), M. MAILLE (1), F. FIERLI (4),

F. CAIRO (4), G. DIDONFRANCESCO (5), S. ALFARO (1), S. CAQUINEAU (6),

G. BERGAMETTI (1), F. DULAC (1, 7), A. O. MANGA (8), A. DIALLO (9),

S. TRAORE (10), B. S. COULIBALY (10) and G. CAUTENET (11)

(1) LISA, CNRS-Universités Paris7/Paris12, Créteil; France (2) IRD, Niamey; Niger

(3) IPSL/LMD, Palaiseau, France (4) ISAC-CNR, Roma, Italy (5) ENEA, Roma; Italy

(6) IRD, Geotrope, Bondy, France (7) CEA/LSCE, Saclay, France

(8) Niamey University, Niamey; Niger (9) IRD, Mbour; Sénégal (10) IER, Cinzana; Mali

(11) LaMP, Université de Clermont-Ferrand, Clermont-Ferrand, France

Abstract

The major role played by mineral dust in the chemistry and the dynamics of the atmosphere of Western Africa has been described in a related contribution. 

In this poster, we will now illustrate the observational/modelling strategy that we will deploy during AMMA and expected scientific outcomes. Observations will be conducted during the SOP and EOP field phases. EOP measurements have been designed to document the annual and inter-annual variability of the dust cycle, and will be performed at three ground-based stations located along the main pathway of dust outflow towards the Atlantic (13°N, in Niger, Mali and Senegal). SOP measurements have been conceived to investigate the emission processes, to document the physico-chemical and optical characteristics, and to estimate the radiative and geochemical impacts of mineral dust. These observations will be performed at the ground and on aircraft platforms during the SOP0/SOPA and SOP1/SOPB1-B2 periods.

Dust is a difficult subject of study, because of the remoteness and the harshness of the source regions, and because of the experimental challenges imposed by its intrinsic properties. As an example, to date, the extent of the size distribution of mineral dust, ranging from fractions to tenths of microns, as well as the associated variability in its mineralogy, are not fully documented, especially in the proximity of source regions.

Content

Our observations of mineral dust during the AMMA experiment serve a triple objective: 1) estimating the seasonal and interannual variability of the mineral dust cycle over western Africa; 2) studying the mechanism of the emission process so to constrain the emission fluxes by number and by mass; and 3) looking at the physico-chemical and optical properties of mineral dust to estimate their impact on the solar and terrestrial budgets.

To do, we are establishing three long-term stations in Niger, Mali and Senegal, to be operational during the EOP period. The station in Niger will be enforced during the SOPs periods. The observational strategy is completed and complementary to modelling of the mineral dust cycle and radiative impact. The experimental set up, as well as the complementary with modelling, is described hereafter.

1) EOP stations

The annual and inter-annual variability of the mineral dust cycle is monitored at three stations along the main pathway of dust outflow towards the Atlantic, around approx. 13°N. These are Banizoumbou (13N, 2E), Cinzana (13N, 5W), and M'Bour (14N, 16W) in Niger, Mali and Senegal, respectively. Due to variations in the altitude of dust transport, monitoring the surface concentration or the total integrated amount only is not sufficient to constrain the long-term variations of the mineral dust cycle. To date, data on mineral dust are still sparse, especially in the proximity of source regions, which are difficult to access, and are characterised by extreme environmental conditions, such as elevated temperature, dustiness and isolated intense rainfall episodes following extreme convective events. These factors impose serious logistical constraint for long-term good-quality measurements. 

In order to achieve a long-term data series representative of the mineral dust cycle, we therefore choose to monitor few parameters by the means of robust instrumentation, namely 

· Mass concentrations at the surface level measured by a TEOM (Tapered Element Oscillating Microbalance) for PM10 particles

· Column integrated aerosol optical depth measured by a CIMEL sun/sky photometer

· Vertical resolved aerosol backscatter profile measured by a micro-lidar (ISAC/CNR)

· Dry/wet deposition measured by a passive device 

· Basic meteorological parameters by the means of weather station

These measurements will allow determining the aerosol content along the vertical as a function of time. They will serve as validation points for the simulations of the emission-transport model CHIMERE-DUST which is being developed at the LISA/LMD. Over western Africa, the model simulates the dust concentration fields at a 1 x 1° horizontal resolution for multiannual periods based on a physical parameterisation of the dust emission process. In turn, simulations will thus serve to interpolate the point measurements at the three stations to the continental scale.

2) SOP stations
During SOP0-A1-A2-A3 and SOP1-B1-B2, the measurements at Banizoumbou will be enforced and intensified. 

The SOP0-A1-A2-A3 campaigns in the dry season aim to constraining the direct radiative effect of mineral dust and biomass burning particles, and their mixing. SOP0-A2 is also dedicated to studying the deposition and outflow of mineral dust to the Atlantic Ocean. Both these phenomena are related to the microphysical properties of mineral dust, that is, their size distribution and mineralogical composition. The size distribution of mineral dust varies from fraction to tenths of microns, the largest mass fraction being in the super-micron fraction. Particles in this size range are responsible for most of the deposition fluxes and for affecting the terrestrial radiation budget. Particles up to few microns are the most effective in interacting with the solar radiation. The mineralogy of dust particles also varies with size, and with source region. This needs to be determined as it has a large impact on the radiative impact, particularly in the terrestrial spectrum. Furthermore, the mineralogical composition of mineral dust may be altered due to mixing with concurrent aerosol components. In conclusion, to achieve the SOP0-A1-A2-A3 objectives, measurements of micro-physical and optical properties as a function of particle size are necessary.

The SOP1-B1-B2 campaigns in the wet season aim to study the contribution to dust emissions of particular convective events, the squall lines, which have been shown to be able to put dust into suspension by eroding disturbed soils. The question is whether this dust remains in the atmosphere or it is abated by the heavy rains. To do so, measurements of the emission fluxes of mineral dust by mass are necessary. Simultaneous measurements of the emission fluxes by number would allow relating emissions to radiative impact, as well as providing experimental validation to the physical emission scheme. The summer campaign will also provide data on the microphysical properties of dust emitted from the Sahelian region.  

During both field phases, the observational strategy combines ground-based and airborne observations. Various aerosol parameters (size spectrum, mass and number concentrations, optical properties) should be measured over the largest size range and under controlled conditions. To do so, both at the ground and on the French ATR42 aircraft, we have conceived sampling chambers allowing multiple and simultaneous sampling. In addition to the EOP measurements mentioned above, the Banizoumbou station will host measurement of number size distribution (GRIMM OPC), spectral scattering and absorption coefficients (TSI Inc néphélomètre and Magee Sci. aethalometer), and bulk and size-segregated mineralogy. The same set of instruments will be available on the French ATR-42 aircraft. The coupling between the two measurement sets will be done by overflying the station and sampling at various altitudes. In the wet season, flights will be scheduled before and after the convective events. 

Les poussières minérales en Afrique sahélienne :

(II) stratégie d’observations dans le cadre de la campagne AMMA
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Le rôle majeur joué par les poussières minérales dans la chimie et la dynamique de l’atmosphère en Afrique de l’Ouest est décrit dans la présentation orale associée. 

Dans ce poster, la stratégie d’observation et de modélisation déployée dans le cadre de AMMA et les avancées scientifiques attendues seront illustrées. Des observations dédiées seront conduites durant les phases SOP et EOP. Les mesures EOP ont vocation à documenter la variabilité annuelle et interannuelle du cycle des poussières minérales et seront réalisés sur trois stations sols localisées sur le trajet principal de transport de poussière vers l’Atlantique Nord-tropical (13°N, au Niger, Mali et Sénégal). Les mesures SOP ont été conçues pour étudier les processus d’émission, documenter les propriétés physico-chimiques et optiques des poussières minérales et d’estimer leur forçage radiatif et leurs impacts géochimiques. Ces observations seront réalisées au sol et sur des plateformes aéroportées au cours des SOP0/SOPA 1à 3  des SOP1/SOPB1-B2.

Les poussières minérales sont un sujet d’étude difficile en raison de la localisation éloignées et des conditions  particulièrement sévères des zones sources et par les difficultés expérimentales imposées par leurs propriétés intrinsèques. Ainsi, par exemple, il n’existe pas de description complète de la distribution granulométrique des poussières minérales, depuis la fraction jusqu’à la dizaine de micron, et des variations de composition minéralogique associées, en particulier à proximité des zones sources.
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CO2 surface fluxes from tethered balloon profiles in the nocturnal boundary layer
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and E MOUGIN (1)

(1) CESBIO (cnrs/cnes/ird/ups) Toulouse France, (2) CNRM Toulouse France

(3) University of Leeds, UK (4) CEH Wallingford, UK (5) IRD Bamako, Mali

(6) L.A. Toulouse, France, (7) INRA Nancy, France, (8) Université d'Orsay, France

Because CO2 flux measurements are scarce and mostly local-scale, whereas continental surfaces are often heterogeneous, flux measurements at the landscape scale are highly valuable. Boundary layer budgets offer attractive possibilities, although few field experiments have been carried out so far.

We present estimates of night-time CO2 exchanges derived from  profiles in the nocturnal boundary layer (NBL). CO2 profiles were acquired with a tethered balloon in August 2004 and 2005 in Hombori (15.2 N, 1.5 W). In 2004, air was pumped through a tube down to the ground and analysed with a LiCor. In 2005, a portable Vaisala GMP343 was plugged into the tethered sonde and CO2 data were radio-transmitted along with pressure, temperature, humidity and wind data.

Nocturnal boundary layer features
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	21/08/2004.
	22/08/2004
	24/08/2004
	31/08/2004

	Fig 1 : Vertical profiles  

a) Theta

b) Mixing ratio

c) Wind direction

d) Wind speed
	Nights 21 and 31 display strong monsoon flux (with LLJ on 31). Light winds on 22 and 24 caused stratified profiles of mixing ratio and stronger inversions  while CO2 accumulates near the surface (see below). A strong mixing occurs near dawn on 22. 


NBL profiles showed the development of relatively shallow stable boundary layers (100 m or less) in the first part of  the night. A nocturnal low level jet often developed, and sometimes eroded the stable layer during the second part of the night (2005 data, not shown). A significant night-to-night variability exists.

	
[image: image128.wmf]
	Fig 2 :  Operational analyses by ECMWF show similar LLJ features, although at a higher elevation than in observation. Night-to-night variability is sligthly underestimated in the analyses.


CO2 fluxes
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	Fig 3 : Nightime CO2 profiles for 22/08/04 and 24/08/04. Concentration changes below 50 m, except near dawn of night 22, where a sudden flush event is obvious. Concentration above 450 ppm are recorded near the ground.
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	Fig 4 : Variations of vertically integrated CO2 versus time during nights 22/08 and 24/08. The slope gives the surface CO2 flux, neglecting  CO2 advection and vertical mixing at elevation 170 m. The accumulation of CO2 is fairly regular. CO2 strikingly accumulates in the lowest layers (below 50 m).


Based on calm nights, CO2 flux estimate 2.5 to 4.5 micromoles m-2 s-1. Such a high flux (considering an ecosystem with a low leaf area index and short growing season) is consistent with chamber measurements of soil respiration and leaf respration (see poster by Le Dantec).
Footprint analyse

Scaling based on back trajectories, MODIS vegetation index and AMSR soil moisture product showed that chamber measurements were representative of the balloon footprint. 
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22/08/04 : 40 km x 40 km
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24/08/04
	Fig 5 : Back trajectories computed from wind profiles, superimposed on a MODIS vegetation index image. Green areas are grasslands, while orange areas are bare soil with scattered trees. The balloon is located in site 17. Blues lines are the air trajectories with the time at which air is sampled by the balloon. 

Average vegetation activity on night 22 is similar to local site 17, where chamber measures are taken. For night 24, average vegetation activity is 30 % lower. It may explain why CO2 flux on night 24 is lower than on night 22. 


Our data, collected after significant rain events, support the hypothesis that Sahelian ecosystems display large pulses of CO2 respiratory fluxes.

In the context of AMMA, tethered-balloon proved to be suitable to scale-up surface CO2 fluxes and to document the low-level atmosphere by allowing high-frequency soundings (see poster by Bain et al.).
Flux de CO2 obtenus par profils de 'ballon captif' dans la couche limite nocturne

L KERGOAT (1), F GUICHARD (2), F BAUP (1), C BAIN (3), E CESCHIA (1),

Y TRAORE (5), F LOHOU (6), V LE DANTEC (1), D. EPRON (7), C. LLOYD (4),

F TIMOUK (1), C DAMESIN (8), P DE ROSNAY (1), F LAVENU (1)

et E MOUGIN (1)

(1) CESBIO (cnrs/cnes/ird/ups) Toulouse France, (2) CNRM Toulouse France

(3) University of Leeds, UK (4) CEH Wallingford, UK (5) IRD Bamako, Mali

(6) L.A. Toulouse, France, (7) INRA Nancy, France, (8) Université d'Orsay, France

Parce que les mesures de flux de CO2 sont rares et que les surfaces continentales sont hétérogènes, il est difficile mais important d'estimer ces flux à l'échelle du paysage. Les bilans de couche limite atmosphérique offrent cette possibilité, bien que peu d'expérience de terrain aient été menées jusqu'à présent. Nous présentons ici des estimations de flux de CO2 à l'interface sol-atmosphère obtenus à partir de profils de concentration dans le couche limite nocturne (NBL). Les profils de CO2 ont été mesurés à partir d'un ballon captif sur le site d'Hombori (Gourma, Mali, 15.2° N 1.5 °W) en août 2004 et 2005. En 2004, l'air était pompé à travers un tube de 200 m depuis le ballon jusqu'au niveau du sol et passé dans un analyseur (LiCor), alors qu'une sonde de PTU fournissait les données de pression, temperature, humidité, vitesse et direction du vent. En 2005, une sonde portable Vaisala GMP343 était branchée la sonde PTU et les données de CO2 étaient radiotransmises au sol.

Les profils de NBL montrent le développement d'une couche stable relativement fine (100 m ou moins) dans la première partie de la nuit. Un jet nocturne de basse couche (LLJ) se développe souvent, et érode parfois l'inversion dans la deuxième partie de la nuit.

A partir des mesures par nuit calme, un flux de CO2 de 2.5 à 5 micromoles m-2s-1 a été estimé. Ce flux est intense, mais il est cohérent avec les mesures de chambre le long d'un transect. Les rétrotrajectoires de l'air échantillonné ont été superposées aux données MODIS d'indice de végétation et AMSR d'humidité du sol. Elles montrent que les mesures ballon et chambres mesures des types de surface similaires. Nos données de flux, obtenues après des pluies importantes, soutiennent l'idée que des 'pulses' (périodes d'émissions courtes et intenses) caractérisent les écosystèmes Sahéliens. 

Dans le contexte d'AMMA, le ballon captif permet d'aborder l'up-scaling des flux de CO2, et documente en même temps les basses couches de l'atmosphère avec une bonne résolution spatiale et temporelle (voir aussi Bain et al.).
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Optical properties of dust from the Bodele depression, Chad, obtained during BodEx 2005
Martin C. TODD (1), Richard WASHINGTON (2), Samuel MBAINAYELL (3),

Vanderlei MARTINS (4) and Sebastian ENGELSTAEDLER (2)

(1) Department of Geography, London, UK (2) Climatology Research Group, Oxford, UK

(3) DREM, N’Djamena, Chad (4) Climate and Radiation Branch, USA

Atmospheric aerosols influence the Earth’s radiation budget and are thus an important component of the Earth’s climate system, Indeed, aerosols are one of the greatest sources of uncertainty in interpretation and projection of past and future climate change. However, the distribution of mineral dust and its climate impact is poorly understood. There is, therefore, a pressing need to obtain more information on the properties of mineral dust aerosols. 

Satellite data indicates that the Bodélé depression, in northern Chad is the world’s most active single source region for dust, making this region the ‘dustiest place on earth’. Here we present results from the Bodélé Dust Experiment (BodEx 2005), the first observational project in the Bodélé depression. Using a suite of Cimel and Microtops sun photometer instruments we have measured aerosol optical properties (optical depth, angstrom exponent, particle size distribution) over a range of conditions including substantial dust outbreak events. In situ dust samples were obtained using a vacuum pump Nuclepore dust sampler. Observation of boundary layer meteorology were also obtained. 

Observations indicate that high aerosol loadings reflect dust emission events when near surface wind speeds exceed 10ms-1, associated with synoptic scale variability in the large scale atmospheric circulation. Estimates of the particle size distribution from sun photometer observations indicate that the coarse mode dust is characteristic of other Saharan dust observations. Comparisons with the in-situ data indicates that the retreivals suggest an unrealistic ultra-fine mode. The results are consistent with independent observations downwind in Nigeria, indicating that dust is transported up to distances of at least 1700km. Many other optical properties of Bodélé dust appear similar to those observed elsewhere in the Sahara desert. Model simulations suggest that the radiative impact of high dust loadings with AOT values in excess of 3.0 results is a reduction in surface temperature of around 7°C. 

Contact :

(1) Department of Geography, University College London, 26 Bedford Way, London WC1H 0AP, UK - m.todd@geog.ucl.ac.uk
(2) Climatology Research Group, Oxford University Centre for the Environment, University of Oxford, OX1 3TB, UK

(3) Direction des Ressources en Eau et de la Météorologie (DREM), BP 429 N’Djamena, Chad

(4) Climate and Radiation Branch, NASA Goddard Space Flight Center, Greenbelt, MD, USA
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La mousson Ouest Africaine et la variabilité

de l’ozone troposphérique
Aristide AKPO

Université d’Abomey-Calavi, Laboratoire de la Physique du Rayonnement, Cotonou, Bénin


L'ozone est un constituant très minoritaire de l'atmosphère à l'égard duquel l'intérêt porté par la communauté scientifique s'est accru au cours de ces dernières années, dans un premier temps dans la stratosphère, puis de plus en plus dans la troposphère. En effet, des diminutions importantes de la teneur en ozone de la stratosphère qui ont été observées en certaines circonstances peuvent avoir des conséquences néfastes pour la vie sur Terre car l'ozone stratosphérique joue le rôle d'un écran protecteur pour les êtres vivants en absorbant les rayonnements ultraviolets.


Par ailleurs, certaines conditions météorologiques particulières, sont à la base d’une production élevée d’ozone, surtout dans les grands centres urbains, ce qui conduit à la pollution de la troposphère.


Des études ont montré aussi que la concentration d’ozone troposphérique a augmenté de 500% dans l’hémisphère Nord depuis la fin du 19ème siècle.


Les précurseurs de l’ozone troposphériques sont suffisamment connus car il se forme à proximité du sol. Il s’agit essentiellement des oxydes d’azote, du monoxyde de carbone et du radical OH qui jouent un rôle très important dans le processus de formation. Ces éléments sont très présents dans l’atmosphère et sont issus de la combinaison de l’oxygène et de l’azote d’origine naturelle (feux de brousses, orages etc.) d’une part , ou résultent des activités humaines( essentiellement de la combustion des hydrocarbures pour le transport).


La mousson ouest africaine amène de l’air humide sur le continent, favorisant les phénomènes de convections, de formation de grands amas nuageux et de forts orages. A-t-elle une influence sur la formation de l’ozone troposphérique ? Quelles sont les niveaux isobariques sujets à de grandes variations de la concentration d’ozone ? Ce sont là quelques unes des questions auxquelles cette communication apportera des tentatives de réponses.
Le Dispositif Expérimental et les mesures


Il est composé d’une station Digicora et de sonde de Vaissala doté d’un équipement permettant de mesurer la concentration d’ozone. Les données GPS sont aussi utilisées, permettant d’obtenir avec précision les coordonnées de la sonde.


Ainsi ce dispositif permet d’obtenir en temps réel les paramètres suivants : la pression, la température, l’humidité, la vitesse et la direction du vent de même que la concentration  de l’ozone en parties par billion (cppb)

Résultats obtenus

A la suite des manipulations faites les résultas obtenus ont permis d’utiliser les méthodes statistiques afin de produire la série temporelle des moyennes mensuelles de la concentration d’ozone aux niveaux isobariques de 1000hPa (90m),  900hPa (1000m),  850hPa (1500m), 750hPa (2570m), 500hPa (5850m) , 250hPa (11000m), et à la tropopause (environ 17300m)


De même les données de l’humidité relative et du vent permettent d’intégrer l’épaisseur de la mousson afin de mieux percevoir son impact
Conclusions


Les résultats obtenus montrent une forte corrélation entre l’intensité  de la mousson et la concentration de l’ozone à divers niveaux isobariques et  concordent bien avec ceux des expériences précédentes dans la sous – région.


Toutefois la base de données exploitée n’est pas suffisante pour faire des déductions fiables. Nous continuerons les recherches au cours de la SOP et si possible au cours de la LOP pour avoir des résultats plus concluants.

Contact

Dr Aristide AKPO, Enseignant-Chercheur - Université d’Abomey-Calavi - Faculté des Sciences et Techniques, Département de Physique, Laboratoire de la Physique du Rayonnement, BP 526, Cotonou, Bénin - email :akpoarist@yahoo.fr

The West – African Monsoon and the variability of the troposphere ozone
Aristide B. AKPO

Université d’Abomey-Calavi, Laboratoire de la Physique du Rayonnement, Cotonou, Bénin

The measurements of the ozone which have been taken with the help of radiosondes were introduced in Cotonou (Benin) for the first in 2005 by the AMMA Program. While we were taking the measurements of the vertical profile of ozone concentration, we were also carrying out the measurements related to pressure, humidity, temperature, speed and the wind direction between the soil and about 25 km with a resolution which is about 50m.

This campaign of AMMA measurements completes the previous ones which were carried out in the region (MOZAIC, DECAFE, EXPRESSO, TROPOZ and SAFARI ).

As a matter of fact, the research worker’s previous studies of the Toulouse Aerology Laboratory have shown that in West Africa, the utmost concentrations are noticed in winter and some attempts to clarify their origin have been dealt with.

In this communication, we’ll show the seasonal variability of the ozone concentration and its vertical distribution through the various isobaric levels. In this way, the results will show the isobaric levels which are subjected to great variations of the ozone rate according to the intensity of the monsoon for which the thickness of the damp atmospheric layer will be an indicator.
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Microlidar network to monitor aerosols in the free troposphere during the AMMA SOP and EOP
G. Didonfrancesco (1), F. Cairo (2) and F. Fierli (2)

(1) Ente Nazionale per le Energie Alternative, ENEA, Frascati, Italy

(2) Institute of the Atmospheric Sciences and Climate, CNR, Bologna, Italy

We present the features and the scientific objectives of a network composed of three microlidar to be deployed in the Sahelian region from 2006. First we will describe the portable automated lidar systems together with previous results to give an overview of their capability to continously monitor the aerosol vertical profile. 

We will also present the deployement strategy, in order to fullfill the aims of AMMA in terms of dust and biomass aerosol monitoring and to support the aircraft campaign activities 

Contact :

G. Didonfrancesco (didonfrancesco@frascati.enea.it)
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The IDAF program : IGAC / DEBITS / Africa
C. GALY-LACAUX (1), C. LIOUSSE (1) and K. PIENAAR (2)
(1) Laboratoire d’Aérologie, Toulouse, France

(2) School of Chemistry and Biochemistry, Potchefstroom, South Africa

Motivation and Background

The IDAF measuring network is part of the atmospheric chemistry international network DEBITS/IGAC. The international program DEBITS was initiated in 1990 as part of IGAC/IGBP « core project » in order to study wet and dry atmospheric deposition. The DEBITS network includes about fifty measuring stations evenly distributed within the tropical belt. DEBITS activities which have been positively assessed in 2003, are continuing in the new IGAC structure (task DEBITS II).
DEBITS in Africa was created in 1994, with the launch of the IDAF (IGAC DEBITS AFRICA) program. DEBITS/AFRICA has acknowledged the global importance of biomass burning, land use change and industries resulting from a rapid growth of population. These activities lead to important anthropogenic emissions and to desertification, which may generate atmospheric reactive carbon, nitrogen, sulphur and dust, likely to producing atmospheric acidity and acid depositions. These may result in adverse effects upon vegetation/soil/water systems and produce high levels of aerosol haze, which would in turn exert a significant forcing on global climate and have other related effects, such as increasing the level of tropospheric ozone.

Networking activity
IDAF created an African network of 8 atmospheric measurement stations representative of the great African ecosystems: desert, savannah, forest (figure 1). African stations use sampling and analytical procedures similar to those used in the international DEBITS network. In 2003, and from a positive evaluation by INSU and the MENRT, IDAF has become a member of the Environmental Research Observatory (ORE, in French) network.
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Figure 1: The IDAF network in 2005 : 5 west/central African stations coordinated by the laboratoire d’Aérologie in France and 3 South African stations coordinated by the western University in South Africa
Objectives

The ORE IDAF has been given the mission of establishing a long-term measuring network within AMMA LOP program in West Central Africa (African Monsoon Mutidisciplinary Analyses) and within the SACCLAP program (South African Climate Change Air Pollution- PICS NRF/CNRS) in South Africa. The main objectives is to integrate biogenic cycle studies of atmospheric compounds and their impacts on climate and ecosystems variability. Studies carried out by the IDAF AMMA and SACCLAP program, have led to a better understanding of natural and anthropogenic emissions, their transport and transformation, and the wet and dry deposition rates. This allows for new parameterizations in regional and global models including interactions between chemistry, dynamic, land-surface processes and climate variability.

The ORE IDAF objectives are:
- To study the chemical composition of the African tropical atmosphere 

The monitoring of spatio-temporal evolution of gas and aerosols concentration allows to analyse the evolution (seasonal, inter annual) in relation with the climatologic parameters variations and the evolution of gases and aerosols natural and anthropogenic emission sources.

- To study Wet and dry deposition

- To characterize and quantify the wet/dry deposition at the regional scales and for various African tropical ecosystems

- To Identify key physical and chemical mechanisms that regulate these deposition fluxes (Interaction gas/aerosol/rainfall and relationships sources/transport/deposition)

- To develop new parameterisations of above mechanisms into chemical atmospheric regional and global  models 

Impact Studies

- To estimate the direct radiative impact of aerosols at the african scale 

- To estimate impacts on natural resources: water, vegetation and soil 

Conclusion

The IDAF program is a network providing original measurements of quality since 7 years based on strong collaborations with African atmospheric scientists. easurements of dry and wet deposition are pertinent indicators of the evolution of the atmospheric chemical composition (rain chemistry, aerosols chemistry and gas concentrations). The evolution of the IDAF set measurement and modeling studies associated allow to study the regional climatic impact of gases and aerosols. Data diffusion is allowed with the web site and the IDAF database (http://medias.obs-mip.fr/idaf). Formation and capacity building are an important mission of the ORE IDAF. 
The ORE IDAF participates directly to the AMMA program in West Central Africa (African Monsoon Multidisciplinary Approach) and the SACCLAP program (Air Pollution and Climate Change in South Africa PICS CNRS/NRF) in South Africa. 

Contact

(1) Laboratoire d’Aérologie 14, Av. Edouard Belin 31400 Toulouse, France

E-mail: lacc@aero.obs-mip.fr
(2) School of Chemistry and Biochemistry, North-West University, Potchefstroom, 2520, South Africa
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The DODO Project : Dust Outflow and Deposition

to the Ocean

Eleanor HIGHWOOD (1), William MORGAN (1), Claire MCDONNELL (1),

Hugh COE (2), Roy HARRISON (3) and Jim MCQUAID (4)

(1) University of Reading, UK (2) University of Manchester, UK

(3) University of Birming ham, UK (4) University of Leeds, UK (presenting author)

DODO is a UK NERC SOLAS funded project which aims to characterise the physical and radiative properties of mineral dust in the outflow from West Africa to the Atlantic. Dust outbreaks from the Saharan region over the Atlantic ocean are frequent, with intense outbreaks over western Africa having a periodicity of 5-10 days, sometimes reaching as far as the Americas. These outbreaks impact on atmospheric composition (Formenti et al, 2003), dynamics (Jones et al, 2004) and provide a significant local and regional climate forcing (Haywood et al, 2003, Highwood et al, 2003). These dust outbreaks (such as that shown in figure 1) also provide a source of nutrients to the ocean, especially iron (Fe). Iron allows nitrogen fixation supplying nutrients to surface phytoplanckton in the otherwise nutrient starved regions of the subtropical gyres. The amount and location of dust deposition impacts biological productivity and subsequently the global carbon cycle. There have been numerous calculations of the flux of dust to the Northern Atlantic, however it is generally not well-constrained. To achieve a reliable and quantitative estimate, it is necessary to understand the mechanisms controlling dust deposition throughout the year. Iron content depends on dust source, therefore it is important to be able to characterise the source of airborne dust. The transport of dust, and therefore deposition to the ocean, depends on size distribution and vertical profile of the dust close to the sources, and the wet and dry deposition processes. 

The aims of DODO are to:

1) Deliver case study based predictions of dust deposition to the northern hemisphere Atlantci Ocean constrained by in situ aircraft measurements.

2) Describe how chemical and physical changes in the dust affect it’s transport over the ocean and are themselves affected by transport

3) Assess the size distributed iron loading in the dust, and characterise the chemical form of iron

4) Fingerprint dust sources using single particle characterisation and assess their main composition including iron content

5) Assess the climatological representivity of the case studies and therefore predict the seasonal footprint of dust deposition and its associated iron to the north Atlantic Ocean

6) Assess the radiative impact of the dust over the Atlantic Ocean and its effect on sea surface temperatures.

DODO will involve aircraft measurements of the dust itself and its radiative impact, ship based measurements of dust characteristics (on-board the POSEIDON, February 2006), laboratory analysis of dust samples for soluble iron content, and the enhancement of regional dust modelling. Fieldwork will take place based in Dakar during AMMA SOP0 (dry season) and AMMA- monsoon, with flights over the Atlantic towards Cape Verde Islands (an illustrative flight pattern is shown in Figure 2). This poster outlines the project, and provides an initial estimate of the Saharan dust flux to the Atlantic following a simple combination of AERONET data and back trajectories. The result is in surprising agreement with previous estimates (See Table 1), given the assumptions, and provides promise for similar but more detailed estimations within DODO.
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	Study
	Dust Deposition (Tg)
	Year

	AERONET & HYSPLIT
	61
	2004

	Colarco et al. (2003)
	13.4
	July 2000

	Fan et al. (2004)
	53
	2001

	Jickells et al. (2005)
	194
	Yearly Model Average

	Kaufman et al. (2005)
	60
	2001

	Gao et al. (2001)
	72
	2001

	Ginoux et al. (2001)
	48
	2001


Table 1. Comparison of dust deposition during June, July and August for 0°-40°N, 15°-75°W between AERONET & HYSPLIT data from this study, the results of Colarco et al. (2003), the 0.2 to 6 µm range  of the model of Fan et al. (2004), the model of Jickells et al. (2005) (constructed from model results which give atmospheric dust inputs to the oceans equal to 450 Tg year-1, with 43% deposited to the North Atlantic), the MODIS data of Kaufman et al. (2005), the results of Gao et al. (2001) (reconstructed from their iron deposition calculations for 3.5% fraction of iron in the dust) and the GOCART model of Ginoux et al. (2001). 
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Figure 2 A typical flight pattern to be performed in DODO fieldwork. The shaded area denotes the anticipated dust plume in Dec-Feb. Orbits are performed over AERONET sites at Sal and Dakar in order to validate AERONET retrievals. A high level run is performed to measure the radiative impact of the dust plume. A series of straight and level runs within the plume will allow the measurement of dust characteristics.

The DODO Project: Dust Outflow and Deposition to the Ocean

Eleanor HIGHWOOD (1), William MORGAN (1), Claire MCDONNELL (1),

Hugh COE (2), Roy HARRISON (3) et Jim MCQUAID (4)

(1) University of Reading, UK (2) University of Manchester, UK

(3) University of Birming ham, UK (4) University of Leeds, UK (presenting author)

DODO, un projet qui a finance par NERC SOLAS, vise à caractériser les propriétés physiques et radiatives de la poussière minérale dans la sortie d'Afrique occidentale à l'Océan atlantique. 

Il comportera des mesures d'avion de la poussière lui-même et le impact radiatif, des measures sur la terre des caractéristiques de la poussière, l'analyse de laboratoire desé chantillons de la poussière pour le contenu soluble de fer, et le perfectionnement de modeler régional de la poussière.

Les travaux sur le terrain auront lieu pendant l'AMMA SOP-0 et AMMA-monsoon, basés à Dakar, avec des vols au-dessus de l'Océan atlantique vers les îles du Cap Vert. Ici, le projet est contour, et une première  évaluation du flux saharien de la poussière vers l'Océan atlantique est dérivée après une combinaison simple des données d'AERONET et de trajectoire arrière.

Les résultats est dans l'accord étonnant avec des évaluations précédentes, données les pretentions, et fournit la promesse pour les évaluations semblables mais plus détaillées dans le DODO.
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An estimate of wet and dry deposition of nitrogen in semi-arid areas of southern Africa
Jonas N. MPHEPYA (1), Jacobus J. PIENAAR (2), Corinne GALY-LACAUX (3)

and Gerhard HELD (4)

(1) South African Weather Service, South Africa

(2) School of Chemistry and Biochemistry, South Africa

(3) Laboratoire d'Aérologie, France (4) Instituto de Pesquisas Meteorológicas, Brazil 

Environmental impacts have been, and are, a concern in South Africa, due to the intensity of regional industrialization. Of particular concern are the emissions of SO2 and NOx, the principle acid-forming pollutants, into the atmosphere. Acid deposition, or acid rain, is one important phenomenon associated with the burning of coal, diesel and oil. Until recently, sulphur emissions and sulphuric acid deposition have been the focus of many research projects (Siversten et al., 1995, Zunckel, 1996, Mphepya and Held, 1999). However, there is now also increasing concern about the nitrogen component of emissions and its potential effects on air quality, water quality (Butler et al., 2003), the health of forest ecosystem and the intercontinental transport of nitrogen oxide pollution plumes (Wenig et al., 2003). 

As part of the IDAF (IGAC DEBITS AFRICA) program, measurements of gases and precipitation chemistry were carried out in the semi-arid savanna of Louis Trichardt and Amersfoort. Wet deposition was measured with automatic wet only samplers based on event sampling. Dry deposition rates of nitrogen have been inferred, using ambient air concentrations, together with deposition velocities calculated according to the inferential model (Hicks et al., 1987, Matt and Meyers., 1993). In this paper, the seasonal and annual variations of nitrogen concentrations in air and precipitation are presented and discussed, together with wet and dry deposition inferred from these measurements. Finally, the dry deposition estimates are combined with the measurements of wet deposition to estimate the relative contribution of dry deposited nitrogen to the total deposition. 

Keywords : nitrogen, wet deposition, dry deposition, South Africa

Submitted by : Corinne Galy-Lacaux
Contact :

(1) South African Weather Service, Private Bag X097, Pretoria 0001, South Africa
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(2) School of Chemistry and Biochemistry, North-West University, Potchefstroom, 2520, South Africa; Email : CHEJJP@puknet.puk.ac.za

(3) Laboratoire d'Aérologie, Observatoire Midi-Pyrénéés, Toulouse, France
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(4) Instituto de Pesquisas Meteorológicas, Universidade Estadual Paulista, Bauru, S.P., Brazil; Email : gerhard@ipmet.unesp.br
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THE DEBITS’s II ACTIVITY (Deposition of Biogeochemically Important Trace Species)
J.J. PIENAAR (1), C. GALY-LACAUX (2), L. LARA (3)

and R. BALASUBRAMANIAN (4)

(1) School of Chemistry and Biochemistry, Potchefstroom University, South Africa

(2) Laboratoire d’Aérologie, Toulouse, France (3) Instituto Fisica, Univ. de Sao Paulo, Brazil

(4) Dept of Chemical and Env. Engineering, The National Univ. of Singapore, Singapore
DEBITS II is a new IGAC II task.  The core DEBITS activities are well aligned with the scientific direction and questions being addressed by phase II of IGAC over the next decade.

Motivation and Background

Wet and dry deposition of chemical species to the earth’s surface plays an essential role in controlling the concentration of gases and aerosols in the troposphere. The chemical content of atmospheric deposition is the signature of several interacting physical and chemical mechanisms such as: emission and source amplitude; transport in and dynamics of the atmosphere; atmospheric chemical reactions; and removal processes. The study of deposition thus allows for tracing the temporal and spatial evolution of atmospheric chemistry and is a pertinent indicator for evaluating natural and anthropogenic influences.

In regions where biogeochemical cycles are disturbed by human activities, atmospheric deposition can either be an important source of toxic substances or a source of nutrients for the ecosystems. Having an understanding of chemical deposition is therefore an essential aspect of a global interdisciplinary approach to developing a predictive capacity for the input of the main determinants into the functioning ecosystems.

Network

The organisational framework of DEBITS was established with the successful launching of three scientific programmes aimed at studying deposits in different regions: CAD (Composition of Asian Deposition, proceeded by CAAP in 1990), IDAF (IGAC DEBITS Africa, 1994) and LBA in Amazonia (The Large Scale Biosphere Atmosphere Experiment in Amazonia, 1998). A map of the DEBITS network is presented in Figure 1.
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Figure 1: A map showing the DEBITS network in 2003, indicating the number of stations in each region.

Activities

Within the new structures established for IGBP Phase II, the DEBITS II science community adopted a twofold approach:

· To maintain the present operational structure of DEBITS, including the strong regional focus of its three core programmes (CAD, IDAF and LBA) and the scientific collaborations that are already well established. It is critical to pursue the actual scientific work and increase activities in dry deposition measurements and associated modelling activities. The atmospheric chemistry processes that regulate deposition within various compartments (e.g., gas-aerosol particles-clouds) still pose important un-answered questions that need to be addressed in the new IGAC II programme.

· To support a new integrated approach within the global scientific context of IGBP II.  A strong networking and data sharing approach with other programmes such as ILEAPS, is envisaged. In Africa and south Asia, the AMMA (African Monsoon Multidisciplinary Analyses) and CAD projects should include the IDAF and CAAP network activities while the integrated approach of deposition studies in LBA will be continued for the foreseeable future. This integrated approach deals with (1) atmospheric chemistry studies at the interface of continental and marine environments and (2) associated impact studies. An integrated social, economic and physicochemical approach to the Earth systems will maximize the value to society of large international and integrated research efforts.

Principles and specific scientific questions

The DEBITS II task is driven by scientific questions related to global atmospheric chemistry, and its activities will be focused in regions of high impact on sensitive ecosystems and human health. The specific scientific questions of DEBITS II are:

· What are the atmospheric removal rates via dry and wet deposition of biogeochemically important trace species on a temporal and spatial basis at regional to global scales?
· What are the key regulating processes (interaction gas/aerosol/cloud/ecosystem) that affect deposition?
· What are the roles of heterogeneous chemical processes in: modifying the chemical composition of the particles; partitioning between the gaseous and particulate phases; changes of the physico-chemical properties of aerosols; and causing subsequent changes in dry versus wet deposition?
· What are the regional scale atmospheric budgets of key elements?
· How can the use of numerical models assist in quantifying relationships between emissions and depositional fluxes and provide an integrated scientific assessment of the atmospheric C, S and N cycles, specifically at the regional scale?
· How can deposition flux measurements be related to impact studies? Here there will be a special focus on the deposition of nitrogen and other key species for ecosystems and hydrology, such as phosphorous.
Quality assurance and methodologies

The scientific activities of DEBITS are mainly based on quality-controlled measurements of precipitation chemistry to quantify wet deposition, as well as aerosol and gas concentrations to estimate dry deposition (US EPA criteria, WMO annual analytical laboratory performance). DEBITS stations, representative at the regional scale and specially instrumented to measure or estimate atmospheric deposition parameters, have to be maintained or created for long-term time-series.  Additional measurements, permitting a better estimate of depositions, will require field experiments dedicated to atmospheric chemistry at regional scale. 

Data management and archiving

Participating scientists in the new DEBITS II task will:

· adopt a uniform strategy for data acquisition and management;

· build regional databases of field observations (gas, rain, aerosol) for testing regional and global models (with interactive bio-chemical and physical models);

· support capacity building,  technology and knowledge transfer on a global scale.
Moreover, the DEBITS II programme plans to initiate a DEBITS web site that will include general information and a meta-data base using the ISO 19115 format.  

Educational and capacity building

DEBITS has a proud record of capacity building in the developing countries. Educational and capacity building activities will be continued by having workshops and short summer schools in developing countries; fostering student and staff exchange within the DEBITS science community; seeking support for capacity building initiatives at international funding agencies such as Sida (Swedish International Development Co-operation Authority), WMO and START.

Contact
J.J. Pienarr - Email : CHEJJP@puknet.puk.ac.za
0.25

Rainwater chemistry and wet deposition over the equatorial forested ecosystem of Zoétélé (Cameroon)

L. SIGHA-NKAMDJOU (1), C. GALY-LACAUX (2), V. PONT (2), S. RICHARD (3), D. SIGHOMONOU (1) and J. P. LACAUX (2)

(1) Centre de Recherches Hydrologiques, Yaoundé, Cameroun

(2) Laboratoire d’Aérologie, Toulouse, France

(3) HYDRECO Laboratoire Environnement de Petit Saut, Kourou, French Guiana, France

Following the recommendations of the IDAF (International Global Atmospheric Chemistry / Deposition of Biogeochemically Important Trace Species / Africa) workshop held in Yamoussoukro (Ivory Coast, December 1994), it was decided to create a new network for estimating wet (rainfall) and dry (aerosols and gas) deposition in Africa. Among the 10 sites selected for this project and representing various ecosystems, the two sites  of  Zoétélé / Nsimi in South Cameroon and of Bomassa in North Congo, chosen as representative of the dense tropical rainforest ecosystem.

We present in this paper experimental data on precipitation chemical composition collected in Zoétélé. The station of Zoétélé, located in Southern Cameroon, at about 200 km from the Atlantic Ocean is representative of a so-called "Evergreen Equatorial Forest" ecosystem. In this paper, we analysed the chemistry of rainwater samples from the site representative of the “evergreen equatorial forest” : Zoétélé. The measuring campaign lasted from September 1996 until April 2000. The objectives were to: 

· present the mean annual  precipitation chemistry and mean wet deposition fluxes, characteristic of an African evergreen equatorial forest ;

· analyse the seasonal chemical composition of rainwater ;

· determine the relationships between emissions and deposition of chemical species (over ocean, land, forest) and role of anthropogenic activities;

· compare the results from this study to  those obtained from other forested ecosystems. 

An automatic wet-only precipitation collector was operated at the station from 1996 to 2000. The rainfall regime, associated with eastward advection of moist and cool monsoon air masses, amounts to an average of 1700 mm/year. Inorganic and organic content of the precipitation were determined by IC in 234 rainfall events, representing a total 4583 mm of rainfall from an overall of 7100mm.

We determined the mean annual and seasonal precipitation chemistry (Figure 1) and wet deposition fluxes characteristic of an African equatorial forest and we examined the influence of atmospheric gases and particles sources on the precipitation chemical content and the associated deposition of chemical species. 

The results showed that hydrogen concentration is the highest (12.0 µeq.L-1) leading to acid rains with a low mean pH 4.92. The mineral species are dominated by nitrogenous compounds (NH4+: 10.5 and NO3-: 6.9 µeq.L-1), Ca2+ (8.9 µeq.L-1 ) and SO42-5.1µeq.L-1. Relationship between Ca2+ and SO42- indicated a terrigeneous particulate source and an additional SO42- contribution probably due to swamps and volcano emissions. Na+ and Cl- concentrations, around 4.0 µeq.L-1, seem very low for this site. This results shows the influence of the orography between Atlantic and the studied site. The strong correlations between NH4+/K+/Cl- indicate the biomass burning origin of these species. In conclusion, we established that precipitation chemistry at Zoétélé is influenced by three important sources: biogenic emissions from soil and forest ecosystems, biomass burning from savannah, and terrigenous signature from particles emissions of arid zones; and three minor sources: marine, volcano and anthropogenic. We should note that in spite of the relatively low concentration of all these elements, the wet deposition is quite significant due to the high precipitation levels, with for example a nitrogenous compounds deposition of 34 mmol.m-2.yr-1. 
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Figure 1: Seasonal Volume Weighted Mean (VWM) chemical composition of precipitation collected at Zoétélé (September 1996-April 2000).

Key words : Rainwater chemistry – Wet deposition - Equatorial forest – Acid rain – Tropical atmosphere – Cameroon

*IGAC/DEBITS/Africa: International Global Atmospheric Chemistry/ DEposition of Biogeochemically Important Trace Species/Africa 
Contact 

(1) E-mail: lucsigha@yahoo.fr
(2) E-mail : lacc@aero.obs-mip.fr - Phone : (33) 5 61 33 27 06

(3) E-mail : hydreco-labops@wanadoo.fr - Phone : (33) 5 94 32 40 79
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First Ozone Soundings over Cotonou

in the frame of AMMA
V. THOURET (1), A. MINGA (2), A. MARISCAL (1,3), B. BENECH (1,4)

and B. SAUVAGE (1)
(1) Laboratoire d’Aerologie, Toulouse, France (2) University Marine Ngouabi, Brazzaville, Congo (3) IRD, Cotonou, Benin, (4) now retired

In the frame of the Enhanced Observation Period (EOP) of the AMMA program, ozone soundings have been scheduled for two years of operation in Cotonou, Benin, in order to provide a valuable climatology characteristic of the West Africa region. On the other hand, this new site for tropical ozone soundings complements the SHADOZ network (http://croc.gsfc.nasa.gov/shadoz/) giving thus the missing site over the western part of continental Africa. Soundings over Cotonou are regularly performed since December 2004.

We use the Vaisala technique along with the ECC ozone sondes to launch balloons once a week or four times a month to get a minimal statistical significance on a monthly basis. Unfortunately, due to technical problems it has been impossible to perform sounding in July and the first half of August 2005. Figure 1 below shows the tropospheric part of every single vertical profile recorded since January 2005.

We clearly see the influence of biomass burning in January-March with high ozone concentrations recorded in the lower troposphere. The profile recorded on February 18th is of particular interest as it shows three different layers with high ozone. Different origins are explained in Figure 2. The most surprising feature is the stratospheric intrusion from the southern hemisphere. During the wet season (June-August), we observe two types of profiles as shown in Figure 1. About half of the profiles show low ozone concentrations throughout the troposphere while the other half exhibit ozone enhanced layers between 2 and 6 km altitude characterizing a transport from the southern hemisphere (biomass burning season over there) as demonstrated by Sauvage et al., 2005 using the MOZAIC data recorded in the region (Abidjan, Lagos, Douala) to build the first climatology over West Africa and Equatorial Africa (Brazzaville).
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Figure 2: Case study of the “three layers profile” recorded on February, 18th over Cotonou.
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Figure 1: Tropospheric part (up to 18 km altitude) of the ozone vertical profiles recorded over Cotonou since January 2006 in the frame of the AMMA program.

Contact and presenting author:

V. Thouret : thov@aero.obs-mip.fr
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The Deployment of Driftsonde for an

AMMA-THORPEX Collaboration
D. PARSONS (1NCAR), J.-L. REDELSPERGER (2), Ph. COCQUEREZ (3),

Ph. DROBINSKI (4), H. COLE (1), Stéphanie VENEL (3) and N. VERDIER (3)

(1) NCAR, USA (2) CNRM, France (3) CNES, France (4) IPSL/Service d’Aéronomie, France 

This abstract describes the use of a stratospheric balloon that carries a gondola holding between 40 and 50 miniature dropsondes. The effort is a technical collaboration between CNES providing the ballooning expertise and NCAR providing the sounding and sounding deployment expertise. The effort is called driftsonde. To date 5 driftsonde deployments have been made in a proof-of-concept mode. This AMMA-THORPEX collaboration will be the first research deployment. We expect that between 8 and 15 of these balloons will be deployed from Chad during the mid-August to mid-September 2006 time-frame. Based on past trajectories these balloons will drift slowly to the east drift over Africa and typically reach the Caribbean. The data will be useful for several AMMA and THORPEX research and forecast topics including : 

• Characterization of the dry evolution of the Saharan Air Layer and the ability of this evolution to be replicated in numerical models. 

• Numerical and observational studies of the impact of dry air on deep convection and the genesis of organized tropical convection and tropical cyclones. 

• Investigations into the interaction between convection and easterly waves. 

• Studies into tropical cyclone genesis and efforts aimed to extend the accurate prediction into the medium range of cyclone track, intensity and structure. 

• Studies into the impact of targeted measurement on weather systems. 
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Strengthening the pilot balloon network

over West Africa for AMMA
Michael DOUGLAS (1) and Javier MURILLO (2)

(1) National Severe Storms Laboratory, NOAA, USA (2) CIMMS / Univ. of Oklahoma, USA

Routine pilot balloon observations form the single largest source of in-situ upper wind measurements over west Africa.  However, these observations are subject to a number of uncertainties and sources of error and the observations are not always distributed globally.  Since the west African pilot balloon sites will likely continue to operate well after other AMMA enhancements to the upper-air sounding program end, any improvement in the operation of these sites would contribute to long-term monitoring of the monsoonal circulation.  AMMA thus provides an opportunity to modernize (to the extent feasible) some aspects of the data collection and quality control of the current pilot balloon observations being made over the region.  We are proposing to strengthen the pilot balloon network for the AMMA SOP, applying experience from, and procedures developed for, the PACS-SONET, a network of pilot balloon sites operated in Latin America during the past 8 years. The Pan American Climate Studies Sounding Network (PACS-SONET), supported by NOAA’s Office of Global Programs, is a research-based sounding network that is designed to support research into climate variability.  Our presentation will describe specific steps that can be taken to improve quality control, distribution, and visualization of the data and also improve the overall network performance.

Pilot balloon observations have been made for more than 100 years, yet they still find use today in different parts of the world.  Although most pilot balloon observations are made as part of observing networks in developing countries, one research pilot balloon network (PACS-SONET) has been in operation since 1997.  This network has maintained approximately 20 stations in up to 8 countries in Latin America.  The original rational for the network was that the World Weather Watch radiosonde network available over the region was not sufficiently dense to satisfy the needs of climate monitoring activities and also for routine weather forecasting.  

Several problems exist when depending on routine radiosonde networks for monitoring climate variability, especially in the tropics.  Because of their relatively high annual operating cost, radiosonde stations are more widely spaced than might be desired.  This can limit their capability to measure smaller-scale, but important, features of the tropical atmosphere.  Secondly, as technological improvements occur the characteristics of the radiosonde sensors change; this generally introduces discontinuities into the observational record.  This happens also with each type of radiosonde.  Finally, it is well known that changes in the temperature field in the tropics are small and more difficult to measure accurately than changes in the wind field.  

The PACS-SONET was established to help satisfy both the need for additional wind observations for forecasting activities and to help depict changes in the circulation of the tropical troposphere over land areas.  The philosophy was to establish a relatively large number of simple pilot balloon sites (possible because of their individual low cost), so that despite the anticipated adverse effects of clouds on tracking the balloons, there would still be a noticeable improvement in the number of upper wind measurements at any given level.  From the outset it was recognized that only a low-cost observation system would have a chance of being operated by the host countries without major interruptions due to budget limitations.  This is in sharp contrast to many radiosonde networks in the tropics, which, depending heavily on international support and donations, are often intermittent, resulting in historical data records with many gaps. 

The poster to be presented will describe the procedures the PACS-SONET project has used to establish sites and train observers, the logistical aspects that need to be considered, and the processing and quality control of the observations.  We will also discuss the difficulties that can be encountered in developing a network that is officially justified on the basis of scientific objectives, yet whose operation is primarily carried out by members of National Meteorological Services (NMS’s), who rarely have the personnel or infrastructure to actually carry out research with the data they are collecting.

Despite the simplicity of such observations, we will show the value of such observations and how they can compliment the more sparsely distributed radiosonde observations. 

The poster will conclude with some plans for possible strengthening of the pilot balloon network in west Africa during the AMMA field observational phase in 2006 and beyond.   These include examining the historical archives in various countries to evaluate the historical pilot balloon data base, contacting the NMS’s to determine the status of the equipment and supplies for the current pilot balloon network, and possibly carrying out selective training sessions with newer equipment and software to process the data.  Finally, if funds are available, some higher priority sites will be selectively implemented during 2006, if personnel and motivated institutions are available to assist with the activity.

Contact

(1) National Severe Storms Laboratory, NOAA, 1313 Halley Circle, Norman, Oklahoma 73069 – USA – Email : Michael.Douglas@noaa.gov – Phone : (1) 405-579-0872

(2) CIMMS / University of Oklahoma, Norman, Oklahoma USA

 Email : Javier.Murillo@noaa.gov
More details on the PACS-SONET can be found at: http://www.nssl.noaa.gov/projects/pacs
Renforcement du réseau des ballon-pilotes sur l’Afrique Occidentale pour AMMA

Michael DOUGLAS (1) et Javier MURILLO (2)

(1) National Severe Storms Laboratory, NOAA, USA (2) CIMMS / Univ. of Oklahoma, USA

Les observations de ballons-pilotes routinières forment la plus grande source de mesures de vents de haute altitude supérieure du vent en Afrique Occidentale. Néanmoins, de telles observations sont souvent sujettes à de nombreuses incertitudes et sources d’erreurs. De surcroît, ces observations ne sont pas toujours distribuées globalement. Mais comme les stations d’Afrique Occidentale vont probablement continuer à opérer bien après que d’autres améliorations d’AMMA sur les sondes de vents de haute altitude se terminent, tous les perfectionnements du fonctionnement de ces sites contribueront à une surveillance à long terme de la circulation de la mousson. C’est pourquoi AMMA offre une opportunité de moderniser dans la mesure du possible certains aspects de la collecte d’informations et du contrôle de qualité des observations des ballons-pilotes actuelles effectuées dans la région. Nous proposons donc de renforcer le réseau de ballons-pilotes pour la SOP d’AMMA, tout en appliquant l'expérience et les procédures développées à partir du PACS-SONET, un réseau de ballons-pilotes opérationnel depuis les 8 dernières années en Amérique latine. Le Pan American Climate Studies Sounding Network (PACS-SONET) soutenu par la NOAA’s Office of Global Programs, est un réseau de recherche d’observations du vent qui est destiné à soutenir la recherche de la variabilité du climat. La présentation ci-jointe décrira les étapes spécifiques qui peuvent être réalisées dans le but d’améliorer le contrôle de qualité, la distribution et la visualisation des données et aussi pour améliorer  la performance globale du réseau.

Les observations de ballons-pilotes ont été effectuées depuis bientôt plus d’un siècle et sont, malgré cela, toujours utilisées de nos jours dans différentes régions du monde. Bien que la plupart des ces données fassent partie de réseaux d’observations dans les pays en voie de développement, un seul réseau de ballons-pilotes destiné à la recherche (PACS-SONET) a été en fonction depuis 1997. Ce réseau a maintenu approximativement 20 stations dans 8 pays d’Amérique latine. La principale cause de l’existence de ce réseau dans la région vient du faite que le réseau de sonde du World Weather Watch disponible sur la région n'était pas suffisamment dense pour pouvoir effectuer une surveillance détaillée des activités climatiques et également pour les prévisions quotidiennes du temps. 

Lorsqu’on étudie les changements climatiques, plusieurs problèmes surgissent quand on dépend d’observations de routine de sonde, surtout dans les tropiques. En raison de leurs frais d'exploitation annuels relativement élevés, ces stations sont plus largement espacées que l’on peut le désirer, pouvant en outre limiter leur faculté à mesurer d’important processus atmosphériques tropicaux se manifestant à des échelles plus réduites. De plus, les caractéristiques des sondes du ballon-sonde changent à mesure que le réseau s’améliore. Présentant ainsi des discontinuités dans l’enregistrement des données d’observations.. Ceci se produit également avec chaque type de radiosonde. Finalement, il est bien établi que les changements de température dans les tropiques sont moins accentués et de ce fait, plus difficiles à mesurer de manière exacte que les changements de vitesse et direction du vent.

Le PACS-SONET a été crée dans le but d’améliorer les observations de vent destinées entre autres aux activités de prévision du temps et aussi pour pouvoir identifier les changements de la circulation de la troposphère tropicale sur continent. L’idée était de créer un nombre relativement grand de sites de ballon-pilotes  (possible en raison de leur coût individuel réduit), de telle façon qu’en dépit des effets négatifs des nuages sur la trajectoire des ballons il y aura toujours une amélioration notable du nombre de mesures de vent de haute altitude à tous les niveaux. Il a été décide que seul un système d'observation peu coûteux aurait une chance d'être opérationnel dans les pays d'accueil sans interruption qui pourraient être causée par des limitations de budget. Ceci diffère considérablement de nombreux réseaux de ballon-sonde dans les tropiques qui dépendent fortement de l'appui et des donations internationales et sont donc fréquemment intermittents, entraînant de nombreuses lacunes dans les enregistrements historiques de données.

Le poster qui sera présenté décrira les procédures que le projet PACS-SONET a utilisé pour créer des sites d’observations et pour former de nouveaux observateurs, ainsi que les aspects logistiques qui doivent être considérés tout en couvrant le traitement et le contrôle de qualité des observations. Nous discuterons également des difficultés qui peuvent être rencontrées en développant un réseau qui est officiellement justifié sur la base des objectifs scientifiques et dont l'opération est principalement effectuée par des membres des services météorologiques nationaux, qui ont rarement le personnel requis ou l'infrastructure nécessaire afin d’effectuer de la recherche avec les données collectées.

En dépit de la simplicité des observations effectuées par le biais de ballons-pilotes, nous montrerons la valeur que de telles observations peuvent apporter et également, comment celles-ci peuvent complémenter les observations des ballons-sonde moins copieusement distribués.

Le poster conclura par des plans ayant comme but de renforcer le réseau de ballons-pilotes en Afrique Occidentale durant la période d’observation d’AMMA en 2006, et au-delà. Ces plans incluent d’examiner les archives historiques de plusieurs pays afin d’évaluer la base de données historique de ballon-pilote, et également dans le but d’entrer en contact avec les services météorologiques nationaux pour déterminer le statut de l'équipement et des approvisionnements du réseau de ballons-pilotes courants, et vraisemblablement d’effectuer des sessions sélectives de formation avec un équipement et logiciel plus récent afin de traiter les données. Finalement, si les fonds sont disponibles et si le personnel et les établissements motivés sont disposés à assister aux activités, certains sites à haute priorité seront implémentés d’une manière sélective durant le cours de l’année 2006.

Contact

(1) National Severe Storms Laboratory, NOAA, 1313 Halley Circle, Norman, Oklahoma 73069 – USA – Email : Michael.Douglas@noaa.gov – Phone : (1) 405-579-0872

(2) CIMMS / University of Oklahoma, Norman, Oklahoma USA

Email : Javier.Murillo@noaa.gov
Plus de détails sur le Pacs-Sonet sont disponibles dans le site ci-dessous:

http://www.nssl.noaa.gov/projects/pacs
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LES PROBLÈMES RELATIFS À L’INTÉGRATION DES DONNÉES DE RADIOSONDAGE DE COTONOU AU SMT
Issues concerning the new AMMA sounding in Cotonou related

to the routing of  data through the GTS

Francis DIDE

DMN, Cotonou, Bénin

Les stations de radiosondage sont progressivement implantées en Afrique de l’Ouest dans le cadre du Programme International AMMA ( Analyse Multidisciplinaire de la Mousson Africaine ). La problématique de l’intégration des données de radiosondage AMMA sur le Système Mondial de Télécommunications (SMT) de l’Organisation Météorologique Mondiale  est devenue aujourd’hui donc un sujet d’actualité et d’intérêt pour la communauté scientifique internationale. Lorsque cette intégration sera effectivement réalisée à l’échelle régionale (donc non seulement pour le cas de la station de Cotonou ), l’accès aux données deviendra une chose facile, plus large, et enrichira  davantage l’analyse et la prévision  des phénomènes météorologiques en Afrique de l’Ouest.

Cette présentation donne non seulement une description du réseau national béninois des télécommunications météorologiques, mais essentiellement le travail  fourni, les problèmes rencontrés et approches de solution, et enfin les efforts à consentir afin de garantir une transmission régulière des données de la station de radiosondage AMMA de Cotonou sur le SMT.

Cette mission d’intégration des données de radiosondage de Cotonou sur le SMT est  pratiquement achevée. Mais il faut œuvrer à rendre cette transmission régulière et automatique afin de gagner du temps et éviter les erreurs humaines, assurer la bonne qualité et la maintenance de nos installations techniques et enfin motiver les agents pour un rendement meilleur. 
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Analysis of surface-atmopshere interactions in the vicinity of the inter-tropical front and around mesoscale cloud systems using a combination of airborne water vapor and wind lidars
C. FLAMANT (1), A. DABAS, O. REITEBUCH (2), P. DROBINSKI (1)

and J. PELON (1)

(1) Institut Pierre-Simon Laplace, Paris, France

(2) Deutsches Zentrum für Luft- und Raumfahrt, Wessling, Germany

The airborne water vapor lidar LEANDRE 2 (onborad the F/F20) and the airborne Doppler lidar WIND (onboard the D/F20) will be flown together for the first during AMMA SOP B2 (july 2006). These instruments will provide high vertical and horizontal resolution water vapor mixing ratio and wind profiles (a few hundered meters and a few kilometers, respectively) throughout the lower troposphere (i.e. between the surface and the altitude of the aircraft, typically 6 to 12 km msl). The objective of this joint deployment is threefold: (i) analyse the interaction between the monsoon, the harmattan and the African Easterly Jet in the region of inter-tropical front (ITF), (ii) document surface-atmosphere interactions in the vicinity of the IFT and in the Saharan heat low region prior to or after the passage of a mesoscale cloud systems (MCSs), as well as around such MCSs, and (iii) contribute to the assessement of the water vapor budget at the scale of a MCS by documenting the moisture inflow/outflow around westward propagating systems. The laser remote sensing datasets will be nicely complemented by the airborne in situ measurements (including turbulence) made with the F/ATR in the planetary boundary layer (PBL) and possibly the remote sensing mesurements of soil moisture performed from yet another airborne plateform. 

The poster will detail the objectives and strategy behing the deployment of LEANDRE 2 and WIND during AMMA SOP B2. Results from recent field campaigns (IHOP_2002 for LEANDRE 2; ESCOMPTE and VERTIKATOR for WIND) will also be presented to illustrate the potential of both instruments and highlight the benefits of flying LEANDRE 2 and WIND together. 

Contact :

J. McQuaid : jim@env.leeds.ac.uk
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FAAM - Facility for Airborne Atmospheric Measurements

Jim MCQUAID (1), Jamie TREMBATH (2) and Alan WOOLLEY (2)

(1) Institute for Atmospheric Science, University of Leeds, Leeds, UK

(2) Facility for Airborne Atmospheric Measurements, Cranfield University, Beds UK

FAAM is the product of a partnership between the Natural Environmental Research Council (NERC) and the Met Office ™ in the UK. As one of the NERC Centres for Atmospheric Science, FAAM supports the UK Atmospheric Research Aircraft (UK ARA) for use by the research community, both nationally and international.  The UK ARA will be used to study a wide variety of different atmospheric characteristics. These include studies into atmospheric chemistry cloud and aerosol physics, radiative transfer, remote sensing and validation of remote sensing applications. The aircraft can also be deployed as a test bed for satellite instruments. FAAM maintains its own comprehensive array of core scientific instruments on the UK ARA. Additionally researchers are invited to utilise their own specialised instruments onboard the aircraft to allow the measurement of an even wider range of physical and compositional atmospheric characteristics.

[image: image140.png]Broad-band
Air Sample Radiometers

Inlets \
_— Y
- —r

Lidar
Window

Rearward and

Total and Interferometer Cloud Physics Downward
Liquid Water and Probes Facing
Content Radiometer Cameras

Probes Blister




The UK ARA 146 with a number of the external sensors and inlets highlighted
The Aircraft will be deployed for a number of projects during 2006 in the AMMA region:-

· DABEX (Dust and Biomass Experiment) - will investigate the radiative effect of dust and biomass aerosols emitted from the Sahara/Sahelian regions. The interaction of dust and biomass over this region has not yet been well-established, although the few aircraft measurements that do exist suggest that dust and biomass become mixed in March-April-May. 

· DODO (Dust Outflow and Deposition to Ocean) – is a UK NERC SOLAS experiment which aims to deliver case study based predictions of dust deposition to the northern hemisphere Atlantic Ocean constrained by in situ aircraft measurements.  It will describe how chemical and physical changes in the dust affect its long range transport, and how transport is affected by the properties of the dust.  DODO will fingerprint dust sources using single particle characterisation and assess their main composition, including iron content. By assessing the climatological representativeness of the case studies it is hoped that we can gain deeper insight and understanding into the radiative impact of the dust over the Atlantic Ocean and its effect on sea surface temperatures in nutrient rich waters. 

· AMMA UK/EU - planned as the UK effort in the AMMA multinational collaboration based in subSaharan West Africa during the summer of 2006. The science areas are hugely multidisciplinary, including land surface and boundary layer studies, convective storm dynamics and microphysics, hydrological studies, aerosol transport and radiative interactions (including mineral dust and products of biomass burning), atmospheric chemistry and chemical transport, and synoptic dynamics.

The UK ARA has been involved in a number of national and international campaigns:

· The Intercontinental Transport of Ozone and Precursors (ITOP) project proposed a programme of experimental and modelling work to study intercontinental transport and chemical transformation of pollutants. The UK ARA operated from the Azores as a part of this international study into the fate of American emissions.

· EAQUATE, the European AQUA Thermodynamic Experiments was undertaken from FAAM’s home base and involved the study of the atmosphere, ocean and land surfaces using a a range of high resolution sounders.

· Rain in Cumulus Clouds (RICO) was undertaken in the Caribbean to aid understanding of the processes involved in rapid onset of precipitation from trade-wind cumulus. 

Many of these campaigns are planned and executed in co-operation with other atmospheric research aircraft including the NCAR C130, the University of Wyoming’s King air, NOAA’s P3, the DLR Falcon and NASA’s Proteus and DC8 aircraft all during the first 12 months of scientific operational flying.

The available instrumentation for the 146 aircraft currently includes:

	Aircraft/Meteorological Parameters
	Cloud Microphysics & Aerosol

	Air and surface temperature

Pitch, roll, and heading

Static and pitot pressure

Latitude & longitude

Radar, pressure and GPS altitude measurement

Turbulence - Wind speed (3 components)

Dew point and humidity

Sea surface temperature

Forward, rearward, down/upward cameras

UHF/VHF/HF and satellite communications
	Total water content - Cloud liquid water content

Cloud liquid and total water condensate

Cloud particle size spectra (1–6,400 (m diameter)

Aerosol size spectra and composition

Cloud condensation nuclei - Condensation nuclei

Aerosol light scattering

Aerosol absorption of black carbon particles

Aerosol capture & Filter sampling

Ice particle concentration and asphericity - Ice nuclei

Cloud particle images and analysis

	Radiation and Remote Sensing
	Atmospheric Chemistry

	Broadband IR - Broadband solar

Narrow-band radiometry

Microwave radiation

Interferometry

LIDAR (ozone, water vapour and aerosol profiling) - Doppler Radar
	Water Vapour, Ozone, CO

NO, NOx, NO2, NOy, NOy-HNO3, CO2, CH4, 

HOx & ROx 

Peroxy acetyl nitrate (PAN)

Hydrogen peroxide and organic peroxides - Formaldehyde

Hydrocarbons, halocarbons and OVOC

J(O1D) and J(NO2) photolysis rates

Whole air sampling 


For more information on the ARA 146 aircraft please visit http://www.faam.ac.uk

New translation of the title needed

FAAM - Service pour des mesures

atmosphériques aéroportées

Jim MCQUAID (1), Jamie TREMBATH (2) et Alan WOOLLEY (2)

(1) Institute for Atmospheric Science, University of Leeds, Leeds, UK

(2) Facility for Airborne Atmospheric Measurements, Cranfield University, Beds, UK
I partially corrected the translation into French but it needs more work (see red notes)

FAAM est le résultat d’une collaboraiton entre le Conseil de la recherche environnementale naturelle (NERC) et le Met Office au Royaume-Uni. Etant un des centres de NERC pour la science atmosphérique, FAAM soutient l'avion de recherches atmosphériques britannique (UK ARA) à l'usage national et international de la communauté de recherches. Le UK ARA sera employé pour étudier une grande variété de différentes caractéristiques atmosphériques. Celles-ci incluent des études dans la physique atmosphérique de nuages et d'aérosols de chimie, le transfert radiatif, la télédétection et la validation des applications de télédétection. L'avion peut également être déployé comme banc d'essai pour les instruments satellites. FAAM maintient sa propre rangée complète d'instruments scientifiques de noyau sur le UK ARA. En plus des chercheurs sont invités à utiliser leurs propres instruments spécialisés à bord de l'avion pour permettre la mesure d'un éventail encore plus large de caractéristiques atmosphériques physiques et compositionnelles.

L'avion sera déployé pour un certain nombre de projets pendant 2006 dans la région d'AMMA:

· DABEX (la poussière et expérience de biomasse) étudiera l'effet radiatif de la poussière et des aérosols de biomasse émis dans les régions de Sahara/Sahel. L'interaction de la poussière et de la biomasse au-dessus de cette région n'a pas encore été bien établie, bien que les quelques mesures d'avion qui existent suggèrent que la poussière et la biomasse se mélangent en mars, avril et mai.

· DODO (sortie et dépôt de la poussière vers l'océan) est une expérience du R-U NERC SOLAS qui vise à fournir des prévisions basées sur l’étude de cas du dépôt de la poussière à l'hémisphère nordique l'Océan Atlantique contraint par des mesures in situ d'avion. Elle décrira comment le produit chimique et les changements physiques de la poussière affectent son transport de longue gamme, et comment le transport est affecté par les propriétés de la poussière. Le DODO prendra des empreintes digitales des sources de la poussière en utilisant la caractérisation simple de particules et évaluera leur composition principale, y compris le contenu de fer. En évaluant la représentativité climatologique des études de cas on espère pouvoir gagner une perspicacité et un arrangement plus profonds dans l'impact radiatif de la poussière au-dessus de l'Océan Atlantique et son effet sur les températures de surface de mer dans les eaux riches nutritives.
· AMMA UK/EU – planifié comme l’effort du RU dans la collaboration multinationale AMMA en Afrique de l’Ouest sub-saharienne pendant l’été 2006.Les secteurs scientifiques sont largement multidisciplinaires, ils comprennent l’étude de la surface terrestre et de la couche limite, convecteur donner l' assaut à dynamique et microphysique (convective storm dynamics and microphysics), des études hydrologiques, le transport des aérosols et ses interactions radiatives (y compris poussières minérales et résultats de la combusion de la biomasse), chimie atmosphérique et transport chimique, et la dynamique synoptique.

Le UK ARA a été impliqué dans un certain nombre de campagnes nationales et internationales:

· Le projet ITOP (find translation of acronyme in French - IG) proposait un programme de travail expérimental et de modélisation pour étudier le transport intercontinental et la transformation chimique des polluants. Le UK ARA a pris part à cette étude internationale depuis les Açores.

· EAQUATE, les expériences européennes thermodynamiques AQUA ont été entreprises de la base de FAAM et ont consisté en l’étude de l'atmosphère, des surfaces océaniques et terrestres en utilisant une gamme de sondeurs à haute résolution.
· RICO (pluie dans les cumulus - acronyme à voir par IG) a été entrepris dans les Caraïbes pour faciliter la compréhension des processus impliqués dans le déclenchement rapide des précipitations from trade-wind cumulus
Plusieurs de ces campagnes sont programmées et exécutées en coopération avec d'autres avions de recherches atmosphériques pendant les douze premiers mois des vols opérationnels scientifiques dont le C130 du NCAR, le King air de l’université du Wyoming, le P3 de la NOAA, le Falcon de la DLR, le Proteus et le DC8 de la NASA.
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US-Senegal measurements during SOP3 2006
Gregory S. JENKINS (1), Everette JOSEPH (1), Amadou GAYE (2)

and Paul A. KUCERA (3)

(1) HUPAS, USA (2) Laboratoire de Physique de l'AtmosphEre, Sénégal

(3) Department of Atmospheric Sciences, USA

During the summer of 2006, measurements of aerosols, cloud microphysics and precipitation with the focus on characteristics and processes using surface, possibly aircraft and satellite measurements will be conducted in Senegal.

Surface measurements include US and Senegalese Radar measurements, rain gauge, disdrometers, lidar, enhanced radiosonde launches and radiative flux measurements. The measurements in Senegal provide the unique vantage point of being near a coastline site, which allows us to study how precipitation characteristics are altered when transitioning from continental to oceanic surface conditions. Consequently the Senegal-AMMA measurements tie the upstream continental measurements to downstream oceanic measurements. These measurements also provide a basis for understanding the interactions amongst aerosols, cloud microphysics and precipitation and how these factors may ultimately influence Atlantic tropical cyclogenesis. We will also conduct near real-time forecasting activities to support the ground and any potential aircraft measurements in Senegal.

The AMMA-Senegal measurements provide the basis for long-term collaboration between Senegalese and US forecasters/scientists/institutions. This presentation will elaborate on all aspects of the measurements of the SOP3. 

Contact

(1) Howard University Program in Atmospheric Sciences (HUPAS), Washington DC 20059, USA

Email : gjenkins@howard.edu - ejoseph@howard.edu
(2) Laboratoire de Physique de l'AtmosphEre et de l'Ocean SimEon Fongang, Ecole Supérieure Polytechnique, UCAD, BP 5085 Dakar-Fann, Sénégal - Email : atgaye@ucad.sn
(3) Department of Atmospheric Sciences, P.O. Box 9006, University of North Dakota, Grand Forks, ND 58202, USA - Email : pkucera@aero.und.edu
0.33

Potential use of AMSU A-B brightness temperatures for monitoring the monsoon variability
F. KARBOU, L. EYMARD, S. JANICOT and P. TERRAY

The AMSUA-B system consists of a groupe of microwave radiometers on board the NOAA meteorological platforms. It operates in a large range of frequencies, from 23.8 GHz up to 183 GHz absorption band. It is designed to provide temperature and humidity profiles in the atmosphere. Over oceans, data from all AMSU-A channels are now assimilated in meteorological models, thanks to availability of a proper surface modelisation. Over continents, only channels which are not sensitive to surface are assimilated. Consequently, AMSU data are not exploited for low atmosphere over land, and the humidity information is not yet used. Work is in progress to improve the situation (Karbou et al, 2005). 

We therefore propose to directly exploit the sensitivity of the various channels by analyzing the measured brightness temperatures. Eight months in 2000 (January to August) have been used to evaluate the potential use of data. Brightness temperatures from the central part of the swath have been interpolated to produce regularly spaced data, in a domain covering the West Africa continent (0 to 40° N, 20°W to 20°E), with a 1 deg . horizontal resolution and a one day time spacing. The interpolation method is based on a Cressmann algorithm. 

Preliminary results are presented concerning analyzis of the channel sensitivity to surface, atmosphere temperature and humidity, and features of the seasonal evolution (temperature, humidity, and big convective systems). 
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Scientists, Students and Teachers Partnering Through GLOBE and AMMA
Rebecca A. BOGER (1), Ngosse FALL BOUSSO (2) and Debra K. KRUMM (1)

(1) The GLOBE Program, CO, USA (2) GLOBE, Senegal
Overview of GLOBE

The GLOBE Program is an international science and education program designed to increase environmental awareness throughout the world and to contribute to improved understanding of the local, regional, and global environment. The program aims to improve student achievement in science and mathematics and supports better learning in geography and enhanced educational use of technology. GLOBE provides well tested, rigorous, and often inexpensive protocols for over 50 measurements within four main investigation areas: weather and climate, land cover, soils and water quality. After students collect and submit their data either by e-mail or the Internet, the data are archived and made publicly available to everyone throughout the world. The scientist-student interaction provides incentive for the students to study environmental questions while helping create spatially and temporally useful data sets for scientific research. Many of the data are being used as ground-based observations for satellite missions such as Aura, CALIPSO, CloudSat and Landsat, and discussions are underway for possible involvement with other upcoming satellite missions such as Aquarius and OCO.

An important part of the success of the GLOBE Program is the strong interaction among scientists, teachers, and students. Scientists act as mentors and resources for students’ studies. Teachers play a key role in teaching the protocols to the students, maintaining data quality, and promoting the interaction between students and scientists. GLOBE provides teachers with opportunities for professional development and a stimulating way of teaching science, mathematics and other school topics. To ensure that teachers feel prepared, GLOBE supports and insists that they receive hands-on training in the protocols. GLOBE holds International Training Workshops throughout the world. Through these workshops, GLOBE is building a cadre of Master Trainers who are able to train GLOBE trainers within their countries and regions independently from the GLOBE Program Office in the United States.

GLOBE operates through a network of partner countries and organizations. At present, there are over 400 schools with more than 700 GLOBE teachers in 25 partner countries in Africa with many located in the AMMA study area (Figure 1). Collectively, more than 800,000 data from African schools have been submitted to the GLOBE database. The database contains over 13 million data in total. For participating countries, one (or more) National Coordinators oversees the activities within his or her country. GLOBE has partnerships with organizations such as UNESCO and discussions are underway with the World Meteorological Organization (WMO).

GLOBE Schools Can Support AMMA Research, Education and Outreach

(I don’t understand the meaning of this sentence here)

Student-collected data can play an essential role in areas where environmental data are sparse such as the AMMA study area (e.g., Figure 2). GLOBE is particularly effective in facilitating the involvement of isolated communities in environmental science and education. For example, refugees in Senegal and Kenya, rural communities in Africa, Asia and Latin America, Inuit tribes in Canada’s Northwest Territories, and a school on the Palmer Peninsula of Antarctica are part of the program. In addition, GLOBE provides an interdisciplinary Earth System Science approach that is well suited for AMMA-related studies. The GLOBE student data are directly relevant to AMMA, e.g., aerosols; precipitation; air, water and soil temperatures; soil moisture; cloud cover; water quality measurements; land cover classification and biometry; and soil characterization. These data could provide an important addition to the AMMA observation network.
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Figure 1: GLOBE Partner Countries in Africa are shown in green. Schools are shown by the red dots.
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Figure 2: Example of student data from CEG1 Lokossa School in Benin. Graph generated on GLOBE Web site (http://www.globe.g lobe.gov).

AMMA research will have a direct impact on societal issues such as health, water resources and food security by providing scientific information to decision makers influencing policies in West African nations. GLOBE resources are supporting a better understanding of the scientific process in primary and secondary schools. GLOBE materials and activities (e.g., science fairs and field campaigns) are helping to create a more scientifically literate citizenry as well as helping build the capacity of future scientists, mathematicians and technologists. Students in West African nations are already conducting their own studies that explore connections between environmental factors and malaria, agriculture, climate change and water quality. These ongoing studies have direct relevancy to AMMA objectives. Connecting GLOBE schools with AMMA scientists is mutually beneficial in that AMMA scientists provide mentorship and incentive for students and teachers and thus contribute to building the much needed science and mathematic capacity within Africa while GLOBE schools contribute much needed environmental data for scientific research. Together, scientists, teachers and students work together to improve scientific literacy, which can be used to address pressing ecological and societal problems facing West Africa.

Contact

Rebecca A. BOGER, Deputy Director, International/U.S. Partnerships and Outreach and International Project Scientist - The GLOBE Program, 3300 Mitchell Lane, Room 2104, Boulder, Colorado 80301, USA

Phone : 1 303-497-2647 – Fax : 1 303-497-2648 – Email : rboger@globe.gov
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Les scientifiques, les élèves et les enseignants partenaires à travers GLOBE et AMMA

Rebecca A. BOGER (1), Ngosse FALL BOUSSO (2) et Debra K. KRUMM (1)

(1) The GLOBE Program, CO, USA (2) GLOBE, Senegal

Le Programme de GLOBE (Programme Mondial d’Apprentissage et d’Observation au Profit de l’Environnement) est un programme international de l’environnement, de la science et de l’éducation qui vise les écoles primaires et secondaires. En ce moment, il y a 109 pays qui participent au programme y compris beaucoup dans la zone d'étude d’AMMA. GLOBE fournit les protocoles standardisés et rigoureux pour recueillir de données dans les secteurs d'investigation de l'atmosphère, de l'hydrologie, du sol, de la couverture de terre, et de la phénologie. Les mesures que les élèves prennent sont archivées dans une base de données qui est publiquement disponible sur le site de GLOBE (www.globe.gov). Les matériels éducatifs de GLOBE comprennent aussi des instructions qui encouragent une compréhension du procédé de la science. Les élèves développent les projets de recherche en utilisant leurs résultats combinés avec les autres données recueillies par des élèves. La base de données contient actuellement plus de 13 millions de données qui peuvent être et sont utilisés par les scientifiques et les élèves pour la recherche. 

GLOBE fournit un lieu pour les collaborations des élèves, des scientifiques, et de la communauté aux niveaux local, régional et global. La recherche d'élève et le rassemblement de données en Afrique de l’ouest sont directement pertinents pour AMMA. Beaucoup de mesures sont bons marchés et n'exigent pas l'accès à l’Internet. Les missions par satellite comme NASA CloudSat cherche la validation d'instrument et travaille déjà avec les écoles ouest africaines. Ces efforts pourraient être combinés avec AMMA. Les écoles pourraient considérablement participer au programme AMMA non seulement comme observateurs, mais aussi comme partenaires avec les scientifiques qui sont les mentors, et pourraient aider à construire un réseau d'observation basé au sol. Le réseau de GLOBE dans AMMA pourrait largement faciliter l'éducation et les activités d'assistance d’AMMA tout en renforçant la participation des élèves dans un projet direct local et régional.
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Etude de la production de biomasse et de la diversité floristique herbacée selon le gradient climatique dans les zones du Gourma et du Haoussa au Mali
Fadiala DEMBELE (1), Moussa KAREMBE (2) et Mahamadou COULIBALY (3)

(1) Institut Polytechnique Rurale de Formation et de Recherche Appliquée de Katibougou, Mali (2) Faculté des sciences et techniques de l’Université de Bamako, Mali

(3) Institut d’Economie Rurale, Mali
La présente étude se situe dans le cadre du réseau d’observatoires de surveillance écologique à long terme (ROSELT) et de l’analyse multidisciplinaire de la mousson africaine (AMMA). Son objectif est d’évaluer l’effet conjugué du gradient climatique et de la pression humaine sur la production de biomasse et la diversité de la végétation herbacée. Elle a été réalisée sur une bande comprise entre les latitudes 14o30 et 17o 30 N et les longitudes 1o et 2o W. La zone d’étude est couverte par les bioclimats saharien, sahélien-nord et sahélien-sud. Dans cette zone l’élevage demeure la principale activité socio-économique. Le Gourma, malgré son étendu et son potentiel énorme de production de biomasse herbacée, cette ressource est difficile d’accès à cause de la rareté des points d’eau. De ce fait, les parcours environnants de ces points d’eau sont soumis à une forte pression pastorale. Parallèlement à cette situation, la zone d’étude connaît une irrégularité spatio-temporelle de pluviométrie. En effet, l’effet conjugué de ces principaux facteurs ont une incidence sur la production de la biomasse et de la diversité herbacée. C’est dans ce cadre que se situe la présente étude. 

Pour ce faire, il a été choisi et matérialisé dans la zone du Gourma 10 sites dans chaque zone bioclimatique. Quant à la zone du Haoussa, il a été matérialisé 17 sites compte tenu de forte hétérogénéité de l’espace. La matérialisation a été effectuée en fonction des types morphopédologiques rencontrés (dunes, replats-dunaires, plaines et bas fonds).  Les sites ont une longueur d’un kilomètre. Sur chaque site, en raison de l’hétérogénéité du tapis herbacé, il  a été effectué un échantillonnage stratifié sur un hectare en vue d’une meilleure estimation de la biomasse produite. La méthode d’approche consiste à faire une stratification du couvert herbacé le long d’une ligne d’un kilomètre. L’opération consiste à déterminer mètre par mètre, sur le long de la ligne délimitée par un ruban de 100 m, les différentes classes de strates en fonction de la densité apparente du couvert herbacé. Cette densité est repartie en quatre classes : forte (H) ; moyenne (M) ; faible (B) et sol nu (o)
L’évaluation de la biomasse a été effectuée sur la base d’un échantillonnage pseudo-aléatoire qui consiste à prendre 12 plots d’un mètre carré chacun répartis comme suit : 3 plots dans le couvert fort (H), 6 plots dans le couvert moyen (M) et 3 dans le couvert faible (B). 

Quant à la diversité, elle a été étudiée selon la méthode de relevé phytoécologique sur quatre placettes d’un hectare chacune le long du transect. A l’échelle de chaque hectare, il a été recensé toutes les espèces herbacées rencontrées, estimer leur abondance-dominance. Le recouvrement global de la végétation et celui des strates ligneuse et herbacée ont été estimés. Quant aux variables du milieu, il a été déterminé des types de sol, la distance par rapport à un campement nomade ou un à un point d’eau, le niveau de pression pastorale, etc. 

La diversité et la production de la biomasse herbacée varient en fonction du gradient climatique, du niveau de la pression et du type de sol. De ce fait, la diversité est proportionnelle à la pluviométrie. Ainsi le bioclimat sahélien sud présente un indice de diversité beaucoup plus élevé suivi du bioclimat sahélien nord et du bioclimat saharien. Quant à la production, elle suit la même tendance que la diversité. Par rapport au sol, la biomasse aussi bien que la diversité herbacée demeurent très sur les sols gravillonnaires sur curasse et ce indépendamment du gradient climatique. Cependant, à l’intérieur d’une même zone bioclimatique, ces paramètres demeurent plus élevés sur les sites difficiles d’accès que ceux proches des points d’eau et habitation (campements et villages). Ils restent aussi tributaires de la pluviométrie, très variable d’une année à l’autre.

Mots clés : Production, diversité, herbacée,  climat, Gourma, Haoussa, Mali.
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Production et diversité ligneuse selon le gradient climatique et la pression humaine dans la réserve de biosphère de la Boucle du Baoulé au Mali
Fadiala DEMBELE (1), Moussa KAREMBE (2) et Mahamadou COULIBALY (3)

(1) Institut Polytechnique Rurale de Formation et de Recherche Appliquée, Katibougou Mali (2) Faculté des sciences et techniques de l’Université de Bamako, Mali

(3) Institut d’Economie Rurale, Mali

La présente étude se situe dans le cadre du réseau d’observatoires de surveillance écologique à long terme (ROSELT) et de l’analyse multidisciplinaire de la mousson africaine (AMMA). Son objectif est d’évaluer l’effet conjugué du climat et de la pression humaine sur la production et la diversité de la végétation ligneuse. Elle a été réalisée dans la réserve du Baoulé, au Mali, située entre la latitude 12o et 15o N et la longitude 8o et 10o W. La zone d’étude est couverte par les bioclimats sahélo-soudanien et soudano-guinéen. 

Au niveau de chaque zone bioclimatique, une typologie de l’espace a été établie en fonction du degré d’exploitation par l’homme. A chaque niveau d’exploitation, la végétation ligneuse des trois principaux types de sols rencontrés a été étudiée. 

La production ligneuse, liée au degré de pression humaine et au type de sol, est plus élevée dans le bioclimat soudano-guinéen que sahélo-soudanien. Elle décroît des sols limoneux vers les sols gravillonnaires en passant par les sableux et cela de la faible à la forte pression humaine. 

La végétation ligneuse, diverse, est constituée d’espèces d’origines bioclimatiques guinéenne, soudano-guinéenne, sahélo-soudanienne et sahélo-saharienne. La diversité est plus élevée, avec la dominance des légumineuses et combretacées, dans le bioclimat soudano-guinéen que celui sahélo-soudanien et cela sur sols limoneux que sableux et gravillonnaires. 

Mots clés : Production, ligneux, diversité, climat, pression humaine, Mali. 
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Eau et végétation au Niger : l’implémentation du TT4

Luc DESCROIX (1), Bernard CAPPELAERE (2), Stéphane BOUBKRAOUI (1),

Guillaume FAVREAU (2), Yahaya NAZOUMOU (4), Ibrahim BOUZOU (5),

Nicolas BOULAIN (2), Manon RABANIT (3), Charlotte BAILLEUL (1),

Abdoulaye KONE (6) et Sylvain MASSUEL (2)

(1) LTHE-IRD, Niamey, Niger (2) HSM-IRD, Montpellier, France (3) HSM-IRD, Niamey, Niger (4) Dépt. de géologie, Université Abdou Moumouni de Niamey, Niger (5) Dépt. de géographie, Université Abdou Moumouni de Niamey, Niger 6) IRD, Niamey, Niger

Problématique

On a constaté en secteur sahélien un accroissement récent des ruissellements (depuis quelques décennies, en dépit de la diminution des précipitations annuelles moyennes. Ceci a été attribué aux changements d’usage des sols, qui se traduisent par une extension de types d’ « états de surface » bien plus ruisselants. Cette évolution modifie constamment le comportement hydro-dynamique des versants, menaçant à terme les ressources en eau de la zone sahélienne, déjà peu importantes. 

Objectifs

Les objectifs de l’implémentation du Task Team 4 « site AMMA du degré carré de Niamey » sont les suivants :

1. Résoudre les questions scientifiques en suspens : il s’agit en particulier de mieux comprendre les causes de l’augmentation des ruissellements au Sahel (Albergel, 1987, Desconnets, 1993), et les termes du « paradoxe de Niamey » (Leduc et al., 2001) que constitue cet élément concomitant de la baisse des précipitations ; 

- montrer que ce sont les changements d’usage des sols (remplacement de la brousse par cultures et jachères) qui provoquent un accroissement des ruissellements ;

- montrer que cela a pour conséquence dans les régions sahéliennes, un accroissement des débits en secteur endoréique, un accroissement du nombre des mares, de leur surface et volume, et donc un allongement de leur durée en eau dans les zones endoréiques ;

- montrer qu’en secteur soudano-sahélien, on assiste à une baisse des ruissellements ;

- que ce soit en zone sahélienne ou soudanienne, dans des secteurs endoréiques ou exoréiques, l’érosion des versants et l’ensablement des bas fonds s’accélèrent depuis quelques décennies.

2. Répondre aux nouvelles questions posées par l’avancement des connaissances :

- on sait que les mares sont les principales zones de recharge de la nappe ; quelle est l’importance relative des autres zones de recharge possible (mil, jachères, zones d’épandage, ravines, bandes de brousse tigrée…) ? ;
- quelle est l’importance des flux d’énergie (radiatifs, chaleur sensible, chaleur latente) pour le mil et la jachère, types d’occupation des sols qui couvrent à eux deux plus de 75% de la surface totale ? ;

- quel rôle joue la végétation dans la localisation des champs de pluie (à l’échelle de l’événement) et le tracé des isohyètes (échelle de la saison ou pluri-annuelle) ; et quel rôle particulier peuvent bien avoir : les bandes de brousse tigrée, les gaos (faidherbia albida), les bas fonds à brousse plus dense, etc

- quel est l’apport de la modélisation hydrologie/végétation (ABC-rwf, tree grass) ou de la modélisation hydrologique distribuée (WMS) ou empirique (NAZASM) dans les avancées en cours ?

L’implémentation

La stratégie scientifique du TT4 s’est développée sur une logique multiscalaire :

- Un réseau méso-échelle α pré-existant, hérité de l’expérience HAPEX et des travaux menés depuis les années 1990 en hydro-géologie dans le degré carré de Niamey : 34 pluviographes, 4 limnigraphes sur mares, 6 piézographes et des observations régulières sur 178 puits ; 8 pluviographes ont été adjoints à ce réseau pour mieux documenter la dépression piézo du kori de Dantiandou.

- Un réseau méso-échelle ß, sur la partie centrale de la dépression piézométrique (1700 km²) du kori de Dantiandou, appelé Super Site Central Nigérien, constitué de 7 pluviographes, de 2 limnigraphes de mare, de 4 piézographes supplémentaires, afin de chiffrer tous les termes du bilan de l’eau à échelle plus fine.

- 2 sites expérimentaux de petite échelle, à Wankama et Tondi Kiboro, où des dispositifs plus denses et plus complets ont été installés : 8 pluviographes, 6 limnigraphes, 2 stations météo, 4 stations de mesures des flux d’énergie, 4 stations humidimétriques, 35 tubes d’accès pour sondes à neutrons, deux bacs évaporatoires, ainsi qu’une centaine de pluviomètres à lecture directe en cours d’installation.
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Les deux sites expérimentaux de petite échelle : Tondi Kiboro (gauche) et Wankama (droite)

Les données déjà recueillies suggèrent :

- que le mil et la jachère apparaissent comme des zones sans infiltration profonde, à l’inverse des bandes de brousse tigrée, des zones d’épandage et des ravines ;

- que l’érosion des versants (nombreuses ravines récentes, le plus souvent datant de moins de 15 ans) s’accélérait, avec son corollaire, l‘ensablement des versants (zones d’épandage) et des bas fonds (cônes de déjection, mares comblées, lit du Niger..).

Ces deux éléments contribuent significativement à l’évolution des comportements hydrologiques des versants et, partant, à l’avenir des ressources en eau du Sahel.

Water and vegetation in Niger :

the Task Team 4 implementation

Luc DESCROIX (1), Bernard CAPPELAERE (2), Stéphane BOUBKRAOUI (1),

Guillaume FAVREAU (2), Yahaya NAZOUMOU (4), Ibrahim BOUZOU (5),

Nicolas BOULAIN (2), Manon RABANIT (3), Charlotte BAILLEUL (1),

Abdoulaye KONE (6) et Sylvain MASSUEL (2)

(1) LTHE-IRD, Niamey, Niger (2) HSM-IRD, Montpellier, France (3) HSM-IRD, Niamey, Niger (4) Dépt. de géologie, Université Abdou Moumouni de Niamey, Niger (5) Dépt. de géographie, Université Abdou Moumouni de Niamey, Niger 6) IRD, Niamey, Niger

Previous studies on terrestrial part of water cycle in Sahel allowed to establish the following statements :

· The dominant role of soil surface features in hillslopes hydrological behaviour ;

· The soils fragility and their strong change in behaviour due to land use evolution ;

· The speed of these land use changes that caused an increase in runoff  which widely compensate the reduction in rainfall observed for 35 years.
Hydrological changes now occur at the season scale and even at the rainy event scale. 

In order to improve the knowledge of this dynamics, an observation network was installed, the objective being to document all the parts of water cycle. This includes raingauges, streamgauges, piezometers, evaporation pans, flux measurement stations, soil moisture stations and met stations. This « super site » network is complementary to an extended observation network installed during the 1990’s at the meso-scale.

This implementation must allow to make a synthesis of what process is running at what spatial scale (rainfall, runoff, infiltration, watertable recharge, atmosphere moisture recharge) as well as at what scales they inter act. It should help to determine also at what spatial and temporal scales the albedo and the soil-vegetation roughness impact atmospheric behaviour. Finally, the main aim is to determine the respective role of land use changes and climatic changes in the current evolution of Sahelian hydrological cycle.
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Monitoring vegetation and climate at the Dahra test site in semi arid Senegal: In situ measurements of continuous time series of surface parameters

Inge SANDHOLT, Rasmus FENSHOLT, Anette NORGAARD, Simon STISEN

and Bo DALBERG JENSEN

Institute of Geography, University of Copenhagen, Denmark

Introduction and background

The Dahra test site was established by the Institute of Geography, University of Copenhagen in 2001 with the main objectives of providing a robust data set for validation of remote sensing data and products in a semi arid environment and for input to land surface process models. 

The Dahra test site

The Dahra test site is located in the semi-arid northern part of Senegal where rainfall averages 300–450mm per year. Intermittent water shortages during the growing season occasionally lead to severe droughts with food shortages and production deficiencies. The vegetation of the area consists of fine-leaved annual grasses such as Schoenefeldia gracilis, Dactyloctenium aegupticum, Aristida mutabilis and Cenchrus bifloures. Annual grasses with a maximum height of 60 cm are often bundant, interspersed with perennial grasses with a maximum height of 80 cm (Ridder et al., 1983). Tree and shrub canopy cover generally does not exceed 5% in the fieldwork area and is mainly characterised by two species, Balinites aegyptiaca and Boscia senegalensis (Diallo et al., 1991). In the vicinity of villages, small fields of millet (Pennisetum glaucum L.) and groundnut (Arachis hypogaea L.) are the most common types of cultivation. The soil in the study area is characterised as a poorly developed soil formed on sandy parent material of dunes or fluvial deposits (less than 3% clay). Soils have a reddish colour and have previously been classified as arenosols (Batjes, 2001 and FAO, 1995). Agricultural areas take up approximately 10% of the land use in the area. This has been relatively stable during the last 30 years, despite severe drought during the 1970s and 1980s  and despite an assumed doubling in population since the 1980s (Gazetter, 2004). 

Observational strategy and instrumentation

An automatic station equipped with sensors for continuous measurements of spectral vegetation indices, radiation components, surface temperature, soil moisture, soil temperature and rainfall is located at the ISRA research station, Dahra, (-15.43degE,14.410degN), see Table 1 and Figure 1. It is under supervision from ISRA staff with help and assistance from ISE, University of Dakar, and Centre de Suivi Ecologique, Dakar. 
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In 2004 the measurement programme was extended with a flux profile mast for estimation of surface energy and water balance. The spectral configuration of the sensors allows measurements of radiation in wavelengths identical to current optical satellite sensors like AVHRR, MODIS, MERIS and MSG-SEVIRI. The station is operational from the beginning of June to the end of November each year, and funding for operation is secured until 2007. 

Satellite data and modelling

Based on satellite data and in situ observations, process modelling of vegetation dynamics and water balance is done using a large scale hydrological model building on the MIKE-SHE code, and on local scale,  a SVAT extension to the model is being applied. The measurement programme and strategies for the Dahra test site will be presented, and data series resulting from five years of successful operation of the stations will be shown together with selected application of the data in combination with satellite data and process models. 
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Climatic Observations in the sub-Sahel
A. A. WILLOUGHBY (1), C. O. AKOSHILE (1), T. O. ARO (1, 2), R. T. PINKER (3), E. G. DUTTON (4), B. N. HOLBEN (5), I. A. ADIMULA (1), O. A. FALAIYE (1),

T. B. AJIBOLA (1) and Y. T. MA (3)

(1) Department of Physics, University of Ilorin, Ilorin, Nigeria

(2) Department of Physics, Bowen University, Iwo, Nigeria

(3). Dept. of Atmospheric and Oceanic Science, Univ. of Maryland, College Park, MD, USA (4) NOAA/CMDL, Boulder, CO, USA

(5) Biospheric Sciences Branch, NASA Goddard Space Flight Center, Greenbelt, MD, USA
Observations of climatic parameters are in progress in sub Sahel Africa, at the Campus of the University of Ilorin, Nigeria (8° 32’ N, 4° 34’ E). The site is located in a climatically important region, in the desert transition zone between the Sahara and the savanna of upper Nigeria. This region is influenced by the dusty Harmattan wind which persists for long periods of time, and is characterized by steady dusty conditions with high aerosol loading, which significantly affect the local climate and the interpretation of satellite observations. 

This is a collaborative effort between the Department of Physics, University of Ilorin, the Department of Atmospheric and Oceanic Science, University of Maryland , NASA Goddard Space Flight Center , and the NOAA/Environmental Research Laboratories (ERL)/Climate Monitoring and Diagnostics Laboratory (CMDL) . Monitored are geophysical parameters required for the understanding of climate change and in support of satellite observations under the NASA Earth Observing System (EOS ) Program. Measurement of aerosol optical depth started in 1987. Observation of key components of the surface radiation budget were added in September of 1992 and upgraded in May of 1995. These were augmented with observation of rainfall, temperature, relative humidity and wind. The ultimate objective of this collaborative effort is to upgrade these observations to meet the requirements of the World Climate Research Program (WCRP) Baseline Surface Radiation Network (BSRN). The permanent archive for the data is the Swiss Federal Institute of Technology in Zurich (ETHZ), Switzerland which has been designated as the World Radiation Monitoring Center (http://bsrn.ethz.ch/). Information on early results can be found at : http://www.atmos.umd.edu/~srb/eos/index.htm
In this presentation, reviewed will be the activity at this station and its current status. 
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Le Programme SAAGA d'Augmentation des Précipitations

par Ensemencement des Nuages du Burkina Faso
A TRAORE, A. BEN MOHAMED, F. OUATTARA et A. DIALLO 

To be completed (organisms)

Suite à un important déficit pluviométrique enregistré en 1997, le Burkina Faso avait déclenché en 1998 une opération d'augmentation des précipitations par ensemencement des nuages dénommé "Opération SAAGA" qui, par la suite, a été transformée en Programme Permanent de même nom. 

Cette présentation se propose de passer en revue dans un premier temps les diverses procédures mises en place pour la conduite des opérations au sol et aéroportées, opérations dont le suivi est assuré par un radar 5cm équipé du logiciel TITAN, ainsi que les différents schémas d'évaluation physique, environnementale, socio-culturelle et économique retenus, sur la base de la randomisation appliquée dans la zone d'évaluation. 

Le second volet de la présentation sera consacré aux aspects scientifiques du programme, notamment les mesures en microphysique et dynamique des nuages effectuées régulièrement à l'aide de la plateforme de mesures de l'un des avions du programme, ainsi que celles des aérosols et noyaux de condensation, effectuées elles en complément. Les études associées à ces mesures devraient permettre au programme de conduire ses opérations sur une base scientifique rigoureuse, tout en contribuant à la connaissance générale tant des principaux mécanismes des précipitations dans la sous région que de l'efficacité des processus contrôlant la formation des précipitations. 
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Oceanic campaigns and measurements from open ocean

(AMMA Task Team n°6)
Bernard BOURLES (1), Robert L.MOLINARI (2) and Peter BRANDT (3)

(1) IRD/LEGOS, Plouzané, France (2) NOAA/AOML, Miami, FL, USA

(3) IFM-GEOMAR, Kiel, Germany
Abstract

This poster presents a summarize of the international field operations at sea planed in the framework of AMMA. All these actions are presented in more detail in the TT6 document (AMMA Task Team n°6, concerning the Oceanic campaigns and measurements from open ocean (EOP and SOP), that can be found on the AMMA web site:

 http://www.lthe.hmg.inpg.fr/AMMA_International/organisation/2_1Level_Role_TTs.php.

Résumé

Ce poster présente un résumé des actions océanographiques de terrain programmées dans le cadre d’AMMA. Toutes ces actions sont détaillées dan sle document TT6 (AMMA Task Team n°6, concerning the Oceanic campaigns and measurements from open ocean (EOP and SOP), qui peut être consulté sur la page web AMMA : 

http://www.lthe.hmg.inpg.fr/AMMA_International/organisation/2_1Level_Role_TTs.php.
Scientific justification and objectives
The oceanographic observations of AMMA will support the land and atmospheric measurements during the three observing periods; Long term Observing Period (LOP), Enhanced Observing Period (EOP), and Special Observing Period (SOP).  Detailed scientific rationale for these data is given in both international and national AMMA documents (e.g., French API, EU, US).  Specifically, the TT6 aims to provide needed measurements for:
1) the study of processes that determine seasonal to interannual variability of observed sea surface temperature (SST), sea surface salinity (SSS), mixed layer depth and heat content, in the Tropical Atlantic and in the Gulf of Guinea, and their linkage with West African land surface conditions; 
2) the study of processes that determine the seasonal evolution of the cold tongue - Inter Tropical Convergence Zone (ITCZ) - West African Monsoon (WAM) system.
3) the study of both ocean and atmosphere boundary layers and air-sea exchanges;

4) the validation of models, satellite data and products.

Overall strategy
The overall strategy is mainly based on (1) the acquisition of in situ measurements in the eastern Tropical Atlantic and the Gulf of Guinea (GG) and (2) the integration of these data to characterize the air-land-sea monsoon system during the three observing periods of AMMA (and thereby resolving different timescales ranging from annual to interannual). 


- For the LOP and EOP observations, the measurements will be principally collected through existing sustained observing networks and acquisition programs (e.g., PIRATA ATLAS buoy network, the Voluntary Observatory Ship (VOS) expendable bathythermograph (XBT) networks, surface drifters of the Global Drifter Program, and the ARGO and CORIOLIS operational programs). LOP/EOP measurements will also be acquired through oceanographic research vessels, coastal stations, tide gauges and the meteorological station at São Tome Island (Eq-6°E). These measurements will be enhanced by additional observations directed at specific monsoon questions.  


- For the SOP WAM process studies, a large number of additional oceanic and meteorological measurements will be collected. The different types of measurements (lagrangian, eulerian, synoptic, surface and subsurface, high frequency acquisition etc…) and the different measured parameters (currents, hydrology and even tracers) should allow obtaining the most complete necessary data sets for the process studies.
EOP dedicated cruises

In order to assess interannual and seasonal variability, six EGEE cruises in the Gulf of Guinea are planed in the framework of AMMA-France, with two cruises per year scheduled during the three EOP AMMA years (2005-2007). See poster 0.02. The two first EGEE cruises have already been achieved in 2005 (refer to poster 0.02). The EGEE 3 cruise, during the first phase of the SOP, will be carried out in spring-summer 2006 (see poster 0.01). Maintenance (or replacement) of the PIRATA ATLAS moorings located in the Gulf of Guinea will also be conducted during these cruises. In addition to classical current (SADCP and LADCP) and hydrological (T,S,O2) measurements, surface drifters (coll. NOAA/AOML) and ARGO/CORIOLIS profilers are deployed during each cruise. 

SOP dedicated cruises

- SOP I U.S. Cruise : This cruise is scheduled for May-June 2006. During this cruise, in addition to classical current and hydrological measurements in the upper ocean layers, 2 ATLAS buoys will be deployed at positions along 23°W. In addition, surface drifters and ARGO profilers will be deployed in the green shaded area to the right. Support will also be requested for two other ATLAS moorings to be deployed in 2007. These buoys along with the ones located along 10°E will collect data in both the ocean and atmosphere boundary layers and the variability on both sides of the ITCZ during all the phases of the WAM.     

- SOP-I German Cruise: A German cruise by IFM-GEOMAR with R/V METEOR is funded and scheduled from June 6 – July 9 2006, in the framework of a German CLIVAR-TACE contribution. Main part of this cruise will be the deployment of a current meter mooring array consisting of 5 moorings near 23°W at the equator as well as intensive microstructure measurements in the equatorial region. During the cruise twice-daily radio-soundings will be performed. The cruise will also be used to deploy ARGO profilers.
- SOP-I French Cruise: During EGEE 3 (EOP & SOP 1 campaign), the Benin section will be occupied in coordination (and simultaneously) with measurements from aircrafts. This cruise will document the pre-onset and onset of the monsoon offshore, with particular attention directed at surface fluxes, oceanic turbulence and advection of humidity. Atmospheric turbulence measurements will be collected using a turbulent flux measurements system. This system will provide oceanic flux measurements for comparison with observations obtained from different methods. Radio-soundings will also be launched from the vessel. 
- SOP Senegalese Cruises: Several 5-day cruises are proposed in the framework of the oceanographic component of the AMMA-Senegal project. These cruises could be conducted using the R/V ITAF-DEME of CRODT/ISRA, in collaboration with the French AMMA/EGEE program. The French program would partly found the vessel chartering. Three cruises are planed at about one month interval from Dakar to Cap-Vert to survey the ocean boundary layer with CTD and XBT profiles, and could be also opportunities for surface drifter and profiler deployments. These cruises are not neither funded nor scheduled yet.

EOP /LOP observations

Many other kinds of measurements will be, or are already, acquired from : PIRATA ATLAS buoys, PIRATA surface current mooring, XBT and TSgraph VOS lines, ARGO Profilers, meteorological stations, tide gauges, coastal stations, satellite observations, current meter mooring array at 23°W-Equator, glider…
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y other informations (international collaborations, organization of the TT6, logistical consideration, details on measurements, training, tables summarizing the kinds of measurement and availability, links with modeling studies,  potential problems, required enhancements to the LOP/EOP network, actual status of the field program… ) can be found in the full text TT6 document by the same authors.
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Performance de Modèle du Climat Régional à suppositions de la fermeture du convective différentes pendant le sommet de la mousson africaine Ouest
Ernest A. AFIESIMAMA (1), S. O. OJO (2) et A. C. ANUFOROM (1)

(1) Nigerian Meteorological Agency, Lagos, Nigeria (2) Univ. of Lagos, Lagos, Nigeria
Translation pbs (IG)

Résumé

Cette étude examine et évalue des suppositions de la fermeture du convective différentes pendant le sommet de la mousson Africaine Ouest comme simulé par le Centre International pour les Physiques Théoriques (ICTP) Climat Régional version 3 Modèle (RegCM3) pour la variabilité du climat et les études du changement. Le modèle utilise le Centre du National pour Prédiction De l'environnement (NCEP) / Centre du National pour Recherche Atmosphérique (NCAR) données du reanalysis comme conditions limite latérales. 

Le modèle a été couru à une résolution de 50km avec le Grell cumulus nuage plan. La sensibilité des résultats de l'été maximum au Fritsch-Chappell (FC) et Arakawa-Schubert (AS) les plans des suppositions de la fermeture sont examinés dans simulations modèle conduites sur Afrique Ouest pendant sommet de la saison pluvieuse (août) pour la période 1996 - 2000. Comparaisons Directes contre observations, intercomparisons du modèle spatial des analyses, montre que la précipitation moyenne sur la région est bien représentée par le modèle et démontre une compétence juste dans reproduire la distribution de la précipitation sur la région. Cependant, les FC intriguent produit légèrement moins de pluie mais beaucoup de plus proche à observation en particulier dans la distribution spatiale que l’AS plan qui surestime les pluies et exécute le résultat moins exact. Glacez aussi les températures indiquent des modèles qui suggèrent une meilleure performance dans le FC que AS.  

Les résultats montrent que le choix approprié du plan de la convection dans le support des offres du modèle du mesoscale dans variabilité du climat et études du changement pour développement socio-économique et sustainabilite à travers estimations de l'impact sur Afrique Ouest.

1. Introduction


Bien que la mousson revienne avec régularité remarquable chaque été, le montant saisonnier de spectacles de la chute de pluie une grande variabilité de l'interannual. Depuis que la région dépend de chute de pluie pour agriculture, même une baisse modérée dans chute de pluie de la mousson ou change dans le nord - l'ampleur du sud peut avoir des impacts socio-économiques considérables. Par conséquent, une compréhension de la variabilité de l'interannual de la mousson est importante, pas seul pour les gens qui vivent dans cette région, mais aussi dû aux conséquences possibles pour le système du climat du monde  


Les modèles du climat régionaux sont des outils utiles pour la variabilité de la chute de pluie compréhensive et comment les forcements externes peuvent enfoncer le climat régional d'Afrique Ouest (Jenkins, 1997; Fulakeza et Druyan, 2000). Cependant, avant que toutes conclusions puissent être sorties de modèles du climat, il y a le besoin de conduire l'analyse de la sensibilité, surtout la convection intrigue, déterminer des plans convenable sur la région africaine Ouest pour répartir la capacité de modèle de simuler l'état moyen pendant la saison mouillée.  


Il a bien été reconnu pour plus de quatre décennies que la convection du cumulus est un des processus majeurs qui affectent la dynamique et energetics de systèmes de la circulation atmosphérique. Depuis lors, beaucoup de plans du parameterisation du cumulus ont été développés pour les modèles numériques, expliquer le subgrid pèsent parution de chaleur latent et transport de la masse associée avec les nuages du convective. Les expériences préliminaires sur Afrique Ouest démontrent que le Grell (1993) le flux de masse a basé le plan de la convection du cumulus donne une reproduction supérieure de la distribution observée et magnitude de variables météorologiques (Afiesimama et al., 2005). Cependant, la supposition de la fermeture eue besoin de contrôler l'intensité de convection exige des enquêtes supplémentaires. Par conséquent, ce travail a conçu deux fermeture écrit à la machine pour l'étude. Ce sont les Fritsch Chappell écrivent à la machine fermeture et l'Arakawa Schubert fermeture type. Cette étude examinera la capacité du Centre International pour les Physiques Théoriques alors (ICTP) climat régional version 3 modèle (RegCM3) simuler le climat africain Ouest qui utilise ces suppositions de la fermeture du convective différentes pendant le sommet de la mousson africaine Ouest.

2. Description du Modèle Numérique et Expériences
2.1 Modèle Description
L'étude utilise l'ICTP RegCM3. La dynamique du modèle est basée sur MM4/5 relaxation des conditions limite hydrostatique, latérale. La Physique dans le modèle inclut: SUBEX plan de la précipitation à grande échelle (al de l'et du Copain. 2000); plan de la radiation (Kiehl et al. 1996); modèle du bord d'appui BATS (et Dickinson al.1993); Zheng Océan Flux modèle (Zheng et al. 1998); plan de la couche limite planétaire non - local (Holtslag et al. 1990). la documentation du détail du modèle est dans al de l'et du Copain. (2005). Dans cette étude, nous utilisons les Grell intriguent avec Arakawa-Schubert fermeture supposition (AS) et Grell intriguent avec Fritsch et Chappell fermeture supposition (FC)

2.2 Dessin de l'expérience  

Le domaine du modèle et topographie sont des questions importantes dans les Modèles du Climat Régionaux (RCM). il y a 60 gridpoints dans la direction nord du sud, 60 gridpoints dans l'ouest de l'est et 23 niveaux dans le vertical avec un espacement de caractères longitudinal de 50 km et un sommet modèle de 70-hpa. Une projection Mercator est utilisée. La plupart des traits topographiques proéminents dans le domaine tel que le Plateau Jos (Nigeria), Montagnes de Cameroun (Cameroun), Fouta Djalon Pays montagneux (Guinée) est bien capturé. Le choix d'un domaine plus grand que la région africaine Ouest est avoir des limites latérales loin de la région d'intérêt. C'est important de réduire l'influence des conditions limite de l'inflow/outflow asservi à le temps sur Afrique Ouest.  De plus, un tel grand domaine a été conçu pour capturer les aspects importants de systèmes supplémentaire tropique qui paraît influencer le climat africain Ouest. 

3. Résultat préliminaire
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Le fig. 1: Précipitation simulée d'août (1996 - 2000) avec RegCM3 qui utilise (un) Grell+FC; (b) Grell+AS et (c) analyse CRU  
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Le fig. 2: Température de la Surface simulée d'août (1996 - 2000) avec RegCM3 qui utilise (un) Grell+FC; (b) Grell+AS et (c) analyse CRU

3.1 Modèle de la précipitation

Dans l'absence de gridded les donnes du poste ont observé, l'analyse CRU est utilisée pour comparer avec les deux suppositions de la fermeture différentes a utilisé dans les simulations. Pour la simulation FC dans Fig.1a, la distribution spatiale est au sujet du même ordre de grandeur comme le CRU exceptez sur les régions montagneuses de Fouta Djalon et Cameroun. Où les valeurs de la précipitation sont relativement inférieures. L'au nord extension de la précipitation pendant le sommet de la mousson dans le modèle est supérieure dans le FC beaucoup que le AS (voyez Fig.1a&b). UN problème majeur éprouvé par la plupart des modèles utilisés sur la région est trop de précipitation sur la côte et loin moins de montant autour la région Sahel. Le FC a montré une amélioration sur ce problème. Le comme si a indiqué la précipitation augmentée sur les régions montagneuses mais les valeurs est surestimation aux observations. Aussi, la distribution et au nord l'extension n'est pas adéquate.

3.2 Distribution de la Température du sol
Étant donné champ de la température de la surface dans Fig.2, nous trouvons cette Afrique Ouest du sud est plus froide dans le modèle que champ de l'observation. Cependant, les valeurs dans le modèle sont assez comparable avec observation sur le Sahel.  

Examinant performance individuelle des plans, le FC (Fig.2a) est presque 1oC comparaisons de zone de l'observation plus petit qu'à AS (Fig.2b) avoir entre 2 - 3oC plus froid que l'observation. Dans les deux expériences, l'inclinaison de la température dans le modèle sur le Sahel est relativement plus fort que sur la région dans l'observation.

4. Conclusion
que Notre étude a montré que le Grell cumulus plan avec Fritsch-Chappell fermeture supposition exécute dans la distribution spatiale de précipitation mieux surtout que la combinaison de Grell cumulus plan et Arakawa-Schubert fermeture supposition plan .

· Bien que les résultats modèle montrent la condition plus froide sur l'Afrique Ouest du sud que le champ de l'observation, les expériences individuelles indiquent d'assez meilleures valeurs de la température dans le FC (différence de 1oC), que le AS (différence d'entre 2 - 3oC). Sur le Sahel, le modèle a capturé la distribution de la température équitablement.  

· Généralement, le support des offres modèle pour la Variabilité du Climat et les études du Changement pertinent pour estimation de l'impact sur la région africaine Ouest.  

Performance of Regional Climate Model to different convective closure assumptions during the peak of the West African Monsoon

Ernest A. AFIESIMAMA (1), S. O. OJO (2) and A. C. ANUFOROM (1)

(1) Nigerian Meteorological Agency, Lago, Nigeria

(2) University of Lagos, Akoka, Lagos, Nigeria
Abstract

This study examines and evaluates different convective closure assumptions during the peak of the West African Monsoon as simulated by the International Centre for Theoretical Physics (ICTP) Regional Climate Model version 3 (RegCM3) for climate variability and change studies. The model uses the National Center for Environmental Prediction (NCEP) / National Center for Atmospheric Research (NCAR) reanalysis data as lateral boundary conditions. 

The model was run at a resolution of 50km with the Grell cumulus cloud scheme. The sensitivity of the peak summertime results to the Fritsch-Chappell (FC) and Arakawa-Schubert (AS) closure assumptions schemes are examined in model simulations conducted over West Africa during peak of the rainy season (August) for the period 1996 - 2000. Direct comparisons against observations, intercomparisons of the spatial pattern of the analyses, show that the average precipitation over the region is well represented by the model and demonstrates a fair skill in reproducing the precipitation distribution over the region. However, the FC scheme produces slightly less rain but much closer to observation particularly in the spatial distribution than the AS scheme which overestimates the rains and performs less accurate result. Surface temperatures also indicate patterns that suggest a better performance in the FC than AS.

The results show that the appropriate choice of the convection scheme in the mesoscale model offers support in climate variability and change studies for socio-economic development and sustainability through impact assessments over West Africa.

1. Introduction

Although the monsoon returns with remarkable regularity each summer, the seasonal amount of rainfall shows a large interannual variability. Since the region depends on rainfall for agriculture, even a moderate decrease in monsoon rainfall or shift in the north – south extent can have significant socio-economic impacts. Therefore, an understanding of the interannual variability of the monsoon is important, not only for the people that live in this region, but also due to the possible consequences for the earth’s climate system.
Regional climate models are useful tools for understanding rainfall variability and how external forcings can impact the regional climate of West Africa (Jenkins, 1997; Fulakeza and Druyan, 2000). However, before any conclusions can be drawn from climate models, there is the need to conduct sensitivity analysis, especially convection schemes, to determine schemes suitable over the West African region to assess model’s ability to simulate the mean state during the wet season.

It has been well recognised for over four decades that cumulus convection is one of the major processes that affects the dynamics and energetics of atmospheric circulation systems. Since then, many cumulus parameterisation schemes have been developed for numerical models, to account for the subgrid-scale release of latent heat and mass transport associated with convective clouds. Preliminary experiments over West Africa demonstrate that the Grell (1993) mass-flux based cumulus convection scheme gives a superior reproduction of the observed distribution and magnitude of meteorological variables (Afiesimama et al., 2005). However, the closure assumption needed to control the intensity of convection requires further investigations. Therefore, this work has designed two closure types for the study. These are the Fritsch Chappell type closure and the Arakawa Schubert closure type.
This study will then examine the ability of the International Centre for Theoretical Physics (ICTP) regional climate model version 3 (RegCM3) to simulate the West African climate using these different convective closure assumptions during the peak of the West African Monsoon.

2. Description of the Numerical Model and Experiments

2.1 Model Description

The study uses the ICTP RegCM3. Dynamics of the model is based on MM4/5 hydrostatic, lateral boundary conditions relaxation. The Physics in the model includes: SUBEX large-scale precipitation scheme (Pal et al. 2000); Radiation scheme (Kiehl et al. 1996); BATS land surface model (Dickinson et al.1993); Zheng Ocean Flux model (Zheng et al. 1998); Non-local planetary boundary layer scheme (Holtslag et al. 1990). Detail documentation of the model is in Pal et al. (2005).
In this study, we are using the Grell scheme with Arakawa-Schubert closure assumption (AS) and Grell scheme with Fritsch and Chappell closure assumption (FC)

2.2 Experiment design

The model’s domain and topography are important issues in Regional Climate Models (RCM). There are 60 gridpoints in the north-south direction, 60 gridpoints in the east-west and 23 levels in the vertical with a horizontal spacing of 50-km and a model top of 70-hpa. A Mercator projection is utilised. Most of the prominent topographic features in the domain such as the Jos Plateau (Nigeria), Cameroon Mountains (Cameroon), Fouta Djalon Highlands (Guinea) are captured well.

The choice of a domain larger than the West African region is to have lateral boundaries far from the region of interest. This is important to reduce the influence of the time-dependent inflow/outflow boundary conditions over West Africa.  In addition, such a large domain was designed to capture the important aspects of extra-tropical systems that appear to influence the West African climate.

3. Preliminary Results
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Fig. 1: Simulated Precipitation of August (1996 – 2000) with RegCM3 using (a) Grell+FC; (b) Grell+AS and (c) CRU analysis
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Fig. 2: Simulated Surface Temperature of August (1996 – 2000) with RegCM3 using (a) Grell+FC; (b) Grell+AS and (c) CRU analysis

3.1 Precipitation Pattern

In the absence of gridded observed station dataset, the CRU analysis is used to compare with the two different closure assumptions used in the simulations. For the FC simulation in Fig.1a, the spatial distribution is about the same order of magnitude as the CRU except over the mountainous regions of Fouta Djalon and Cameroon. Where precipitation values are relatively lower. The northward extension of the precipitation during the peak of the monsoon in the model is much higher in the FC than the AS (see Fig.1a&b). A major problem experienced by most models used over the region is too much precipitation over the coast and far less amount around the Sahel region. The FC has shown an improvement over this problem. The AS though indicated increased precipitation over the mountainous regions but the values are overestimate to observations. Also, the distribution and northward extension are not adequate.

3.2 Surface Temperature Distribution

Considering surface temperature field in Fig.2, we find that southern West Africa is colder in the model than observation field. However, over the Sahel, the values in the model are fairly comparable with observation.

Examining individual performance of the schemes, the FC (Fig.2a) is nearly 1oC less than observation field compared to AS (Fig.2b) having between 2 – 3oC colder than the observation. In both experiments, the temperature gradient in the model over the Sahel is relatively stronger than over the region in the observation. 

4. Conclusion
· Our study has shown that the Grell cumulus scheme with Fritsch-Chappell closure assumption performs better especially in the spatial distribution of precipitation than the combination of Grell cumulus scheme and Arakawa-Schubert closure assumption scheme

· Although the model results show colder condition over the southern West Africa than the observation field, individual experiments indicate fairly better temperature values in the FC (difference of 1oC), than the AS (difference of between 2 – 3oC). Over the Sahel, the model captured fairly the temperature distribution.

· Generally, the model offers support for Climate Variability and Change studies relevant for impact assessment over the West African region.
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West African Monsoon variability in mesoscale data sets
Matthew FULAKEZA, Leonard DRUYAN and Patrick LONERGAN

NASA / Goddard Institute for Space Studies and the Columbia University Center for Climate Systems Research

The intra-seasonal and inter-annual variability of the West African summer monsoon climate is studied in data sets created by a series of mesoscale climate model simulations. These simulations over a limited area centered over West Africa are driven by synchronous boundary data from either NCEP reanalysis (mode 1) or a global climate model (mode 2), effectively downscaling rather coarse resolution global representations to a grid with 0.5° spacing. The RM3 and RM3b versions are run with either 15 or 28 vertical layers, respectively. Downscaled results for six summers in mode 1 were compared to TRMM daily estimates of precipitation, CRU (East Anglia University) gridded monthly mean precipitation and surface temperature and NCEP reanalysis data. Time-space distributions of precipitation in the RM3 data sets do not resemble reanalysis precipitation distributions. Rather, they showed a high degree of congruence with corresponding TRMM daily estimates, albeit with lower frequencies of extreme values at the low and high-end of the total range. The seasonal mean distributions of RM3 precipitation compared favorably with CRU distributions, except for some extreme CRU orographic maxima. The timing of RM3 African easterly waves at 700 mb matches the reanalysis, but amplitudes were damped. On the other hand, the daily variability of RM3b 700 mb meridional wind more closely matched reanalysis behavior. Fourier and wavelet analyses of RM3 meridional wind time series detected realistic spectral peaks related to the waves at 3-5- day periods. Downscaling experiments in mode 2 explore the potential for weather and climate predictions over West Africa at mesoscale spatial detail. 
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Simulation du climat de l’Afrique centrale et de l’Ouest à l’aide d’un modèle climatique régional (RegCM3)
Quelques résultats préliminaires sur les choix de la taille du domaine, du schéma convectif et de la topographie en vue d’améliorer les simulations

des précipitations

Lucie A.T. DJIOTANG et François MKANKAM KKAMGA

LAMEPA, Université de Yaoundé 1, Cameroun

En vue de l’étude d’impacts du changement climatique sur un bassin versant d’intérêt économique, nous avons entrepris d’utiliser le modèle régional RegCM3 (version ICTP) pour simuler le climat présent et le climat perturbé. Mais les modèles sont sensibles à un certain nombre de paramètres tels que la taille du domaine, les conditions aux limites. De plus, l’une des plus grandes limitation dans leur utilisation est la nécessité de paramétriser un certains phénomènes, entraînant de choix qui influe sur les résultats. 

Le RegCM3 forcé à ses limites par les analyses du NCEP est évalue en Afrique Centrale et de l’ouest sur la base de simulations des précipitations et des températures, en fonction de divers facteurs : taille du domaine, taille de la maille, schéma de convectif, etc . 
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1. Introduction

The West Afican morsoon system is characierized by an
brupt Isiudinal i of the Iner-Troics! Convergance Zons
(TC2), anc. s assomstea ranfell maxms. from & qussi
staionary location 3t 5'N in May-June to another quasi-
staionary locaton at 10°N in Juy-August (LeBaroé et al 2002),
and leading 1o major changes in the stmospheri ciraulaton
ver West Afica. This abrup: shit. known as the monsoon on-
set. occurs between the longiuds 10°W and 5°E. and coin-
sides with 3 temporary dacrease of precipftion and GomES.

"To cte, the causas of the mansoon anset re not cerly
idenifed. Sultan and Janicot (2033) have suggested that the
abrupt shit o the ITGZ oould be due o an inieracion betwsen
the Geep convection and the maridional Fansverse ciculaton
associstad win e Sansran hest low. The suthors have hy.
porhesised that e signifcant increase of the heat low 3t the
Sme ofine monsoan onsst and tha cancomitant scosleraton of
the seasonal oyle of tn West Afican monsoon are caused by
tne arography of North Afics. This hypathesis = consistent it
the work of Semazz and Sun 187 which examines heimpact
of orography on he Wast Afresn cimate thraugh soarse reso-
Iuton gobal gimsta modsl (CH) simuiations wih and witnout
orography. They found ihat orographic effecs i West Afcs are
composad of () a quasi-statonary dge-nrough dipol gener-
e by he low v essteries over ths Atas.Hoggar Mountar
né (1) an slongated zonal wincward orograpnc idge gensr.
ate0 25 e tans-equatoial monsoon flow ascends over e el
Svated andmass of West Afrs

Mors recenty. Drobinski et si. (2008) have used = fn-
ar model t snow th possibie ineracton between the North
Afican orography and the deepaning of he Saharan heat low
3t he tm. of the mansoan onset. Howsver, te man macha.
isms responsibe or this interaction and also the nfluence of
otner mountsin ranges such as Fouta-Dyslen (Gunea), Bauchi
Piateau (Nigeria). and Cameroon remai ot full understood
This = certamy cue to the imnerent lmitatons of GCVs (ic.
oarse spatal rasoluion) and inear modsls (1. uss of smple
orography shapes, wind profes and straifcaton)

“The aim of the present sudy i to further invesiigatethe -
fects of crograpni forsing on West Afican simate trough the
use of 2 high resoltion regional cimats mogel (RCM) focus-
ing on the abrupt noritward shi of the ITCZ in summer. To
ez thess issues seven difrent confguratons of ths RCM
are tesied. The modal ueed and he expermental design ars

summarisad in secton 2. Th resuts are presented in secton
B

2. Model and experiments

2a. Descripton o the mods!

The RCM used nere i the HadRMIP snd orignstad from
the Hadley Cantre or cimate predicton. This model is similr
o s immesiate pradecessor, HacRM3H, for which an exten-
Sive descrpton has been given by Hudson and Jones (2002),
an Frei et 31 (2003) Th main cfierences resde in the de-
s of the raprasantaton of dynamical and convecive clous
and thresho's sssasated win the formation of preciptason
HacRV3P i 120 tne model used n t regionsl simate mod-
eling system Providing Regional Chmares for Impacts Stdes.
(PRECIS) descrioes by Jones et al (2003)

The RCM s diven using the one-way nesting teshnique. AL
s Iteralboundaries the prognosio variables i . surface pres-
sure,horizonl wind companen's, and temperature and humid.
iy varisbies adusted 1 aco0unt o loud water content) rare.
Isxed towsrds he large-scal Grving el (6. GCM or reanal-
Jeis) 3t Sach mods! evel scross 3 four-point raexaion zone.
Grogragpnis heights in the RO s aqusl o thoss in he dri-
ing model in tis our-point one and aso i the four adjacent
interior pois, giving ise o 3 buffr 2one extending over ight
poins. The forsing cata are updated. tm siep by time step,
by linear temporal mtarpoaton svery & haurs. At e pains.
observed sea suface temperature (SST) i prescrioed rom the.
Values used o dive he foreing o,

2b. Experiments

Seven simuiasons of one-year long are performed for the
year 1955, wnich represents an anomalously stong morsoen i
West Afrios fo hs period 1350-1980 (Lebel et 3. 2000) Each
Simulation s driven by the Europsan Canire for Vedum-Range
Forecasts reanalysis (ECMWF) ERA-15, and italsedon 1 De-
camaer 1957 and terminstd on 21 December 1956, The frst
moih s considered a5 the son up time and s removed Fom he.
analysis. The conrol experiment (nereatter GTRL) corresponds.
1o the integraton of e RCA with e actusl topography derived
from he LS NAVY dstaset a1 10" rasokuson. Six expermans.
alidentoalio CTRL but with one single change, ara conducied




[image: image147.png]10 test the sensitii crograpnic 3. Results
forsng. The NOFOU sxperiment corresponds o  smulaton
‘where the Fouta-Djslon Mounain s ramoved by repiasing
neight of the topography in gri bores Wi he maan height o
the aress adjacen o tha highland. The NOCAM experiment
rsszonds o th removsl of Cameroon highland. The NOBAL
Siperment excludés the Bush, Plsisav. The NOHOG sxper-
t removes the Hoggar-Ar complex hignlan. The ramoval
oftha ighiand s dons the sama way 35 n NOFOU sxperment.
In EAFR axperiment. the asster boundary of t mocel do-
main s shfted sastwards, alowing the incusion ofthe Tibess
ané Ethopian highiands. This experiment = cesignsé fo 3=
sess the sensifty of the West Afican climate to the domain
ize and to some extent 1 the fopography in East Al O
rse, o sudy the inluenzs of Exst Affcan arograghy ony e

malstion (Fg. 2). T
an reazonbly st hatthe preiminary resuts o
here are not affctad by he modsl spn up tme and wil emain
VAl 3 ysar diferent om 1988 is elected. n additon. £ can
ot be argued tha the sensity of the RGM 0 the dfferant
nfgurations arployed are oy nternal nois i the RCM

apry by doubing the spata =
tne horzontal resoluion o =
The comsin selected forthe cantol run anc 31
xcept SAFR oovers West Afrca and the neignl -
ending rom 30'W 1o 20°E and from 5°S 10 28'N (Fig_ 13) e
This Gomain s simiar o that used by Galkie < al. (200%) for
he valdation of their RCM over West Afnca. Tha seicts
s domain s usefu for utue ncer-somparson of RCM perbr
jon. The number o g poins s 190 by 100. -
= s extandad doman sed for EAFR exper =

e

Figure 2. Rainfal time series (mmiday) averaged from
10°W to 10°E for CTRL (black fine) and 1988 outouts
from the 1975-1980 continucus infegration of HadRM3P.
(120 ine). The panels show the Guinean region (top) and
Sahel (bottom)

3a. Simuiated monsoon

Hare we deseribed soms festurss of the simulated West
‘Affcan monsoon in 1288, valatng the resuts where 3poro-
priste sgainsthe resoluton NOAA Galy ouigeing long wave 1o
iston (OLR) and the ECMWF resnaiysis. The RCM smulsts

the atmospnariocrculation

Figure 1: Model domains (including boundary relaxation > S 12 010013phc forcing

20ne) and distrbution of 0rographic height (m). THe PaN- T orographic forsng nfuences b the horzontal erten-
els Show the standard (top) and extended (botfom) do- sion and the magtace of West Afican srculstions. The SIW
main w2 moved northward and reseh up 0 22°N when
rapy of the Hoggar-Ar highlands is removed from the





[image: image148.png]simulation. The most important changes of circulation oceur
when the Gomin of imuiaton s $ifad sssbeard and moludss
North Eastern Afin arography.

The smuisted seasonal cyce of deep convection ndicates.
that the preonsat and onset stages are he most affected peri-
s by changes in orography. For instance,the removal ofthe
Fogaar-Air complex mountains tands to radce deep convec-
ton Guring these periods. Besides ti, the BauchiPlateau and
‘Camsroon ngnands have mush less impact on West Afresn
cainfal, 3t lst forts 50k resolution RCM simulston

3c. Sensitity to model resolution

The sensitufy of the simulsted West Afican monsoon
o mods! resoluton can be detected in the reprasentation of
mesoscale convecive systems (MCS). Druyan and Fulskeza
(2000) have incicsted nat the detsis of MCSs are generaly
beter smulaie over the fner gid of an RO, Tre ITCZ is
Composad of westward-aveling MCSs whose the mean rajeo.
toriss i betwsen 10°N and 15N (Vathan and Laurent, 2001)
during he core of i rainy season over the San

“The acivity ofMCSs i axamingd through ths tme-longtuds.
disgram from 10°W 1o 10°E for smaltec daly reinfal avaragea
oetween 10°N 3nd 15°K. In June. Seprember. he contol S
Iaton depics 3 succession of phases wihigh and low conves-.
e 3ty The monsoon s developing rapaly fom e second
Raif of June, which corresponds o the occurrence of 3 band
of intense precipiaion smutaneousl 3 al longiudes. This
pariod canodes with the monsoon onst stage. Thres otrér
Shases of nigh convective aclvy are detected folowng the on-
set. one i the second hafof Juy, another ons in the beginring
of August and he ast one in mid August When ncreasing the
Spaial resolition the ROM shows an ncrease n the convectie
ity n alline ost onset phases of nigh ranfal. Howave, the
Convective acivty is more developad when e easier bound-
ary s shited sastward. Tris resok conrasts wih th regionsl
Simate modaling study of Snaskaran et a. (1268) which shows,
using 3 pradecessor version of the RCM, that the simulaton of
monsoon flaw = insensitue ta the domain sz (n terms of the
Simuisted mesoscals features). A possiole sxplanation could
02 given by the fac tht West Affcan cisturosnces grow fom
he farnar East and move westware, So. f he parturstion
in the Eat part of the domain e modelled s hgh resaluton.
they might reach larger ampltide in the western part of modsl
domain. But tis hypothesis wl be study in the coming work
where he orograpny over East Afica is ramoves fom the ex.
tended mocl doman.
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1. Introduction

The West Arica i held o be a region parfulary wilnera-
bl to cimate change dus to 3 combinaton of naturally igh
ez of cimat varasiy, g el ate sznsiive
e such 55 rin-ac caltaton and lmited scanom
Capactyto cope witn the cimate varabiiy and changs. The.
- rainfll leva has undergone 3 remarkalb decine by
20%40% bstween 133130 300 193667 (Nizholzan snd
(Grst 2002). Since the ate 1860, he region has
flctad by an unprecedented long lastng dry spellwhose he.
causes have not bsen clesry igenifed yet
The West Afican ranfal svolves on intasessonsl an-
sl and cecadal ime scaies. This multpis tme soales
varsbilty i ssociated wih mesoscals convective systems
MCSs (LaBaroé = sl 2002) sn the sdvaction
turs from the Gul of Gunea in ths low S
mosoere. Following the seasonal excursion of the sun.
the monsoon develops over West Afica during the norher
hemisghers soring and summer, moving the Iner-of
convecive zone (ITCZ) and the assocated ranfal maxima
‘o thei norinemmost locaion in August. The rainy season
exhinits res distint features (Suftan and Janico: 2003). ()
The preonset stage in Apr-May which correst
st part of the rainy sessan over the Gu
and he arival i he nte zopica ron ITF) 3¢ 15°N, brng-
ing suffcent moistre fr isolsted MCS fo cevelop in e
Sudanc-Sshaian zone whis e TCZ i canea st 5N,
() The onset stage wnioh correspon 1o an abrupt attud:.
nal shift of tn ITCZ from 2 quasi sitionary locaton t 5'N
in Miy-Juns to snather quss-stsionary locston at 10°N in
July-August (i) The gradualsoutward rateat of ainfal in
Septembar-tioiember
- 10 3ssess the winsrabilty of the West Afican
ragion 1 clmate change and s mpact ont the water 1

sources t s ritally mportant o evaluat fo which extent
cimte mocsls sre sbie 1 reproduce the Gme and psos
features of ainfall variabiy. To date, Regional Climate.

Modsls (ROMs) sre considered 35 3 more skilfu 1ol at
rasoling regional simate features than coarss resolution
(GCMs. thst 15, the conventional (ool usec for conducting

= (Aang %t =1 2004). GCMs fack

and are afactad by important biases in West Africa (Lebe!
et 2000). First among thesa s the simulation o 100 long
rainy season wih signifcant rainall suring the dry period
nd too many intense convective systems curing the rainy
period. ARnough RCMs have been widsly used in

fons whera they hava damonsiated the abily o mprove.
cimate simulstn st the regional scales, e ars orly e
Studies on the performances of shart serm mtsgraions of
FIC over West Afica (Galiée of i, 2004, Vizy and
2002) and practcally,no Getaied assessment of mutiyears

present day incegratin of RCMs i s region

le arianify of precipiationin West A
ces by prasarting e methodoly. mose, and
3 presen he resuts.

2. Experimental design

2a. Method

The methad used here is the ane way nesting of 3 -
a0 srea cimate model o 3 sosrse resoiutn GCM. The.
principl benind s technique Is that gven a detailed rep-

I processes. and nign spatia reso-
25 complex orography. lanc-sea contast,
and and use. 3 lmited srea madalcan generate eaisio e

madl 20 not feed back nf the driving GCM. Thas the ci
matalogy of sn RCH i datermined by & dynamicsl squl-
rum between the large-scale forcing providsd trough the.
latera boundary conditons and regionalcharactersiospro-
Guced by iternal physics and dynamics of he RCM (Giorg
and Meams 1669,

2b. Regional ciimate mode!

The study is performed with tne Hadiey C:
cimte madel HadRAP which s based on the simosgherc
component of the coupled ooean-atmosphers global moc





[image: image150.png]HadCM3 (Gordon et al. 2000) with some substantial mod-
ifeaton o the mogel physis. HadRM3® i 3 hydrostate
matte essly relocatsble ovar ny part of the globe, and
which soves he full primitive equstions on 13 ybrid varcal
leveis, e lowes: being 3t 0 m and the nighest 31 0.5 hPa.
The RO uses 3 terrain-llowing sigma-coordnate for e
botiom four vl pressure coornates for the top

e and 3 combinaton in between. n additon, there are
five chamicalspecies which are used o simulae the spasal
Gisinbution of suphate serosols. HSGRM2 moludas = sul-
Phur oycle snd scuanced schemes fo Glouds, racpaton
and sufscs and s dees sa1.

2¢. Experments

The sxperimants consis of two continuous integraton
o1 12-year long for HacRA3P 3t e haizontalresoluton of
0.44° Iattuds x 0.44° longiuds (80 km) and  time siep.
of 5 minuts over = stancard West Afran comain (7
7). The RCM integraton is initalsed 3t 00 UTC 1 De-
cambr 1975, snd compltd st he and of 1980. The frst
two years of ntegraton are considered 35 spinup and 1
moved from the anaiysis of the rasulis. The frst exper.
iment is the conlol and coresponds o an ntsgraton of
HadRM3 crven by the raanalysis rom the European Cen-
irsfor Medium-Rangs Westner Foracast (ECMAF) reanal-
yei2 ERACT5. The second expariment i the integration of
HadRM3P nastad witn the ioosl cimate mods! HacAMSP
which  the stmospheric ony companent of HAdOM2. The.
boundary couping = appied svery 8 nours o suface pres-
sure. he horizontal wind componants, vapour lus 19ud and
frazen Goud water, and the tempsraure adusted fo slow
for the latant hast of Soud watar and ce. At £26n vertal

el 3 ncrement = sdded o tre valve Smlsed by the
FICM 3cross 3 &-pants boundary im. Tha orography i sel
qualto that of tre iiving model in the im and the & rows.
and columns adjacens 1 f. This ensures consistency b
tween the RCM and the driving modal soluson in the rm
and smooth the vanstion of the large-scals crving signsl
inko tne ntir of e RCM mal

Figure 1: Modei domains (including boundary relax-
ation zone) and distibution of orographic height (m).
2d. Observational data

The cats ussd fo the modsl valdtion are msinly
{racted from the Climatic Research Unit analyses CRU (New

=t al. 1902) and the Institut de Recherche pour le Devel-
ppemen: IRDIASECNAICIE Saly rainfall where avaiable
Addiionaly, ERA-40 reanalysis cata 31 T108 tianguiar run-
cation are sizo used for the valdaion of the simosgherc
ireulation in he interor domain.

3. Summary and conclusions

ciitaion. Table" summanzas tre mean sessanal (LA bi-
ases, sveraged over the and pont and aso th sl or-
Som betwean the RCV and te cbservations. The sim.
uited preciptaion s faity dose 1o cbservatins, he difer.
ence being less than 10%. The modelied preciptaton s
Sighly ovarestmated. The wet 5as of the RO coincides.
with 3 negative bias in outgoing longwave racaton, which
imate deep convacion, and 3 cod bas.
of emperature 2 the surace (-1.3°C). The RCM captures.
Well the bmocal dstrbuion of mesn moniny prectton
in the cossal region and ths single rainy season n Sahe
The main dafisency of e RCM is hat the rainy is staring
00 sary over

Guantity Wiean | Bias [ Correlation

Precpiaton | 38 | 6% | 061
(mme)
OLR w2 [ 23863 |08 | 082
TEmempera | 273 | A6 | 0.8
ture (©)

Table 1: Ten-year means, biases and standard cor-

relation for June-August, averaged over all the land
points within the common validation area.

3. Interannual variabiity
The skil of the ROM at simulating the nferannual vark
abilty of rainfal s ustated through tre somputaton of he.
sinfal ndices (June-September)fo the Sshel, Soudan sna
Guinea coast ragion. Over e Sanel, fre RCHI s skiful a1
most very years and performing beter ban the GCM. For
the Soudan and Guinsa regions, the RCM s again skifu
2nd sven simulates the sxreme years 1982, 1964 and 1985
The st wo of thase years 2 markecly oryin the abserva-
tians wheress 1628 2 e weast observed year

3c. intraseasonal variabiity

The inraseasonal varasiy of ranfall is ighighied by
the tma-attude diagrams of daiy presiiation sveraged
ovar the longitudes 10°W-10°E. where 3 meridional land-
sea convast exists_ Although the ROM simulates the pre-
onsat and ths onset of West Afrcan rainfal. it shows some
defiiencies inthe Siming and the location of Gall pracita-





[image: image151.png]The RCM, in general, demonstrates good sklls in sim-
uiting he seasonal and interannual varations ranfal In
compsrison fo HadAVZF, HadRMGP is batir st reprodc-
ing the abserved ranfall anomaiis in Guinea, Soucan and
Sanelegion. Hawever. the RCM shaws mportant defcen-
s in raproducing the inraseasonal varibilty of ranfal
s sitsaton s worsening when the ROM i nested nlo 3
cem
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Regional Climate Model simulation of the West African Monsoon precipitation during 1980-1990
Wilfran MOUFOUMA-OKIA, David HASSELL et David HEIN

Met Office Hadley Centre for Climate Prediction and Research, Exeter, United Kingdom
West Africa is a vulnerable region where the scientific community is facing challenges in estimating the timing and the magnitude of climate changes, and their environmental and socioeconomic impacts. The interactions between continental surfaces and atmospheric forcing are crucial drivers for it climate, and the variability of rainfall is a key issue.

However, the global climate models (GCMs) which traditionally provide useful climate projections at continental scale of several thousand kilometres, lack the regional scale details needed for adequate predictions of precipitation. Atmosphere regional climate models (RCMs) have shown promising performances in reproducing observed regional surface climate characteristics for many tropical regions but to date have not been widely used over West Africa.

Thus, we present herein the ability of the Hadley Centre regional climate model HadRM3P to simulate the West African monsoon precipitation. The model is evaluated with a 1978-1990 continuous baseline integration, at 50 km spatial resolution, driven by the European Centre for Medium-Range Weather Forecasts reanalysis ERA-15.

The causes for major model biases (differences from observations) are examined through a supplementary experiment where HadRM3P is nested into the global climate model HadAM3P. The results are compared against both the surface observations of the climate research unit (CRU) and the driving atmospheric conditions. HadRM3P demonstrates pronounced rainfall downscaling skills in complex orographic locations. The seasonal cycle of precipitation is simulated realistically, in space and time. The rain installation phase in the south, the high rain phase in the north, and the retreat of rain southward are well reproduced. On the other hand, HadRM3P is indicating some biases common to the driving model in this region. When HadRM3P is driven by reanalysis, the magnitude of these biases is significantly reduced but the location is maintained. This is suggesting of some deficiencies in the model physics representing rainfall processes over West Africa. 
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Study of Synoptic Activity Simulated Over Western Africa using MM5 model
A. SARR.(1, 2), P. DE FELICE (3), H. SAUVAGEOT (4) and A. T. GAYE (2)

(1) Direction de la Météorologie Nationale du Sénégal, Dakar, Sénégal

(3) Laboratoire de Météorologie Dynamique, Paris, France

(4) Laboratoire d’Aérologie, Toulouse, France

(2) Laboratoire de Physique de l’Atmosphère, Dakar, Sénégal
Abstract

The fifth generation of the mesoscale model jointly developed by the Pennsylvania State University (PSU) and The National Center for Atmospheric Research (NCAR), MM5, is used in a set of simulations over Wester Africa and the Atlantic Ocean. Various configurations for sensitivity studies are investigated. Initial and lateral boundary conditions (IC&LBC) to force the model are from the National Centers for Environmental Predictions (NCEP) and NCAR Reanalysis Project (NNRP2) at a space resolution of 2.5X2.5 degrees and six hourly time resolution. The study shows that MM5 can capture the synoptic systems over West Africa and the Eastern Atlantic Ocean. They are mainly the well known wave disturbances with a periods of 3-5 days named African Easterly Waves (AEWs) (which are the smallest dynamical phenomena modulating rain producing systems in West Africa) and the others with periods of 6-9 days.
Etude de l’Activité Synoptique en Afrique de l’Ouest

Simulée par le Modèle MM5

Résumé

La cinquième génération, du modèle de méso échelle, développé conjointement par l’Université de l’Etat de Pennsylvanie (PSU) et le NCAR, appelé MM5, est utilisé pour une série de simulations sur domaine couvrant l’Afrique de l’Ouest et une partie Est de l’Océan Atlantique. Plusieurs configurations pour des tests de sensibilité sont faites. Les conditions initiales et latérales pour forcer le modèle proviennent des réanalyses du NCEP (NNRP2) qui ont une résolution spatiale de 2.5°X2.5°,  et temporelle de six heures. L’étude montre que le modèle MM5 simule les systèmes synoptiques dans le domaine d’étude. Ces systèmes sont principalement les ondes de périodes 3-5 jours, bien connues et appelées Ondes d’Est Africaines (OEA) (ils sont les plus petits phénomènes dynamiques qui modulent les systèmes précipitants en Afrique de l’Ouest), et les autres de périodes 6-9 jours.
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Monsoon onset over Sudan-Sahel: Simulation by the Regional Scale Model MM5
Pascal ROUCOU, S.SIJIKUMAR and Bernard FONTAINE

Centre de Recherches de Climatologie, CNRS, Université de Bourgogne, Dijon, France.

1. Introduction and experiments

The purpose of this study is to test ability of MM5 to simulate associated regional circulations of WAM during the onset phase of monsoon over the Sudan-Sahel region. First we examine the mean climate produced by the model; this is followed by a comparison of the onset date between CMAP, MM5 and reanalysis and a description of the changes in the circulation around this date. MM5 is a non hydrostatic, sigma coordinate mesoscale atmospheric model that includes advanced model physics (Grell et al., 1994). The physical schemes used for the present study are Betts-Miller convective scheme, Blackadar PBL scheme, stable explicit precipitation moisture scheme, CCM2 radiation scheme and five-layer soil Model (Dudhia et al., 2005). We have selected eight individual seasons (March to September) of the years 1994 to 2001 for the study, because during this period intraseasonal variability in precipitation has been well characterized (Louvet et al., 2003). Domain selected covers West Africa and neighboring areas, roughly 65°W-35°E and 15°S-35°N. The horizontal resolution of the model domain is 60 km and there are 23 vertical levels from surface to 100 hPa. Initial and lateral boundary conditions are taken from ECMWF Reanalysis project (ERA40) and NCEP’s optimum interpolated Sea Surface Temperature (SST) data are used as lower boundary condition. The weekly SST data are linearly interpolated to 12hr data. The model is initialized at 00Z on 1 March for all years and integrated for next 212 days with a time step of 150 seconds. First five days of simulations are assimilated towards the analysis with Newtonian relaxation method to get a better balance of the initial model conditions. Boundary conditions including SST are updated every 12hr and model output saved every 12hr. CPC Merged Analysis of Precipitation (CMAP) data are used to validate simulated precipitation because the data are very close to in situ precipitation data over West Africa both in rhythm and amplitude (Louvet et al., 2003). The spatial resolution is 2.5 degree and time resolution is pentad (Xie and Arkin, 1997).

2. Results
Rainfall over West Africa begins in April-June over Guinean coast with copious amount of rainfall and migrates northward to Sudan-Sahel region during June-July with north most rainfall maxima in August. Figure 1 shows the Hovmoller diagram of 8 year mean rainfall averaged over 10°W-10°E for CMAP, MM5 and ERA. As CMAP values are in pentads, we reorganized the simulated and reanalyzed rainfall in pentads.

Figure 1 exhibits large differences in rainfall: MM5 (ERA) produces higher (lower) amounts than CMAP. The higher rainfall amounts can be associated with vertical surface atmosphere fluxes. In our simulations the atmospheric part of the model is not coupled to a land surface model. Thus, the absence of coupling with the surface can explain the differences as in Gallée et al. (2004). Nevertheless it seems that MM5 provides a better information than ERA. After June, the rainfall activity shifts north of 7.5°N in both CMAP, simulation and reanalysis: this is the signal of the monsoon onset. Considering the fact that when Sudan-Sahel precipitation increases, Guinean rainfall decreases, we develop a basic methodology to find onset dates.
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Figure 1 :  Time-latitudediagram of 8 year mean CMAP (a), simulated (b) and ERA40

(c) precipitation in mm/day averaged over 10°W -10°E.
First we compute two rainfall indexes, a Guinean index located between 10°W-10°E and 0-7.5°N, and a Sahelian one between 10°W-10°E and 7.5°N-20°N. A low-pass Butterworth filter (Murakami, 1979) has been applied on the time series to eliminate shortest fluctuations (<15 days). We then calculated the standardized difference between the standardized Sahelian and Guinean index for each year. A positive (negative) difference indicates that Sahelian rainfall rate is higher (lower) than Guinean rate. There is a very good agreement between the CMAP, MM5 and ERA difference curves showing that the model reproduces well the seasonal difference of rainfall between the two areas. We select an onset date as the first pentad just above the 0 threshold and followed by at least 4 other successive positive values but results are similar even if we choose 3 successive pentads. 
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Figure 2. (a) Eight year composite for MM5 of differences between the two pentad after onset minus the two pentads before wind and geopotential height (shade) at 925 hPa. (b) Same as (a) but for ERA40. Units:  meter and m/sec.

The onset dates computed from simulations are similar to CMAP, except in 1998 and 2001 but it exists slight differences between CMAP and ERA40 in 1996-97-98 and 2001. The mean date is the 36th pentad (23-27 June) in CMAP data and 35th pentad (18-22 June) in MM5 simulations and reanalysis. The standard deviation is similar (2 pentads) for both CMAP and simulations but higher (2.8 pentads) for reanalysis. The low level characteristics of circulation after and before the onset in simulated data and in reanalysis have to be compared. Figure 1a shows the 8 year composite difference between the two pentads after onset and the two pentads before (after minus before) for simulated wind and geopotential height at 925 hPa. It is clear that just after the onset, zonal flow from west increases between 10°N and 15°N over the continent. This increase is driven by a pressure gradient created by the enhancement of pressure south of 10°N consistent with a deepening of the heat low north of 20°N. Thus there is an increase in inflow of moist air from eastern Atlantic in low levels just after the onset that feeds the ITCZ convection. This is in good agreement with Grodsky and Carton (2001) who show an increase in zonal flow at the beginning of the Guinean rainfall season, in May, in association with an enhancement of the pressure gradient force between ocean and continent. The results show that a main signal of the onset could be the enhancement of zonal circulation, meaning that the increase of precipitation is linked not only to the moisture from the Guinea Gulf (Gong and Eltahir, 1996) but also from east Atlantic.

3. Conclusion

It is the first time that MM5 is used to study the monsoon onset over Sudan-Sahel area and associated features. For robustness of results, simulations are carried out for eight consecutive seasons from 1994 to 2001. It is shown that MM5 can produce the jump of the rainfall band from south of 7.5 N to north at the time of onset and a good accuracy with CMAP. Another major result is that the model produces a very close onset date with CMAP most of the years. The simulations, in agreement with previous studies, show that the main signals of onset are the deepening of the heat low and as a consequence, the enhancement of zonal circulation between ocean and continent around 10°N-15°N. This signal is also found in reanalysis (Figure 4 b) meaning that a part of the increase in precipitation after the onset is probably linked to the moisture flow from east Atlantic. These results show that the MM5 RSM can be a useful tool to detail the basic process linked to the African Monsoon onset. Another perspective is to use the model for dynamical downscaling to produce high spatio-temporal rainfall resolution data needed for local impact studies.
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High resolution, RegCM3 simulations of the

West African Climate System

Mouhamadou Bamba SYLLA (1), Gregory S. JENKINS (2)

and Amadou Thierno GAYE (1)
(1) Laboratory for Atmospheric and Oceanic Physics, ESP; Dakar University, Senegal

(2) Howard University Program for Atmospheric Sciences (HUPAS), Washington DC, USA

1. Background
According to the International Panel for Climate Change (IPCC; 2001), Africa is one of the most vulnerable regions in the world to climate change. Since the late sixties, extreme climate variability, in form of negative precipitation anomalies, has occurred during a critical portion of rainy season (June to September) in West Africa. Over the next century, this change in precipitation patterns are expected to continue and be accompanied by a warming trend, rise in sea level and increased frequency of extreme weather events. Their impacts on human welfare and the environment are multiple. Ecosystems, Water resources, Agriculture, Food security and Health will be highly affected. So there is an imperious need for a better understanding of this climate change and its variability. 
This is possible with climate models. Then, the Regional Climate Models have been increasingly used for climate research in West Africa. So, in this presentation, we use the Regional Climate Model (RegCM3) and simulate West African climate conditions.

2. Experiment design
RegCM3 is an augmented version of the National Center for Atmospheric Research - Pennsylvania State University  Mesoscale Model MM4. It It is based on the concept of one way nesting, and employed to drive the coarse mesh lateral boundary conditions of global datasets and produce fine mesh output data. It is describe in detail by (Giorgi et al. 1993a et b). RegCM3 is a three dimensional limited area model. A dimensionless sigma coordinate is used to define the model levels. A number of physics parameterizations were incorporated: the Biosphere - Atmosphere Transfer Scheme (BATS) (Dickinson at al. 1993) for the land surface model, and a detailed atmospheric radiation transfer scheme (Briegleb, 1992) from the Community Climate Model (CCM3). RegCM3 includes also the Grell (1993) scheme for precipitation parameterizations. 
The National Center for Environ-mental Predictions (NCEP) reanalysis are employed to drive the model. We use the convection scheme developed  by Grell (1993). The simulations begin on the 1st of January 1993 and end on the 31th of December 2000. Precipitations and Temperature are compared to the Climate Research Unit (CRU) dataset. 

3. Some Results
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Fig.1 :Observed (CRU) Precipitations (mm/day) during JAS 1993-2000


Fig.2 : Simulated (RegCM) Precipitations (mm/day) during JAS 1993-2000

Figure 1 and 2 show (respectively) the spatial distribution of the observed (CRU) and simulated(RegCM) precipitations during July, August and September (JAS) from 1993 to 2000. Compared to the Observations, RegCM3 does a good simulation of precipitations during JAS 1993-2000. It localises the high rain rates over the orographic zones (but they are understimated) and the lowest in the north of Africa as the observations of CRU do. Their meridional gradients are also well represented. 


Fig. 3 : Observed (CRU Temperature (°C) during JAS 1993-2000

Fig. 4 : Simulated (RegCM) Temperature (°C) during JAS 1993-2000

RegCM3 simulates quite well temperature over West Africa during JAS 1993-2000. As in the CRU observations (fig. 3), it finds  the highest values of temperature in the Sahara desert and the lowest in the guinea regions (fig.4). But it shows cold biases over Guinea regions and warm biases over the Sahara. 

4. Conclusion

RegCM3 does good simulations of the parameters mentioned above, but has some problems with precipitations over the orographic zones and shows some biases of temperature. These errors can be due to parameterizations. 
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Figure 1. 24 hour accumulated precipitation i e period
1g 22 August 1992, 00 UTC, as forecasted by BO.
LAM The box identifiesthe area o tae MOLOCH grid.

of an elongated squall lie that moved to the south-west
at the speed of 17 ms, The mumerical simulations were
performed viith BOLAM at 18 kon horizonta resolution,
using the ERA0 dataset for both ital and bowndary
condifioss, and with MOLOCH at 3 kan resolution, n 3
grid ested in BOLAM. A similar mumerical study of the
Same event was perfortued with MesoNH (7], In this
case the ERA-15 re-aual used afer & humidity
comection. No comrection were made fo tze ERA-40 daa
wsed for the BOLAM iniilization,

The accumulsted precipitation_for BOLAM and
MOLOCH are shown in Fig 1 and Fig 2, respectrvely. It
can be observed that BOLAM underesiimates the pre-
cipiation with respect & 2

Tocalized rainfal rate maxiona up o 100mm Bour.

‘The intision of comvection is les itense in MOLOCH
than in Meso-NE (aot shown) and doesu't propagate to
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the different boundary conditions.

4. THE 2005 'DRY’ RUN [3]
In order to test the skill of different model forecasts,
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 September 2005, In such a framework, the Labora-
‘oired Adrologie (UPSICNRS) produced daily Meso-NH
48 bows forecasts. Here the simulation that started al





[image: image153.png]Figure 2. Same as Fig 1, but for MOLOCH.

Figure 3. 24 howr accumulated NOAA-CPC precipitation
estimated in the period ending 23 August, 0600 UTC.
Courtesy of N. Asencio

sgust, 00 UTC is repeated with BOLAM &t 18 ka
and using the operatiozal ECMWE asalyses s nital and
boundary conditons.

The comparison between the BOLAM precipitation out-
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ig . respecaively) shows that the the model produce
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The model, hovever, underestimates the precipitation
amouwnt dus to the convective acivity, 25 i can be de-
diced from the comparison with e observed brighness
temperature (not saows).

RESULTS AND FUTURE WORK
The BOLAM model, due to insufficient resolution and.
the use of parameterized convection, underestimates the
precipitation both in the 1992 and i the Dry Run case
MOLOCH is able to reprodce convective phenomens,

Figure 4. Same as Fig 3, but for BOLM

- however i the studied case, it does not fully develop a
squal line. The wate cycle diagnostcs and the chemical
coupling wil be implemmented in the near Sy,
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Introduction

Much of the air pollution emitted in Afca comes from four mafor soutces, maialy biomass burning
astusal emission from vegeation and soil. lightning NO, and anthropogeric sources such 33 enssions
celating to industey and trassport, Afiica contributes a significant amount o the global emssions rom
the Bt three categories, while fossl fel combustion emissions are very iporiaat on the local and
cegional scale. Most of he gas-phase species such as CO, COx, non-meibane hydsocasbons (NMEC),
NO, (e NO and NO,), N0, CH. Hy are disectly emited o the atmosphere,ofers such as Oy or PAN
(peroxy acetyl nitcae) ave secondary products of atmospheric photochemical reactions. It bas been
demonstated that many of these compouads diectly or indiretly influence the oxidizing capacity and
aler the radiation budse of the atmosphere. We investigate the relative importaace of African biomass
burning. biogenic and lightaing emissions fo the fropospheric czone budget over Afica and globally
Using 2 coupled slobal chemisiry cimate model, we find that Afiica biomass burning actiites accouat
for global ropospheric ozone eohancement of up to  Tg. Fusther senstviy studis indicate that volatle
orgasic compounds emitted by Afiican vegetation (BVOC) together with soil NOx emissions contribute
about 17 T to the global tropospheric czone burden. We estimate fhe sensitvy of these resuts to
climate change fhrough a set of simulations for climate conditions of the year 2030. Our model
Calculation suggeststhat about 70% of the troposphric ozone produced from enissions in Afca s found
outside the continent,thus exertng 2 noticeable influence on a lrge part of the tropical roposphere.

Model and Experiments

The 3.D global chemistry climate model MOZECH s part of the Hamburg Earth System Model (ESM)
and consists of the 3.D global general circulation model ECHAMS [Roecker et. al, 2003] and the 3-D
cheniical transport model MOZART [Horowitz et. al, 2003]. The production of NOx from lighining
flashes i parameterized according fo Grewve et. a, 2001 with a vertical distribution following Pickering,
1998. 1t also includes a dry deposition [Ganzeveld, 2001] and a wet deposition [Ster et. al, 2004]
schemes. The model experiments for this study are based on recent simmilations performed in the
framework of an intemmational IPCC/ACCENT intercomparison experiment where 24 global chemistry
transport and general circulation models submitted results for & mumber of prescribed emission and
climate scenarios [cf. Stevenson et al., 2005]. Table 1 shows the global annual CO, NOx and NMHC
emissions estimate and the amount contributed by Africa emissions. The climate condifions (sea surface
temperatures and sea ice fields) were taken from coupled ocean-atmosphere simulations performed at the
Mas Planck Instfute for Meteorology, Hamburg. Present-day constant concentiations were mainfained
for CH,, CO; and ;0 and CFCs. Each experiment was run for a minimumm of 5 years in the T42L31
resolution (approximately 2.67by 2 ). The scenarios were as follows:

SI. Present-day emissions in present-day climate

Al S, but all Afvican Biomass burning emissions are set fo 0

2. S, but all Afvican Biogenic VOC emissions are set 0 0

43: Same s S1, but Lightning NOx emission over Afiica i sét o 0

Table 1: Global nd Afrcen (i parentheses)frace gas emisions by source wied i this sudy.

Tox T2 MECTE0

Biomss: bussing 0 15 3

Bioga 5 Q4 756 (186)
28 1 & ©
2707

LX) 4400
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Figure 1 shows the 1997-2001 DIF seasonal average of ozane produced by African biomass buming,
biogenic and lightning emissions (derived as differences befween sinmiations Al A2, A3, and SI
respectively). The effect of lightning NOx emissions occurs at the middle and upper troposphere, hence
Figure Lc shows the total tropospheric coluan of ozone (TTOC) produced by African Lightning NOx

1o see that much of the ozone produced by African lightning is fouad outside
finent with a maximm occusring over South America,

@ ©

Figure 1: The 1997-2001 DIF seasonal mean susface ozons produced by (s) Afican Biomass buraing and () Biogenic
emisions; () the same average for foal tropospheric szone columa (DT) pradced by Afvcan lightaing NO* emicions.

‘The monthly mean surface ozone production over Africa continent i shown ia Figare 2. The peaks of
the surface ozone produced by African biomass burning enissions clearly reveals the fio main biomass
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Studies on polyclynic aromatic hydrocarbons (PAHs)
in the Lagos lagoon

R.A. ALANI (1), K. O. OLAYINKA (1) and B. I. ALO

Nigeria National Petroleum Coroporation, R&D Dept, Chemistry dept,

University of Lagos, Akoka, Nigeria

Lagos and its environs are thought to harbour about 75% of the manufacturing industries in Nigeria. In the city, wastes are openly incinerated, and oil related and fishing activities take place in the harbour and the lagoon. Open incineration can cause a change in the air quality. Bimonthly sampling of water and sediment from 12 locations on the lagoon between longitude 3°23" and 3°26"E and latitude 6°26" and 6°36"N was carried out for one year (from February to December 2004). A total of 16 USEPA priority Polycyclic Aromatic Hydrocarbons (PAHs) were analyzed for.

In April, the sediment sample at the harbour contained 12 PAHs, Fluorene, 747ug/kg being the lowest and Benzo(k) Fluoranthene 147,000ug/kg being the highest. The water sample from the same point contained 14 PAHs, Fluoranthene, 10.71ug/L (lowest) and Pyrene, 578ug/L (highest). In the same month, a point in Ikorodu (far removed from suspected sources of PAHs) contained 14 PAHs in the sediment sample, Naphthalene, 807^g/kg being the lowest and Benzo (g,h,i) Perylene, 72,000 jig/kg being the highest. The water sample from the same point contained 15 PAHs, Anthracene, 7.51ug/L being the lowest and Benzo (g,h,i) Perylene 1300ug/L being the highest. In June (rainy season) a point at Okobaba, (where sawdust is openly burnt) contained 9 PAHs in the sediment sample, Naphthalene, 1120747ug/kg (lowest) and Indeno (1,2,3-cd) Pyrene, 31,200ug/kg (highest). The water sample at the same point contained 13 PAHs, Fluoranthene 16.43ug/L being the lowest and Pyrene, 753|ug/L being the highest. All results obtained exceed the World Health Organization (WHO) and USEPA recommended maximum contamination levels. 

The results obtained showed that all the 16 USEPA priority PAHs were present at different levels in all the samples at different times. The PAHs levels in the water samples were significantly lower than those in the sediment samples collected from the same points. This confirms the fact that PAHs do not dissolve in the water column but tend to absorb to particles. With the evidence of long-range transport of these substances to regions where they have never been used or produced, the threats they pose to the environment are of regional and global scale. This paper therefore calls on the appropriate environmental bodies such as, the Directorate for Petroleum Resources (DPR), the Federal Ministry of Environment, etc., to develop regulatory standards and guidelines, and join in the global fight to protect the people and the entire global environment from the menace of PAHs. 
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Study of plumes mixing from biomass burning and dust haze over West Africa

F. BOUO-BELLA (1), S. CAUTENET (2) and G. CAUTENET (2)

(1) Université d’Abidjan, Côte d’Ivoire (2) LAMP, Clermont-Ferrand, France
During dry season over West Africa in Guinea savanna, plumes from biomass burning and dust haze are mixed and transported by the Harmattan flow and spread southwards below 10°N. Sometimes, meteorological conditions favor deep convection. In this study, real cases are examined where the precipitation water has been analyzed in the framework of IDAF network in Lamto, center of Ivory Coast. Ionic concentrations of nitrate, formiate, calcium and magnesium are two times higher when there are plumes mixings than when there is only a fire plume. A mesoscale simulation from the meteorological model RAMS coupled online with a condensed chemistry code in gaseous, aqueous and heterogeneous phases, has been performed. Sensitivity tests for the accommodation rate of HNO3 uptake onto mineral aerosols surfaces, and for the calcite content from mineral aerosols have been run. We conclude that the processes: (i) production of HNO3 from biomass burning, (ii) adsorption of HNO3 by the surface of mineral particles, and (iii) scavenging of HNO3, either gas or adsorbed, must be taken into account. Model issues agree with measurements of nitrate found in precipitation. We show that the accommodation rate of HNO3 is close to 0.1, and the percentage of calcite in mineral aerosol is about 10%. 

These researches highlight the important role of mixing plumes which will be studied during the SOP0 in AMMA experiment. 

Submitted by :

Sylvie Cautenet

LaMP, Université Blaise Pascal, CNRS, 24, Avenue des Landais, 63177 Aubière, France

Tel : +33 4 73 40 73 59 – Fax : +33 4 73 40 51 36 - S.Cautenet@opgc.univ-bpclermont.fr
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An overview on cirrus properties in the tropical UT-LS from previous field campaign
F. CAIRO (1). F. FIERLI (1) and G. DIDONFRANCESCO (2)

(1) Institute of the Atmospheric Sciences and Climate, CNR, Italy

(2) ENEA-CLIM, Frascati, Italy

We present an overview of the lidar in-situ aerosol observations onboard stratospheric balloons and the Geophysica aircraft during the last years in the frame of the APE-THESEO, HIBISCUS and TROCCINOX campaigns, held in the Indian Ocean and in Brazil from 1999 to 2005. We give first a brief review on the impact of deep convection in the UT-LS chemical and aerosol composition and a description backscatter sonde and microlidar experimental systems that will also be deployed during the AMMA campaign.The analysed case studies show that cirrus reveal small scale structures that are linked to water vapor variability.It appear that water vapor is likely to be controlled by deep convection but quasi-horizontal transport, driven by synoptic motion in the tropopause region, can also play also a key role in determining the water vapor content and hence the cirrus formation potential.Moreover, observations revealed the presence of thin aerosol layers in the lower stratosphere where deep convection should not inject directly water vapor; nevertheless mesoscale transport analyses are unable to highlight any features that could explain an excess in water vapor leading to aerosol formation. 

Contact :

F. Cairo : f.cairo@isac.cnr.it
F. Fierli : f.fierli@isac.cnr.it 
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West African Monsoon convective systems and ozone budget in the upper troposphere: from local to global scale
C. MARI, J.L. ATTIE, A. BORBON, J.P. CHABOUREAU, C. DELON, H. HOELLER,

C. JAMBERT, B. JOSSE, K. LAW, P. MASCART, P. PERROS, V.H. PEUCH,

J.P. PINTY, C. REEVES, D. SERCA, H. SCHLAGER, V. THOURET
Organisms ??

The composition of the atmosphere and the state of the global climate depend crucially on processes in the tropical regions. Mesoscale convective systems are important for the transport of trace constituents from the boundary layer into the free troposphere, for the source of tropospheric NOx by lightning, and for the loss of trace constituents by heterogeneous removal processes including washout. Once emitted to the atmosphere, gases can be rapidly lifted into the free troposphere by deep convection and transported over large distances away from source regions. As such, emissions over West Africa can affect atmospheric properties and processes on intercontinental and global scales. However, the details of these processes still requires further investigation. During the AMMA-SOP 2 period in July-August 2006, the impact of MCS on ozone precursors and ozone budget in the upper troposphere will be studied. Dedicated observations will be inferred from ground-based stations in Djougou (Benin), Lamto (Ivory Coast) and Hombori (Mali); ozonesoundings in Cotonou (Benin), small balloons fully equiped with chemistry in Niamey (Niger) and aircrafts (based at Niamey and Ouagadougou). The experimental strategy has been designed such that the chemical composition of entrainement and detrainement convective fluxes will be characterized for several chosen MCSs. In particular, ground-based and low-level aircraft measurements will provide information on the chemical composition of the boundary layer air masses. Background concentrations of ozone and precurors will be sampled before the MCS passage. Measurements in the cloud anvils will provide information on the major detrainement fluxes in the upper troposphere. The stratiform part of the MCS will also be observed. For some MCSs, high-altitude measurements will be performed up to the stratosphere to document the TTL region. How can these measurements help improving the parameterizations of convective transport, scavenging or NOx production in clouds? 

Results from previous experiments in tropical regions (e.g. TROCCINOX over Brazil) have shown that a multi-scale approach is needed from the cloud-scale to the regional and global scales. Cloud resolving models will be used to simulate one sampled MCS over Niamey or Djougou. At cloud scale, convection is resolved explicitely, scavenging follows the evolution of the microphysical reservoirs and lightning branches are simulated in 3D. The dynamical and chemical fields from these simulations are compared directly with the aircraft, the small balloons and ground-based measurements (both in-situ chemistry and radar). From this simulation, convective fluxes of ozone, NOx and others soluble and non-soluble precursors can be derived with no a-priori hypothesis on the anvil dimensions, or lightning vertical placement. A regional model is then run on the same case at lower resolution with parameterized convection and associated scavenging and NOx produced by lightning. From these  simulations, a budget of convective fluxes can be derived (entrainement, detrainement, lightning-NOx, scavenging). The quantity of gases released back to the environment in the upper troposphere is calculated from the detrainement fluxes. These fluxes can be compared to the fluxes calculated with the cloud-scale model.  The results from the regional simulation needs to be upscaled at continental and global scale based on global clouds and lightning activity compared to clouds and lightning activity over West Africa. The up-scaling procedure however is not straightforward and still needs to be refined. After the upscaling procedure, the budget can be compared with budgets from global models. The differences between the cloud, regional and global models budgets will point on the missing or ill-represented processes.


Contact : Céline Mari (celine.mari@aero.obs-mip.fr)
Les systèmes convectifs de la Mousson Ouest Africaine et le budget de l'ozone dans la haute troposphère :

de l'échelle locale à l'échelle globale

C. MARI, J.L. ATTIE, A. BORBON, J.P. CHABOUREAU, C. DELON, H. HOELLER,

C. JAMBERT, B. JOSSE, K. LAW, P. MASCART, P. PERROS, V.H. PEUCH,

J.P. PINTY, C. REEVES, D. SERCA, H. SCHLAGER, V. THOURET
Organisms ??

La composition chimique de l'atmosphère et l'état du climat global dépendent sensiblement des processus dynamiques et chimiques dans les régions tropicales. Les systèmes convectifs mésoéchelle jouent un rôle majeur dans le transport des gaz depuis la couche limite vers la troposphère libre, dans la source de NOx par les éclairs et dans la perte des constituants gazeux par les processus hétérogènes jusqu'au lessivage par les précipitations. Une fois émis dans l'atmosphère, les gaz sont soulevés rapidement dans la troposphère libre par la convection profonde et transportés  sur de grandes distances loin des régions sources. Les émissions en Afrique de l'ouest sont ainsi  susceptibles d'affecter les propriétés atmosphériques aux échelles intercontinentales et globales. Cependant, le détail des processus qui interviennent dans le transport et le vieillissement des masses d'air natives de l'Afrique de l'ouest est peu connu faute d'observations dédiées. Le traitement de ces processus par les modèles de chimie-transport n'est pas encore satisfaisant. L'objectif de cette étude est de proposer une stratégie générale pour améliorer la représentation des impacts de la convection sur la chimie dans les modèles. Les résultats de campagnes expérimentales passées (ex. TROCCINOX) ont montré la nécessité d'une approche multi-échelle depuis la convection explicite vers les échelles régionales et globales.  La stratégie expérimentale qui sera mise en place pendant la phase mature de la mousson africaine en Août 2006 permettra des avancées importantes. Le présent travail montre comment cette stratégie expérimentale servira l'approche de modélisation multiéchelle en contraignant par exemple la composition chimique dans les flux d'entraînement et de détrainement à la fois en amont et en aval des systèmes convectifs mésoéchelle. Ce travail présente aussi la stratégie en modélisation qui sera utilisée pour faire le lien entre les flux des précurseurs de l'ozone à l'échelle du nuage, régionale et globale.
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Ozone and Carbon Monoxide over West Africa as seen by the MOZAIC Program

B. SAUVAGE (1), V. THOURET (1), J-P. CAMMAS (1), A.M. THOMPSON (2,3), J. WITTE (3), G. ATHIER (1) and P. NEDELEC (1)

(1) Laboratoire d’Aérologie, Toulouse, France, (2) Penn State University, USA

(3) NASA-GSFC, USA

The MOZAIC program provides data of ozone and carbon monoxide over Equatorial Africa, since April 1997 and December 2001 respectively. This data set is of particular interest (in the frame of the AMMA LOP) as it fills the gap from the previous available in-situ data over the African region. Particularly, ozone vertical profiles recorded over 6 years (1997-2003), have lead to the first tropospheric “climatology” over 3 different equatorial regions, namely Gulf of Guinea, Central and East Africa. The monthly mean vertical profiles have been systematically analyzed with monthly mean ECMWF data using a Lagrangian-model (LAGRANTO). We assess the roles played by the dynamical features of Equatorial Africa and the intense biomass burning sources within the region in defining the ozone distribution. The lower troposphere exhibits layers of enhanced ozone during the biomass burning season in each hemisphere (boreal winter in the northern tropics and boreal summer in the southern tropics). The monthly mean vertical profiles of ozone are clearly influenced by the local dynamical situation. Over the Gulf of Guinea during boreal winter, the ozone profile is characterized by systematically high ozone below 650 hPa (see Figure 1). This is due to the high stability caused by the Harmattan winds in the lower troposphere and the blocking Saharan anticyclone in the middle troposphere that prevents any efficient vertical mixing. In contrast, Central African enhancements are not only found in the lower troposphere but throughout the troposphere. The boreal summer ozone maximum in the lower troposphere of Central Africa continues up to November in the middle troposphere due to the influx of air masses laden with biomass burning products from Brazil and Southern Africa. Despite its southern latitude, Central Africa during the boreal winter is also under the influence of the northern tropical fires. 

Moreover, the tropical Atlantic region is also known for its “Ozone Paradox” and “Zonal Wave-One” (Thompson et al., 1999; Thompson et al., 2003). We show how the MOZAIC data, merged to the SHADOZ network are used to go a step ahead in the understanding of these scientific questions. Specifically, MOZAIC profiles of ozone over west Africa and the Congo allow evaluation of the continental ozone latitudinal distribution during the period of the "Atlantic Paradox", a phrase that refers to a greater tropospheric ozone column amount over the South Atlantic than the North Atlantic during the west African biomass burning season. During DJF (December-January-February), the lower troposphere over Africa exhibits a higher ozone signal in the burning hemisphere, i.e. north of the equator, so the apparent "Paradox" does not appear over the African continent. The examination of the MOZAIC dataset over Africa highlights another component of the wave-one feature characteristic in the tropospheric ozone mixing ratio viewed in zonal cross-section (see Figure 2). The lower troposphere makes a non-negligible contribution to the regionally higher ozone column during the biomass burning periods of each hemisphere (DJF) for West Africa and JJA (June-July-August) as far as the Congo region. Moreover, a southern preference for the wave-one maximum is confirmed with a stonger maximum in SON (September-October-November). Finally, both phenomena show the first-order effects of the African continent as a major source of biomass burning and lightning emissions.

These results have been published in two separate papers. 

1) Sauvage B., V. Thouret, J- P. Cammas, F. Gheusi, G. Athier and P. Nédélec, Tropospheric ozone over Equatorial Africa: regional aspects from the MOZAIC data. Atmos. Chem. Phys., 5, 311-335, 2005.
2) Sauvage B., V. Thouret, A.M. Thompson, J.C. Witte, J- P. Cammas, P. Nédélec, and G. Athier, enhanced View of the "Tropical Atlantic Ozone Paradox" and "Zonal Wave-one" from the In-situ MOZAIC and SHADOZ Data, J. Geophys. Res, in press, October 2005.
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Figure I Ozone, Carbon Monoide, and relative Humidity monthly (January) mean vertical profile over Lagos from
MOZAIC and 3D streamlines from the LAGRANTO model
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Figure 2: Zonal cross section using the SHADOZ sites south of the ITCZ and the MOZAIC profiles recorded over Brazzavile.
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Rainwater Chemistry and Wet Deposition over the Wet Savanna Ecosystem of Lamto (Côte d’Ivoire)
V. YOBOUE (1), C. GALY-LACAUX (2), J.P. LACAUX (2) and S. SILUE (1)

(1) Laboratoire de Physique de l’Atmosphère, Côte d’Ivoire

(2) Laboratoire d’Aérologie, France

New results on rainfall chemistry at the Lamto site (Côte d’Ivoire), representative of wet savannas, are presented. These results are to be associated with those from other IDAF sites in West Africa, at Banizoumbou (dry savanna, Niger) and at Zoetele (equatorial forest, Cameroon).

In this IGAC-DEBITS Africa (IDAF) network, data sets on precipitation chemistry collected at the ‘wet savanna ecosystem’ site of Lamto, are analyzed for the whole period 1995-2002, without any gap. Inorganic (Ca2+, Mg2+, Na+, K+, NH4+, Cl-, SO42-, NO3-) as well as organic (HCOO-, CH3COO ) ions contents were determined using Ion Chromatography. The analyzed 631 rainfall events represent 8420.9 mm of rainfall from a total of 9631.1 mm, thus with quite a significant sampling efficiency (87%) of the precipitation regime at Lamto.

The average rainfall chemical content at Lamto is computed at seasonal, interannual time scales and for the full 1995-2002 period. 

The precipitation chemistry at Lamto is influenced by four main sources: natural biogenic emissions from savanna soils (NOx and NH3), biomass burning (savanna and domestic fires), terrigeneous particle emissions from dry savanna soils, and marine compounds embedded in the summer monsoon. The inter-annual variability of the weighted volume average concentration of chemical species linked with wet deposition is ~ 20% over the full period, in connection with the variability of atmospheric sources and rainfall amounts. 

Chemical signatures from these gas and particles sources in West Africa are observed at Lamto. Concentrations of maritime ions (Na+, Cl-, and Mg2+) are comparable to that obtained at other sites away from the ocean. Ammonium with a VWM of 17.6µeq.l-1 is the most abundant, representative of the NH3 source, and attributed to domestic animal wastes, fertilizers and biomass burning.  Ammonium concentrations are found to be the highest at Lamto when compared to all other IDAF sites in the West Africa ecosystems. 70% of total deposited nitrate (4.2kg.ha-1.year-1) is from NH4. Rainfall concentrations of nssCa2+, nssSO42-, nssK+, and nssMg2+ are linked to terrigeneous sources due to wind erosion of Sahara-Sahel soils. These particles transported by the Harmattan air mass are slowly deposited, from dry savanna to wet ones and the equatorial forest. Negative concentration gradients for nssCa2+ are from 30.8µeq.l-1 in dry savannas to 9.2µeq.l-1 in wet ones at Lamto and 8.9µeq.l-1 in the Cameroon forest. A similar gradient is also obtained from mineral particles rainfall contents with concentrations relatives up to 80% in dry savannas, to 40% in wet savannas, and 20% only in equatorial forest southward. This latter result emphasizes the importance of multiphase processes between gases and particles over West African ecosystems. In particular, acid gas-particles reactive chemistry can explain the acid rains and their acidity gradient along a transect dry savanna - wet savanna - equatorial forest 

In spite of such high potential acidity of 30.5µeq.l-1 due to NO3-, SO42-, HCOO- and CH3COO-, a relatively weak acidity of 6.9µeq.l-1 is effectively measured. For a proportion of 40%, this acid neutralization is explained by the acid gas – alkaline soil particles interactions. The remaining neutralization results from absorption of gaseous ammonia. When the Lamto results are compared to those at Banizoumbou (dry savanna) and Zoetele (equatorial forest), a regional coherent overview for West African wet tropospheric chemistry processes emerges. High concentrations of the particulate phase in precipitation emphasize the importance of multiphase processes between gases and particles in the atmospheric chemistry of West Africa ecosystems. Typically, the nss Ca2+ precipitation content, a major indicator for terrigeneous particles, evolves from 30.8µeq.l-1 in dry savannas to 9.2µeq.l-1 at Lamto and 8.9µeq.l-1 in the Cameroon forest 

Contact

(1) LPA, Université de Cocody, 22 BP 50082, Abidjan 22, Côte d’Ivoire

E-mail : yobv@aero.obs-mip.fr - Phone : (33) 5 61 33 27 13

(2) LA, 14, Av. Edouard Belin 31 400 Toulouse, France

E-mail: lacc@aero.obs-mip.fr -Phone : (33) 5 61 33 27

Rainwater Chemistry and Wet Deposition over the Wet Savanna Ecosystem of Lamto (Côte d’Ivoire)

V. YOBOUE (1), C. GALY-LACAUX (2), J.P. LACAUX (2) et S. SILUE (1)

De nouveaux résultats sont présentés sur la chimie des pluies au site de Lamto (Côte d’Ivoire), site représentatif de la savane humide. Dans le cadre du réseau IDAF, ces résultats sont à comparer à ceux obtenus aux sites de Banizoumbou (Niger, savane sèche) et de Zoétélé (Cameroun, forêt équatoriale).

Dans ce réseau IGAC-DEBITS Afrique (IDAF) d’Afrique de l’Ouest, les données de chimie des pluies collectées au site de Lamto (écosystèmes typiques des savanes humides) sont analysées pour la période 1995 – 2002 sans interruption. Les ions inorganiques (Ca2+, Mg2+, Na+, K+, NH4+, Cl-, SO42-, NO3-) et organiques  (HCOO-, CH3COO-) sont déterminés par Chromatographique ionique. Les 631 épisodes pluvieux  analysés représentent un total de pluie de 8420.9 mm, sur un total de 9631.1 mm, ce qui fournit un taux d’échantillonnage de 87% du régime total de précipitations à Lamto.

La composition chimique moyenne des pluies à Lamto est calculée sur des bases interannuelles, saisonnières et annuelles  sur toute la période d’étude (1995-2002).

Quatre sources d’émissions principales influencent sur la chimie des pluies à Lamto : les émissions biogéniques naturelles des sols de savane (NOx et NH3), les feux de biomasse (savanes et feux domestiques), les émissions terrigènes par les sols en savane sèche, et les espèces d’origine marine emportées par le flux de Mousson.

La variabilité interannuelle des concentrations moyennes pondérées des espèces chimiques et leur dépôt humide associé est d’environ 20% pour la période entière, selon l’amplitude des sources  d’émissions et des précipitations.

Les signatures chimiques en particules et gaz  typique de ces savanes sont observées à Lamto. Les  concentrations en ions d’origine marine (Na+, Cl-, Mg2+) sont comparables à celles relevées aux sites éloignés de l’océan. L’ammonium, avec une concentration moyenne pondérée de 17.6µeq.l-1 est le plus abondant, il est typique de la source de NH3, liée aux déchets d’animaux, aux fertilisants et aux feux de biomasse. C’est à Lamto que ces concentrations sont les plus élevées, comparativement aux autres écosystèmes ouest africains. 70% des nitrates déposés (4.2 kg.ha-1.year-1) provient de l’ion NH4+. Les concentrations non marine de Ca2+, SO42-, K+ et Mg2+ (nssCa2+, nssSO42-, nssK+ et nssMg2+ ) sont à  relier aux sources terrigènes associées à l’érosion éolienne des sols Sahara-Sahel. Ces particules, transportées par le flux d’Harmattan, se déposent progressivement le long de leur trajectoire, depuis la savane sèche jusqu’à la savane humide et la forêt. Des gradients négatifs de concentrations des nssCa2+ sont observés, de 30.8 µeq.l-1 en savane sèche, à 9.2 µeq.l-1 en savane humide de Lamto et 8.9 µeq.l-1  à Zoétélé dans la forêt du Cameroun. Un tel gradient s’observe également sur les teneurs des pluies en particules minérales, avec des concentrations relatives de 80% en savanes sèches, 40% en savanes humides et 20% seulement plus au sud en zones forestières. Ce résultat met l’accent sur l’importance des processus multiphasiques entre gaz et particules sur les différents écosystèmes de l’ouest africain. En particulier, la réactivité chimique entre gaz acides et particules permet d’expliquer l’acidité des pluies et le gradient de leur acidité le long des transects savane sèche - savane humide - forêt. En dépit d’un fort potentiel acide de 30.5µeq.l-1 lié à NO3-, SO42-, HCOO- et CH3COO-, une faible acidité de 6.9µeq.l-1 est effectivement mesurée. Pour 40%, cette neutralisation s’explique par les interactions entre gaz acides et particules alcalines, le reste de cette neutralisation étant dû à l’absorption d’ammoniac gazeux dans les gouttes. De la comparaison de tels résultats aux  sites contrastés de Lamto, Banizoumbou et Zoétélé, se dégage une vue d’ensemble cohérente sur les processus physico-chimiques en Afrique de l’Ouest. Les fortes concentrations de la phase particulaire dans les précipitations soulignent toute l’importance des processus multiphasiques gaz-particules sur les différents écosystèmes ouest africain. Ainsi, typiquement, la teneur en nssCa2+ des précipitations, en indicateur majeur des espèces terrigènes, s’établit entre 30.8 µeq.l-1 en savane sèche, contre 9.2 µeq.l-1 à Lamto et 8.9 µeq.l-1  à Zoétélé.
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Regional and global aspects of aerosols in western Africa: From air quality to climate
Mian CHIN(1), Thomas DIEHL (2)

(1) NASA, Goddard Space Flight Center, U.S.A

(2) UMBC/NASA, Goddard Space Flight Center, U.S.A

Western Africa is one of the most important aerosol source regions in the world.  Major sources include: Dust from the Sahara desert, biomass burning over in Sahel during the dry seasons, pollution emissions from anthropogenic activities, and biogenic emissions from vegetation. In addition, Western Africa also receives significant amount of aerosols from other continents, for example, pollution from Europe and dust from Middle East.

We present here the aerosol sources, compositions, and distributions over western Africa during dry and wet seasons from a global model, the Goddard Chemistry Aerosol Radiation and Transport (GOCART) model.  Our motivation is to use the GOCART model in combination with the satellite data to support the African Monsoon Multidisciplinary Analysis (AMMA) field observations, to analyze the AMMA data, and to assess the global impact of African aerosols.  The GOCART model uses assimilated meteorological fields from the Goddard Earth Observing System-Data Assimilation System (GEOS DAS), and has a horizontal resolution at 1° latitude x 1.25° longitude or 2° x2.5° resolution with 30-55 vertical layers. The model simulates concentrations and optical thickness of sulfate, dust, black carbon, organic carbon, sea-salt aerosols as well as total aerosols from both natural and anthropogenic sources.  Processes in the model include emission, chemistry, dry and wet depositions, gravitational settling, convection, advection, and hygroscopic growth as a function of ambient relative humidity (Chin et al., 2000, 2002, 2004; Ginoux et al., 2001, 2004).  Figure 1 shows the GOCART model simulated aerosol optical thickness (AOT) at 550 nm and comparisons with the sun-photometer measurements from the Aerosol Robotic Network (AERONET) at 10 AERONET sites in or near the AMMA field study area.  The model captures the observed large magnitude of day-to-day aerosol variations, and shows that the dust is the dominant aerosol type in the AMMA study area through the year except in the dry season (December – February) at Ilorin when biomass burning contributes to 30-70% of AOT. 

To understand the origins of aerosol composition over Africa, we tag the aerosols produced from major pollution and dust source regions over the world.  The pollution source regions include North America, Europe, and Asia, and the dust source regions include Africa, Middle East, and Asia.  Figure 2 shows the model simulated sulfate and dust aerosol column burden (top panels) in the wet season (August) and the percentage contributions from different source regions (bottom panels).  While majority of the dust over Africa is from the Sahara desert, Middle East could contribute to 10 – 30% of dust loading in the Sahel region in the wet season.  Figure 2 also reveals that Europe anthropogenic emissions could contribute to 30 – 50% of sulfate loading over northern Africa (20 – 40 % over the AMMA field study area).  On the other hand, Figure 2 clearly shows the transport of aerosols from African continent to the Atlantic Ocean that will exert significant influence in modifying weather and climate.

Finally, we use the model results to estimate the aerosol concentrations at the surface, which are normally known as PM2.5 or PM10 (particular matter with diameter less than 2.5 µm or 10 µm, respectively).  PM is one of the major components that indicate the surface air quality because they could induce respiratory diseases and impair the visibility.  The PM2.5 and PM10 concentrations over western Africa persistently exceed 50 and 100 µg m-3 respectively in the dry season (e.g., February), with maximum reaching 1000 and 2000 µg m-3 over the desert.  In the wet season, surface PM concentrations are typically more than a factor of 2 lower than that in the dry season.  Considering the US EPA’s air quality standard of the maximum values of 15 and 50 µg m-3 for annual average PM2.5 and PM10, aerosols over Africa impose serious air quality and health concerns to the residents there.

To summarize, the GOCART model results are reasonably realistic for African region (and beyond).  The model shows:

· Dust is always there, smoke aerosol is important in dry seasons;

· Aerosols from Africa (dust and smoke) can transport to long distance, exerting global impacts;

· Africa also receives pollution aerosols from Europe and dust aerosols from Middle East;

· There are significant seasonal variations of aerosol distributions;

There are serious air quality and health concerns over western Africa especially in the dry season.


[image: image158]

[image: image159]
We hope to have an opportunity to participate in the AMMA field experiments and to make the model useful for AMMA.

(For more information please contact Mian Chin, mian.chin@nasa.gov, 1-301-614-6007).
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REGCM simulation of anthropogenic aerosols over sub-Sahara Africa
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West and Central Africa are subject every dry season to intense biomass and biofuels emissions of carbonaceous particles. These particles have deep impact upon West African climate, particularly as concerns radiation, temperature and precipitation modifications. RegCM has been run for the year 2000 over a African domain comprises between latitude 27 N and 27 S and longitudes 25W and 52E with a 60 km resolution.

A tracer model has now been introduced into RegCM, including sulfates and carbonaceous ( Black and Organic Carbon) aerosols ( hydrophilic and hydrophobic). First season BC and OC budgets have been calculated for two boxes, respectively north and south of the equator, for the two dry (DJF) and wet (JJA) seasons. Then, monthly aerosol optical depths (AOD) have been calculated and compared both with the surface AERONET and MODIS satellite data. Next, monthly direct radiative anthropogenic aerosol forcing have been computed and their cooling/warming effects together with positive/negative aerosol impact upon precipitation are displayed.

These results are discussed with particular emphasis upon West Africa Sahel region and the Congo basin.
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Fig. 1: Some five-year characteristics of TRMM-derived West African precipitation.




















Fig. 1: map of the domain and location of existing GPS station (black triangles with 4-letter identifier) and RS stations (blue squares with 5-digit identifier). GPS stations deployed during AMMA-EOP phase (2005-2007) are shown as cyan circles and those to be deployed during the SOP (April-September 2006) are shown as red triangles. Grey shading shows topography.
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� EMBED Equation.3  ���est le variogramme du cumul � EMBED Equation.3  ���. � EMBED Equation.3  ���, � EMBED Equation.3  ��� et � EMBED Equation.3  ��� sont la moyenne, la variance et le variogramme de l’événement pluvieux, � EMBED Equation.3  ��� et � EMBED Equation.3  ��� sont la moyenne et le variogramme de son indicatrice. � EMBED Equation.3  ��� (le nombre d’événements) représente aussi le facteur d’échelle de cette relation. La Figure 1 ci-contre présente un exemple de validation de cette formulation intégrée sur la zone EPSAT-Niger. 





Figure 1 : Comparaison du variogramme expérimental calculé à partir du cumul moyen de 40 événements (40 est à peu près le nombre moyen d’événements par an) et le variogramme théorique déduit du modèle intégré. L’adéquation est bonne.
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Figure 1 : An example of a Saharian just outbreak across the Atalntic (SeaWifs image)
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Figure 1. GOCART model simulated aerosol optical thickness at 550 nm (color shades) and comparisons with the AERONET measurements (black circles) at 5 AERONET sites over western Africa (left column) and 5 sites near Africa (right column).  Model results and AERONET data are daily average values in 2000.





Figure 2. GOCART model simulated dust and sulfate mass column loading (top panels) and percentage contributions from Africa dust source (bottom left panel) and from European anthropogenic sulfur emissions (bottom right panel) for August 2001.  Black circles are the locations of AERONET sites in Figure 1, dashed line is the AMMA field study area, and the red crosses are the AMMA super sites.








� It should be kept in mine that we are not presently targetting for some realism but for knowledge integration in a flexible tool that will be amended in the future.


� Note that the climate variability can be simulated via the specified precipitation time series.
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Surface inondée observée d'après les images NOAA/AVHRR disponibles (Km2)

Surface inondée calculée  (Km2)
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		Date		Dire		Surf.totale																								Date		Dire		Surf.totale

		90/09/25		374		234		871																						90/09/25		374		234		871

		90/10/07		391		474		1011																						90/10/07		391		474		1011

		90/10/13		399		924		1085																						90/10/13		399		924		1085

		90/10/21		406		1698		1154																						90/10/21		406		1698		1154

		90/10/25		409		1865		1185																						90/10/25		409		1865		1185

		91/08/03		168		612		142																						91/08/03		168		612		142

		91/09/05		330		1		591																						91/09/05		330		1		591

		91/09/14		359		153		763																						91/09/14		359		153		763

		91/09/17		367		616		819																						91/09/17		367		616		819

		91/10/01		398		730		1076																						91/10/01		398		730		1076

		91/10/11		415		1320		1249																						91/10/11		415		1320		1249

		91/10/25		429		1037		1413																						91/10/25		429		1037		1413

		92/08/19		263		682		328																						92/08/19		263		682		328

		92/09/19		349		644		699																						92/09/19		349		644		699

		92/10/04		389		733		994																						92/10/04		389		733		994

		92/10/14		407		276		1164																						92/10/14		407		276		1164

		93/08/04		158		632		130																						93/08/04		158		632		130

		93/08/27		250		19		292																						93/08/27		250		19		292

		93/09/07		308		408		487																						93/09/07		308		408		487

		93/09/17		345		661		675																						93/09/17		345		661		675

		93/09/24		366		904		812																						93/09/24		366		904		812

		93/10/26		412		20		1217																						93/10/26		412		20		1217

		94/08/19		315		390		518																						94/08/19		315		390		518

		95/07/29		146		616		117																						95/02/09		433		4600		3629

		95/08/07		170		1004		145																						95/02/18		392		6299		3420

		95/09/02		319		889		537																						95/02/27		343		3297		3140

		95/09/10		359		1163		763																						95/03/18		229		1811		2290

		95/09/21		396		948		1057																						95/03/30		170		1144		1664

		95/09/29		416		1040		1260																						95/07/07		126		599		1035

		95/10/12		424		2458		1352																						95/07/29		146		616		117

		95/10/20		457		2593		1808																						95/08/07		170		1004		145

		95/10/29		473		2319		2081																						95/09/02		319		889		537

		96/07/05		98		482		77																						95/09/10		359		1163		763

		96/10/12		435		1487		1490																						95/09/21		396		948		1057

		96/10/20		443		1107		1598																						95/09/29		416		1040		1260

		96/11/01		458		1930		1824																						95/10/12		424		2458		1352

		97/08/02		219		510		223																						95/10/20		457		2593		1808

		97/09/15		370		936		841																						95/10/29		473		2319		2081

		97/10/11		425		2058		1364																						96/01/11		438		3715		3653

		97/10/22		443		2328		1598																						96/01/20		405		3812		3489

		99/11/29		515		5410		3012																						96/02/05		326		2851		3033

		99/12/01		515		5883		3012																						96/02/17		262		1690		2573

		00/08/05		241		650		270																						96/02/25		227		2541		2272

		00/08/22		313		830		509																						96/03/16		142		1283		1286

		00/09/18		403		709		1126																						96/03/26		126		1041		1035

		00/10/04		442		1093		1583																						96/04/30		83		1170		157

		00/10/20		467		2790		1967																						96/07/05		98		482		77

		00/10/30		483		3062		2267																						96/10/12		435		1487		1490

		00/11/07		492		3598		2468																						96/10/20		443		1107		1598

		00/11/26		503		5109		2712																						96/11/01		458		1930		1824

		97/11/08		458		2874		1824		2874		1824																		97/02/09		240		2202		2389

		97/11/10		460		2495		1856		2495		1856																		97/02/19		190		2232		1898

		98/08/18		263		560		327		560		327																		97/03/09		121		982		950

		98/09/03		342		703		657		703		657																		97/08/02		219		510		223

		98/09/13		385		719		959		719		959																		97/09/15		370		936		841

		98/10/02		433		1164		1464		1164		1464																		97/10/11		425		2058		1364

		98/10/08		444		1439		1613		1439		1613																		97/10/22		443		2328		1598

		98/10/28		477		2340		2156		2340		2156																		97/11/08		458		2874		1824

		98/11/08		488		2899		2375		2899		2375																		97/11/10		460		2495		1856

		98/11/13		492		3083		2460		3083		2460																		97/11/20		459		3893		3752

		98/11/14		493		2692		2482		2692		2482																		97/11/27		455		3607		3733

		98/12/03		493		2364		2482		2364		2482																		97/12/07		302		2811		2872

		99/09/03		346		320		681		320		681																		97/12/25		234		1902		2336

		99/10/10		470		1002		2027		1002		2027																		98/01/04		380		2369		3355

		99/11/03		502		2384		2686		2384		2686																		98/01/13		345		2991		3152

																														98/02/18		164		2026		1589

																														98/02/28		131		1095		1117

																														98/03/26		80		749		80

																														98/08/18		263		560		327

						Surf.totale																								98/09/03		342		703		657

		95/02/09		433		4600		3970																						98/09/13		385		719		959

		95/02/27		343		3297		3380																						98/10/02		433		1164		1464

		95/03/18		229		1811		2356																						98/10/08		444		1439		1613

		95/03/30		170		1144		1601																						98/10/28		477		2340		2156

		95/07/07		126		599		842																						98/11/08		488		2899		2375

		96/01/11		438		3715		4000																						98/11/13		492		3083		2460

		96/01/20		405		3812		3801																						98/11/14		493		2692		2482

		96/02/05		326		2851		3251																						98/12/03		493		2364		2482

		96/02/17		262		1690		2697																						98/12/19		479		4004		3841

		96/02/25		227		2541		2334																						98/12/29		463		3404		3770

		96/03/16		142		1283		1145																						99/01/17		402		3221		3473

		96/03/26		126		1041		842																						99/02/20		220		2001		2206

		97/02/09		240		2202		2475																						99/03/22		213		1810		2138

		97/02/19		190		2232		1883																						99/09/03		346		320		681

		97/03/09		121		982		739																						99/10/10		470		1002		2027

		97/11/20		459		3893		4118																						99/10/18		484		5903		3863

		97/11/27		455		3607		4096																						99/11/03		502		2384		2686

		97/12/07		302		2811		3057																						99/11/14		510		7455		3973

		97/12/25		234		1902		2411																						99/11/29		515		5410		3012

		98/01/04		380		2369		3640																						99/12/01		515		5883		3012

		98/01/13		345		2991		3395																						00/01/13		483		5902		3859

		98/02/18		164		2026		1510																						00/01/20		467		4617		3788

		98/02/28		131		1095		940																						00/02/01		419		3395		3560

		98/12/19		479		4004		4226																						00/02/17		344		2663		3146

		98/12/29		463		3404		4140																						00/02/27		287		3763		2765

		99/01/17		402		3221		3782																						00/03/15		185		1194		1842

		99/02/20		220		2001		2254																						00/07/03		93		466		393

		99/03/22		213		1810		2172																						00/08/05		241		650		270

		99/10/18		484		5903		4253																						00/08/22		313		830		509

		00/01/13		483		5902		4247																						00/09/18		403		709		1126

		00/01/20		467		4617		4162																						00/10/04		442		1093		1583

		00/02/01		419		3395		3887																						00/10/20		467		2790		1967

		00/02/17		344		2663		3387																						00/10/30		483		3062		2267

		00/02/27		287		3763		2928																						00/11/07		492		3598		2468

		00/03/15		185		1194		1815																						00/11/26		503		5109		2712

		00/07/03		93		466		67																						00/12/20		491		5156		3895

		00/12/20		491		5156		4291

		95/02/18		392		6299		3420

		99/11/14		510		7455		3973

		98/03/26		80		749		-60

		96/04/30		83		1170		-217
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2138.2277446715

320

680.7149145624

1002

2027.0637387742

5903

3863.2878484463

2384

2686.3632087025

7455

3973.2610222423

5410

3011.9518141655

5883

3011.9518141655

5902

3858.9410009816

4617

3788.1402008427

3395

3560.1933124004

2663

3145.6765713017

3763

2764.933772862

1194

1842.0218375671

466

392.7187058291

650

270.2942666523

830

509.1490259283

709

1126.2405790715

1093

1582.6930984051

2790

1966.991433667

3062

2266.5820363174

3598

2467.8162908181

5109

2712.4316882565

5156

3894.6794730666
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		2026
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		749

		560

		703

		719

		1164

		1439

		2340

		2899

		3083

		2692

		2364

		4004

		3404

		3221

		2001

		1810

		320

		1002

		5903

		2384

		7455

		5410

		5883

		5902

		4617

		3395

		2663

		3763

		1194

		466

		650

		830

		709

		1093

		2790

		3062

		3598

		5109

		5156



Surface inondée observée sur NOAA/AVHRR (Km2)

Surface inondée calculée (Km2)

Delta Aval (1990-2000)

870.9143099975

1011.4534055479

1085.2260560234

1154.1778956219

1185.0539628931

142.1302073803

591.3118781608

763.2179130521

818.8849443038

1075.7179636955

1249.3061433242

1413.1034469085

327.9114462012

698.9251051875

993.807564507

1164.3794822503

130.1572833195

292.4645874627

487.2335567843

674.7509034508

811.7103712153

1216.7560133458

518.1908397097

3629.2694829428

3420.2010086876

3139.5580808087

2290.4535348699

1664.3075751485

1034.8136838399

117.1135047782

144.6538418706

536.7559869858

763.2179130521

1056.9509615894

1260.3485527266

1352.2749358379

1807.9404271766

2081.2908701366

3653.3994839382

3488.7694489378

3032.7222264184

2573.3896435547

2272.0174517407

1286.0617269606

1034.8136838399

157.4773054061

76.7645995739

1489.7201922059

1598.376316594

1823.9205121851

2389.0588251879

1898.0704924597

949.7129896807

222.6372111445

840.7913997329

1364.2274692869

1598.376316594

1823.9205121851

1856.3056665939

3751.8248264843

3733.4290854092

2872.0044624168

2335.8483881473

3354.8579218425

3151.7773012748

1588.7892713581

1116.6022141719

80.1053780941

327.2170469604

657.1705611722

959.4340610036

1463.7304970179

1612.5040992525

2155.8569731385

2374.9783267278

2460.0663271987

2481.810444673

2481.810444673

3841.4631455785

3770.060949573

3473.1433546506

2206.1870141688

2138.2277446715

680.7149145624

2027.0637387742

3863.2878484463

2686.3632087025

3973.2610222423

3011.9518141655

3011.9518141655

3858.9410009816

3788.1402008427

3560.1933124004

3145.6765713017

2764.933772862

1842.0218375671

392.7187058291

270.2942666523

509.1490259283

1126.2405790715

1582.6930984051

1966.991433667

2266.5820363174

2467.8162908181

2712.4316882565

3894.6794730666
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Validation réplicative

Validation Prédictive

Surface inondée observée sur NOAA/AVHRR (Km2)

Surface inondée calculée (Km2)

Delta Aval (Crue)

1823.9205121851

870.9143099975

1856.3056665939

1011.4534055479

327.2170469604

1085.2260560234

657.1705611722

1154.1778956219

959.4340610036

1185.0539628931

1463.7304970179

142.1302073803

1612.5040992525

591.3118781608

2155.8569731385

763.2179130521

2374.9783267278

818.8849443038

2460.0663271987

1075.7179636955

2481.810444673

1249.3061433242

2481.810444673

1413.1034469085

680.7149145624

327.9114462012

2027.0637387742

698.9251051875

2686.3632087025

993.807564507

1164.3794822503

130.1572833195

292.4645874627

487.2335567843

674.7509034508

811.7103712153

1216.7560133458

518.1908397097

117.1135047782

144.6538418706

536.7559869858

763.2179130521

1056.9509615894

1260.3485527266

1352.2749358379

1807.9404271766

2081.2908701366

76.7645995739

1489.7201922059

1598.376316594

1823.9205121851

222.6372111445

840.7913997329

1364.2274692869

1598.376316594

3011.9518141655

3011.9518141655

270.2942666523

509.1490259283

1126.2405790715

1582.6930984051

1966.991433667

2266.5820363174

2467.8162908181

2712.4316882565



		190

		121

		459

		455

		302

		234

		380

		345

		164

		131

		479

		463

		402

		220

		213

		484

		483

		467

		419

		344

		287

		185

		92.829986038

		491.2834282032



Hauteur d'eau à Diré (cm)

Surface inondée dans le Delta Aval (Km2)

Delta Aval (Décrue)

2232

982

3893

3607

2811

1902

2369

2991

2026

1095

4004

3404

3221

2001

1810

5903

5902

4617

3395

2663

3763

1194

466

5156



		2232		4600

		982		3297

		3893		1811

		3607		1144

		2811		599

		1902		3715

		2369		3812

		2991		2851

		2026		1690

		1095		2541

		4004		1283

		3404		1041

		3221		2202

		2001

		1810

		5903

		5902

		4617

		3395

		2663

		3763

		1194

		466

		5156



Validation réplicative

Validation prédictive

Surface inondée observée sur NOAA/AVHRR (Km2)

Surface inondée calculée (Km2)

Delta Aval (Décrue)

1882.6319157052

3970.4989191679

738.8902959241

3379.8953644315

4118.3035674405

2355.8551624089

4096.117867815

1600.7082983913

3057.2193609401

841.5237495499

2410.6024310972

3999.6002721312

3639.5520742705

3801.0525489949

3394.6320338494

3251.0487925502

1509.631434606

2697.0828136833

940.162655118

2333.6208093101

4226.4095042574

1144.5348429019

4140.2967639924

841.5237495499

3782.2071090226

2474.7754789949

2254.2277417393

2172.2672524237

4252.7306130547

4247.4882120132

4162.1007694133

3887.1914207266

3387.2744089443

2928.0895722859

1815.035909826

67.1419915616

4290.5896561745



																								Crue																																																Date		Surf.totale		surf calc

																																																																								90/09/25		234		584.1898117926

		Date		Dire		Eau-libre														Date		Dire		Vég. Inond.														Date		Dire		Surf.totale		Predicted		Population 5%		Population 95%		Surf.totale		surf calc																				90/10/07		474		764.1972605012

		90/09/25		374		182														90/09/25		374		52														90/09/25		374		234		579.31		-960.4		2119.02		234		584																				90/10/13		924		867.162121122

		90/10/07		391		390														90/10/07		391		84														90/10/07		391		474		757.53		-785.54		2300.6		474		764																				90/10/21		1698		968.5750300504

		90/10/13		399		846														90/10/13		399		78														90/10/13		399		924		859.44		-685.22		2404.1		924		867																				90/10/25		1865		1015.5909615891

		90/10/21		406		1642														90/10/21		406		56														90/10/21		406		1698		959.8		-586.18		2505.79		1698		969																				91/08/03		612		22.5430305174

		90/10/25		409		1746														90/10/25		409		119														90/10/25		409		1865		1006.33		-540.2		2552.85		1865		1016																				91/09/05		1		291.4959028281

		91/08/03		168		277														91/08/03		168		335														91/08/03		168		612		22.46		-1504.44		1549.35		612		23																				91/09/14		153		460.920672053

		91/09/05		330		1														91/09/05		330		0														91/09/05		330		1		289.34		-1243.51		1822.19		1		291																				91/09/17		616		523.0232667732

		91/09/14		359		76														91/09/14		359		77														91/09/14		359		153		457.22		-1079.77		1994.21		153		461																				91/10/01		730		853.5686309692

		91/09/17		367		571														91/09/17		367		45														91/09/17		367		616		518.73		-1019.67		2057.13		616		523																				91/10/11		1320		1116.5802557132

		91/10/01		398		599														91/10/01		398		131														91/10/01		398		730		845.99		-698.47		2390.45		730		854																				91/10/25		1037		1393.0152902559

		91/10/11		415		1169														91/10/11		415		151														91/10/11		415		1320		1106.25		-441.27		2653.78		1320		1117																				92/08/19		682		101.1319348679

		91/10/25		429		965														91/10/25		429		72														91/10/25		429		1037		1379.7		-169.59		2928.99		1037		1393																				92/09/19		644		393.5570153372

		92/08/19		263		266														92/08/19		263		416														92/08/19		263		682		100.53		-1427.7		1628.77		682		101																				92/10/04		733		740.4261880513

		92/09/19		349		322														92/09/19		349		322														92/09/19		349		644		390.48		-1144.91		1925.87		644		394																				92/10/14		276		984.0000523106

		92/10/04		389		557														92/10/04		389		176														92/10/04		389		733		734		-808.67		2276.67		733		740																				93/08/04		632		19.2483616922

		92/10/14		407		74														92/10/14		407		202														92/10/14		407		276		975.07		-571.1		2521.24		276		984																				93/08/27		19		82.35391119

		93/08/04		158		487														93/08/04		158		145														93/08/04		158		632		19.18		-1507.68		1546.04		632		19																				93/09/07		408		205.9072758479

		93/08/27		250		19														93/08/27		250		0														93/08/27		250		19		81.89		-1445.96		1609.74		19		82																				93/09/17		661		369.4538929073

		93/09/07		308		245														93/09/07		308		163														93/09/07		308		408		204.48		-1326.21		1735.17		408		206																				93/09/24		904		514.8244404483

		93/09/17		345		620														93/09/17		345		41														93/09/17		345		661		366.6		-1168.2		1901.4		661		369																				93/10/26		20		1064.8891095279

		93/09/24		366		789														93/09/24		366		115														93/09/24		366		904		510.61		-1027.61		2048.83		904		515																				94/08/19		390		229.9877278242

		93/10/26		412		20														93/10/26		412		0														93/10/26		412		20		1055.11		-491.93		2602.15		20		1065																				95/02/09		4600		3885.1900041401

		94/08/19		315		335														94/08/19		315		55														94/08/19		315		390		228.36		-1302.93		1759.66		390		230																				95/02/18		6299		3655.420597548

		95/07/29		146		225														95/07/29		146		391														95/07/29		146		616		15.87		-1510.96		1542.7		616		16																				95/02/27		3297		3346.9897868639

		95/08/07		170		514														95/08/07		170		490														95/08/07		170		1004		23.18		-1503.73		1550.08		1004		23																				95/03/18		1811		2413.8110838096

		95/09/02		319		540														95/09/02		319		349														95/09/02		319		889		243.24		-1288.43		1774.91		889		245																				95/03/30		1144		1725.6672298987

		95/09/10		359		811														95/09/10		359		352														95/09/10		359		1163		457.22		-1079.77		1994.21		1163		461																				95/07/07		599		1033.8439486765

		95/09/21		396		816														95/09/21		396		132														95/09/21		396		948		819.71		-724.36		2363.78		948		827																				95/07/29		616		15.9239768318

		95/09/29		416		910														95/09/29		416		130														95/09/29		416		1040		1123.84		-423.84		2671.52		1040		1134																				95/08/07		1004		23.2667650642

		95/10/12		424		1708														95/10/12		424		750														95/10/12		424		2458		1275.04		-273.73		2823.81		2458		1287																				95/09/02		889		244.9920963463

		95/10/20		457		2134														95/10/20		457		459														95/10/20		457		2593		2146.1		596.46		3695.74		2593		2168																				95/09/10		1163		460.920672053

		95/10/29		473		2172														95/10/29		473		147														95/10/29		473		2319		2762.4		1212.33		4312.46		2319		2792																				95/09/21		948		827.0175782287

		96/07/05		98		269														96/07/05		98		213														96/07/05		98		482		7.44		-1519.33		1534.21		482		7																				95/09/29		1040		1134.362332233

		96/10/12		435		1272														96/10/12		435		215														96/10/12		435		1487		1516.7		-33.03		3066.43		1487		1532																				95/10/12		2458		1287.2017435589

		96/10/20		443		1070														96/10/20		443		37														96/10/20		443		1107		1720.75		170.78		3270.72		1107		1738																				95/10/20		2593		2168.1421986967

		96/11/01		458		1807														96/11/01		458		123														96/11/01		458		1930		2180.23		630.63		3729.83		1930		2203																				95/10/29		2319		2791.7556725276

		97/08/02		219		373														97/08/02		219		137														97/08/02		219		510		50.21		-1477.06		1577.49		510		50																				96/01/11		3715		3911.7092391875

		97/09/15		370		779														97/09/15		370		157														97/09/15		370		936		543.88		-995.08		2082.83		936		548																				96/01/20		3812		3730.7783476027

		97/10/11		425		1759														97/10/11		425		299														97/10/11		425		2058		1295.32		-253.57		2844.2		2058		1308																				96/02/05		2851		3229.5755714808

		97/10/22		443		2097														97/10/22		443		231														97/10/22		443		2328		1720.75		170.78		3270.72		2328		1738																				96/02/17		1690		2724.7621347874

		97/11/08		458		2670														97/11/08		458		204														97/11/08		458		2874		2180.23		630.63		3729.83		2874		2203																				96/02/25		2541		2393.5495503786

		97/11/10		460		2312														97/11/10		460		183														97/11/10		460		2495		2250.12		700.59		3799.66		2495		2273																				96/03/16		1283		1309.9693376474

		98/08/18		262.7591036415		337														98/08/18		262.7591036415		223														98/08/18		263		560		100.53		-1427.7		1628.77		560		101																				96/03/26		1041		1033.8439486765

		98/09/03		342		653														98/09/03		342		50														98/09/03		342		703		349.65		-1184.72		1884.03		703		352																				96/04/30		1170		69.6380358886

		98/09/13		385		635														98/09/13		385		84														98/09/13		385		719		689.1		-852.76		2230.97		719		695																				96/07/05		482		7.4590342611

		98/10/02		433		1094														98/10/02		433		70														98/10/02		433		1164		1469.58		-80.02		3019.19		1164		1484																				96/10/12		1487		1531.5352615709

		98/10/08		444		1403														98/10/08		444		36														98/10/08		444		1439		1748.11		198.14		3298.09		1439		1766																				96/10/20		1107		1737.8881535454

		98/10/28		477		2187														98/10/28		477		153														98/10/28		477		2340		2942.36		1391.34		4493.38		2340		2974																				96/11/01		1930		2202.6709038981

		98/11/08		488		2801														98/11/08		488		98														98/11/08		488		2899		3500.02		1941.7		5058.34		2899		3538																				97/02/09		2202		2522.1797851353

		98/11/13		492		2994														98/11/13		492		89														98/11/13		492		3083		3728.03		2164.29		5291.78		3083		3769																				97/02/19		2232		1982.5762018763

		98/11/14		493		2610														98/11/14		493		82														98/11/14		493		2692		3787.32		2221.89		5352.75		2692		3829																				97/03/09		982		940.3170022194

		98/12/03		493		2261														98/12/03		493		103														98/12/03		493		2364		3787.32		2221.89		5352.75		2364		3829																				97/08/02		510		50.4622711044

		99/09/03		346		320														99/09/03		346		0														99/09/03		346		320		372.43		-1162.51		1907.37		320		375																				97/09/15		936		548.4115179058

		99/10/10		470		879														99/10/10		470		123														99/10/10		470		1002		2634.69		1085.01		4184.37		1002		2663																				97/10/11		2058		1307.7010491693

		99/11/03		502		2136														99/10/18		484		940														99/10/18		484		5903		3285.95		1731.34		4840.57		5903		3322																				97/10/22		2328		1737.8881535454

		00/08/05		241.0417785415		328														99/11/03		502		248														99/11/03		502		2384		4365.19		2776.44		5953.93		2384		4414																				97/11/08		2874		2202.6709038981

		00/08/22		312.9996778005		481														99/11/14		510		879														99/11/14		510		7455		4952.46		3325.27		6579.65		7455		5009																				97/11/10		2495		2273.3867301138

		00/09/18		403.2155514982		566														99/11/29		515		247														99/11/29		515		5410		5358.99		3695.26		7022.71		5410		5421																				97/11/20		3893		4019.8801751978

		00/10/04		441.8794973687		930														99/12/01		515		397														99/12/01		515		5883		5358.99		3695.26		7022.71		5883		5421																				97/11/27		3607		3999.6629782929

		00/10/20		466.581462786		2504														00/08/05		241.0417785415		322														00/08/05		241		650		71.05		-1456.59		1598.69		650		71																				97/12/07		2811		3052.9443247325

		00/10/30		482.691440232		2676														00/08/22		312.9996778005		349														00/08/22		313		830		221.27		-1309.85		1752.38		830		223																				97/12/25		1902		2463.7007122532

		00/11/07		492.3574266996		3225														00/09/18		403.2155514982		143														00/09/18		403		709		915.43		-629.99		2460.86		709		927																				98/01/04		2369		3583.6075595337

		00/11/26		503.0974116636		4810														00/10/04		441.8794973687		163														00/10/04		442		1093		1693.81		143.85		3243.78		1093		1707																				98/01/13		2991		3360.418894459

		99/10/18		484		4963														00/10/20		466.581462786		286														00/10/20		467		2790		2512.88		963.39		4062.38		2790		2523																				98/02/18		2026		1642.6714749883

		99/11/14		510		6576														00/10/30		482.691440232		386														00/10/30		483		3062		3234.52		1680.61		4788.42		3062		3254																				98/02/28		1095		1123.73077713

		99/11/29		515		5163														00/11/07		492.3574266996		373														00/11/07		492		3598		3728.03		2164.29		5291.78		3598		3791																				98/08/18		560		100.7477419077

		99/12/01		515		5486														00/11/26		503.0974116636		299														00/11/26		503		5109		4434.61		2842.14		6027.07		5109		4492																				98/09/03		703		352.3503348878

																																																																								98/09/13		719		695.0793072553

																																																																								98/10/02		1164		1483.8954209904

																																																																								98/10/08		1439		1765.56485656

																								DECRUE																																																98/10/28		2340		2973.889438232

																																																																								98/11/08		2899		3538.3859301439

																								Aval																																																98/11/13		3083		3769.2297537329

						Eau-libre																		Vég. Inond.																		Surf.totale		Predicted		Population 5%		Population 95%		Surf.totale																						98/11/14		2692		3829.2565467546

		95/02/09		433		3512														95/02/09		433		1088														95/02/09		433		4600		3885.45		2315.25		5455.65		4600		3885																				98/12/03		2364		3829.2565467546

		95/02/18		392		5586														95/02/18		392		713														95/02/18		392		6299		3655.65		2091.76		5219.53		6299		3655																				98/12/19		4004		4118.3940398997

		95/02/27		343		2824														95/02/27		343		473														95/02/27		343		3297		3347.17		1789.71		4904.62		3297		3347																				98/12/29		3404		4039.9219495284

		95/03/18		229		1497														95/03/18		229		314														95/03/18		229		1811		2413.84		861.24		3966.44		1811		2414																				99/01/17		3221		3713.6050342922

		95/03/30		170		899														95/03/30		170		245														95/03/30		170		1144		1725.59		162.49		3288.69		1144		1726																				99/02/20		2001		2321.2009065647

		95/07/07		126		278														95/07/07		126		321														95/07/07		126		599		1033.65		-551.82		2619.13		599		1034																				99/03/22		1810		2246.5126443556

		96/01/11		438		3398														96/01/11		438		317														96/01/11		438		3715		3911.98		2340.96		5482.99		3715		3912																				99/09/03		320		375.3376234861

		96/01/20		405		3584														96/01/20		405		228														96/01/20		405		3812		3731.02		2165.21		5296.83		3812		3731																				99/10/10		1002		2662.5136858062

		96/02/05		326		2435														96/02/05		326		416														96/02/05		326		2851		3229.73		1674.1		4785.37		2851		3230																				99/10/18		5903		3321.6799740692

		96/02/17		262		1447														96/02/17		262		243														96/02/17		262		1690		2724.84		1173.07		4276.61		1690		2725																				99/11/03		2384		4414.3944676583

		96/02/25		227		2140														96/02/25		227		401														96/02/25		227		2541		2393.58		840.84		3946.31		2541		2394																				99/11/14		7455		5009.1721966303

		96/03/16		142		949														96/03/16		142		334														96/03/16		142		1283		1309.82		-265.33		2884.98		1283		1310																				99/11/29		5410		5420.9478011878

		96/03/26		126		711														96/03/26		126		330														96/03/26		126		1041		1033.65		-551.82		2619.13		1041		1034																				99/12/01		5883		5420.9478011878

		96/04/30		83		870														96/04/30		83		300														96/04/30		83		1170		69.3		-1566.16		1704.75		1170		70																				00/01/13		5902		4137.6024666067

		97/02/09		240		2009														97/02/09		240		193														97/02/09		240		2202		2522.23		970.2		4074.26		2202		2522																				00/01/20		4617		4059.7913193636

		97/02/19		190		2099														97/02/19		190		133														97/02/19		190		2232		1982.54		424.75		3540.33		2232		1983																				00/02/01		3395		3809.2742508361

		97/03/09		121		630														97/03/09		121		352														97/03/09		121		982		940.11		-649.27		2529.5		982		940																				00/02/17		2663		3353.7141002011

		97/11/20		459		3598														97/11/20		459		295														97/11/20		459		3893		4020.16		2445.66		5594.67		3893		4020																				00/02/27		3763		2935.2720219616

		97/11/27		455		3435														97/11/27		455		172														97/11/27		455		3607		3999.94		2426.11		5573.77		3607		4000																				00/03/15		1194		1920.9778847659

		97/12/07		302		2438														97/12/07		302		373														97/12/07		302		2811		3053.07		1499.52		4606.62		2811		3053																				00/07/03		466		328.1718831061

		97/12/25		234		1407														97/12/25		234		495														97/12/25		234		1902		2463.74		911.44		4016.04		1902		2464																				00/08/05		650		71.4848866026

		98/01/04		380		2114														98/01/04		380		255														98/01/04		380		2369		3583.82		2021.65		5146		2369		3584																				00/08/22		830		222.8326094797

		98/01/13		345		2610														98/01/13		345		381														98/01/13		345		2991		3360.6		1802.91		4918.28		2991		3360																				00/09/18		709		926.8870040295

		98/02/18		164		1722														98/02/18		164		304														98/02/18		164		2026		1642.58		77.41		3207.75		2026		1643																				00/10/04		1093		1707.3914358101

		98/02/28		131		803														98/02/28		131		292														98/02/28		131		1095		1123.56		-458.36		2705.47		1095		1124																				00/10/20		2790		2522.5184395516

		98/03/26		80		570														98/03/26		80		179														98/03/26		80		749		-15.75		-1656.61		1625.11		749		-15																				00/10/30		3062		3253.7085135527

		98/12/19		479		3860														98/12/19		479		144														98/12/19		479		4004		4118.69		2540.76		5696.63		4004		4118																				00/11/07		3598		3790.5761010053

		98/12/29		463		3174														98/12/29		463		230														98/12/29		463		3404		4040.21		2465.02		5615.39		3404		4040																				00/11/26		5109		4491.6035474682

		99/01/17		402		2852														99/01/17		402		369														99/01/17		402		3221		3713.84		2148.48		5279.2		3221		3714																				00/12/20		5156		4176.8795864725

		99/02/20		220		1673														99/02/20		220		328														99/02/20		220		2001		2321.22		767.9		3874.53		2001		2321

		99/03/22		213		1453														99/03/22		213		357														99/03/22		213		1810		2246.52		692.46		3800.57		1810		2247

		00/01/13		483		5226														00/01/13		483		676														00/01/13		483		5902		4137.9		2559.28		5716.53		5902		4138

		00/01/20		467		4388														00/01/20		467		229														00/01/20		467		4617		4060.08		2484.22		5635.95		4617		4060

		00/02/01		419		3216														00/02/01		419		179														00/02/01		419		3395		3809.52		2241.56		5377.49		3395		3809

		00/02/17		344		2356														00/02/17		344		307														00/02/17		344		2663		3353.89		1796.32		4911.46		2663		3354

		00/02/27		287		3673														00/02/27		287		90														00/02/27		287		3763		2935.38		1382.79		4487.98		3763		2935

		00/03/15		185		934														00/03/15		185		260														00/03/15		185		1194		1920.93		362.01		3479.84		1194		1921

		00/07/03		92.829986038		175														00/07/03		92.829986038		291														00/07/03		93		466		332.1		-1287.65		1951.85		466		328

		00/12/20		491.2834282032		5028														00/12/20		491.2834282032		128														00/12/20		491		5156		4175.85		2595.83		5755.88		5156		4177
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Delta aval : décrue ( 1994-2000)
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Delta aval : crue ( 1994-2000)
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y = 1,5857e0,0158x
R2 = 0,76
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Surface inondée observée NOAA/AVHRR

Surface inondée calculée (H_Diré (cm))
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Surface inondée observée NOAA/AVHRR (Km2)

Surface inondée calculée (km2)

Aval (Station :  Diré)
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Zoé DBCo96-00 

		Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

		OR Out of Range				ND Not determined

				ID not acceptable

				2 samples for one rain event

		Zoétélé96

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		9/20/96		8.0		20.9		5.1		7.4		1.0		5.2		2.4		3.0		1.2		2.9		0.8		1.4		4.1		3.1								3.9		2.2						11.2		20.2		31.4		29

		9/21/96		140.0		7.6		4.9		12.9		3.7		4.3		4.7		3.6		1.8		4.0		2.3		1.3		6.3		3.9								5.9		2.3						15.7		31.0		46.7		33

		9/23/96		13.0		27.9		5.2		7.1		0.8		3.4		1.5		1.0		0.7		3.0		0.6		1.1		3.5		1.9								3.4		1.4						9.4		14.5		23.9		21

		9/24/96		9.5		7.6		4.9		11.5		0.7		4.8		0.9		2.1		0.7		6.5		0.4		2.2		5.1		3.0								4.8		1.8						15.7		20.7		36.4		14

		9/26/96		25.0		11.8		5.0		11.0		0.6		4.7		1.4		0.8		0.7		3.1		0.3		1.3		5.0		3.4								4.7		2.1						11.5		19.2		30.7		25

		9/28/96		80.0		6.8		4.8		14.8		1.2		3.1		2.2		1.7		0.9		3.7		2.1		1.1		5.1		2.5								4.7		1.4						13.0		23.9		36.9		30

		9/29/96		25.0		4.2		5.3		4.6		0.6		3.3		2.4		1.7		1.2		4.3		1.5		2.1		0.4		0.5								0.4		0.4						8.7		13.8		22.5		23

		9/30/96		20.0		5.3		5.4		4.3		0.9		4.1		2.8		1.9		1.6		4.7		1.5		0.9		0.4		0.8								0.4		0.6						8.1		15.6		23.7		31

		10/4/96		8.8		18.9		5.4		3.6		1.3		4.2		3.8		4.3		1.9		2.1		1.2		0.0		2.2		1.7								2.2		1.4						6.9		19.1		26.0		47

		10/9/96		16.5		11.1		5.3		5.6		0.9		3.8		2.2		2.8		1.4		4.2		0.5		1.2		2.0		1.7								1.9		1.3						9.1		16.7		25.8		29

		10/10/96		10.0		31.1		5.1		7.6		1.0		4.4		1.2		1.6		0.8		2.3		0.1		1.5		5.2		3.0								5.0		2.1						11.0		16.6		27.6		20

		10/12/96		34.0		77.3		5.4		4.3		3.1		1.8		1.8		1.8		0.7		1.2		2.1		0.0		2.0		1.5								2.0		1.2						6.5		13.5		20.0		35

		10/13/96		40.0		4.5		5.2		6.2		0.5		1.5		0.6		0.9		0.4		0.8		0.5		0.8		2.1		1.7								2.0		1.3						5.4		10.1		15.5		30

		10/14/96		18.5		128.8		5.0		11.2		1.0		2.7		1.0		1.1		0.9		2.7		0.9		1.1		5.3		3.4								5.0		2.1						11.8		17.9		29.7		21

		10/15/96		4.0		15.7		5.7		2.2		2.2		2.4		15.3		17.5		18.1		0.6		0.0		6.7		0.9		0.9								0.9		0.8						9.0		57.7		66.7		73		vL Ani

		10/18/96		8.0		12.1		5.3		5.1		2.0		6.4		9.1		8.8		7.1		10.0		3.8		2.5		2.4		1.8								2.3		1.4						20.0		38.5		58.5		32

		10/19/96		16.0		7.9		5.1		7.2		0.7		2.4		0.8		3.7		0.8		1.5		0.2		0.9		3.7		2.8								3.6		2.0						8.1		15.6		23.7		31

		10/20/96		17.0		5.9		4.9		11.7		0.6		4.7		1.2		1.7		0.9		3.8		0.7		2.6		5.2		3.6								4.9		2.2						14.2		20.8		35.0		19

		10/22/96		29.0		7.7		5.1		8.5		0.7		3.7		1.2		3.7		0.9		2.7		0.6		2.8		3.4		2.0								3.2		1.4						10.7		18.7		29.4		27

		10/23/96		24.0		6.7		5.0		10.5		0.7		3.4		1.2		1.8		0.7		3.3		0.7		2.7		4.9		3.1								4.6		1.9						13.3		18.3		31.6		16

		10/24/96		33.5		7.0		5.0		9.8		6.9		2.9		4.5		2.2		1.8		3.3		5.1		1.3		6.0		3.7								5.7		2.4						17.8		28.1		45.9		23

		10/25/96		28.5		7.9		4.8		17.0		0.7		4.9		1.0		1.7		0.6		4.1		0.3		2.4		8.2		5.1								7.5		2.6						16.9		25.9		42.8		21

		10/27/96		41.0		10.4		5.1		7.2		0.6		2.9		1.4		2.7		1.0		3.7		0.7		2.4		3.2		1.8								3.1		1.3						11.2		15.8		27.0		17

		10/28/96		6.0		22.6		4.6		22.9		3.9		15.3		3.7		13.4		3.3		16.4		4.7		9.1		20.5		7.6								18.2		3.3						51.7		62.5		114.2		9

		10/31/96		34.0		13.0		4.7		19.1		1.4		8.6		2.2		5.3		2.1		8.7		1.5		5.3		13.3		6.2								12.0		3.0						30.5		38.7		69.2		12

		11/19/96		21.0		33.0		4.6		27.5		4.9		25.7		8.2		21.4		7.2		30.1		5.3		21.0		28.8		6.7								24.9		2.6						84.0		94.9		178.9		6

		11/21/96		4.5		50.0		4.3		53.7		14.4		54.0		15.9		45.3		16.0		86.9		17.1		41.9		44.3		14.3								34.0		3.6						183.5		199.3		382.8		4

		11/25/96		27.0		11.5		4.7		21.9		1.4		11.6		3.0		3.1		1.3		11.4		2.1		6.2		12.1		4.8								10.8		2.2						32.6		42.3		74.9		13

		11/30/96		15.5		45.0		4.2		67.6		1.9		33.4		9.3		9.3		4.2		46.0		4.7		23.8		39.3		16.2								28.5		3.4						106.3		125.7		232.0		8

		12/4/96		4.5		116.6		4.7		20.9		2.3		14.4		5.0		5.0		2.7		13.4		2.1		11.0		13.5		6.0								12.1		2.8						41.3		50.3		91.6		10

		12/5/96		4.9		42.0		4.3		52.5		2.0		29.5		10.5		6.9		6.3		28.9		4.1		33.4		20.5		8.2								15.8		2.1						84.3		107.7		192.0		12

		Zoétélé 97

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		3/10/97		27.5		30.8		6.4		0.3		10.3		122.8		6.4		36.7		31.3		33.7		12.9		35.0																				81.6		207.8		289.4		44		OA ND

		3/13/97		3.5		17.3		6.8		0.1		7.4		53.5		11.0		54.5		8.9		20.6		5.8		16.2																				42.6		135.4		178.0		52		OA ND

		3/17/97		19.2		11.9		6.4		0.3		5.3		55.9		6.4		36.7		5.7		18.4		4.0		13.8																				36.2		110.3		146.5		51		OA ND

		3/17/97		same		11.2		6.5		0.3		5.1		53.0		5.9		37.8		5.7		18.3		4.1		13.9																				36.3		107.7		144.0		50		OA ND

		3/23/97		45.8		6.8		6.0		1.1		2.5		28.4		4.1		15.1		1.6		11.1		2.4		7.4																				20.9		52.8		73.7		43		OA ND

		3/23/97		same		5.2		5.1		7.9		1.6		0.4		4.0		10.7		0.9		11.4		2.0		6.3																				19.7		25.5		45.2		13

		4/4/97		18.0		3.9		5.8		1.4		1.1		9.2		2.1		21.9		0.5		7.1		1.6		4.4																				13.1		36.1		49.2		47

		4/5/97		30.4		3.4		5.9		1.4		1.2		6.7		1.8		20.6		0.8		5.9		1.1		3.0																				10.0		32.5		42.5		53

		4/5/97		same		2.8		5.8		1.7		1.2		0.1		1.7		19.1		0.7		0.0		1.6		2.8																				4.4		24.5		28.9		70		OA ND

		4/6/97		16.0		5.4		5.9		1.4		1.9		19.3		2.8		24.1		2.1		9.6		1.9		5.2																				16.7		51.4		68.2		51		OA ND

		4/7/97		6.0		7.9		6.2		0.6		4.8		22.5		4.5		42.6		4.3		14.9		2.5		7.3																				24.7		79.3		104.0		52		OA ND

		4/14/97		9.5		4.6		5.8		1.7		1.0		14.2		3.3		18.0		1.9		8.8		1.7		6.3																				16.9		40.0		56.9		41		OA ND

		4/16/97		25.0		3.5		5.4		4.3		0.6		6.2		0.9		2.6		0.5		5.5		0.8		2.9																				9.3		15.0		24.3		24

		4/16/97		same		3.5		5.3		5.3		0.4		0.0		0.7		1.3		0.3		3.2		0.8		2.6																				6.7		8.0		14.7		9

		4/17/97		13.0		3.0		5.4		3.6		0.5		2.6		0.8		1.1		0.4		3.8		0.8		1.4																				5.9		9.0		14.9		21

		4/18/97		21.5		2.1		5.5		2.9		0.3		1.9		0.7		1.3		0.5		2.0		0.4		0.6																				2.9		7.6		10.5		44

		4/18/97		same		2.3		5.5		3.0		1.2		0.0		0.5		1.0		0.6		0.0		0.2		0.6																				0.8		6.3		7.1		78		OA ND

		5/2/97		1.5		3.1		5.8		1.6		0.9		7.2		1.0		11.3		1.2		5.9		1.4		0.7																				7.9		23.2		31.2		49

		5/5/97		18.5		2.6		5.7		1.9		0.5		4.9		0.8		3.2		0.8		0.0		0.6		1.1																				1.8		12.0		13.8		75		OA ND

		5/5/97		same		2.2		5.5		1.6		0.7		0.0		1.0		1.3		0.5		0.0		0.5		0.8																				1.4		5.1		6.5		58

		5/8/97		12.5		2.7		5.9		1.2		0.1		6.8		1.9		7.3		1.2		3.0		0.6		1.4																				5.0		18.6		23.5		58

		5/10/97		25.5		3.4		6.0		1.0		0.6		3.5		1.2		24.6		1.4		4.4		1.4		3.1																				8.9		32.2		41.1		57

		5/10/97		same		3.3		5.7		2.1		0.7		0.0		1.3		24.7		1.4		0.0		0.9		2.8																				3.7		30.2		33.9		78		OA ND

		6/6/97		47.5		4.1		5.3		4.5		0.5		9.4		1.5		1.1		0.6		7.0		1.1		5.0																				13.1		17.5		30.6		14

		6/17/97		21.5		3.0		5.6		2.3		1.8		2.8		2.4		5.9		1.1		0.8		3.1		3.2																				7.1		16.3		23.4		39

		7/11/97		1.3		64.8		5.5		3.5		1.7		24.9		5.5		7.4		1.2		18.4		4.7		7.6																				30.7		44.2		74.9		18

		7/14/97		30.0		11.1		4.8		14.7		0.7		18.8		4.7		0.7		0.4		20.4		2.3		14.0																				36.7		40.0		76.7		4

		7/16/97		25.2		9.7		4.8		14.4		1.1		12.6		3.8		0.5		0.5		16.3		2.6		12.5																				31.3		32.8		64.1		2

		7/16/97		2.0		8.0		5.3		5.2		1.8		29.8		6.4		1.0		0.9		17.6		3.6		14.5																				35.7		45.0		80.7		12

		7/17/97		4.2		4.8		5.2		6.1		0.5		9.7		2.1		0.6		0.3		7.6		1.0		6.6																				15.3		19.3		34.6		12

		7/21/97		37.5		4.0		5.3		5.2		0.3		5.6		1.1		0.5		0.3		6.5		1.1		2.7																				10.2		13.0		23.2		12

		7/22/97		55.0		3.7		5.3		4.7		0.6		6.3		1.3		0.8		0.6		3.9		0.7		4.2																				8.8		14.2		23.0		23

		7/23/97		5.0		3.8		5.6		2.3		1.9		11.0		2.8		5.4		1.1		6.2		1.4		5.3																				12.9		24.6		37.5		31

		7/31/97		18.6		5.2		5.7		2.1		3.3		16.9		3.8		7.5		1.3		11.9		2.7		6.0																				20.6		34.9		55.5		26

		8/11/97		1.7		92.4		5.8		1.7		2.5		34.6		5.7		6.0		2.5		16.9		14.6		5.3																				36.8		53.0		89.8		18

		8/12/97		6.9		5.3		5.4		4.4		1.8		11.9		3.1		1.0		0.8		9.1		4.9		5.1																				19.1		23.0		42.1		9

		8/22/97		5.2		5.8		5.3		5.1		2.0		9.0		3.1		1.1		1.0		9.1		4.6		3.2																				16.8		21.2		38.0		12

		8/24/97		91.0		4.2		5.2		6.7		0.4		4.1		0.9		0.6		0.5		4.8		1.9		1.6																				8.2		13.2		21.4		23

		8/28/97		88.5		2.6		5.3		4.5		0.6		2.6		0.5		0.8		0.4		3.2		1.4		1.3																				6.0		9.5		15.4		23

		8/31/97		8.5		8.0		5.0		11.2		0.5		13.8		2.4		0.7		0.6		19.3		3.4		3.4																				26.1		29.2		55.2		6

		9/1/97		12.0		3.0		5.3		5.2		0.3		1.7		0.5		0.5		0.4		3.9		0.9		0.5																				5.3		8.6		14.0		23

		9/5/97		9.5		4.0		5.4		3.8		0.7		7.4		1.6		1.3		0.7		7.4		2.7		2.6																				12.8		15.5		28.3		9

		9/6/97		45.5		4.2		5.4		4.1		0.6		5.5		0.9		1.2		0.7		4.1		1.8		1.7																				7.6		13.1		20.7		26

		9/11/97		18.7		4.1		5.3		4.7		0.6		6.0		1.6		1.1		0.7		6.9		2.7		1.8																				11.5		14.8		26.2		13

		9/12/97		8.5		6.5		5.5		3.0		1.9		22.1		3.4		8.6		1.1		15.2		4.0		8.7																				27.9		40.1		67.9		18

		10/13/97		9.5		3.3		5.2		6.6		0.4		2.7		0.7		0.8		0.4		4.5		1.3		0.7																				6.5		11.6		18.2		28

		10/14/97		3.8		5.9		5.0		10.7		0.2		5.5		1.0		0.6		0.4		9.6		5.5		0.7																				15.9		18.5		34.4		8

		10/16/97		3.5		7.6		4.9		12.6		1.5		6.2		1.6		1.1		0.3		13.5		6.4		1.4																				21.3		23.3		44.5		4

		10/26/97		10.3		2.2		5.3		4.7		0.2		0.9		0.4		0.7		0.4		1.7		0.6		0.0																				2.3		7.2		9.5		52

		10/27/97		5.8		2.7		5.5		3.4		0.8		2.9		1.8		2.3		0.9		3.7		2.0		0.8																				6.6		12.1		18.7		30

		10/31/97		7.6		3.2		5.4		4.0		6.9		2.0		2.9		3.3		1.0		4.4		2.1		2.1																				8.6		20.0		28.6		40

		11/1/97		17.0		2.9		5.4		4.3		0.9		2.4		1.9		2.2		0.8		4.7		1.6		0.9																				7.1		12.5		19.6		27

		11/3/97		2.0		9.2		5.5		3.1		3.4		21.7		6.7		22.7		2.9		22.6		9.3		13.1																				44.9		60.5		105.4		15

		11/7/97		35.5		5.1		5.9		1.1		0.4		0.3		35.0		5.0		2.0		0.0		2.0		2.6																				4.6		43.9		48.5		81		OA ND,H K

		11/17/97		31.0		3.5		5.4		4.0		0.9		3.1		2.7		5.4		1.5		4.9		3.0		3.2																				11.1		17.7		28.8		23

		11/18/97		4.0		8.5		4.9		11.7		1.6		7.2		3.1		4.8		0.8		23.2		5.0		2.5																				30.7		29.3		59.9		-2

		11/27/97		14.0		9.2		6.0		1.1		1.7		1.9		25.4		19.9		33.7		4.0		32.7		6.4																				43.1		83.6		126.7		32		OA ND, H K, HMg

		Zoétélé 98

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		3/16/98		34.5		14		4.70		20.0		2.9		24.6		8.4		3.4		1.1		9.3		3.3		9.1		26.9		20.4				3.4				24.2		9.6				2.6		58.0		60.3		118.4		2

		3/23/98		16.5		12.6		6.52		0.3		5.4		17.3		6.6		84.6		12.2		18.7		6.2		13.6		0.3		0.0				0.3				0.3		0.0				0.3		39.1		126.4		165.5		53		vL OA

		3/24/98		9		21.2		5.18		6.6		5.6		57.6		9.8		74.2		12.4		25.4		8.9		17.8		61.5		24.1				6.6				59.3		17.5				6.0		135.0		166.3		301.3		10

		3/29/98		2		39.2		5.51		3.1		18.1		66.7		18.7		123.1		25.5		21.9		11.0		15.5		73.8		50.0				9.1				72.5		42.6				8.7		172.2		255.2		427.4		19		H Ca, H NH4

		4/5/98		16		11.3		4.92		12.0		2.8		16.2		6.0		15.3		3.3		9.3		4.9		7.2		24.3		15.1				0.6				22.8		9.0				0.5		53.5		55.7		109.2		2

		4/6/98		13.5		4.5		5.98		1.1		2.0		3.4		7.5		23.1		6.5		2.1		3.7		5.5		0.9		1.3				2.3				0.9		1.2				2.2		15.7		43.5		59.2		47		vL OA

		4/8/98		17.5		16.3		4.70		20.2		1.6		21.1		4.5		16.9		3.0		12.7		2.2		8.6		32.9		19.0				2.3				29.6		8.9				1.8		63.8		67.3		131.0		3

		4/10/98		16.5		11.5		4.78		16.7		0.5		9.5		1.8		4.0		0.8		6.3		1.0		3.0		19.2		13.7				0.0				17.6		7.1				0.0		35.0		33.2		68.1		-3

		4/13/98		28.3		15.3		4.63		23.7		0.7		9.4		1.3		3.5		0.9		ND		ND		ND		14.1		12.2				0.0				12.4		5.2				0.0		17.7		39.4		57.1		38		Ani ND

		4/17/98		10.3		11.3		4.92		12.1		1.5		15.9		8.9		7.5		3.5		9.3		4.1		6.1		16.1		11.8				2.9				15.1		7.0				2.4		44.0		49.3		93.4		6

		4/18/98		59.5		4.2		5.69		2.0		0.4		5.8		19.2		3.0		1.7		6.8		2.0		2.6		1.5		1.6				0.6				1.5		1.5				0.6		14.9		32.1		47.1		37

		4/23/98		10.5		8.2		5.05		8.9		1.1		8.6		2.7		18.3		2.3		6.4		8.3		5.9		17.7		10.2				1.0				16.8		6.8				0.9		45.1		41.9		87.0		-4

		4/29/98		8		11.9		4.70		19.9		1.8		7.4		1.3		1.3		0.5		6.4		0.9		2.1		14.9		14.6				1.2				13.4		6.9				0.9		30.6		32.2		62.8		3

		4/29/98		24		6.7		4.96		10.9		1.6		9.2		2.5		6.2		1.3		4.7		1.4		2.5		15.7		9.6				0.0				14.7		5.9				0.0		29.1		31.6		60.8		4

		5/2/98		23		3.9		5.20		6.3		0.6		3.3		1.1		0.8		0.4		1.9		1.2		0.2		3.1		3.0				0.0				3.0		2.2				0.0		8.5		12.4		20.9		19

		5/9/98		10.5		3.2		5.59		2.6		1.9		4.3		4.1		8.4		2.6		7.3		9.7		3.5		0.2		0.4				0.0				0.2		0.3				0.0		21.1		23.9		45.0		6

		5/10/98		31		2.5		5.72		1.9		2.9		4.1		1.2		10.1		1.4		4.6		1.1		2.2		0.2		0.5				0.4				0.2		0.5				0.4		8.9		21.6		30.5		42

		5/12/98		20.5		2.9		5.87		1.3		1.8		2.8		2.3		14.9		2.6		4.9		2.2		2.8		0.2		0.4				0.0				0.2		0.4				0.0		10.4		25.8		36.2		43

		5/14/98		5		6.6		5.24		5.8		1.4		6.7		2.4		15.8		2.3		10.0		1.6		3.6		10.8		6.2				1.0				10.4		4.7				0.9		31.2		34.3		65.5		5

		5/16/98		16		8.8		4.78		16.7		0.4		6.5		1.4		1.8		0.7		4.9		0.9		3.2		9.8		9.7				1.4				8.9		5.0				1.1		24.0		27.7		51.7		7

		5/17/98		4.5		8.7		4.93		11.9		1.5		9.6		1.5		11.9		1.5		8.7		1.5		3.8		13.4		8.5				0.7				12.6		5.1				0.6		32.3		38.0		70.3		8

		5/18/98		3.5		21.4		4.55		28.2		1.6		24.1		3.8		21.3		3.3		13.9		2.5		14.2		38.4		32.7				2.9				33.1		12.6				2.0		78.5		82.4		160.8		2

		5/19/98		23.5		6.7		4.92		12.1		0.1		5.2		1.3		0.9		0.5		4.0		0.6		2.6		8.3		6.2				0.5				7.7		3.7				0.4		19.0		20.1		39.1		3

		5/23/98		8		11.5		4.59		25.7		2.3		14.4		5.4		25.3		4.6		22.0		3.4		12.8		25.6		17.5				2.5				22.3		7.2				1.8		69.5		77.7		147.2		6

		5/25/98		2.2		26.1		4.40		39.9		5.4		18.8		6.7		5.7		1.7		19.1		2.2		20.6		ND		ND				ND												41.8		78.3		120.1		30		OA ND

		5/27/98		30		21.3		4.52		30.3		4.6		16.7		5.3		15.4		2.6		18.6		2.9		18.5		24.7		17.1				5.0				21.1		6.3				3.4		70.8		75.0		145.8		3

		6/5/98		26		9.5		4.88		13.2		1.3		8.6		2.2		10.4		1.0		10.8		1.7		7.6		9.6		6.3				2.9				8.9		3.6				2.4		35.2		36.7		71.9		2

		6/5/98		same		5.8		5.02		9.5		0.7		4.3		1.5		2.3		0.6		5.9		1.4		4.4		5.2		2.4				0.0				5.0		1.5				0.0		18.2		19.0		37.2		2

		6/14/98		7		22.7		4.48		33.5		0.5		17.8		5.3		2.9		0.8		15.8		1.8		19.1		23.1		17.6				2.8				19.4		6.1				1.8		64.0		60.9		124.8		-2

		6/15/98		19.5		20		4.53		29.6		0.7		15.4		5.0		3.1		0.8		14.7		2.3		16.7		19.1		13.0				2.5				16.4		4.9				1.7		56.6		54.6		111.2		-2

		6/20/98		8.5		20.7		4.50		31.6		4.7		19.7		9.1		4.8		1.1		20.8		2.3		19.1		16.6		9.6				2.6				14.1		3.5				1.8		61.5		71.0		132.5		7

		6/23/98		5.5		22.2		4.56		27.4		2.2		25.7		6.1		22.9		2.2		21.2		3.6		25.4		24.5		14.9				3.3				21.2		5.9				2.3		79.6		86.4		166.0		4

		6/24/98		20		8.7		4.90		12.7		1.3		7.3		3.3		4.0		1.0		8.0		1.8		6.3		9.9		8.2				2.2				9.2		4.8				1.8		31.9		29.6		61.5		-4

		7/2/98		8.5		17.5		4.59		25.8		1.4		16.3		6.2		1.0		0.7		36.5		4.0		14.5		4.0		1.4				0.8				3.5		0.6				0.5		59.6		51.4		111.1		-7

		7/5/98		39.5		5.2		5.05		8.9		1.2		4.6		1.0		0.6		0.2		3.0		1.0		2.3		5.0		4.3				0.8				4.8		2.9				0.7		14.6		16.4		31.1		6

		7/7/98		9		28.4		4.33		47.2		0.8		20.8		5.4		0.7		0.7		24.5		3.0		17.4		26.9		19.8				3.2				21.2		5.4				1.8		73.3		75.7		149.0		2

		7/10/98		10.5		20		4.46		34.5		0.8		14.9		4.3		0.4		0.4		22.6		4.1		12.5		11.9		11.0				3.3				9.9		3.8				2.1		55.0		55.4		110.4		0

		7/11/98		14.5		15.1		4.48		33.0		1.0		10.3		3.3		0.8		0.8		16.3		2.8		9.2		10.2		6.1				1.3				8.6		2.1				0.9		40.0		49.3		89.3		10

		8/3/98		34.5		3.2		5.13		7.4		0.8		7.2		1.4		1.0		0.4		2.5		0.9		3.4		ND		ND				ND				_		_						6.8		18.3		25.0		46

		8/31/98		2.5		9.6		4.62		24.0		1.9		21.8		4.2		2.1		1.6		12.3		3.4		10.7		16.1		13.4				2.9				14.2		5.7				2.1		48.3		55.6		103.9		7

		9/7/98		13.3		3.8		5.51		3.1		1.6		14.3		4.8		5.7		2.8		8.1		1.5		5.4		0.5		0.9				0.0				0.5		0.7				0.0		16.1		32.2		48.3		33

		9/10/98		8				5.02		9.5		1.5		6.8		2.1		2.5		0.4		8.7		0.8		0.2		4.1		3.4				0.0				3.9		2.2				0.0		15.9		22.7		38.6		18

		9/13/98		4.5		10.2		4.67		21.2		1.2		9.2		2.5		2.6		0.5		14.4		1.2		2.8		7.2		6.7				0.9				6.4		3.1				0.7		28.6		37.1		65.7		13

		9/14/98		3		10.6		4.67		21.5		2.2		19.2		3.7		2.7		0.9		13.3		1.7		3.7		12.2		10.8				1.9				10.9		4.9				1.4		35.9		50.3		86.1		17

		9/15/98		7.5		3.6		4.93		11.9		1.7		9.9		4.8		4.6		2.7		6.9		1.4		2.3		6.8		5.2				1.7				6.4		3.1				1.4		21.4		35.4		56.9		25

		9/23/98		14		2.1		5.52		3.0		2.0		6.4		3.3		2.8		0.6		3.9		0.8		0.7		0.4		0.5				0.0				0.4		0.5				0.0		6.2		18.1		24.3		49

		9/27/98		16.5		2		5.64		2.3		1.4		4.6		3.8		4.5		2.7		2.0		1.4		1.0		0.0		0.0				0.0				0.0		0.0				0.0		4.3		19.3		23.7		63		LCh

		9/30/98		46.5		2.1		5.32		4.8		1.2		3.1		1.9		2.8		0.4		1.0		0.4		0.6		2.1		2.0				0.0				2.0		1.6				0.0		5.7		14.2		19.9		43

		10/4/98		18		4		4.96		11.0		2.3		8.7		2.6		8.2		1.8		6.3		1.5		6.8		7.6		5.3				0.0				7.2		3.3				0.0		24.9		34.5		59.4		16

		10/12/98		104		1.6		5.37		4.2		0.8		2.2		1.7		1.1		0.9		0.7		0.5		0.3		0.4		0.7				0.0				0.4		0.6				0.0		2.5		10.9		13.4		63		LCh

		10/14/98		3		3.9		4.95		11.1		ND		ND		ND		ND		ND		2.9		1.0		7.6		10.2		10.6				0.5				9.6		6.5				0.4		28.0		11.1		39.1		-43

		10/16/98		7.5		5.6		5.01		9.7		3.1		11.1		3.2		5.2		1.4		4.8		1.4		5.4		9.0		6.1				1.0				8.6		4.0				0.8		24.9		33.7		58.6		15

		10/17/98		12.5		3.7		5.09		8.1		1.4		3.7		1.9		1.8		0.3		3.4		0.7		0.5		3.5		3.9				0.4				3.4		2.7				0.4		11.0		17.2		28.2		22

		10/18/98		35.5		2.7		5.31		4.9		3.3		2.5		2.5		2.6		0.3		0.9		2.4		0.8		1.8		2.0				0.0				1.7		1.5				0.0		7.4		16.0		23.3		37

		10/19/98		8		3.4		5.41		3.9		2.3		7.6		2.9		10.8		1.9		5.8		1.4		2.2		1.8		5.8				0.9				1.8		4.8				0.9		16.9		29.3		46.2		27

		10/21/98		15		11.8		4.58		26.2		1.7		10.8		3.6		2.1		1.3		7.9		2.0		13.7		11.3		9.9				1.2				9.8		4.0				0.9		38.3		45.6		83.9		9

		10/22/98		17.5		8.4		4.78		16.6		1.5		4.8		2.2		1.9		0.7		3.4		1.1		11.5		3.7		3.9				0.0				3.4		2.0				0.0		21.4		27.8		49.2		13

		10/28/98		34		8.9		4.81		15.5		1.8		7.4		2.0		8.8		1.2		5.8		2.8		17.8		3.6		4.8				0.0				3.3		2.6				0.0		32.3		36.7		69.0		6

		10/29/98		18		7.9		6.29		0.5		2.6		63.8		6.3		11.6		4.7		7.3		2.6		12.6		0.0		0.0				0.0				0.0		0.0				0.0		22.4		89.6		112.0		60		vL OA

		10/30/98		5.5		4.2		5.81		1.6		2.7		17.7		2.7		11.4		2.1		9.0		2.5		11.6		0.0		0.0				0.0				0.0		0.0				0.0		23.2		38.1		61.3		24

		11/3/98		17.5		13.8		4.64		23.0		2.8		7.2		2.9		8.1		1.8		13.1		2.1		17.6		9.7		7.1				0.0				8.6		3.1				0.0		44.5		45.7		90.2		1

		11/4/98		18.5		10.5		4.76		17.5		2.1		7.9		2.4		3.4		1.2		7.7		1.4		11.6		8.2		6.8				0.0				7.4		3.4				0.0		31.6		34.6		66.2		5

		11/4/98		same		10.8		4.69		20.4		2.3		7.8		2.5		3.6		0.9		7.6		1.7		12.2		8.6		7.4				0.0				7.7		3.5				0.0		32.6		37.5		70.1		7

		11/5/98		11.5		24.5		4.40		40.3		5.2		18.5		4.4		13.3		3.3		OR		3.4		18.7		19.7		15.4				2.7				16.1		4.7				1.6		44.6		85.1		129.7		31		NO3 OR

		11/11/98		33.5		8.2		4.94		11.4		1.9		8.7		3.1		4.0		1.0		5.7		0.6		7.6		10.8		7.4				0.0				10.1		4.5				0.0		28.5		30.2		58.8		3

		11/12/98		4.8		16.1		4.70		19.8		2.5		17.4		3.8		6.3		1.8		13.7		1.1		11.7		17.4		14.6				1.3				15.7		6.9				1.0		50.0		51.6		101.6		2

		11/13/98		2.3		7.7		4.57		26.9		7.6		13.6		8.1		4.4		1.2		8.3		0.7		8.1		17.7		16.3				1.3				15.4		6.5				0.9		40.0		61.7		101.7		21		H H+

		Zoétélé 99

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		1/3/99		2				4.44		36.3		4.7		39.8		10.4		20.6		9.4		OR		6.3		19.7		31.5		22.9		ND		3.9		ND		26.6		8.1		ND		2.5		63.2		121.2		184.4		31		NO3 OR, H H+

		1/29/99		15.7		26.5		5.21		6.2		19.9		31.5		23.0		48.4		13.0		27.7		14.8		22.4		26.0		18.5		0.5		5.3		25.4		25.2		14.2		0.4		4.9		135.0		142.0		277.0		3

		2/4/99		18.6		17.7		6.19		0.6		60.5		8.3		24.5		25.7		8.4		26.5		21.3		7.6		0.7		ND		0.0		0.9		76.6		0.7		ND		0.0		0.8		133.4		128.1		261.6		-2

		2/8/99		54.6		4.6		5.51		3.1		4.7		9.0		3.4		5.3		1.6		7.0		4.7		4.3		1.2		1.6		0.1		1.3		20.5		1.2		1.4		0.1		1.2		40.5		27.1		67.6		-20

		2/21/99		19.4		14.6		4.85		14.1		4.8		26.7		8.6		13.8		4.8		14.5		6.0		10.0		24.8		ND		0.7		4.4		23.1		23.2		ND		0.4		3.6		80.7		72.8		153.5		-5

		2/22/99		23.3		13		5.02		9.5		7.4		25.6		6.7		16.9		3.9		14.6		5.3		12.1		24.2		ND		0.5		2.1		23.2		23.1		ND		0.4		1.8		80.4		70.1		150.5		-7

		2/25/99		4.1		20.7		5.27		5.4		12.5		38.6		7.4		75.1		12.2		38.0		10.5		26.9		50.2		17.4		0.9		5.4		19.6		48.8		13.7		0.7		5.0		163.3		151.1		314.4		-4

		2/28/99		4.5		20.5		4.98		10.5		12.4		41.9		11.4		45.6		11.3		34.0		10.8		19.3		47.5		ND		0.0		5.5		24.1		45.1		ND		0.0		4.8		138.0		133.2		271.2		-2

		3/1/99		11.2		5.6		5.18		6.6		1.3		7.2		2.4		7.5		2.1		8.8		1.6		5.2		4.7		4.4		0.1		1.4		18.3		4.5		3.3		0.1		1.3		43.1		27.0		70.1		-23

		3/4/99		32.5		7		6.02		1.0		1.8		26.0		5.9		14.9		4.9		16.1		2.9		12.3		0.7		0.5		0.0		0.2		27.0		0.7		0.5		0.0		0.2		59.7		54.4		114.1		-5

		3/5/99		5.6		10		6.17		0.7		3.8		32.8		8.4		24.6		6.1		24.8		5.3		13.7		0.6		1.0		0.0		0.6		32.0		0.6		0.9		0.0		0.6		77.9		76.3		154.1		-1

		3/10/99		6.2		17.2		4.69		20.4		1.5		41.3		5.1		11.1		4.0		18.2		3.2		15.4		32.2		15.8		0.8		3.5		16.4		29.2		7.8		0.4		2.7		93.3		83.5		176.9		-6

		3/12/99		18.3		11.4		4.76		17.4		5.0		17.0		2.8		3.4		1.1		10.4		2.5		7.6		14.4		10.7		0.4		2.2		14.9		13.3		5.7		0.2		1.8		56.3		46.7		103.0		-9

		3/13/99		2.8		17.9		4.55		28.2		1.0		26.7		3.1		3.8		1.4		19.5		3.1		7.2		20.6		ND		0.0		2.7		17.0		18.1		ND		0.0		1.9		66.8		64.3		131.1		-2

		3/19/99		6		13.3		6.31		0.5		5.5		43.0		10.5		39.3		13.1		41.0		9.7		16.5		0.0		0.1		0.0		0.3		52.6		0.0		0.1		0.0		0.3		120.1		111.9		231.9		-4

		3/20/99		6.5		5.5		5.67		2.1		1.8		11.8		4.1		13.9		3.0		11.3		3.2		6.8		0.1		0.1		0.0		0.0		23.6		0.1		0.1		0.0		0.0		45.2		36.7		81.9		-10

		4/1/99		52		5.8		5.9		1.3		12.1		20.0		8.5		11.0		2.4		5.2		10.2		5.4		0.2		ND		0.0		0.1		26.3		0.2		ND		0.0		0.1		47.5		55.2		102.7		8

		4/7/99		14.8		7.1		6.1		0.8		3.6		16.2		6.8		28.8		5.8		13.2		4.7		9.4		0.0		0.1		0.0		0.1		41.9		0.0		0.1		0.0		0.1		69.3		61.9		131.2		-6

		4/11/99		31.8		3.7		5.97		1.1		1.8		8.2		2.6		16.1		2.5		5.5		2.5		4.7		0.1		0.1		0.0		0.0		19.4		0.1		0.1		0.0		0.0		32.2		32.4		64.6		0

		4/13/99		17.7		5.2		5.8		1.6		1.7		19.5		4.4		8.9		3.5		12.1		3.1		9.0		0.1		0.1		0.0		0.1		13.8		0.1		0.1		0.0		0.1		38.2		39.6		77.8		2

		4/16/99		10		7.8		6.13		0.7		8.8		14.9		10.9		20.3		6.6		14.5		11.2		7.2		0.2		ND		0.0		0.0		29.1		0.2		ND		0.0		0.0		62.2		62.2		124.4		-0

		4/21/99		8.5		4.3		5.58		2.6		1.2		11.0		1.7		8.8		1.6		11.0		2.5		4.3		0.1		0.1		0.0		0.0		10.2		0.1		0.1		0.0		0.0		28.2		27.0		55.2		-2

		4/22/99		36.5		3.6		5.53		3.0		2.0		1.1		2.9		10.8		1.6		5.0		1.8		4.1		0.2		0.3		0.0		0.2		12.8		0.2		0.3		0.0		0.2		24.4		21.2		45.6		-7

		4/25/99		4.3		2.6		5.75		1.8		0.6		5.9		1.6		6.4		1.1		3.5		1.3		1.7		0.0		0.0		0.0		0.0		11.7		0.0		0.0		0.0		0.0		18.2		17.4		35.6		-3

		4/26/99		11.4		3.8		5.88		1.3		1.8		8.1		1.9		14.1		1.6		7.2		1.9		4.3		0.2		0.1		0.0		0.0		13.3		0.2		0.1		0.0		0.0		27.0		28.8		55.8		3

		4/29/99		13.5		4.1		5.25		5.6		1.0		1.0		2.0		6.4		1.6		8.7		0.9		2.3		0.0		0.1		0.0		0.1		8.0		0.0		0.1		0.0		0.1		20.1		17.5		37.6		-7

		5/6/99		13.8		3.4		5.83		1.5		1.2		9.4		2.3		9.3		1.6		8.1		1.8		3.6		0.1		0.1		0.0		0.0		13.4		0.1		0.0		0.0		0.0		27.1		25.3		52.4		-4

		5/7/99		39		4.2		6.01		1.0		1.5		9.6		2.5		14.7		3.9		7.7		1.5		3.5		0.2		0.2		0.0		0.0		20.1		0.2		0.2		0.0		0.0		33.3		33.2		66.6		-0

		5/13/99		19.3		9.4		5.57		2.7		31.3		16.9		19.4		6.9		1.6		2.8		21.2		4.4		6.3		3.6		0.0		0.6		11.1		6.2		3.2		0.0		0.6		49.5		78.8		128.3		23		L OA, H Na

		7/3/99		13.5		3.6		6.03		0.9		7.0		13.0		5.7		4.6		2.0		2.9		8.0		2.3		0.0		0.0		0.0		0.3		22.0		0.0		0.0		0.0		0.2		35.5		33.2		68.8		-3

		7/4/99		5		7.6		5.92		1.2		18.8		20.4		10.3		11.3		2.1		5.2		15.6		6.4		0.2		1.0		0.1		0.2		37.9		0.2		0.9		0.1		0.2		66.5		64.1		130.7		-2

		5-6/07/1999		20.5		5		5.71		1.9		4.0		12.3		6.1		6.1		1.7		10.1		4.7		6.7		0.0		0.0		0.0		0.1		14.9		0.0		0.0		0.0		0.1		36.5		32.2		68.7		-6

		7/7/99		9		6.8		6		1.0		25.4		18.6		15.4		12.2		7.3		3.1		17.0		2.7		0.0		0.0		0.0		0.5		27.9		0.0		0.0		0.0		0.5		51.1		79.9		131.0		22		L OA

		7/8/99		26		6.4		6.26		0.5		12.6		23.6		7.3		5.8		2.1		3.3		11.7		3.7		0.0		0.0		0.0		0.2		31.4		0.0		0.0		0.0		0.2		50.3		51.8		102.1		2

		7/9/99		12		5		5.66		2.2		11.4		14.4		7.9		5.4		3.0		7.9		4.1		3.9		0.0		0.3		0.0		0.4		23.9		0.0		0.3		0.0		0.4		40.5		44.3		84.7		4

		7/12/99		8.4		10.4		6.39		0.4		31.3		13.1		16.3		26.8		3.0		1.8		29.8		8.3		0.0		0.0		0.0		0.5		47.9		0.0		0.0		0.0		0.5		88.2		91.0		179.1		2

		7/16/99		15.8		4.8		5.12		7.6		2.4		5.7		1.8		1.7		0.7		2.3		2.2		2.7		5.8		3.7		0.1		1.1		11.8		5.6		2.7		0.1		1.0		28.3		20.0		48.3		-17

		8/12/99		7		8.9		5.96		1.1		6.0		13.7		5.4		4.0		1.3		5.3		7.1		2.2		0.0		0.3		0.0		0.1		14.0		0.0		0.2		0.0		0.1		28.9		31.5		60.4		4

		8/15/99		42		9.9		6.42		0.4		16.5		6.3		13.3		58.7		3.9		0.4		22.0		12.6		0.0		0.0		0.0		0.5		81.9		0.0		0.0		0.0		0.5		117.3		99.1		216.4		-8

		8/19/99		35.5		7.6		6.45		0.4		7.1		5.1		7.9		44.6		1.7		0.3		8.0		5.1		0.0		0.0		0.0		0.2		62.2		0.0		0.0		0.0		0.2		75.8		66.8		142.6		-6

		8/21/99		14.5		7.5		5.88		1.3		6.9		12.9		4.9		4.7		1.6		3.5		4.9		1.1		0.4		ND		0.0		0.5		84.7		0.4		ND		0.0		0.5		95.0		32.4		127.3		-49		L OA

		8/30/99		21.3		19.4		6.28		0.5		40.2		24.6		33.9		16.3		7.2		3.9		35.1		5.3		0.0		0.0		0.0		1.9		93.6		0.0		0.0		0.0		1.9		139.7		122.8		262.5		-6

		8/31/99		7.4		8.4		6.14		0.7		20.8		21.2		11.5		9.7		4.0		3.4		18.6		4.2		0.0		2.6		0.3		0.4		59.9		0.0		2.5		0.3		0.4		89.4		67.9		157.3		-14

		9/3/99		52		5.1		5.94		1.1		9.5		18.3		5.7		3.5		1.0		4.0		6.7		2.9		0.0		0.4		0.0		0.1		31.6		0.0		0.3		0.0		0.1		45.6		39.1		84.7		-8

		9/4/99		50.5		4.9		5.83		1.5		6.8		8.0		3.5		4.3		0.7		1.3		8.4		1.4		0.1		ND		0.3		0.2		33.7		0.1		ND		0.2		0.2		45.3		24.8		70.1		-29

		9/7/99		57.7		5.8		6.04		0.9		7.1		7.1		7.5		1.6		1.2		2.8		4.0		2.1		0.0		0.0		0.0		0.1		23.6		0.0		0.0		0.0		0.1		32.6		25.4		58.0		-12

		9/8/99		59.5		2.7		5.31		4.9		0.5		0.5		0.7		1.1		0.4		4.2		0.7		0.8		0.0		0.1		0.0		0.0		17.8		0.0		0.1		0.0		0.0		23.6		8.0		31.6		-49

		9/9/99		98		3.1		5.42		3.8		1.3		3.1		1.9		0.8		0.5		3.6		1.9		2.7		0.0		0.0		0.0		0.0		20.2		0.0		0.0		0.0		0.0		28.4		11.4		39.8		-43

		9/10/99		23.5		5.6		5.75		1.8		3.4		1.2		2.2		1.2		0.7		1.0		2.6		0.8		0.0		ND		0.0		0.1		18.2		0.0		ND		0.0		0.1		22.7		10.4		33.1		-37

		9/13/99		8.5		4.6		5.38		4.2		1.1		10.6		1.7		3.5		1.1		13.6		2.0		2.5		0.1		0.3		0.0		0.0		14.7		0.1		0.2		0.0		0.0		33.1		22.2		55.4		-20

		9/22/99		35.5		2.2		5.57		2.7		0.4		5.4		0.4		0.9		0.2		2.0		0.7		0.5		0.0		0.4		0.0		0.0		16.8		0.0		0.3		0.0		0.0		20.3		10.0		30.3		-34

		10/4/99		4		11.9		6.14		0.7		16.8		12.7		5.6		5.4		1.3		0.9		16.4		2.1		0.0		0.0		0.0		0.2		44.6		0.0		0.0		0.0		0.2		64.3		42.4		106.7		-20		H Carbo

		10/10/99		17.5		40.2		6.99		0.1		27.3		164.9		73.9		17.9		4.2		6.8		56.9		8.7		0.0		0.2		0.0		0.2		281.2		0.0		0.2		0.0		0.2		354.1		288.2		642.3		-10

		10/12/99		24.2		10.7		5.82		1.5		5.5		11.4		4.3		3.5		1.2		5.4		2.2		1.9		0.0		0.1		0.0		0.3		26.5		0.0		0.1		0.0		0.2		36.3		27.5		63.8		-14

		10/13/99		6		4.1		5.54		2.9		2.0		9.7		1.6		1.9		0.9		6.5		2.2		3.1		0.0		0.1		0.0		0.0		19.9		0.0		0.1		0.0		0.0		31.9		19.0		50.9		-25

		10/19/99		43.5		1.7		5.71		1.9		1.5		5.5		0.8		0.7		0.3		0.5		1.3		0.4		0.0		0.8		0.0		0.0		20.2		0.0		0.7		0.0		0.0		23.1		10.8		33.9		-36

		10/20/99		6.3		1.8		5.54		2.9		0.3		2.5		0.3		0.6		0.2		1.0		0.4		0.3		0.0		0.1		0.0		0.0		10.2		0.0		0.1		0.0		0.0		12.1		6.9		19.0		-27

		10/21/99		6.7		2.8		5.3		5.0		0.5		1.4		0.6		0.9		0.3		3.1		0.9		0.6		0.1		0.2		0.0		0.0		11.6		0.1		0.2		0.0		0.0		16.5		8.7		25.3		-31

		10/24/99		11.5		13.4		6.47		0.3		16.2		7.4		17.8		56.9		4.9		0.3		9.4		5.9		0.0		1.1		0.0		0.4		102.4		0.0		1.1		0.0		0.4		119.6		103.5		223.2		-7

		10/25/99		34.1		6		5.95		1.1		5.3		2.6		3.7		1.2		0.4		2.6		4.1		1.4		0.0		ND		0.0		0.1		12.3		0.0		ND		0.0		0.1		20.5		14.3		34.8		-18

		11/5/99		34		2.6		5.75		1.8		1.2		4.4		0.8		2.3		0.3		2.6		1.5		1.0		0.0		0.1		0.0		0.0		11.6		0.0		0.1		0.0		0.0		16.7		10.7		27.4		-22

		11/14/99		2		14.4		5.74		1.8		3.5		11.1		3.0		6.4		1.6		12.0		6.2		7.1		0.0		ND		0.0		0.1		18.2		0.0		ND		0.0		0.1		43.6		27.5		71.1		-23

		11/19/99		23		3.3		5.37		4.3		0.7		4.8		0.9		2.1		0.6		5.6		0.9		3.7		0.1		0.1		0.0		0.0		10.2		0.1		0.1		0.0		0.0		20.6		13.2		33.8		-22

		11/20/99		20.5		7.6		5.41		3.9		1.5		10.7		2.3		3.5		1.1		10.2		2.6		6.3		0.2		ND		0.0		0.0		13.1		0.2		ND		0.0		0.0		32.4		23.0		55.5		-17

		11/22/99		12.5		8.2		5.28		5.2		3.0		9.5		3.2		4.4		1.6		9.7		4.0		5.9		0.1		ND		0.0		0.1		14.5		0.1		ND		0.0		0.1		34.2		26.9		61.1		-12

		11/25/99		18.8		10.5		5.99		1.0		28.1		26.3		18.8		5.5		4.8		3.8		43.5		6.5		0.0		0.0		0.0		1.4		37.2		0.0		0.0		0.0		1.4		92.4		84.5		176.9		-4

		11/28/99		3.5		10.6		5.77		1.7		3.0		28.1		6.5		23.8		10.1		31.1		5.8		17.1		0.0		0.0		0.0		0.1		25.7		0.0		0.0		0.0		0.1		79.8		73.0		152.8		-4

		Zoétélé 00

		Date		P(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		2/8/00		60.6		11.4		6.26		0.5		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		0.0		0.0		0.0		0.1		34.5		0.0		0.0		0.0		0.1		48.2		34.7		82.8		-16

		3/16/00		10.1		43.4		7.1		0.1		12.2		52.6		83.9		239.0		104.8		49.0		30.8		37.9		0.0		0.0		0.0		1.4		233.5		0.0		0.0		0.0		1.4		352.6		492.5		845.1		17		H Cat

		3/25/00		17.7		14.8		6.68		0.2		11.6		35.0		10.3		75.3		19.4		27.2		12.0		19.6		0.2		0.7		0.0		0.3		70.8		0.2		0.7		0.0		0.3		130.8		151.9		282.7		7

		3/26/00		26.9		11.1		6.41		0.4		4.5		16.2		2.9		38.7		5.4		15.5		5.2		8.0		0.3		0.9		0.0		0.1		38.2		0.3		0.9		0.0		0.1		68.2		68.1		136.3		-0

		3/27/00		25.5		6		6.07		0.9		8.1		5.4		6.3		6.6		2.2		1.7		11.0		1.8		0.0		ND		0.0		0.4		26.0		0.0		ND		0.0		0.4		40.9		29.5		70.4		-16

		3/28/00		16.1		26.7		6.27		0.5		108.3		12.2		67.7		24.7		14.9		9.7		102.8		20.3		0.0		0.0		0.0		1.4		79.3		0.0		0.0		0.0		1.3		213.4		228.3		441.7		3

		3/31/00		16.8		9.2		6.02		1.0		2.9		7.3		2.3		12.8		1.2		3.1		3.6		2.5		0.0		3.3		0.0		0.1		25.8		0.0		3.2		0.0		0.1		38.3		27.4		65.7		-17

		4/3/00		67.3		3.2		5.44		3.6		0.7		2.3		0.8		4.0		0.8		4.6		1.3		2.4		0.1		0.4		0.0		0.0		11.2		0.1		0.3		0.0		0.0		20.0		12.3		32.3		-24

		4/8/00		4.1		12.4		6.58		0.3		7.9		36.3		8.5		32.3		4.4		6.2		13.4		3.5		0.0		0.0		0.0		0.1		65.0		0.0		0.0		0.0		0.1		88.1		89.7		177.7		1

		4/9/00		11.8		7.4		5.09		8.1		1.2		11.0		0.8		4.5		0.9		4.1		1.5		1.6		13.7		4.9		0.2		0.4		12.9		13.1		3.5		0.1		0.4		37.1		26.5		63.6		-17

		4/25/00		40.2		4.2		5.57		2.7		3.5		3.4		2.3		7.8		1.3		3.8		3.0		2.2		0.3		1.0		0.0		0.1		18.0		0.3		0.8		0.0		0.1		28.2		21.1		49.3		-15

		4/27/00		12.8		5.7		6.05		0.9		4.8		2.4		5.7		23.2		4.4		7.9		4.8		3.4		0.0		0.0		0.0		0.1		29.3		0.0		0.0		0.0		0.1		45.6		41.4		87.0		-5
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VWMDBCal

		Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

		OR Out of Range				ND Not determined

				ID not acceptable

				2 samples for one rain event

		Calcul VWM avec prise en cpte Rmqs ci-dessus

		i,e, ecarter elt OR ou ND et Moy si 2 ech pr 1 pluie

		Zoétélé96																																																								Pi*Ci

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag						H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		9/20/96		8.0		20.9		5.1		7.4		1.0		5.2		2.4		3.0		1.2		2.9		0.8		1.4		4.1		3.1								3.9		2.2						11.2		20.2		31.4		29								59.2		8		41.6		19.2		24		9.6		23.2		6.4		11.2		32.8		24.8		0		0

		9/21/96		140.0		7.6		4.9		12.9		3.7		4.3		4.7		3.6		1.8		4.0		2.3		1.3		6.3		3.9								5.9		2.3						15.7		31.0		46.7		33								1806		518		602		658		504		252		560		322		182		882		546		0		0

		9/23/96		13.0		27.9		5.2		7.1		0.8		3.4		1.5		1.0		0.7		3.0		0.6		1.1		3.5		1.9								3.4		1.4						9.4		14.5		23.9		21								92.3		10.4		44.2		19.5		13		9.1		39		7.8		14.3		45.5		24.7		0		0

		9/24/96		9.5		7.6		4.9		11.5		0.7		4.8		0.9		2.1		0.7		6.5		0.4		2.2		5.1		3.0								4.8		1.8						15.7		20.7		36.4		14								109.25		6.65		45.6		8.55		19.95		6.65		61.75		3.8		20.9		48.45		28.5		0		0

		9/26/96		25.0		11.8		5.0		11.0		0.6		4.7		1.4		0.8		0.7		3.1		0.3		1.3		5.0		3.4								4.7		2.1						11.5		19.2		30.7		25								275		15		117.5		35		20		17.5		77.5		7.5		32.5		125		85		0		0

		9/28/96		80.0		6.8		4.8		14.8		1.2		3.1		2.2		1.7		0.9		3.7		2.1		1.1		5.1		2.5								4.7		1.4						13.0		23.9		36.9		30								1184		96		248		176		136		72		296		168		88		408		200		0		0

		9/29/96		25.0		4.2		5.3		4.6		0.6		3.3		2.4		1.7		1.2		4.3		1.5		2.1		0.4		0.5								0.4		0.4						8.7		13.8		22.5		23								115		15		82.5		60		42.5		30		107.5		37.5		52.5		10		12.5		0		0

		9/30/96		20.0		5.3		5.4		4.3		0.9		4.1		2.8		1.9		1.6		4.7		1.5		0.9		0.4		0.8								0.4		0.6						8.1		15.6		23.7		31								86		18		82		56		38		32		94		30		18		8		16		0		0

		S96		320.5																																																				VWM (µéq/l)		S96		11.6		2.1		3.9		3.2		2.5		1.3		3.9		1.8		1.3		4.9		2.9

		10/4/96		8.8		18.9		5.4		3.6		1.3		4.2		3.8		4.3		1.9		2.1		1.2		0.0		2.2		1.7								2.2		1.4						6.9		19.1		26.0		47								31.68		11.44		36.96		33.44		37.84		16.72		18.48		10.56		0		19.36		14.96		0		0

		10/9/96		16.5		11.1		5.3		5.6		0.9		3.8		2.2		2.8		1.4		4.2		0.5		1.2		2.0		1.7								1.9		1.3						9.1		16.7		25.8		29								92.4		14.85		62.7		36.3		46.2		23.1		69.3		8.25		19.8		33		28.05		0		0

		10/10/96		10.0		31.1		5.1		7.6		1.0		4.4		1.2		1.6		0.8		2.3		0.1		1.5		5.2		3.0								5.0		2.1						11.0		16.6		27.6		20								76		10		44		12		16		8		23		1		15		52		30		0		0

		10/12/96		34.0		77.3		5.4		4.3		3.1		1.8		1.8		1.8		0.7		1.2		2.1		0.0		2.0		1.5								2.0		1.2						6.5		13.5		20.0		35								146.2		105.4		61.2		61.2		61.2		23.8		40.8		71.4		0		68		51		0		0

		10/13/96		40.0		4.5		5.2		6.2		0.5		1.5		0.6		0.9		0.4		0.8		0.5		0.8		2.1		1.7								2.0		1.3						5.4		10.1		15.5		30								248		20		60		24		36		16		32		20		32		84		68		0		0

		10/14/96		18.5		128.8		5.0		11.2		1.0		2.7		1.0		1.1		0.9		2.7		0.9		1.1		5.3		3.4								5.0		2.1						11.8		17.9		29.7		21								207.2		18.5		49.95		18.5		20.35		16.65		49.95		16.65		20.35		98.05		62.9		0		0

		10/15/96		4.0		15.7		5.7		2.2		2.2		2.4		15.3		17.5		18.1		0.6		0.0		6.7		0.9		0.9								0.9		0.8						9.0		57.7		66.7		73		vL Ani						8.8		8.8		9.6		61.2		70		72.4		2.4		0		26.8		3.6		3.6		0		0

		10/18/96		8.0		12.1		5.3		5.1		2.0		6.4		9.1		8.8		7.1		10.0		3.8		2.5		2.4		1.8								2.3		1.4						20.0		38.5		58.5		32								40.8		16		51.2		72.8		70.4		56.8		80		30.4		20		19.2		14.4		0		0

		10/19/96		16.0		7.9		5.1		7.2		0.7		2.4		0.8		3.7		0.8		1.5		0.2		0.9		3.7		2.8								3.6		2.0						8.1		15.6		23.7		31								115.2		11.2		38.4		12.8		59.2		12.8		24		3.2		14.4		59.2		44.8		0		0

		10/20/96		17.0		5.9		4.9		11.7		0.6		4.7		1.2		1.7		0.9		3.8		0.7		2.6		5.2		3.6								4.9		2.2						14.2		20.8		35.0		19								198.9		10.2		79.9		20.4		28.9		15.3		64.6		11.9		44.2		88.4		61.2		0		0

		10/22/96		29.0		7.7		5.1		8.5		0.7		3.7		1.2		3.7		0.9		2.7		0.6		2.8		3.4		2.0								3.2		1.4						10.7		18.7		29.4		27								246.5		20.3		107.3		34.8		107.3		26.1		78.3		17.4		81.2		98.6		58		0		0

		10/23/96		24.0		6.7		5.0		10.5		0.7		3.4		1.2		1.8		0.7		3.3		0.7		2.7		4.9		3.1								4.6		1.9						13.3		18.3		31.6		16								252		16.8		81.6		28.8		43.2		16.8		79.2		16.8		64.8		117.6		74.4		0		0

		10/24/96		33.5		7.0		5.0		9.8		6.9		2.9		4.5		2.2		1.8		3.3		5.1		1.3		6.0		3.7								5.7		2.4						17.8		28.1		45.9		23								328.3		231.15		97.15		150.75		73.7		60.3		110.55		170.85		43.55		201		123.95		0		0

		10/25/96		28.5		7.9		4.8		17.0		0.7		4.9		1.0		1.7		0.6		4.1		0.3		2.4		8.2		5.1								7.5		2.6						16.9		25.9		42.8		21								484.5		19.95		139.65		28.5		48.45		17.1		116.85		8.55		68.4		233.7		145.35		0		0

		10/27/96		41.0		10.4		5.1		7.2		0.6		2.9		1.4		2.7		1.0		3.7		0.7		2.4		3.2		1.8								3.1		1.3						11.2		15.8		27.0		17								295.2		24.6		118.9		57.4		110.7		41		151.7		28.7		98.4		131.2		73.8		0		0

		10/28/96		6.0		22.6		4.6		22.9		3.9		15.3		3.7		13.4		3.3		16.4		4.7		9.1		20.5		7.6								18.2		3.3						51.7		62.5		114.2		9								137.4		23.4		91.8		22.2		80.4		19.8		98.4		28.2		54.6		123		45.6		0		0

		10/31/96		34.0		13.0		4.7		19.1		1.4		8.6		2.2		5.3		2.1		8.7		1.5		5.3		13.3		6.2								12.0		3.0						30.5		38.7		69.2		12								649.4		47.6		292.4		74.8		180.2		71.4		295.8		51		180.2		452.2		210.8		0		0

		Oc96		368.8																																																				VWM (µéq/l)		Oc96		9.6		1.7		3.9		2.0		3.0		1.4		3.6		1.3		2.1		5.1		3.0		0.0		0.0

		11/19/96		21.0		33.0		4.6		27.5		4.9		25.7		8.2		21.4		7.2		30.1		5.3		21.0		28.8		6.7								24.9		2.6						84.0		94.9		178.9		6								577.5		102.9		539.7		172.2		449.4		151.2		632.1		111.3		441		604.8		140.7		0		0

		11/21/96		4.5		50.0		4.3		53.7		14.4		54.0		15.9		45.3		16.0		86.9		17.1		41.9		44.3		14.3								34.0		3.6						183.5		199.3		382.8		4								241.65		64.8		243		71.55		203.85		72		391.05		76.95		188.55		199.35		64.35		0		0

		11/25/96		27.0		11.5		4.7		21.9		1.4		11.6		3.0		3.1		1.3		11.4		2.1		6.2		12.1		4.8								10.8		2.2						32.6		42.3		74.9		13								591.3		37.8		313.2		81		83.7		35.1		307.8		56.7		167.4		326.7		129.6		0		0

		11/30/96		15.5		45.0		4.2		67.6		1.9		33.4		9.3		9.3		4.2		46.0		4.7		23.8		39.3		16.2								28.5		3.4						106.3		125.7		232.0		8								1047.8		29.45		517.7		144.15		144.15		65.1		713		72.85		368.9		609.15		251.1		0		0

		Nv96		68.0		139.5		17.7		170.7																																														VWM (µéq/l)		Nv96		36.2		3.5		23.7		6.9		13.0		4.8		30.1		4.7		17.1		25.6		8.6		0.0		0.0

		12/4/96		4.5		116.6		4.7		20.9		2.3		14.4		5.0		5.0		2.7		13.4		2.1		11.0		13.5		6.0								12.1		2.8						41.3		50.3		91.6		10								94.05		10.35		64.8		22.5		22.5		12.15		60.3		9.45		49.5		60.75		27		0		0

		12/5/96		4.9		42.0		4.3		52.5		2.0		29.5		10.5		6.9		6.3		28.9		4.1		33.4		20.5		8.2								15.8		2.1						84.3		107.7		192.0		12								257.25		9.8		144.55		51.45		33.81		30.87		141.61		20.09		163.66		100.45		40.18		0		0

		Dc96		9.4																																																				VWM (µéq/l)		Dc96		37.4		2.1		22.3		7.9		6.0		4.6		21.5		3.1		22.7		17.1		7.1		0.0		0.0

		Zoétélé 97

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		3/10/97		27.5		30.8		6.4		0.3		10.3		122.8		6.4		36.7		31.3		33.7		12.9		35.0																				81.6		207.8		289.4		44		OA ND						8.25		282.6175		3377.22		175.89		1007.875		861.41		926.64		353.43		963.8475		0		0		0		0

		3/13/97		3.5		17.3		6.8		0.1		7.4		53.5		11.0		54.5		8.9		20.6		5.8		16.2																				42.6		135.4		178.0		52		OA ND						0.35		25.886		187.18		38.402		190.75		31.283		72.24		20.286		56.595		0		0		0		0

		3/17/97		19.2		11.6		6.4		0.3		5.2		54.4		6.1		37.2		5.7		18.3		4.1		13.8																				36.3		108.3		144.6		50		OA ND						5.76		99.8976		1045.0944		118.0608		714.24		109.4208		352.2048		77.952		265.7088		0		0		0		0

		3/23/97		45.8		6.0		5.5		4.5		2.0		14.4		4.1		12.9		1.2		11.3		2.2		6.8																				20.3		39.1		59.5		28		OA ND						206.1		93.5465		660.436		185.7648		590.82		56.334		516.2576		100.6684		313.5468		0		0		0		0

		Ms97		96.0																																																				VWM (µéq/l)		Ms97		2.3		5.2		54.9		5.4		26.1		11.0		19.5		5.8		16.7		0.0		0.0		0.0		0.0

		4/4/97		18.0		3.9		5.8		1.4		1.1		9.2		2.1		21.9		0.5		7.1		1.6		4.4																				13.1		36.1		49.2		47								25.2		19.35		165.312		36.972		394.2		8.856		127.584		28.728		78.624		0		0		0		0

		4/5/97		30.4		3.1		5.8		1.6		1.2		3.4		1.8		19.8		0.8		3.0		1.4		2.9																				7.2		28.5		35.7		61								47.12		36.6016		102.144		53.352		602.68		23.6816		89.984		41.7088		87.1416		0		0		0		0

		4/6/97		16.0		5.4		5.9		1.4		1.9		19.3		2.8		24.1		2.1		9.6		1.9		5.2																				16.7		51.4		68.2		51		OA ND						22.4		30.272		308.224		44.512		384.8		32.8		153.856		30.016		83.664		0		0		0		0

		4/7/97		6.0		7.9		6.2		0.6		4.8		22.5		4.5		42.6		4.3		14.9		2.5		7.3																				24.7		79.3		104.0		52		OA ND						3.6		28.896		135.072		26.988		255.6		25.584		89.376		15.288		43.596		0		0		0		0

		4/14/97		9.5		4.6		5.8		1.7		1.0		14.2		3.3		18.0		1.9		8.8		1.7		6.3																				16.9		40.0		56.9		41		OA ND						16.15		9.3955		134.596		31.122		171		17.917		83.904		16.492		60.0495		0		0		0		0

		4/16/97		25.0		3.5		5.3		4.8		0.5		3.1		0.8		1.9		0.4		4.4		0.8		2.8																				8.0		11.5		19.5		16								120		12.9		77		20.15		47.5		10.25		109.4		21		69.3		0		0		0		0

		4/17/97		13.0		3.0		5.4		3.6		0.5		2.6		0.8		1.1		0.4		3.8		0.8		1.4																				5.9		9.0		14.9		21								46.8		6.149		34.216		9.802		14.3		5.33		49.088		9.828		17.745		0		0		0		0

		4/18/97		21.5		2.2		5.5		3.0		0.7		1.0		0.6		1.2		0.5		1.0		0.3		0.6																				1.9		6.9		8.8		61								63.425		15.7165		20.468		13.416		24.725		11.4595		21.156		6.02		12.86775		0		0		0		0

		Av97		139.4																																																				VWM (µéq/l)		Av97		2.5		1.1		7.0		1.7		13.6		1.0		5.2		1.2		3.2		0.0		0.0		0.0		0.0

		5/2/97		1.5		3.1		5.8		1.6		0.9		7.2		1.0		11.3		1.2		5.9		1.4		0.7																				7.9		23.2		31.2		49								2.4		1.419		10.836		1.482		16.875		1.845		8.808		2.058		1.0395		0		0		0		0

		5/5/97		18.5		2.4		5.6		1.8		0.6		2.4		0.9		2.2		0.7		0.0		0.6		1.0																				1.6		8.6		10.1		66		OA ND						32.375		10.73925		45.066		17.0755		41.1625		12.136		0		10.619		18.06525		0		0		0		0

		5/8/97		12.5		2.7		5.9		1.2		0.1		6.8		1.9		7.3		1.2		3.0		0.6		1.4																				5.0		18.6		23.5		58								15		1.6125		85.4		24.05		90.625		15.375		37.2		7		17.85		0		0		0		0

		5/10/97		25.5		3.4		5.8		1.6		0.6		1.7		1.2		24.6		1.4		2.2		1.1		3.0																				6.3		31.2		37.5		66								39.525		16.4475		44.268		31.824		627.9375		35.547		55.896		28.917		75.5055		0		0		0		0

		Mai97		58.0																																																				VWM (µéq/l)		Mai97		1.5		0.5		3.2		1.3		13.4		1.1		1.8		0.8		1.9		0.0		0.0		0.0		0.0

		6/6/97		47.5		4.1		5.3		4.5		0.5		9.4		1.5		1.1		0.6		7.0		1.1		5.0																				13.1		17.5		30.6		14								213.75		24.51		446.88		69.16		49.875		27.265		330.6		51.87		238.4025		0		0		0		0

		6/17/97		21.5		3.0		5.6		2.3		1.8		2.8		2.4		5.9		1.1		0.8		3.1		3.2																				7.1		16.3		23.4		39								49.45		39.7535		60.2		50.869		125.775		24.682		17.888		65.618		69.531		0		0		0		0

		Jn97		69.0																																																				VWM (µéq/l)		Jn97		3.8		0.9		7.3		1.7		2.5		0.8		5.1		1.7		4.5		0.0		0.0		0.0		0.0

		7/11/97		1.3		64.8		5.5		3.5		1.7		24.9		5.5		7.4		1.2		18.4		4.7		7.6																				30.7		44.2		74.9		18								4.55		2.236		32.3232		7.1318		9.62		1.599		23.92		6.0788		9.8826		0		0		0		0

		7/14/97		30.0		11.1		4.8		14.7		0.7		18.8		4.7		0.7		0.4		20.4		2.3		14.0																				36.7		40.0		76.7		4								441		21.93		564.48		140.4		19.5		12.3		612.96		68.04		421.47		0		0		0		0

		7/16/97		25.2		9.7		4.8		14.4		1.1		12.6		3.8		0.5		0.5		16.3		2.6		12.5																				31.3		32.8		64.1		2								362.88		28.1736		317.52		95.004		11.34		12.3984		410.0544		64.9152		313.8156		0		0		0		0

		7/16/97		2.0		8.0		5.3		5.2		1.8		29.8		6.4		1.0		0.9		17.6		3.6		14.5																				35.7		45.0		80.7		12								10.4		3.612		59.584		12.792		1.9		1.804		35.136		7.112		29.064		0		0		0		0

		7/17/97		4.2		4.8		5.2		6.1		0.5		9.7		2.1		0.6		0.3		7.6		1.0		6.6																				15.3		19.3		34.6		12								25.62		2.1672		40.6896		8.9544		2.31		1.3776		32.0544		4.2336		27.8712		0		0		0		0

		7/21/97		37.5		4.0		5.3		5.2		0.3		5.6		1.1		0.5		0.3		6.5		1.1		2.7																				10.2		13.0		23.2		12								195		12.9		210		39.975		16.875		12.3		242.4		40.95		100.0125		0		0		0		0

		7/22/97		55.0		3.7		5.3		4.7		0.6		6.3		1.3		0.8		0.6		3.9		0.7		4.2																				8.8		14.2		23.0		23								258.5		33.11		344.96		72.93		41.25		31.57		215.6		38.5		231		0		0		0		0

		7/23/97		5.0		3.8		5.6		2.3		1.9		11.0		2.8		5.4		1.1		6.2		1.4		5.3																				12.9		24.6		37.5		31								11.5		9.675		55.16		14.17		27		5.33		31.2		7		26.46		0		0		0		0

		7/31/97		18.6		5.2		5.7		2.1		3.3		16.9		3.8		7.5		1.3		11.9		2.7		6.0																				20.6		34.9		55.5		26								39.06		61.5846		314.5632		70.122		138.57		24.4032		222.0096		49.476		112.4928		0		0		0		0

		Jt97		178.8																																																				VWM (µéq/l)		Jt97		7.5		1.0		10.8		2.6		1.5		0.6		10.2		1.6		7.1		0.0		0.0		0.0		0.0

		8/11/97		1.7		92.4		5.8		1.7		2.5		34.6		5.7		6.0		2.5		16.9		14.6		5.3																				36.8		53.0		89.8		18								2.89		4.1667		58.8336		9.7682		10.2		4.3214		28.7232		24.7996		8.9964		0		0		0		0

		8/12/97		6.9		5.3		5.4		4.4		1.8		11.9		3.1		1.0		0.8		9.1		4.9		5.1																				19.1		23.0		42.1		9								30.36		12.1647		82.3032		21.528		6.9		5.658		63.0384		33.81		35.0658		0		0		0		0

		8/22/97		5.2		5.8		5.3		5.1		2.0		9.0		3.1		1.1		1.0		9.1		4.6		3.2																				16.8		21.2		38.0		12								26.52		10.2856		46.8832		15.9536		5.72		5.1168		47.0912		23.7328		16.4892		0		0		0		0

		8/24/97		91.0		4.2		5.2		6.7		0.4		4.1		0.9		0.6		0.5		4.8		1.9		1.6																				8.2		13.2		21.4		23								609.7		35.217		377.104		85.176		50.05		44.772		433.888		170.716		141.414		0		0		0		0

		8/28/97		88.5		2.6		5.3		4.5		0.6		2.6		0.5		0.8		0.4		3.2		1.4		1.3																				6.0		9.5		15.4		23								398.25		53.277		232.932		46.02		70.8		36.285		287.448		126.378		115.227		0		0		0		0

		8/31/97		8.5		8.0		5.0		11.2		0.5		13.8		2.4		0.7		0.6		19.3		3.4		3.4																				26.1		29.2		55.2		6								95.2		4.0205		117.572		20.332		5.95		4.879		163.88		29.036		28.56		0		0		0		0

		Ao97		201.8																																																				VWM (µéq/l)		Ao97		5.8		0.6		4.5		1.0		0.7		0.5		5.1		2.0		1.7		0.0		0.0		0.0		0.0

		9/1/97		12.0		3.0		5.3		5.2		0.3		1.7		0.5		0.5		0.4		3.9		0.9		0.5																				5.3		8.6		14.0		23								62.4		3.096		20.832		6.24		6		4.92		46.464		11.088		6.552		0		0		0		0

		9/5/97		9.5		4.0		5.4		3.8		0.7		7.4		1.6		1.3		0.7		7.4		2.7		2.6																				12.8		15.5		28.3		9								36.1		6.9445		70.756		14.82		12.35		6.232		70.68		26.068		25.137		0		0		0		0

		9/6/97		45.5		4.2		5.4		4.1		0.6		5.5		0.9		1.2		0.7		4.1		1.8		1.7																				7.6		13.1		20.7		26								186.55		29.3475		249.704		41.405		54.6		33.579		187.096		81.536		78.351		0		0		0		0

		9/11/97		18.7		4.1		5.3		4.7		0.6		6.0		1.6		1.1		0.7		6.9		2.7		1.8																				11.5		14.8		26.2		13								87.89		12.0615		113.0976		30.1444		20.57		12.2672		129.2544		50.7892		34.1649		0		0		0		0

		9/12/97		8.5		6.5		5.5		3.0		1.9		22.1		3.4		8.6		1.1		15.2		4.0		8.7																				27.9		40.1		67.9		18								25.5		16.082		188.02		28.73		72.675		9.758		128.928		34.272		73.542		0		0		0		0

		S97		94.2																																																				VWM (µéq/l)		S97		4.2		0.7		6.8		1.3		1.8		0.7		6.0		2.2		2.3		0.0		0.0		0.0		0.0

		10/13/97		9.5		3.3		5.2		6.6		0.4		2.7		0.7		0.8		0.4		4.5		1.3		0.7																				6.5		11.6		18.2		28								62.7658775607		4.2626205936		26.068		6.669		7.125		3.6611874641		42.534464		12.6787038		6.9825		0		0		0		0

		10/14/97		3.8		5.9		5.0		10.7		0.2		5.5		1.0		0.6		0.4		9.6		5.5		0.7																				15.9		18.5		34.4		8								40.717733599		0.8175906352		21.0672		3.85526492		2.28		1.6508633358		36.6428832		21.0222992		2.6334		0		0		0		0

		10/16/97		3.5		7.6		4.9		12.6		1.5		6.2		1.6		1.1		0.3		13.5		6.4		1.4																				21.3		23.3		44.5		4								44.0623894128		5.3089302823		21.756		5.4260843		3.675		1.179643085		47.184816		22.227674		5.0715		0		0		0		0

		10/26/97		10.3		2.2		5.3		4.7		0.2		0.9		0.4		0.7		0.4		1.7		0.6		0.0																				2.3		7.2		9.5		52								48.1767195526		1.7624092533		9.2288		4.017		6.695		4.0380331482		17.9018944		5.72453812		0		0		0		0		0

		10/27/97		5.8		2.7		5.5		3.4		0.8		2.9		1.8		2.3		0.9		3.7		2.0		0.8																				6.6		12.1		18.7		30								19.6529610561		4.7288530048		16.8896		10.37078744		13.377294		5.3296575603		21.4893248		11.82043016		4.872		0		0		0		0

		10/31/97		7.6		3.2		5.4		4.0		6.9		2.0		2.9		3.3		1.0		4.4		2.1		2.1																				8.6		20.0		28.6		40								30.2561449621		52.1087733216		14.896		21.89902		24.79937		7.9767862045		33.1921792		16.019584		16.3315488		0		0		0		0

		Oc97		40.5																																																				VWM (µéq/l)		Oc97		6.1		1.7		2.7		1.3		1.4		0.6		4.9		2.2		0.9		0.0		0.0		0.0		0.0

		11/1/97		17.0		2.9		5.4		4.3		0.9		2.4		1.9		2.2		0.8		4.7		1.6		0.9																				7.1		12.5		19.6		27								72.5185181963		15.4616991727		39.984		32.2141534		37.21521		14.3930763491		79.316016		26.843544		15.351		0		0		0		0

		11/3/97		2.0		9.2		5.5		3.1		3.4		21.7		6.7		22.7		2.9		22.6		9.3		13.1																				44.9		60.5		105.4		15								6.180590865		6.831797		43.481648		13.347568		45.3351		5.7884128		45.1776		18.51332		26.201868		0		0		0		0

		11/7/97		35.5		5.1		5.9		1.1		0.4		0.3		35.0		5.0		2.0		0.0		2.0		2.6																				4.6		43.9		48.5		81		OA ND,H K						40.7594535631		13.7964132179		9.94		1243.62251		177.0965425		72.0729494369		0		71.9033756		91.566783		0		0		0		0

		11/17/97		31.0		3.5		5.4		4.0		0.9		3.1		2.7		5.4		1.5		4.9		3.0		3.2																				11.1		17.7		28.8		23								123.4132228716		27.5778844637		97.5819488		85.213544		168.6028		45.6363546784		152.828016		91.746732		100.5795		0		0		0		0

		11/18/97		4.0		8.5		4.9		11.7		1.6		7.2		3.1		4.8		0.8		23.2		5.0		2.5																				30.7		29.3		59.9		-2								46.9959021976		6.4184896		28.836864		12.50912		19.13044		3.1221401975		92.71232		20.130544		9.895956		0		0		0		0

		11/27/97		14.0		9.2		6.0		1.1		1.7		1.9		25.4		19.9		33.7		4.0		32.7		6.4																				43.1		83.6		126.7		32		OA ND, H K, HMg						15.350694746		24.068562		26.039384		355.126772		278.7064		471.729272		56.068768		457.464		89.19519		0		0		0		0

		Nv97		103.5																																																				VWM (µéq/l)		Nv97		2.9		0.9		2.4		16.8		7.0		5.9		4.1		6.6		3.2		0.0		0.0		0.0		0.0

		Zoétélé 98

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		3/16/98		34.5		14		4.70		20.0		2.9		24.6		8.4		3.4		1.1		9.3		3.3		9.1		26.9		20.4				3.4				24.2		9.6				2.6		58.0		60.3		118.4		2								688.3654986643		101.6609913		847.02744		290.429763		117.56289		36.6145775509		320.948808		114.648744		313.031817		926.739		703.8		0		116.6445

		3/23/98		16.5		12.6		6.52		0.3		5.4		17.3		6.6		84.6		12.2		18.7		6.2		13.6		0.3		0.0				0.3				0.3		0.0				0.3		39.1		126.4		165.5		53		vL OA						4.9829203387		89.7652305		284.880288		108.298476		1396.131		201.533409		308.63712		101.901492		225.1186245		4.356		0		0		4.554

		3/24/98		9		21.2		5.18		6.6		5.6		57.6		9.8		74.2		12.4		25.4		8.9		17.8		61.5		24.1				6.6				59.3		17.5				6.0		135.0		166.3		301.3		10								59.4624103207		50.811552		518.63616		88.274628		667.8855		111.347226		228.24		80.478216		160.605018		553.212		216.495		0		59.823

		3/29/98		2		39.2		5.51		3.1		18.1		66.7		18.7		123.1		25.5		21.9		11.0		15.5		73.8		50.0				9.1				72.5		42.6				8.7		172.2		255.2		427.4		19		H Ca, H NH4						6.1948385984		36.164118		133.42896		37.461788		246.174		51.059596		43.79968		21.973672		31.022124		147.576		99.92736		0		18.22451

		Ms98		62																																																				VWM (µéq/l)		Ms98		12.2		4.5		28.8		8.5		39.2		6.5		14.5		5.1		11.8		26.3		16.5		0.0		3.2

		4/5/98		16		11.3		4.92		12.0		2.8		16.2		6.0		15.3		3.3		9.3		4.9		7.2		24.3		15.1				0.6				22.8		9.0				0.5		53.5		55.7		109.2		2								192.3623095388		44.039224		259.85344		96.58896		244.7096		53.3868544		148.010496		77.697984		114.898224		388.696		240.833696		0		9.9655308642

		4/6/98		13.5		4.5		5.98		1.1		2.0		3.4		7.5		23.1		6.5		2.1		3.7		5.5		0.9		1.3				2.3				0.9		1.2				2.2		15.7		43.5		59.2		47		vL OA						14.2999252899		27.0681345		45.6602076		100.58607		311.1939		87.9197112		28.93752		50.129604		74.8034595		12.177		16.983		0		30.429

		4/8/98		17.5		16.3		4.70		20.2		1.6		21.1		4.5		16.9		3.0		12.7		2.2		8.6		32.9		19.0				2.3				29.6		8.9				1.8		63.8		67.3		131.0		3								353.2141136443		28.37128175		369.73636		78.94614		295.232		51.9480045		222.09012		38.394342		150.95283		576.37965		331.9029		0		40.9942225

		4/10/98		16.5		11.5		4.78		16.7		0.5		9.5		1.8		4.0		0.8		6.3		1.0		3.0		19.2		13.7				0.0				17.6		7.1				0.0		35.0		33.2		68.1		-3								275.0957900709		7.6508819969		156.695616		29.9949507		65.4798375		12.6002179015		103.322472		16.6417657647		50.140629		316.780299		226.7598465		0		0

		4/13/98		28.3		15.3		4.63		23.7		0.7		9.4		1.3		3.5		0.9		ND		ND		ND		14.1		12.2				0.0				12.4		5.2				0.0		17.7		39.4		57.1		38		Ani ND						669.5552743885		19.5252883756		264.8311736		36.1888842698		99.4621895		25.1777377746		0		0		0		399.208007		345.944577		0		0

		4/17/98		10.3		11.3		4.92		12.1		1.5		15.9		8.9		7.5		3.5		9.3		4.1		6.1		16.1		11.8				2.9				15.1		7.0				2.4		44.0		49.3		93.4		6								124.404825016		15.05603118		164.096716		91.3430986		77.56312		35.79592166		95.6588192		42.1363936		62.8109244		166.3244		121.3443		0		29.3756

		4/18/98		59.5		4.2		5.69		2.0		0.4		5.8		19.2		3.0		1.7		6.8		2.0		2.6		1.5		1.6				0.6				1.5		1.5				0.6		14.9		32.1		47.1		37								121.2040036235		25.1522242704		343.285964		1140.598459		181.2646675		99.9272707472		405.672904		116.220993		154.115829		89.833730581		97.1814354067		0		37.9294135802

		4/23/98		10.5		8.2		5.05		8.9		1.1		8.6		2.7		18.3		2.3		6.4		8.3		5.9		17.7		10.2				1.0				16.8		6.8				0.9		45.1		41.9		87.0		-4								93.581348504		11.20203105		90.630204		28.085967		192.348975		24.3669888		67.055016		87.200988		61.4443095		185.505243		107.2733235		0		10.9986851852

		4/29/98		8		11.9		4.70		19.9		1.8		7.4		1.3		1.3		0.5		6.4		0.9		2.1		14.9		14.6				1.2				13.4		6.9				0.9		30.6		32.2		62.8		3								158.8875933886		14.6086824		59.425856		10.7768544		10.22188		4.0724630197		50.91584		7.3207472049		16.832424		118.8		117.096		0		9.384

		4/29/98		24		6.7		4.96		10.9		1.6		9.2		2.5		6.2		1.3		4.7		1.4		2.5		15.7		9.6				0.0				14.7		5.9				0.0		29.1		31.6		60.8		4								262.5495279053		38.3748168		219.801792		58.94928		147.7656		32.075072417		111.738624		32.7794130325		59.092488		375.652992		229.303344		0		0

		Av98		204.1																																																				VWM (µéq/l)		Av98		11.1		1.1		9.7		8.2		8.0		2.1		7.0		2.7		4.2		12.9		9.0		0.0		0.8

		5/2/98		23		3.9		5.20		6.3		0.6		3.3		1.1		0.8		0.4		1.9		1.2		0.2		3.1		3.0				0.0				3.0		2.2				0.0		8.5		12.4		20.9		19								145.4547258165		13.0351096247		75.520592		25.3118019294		17.4054464122		9.5879898268		42.56104		27.3489324201		5.0306105995		70.9265375612		69.2603901362		0		0

		5/9/98		10.5		3.2		5.59		2.6		1.9		4.3		4.1		8.4		2.6		7.3		9.7		3.5		0.2		0.4				0.0				0.2		0.3				0.0		21.1		23.9		45.0		6								26.9891557191		19.9345377		45.3752544		42.720678		88.3008		27.770694		76.9398		101.587584		36.953154		2.5804213662		3.7431785057		0		0

		5/10/98		31		2.5		5.72		1.9		2.9		4.1		1.2		10.1		1.4		4.6		1.1		2.2		0.2		0.5				0.4				0.2		0.5				0.4		8.9		21.6		30.5		42								58.662652178		90.689322		127.1736312		38.3035483157		311.9716		44.0050086953		141.728032		34.3675172321		67.167576		6.138		15.81		0		12.121

		5/12/98		20.5		2.9		5.87		1.3		1.8		2.8		2.3		14.9		2.6		4.9		2.2		2.8		0.2		0.4				0.0				0.2		0.4				0.0		10.4		25.8		36.2		43								27.5266817033		36.9644684		58.2125544		46.5200801		304.9662		54.1236613		99.623112		44.1734328		56.9982		5.0746116195		7.7195892529		0		0

		5/14/98		5		6.6		5.24		5.8		1.4		6.7		2.4		15.8		2.3		10.0		1.6		3.6		10.8		6.2				1.0				10.4		4.7				0.9		31.2		34.3		65.5		5								28.9048023703		6.753494		33.57116		11.981827		79.08225		11.307841		49.95848		8.031562		18.05286		53.78318		30.92334		0		4.8356790123

		5/16/98		16		8.8		4.78		16.7		0.4		6.5		1.4		1.8		0.7		4.9		0.9		3.2		9.8		9.7				1.4				8.9		5.0				1.1		24.0		27.7		51.7		7								267.9908601642		7.1630446557		104.71552		23.008128		29.44808		11.0027350358		78.577664		13.9476490974		50.788752		156.64		154.768		0		21.712

		5/17/98		4.5		8.7		4.93		11.9		1.5		9.6		1.5		11.9		1.5		8.7		1.5		3.8		13.4		8.5				0.7				12.6		5.1				0.6		32.3		38.0		70.3		8								53.4826002347		6.67669815		43.220268		6.9183153		53.6607		6.9584281736		39.247776		6.6466386231		17.126235		60.477318		38.1186495		0		3.2596111111

		5/18/98		3.5		21.4		4.55		28.2		1.6		24.1		3.8		21.3		3.3		13.9		2.5		14.2		38.4		32.7				2.9				33.1		12.6				2.0		78.5		82.4		160.8		2								98.6434025943		5.74204155		84.309988		13.356798		74.594975		11.6466035		48.629504		8.8866792		49.752297		134.34036		114.35543		0		10.2583565

		5/19/98		23.5		6.7		4.92		12.1		0.1		5.2		1.3		0.9		0.5		4.0		0.6		2.6		8.3		6.2				0.5				7.7		3.7				0.4		19.0		20.1		39.1		3								283.8362512501		2.5289241783		122.1652012		30.2683454188		21.1303713629		11.3950672258		94.085728		14.4562276707		60.629436		193.917394		146.14509		0		11.6407685185

		5/23/98		8		11.5		4.59		25.7		2.3		14.4		5.4		25.3		4.6		22.0		3.4		12.8		25.6		17.5				2.5				22.3		7.2				1.8		69.5		77.7		147.2		6								205.6316626215		18.21222		115.390016		43.384848		202.1676		36.7105472		176		27.027616		102.352488		204.42752		140.35336		0		20.379472

		5/25/98		2.2		26.1		4.40		39.9		5.4		18.8		6.7		5.7		1.7		19.1		2.2		20.6		ND		ND				ND												41.8		78.3		120.1		30		OA ND						87.7854785197		11.938993		41.408136		14.7225936		12.62525		3.74219956		41.987264		4.76761208		45.257289		0		0		0		0

		5/27/98		30		21.3		4.52		30.3		4.6		16.7		5.3		15.4		2.6		18.6		2.9		18.5		24.7		17.1				5.0				21.1		6.3				3.4		70.8		75.0		145.8		3								908.0740284304		138.89688		501.31872		160.28142		462.4305		78.668832		556.5312		87.192		555.00354		741.84		514.08		0		149.73

		Mai98		177.7																																																				VWM (µéq/l)		Mai98		12.3		2.0		7.6		2.6		9.3		1.7		8.1		2.1		6.0		9.3		7.0		0.0		1.3

		6/5/98		26		7.65		4.95		11.4		1.0		6.5		1.9		6.3		0.8		8.4		1.6		6.0		7.4		4.4				1.4				6.9		2.6				1.2		26.7		27.9		54.6		2								295.1282643678		26.5521935304		167.9650336		48.723207		164.496345		21.3504764766		218.073856		41.1158840592		156.145899		192.474282		113.2054401914		0		37.375

		6/14/98		7		22.7		4.48		33.5		0.5		17.8		5.3		2.9		0.8		15.8		1.8		19.1		23.1		17.6				2.8				19.4		6.1				1.8		64.0		60.9		124.8		-2								234.4758074105		3.6503471861		124.81476		36.926162		20.368565		5.7683474841		110.306224		12.4274388		133.363398		161.78162		123.26139		0		19.318229

		6/15/98		19.5		20		4.53		29.6		0.7		15.4		5.0		3.1		0.8		14.7		2.3		16.7		19.1		13.0				2.5				16.4		4.9				1.7		56.6		54.6		111.2		-2								578.1421209572		13.2145443289		299.984412		98.340255		60.0450825		15.052527476		286.416624		44.5155984		326.3440635		372.894093		252.9487545		0		47.886345

		6/20/98		8.5		20.7		4.50		31.6		4.7		19.7		9.1		4.8		1.1		20.8		2.3		19.1		16.6		9.6				2.6				14.1		3.5				1.8		61.5		71.0		132.5		7								268.1753929868		40.1388445		167.669096		77.250108		41.1823725		9.4506923457		176.61096		19.1538116		162.3916245		141.289533		81.978318		0		22.22444

		6/23/98		5.5		22.2		4.56		27.4		2.2		25.7		6.1		22.9		2.2		21.2		3.6		25.4		24.5		14.9				3.3				21.2		5.9				2.3		79.6		86.4		166.0		4								150.4397799469		12.2058596		141.163484		33.776886		125.698375		11.9628652		116.688		19.86138		139.626795		134.51933		81.8297975		0		17.952121

		6/24/98		20		8.7		4.90		12.7		1.3		7.3		3.3		4.0		1.0		8.0		1.8		6.3		9.9		8.2				2.2				9.2		4.8				1.8		31.9		29.6		61.5		-4								254.1148210417		26.517928		146.31008		65.07228		80.5658		19.2826133234		160.04416		35.263984		125.63754		197.12		163.54		0		44.16

		Jn98		86.5																																																				VWM (µéq/l)		Jn98		20.5835397308		1.4136383485		12.1145302382		4.1628774335		5.6919831214		0.9580060382		12.3484372717		1.9923479406		12.0636915607		13.8737440231		9.4423549155		0		2.1840015607

		7/2/98		8.5		17.5		4.59		25.8		1.4		16.3		6.2		1.0		0.7		36.5		4.0		14.5		4.0		1.4				0.8				3.5		0.6				0.5		59.6		51.4		111.1		-7								219.4921162039		12.11892005		138.393192		52.468715		8.7859831138		6.0441680623		310.08		34.133246		123.444888		33.8643328368		11.928881855		0		6.4116759259

		7/5/98		39.5		5.2		5.05		8.9		1.2		4.6		1.0		0.6		0.2		3.0		1.0		2.3		5.0		4.3				0.8				4.8		2.9				0.7		14.6		16.4		31.1		6								350.426624755		45.90858665		181.3926268		38.5800930006		23.0960637329		9.215210232		118.29776		40.2281484937		89.743605		198.132		170.561		0		30.889

		7/7/98		9		28.4		4.33		47.2		0.8		20.8		5.4		0.7		0.7		24.5		3.0		17.4		26.9		19.8				3.2				21.2		5.4				1.8		73.3		75.7		149.0		2								424.8567371372		7.1442718946		187.580736		48.910914		6.3278959488		6.2889899638		220.41792		26.637408		156.253482		242.00946		178.64127		0		28.461051

		7/10/98		10.5		20		4.46		34.5		0.8		14.9		4.3		0.4		0.4		22.6		4.1		12.5		11.9		11.0				3.3				9.9		3.8				2.1		55.0		55.4		110.4		0								362.4009263026		8.5922266408		156.808428		44.754528		4.6617415172		4.5312992975		236.91192		43.543164		130.8731445		124.74		115.8465		0		34.293

		7/11/98		14.5		15.1		4.48		33.0		1.0		10.3		3.3		0.8		0.8		16.3		2.8		9.2		10.2		6.1				1.3				8.6		2.1				0.9		40.0		49.3		89.3		10								479.0358345034		14.74883015		149.33898		48.504443		11.5803745393		11.473711301		236.44976		41.155002		133.987917		147.702742		88.4336005		0		18.7706975309

		Jt98		82																																																				VWM (µéq/l)		Jt98		22.4		1.1		9.9		2.8		0.7		0.5		13.7		2.3		7.7		9.1		6.9		0.0		1.4

		8/3/98		34.5		3.2		5.13		7.4		0.8		7.2		1.4		1.0		0.4		2.5		0.9		3.4		ND		ND				ND				_		_						6.8		18.3		25.0		46								255.7520332488		28.7171962129		248.837736		48.8476599		35.3299210473		12.4099895045		86.681664		30.912		115.6251285		0		0		0		0

		8/31/98		2.5		9.6		4.62		24.0		1.9		21.8		4.2		2.1		1.6		12.3		3.4		10.7		16.1		13.4				2.9				14.2		5.7				2.1		48.3		55.6		103.9		7								60.1090700002		4.69778225		54.43676		10.515115		5.297975		3.9758897718		30.78992		8.42653		26.646375		40.183935		33.527825		0		7.1267225

		Ao98		37																																																				VWM (µéq/l)		Ao98		8.5		0.9		8.2		1.6		1.1		0.4		3.2		1.1		3.8		16.1		13.4				2.9

		9/7/98		13.3		3.8		5.51		3.1		1.6		14.3		4.8		5.7		2.8		8.1		1.5		5.4		0.5		0.9				0.0				0.5		0.7				0.0		16.1		32.2		48.3		33								41.4812314684		21.79064818		189.5642616		63.5895078		75.3445		36.60827926		107.1052192		19.9055908433		71.2888113		6.1079804214		11.6064111888		0		0

		9/10/98		8				5.02		9.5		1.5		6.8		2.1		2.5		0.4		8.7		0.8		0.2		4.1		3.4				0.0				3.9		2.2				0.0		15.9		22.7		38.6		18								75.6989729093		11.8740544		54.305664		16.6671648		19.74344		3.0418989439		69.90912		6.6200753446		1.9774678182		32.6016599276		27.3577740155		0		0

		9/13/98		4.5		10.2		4.67		21.2		1.2		9.2		2.5		2.6		0.5		14.4		1.2		2.8		7.2		6.7				0.9				6.4		3.1				0.7		28.6		37.1		65.7		13								95.3262510862		5.2034085		41.3028		11.4086934		11.5697925		2.236896091		64.650312		5.5065813968		12.716865		32.430618		30.0792645		0		3.8946666667

		9/14/98		3		10.6		4.67		21.5		2.2		19.2		3.7		2.7		0.9		13.3		1.7		3.7		12.2		10.8				1.9				10.9		4.9				1.4		35.9		50.3		86.1		17								64.5834520417		6.5284836		57.59208		11.072958		8.23548		2.7937136202		39.818976		5.0244963836		11.131407		36.640164		32.402034		0		5.7299814815

		9/15/98		7.5		3.6		4.93		11.9		1.7		9.9		4.8		4.6		2.7		6.9		1.4		2.3		6.8		5.2				1.7				6.4		3.1				1.4		21.4		35.4		56.9		25								89.1376670578		12.37829175		73.88556		35.858745		34.2929625		20.1126525		51.92184		10.1317657883		16.8851025		50.87742		39.3603975		0		12.5712037037

		9/23/98		14		2.1		5.52		3.0		2.0		6.4		3.3		2.8		0.6		3.9		0.8		0.7		0.4		0.5				0.0				0.4		0.5				0.0		6.2		18.1		24.3		49								42.0850682368		28.4806802		89.365024		45.824688		39.45347		8.459056991		54.181344		11.169915115		10.1498543174		5.3348371994		7.4015634891		0		0

		9/27/98		16.5		2		5.64		2.3		1.4		4.6		3.8		4.5		2.7		2.0		1.4		1.0		0.0		0.0				0.0				0.0		0.0				0.0		4.3		19.3		23.7		63		LCh						37.625644188		23.4857271		76.1204136		63.1059		74.5617675		44.2786839		32.7228		22.5629969448		16.4461611618		0		0		0		0

		9/30/98		46.5		2.1		5.32		4.8		1.2		3.1		1.9		2.8		0.4		1.0		0.4		0.6		2.1		2.0				0.0				2.0		1.6				0.0		5.7		14.2		19.9		43								222.56299293		53.97830205		145.4261088		89.0941116		131.8374975		16.5374020882		46.4273267623		20.2763292417		30.0002889718		96.0637156842		94.4503481781		0		0

		S98		113.3																																																				VWM (µéq/l)		S98		5.9		1.4		6.4		3.0		3.5		1.2		4.1		0.9		1.5		2.3		2.1		0.0		0.2

		10/4/98		18		4		4.96		11.0		2.3		8.7		2.6		8.2		1.8		6.3		1.5		6.8		7.6		5.3				0.0				7.2		3.3				0.0		24.9		34.5		59.4		16								197.3660753058		40.51503		156.70368		46.7593776		146.8152		32.8891176		112.650336		26.3470032		121.687272		137.125296		95.688648		0		0

		10/12/98		104		1.6		5.37		4.2		0.8		2.2		1.7		1.1		0.9		0.7		0.5		0.3		0.4		0.7				0.0				0.4		0.6				0.0		2.5		10.9		13.4		63		LCh						441.6043465042		79.9893436003		227.884384		174.7914272		118.28232		95.8891054772		77.4364105994		54.05881351		27.0730873289		44.5613109172		71.2822200957		0		0

		10/14/98		3		3.9		4.95		11.1		ND		ND		ND		ND		ND		2.9		1.0		7.6		10.2		10.6				0.5				9.6		6.5				0.4		28.0		11.1		39.1		-43								33.4288360078		0		0		0		0		0		8.67816		3.0172874188		22.65417		30.476094		31.850163		0		1.5729444444

		10/16/98		7.5		5.6		5.01		9.7		3.1		11.1		3.2		5.2		1.4		4.8		1.4		5.4		9.0		6.1				1.0				8.6		4.0				0.8		24.9		33.7		58.6		15								72.9560417833		23.02421025		83.20158		23.682555		39.2805		10.2724638429		35.8116		10.7216520214		40.145805		67.8051		45.9671925		0		7.13

		10/17/98		12.5		3.7		5.09		8.1		1.4		3.7		1.9		1.8		0.3		3.4		0.7		0.5		3.5		3.9				0.4				3.4		2.7				0.4		11.0		17.2		28.2		22								100.6723051499		17.481005		46.73018		23.985065		22.353125		3.2104406072		41.9896		8.7665820299		6.4117502525		44.2897424984		48.30295		0		5.531712963

		10/18/98		35.5		2.7		5.31		4.9		3.3		2.5		2.5		2.6		0.3		0.9		2.4		0.8		1.8		2.0				0.0				1.7		1.5				0.0		7.4		16.0		23.3		37								175.076700404		116.35669925		87.8703952		88.549851		90.54204		8.9562215444		30.6485540521		86.5274018		27.6973436737		62.991913173		70.2840942216		0		0

		10/19/98		8		3.4		5.41		3.9		2.3		7.6		2.9		10.8		1.9		5.8		1.4		2.2		1.8		5.8				0.9				1.8		4.8				0.9		16.9		29.3		46.2		27								31.0520292793		18.306304		61.17216		22.831536		86.008		15.1499264		46.688512		11.2824768		17.562552		14.4922749521		46.555384		0		7.4451851852

		10/21/98		15		11.8		4.58		26.2		1.7		10.8		3.6		2.1		1.3		7.9		2.0		13.7		11.3		9.9				1.2				9.8		4.0				0.9		38.3		45.6		83.9		9								392.7274512328		24.821922		162.64752		53.76345		31.1856		18.805946891		118.87728		29.50941		205.19919		168.76266		149.19642		0		18.2743518519

		10/22/98		17.5		8.4		4.78		16.6		1.5		4.8		2.2		1.9		0.7		3.4		1.1		11.5		3.7		3.9				0.0				3.4		2.0				0.0		21.4		27.8		49.2		13								291.0972138148		25.8575555		83.93847		38.4702045		34.065325		12.7366121619		59.395		20.0634003864		200.91519		64.232709087		68.865895		0		0

		10/28/98		34		8.9		4.81		15.5		1.8		7.4		2.0		8.8		1.2		5.8		2.8		17.8		3.6		4.8				0.0				3.3		2.6				0.0		32.3		36.7		69.0		6								527.8115833857		59.747554		250.181792		67.2881352		299.5553		42.3552041871		197.007424		95.864496		606.01464		122.9716109811		164.158358		0		0

		10/29/98		18		7.9		6.29		0.5		2.6		63.8		6.3		11.6		4.7		7.3		2.6		12.6		0.0		0.0				0.0				0.0		0.0				0.0		22.4		89.6		112.0		60		vL OA						9.2954946469		46.684971		1148.09184		112.91202		209.4984		85.4688132		130.707648		46.5125472		226.764468		0		0		0		0

		10/30/98		5.5		4.2		5.81		1.6		2.7		17.7		2.7		11.4		2.1		9.0		2.5		11.6		0.0		0.0				0.0				0.0		0.0				0.0		23.2		38.1		61.3		24								8.5578109738		14.9399888		97.109936		14.696396		62.8177		11.4940056		49.553944		13.8951736		63.9018765		0		0		0		0

		Oc98		278.5																																																				VWM (µéq/l)		Oc98		8.2		1.7		8.7		2.4		4.1		1.2		3.3		1.5		5.6		2.7		2.8		0.0		0.1

		11/3/98		17.5		13.8		4.64		23.0		2.8		7.2		2.9		8.1		1.8		13.1		2.1		17.6		9.7		7.1				0.0				8.6		3.1				0.0		44.5		45.7		90.2		1								401.8260134197		48.66921675		125.63894		50.621025		141.435875		31.6456245		229.0358		36.189734		308.5004475		170.118025		124.675705		0		0

		11/4/98		18.5		10.65		4.72		19.0		2.2		7.8		2.5		3.5		1.1		7.6		1.5		11.9		8.4		7.1				0.0				7.6		3.5				0.0		32.1		36.1		68.1		6								350.6603386081		41.22400325		145.165356		45.4412244		64.95807875		19.5881583042		141.317504		28.4779824		220.003665		154.7700935		131.874253		0		0

		11/5/98		11.5		24.5		4.40		40.3		5.2		18.5		4.4		13.3		3.3		OR		3.4		18.7		19.7		15.4				2.7				16.1		4.7				1.6		44.6		85.1		129.7		31		NO3 OR						463.1245894743		60.2444405		212.37832		50.828804		153.238075		38.3200309		0		39.323606		215.2801035		226.937964		177.4555455		0		30.606882

		11/11/98		33.5		8.2		4.94		11.4		1.9		8.7		3.1		4.0		1.0		5.7		0.6		7.6		10.8		7.4				0.0				10.1		4.5				0.0		28.5		30.2		58.8		3								381.983678833		65.05398835		292.971168		103.647258		135.36814		33.4010994455		191.162792		20.3117794114		253.769334		361.662114		248.066227		0		0

		11/12/98		4.8		16.1		4.70		19.8		2.5		17.4		3.8		6.3		1.8		13.7		1.1		11.7		17.4		14.6				1.3				15.7		6.9				1.0		50.0		51.6		101.6		2								95.1132972386		11.99186064		83.3301504		18.4418208		30.39288		8.50207488		65.5915008		5.1435507052		56.093184		83.6477664		70.2043968		0		6.0501925926

		11/13/98		2.3		7.7		4.57		26.9		7.6		13.6		8.1		4.4		1.2		8.3		0.7		8.1		17.7		16.3				1.3				15.4		6.5				0.9		40.0		61.7		101.7		21		H H+						61.9053004903		17.5347722		31.1809344		18.662085		10.086834		2.6483743918		19.131952		1.7162719175		18.6201813		40.70517		37.519969		0		3.0858333333

		Nv98		88.1																																																				VWM (µéq/l)		Nv98		19.9		2.8		10.1		3.3		6.1		1.5		8.4		1.5		12.2		11.8		9.0		0.0		0.5

		Zoétélé 99

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		1/3/99		2				4.44		36.3		4.7		39.8		10.4		20.6		9.4		OR		6.3		19.7		31.5		22.9		ND		3.9		ND		26.6		8.1		ND		2.5		63.2		121.2		184.4		31		NO3 OR, H H+						72.615610954		9.46		79.52		20.89646		41.1646		18.839828		0		12.544		39.346608		62.94552		45.7538		0		7.853028

		1/29/99		15.7		26.5		5.21		6.2		19.9		31.5		23.0		48.4		13.0		27.7		14.8		22.4		26.0		18.5		0.5		5.3		25.4		25.2		14.2		0.4		4.9		135.0		142.0		277.0		3								96.8054152923		312.5713		494.1104		360.8488		759.88		204.6966		435.3296		232.1088		351.7899		408.6082		290.921		7.9128		83.7752

		Jv99		17.7																																																				VWM (µéq/l)		Jv99		9.6		18.2		32.4		21.6		45.3		12.6		27.7		13.8		22.1		26.6		19.0		0.5		5.2

		2/4/99		18.6		17.7		6.19		0.6		60.5		8.3		24.5		25.7		8.4		26.5		21.3		7.6		0.7		ND		0.0		0.9		76.6		0.7		ND		0.0		0.8		133.4		128.1		261.6		-2								12.00916866		1126.1184		154.1568		456.0348		478.02		157.0956		492.528		395.808		140.616		12.276		0		0		15.8286

		2/8/99		54.6		4.6		5.51		3.1		4.7		9.0		3.4		5.3		1.6		7.0		4.7		4.3		1.2		1.6		0.1		1.3		20.5		1.2		1.4		0.1		1.2		40.5		27.1		67.6		-20								168.7301306152		258.258		492.2736		185.9676		286.65		89.544		380.8896		258.3672		237.3462		67.2672		89.1072		4.5864		70.3248

		2/21/99		19.4		14.6		4.85		14.1		4.8		26.7		8.6		13.8		4.8		14.5		6.0		10.0		24.8		ND		0.7		4.4		23.1		23.2		ND		0.4		3.6		80.7		72.8		153.5		-5								274.0322836568		92.5962		518.2128		167.4608		266.75		93.8572		281.5328		115.7016		193.1076		481.8572		0		12.7652		85.2242

		2/22/99		23.3		13		5.02		9.5		7.4		25.6		6.7		16.9		3.9		14.6		5.3		12.1		24.2		ND		0.5		2.1		23.2		23.1		ND		0.4		1.8		80.4		70.1		150.5		-7								222.513272543		173.3287		597.5984		155.0848		392.605		91.7088		340.7392		122.6512		281.3475		563.3474		0		12.7218		48.231

		2/25/99		4.1		20.7		5.27		5.4		12.5		38.6		7.4		75.1		12.2		38.0		10.5		26.9		50.2		17.4		0.9		5.4		19.6		48.8		13.7		0.7		5.0		163.3		151.1		314.4		-4								22.0183036512		51.127		158.1944		30.1678		307.91		50.0938		155.9968		43.1648		110.1219		205.656		71.3728		3.5588		22.2548

		2/28/99		4.5		20.5		4.98		10.5		12.4		41.9		11.4		45.6		11.3		34.0		10.8		19.3		47.5		ND		0.0		5.5		24.1		45.1		ND		0.0		4.8		138.0		133.2		271.2		-2								47.1207846623		55.9215		188.748		51.363		205.2		50.922		152.784		48.51		87.0345		213.642		0		0		24.9435

		Fv99		124.5																																																				VWM (µéq/l)		Fv99		6.0		14.1		16.9		8.4		15.6		4.3		14.5		7.9		8.4		12.4		2.7		0.3		2.1

		3/1/99		11.2		5.6		5.18		6.6		1.3		7.2		2.4		7.5		2.1		8.8		1.6		5.2		4.7		4.4		0.1		1.4		18.3		4.5		3.3		0.1		1.3		43.1		27.0		70.1		-23								73.9976661769		14.448		80.9088		26.4992		83.44		22.96		98.9184		17.5616		58.0944		52.2368		49.1232		0.9408		15.9712

		3/4/99		32.5		7		6.02		1.0		1.8		26.0		5.9		14.9		4.9		16.1		2.9		12.3		0.7		0.5		0.0		0.2		27.0		0.7		0.5		0.0		0.2		59.7		54.4		114.1		-5								31.0372590457		57.2975		844.48		191.815		484.25		159.9		522.6		94.64		400.6275		22.165		16.575		0		6.7275

		3/5/99		5.6		10		6.17		0.7		3.8		32.8		8.4		24.6		6.1		24.8		5.3		13.7		0.6		1.0		0.0		0.6		32.0		0.6		0.9		0.0		0.6		77.9		76.3		154.1		-1								3.7860646622		21.1904		183.7696		47.0288		137.48		33.9808		138.7904		29.792		76.44		3.5728		5.3312		0		3.22

		3/10/99		6.2		17.2		4.69		20.4		1.5		41.3		5.1		11.1		4.0		18.2		3.2		15.4		32.2		15.8		0.8		3.5		16.4		29.2		7.8		0.4		2.7		93.3		83.5		176.9		-6								126.5877525695		9.5976		256.2336		31.7564		68.82		24.9116		112.7904		20.1376		95.4366		199.826		98.1274		4.6872		21.6752

		3/12/99		18.3		11.4		4.76		17.4		5.0		17.0		2.8		3.4		1.1		10.4		2.5		7.6		14.4		10.7		0.4		2.2		14.9		13.3		5.7		0.2		1.8		56.3		46.7		103.0		-9								318.0175516611		91.2804		311.5392		50.4348		62.22		21.0084		189.4416		46.116		138.7323		263.703		195.0597		6.6612		40.8273

		3/13/99		2.8		17.9		4.55		28.2		1.0		26.7		3.1		3.8		1.4		19.5		3.1		7.2		20.6		ND		0.0		2.7		17.0		18.1		ND		0.0		1.9		66.8		64.3		131.1		-2								78.9147220754		2.8896		74.7936		8.8088		10.64		3.9032		54.656		8.5456		20.2272		57.7192		0		0		7.6636

		3/19/99		6		13.3		6.31		0.5		5.5		43.0		10.5		39.3		13.1		41.0		9.7		16.5		0.0		0.1		0.0		0.3		52.6		0.0		0.1		0.0		0.3		120.1		111.9		231.9		-4								2.9386729162		33.024		257.712		63.024		235.8		78.72		245.952		57.96		98.784		0		0.408		0		1.518

		3/20/99		6.5		5.5		5.67		2.1		1.8		11.8		4.1		13.9		3.0		11.3		3.2		6.8		0.1		0.1		0.0		0.0		23.6		0.1		0.1		0.0		0.0		45.2		36.7		81.9		-10								13.8967535818		12.0185		76.804		26.533		90.35		19.188		73.528		20.748		44.499		0.572		0.7735		0		0.299

		Ms99		89.1																																																				VWM (µéq/l)		Ms99		7.3		2.7		23.4		5.0		13.2		4.1		16.1		3.3		10.5		6.7		4.2		0.1		1.1

		4/1/99		52		5.8		5.9		1.3		12.1		20.0		8.5		11.0		2.4		5.2		10.2		5.4		0.2		ND		0.0		0.1		26.3		0.2		ND		0.0		0.1		47.5		55.2		102.7		8								65.4641214133		630.552		1039.584		440.752		569.4		123.656		269.568		532.896		281.736		11.44		0		0		7.176

		4/7/99		14.8		7.1		6.1		0.8		3.6		16.2		6.8		28.8		5.8		13.2		4.7		9.4		0.0		0.1		0.0		0.1		41.9		0.0		0.1		0.0		0.1		69.3		61.9		131.2		-6								11.7560578739		53.4576		239.5232		100.048		425.5		86.1656		194.8864		69.6192		138.6168		0.6512		1.0064		0		1.3616

		4/11/99		31.8		3.7		5.97		1.1		1.8		8.2		2.6		16.1		2.5		5.5		2.5		4.7		0.1		0.1		0.0		0.0		19.4		0.1		0.1		0.0		0.0		32.2		32.4		64.6		0								34.0743139066		58.7982		261.7776		83.5068		510.39		80.8356		174.0096		79.2456		148.9194		2.0988		2.1624		0		1.4628

		4/13/99		17.7		5.2		5.8		1.6		1.7		19.5		4.4		8.9		3.5		12.1		3.1		9.0		0.1		0.1		0.0		0.1		13.8		0.1		0.1		0.0		0.1		38.2		39.6		77.8		2								28.0526095066		30.444		344.9376		77.7738		156.645		62.4102		214.6656		54.516		158.7159		1.1682		2.1063		0		1.2213

		4/16/99		10		7.8		6.13		0.7		8.8		14.9		10.9		20.3		6.6		14.5		11.2		7.2		0.2		ND		0.0		0.0		29.1		0.2		ND		0.0		0.0		62.2		62.2		124.4		-0								7.413102413		88.15		148.96		108.94		202.5		65.6		144.8		112.28		71.82		1.54		0		0		0.46

		4/21/99		8.5		4.3		5.58		2.6		1.2		11.0		1.7		8.8		1.6		11.0		2.5		4.3		0.1		0.1		0.0		0.0		10.2		0.1		0.1		0.0		0.0		28.2		27.0		55.2		-2								22.3572779311		10.234		93.772		14.586		74.375		13.94		93.296		21.658		36.771		0.748		0.578		0		0.391

		4/22/99		36.5		3.6		5.53		3.0		2.0		1.1		2.9		10.8		1.6		5.0		1.8		4.1		0.2		0.3		0.0		0.2		12.8		0.2		0.3		0.0		0.2		24.4		21.2		45.6		-7								107.7191367733		72.197		38.836		104.39		392.375		56.867		183.376		65.408		151.0005		8.03		12.41		0		7.5555

		4/25/99		4.3		2.6		5.75		1.8		0.6		5.9		1.6		6.4		1.1		3.5		1.3		1.7		0.0		0.0		0.0		0.0		11.7		0.0		0.0		0.0		0.0		18.2		17.4		35.6		-3								7.6466014632		2.7735		25.284		6.8198		27.52		4.5838		15.0672		5.6588		7.224		0		0		0		0

		4/26/99		11.4		3.8		5.88		1.3		1.8		8.1		1.9		14.1		1.6		7.2		1.9		4.3		0.2		0.1		0.0		0.0		13.3		0.2		0.1		0.0		0.0		27.0		28.8		55.8		3								15.0281268195		20.5884		92.568		21.6372		160.17		18.696		81.8976		21.7056		49.3164		2.0064		0.969		0		0.5244

		4/29/99		13.5		4.1		5.25		5.6		1.0		1.0		2.0		6.4		1.6		8.7		0.9		2.3		0.0		0.1		0.0		0.1		8.0		0.0		0.1		0.0		0.1		20.1		17.5		37.6		-7								75.9160789007		13.3515		12.852		26.325		85.725		22.14		117.936		11.718		31.185		0.594		1.1475		0		1.242

		Av99		200.5																																																				VWM (µéq/l)		Av99		1.9		4.9		11.5		4.9		13.0		2.7		7.4		4.9		5.4		0.1		0.1		0.0		0.1

		5/6/99		13.8		3.4		5.83		1.5		1.2		9.4		2.3		9.3		1.6		8.1		1.8		3.6		0.1		0.1		0.0		0.0		13.4		0.1		0.0		0.0		0.0		27.1		25.3		52.4		-4								20.4116957567		16.0218		129.8304		31.9332		127.65		22.632		112.3872		24.3432		49.5558		1.518		0.7038		0		0.6348

		5/7/99		39		4.2		6.01		1.0		1.5		9.6		2.5		14.7		3.9		7.7		1.5		3.5		0.2		0.2		0.0		0.0		20.1		0.2		0.2		0.0		0.0		33.3		33.2		66.6		-0								38.1122516173		57.018		375.648		98.358		573.3		153.504		301.392		58.968		137.592		8.58		6.63		0		1.794

		5/13/99		19.3		9.4		5.57		2.7		31.3		16.9		19.4		6.9		1.6		2.8		21.2		4.4		6.3		3.6		0.0		0.6		11.1		6.2		3.2		0.0		0.6		49.5		78.8		128.3		23		L OA, H Na						51.9466217158		604.9971		325.3208		374.8446		132.205		31.652		53.4224		409.6232		85.113		121.4356		70.2134		0		11.5414

		Mai99		72.1																																																				VWM (µéq/l)		Mai99		1.5		9.4		11.5		7.0		11.6		2.9		6.5		6.8		3.8		1.8		1.1		0.0		0.2

		7/3/99		13.5		3.6		6.03		0.9		7.0		13.0		5.7		4.6		2.0		2.9		8.0		2.3		0.0		0.0		0.0		0.3		22.0		0.0		0.0		0.0		0.2		35.5		33.2		68.8		-3								12.5989330608		94.041		176.148		77.22		62.1		26.568		39.312		108.108		31.4685		0		0		0		3.4155

		7/4/99		5		7.6		5.92		1.2		18.8		20.4		10.3		11.3		2.1		5.2		15.6		6.4		0.2		1.0		0.1		0.2		37.9		0.2		0.9		0.1		0.2		66.5		64.1		130.7		-2								6.0113221731		94.17		102.2		51.74		56.25		10.25		26.24		77.98		32.025		0.77		4.76		0.7		1.15

		5-6/07/1999		20.5		5		5.71		1.9		4.0		12.3		6.1		6.1		1.7		10.1		4.7		6.7		0.0		0.0		0.0		0.1		14.9		0.0		0.0		0.0		0.1		36.5		32.2		68.7		-6								39.971814295		82.861		252.56		124.722		125.05		35.301		207.296		95.858		136.4685		0		0		0		2.829

		7/7/99		9		6.8		6		1.0		25.4		18.6		15.4		12.2		7.3		3.1		17.0		2.7		0.0		0.0		0.0		0.5		27.9		0.0		0.0		0.0		0.5		51.1		79.9		131.0		22		L OA						9		228.717		167.328		138.762		109.8		65.682		27.504		152.964		24.381		0		0		0		4.14

		7/8/99		26		6.4		6.26		0.5		12.6		23.6		7.3		5.8		2.1		3.3		11.7		3.7		0.0		0.0		0.0		0.2		31.4		0.0		0.0		0.0		0.2		50.3		51.8		102.1		2								14.2880627203		327.574		612.976		188.604		150.8		53.3		84.864		305.032		96.096		0		0		0		5.382

		7/9/99		12		5		5.66		2.2		11.4		14.4		7.9		5.4		3.0		7.9		4.1		3.9		0.0		0.3		0.0		0.4		23.9		0.0		0.3		0.0		0.4		40.5		44.3		84.7		4								26.2531394874		136.224		173.376		95.16		64.8		35.424		94.272		49.728		47.376		0		4.08		0		4.416

		7/12/99		8.4		10.4		6.39		0.4		31.3		13.1		16.3		26.8		3.0		1.8		29.8		8.3		0.0		0.0		0.0		0.5		47.9		0.0		0.0		0.0		0.5		88.2		91.0		179.1		2								3.4219943336		262.9536		110.0736		137.1552		225.12		25.4856		15.0528		250.0176		69.678		0		0		0		3.864

		7/16/99		15.8		4.8		5.12		7.6		2.4		5.7		1.8		1.7		0.7		2.3		2.2		2.7		5.8		3.7		0.1		1.1		11.8		5.6		2.7		0.1		1.0		28.3		20.0		48.3		-17								119.8552568546		38.0464		90.2496		28.756		26.86		11.6604		35.8976		34.0648		42.4704		91.0712		58.5548		2.212		17.8066

		Jt99		110.2																																																				VWM (µéq/l)		Jt99		2.1		11.5		15.3		7.6		7.4		2.4		4.8		9.7		4.4		0.8		0.6		0.0		0.4

		8/12/99		7		8.9		5.96		1.1		6.0		13.7		5.4		4.0		1.3		5.3		7.1		2.2		0.0		0.3		0.0		0.1		14.0		0.0		0.2		0.0		0.1		28.9		31.5		60.4		4								7.675347373		42.14		95.648		38.038		27.65		9.184		36.96		49.784		15.435		0		1.785		0		0.644

		8/15/99		42		9.9		6.42		0.4		16.5		6.3		13.3		58.7		3.9		0.4		22.0		12.6		0.0		0.0		0.0		0.5		81.9		0.0		0.0		0.0		0.5		117.3		99.1		216.4		-8								15.9679546455		693.504		263.424		560.196		2465.4		161.868		16.128		921.984		528.318		0		1.428		0		21.252

		8/19/99		35.5		7.6		6.45		0.4		7.1		5.1		7.9		44.6		1.7		0.3		8.0		5.1		0.0		0.0		0.0		0.2		62.2		0.0		0.0		0.0		0.2		75.8		66.8		142.6		-6								12.5958753178		251.8725		180.908		280.592		1583.3		61.131		10.224		282.296		182.6475		0		0		0		7.3485

		8/21/99		14.5		7.5		5.88		1.3		6.9		12.9		4.9		4.7		1.6		3.5		4.9		1.1		0.4		ND		0.0		0.5		84.7		0.4		ND		0.0		0.5		95.0		32.4		127.3		-49		L OA						19.1147227091		100.3835		186.76		71.253		68.15		23.78		50.344		71.05		15.225		6.061		0		0		6.67

		8/30/99		21.3		19.4		6.28		0.5		40.2		24.6		33.9		16.3		7.2		3.9		35.1		5.3		0.0		0.0		0.0		1.9		93.6		0.0		0.0		0.0		1.9		139.7		122.8		262.5		-6								11.1783989033		855.4506		524.832		722.709		347.19		153.7008		82.1328		746.6928		113.1669		0		0		0		41.1516

		8/31/99		7.4		8.4		6.14		0.7		20.8		21.2		11.5		9.7		4.0		3.4		18.6		4.2		0.0		2.6		0.3		0.4		59.9		0.0		2.5		0.3		0.4		89.4		67.9		157.3		-14								5.3608261046		153.6906		156.6432		85.4256		71.78		29.7332		24.9824		137.9952		31.08		0		19.499		2.4864		3.2338

		Ao99		127.7																																																				VWM (µéq/l)		Ao99		0.6		16.4		11.0		13.8		35.7		3.4		1.7		17.3		6.9		0.0		0.2		0.0		0.6

		9/3/99		52		5.1		5.94		1.1		9.5		18.3		5.7		3.5		1.0		4.0		6.7		2.9		0.0		0.4		0.0		0.1		31.6		0.0		0.3		0.0		0.1		45.6		39.1		84.7		-8								59.7039883178		494.156		949.312		298.792		182		51.168		209.664		346.528		148.512		0		18.564		0		3.588

		9/4/99		50.5		4.9		5.83		1.5		6.8		8.0		3.5		4.3		0.7		1.3		8.4		1.4		0.1		ND		0.3		0.2		33.7		0.1		ND		0.2		0.2		45.3		24.8		70.1		-29								74.6949736025		345.2685		401.576		177.255		217.15		37.269		67.872		422.786		73.1745		3.333		0		12.726		9.292

		9/7/99		57.7		5.8		6.04		0.9		7.1		7.1		7.5		1.6		1.2		2.8		4.0		2.1		0.0		0.0		0.0		0.1		23.6		0.0		0.0		0.0		0.1		32.6		25.4		58.0		-12								52.6230254308		411.8626		407.1312		433.5578		89.435		70.971		164.3296		229.4152		118.7466		2.5388		0		0		3.9813

		9/8/99		59.5		2.7		5.31		4.9		0.5		0.5		0.7		1.1		0.4		4.2		0.7		0.8		0.0		0.1		0.0		0.0		17.8		0.0		0.1		0.0		0.0		23.6		8.0		31.6		-49								291.4183975242		30.702		29.988		38.675		62.475		24.395		247.52		41.65		49.98		2.618		4.046		0		0

		9/9/99		98		3.1		5.42		3.8		1.3		3.1		1.9		0.8		0.5		3.6		1.9		2.7		0.0		0.0		0.0		0.0		20.2		0.0		0.0		0.0		0.0		28.4		11.4		39.8		-43								372.5856083941		126.42		307.328		183.456		78.4		48.216		354.368		189.336		267.54		0		0		0		0

		9/10/99		23.5		5.6		5.75		1.8		3.4		1.2		2.2		1.2		0.7		1.0		2.6		0.8		0.0		ND		0.0		0.1		18.2		0.0		ND		0.0		0.1		22.7		10.4		33.1		-37								41.7895661359		80.84		28.952		51.324		27.025		15.416		23.688		61.194		18.753		1.034		0		0		1.6215

		9/13/99		8.5		4.6		5.38		4.2		1.1		10.6		1.7		3.5		1.1		13.6		2.0		2.5		0.1		0.3		0.0		0.0		14.7		0.1		0.2		0.0		0.0		33.1		22.2		55.4		-20								35.433897595		9.503		90.44		14.365		29.325		9.758		116.008		17.136		21.2415		0.935		2.312		0		0

		9/22/99		35.5		2.2		5.57		2.7		0.4		5.4		0.4		0.9		0.2		2.0		0.7		0.5		0.0		0.4		0.0		0.0		16.8		0.0		0.3		0.0		0.0		20.3		10.0		30.3		-34								95.5494855394		15.265		190.848		12.922		31.95		8.733		69.296		25.844		19.383		0		13.8805		0		0

		S99		385.2																																																				VWM (µéq/l)		S99		2.7		3.9		6.2		3.1		1.9		0.7		3.3		3.5		1.9		0.0		0.1		0.0		0.0

		10/4/99		4		11.9		6.14		0.7		16.8		12.7		5.6		5.4		1.3		0.9		16.4		2.1		0.0		0.0		0.0		0.2		44.6		0.0		0.0		0.0		0.2		64.3		42.4		106.7		-20		H Carbo						2.8977438403		67.08		50.624		22.256		21.6		5.248		3.712		65.52		8.484		0		0		0		0.828

		10/10/99		17.5		40.2		6.99		0.1		27.3		164.9		73.9		17.9		4.2		6.8		56.9		8.7		0.0		0.2		0.0		0.2		281.2		0.0		0.2		0.0		0.2		354.1		288.2		642.3		-10								1.7907627365		477.085		2886.1		1293.565		312.375		73.185		119		996.17		152.5125		0		4.165		0		3.6225

		10/12/99		24.2		10.7		5.82		1.5		5.5		11.4		4.3		3.5		1.2		5.4		2.2		1.9		0.0		0.1		0.0		0.3		26.5		0.0		0.1		0.0		0.2		36.3		27.5		63.8		-14								36.6281822122		134.2374		275.1056		105.0764		84.7		29.766		129.712		52.1752		46.2462		1.0648		2.057		0		6.1226

		10/13/99		6		4.1		5.54		2.9		2.0		9.7		1.6		1.9		0.9		6.5		2.2		3.1		0.0		0.1		0.0		0.0		19.9		0.0		0.1		0.0		0.0		31.9		19.0		50.9		-25								17.3041890188		11.868		58.464		9.672		11.4		5.412		39.264		13.272		18.648		0.264		0.612		0		0

		10/19/99		43.5		1.7		5.71		1.9		1.5		5.5		0.8		0.7		0.3		0.5		1.3		0.4		0.0		0.8		0.0		0.0		20.2		0.0		0.7		0.0		0.0		23.1		10.8		33.9		-36								84.8182400895		67.338		238.728		35.061		28.275		14.268		20.184		57.246		17.3565		1.914		34.017		0		0

		10/20/99		6.3		1.8		5.54		2.9		0.3		2.5		0.3		0.6		0.2		1.0		0.4		0.3		0.0		0.1		0.0		0.0		10.2		0.0		0.1		0.0		0.0		12.1		6.9		19.0		-27								18.1693984697		2.1672		15.876		2.1294		3.78		1.5498		6.4512		2.646		2.1168		0		0.5355		0		0

		10/21/99		6.7		2.8		5.3		5.0		0.5		1.4		0.6		0.9		0.3		3.1		0.9		0.6		0.1		0.2		0.0		0.0		11.6		0.1		0.2		0.0		0.0		16.5		8.7		25.3		-31								33.579544653		3.4572		9.38		3.8324		6.03		2.1976		21.0112		6.0032		3.9396		0.8844		1.4807		0		0

		10/24/99		11.5		13.4		6.47		0.3		16.2		7.4		17.8		56.9		4.9		0.3		9.4		5.9		0.0		1.1		0.0		0.4		102.4		0.0		1.1		0.0		0.4		119.6		103.5		223.2		-7								3.8967077956		185.932		85.652		204.217		654.35		56.58		3.496		108.514		68.3445		0		12.7075		0		5.0255

		10/25/99		34.1		6		5.95		1.1		5.3		2.6		3.7		1.2		0.4		2.6		4.1		1.4		0.0		ND		0.0		0.1		12.3		0.0		ND		0.0		0.1		20.5		14.3		34.8		-18								38.2608292917		180.3549		89.7512		125.0106		39.215		13.981		90.024		140.3556		46.5465		0		0		0		3.9215

		Oc99		153.8																																																				VWM (µéq/l)		Oc99		1.5		7.3		24.1		11.7		7.6		1.3		2.8		9.4		2.4		0.0		0.5		0.0		0.1

		11/5/99		34		2.6		5.75		1.8		1.2		4.4		0.8		2.3		0.3		2.6		1.5		1.0		0.0		0.1		0.0		0.0		11.6		0.0		0.1		0.0		0.0		16.7		10.7		27.4		-22								60.4614999413		42.398		148.512		25.636		76.5		11.152		87.584		49.504		32.844		0		2.89		0		0

		11/14/99		2		14.4		5.74		1.8		3.5		11.1		3.0		6.4		1.6		12.0		6.2		7.1		0.0		ND		0.0		0.1		18.2		0.0		ND		0.0		0.1		43.6		27.5		71.1		-23								3.6394017172		7.052		22.176		5.98		12.8		3.28		23.968		12.376		14.28		0		0		0		0.184

		11/19/99		23		3.3		5.37		4.3		0.7		4.8		0.9		2.1		0.6		5.6		0.9		3.7		0.1		0.1		0.0		0.0		10.2		0.1		0.1		0.0		0.0		20.6		13.2		33.8		-22								98.1132893244		16.813		109.48		19.734		47.15		13.202		128.432		20.608		85.491		1.518		1.955		0		0

		11/20/99		20.5		7.6		5.41		3.9		1.5		10.7		2.3		3.5		1.1		10.2		2.6		6.3		0.2		ND		0.0		0.0		13.1		0.2		ND		0.0		0.0		32.4		23.0		55.5		-17								79.7542547238		30.8525		219.268		46.904		71.75		23.534		208.936		53.382		129.15		3.157		0		0		0.943

		11/22/99		12.5		8.2		5.28		5.2		3.0		9.5		3.2		4.4		1.6		9.7		4.0		5.9		0.1		ND		0.0		0.1		14.5		0.1		ND		0.0		0.1		34.2		26.9		61.1		-12								65.6009325312		37.625		118.3		39.65		54.375		20.5		120.8		50.05		73.2375		1.1		0		0		0.8625

		11/25/99		18.8		10.5		5.99		1.0		28.1		26.3		18.8		5.5		4.8		3.8		43.5		6.5		0.0		0.0		0.0		1.4		37.2		0.0		0.0		0.0		1.4		92.4		84.5		176.9		-4								19.2379082549		527.8852		494.816		353.4024		102.46		90.9544		71.8912		817.4992		122.388		0		0		0		25.944

		11/28/99		3.5		10.6		5.77		1.7		3.0		28.1		6.5		23.8		10.1		31.1		5.8		17.1		0.0		0.0		0.0		0.1		25.7		0.0		0.0		0.0		0.1		79.8		73.0		152.8		-4								5.9438527836		10.3845		98.196		22.659		83.125		35.301		108.696		20.384		59.976		0		0		0		0.322

		Nv99		114.3																																																				VWM (µéq/l)		Nv99		2.9		5.9		10.6		4.5		3.9		1.7		6.6		9.0		4.5		0.1		0.1		0.0		0.2

		Zoétélé 00

		Date		P(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag

		2/8/00		60.6		11.4		6.26		0.5		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		0.0		0.0		0.0		0.1		34.5		0.0		0.0		0.0		0.1		48.2		34.7		82.8		-16

		Fv00		60.6																																																				VWM (µéq/l)		Fv00		0.5		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		0.0		0.0		0.0		0.1

		3/16/00		10.1		43.4		7.1		0.1		12.2		52.6		83.9		239.0		104.8		49.0		30.8		37.9		0.0		0.0		0.0		1.4		233.5		0.0		0.0		0.0		1.4		352.6		492.5		845.1		17		H Cat						0.8022715171		122.9069		531.0984		847.1476		2413.395		1058.4396		495.1424		310.7972		383.0526		0		0		0		13.938

		3/25/00		17.7		14.8		6.68		0.2		11.6		35.0		10.3		75.3		19.4		27.2		12.0		19.6		0.2		0.7		0.0		0.3		70.8		0.2		0.7		0.0		0.3		130.8		151.9		282.7		7								3.6980541516		204.7359		619.5		183.1596		1332.81		343.9818		481.1568		213.108		347.1678		3.1152		12.3369		0		5.2923

		3/26/00		26.9		11.1		6.41		0.4		4.5		16.2		2.9		38.7		5.4		15.5		5.2		8.0		0.3		0.9		0.0		0.1		38.2		0.3		0.9		0.0		0.1		68.2		68.1		136.3		-0								10.4653144003		120.2968		436.856		77.6334		1041.03		145.5828		415.7664		140.8484		215.7918		7.1016		23.7796		0		3.0935

		3/27/00		25.5		6		6.07		0.9		8.1		5.4		6.3		6.6		2.2		1.7		11.0		1.8		0.0		ND		0.0		0.4		26.0		0.0		ND		0.0		0.4		40.9		29.5		70.4		-16								21.7040199742		207.2385		138.516		161.109		168.3		56.457		42.432		279.888		47.124		0		0		0		10.557

		3/28/00		16.1		26.7		6.27		0.5		108.3		12.2		67.7		24.7		14.9		9.7		102.8		20.3		0.0		0.0		0.0		1.4		79.3		0.0		0.0		0.0		1.3		213.4		228.3		441.7		3								8.6462119216		1743.2114		195.6472		1090.453		397.67		240.2764		155.5904		1654.436		327.6189		0		0		0		21.8477

		3/31/00		16.8		9.2		6.02		1.0		2.9		7.3		2.3		12.8		1.2		3.1		3.6		2.5		0.0		3.3		0.0		0.1		25.8		0.0		3.2		0.0		0.1		38.3		27.4		65.7		-17								16.0438754452		48.4008		122.304		38.4384		215.04		20.664		52.6848		61.152		41.2776		0		56.2632		0		1.1592

		Ms00		113.1																																																				VWM (µéq/l)		Ms00		0.5		21.6		18.1		21.2		49.2		16.5		14.5		23.5		12.0		0.1		1.1		0.0		0.5

		4/3/00		67.3		3.2		5.44		3.6		0.7		2.3		0.8		4.0		0.8		4.6		1.3		2.4		0.1		0.4		0.0		0.0		11.2		0.1		0.3		0.0		0.0		20.0		12.3		32.3		-24								244.3515308603		49.1963		154.5208		52.494		269.2		55.186		306.888		90.4512		163.9428		7.403		27.4584		0		0

		4/8/00		4.1		12.4		6.58		0.3		7.9		36.3		8.5		32.3		4.4		6.2		13.4		3.5		0.0		0.0		0.0		0.1		65.0		0.0		0.0		0.0		0.1		88.1		89.7		177.7		1								1.0784098767		32.2629		148.7808		34.8582		132.43		18.1548		25.256		54.8744		14.3787		0		0		0		0.2829

		4/9/00		11.8		7.4		5.09		8.1		1.2		11.0		0.8		4.5		0.9		4.1		1.5		1.6		13.7		4.9		0.2		0.4		12.9		13.1		3.5		0.1		0.4		37.1		26.5		63.6		-17								95.9140009074		14.7146		130.1776		8.8972		52.51		10.6436		48.8992		17.1808		18.3372		161.2116		57.3716		2.1476		4.8852

		4/25/00		40.2		4.2		5.57		2.7		3.5		3.4		2.3		7.8		1.3		3.8		3.0		2.2		0.3		1.0		0.0		0.1		18.0		0.3		0.8		0.0		0.1		28.2		21.1		49.3		-15								108.1996991179		141.7452		137.3232		93.0228		313.56		52.7424		154.368		119.3136		89.4852		11.4972		38.2704		0		2.7738

		4/27/00		12.8		5.7		6.05		0.9		4.8		2.4		5.7		23.2		4.4		7.9		4.8		3.4		0.0		0.0		0.0		0.1		29.3		0.0		0.0		0.0		0.1		45.6		41.4		87.0		-5								11.4080120081		61.6448		30.1056		73.216		296.96		56.6784		101.1712		61.6448		43.8144		0		0		0		1.472

		Av00		136.2																																																				VWM (µéq/l)		Av00		3.4		2.2		4.4		1.9		7.8		1.4		4.7		2.5		2.4		1.3		0.9		0.0		0.1
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VWMDBRes

								Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

								Calcul VWM avec prise en cpte Rmqs ci-dessus

								i,e, ecarter elt OR ou ND et Moy si 2 ech pr 1 pluie

								Pmens		Pévé		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		VWM (µéq/l)		S96		S		372.5		320.5		11.6		2.1		3.9		3.2		2.5		1.3		3.9		1.8		1.3		4.9		2.9		-		-

		VWM (µéq/l)		Oc96		Oc		403.9		368.8		9.6		1.7		3.9		2.0		3.0		1.4		3.6		1.3		2.1		5.1		3.0		-		-

		VWM (µéq/l)		Nv96		Nv		71.6		68		36.2		3.5		23.7		6.9		13.0		4.8		30.1		4.7		17.1		25.6		8.6		-		-

		VWM (µéq/l)		Dc96		Dc		9.8		9.4		37.4		2.1		22.3		7.9		6.0		4.6		21.5		3.1		22.7		17.1		7.1		-		-

		VWM (µéq/l)		Ms97		Ms		136.2		96		2.3		5.2		54.9		5.4		26.1		11.0		19.5		5.8		16.7		-		-		-		-

		VWM (µéq/l)		Av97		Av		211.6		139.4		2.5		1.1		7.0		1.7		13.6		1.0		5.2		1.2		3.2		-		-		-		-

		VWM (µéq/l)		Mai97		Mai		250.4		58		1.5		0.5		3.2		1.3		13.4		1.1		1.8		0.8		1.9		-		-		-		-

		VWM (µéq/l)		Jn97		Jn		133.5		69		3.8		0.9		7.3		1.7		2.5		0.8		5.1		1.7		4.5		-		-		-		-

		VWM (µéq/l)		Jt97		Jt		186.8		178.8		7.5		1.0		10.8		2.6		1.5		0.6		10.2		1.6		7.1		-		-		-		-

		VWM (µéq/l)		Ao97		Ao		259.4		201.8		5.8		0.6		4.5		1.0		0.7		0.5		5.1		2.0		1.7		-		-		-		-

		VWM (µéq/l)		S97		S		222.8		94.2		4.2		0.7		6.8		1.3		1.8		0.7		6.0		2.2		2.3		-		-		-		-

		VWM (µéq/l)		Oc97		Oc		223		40.5		6.1		1.7		2.7		1.3		1.4		0.6		4.9		2.2		0.9		-		-		-		-

		VWM (µéq/l)		Nv97		Nv		126.3		103.5		2.9		0.9		2.4		16.8		7.0		5.9		4.1		6.6		3.2		-		-		-		-

		VWM (µéq/l)		Ms98		Ms		101.7		62		12.2		4.5		28.8		8.5		39.2		6.5		14.5		5.1		11.8		26.3		16.5		-		3.2

		VWM (µéq/l)		Av98		Av		266.7		204.1		11.1		1.1		9.7		8.2		8.0		2.1		7.0		2.7		4.2		12.9		9.0		-		0.8

		VWM (µéq/l)		Mai98		Mai		177.3		177.7		12.3		2.0		7.6		2.6		9.3		1.7		8.1		2.1		6.0		9.3		7.0		-		1.3

		VWM (µéq/l)		Jn98		Jn		238.4		86.5		20.6		1.4		12.1		4.2		5.7		1.0		12.3		2.0		12.1		13.9		9.4		-		2.2

		VWM (µéq/l)		Jt98		Jt		163.5		82		22.4		1.1		9.9		2.8		0.7		0.5		13.7		2.3		7.7		9.1		6.9		-		1.4

		VWM (µéq/l)		Ao98		Ao		112.9		37		8.5		0.9		8.2		1.6		1.1		0.4		3.2		1.1		3.8		16.1		13.4		-		2.9

		VWM (µéq/l)		S98		S		148.7		113.3		5.9		1.4		6.4		3.0		3.5		1.2		4.1		0.9		1.5		2.3		2.1		-		0.2

		VWM (µéq/l)		Oc98		Oc		350.2		278.5		8.2		1.7		8.7		2.4		4.1		1.2		3.3		1.5		5.6		2.7		2.8		-		0.1

		VWM (µéq/l)		Nv98		Nv		167		88.1		19.9		2.8		10.1		3.3		6.1		1.5		8.4		1.5		12.2		11.8		9.0		-		0.5

		VWM (µéq/l)		Jv99		Jv		29.7		17.7		9.6		18.2		32.4		21.6		45.3		12.6		27.7		13.8		22.1		26.6		19.0		0.5		5.2

		VWM (µéq/l)		Fv99		Fv		125		124.5		6.0		14.1		16.9		8.4		15.6		4.3		14.5		7.9		8.4		12.4		2.7		0.3		2.1

		VWM (µéq/l)		Ms99		Ms		116.3		89.1		7.3		2.7		23.4		5.0		13.2		4.1		16.1		3.3		10.5		6.7		4.2		0.1		1.1

		VWM (µéq/l)		Av99		Av		275		200.5		1.9		4.9		11.5		4.9		13.0		2.7		7.4		4.9		5.4		0.1		0.1		0.0		0.1

		VWM (µéq/l)		Mai99		Mai		233.9		72.1		1.5		9.4		11.5		7.0		11.6		2.9		6.5		6.8		3.8		1.8		1.1		0.0		0.2

		VWM (µéq/l)		Jt99		Jt		157.2		110.2		2.1		11.5		15.3		7.6		7.4		2.4		4.8		9.7		4.4		0.8		0.6		0.0		0.4

		VWM (µéq/l)		Ao99		Ao		204.6		127.7		0.6		16.4		11.0		13.8		35.7		3.4		1.7		17.3		6.9		0.0		0.2		0.0		0.6

		VWM (µéq/l)		S99		S		384.2		385.2		2.7		3.9		6.2		3.1		1.9		0.7		3.3		3.5		1.9		0.0		0.1		0.0		0.0

		VWM (µéq/l)		Oc99		Oc		301.1		153.8		1.5		7.3		24.1		11.7		7.6		1.3		2.8		9.4		2.4		0.0		0.5		0.0		0.1

		VWM (µéq/l)		Nv99		Nv		163.5		114.3		2.9		5.9		10.6		4.5		3.9		1.7		6.6		9.0		4.5		0.1		0.1		0.0		0.2

		VWM (µéq/l)		Fv00		Fv		65.9		60.6		0.5		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		0.0		0.0		0.0		0.1

		VWM (µéq/l)		Ms00		Ms		190.3		113.1		0.5		21.6		18.1		21.2		49.2		16.5		14.5		23.5		12.0		0.1		1.1		0.0		0.5

		VWM (µéq/l)		Av00		Av		141.8		136.2		3.4		2.2		4.4		1.9		7.8		1.4		4.7		2.5		2.4		1.3		0.9		0.0		0.1
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				Figure 2 : Zoétélé (1995-2000) : Monthly Rainfall and number of Rainy Days

				Figure 3 : Sangmélima (1950-1991) : Evolution of the annual rainfall

				Figure 6 : Zoétélé September1996-April2000 : Sampling efficiency

				Figure 7 : Zoétélé September 1996-April 2000 : Frequency distribution of pH values

				Figure 8 : Zoétélé September1996-April2000 : Variation of monthly rainfall and Volume Weighted Mean (VWM)

				Figure 9 : Zoétélé September 1996-April 2000 : Seasonal Volume Weighted Mean





TteFig

		1996/1997		1996/1997		1996/1997

		1997/1998		1997/1998		1997/1998

		1998/1999		1998/1999		1998/1999

		1999/2000		1999/2000		1999/2000



Event Rain (mm)

Annual Rain (mm)

Percentage (%)

Rainfall Depth (mm)

Percentage (%)

1509.7

2047

73.7518319492

887.5

1696

52.329009434

1221.7

1997

61.1767651477

963.2

1360

70.8235294118



VWMDBFig

		January		January

		February		February

		March		March

		April		April

		May		May

		June		June

		July		July

		August		August

		September		September

		October		October

		November		November

		December		December
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Number of Rainy Days

Monthy Rainfall (mm)

Number of Rainy Days

Monthly Depth Rainfall (mm)

2.1666666667

15.9977

3

57.2963333333

9.5

142.3437966667

13.3333333333

218.2737483333

15.5

213.2708083333

11.3333333333

163.6908816667

8.5

126.3119156667

10.3333333333

171.5043316667

16.6666666667

271.2741066667

20.3333333333

306.8465516667

9

120.8143722142

2.5

21.9141416667



VWMDBYr

		1950

		1951

		1952

		1953

		1954

		1955

		1956

		1957

		1958

		1959

		1960

		1961

		1962

		1963

		1964

		1965

		1966

		1967

		1968

		1969

		1970

		1971

		1972

		1973

		1974

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1989

		1990

		1991



Percentage of annual Rainfall Deviation (%)

Annual Rainfall Deviation in Percentage (%)

-0.2311796088

14.4754001186

40.0177830468

-12.8630705394

-9.1641967991

-24.3687018376

13.1238885596

-11.0551274452

-14.0367516301

1.4344991108

15.7379964434

-16.5678719621

9.0574985181

4.6947243628

-5.6075874333

8.5477178423

21.6004742146

-3.77593361

-4.5346769413

6.5975103734

9.2590397155

-8.7611144043

-2.4303497333

4.1730883225

13.7581505631

-5.2222880854

15.4060462359

-15.9632483699

0.9721398933

-14.3331357439

-9.8399525785

-11.1558980439

-6.4256075874

-6.609365738

17.125074096

11.9798458803

-3.7048014226

-14.807350326

-3.562537048

-6.3663307647

10.7528156491

-7.3562537048



VWMSeaso

		S96

		Oc96

		Nv96

		Dc96

		Ms97

		Av97

		Mai97

		Jn97

		Jt97

		Ao97

		S97

		Oc97

		Nv97

		Ms98

		Av98

		Mai98

		Jn98

		Jt98

		Ao98

		S98

		Oc98

		Nv98

		Jv99

		Fv99

		Ms99

		Av99

		Mai99

		Jt99

		Ao99

		S99

		Oc99

		Nv99

		Fv00

		Ms00

		Av00



Pmens

Rainfall Depth (mm)

Monthly depth rainfall

372.5

403.9

71.6

9.8

136.2

211.6

250.4

133.5

186.8

259.4

222.8

223

126.3

101.7

266.7

177.3

238.4

163.5

112.9

148.7

350.2

167

29.7

125

116.3

275

233.9

157.2

204.6

443.7

301.1

163.5

65.9

190.3

141.8



VWMDBReCor

		S96		S96		S96		S96		S96

		Oc96		Oc96		Oc96		Oc96		Oc96

		Nv96		Nv96		Nv96		Nv96		Nv96

		Dc96		Dc96		Dc96		Dc96		Dc96

		Ms97		Ms97		Ms97		Ms97		Ms97

		Av97		Av97		Av97		Av97		Av97

		Mai97		Mai97		Mai97		Mai97		Mai97

		Jn97		Jn97		Jn97		Jn97		Jn97

		Jt97		Jt97		Jt97		Jt97		Jt97

		Ao97		Ao97		Ao97		Ao97		Ao97

		S97		S97		S97		S97		S97

		Oc97		Oc97		Oc97		Oc97		Oc97

		Nv97		Nv97		Nv97		Nv97		Nv97

		Ms98		Ms98		Ms98		Ms98		Ms98

		Av98		Av98		Av98		Av98		Av98

		Mai98		Mai98		Mai98		Mai98		Mai98

		Jn98		Jn98		Jn98		Jn98		Jn98

		Jt98		Jt98		Jt98		Jt98		Jt98

		Ao98		Ao98		Ao98		Ao98		Ao98

		S98		S98		S98		S98		S98

		Oc98		Oc98		Oc98		Oc98		Oc98

		Nv98		Nv98		Nv98		Nv98		Nv98

		Jv99		Jv99		Jv99		Jv99		Jv99

		Fv99		Fv99		Fv99		Fv99		Fv99

		Ms99		Ms99		Ms99		Ms99		Ms99

		Av99		Av99		Av99		Av99		Av99

		Mai99		Mai99		Mai99		Mai99		Mai99

		Jt99		Jt99		Jt99		Jt99		Jt99

		Ao99		Ao99		Ao99		Ao99		Ao99

		S99		S99		S99		S99		S99

		Oc99		Oc99		Oc99		Oc99		Oc99

		Nv99		Nv99		Nv99		Nv99		Nv99

		Fv00		Fv00		Fv00		Fv00		Fv00

		Ms00		Ms00		Ms00		Ms00		Ms00

		Av00		Av00		Av00		Av00		Av00



Na+

NH4+

K+

Ca2+

Mg2+

Concentration (µéq/l)

Cations

2.1436817473

3.9419656786

3.22074883

2.4881435257

1.3380655226

1.6545281996

3.8576735358

2.033324295

2.9556399132

1.3938991323

3.4551470588

23.7294117647

6.8955882353

12.9573529412

4.7558823529

2.1436170213

22.2712765957

7.8670212766

5.9904255319

4.5765957447

5.2286208333

54.8951083333

5.3970583333

26.0800520833

11.0254979167

1.142615495

7.0088378766

1.6952223816

13.5925753228

0.9747352941

0.5210043103

3.1994827586

1.2833017241

13.3896551724

1.1190172414

0.9313550725

7.3489855072

1.7395507246

2.5456521739

0.7528550725

0.9809194631

10.8460850112

2.5809798658

1.5009228188

0.5765223714

0.5903444004

4.5373042616

0.9850237859

0.7414271556

0.5006551041

0.7168949045

6.8196348195

1.288104034

1.7642781316

0.7086645435

1.7034364714

2.7137185185

1.2898063373

1.430905284

0.5885474271

0.9097086517

2.375496085

16.8312431633

7.01532843

5.9202145455

4.4903530935

28.7737556129

8.4591073387

39.1573127419

6.4605614282

1.1320362387

9.6718144498

8.1923501419

7.9629680034

2.0934357786

2.0176462198

7.6104729387

2.5705030032

9.3291152098

1.7271784328

1.4136383485

12.1145302382

4.1628774335

5.6919831214

0.9580060382

1.0794248218

9.9209019854

2.8441304024

0.6640494982

0.4579680348

0.903107526

8.196608

1.6043993216

1.0980512445

0.4428616021

1.4450096715

6.4215526214

2.9710659188

3.4866629303

1.18330612

1.6977298853

8.7315133837

2.4237024229

4.1393956806

1.224057559

2.7777330498

10.1097033916

3.2649513871

6.0780917452

1.5221948061

18.1938587571

32.4084971751

21.5675288136

45.2567570621

12.6291767232

14.1152594378

16.9412369478

8.4022393574

15.5593172691

4.2829028112

2.7131986532

23.4145993266

5.0044893378

13.164983165

4.0917171717

4.8905047382

11.4618174564

4.9116139651

12.9905236908

2.6678014963

9.4041178918

11.5228737864

7.0060443828

11.5555478502

2.8819417476

11.4753811252

15.2895753176

7.6417350272

7.4480943739

2.3926588022

16.4216225529

11.0275270164

13.7683132341

35.7358653093

3.440853563

3.9304701454

6.2450031153

3.142125649

1.8633437175

0.6903582555

7.3440812744

24.1201612484

11.7088413524

7.5534785436

1.3146124837

5.8881032371

10.5927209099

4.4966351706

3.9209098863

1.7316132983

3.827

6.048

3.328

18.85

2.05

21.6338664898

18.0718090186

21.201954023

49.2329354553

16.493382847

2.1994405286

4.4119530103

1.927226138

7.816886931

1.4200088106



Zoé DBCo96-00&Na

		S96		S96		S96

		Oc96		Oc96		Oc96

		Nv96		Nv96		Nv96

		Dc96		Dc96		Dc96

		Ms97		Ms97		Ms97

		Av97		Av97		Av97

		Mai97		Mai97		Mai97

		Jn97		Jn97		Jn97

		Jt97		Jt97		Jt97

		Ao97		Ao97		Ao97

		S97		S97		S97

		Oc97		Oc97		Oc97

		Nv97		Nv97		Nv97

		Ms98		Ms98		Ms98

		Av98		Av98		Av98

		Mai98		Mai98		Mai98

		Jn98		Jn98		Jn98

		Jt98		Jt98		Jt98

		Ao98		Ao98		Ao98

		S98		S98		S98

		Oc98		Oc98		Oc98

		Nv98		Nv98		Nv98

		Jv99		Jv99		Jv99

		Fv99		Fv99		Fv99

		Ms99		Ms99		Ms99

		Av99		Av99		Av99

		Mai99		Mai99		Mai99

		Jt99		Jt99		Jt99

		Ao99		Ao99		Ao99

		S99		S99		S99

		Oc99		Oc99		Oc99

		Nv99		Nv99		Nv99

		Fv00		Fv00		Fv00

		Ms00		Ms00		Ms00

		Av00		Av00		Av00



NO3-

Cl-

SO4=

Concentration (µéq/l)

Anions

3.9280811232

1.8190327613

1.3085803432

3.6207429501

1.3418112798

2.125

30.0580882353

4.6735294118

17.1448529412

21.479787234

3.1425531915

22.6765957447

19.4514833333

5.7535041667

16.663521875

5.1961836442

1.2129182209

3.2495541607

1.7569655172

0.8378275862

1.9389698276

5.0505507246

1.7027246377

4.4628043478

10.2088053691

1.601261745

7.1144781879

5.0746719524

2.0241446977

1.7133419227

5.9705138004

2.162985138

2.3115382166

4.9122360889

2.2097093649

0.8861962667

4.1169344928

6.6338310686

3.2153651884

14.5423485161

5.1451955484

11.7706061855

7.0159374926

2.665086636

4.2382884949

8.1365762521

2.1296198713

5.9938797839

12.3484372717

1.9923479406

12.0636915607

13.6848458537

2.2645971768

7.7354028841

3.1749076757

1.0632035135

3.8451757703

4.1194787111

0.8931840341

1.5057013069

3.2655097618

1.4598428868

5.6230784372

8.4

1.4887959641

12.171020605

27.7

13.8221920904

22.0981077966

14.4937381526

7.9052433735

8.4303108434

16.124318743

3.3165072952

10.4695959596

7.4289396509

4.8613725686

5.363117207

6.4799112344

6.836815534

3.7761553398

4.813415608

9.7436696915

4.355384755

1.7288269381

17.3046358653

6.9371370399

3.2521952233

3.4628483904

1.862228972

2.8143979194

9.3751755527

2.3679752926

6.5643674541

8.9571583552

4.5263910761

2.368

6.832

4.326

14.5249584439

23.5210397878

12.042729443

4.6738795888

2.5217679883

2.4226013216
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		Oc96		Oc96		Oc96

		Nv96		Nv96		Nv96
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		Oc98		Oc98		Oc98
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		Av99		Av99		Av99

		Mai99		Mai99		Mai99

		Jt99		Jt99		Jt99

		Ao99		Ao99		Ao99

		S99		S99		S99

		Oc99		Oc99		Oc99

		Nv99		Nv99		Nv99

		Fv00		Fv00		Fv00

		Ms00		Ms00		Ms00

		Av00		Av00		Av00



H+

Concentration (µéq/l)

Hydrogen

11.627925117

9.6488069414

36.1507352941

37.3723404255

12.242026902

11.0982592424

12.340924601

20.5835397308

22.3928321817

8.5367865743

5.9002760805

8.1926243752

19.9161545751

9.5718093924

5.9953730425

7.2859308944



		September 96		September 96

		October 96		October 96

		November 96		November 96

		December 96		December 96

		March 97		March 97

		April 97		April 97

		May 97		May 97

		June 97		June 97

		July 97		July 97

		August 97		August 97

		September 97		September 97

		October 97		October 97

		November 97		November 97

		March 98		March 98

		April 98		April 98

		May 98		May 98

		June 98		June 98

		July 98		July 98

		August 98		August 98

		September 98		September 98

		October 98		October 98

		November 98		November 98

		January 99		January 99

		February 99		February 99

		March 99		March 99

		April 99		April 99

		May 99		May 99

		July 99		July 99

		August 99		August 99

		September 99		September 99

		October 99		October 99

		November 99		November 99

		Februry 00		Februry 00

		March 00		March 00

		April 00		April 00



HCOO

CH3COO

Concentration (µéq/l)

Organic Acids

4.8666146646

2.9251170047

5.103335141

3.0119577007

25.5882352941

8.6139705882

17.1489361702

7.1468085106

26.3206935484

16.4551993548

12.8826914335

8.9888408741

9.2885774504

7.0386155407

13.8737440231

9.4423549155

9.1030309126

6.8952591751

16.073574

13.41113

2.2952903374

2.1417280924

2.7206776

2.8443494607

11.7802625755

8.964768403

26.6414531073

19.0211751412

12.4019742972

2.7339011925

6.7317037037

4.2340440324



		pH<4,40

		4,40<pH<4,60

		4,60<pH<4,80

		4,80<pH<5,00

		5,00<pH<5,20

		5,20<pH<5,40

		5,40<pH<5,60

		pH>5,60



N

Number of pH values per class

6

13

19

19

16

10

6

9



		H+		H+

		Na+		Na+

		NH4+		NH4+

		K+		K+

		Ca2+		Ca2+

		Mg2+		Mg2+

		NO3-		NO3-

		Cl-		Cl-

		SO4=		SO4=

		HCOO		HCOO

		CH3COO		CH3COO

		C2H5COO		C2H5COO

		C2O4		C2O4



Wet Season

Dry Season

Concentrations (µéq/l)

11.1640276374

17.6818369457

3.1763973758

7.4470743094

8.2725663745

19.4479716386

3.9836816103

9.0905795198

6.1425560945

19.2331283581

1.3573504728

6.2148948583

5.2391923015

13.1554356208

3.3591117994

8.0934707429

3.7803525063

10.1750490371

6.7614554497

18.6367731346

4.8231181277

9.1602553094

0

0.2367980977

0.9001256054

2.1198971681



		Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

		Calcul VWM avec prise en cpte Rmqs ci-dessus

		i,e, ecarter elt OR ou ND et Moy si 2 ech pr 1 pluie

						Pévé		Mois		Pmens		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		H+		HCOO		CH3COO		C2H5COO		C2O4																										Classé OC

		VWM (µéq/l)		S		320.5		S96		372.5		2.1		3.9		3.2		2.5		1.3		3.9		1.8		1.3		11.6		4.9		2.9		-		-																				Zoétélé96

		VWM (µéq/l)		Oc		368.8		Oc96		403.9		1.7		3.9		2.0		3.0		1.4		3.6		1.3		2.1		9.6		5.1		3.0		-		-																				Date		pH				pH		Classe (0,10)		Nb				Classe (0,10)		N		Classe (0,20)		N

		VWM (µéq/l)		Nv		68		Nv96		71.6		3.5		23.7		6.9		13.0		4.8		30.1		4.7		17.1		36.2		25.6		8.6		-		-																				9/20/96		5.1				4.17								pH<4,40		6		pH<4,40		6

		VWM (µéq/l)		Dc		9.4		Dc96		9.8		2.1		22.3		7.9		6.0		4.6		21.5		3.1		22.7		37.4		17.1		7.1		-		-																				9/21/96		4.9				4.27								4,40<pH<4,50		4		4,40<pH<4,60		13

		VWM (µéq/l)		Ms		96		Ms97		136.2		5.2		54.9		5.4		26.1		11.0		19.5		5.8		16.7		-		-		-		-		-																				9/23/96		5.2				4.28								4,50<pH<4,60		9		4,60<pH<4,80		19

		VWM (µéq/l)		Av		139.4		Av97		211.6		1.1		7.0		1.7		13.6		1.0		5.2		1.2		3.2		-		-		-		-		-																				9/24/96		4.9				4.33								4,60<pH<4,70		13		4,80<pH<5,00		19		38		38.7755102041		42.6966292135

		VWM (µéq/l)		Mai		58		Mai97		250.4		0.5		3.2		1.3		13.4		1.1		1.8		0.8		1.9		-		-		-		-		-																				9/26/96		5.0				4.40								4,70<pH<4,80		6		5,00<pH<5,20		16

		VWM (µéq/l)		Jn		69		Jn97		133.5		0.9		7.3		1.7		2.5		0.8		5.1		1.7		4.5		-		-		-		-		-																				9/28/96		4.8				4.40		pH<4,40		6				4,80<pH<4,90		5		5,20<pH<5,40		10

		VWM (µéq/l)		Jt		178.8		Jt97		186.8		1.0		10.8		2.6		1.5		0.6		10.2		1.6		7.1		-		-		-		-		-																				9/29/96		5.3				4.46								4,90<pH<5,00		14		5,40<pH<5,60		6		89

		VWM (µéq/l)		Ao		201.8		Ao97		259.4		0.6		4.5		1.0		0.7		0.5		5.1		2.0		1.7		-		-		-		-		-																				9/30/96		5.4				4.48								5,00<pH<5,10		8		pH>5,60		9

		VWM (µéq/l)		S		94.2		S97		222.8		0.7		6.8		1.3		1.8		0.7		6.0		2.2		2.3		-		-		-		-		-																				10/4/96		5.4				4.48								5,10<pH<5,20		8

		VWM (µéq/l)		Oc		40.5		Oc97		223		1.7		2.7		1.3		1.4		0.6		4.9		2.2		0.9		-		-		-		-		-																				10/9/96		5.3				4.50		4,40<pH<4,50		4				5,20<pH<5,30		4				98		90.8163265306

		VWM (µéq/l)		Nv		103.5		Nv97		126.3		0.9		2.4		16.8		7.0		5.9		4.1		6.6		3.2		-		-		-		-		-																				10/10/96		5.1				4.52								5,30<pH<5,40		6

		VWM (µéq/l)		Ms		62		Ms98		101.7		4.5		28.8		8.5		39.2		6.5		14.5		5.1		11.8		12.2		26.3		16.5		-		3.2																				10/12/96		5.4				4.53								5,40<pH<5,50		2

		VWM (µéq/l)		Av		204.1		Av98		266.7		1.1		9.7		8.2		8.0		2.1		7.0		2.7		4.2		11.1		12.9		9.0		-		0.8																				10/13/96		5.2				4.55								5,50<pH<5,60		4

		VWM (µéq/l)		Mai		177.7		Mai98		177.3		2.0		7.6		2.6		9.3		1.7		8.1		2.1		6.0		12.3		9.3		7.0		-		1.3																				10/14/96		5.0				4.56								5,60<pH<5,70		3

		VWM (µéq/l)		Jn		86.5		Jn98		238.4		1.4		12.1		4.2		5.7		1.0		12.3		2.0		12.1		20.6		13.9		9.4		-		2.2																				10/15/96		5.7				4.56								pH>5,70		6

		VWM (µéq/l)		Jt		82		Jt98		163.5		1.1		9.9		2.8		0.7		0.5		13.7		2.3		7.7		22.4		9.1		6.9		-		1.4																				10/18/96		5.3				4.57										98

		VWM (µéq/l)		Ao		37		Ao98		112.9		0.9		8.2		1.6		1.1		0.4		3.2		1.1		3.8		8.5		16.1		13.4		-		2.9																				10/19/96		5.1				4.58

		VWM (µéq/l)		S		113.3		S98		148.7		1.4		6.4		3.0		3.5		1.2		4.1		0.9		1.5		5.9		2.3		2.1		-		0.2																				10/20/96		4.9				4.59

		VWM (µéq/l)		Oc		278.5		Oc98		350.2		1.7		8.7		2.4		4.1		1.2		3.3		1.5		5.6		8.2		2.7		2.8		-		0.1																				10/22/96		5.1				4.59		4,50<pH<4,60		9

		VWM (µéq/l)		Nv		88.1		Nv98		167		2.8		10.1		3.3		6.1		1.5		8.4		1.5		12.2		19.9		11.8		9.0		-		0.5																				10/23/96		5.0				4.62

		VWM (µéq/l)		Jv		17.7		Jv99		29.7		18.2		32.4		21.6		45.3		12.6		27.7		13.8		22.1		9.6		26.6		19.0		0.5		5.2																				10/24/96		5.0				4.63

		VWM (µéq/l)		Fv		124.5		Fv99		125		14.1		16.9		8.4		15.6		4.3		14.5		7.9		8.4		6.0		12.4		2.7		0.3		2.1																				10/25/96		4.8				4.64

		VWM (µéq/l)		Ms		89.1		Ms99		116.3		2.7		23.4		5.0		13.2		4.1		16.1		3.3		10.5		7.3		6.7		4.2		0.1		1.1																				10/27/96		5.1				4.64

		VWM (µéq/l)		Av		200.5		Av99		275		4.9		11.5		4.9		13.0		2.7		7.4		4.9		5.4		-		-		-		-		-																				10/28/96		4.6				4.66

		VWM (µéq/l)		Mai		72.1		Mai99		233.9		9.4		11.5		7.0		11.6		2.9		6.5		6.8		3.8		-		-		-		-		-																				10/31/96		4.7				4.67

		VWM (µéq/l)		Jt		110.2		Jt99		157.2		11.5		15.3		7.6		7.4		2.4		4.8		9.7		4.4		-		-		-		-		-																				11/19/96		4.6				4.67

		VWM (µéq/l)		Ao		127.7		Ao99		204.6		16.4		11.0		13.8		35.7		3.4		1.7		17.3		6.9		-		-		-		-		-																				11/21/96		4.3				4.68

		VWM (µéq/l)		S		385.2		S99		443.7		3.9		6.2		3.1		1.9		0.7		3.3		3.5		1.9		-		-		-		-		-																				11/25/96		4.7				4.69

		VWM (µéq/l)		Oc		153.8		Oc99		301.1		7.3		24.1		11.7		7.6		1.3		2.8		9.4		2.4		-		-		-		-		-																				11/30/96		4.2				4.70

		VWM (µéq/l)		Nv		114.3		Nv99		163.5		5.9		10.6		4.5		3.9		1.7		6.6		9.0		4.5		-		-		-		-		-																				12/4/96		4.7				4.70

		VWM (µéq/l)		Fv		60.6		Fv00		65.9		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		-		-		-		-		-																				12/5/96		4.3				4.70

		VWM (µéq/l)		Ms		113.1		Ms00		190.3		21.6		18.1		21.2		49.2		16.5		14.5		23.5		12.0		-		-		-		-		-																				3/16/98		4.70				4.70		4,60<pH<4,70		13

		VWM (µéq/l)		Av		136.2		Av00		141.8		2.2		4.4		1.9		7.8		1.4		4.7		2.5		2.4		-		-		-		-		-																				3/23/98		6.52				4.72

																																																								3/24/98		5.18				4.76

								Mois		H+										Mois		HCOO		CH3COO																																3/29/98		5.51				4.77

								S96		11.6										September 96		4.9		2.9																																4/5/98		4.92				4.78

								Oc96		9.6										October 96		5.1		3.0																																4/6/98		5.98				4.78

								Nv96		36.2										November 96		25.6		8.6																																4/8/98		4.70				4.78		4,70<pH<4,80		6				Zoétélé S86-Av00 : Frequency distribution of pH values

								Dc96		37.4										December 96		17.1		7.1																																4/10/98		4.78				4.81

								Ms97												March 97																																				4/13/98		4.63				4.83

								Av97												April 97																																				4/17/98		4.92				4.88

								Mai97												May 97																																				4/18/98		5.69				4.89

								Jn97												June 97																																				4/23/98		5.05				4.90		4,80<pH<4,90		5

								Jt97												July 97																																				4/29/98		4.70				4.92

								Ao97												August 97																																				4/29/98		4.96				4.92

								S97												September 97																																				5/2/98		5.20				4.92

								Oc97												October 97																																				5/9/98		5.59				4.93

								Nv97												November 97																																				5/10/98		5.72				4.93

								Ms98		12.2										March 98		26.3		16.5																																5/12/98		5.87				4.93

								Av98		11.1										April 98		12.9		9.0																																5/14/98		5.24				4.94

								Mai98		12.3										May 98		9.3		7.0																																5/16/98		4.78				4.94

								Jn98		20.6										June 98		13.9		9.4																																5/17/98		4.93				4.95

								Jt98		22.4										July 98		9.1		6.9																																5/18/98		4.55				4.95

								Ao98		8.5										August 98		16.1		13.4																																5/19/98		4.92				4.96

								S98		5.9										September 98		2.3		2.1																																5/23/98		4.59				4.96

								Oc98		8.2										October 98		2.7		2.8																																5/25/98		4.40				4.96

								Nv98		19.9										November 98		11.8		9.0																																5/27/98		4.52				4.98		4,90<pH<5,00		14

								Jv99		9.6										January 99		26.6		19.0																																6/5/98		4.88				5.01

								Fv99		6.0										February 99		12.4		2.7																																6/5/98		5.02				5.01

								Ms99		7.3										March 99		6.7		4.2																																6/14/98		4.48				5.02

								Av99												April 99																																				6/15/98		4.53				5.02								Figure 6 : Zoétélé S86-Av00 : Frequency distribution of pH values

								Mai99												May 99																																				6/20/98		4.50				5.05

								Jt99												July 99																																				6/23/98		4.56				5.05

								Ao99												August 99																																				6/24/98		4.90				5.07

								S99												September 99																																				7/2/98		4.59				5.09		5,00<pH<5,10		8

								Oc99												October 99																																				7/5/98		5.05				5.12

								Nv99												November 99																																				7/7/98		4.33				5.13

								Fv00												Februry 00																																				7/10/98		4.46				5.13

								Ms00												March 00																																				7/11/98		4.48				5.14

								Av00												April 00																																				8/3/98		5.13				5.14

																																																								8/31/98		4.62				5.15

		Mois		ER		MR																																																		9/7/98		5.51				5.18

		S96		320.5		372.5																																																		9/10/98		5.02				5.20		5,10<pH<5,20		8

		Oc96		368.8		403.9																																																		9/13/98		4.67				5.21

		Nv96		68		71.6																																																		9/14/98		4.67				5.24

		Dc96		9.4		9.8																																																		9/15/98		4.93				5.25

		Ms97		96		136.2																																																		9/23/98		5.52				5.29		5,20<pH<5,30		4

		Av97		139.4		211.6																																																		9/27/98		5.64				5.31

		Mai97		58		250.4																																																		9/30/98		5.32				5.32

		Jn97		69		133.5																																																		10/4/98		4.96				5.34

		Jt97		178.8		186.8																																																		10/12/98		5.37				5.37

		Ao97		201.8		259.4																																																		10/14/98		4.95				5.37

		S97		94.2		222.8																																																		10/16/98		5.01				5.37		5,30<pH<5,40		6

		Oc97		40.5		223																																																		10/17/98		5.09				5.41

		Nv97		103.5		126.3																																																		10/18/98		5.31				5.44		5,40<pH<5,50		2

		Ms98		62		101.7																																																		10/19/98		5.41				5.51

		Av98		204.1		266.7																																		Figure 7 : Zoétélé September1996-April2000 : Variation of monthly rainfall and Volume Weighted Mean (VWM)																10/21/98		4.58				5.51

		Mai98		177.7		177.3																																																		10/22/98		4.78				5.52

		Jn98		86.5		238.4																																																		10/28/98		4.81				5.59		5,50<pH<5,60		4

		Jt98		82		163.5																																																		10/29/98		6.29				5.64

		Ao98		37		112.9																																																		10/30/98		5.81				5.65

		S98		113.3		148.7																																																		11/3/98		4.64				5.69		5,60<pH<5,70		3

		Oc98		278.5		350.2																																																		11/4/98		4.76				5.72

		Nv98		88.1		167																																																		11/4/98		4.69				5.81

		Jv99		17.7		29.7																																																		11/5/98		4.40				5.87

		Fv99		124.5		125																																																		11/11/98		4.94				5.98

		Ms99		89.1		116.3																																																		11/12/98		4.70				6.29

		Av99		200.5		275																																																		11/13/98		4.57				6.52		pH>5,70		6

		Mai99		72.1		233.9						Zoétélé S96-Av00 : Sampling efficiency

		Jt99		110.2		157.2										ER : Event Rainfall ; MR : Monthly Rainfall

		Ao99		127.7		204.6

		S99		385.2		443.7																																																								pH		Classe (0,20)		N		Classe (0,20)		N

		Oc99		153.8		301.1																																																								4.17						pH<4,40		6

		Nv99		114.3		163.5																																																								4.27						4,40<pH<4,60		13

		Fv00		60.6		65.9																																																								4.28						4,60<pH<4,80		19

		Ms00		113.1		190.3																																																								4.33						4,80<pH<5,00		19

		Av00		136.2		141.8																																																								4.40						5,00<pH<5,20		16

																																																														4.40		pH<4,40		6		5,20<pH<5,40		10

																																																														4.46						5,40<pH<5,60		6

																																																														4.48						pH>5,60		9

																																																														4.48

		Mois		ER		MR		R(%)																																																						4.50

		S96		320.5		372.5		86.0																																																						4.52

		Oc96		368.8		403.9		91.3																																																						4.53

		Nv96		68		71.6		95.0																																																						4.55

		Dc96		9.4		9.8		95.9																																																						4.56

		Ms97		96		136.2		70.5																																																						4.56

		Av97		139.4		211.6		65.9																																																						4.57

		Mai97		58		250.4		23.2																																																						4.58

		Jn97		69		133.5		51.7																																																						4.59

		Jt97		178.8		186.8		95.7																																																						4.59		4,40<pH<4,60		13

		Ao97		201.8		259.4		77.8																																																						4.62

		S97		94.2		222.8		42.3																																																						4.63

		Oc97		40.5		223		18.2																																																						4.64

		Nv97		103.5		126.3		81.9																																																						4.64

		Ms98		62		101.7		61.0																																																						4.66

		Av98		204.1		266.7		76.5																																																						4.67

		Mai98		177.7		177.3		100.2																																																						4.67

		Jn98		86.5		238.4		36.3																																																						4.68

		Jt98		82		163.5		50.2																																																						4.69

		Ao98		37		112.9		32.8																																																						4.70

		S98		113.3		148.7		76.2																																																						4.70

		Oc98		278.5		350.2		79.5																																																						4.70

		Nv98		88.1		167		52.8																																																						4.70

		Jv99		17.7		29.7		59.6																																																						4.72

		Fv99		124.5		125		99.6																																																						4.76

		Ms99		89.1		116.3		76.6				Figure 4 :Zoétélé S96-Av00 : Sampling efficiency																																																		4.77

		Av99		200.5		275		72.9								ER : Event Rainfall ; MR : Monthly Rainfall ; R : Percentage of sampling of Monthly Rainfall																																														4.78

		Mai99		72.1		233.9		30.8																																																						4.78

		Jt99		110.2		157.2		70.1																																																						4.78		4,60<pH<4,80		19

		Ao99		127.7		204.6		62.4																																																						4.81

		S99		385.2		443.7		86.8																																																						4.83

		Oc99		153.8		301.1		51.1																																																						4.88

		Nv99		114.3		163.5		69.9																																																						4.89

		Fv00		60.6		65.9		92.0																																																						4.90

		Ms00		113.1		190.3		59.4																																																						4.92

		Av00		136.2		141.8		96.1																																																						4.92

																																																														4.92

																																																														4.93

																																																														4.93

		Annual Efficiency												Event Rain (mm)		Annual Rain (mm)		Percentage (%)																																												4.93

		Mois		ER		MR		R(%)				1996		766.7		857.8		89.4																																												4.94

		S96		320.5		372.5		86.0				1997		981.2		1750.0		56.1																																												4.94

		Oc96		368.8		403.9		91.3				1998		1129.2		1726.4		65.4																																												4.95

		Nv96		68		71.6		95.0				1999		1395.1		2050.0		68.1																																												4.95

		Dc96		9.4		9.8		95.9				2000		309.9		398.0		77.9																																												4.96

		1996		766.7		857.8		89.3798088132

		Ms97		96		136.2		70.5																																																						4.96

		Av97		139.4		211.6		65.9																																																						4.96

		Mai97		58		250.4		23.2																																																						4.98		4,80<pH<5,00		19

		Jn97		69		133.5		51.7																																																						5.01

		Jt97		178.8		186.8		95.7																																																						5.01

		Ao97		201.8		259.4		77.8																																																						5.02

		S97		94.2		222.8		42.3																																																						5.02

		Oc97		40.5		223		18.2																																																						5.05

		Nv97		103.5		126.3		81.9																																																						5.05

		1997		981.2		1750		56.0685714286

		Ms98		62		101.7		61.0																																																						5.07

		Av98		204.1		266.7		76.5																																																						5.09

		Mai98		177.7		177.3		100.2																																																						5.12

		Jn98		86.5		238.4		36.3																																																						5.13

		Jt98		82		163.5		50.2																																																						5.13

		Ao98		37		112.9		32.8																																																						5.14

		S98		113.3		148.7		76.2																																																						5.14

		Oc98		278.5		350.2		79.5																																																						5.15

		Nv98		88.1		167		52.8																																																						5.18

		1998		1129.2		1726.4		65.4077849861

		Jv99		17.7		29.7		59.6																																																						5.20		5,00<pH<5,20		16

		Fv99		124.5		125		99.6																																																						5.21

		Ms99		89.1		116.3		76.6																																																						5.24

		Av99		200.5		275		72.9																																																						5.25

		Mai99		72.1		233.9		30.8																																																						5.29

		Jt99		110.2		157.2		70.1																																																						5.31

		Ao99		127.7		204.6		62.4																																																						5.32

		S99		385.2		443.7		86.8																																																						5.34

		Oc99		153.8		301.1		51.1																																																						5.37

		Nv99		114.3		163.5		69.9																																																						5.37

		1999		1395.1		2050		68.0536585366

		Fv00		60.6		65.9		92.0																																																						5.37		5,20<pH<5,40		10

		Ms00		113.1		190.3		59.4																																																						5.41

		Av00		136.2		141.8		96.1																																																						5.44

																																																														5.51

		2000		309.9		398		77.864321608																																																						5.51

																																																														5.52

																																																														5.59		5,40<pH<5,60		6

																																																														5.64

																																																														5.65

		Mois		ER		MR		R(%)						Event Rain (mm)		Annual Rain (mm)		Percentage (%)																																												5.69

		S96		320.5		372.5		86.0				1996/1997		1509.7		2047.0		73.8																																												5.72

		Oc96		368.8		403.9		91.3				1997/1998		887.5		1696.0		52.3																																												5.81

		Nv96		68		71.6		95.0				1998/1999		1221.7		1997.0		61.2																																												5.87

		Dc96		9.4		9.8		95.9				1999/2000		963.2		1360.0		70.8																																												5.98

		Ms97		96		136.2		70.5																																																						6.29

		Av97		139.4		211.6		65.9																																																						6.52		pH>5,60		9

		Mai97		58		250.4		23.2

		Jn97		69		133.5		51.7

		Jt97		178.8		186.8		95.7

		Ao97		201.8		259.4		77.8

		1996/1997		1509.7		2047		73.7518319492

		S97		94.2		222.8		42.3

		Oc97		40.5		223		18.2

		Nv97		103.5		126.3		81.9

		Ms98		62		101.7		61.0

		Av98		204.1		266.7		76.5

		Mai98		177.7		177.3		100.2

		Jn98		86.5		238.4		36.3

		Jt98		82		163.5		50.2

		Ao98		37		112.9		32.8

		1997/1998		887.5		1696		52.329009434

		S98		113.3		148.7		76.2

		Oc98		278.5		350.2		79.5

		Nv98		88.1		167		52.8

		Jv99		17.7		29.7		59.6				Figure 5

		Fv99		124.5		125		99.6

		Ms99		89.1		116.3		76.6

		Av99		200.5		275		72.9

		Mai99		72.1		233.9		30.8

		Jt99		110.2		157.2		70.1

		Ao99		127.7		204.6		62.4

		1998/1999		1221.7		1997		61.1767651477

		S99		385.2		443.7		86.8

		Oc99		153.8		301.1		51.1

		Nv99		114.3		163.5		69.9

		Fv00		60.6		65.9		92.0

		Ms00		113.1		190.3		59.4

		Av00		136.2		141.8		96.1

		1999/2000		963.2		1360		70.8235294118

		96/97		SEPT		OCT		NOV		DEC		JANVIER		FEVRIER		MARS		AVRIL		MAI		JUIN		JUILLET		AOUT				Total

				372.5		403.9		71.6		9.8		0.0		11.0		136.2		211.6		250.4		133.5		186.8		259.4				2046.7

		97/98		SEPT		OCT		NOV		DEC		JANVIER		FEVRIER		MARS		AVRIL		MAI		JUIN		JUILLET		AOUT				0.0

				222.8		223		126.3		22.2		3.0		38.4		101.6		266.7		177.3		238.4		163.5		112.9				1696.2

		1998/99		SEPT		OCT		NOV		DEC		JANVIER		FEVRIER		MARS		AVRIL		MAI		JUIN		JUILLET		AOUT				0.0

				148.57804		350.29862		167.2145		47.5845		29.7		125.0		116.3		275.0		233.9		141.8		157.2		204.6				1997.1

		1999/00		SEPT		OCT		NOV		DEC		JANVIER		FEVRIER		MARS		AVRIL												0.0

				443.67721		301.09774		163.48059		29.90035		23.5		65.9		190.3		141.8												1359.7
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766.7

857.8

89.3798088132

981.2

1750

56.0685714286

1129.2

1726.4

65.4077849861

1395.1

2050

68.0536585366

309.9

398

77.864321608



		1996/1997		1996/1997		1996/1997

		1997/1998		1997/1998		1997/1998

		1998/1999		1998/1999		1998/1999

		1999/2000		1999/2000		1999/2000



&A

Page &P

Event Rain (mm)

Annual Rain (mm)

Percentage (%)

Depth Rainfall (mm)

Percentage (%)
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2047
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887.5

1696

52.329009434

1221.7
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61.1767651477

963.2

1360

70.8235294118



		Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

																Annual VWM

		Calcul VWM avec prise en cpte Rmqs ci-dessus

		i,e, ecarter elt OR ou ND et Moy si 2 ech pr 1 pluie

																																								PiCi

						Pmens		Mois		Pévé		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4						H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		VWM (µéq/l)		S		372.5		S96		320.5		11.6		2.1		3.9		3.2		2.5		1.3		3.9		1.8		1.3		4.9		2.9		-		-						3726.8		687.1		1263.4		1032.3		797.5		428.9		1259.0		583.0		419.4		1559.8		937.5		0.0		0.0

		VWM (µéq/l)		Oc		403.9		Oc96		368.8		9.6		1.7		3.9		2.0		3.0		1.4		3.6		1.3		2.1		5.1		3.0		-		-						3558.5		610.2		1422.7		749.9		1090.0		514.1		1335.3		494.9		783.7		1882.1		1110.8		0.0		0.0

		VWM (µéq/l)		Nv		71.6		Nv96		68		36.2		3.5		23.7		6.9		13.0		4.8		30.1		4.7		17.1		25.6		8.6		-		-						2458.3		235.0		1613.6		468.9		881.1		323.4		2044.0		317.8		1165.9		1740.0		585.8		0.0		0.0

		VWM (µéq/l)		Dc		9.8		Dc96		9.4		37.4		2.1		22.3		7.9		6.0		4.6		21.5		3.1		22.7		17.1		7.1		-		-						351.3		20.2		209.4		74.0		56.3		43.0		201.9		29.5		213.2		161.2		67.2		0.0		0.0

		VWM (µéq/l)		Ms		136.2		Ms97		96		-		5.2		54.9		5.4		26.1		11.0		19.5		5.8		16.7		-		-		-		-						0.0		501.9		5269.9		518.1		2503.7		1058.4		1867.3		552.3		1599.7		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Av		211.6		Av97		139.4		-		1.1		7.0		1.7		13.6		1.0		5.2		1.2		3.2		-		-		-		-						0.0		159.3		977.0		236.3		1894.8		135.9		724.3		169.1		453.0		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Mai		250.4		Mai97		58		-		0.5		3.2		1.3		13.4		1.1		1.8		0.8		1.9		-		-		-		-						0.0		30.2		185.6		74.4		776.6		64.9		101.9		48.6		112.5		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Jn		133.5		Jn97		69		-		0.9		7.3		1.7		2.5		0.8		5.1		1.7		4.5		-		-		-		-						0.0		64.3		507.1		120.0		175.7		51.9		348.5		117.5		307.9		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Jt		186.8		Jt97		178.8		-		1.0		10.8		2.6		1.5		0.6		10.2		1.6		7.1		-		-		-		-						0.0		175.4		1939.3		461.5		268.4		103.1		1825.3		286.3		1272.1		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Ao		259.4		Ao97		201.8		-		0.6		4.5		1.0		0.7		0.5		5.1		2.0		1.7		-		-		-		-						0.0		119.1		915.6		198.8		149.6		101.0		1024.1		408.5		345.8		0.0		0.0		0.0		0.0

		VWM (µéq/l)		S		222.8		S97		94.2		-		0.7		6.8		1.3		1.8		0.7		6.0		2.2		2.3		-		-		-		-						0.0		67.5		642.4		121.3		166.2		66.8		562.4		203.8		217.7		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Oc		223		Oc97		40.5		-		1.7		2.7		1.3		1.4		0.6		4.9		2.2		0.9		-		-		-		-						0.0		69.0		109.9		52.2		58.0		23.8		198.9		89.5		35.9		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Nv		126.3		Nv97		103.5		-		0.9		2.4		16.8		7.0		5.9		4.1		6.6		3.2		-		-		-		-						0.0		94.2		245.9		1742.0		726.1		612.7		426.1		686.6		332.8		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Ms		101.7		Ms98		62		12.2		4.5		28.8		8.5		39.2		6.5		14.5		5.1		11.8		26.3		16.5		-		3.2				981.2		759.0		278.4		1784.0		524.5		2427.8		400.6		901.6		319.0		729.8		1631.9		1020.2		0.0		199.2

		VWM (µéq/l)		Av		266.7		Av98		204.1		11.1		1.1		9.7		8.2		8.0		2.1		7.0		2.7		4.2		12.9		9.0		-		0.8						2265.2		231.0		1974.0		1672.1		1625.2		427.3		1432.0		543.9		865.0		2629.4		1834.6		0.0		169.1

		VWM (µéq/l)		Mai		177.3		Mai98		177.7		12.3		2.0		7.6		2.6		9.3		1.7		8.1		2.1		6.0		9.3		7.0		-		1.3						2193.0		358.5		1352.4		456.8		1657.8		306.9		1445.9		378.4		1065.1		1650.6		1250.8		0.0		236.9

		VWM (µéq/l)		Jn		238.4		Jn98		86.5		20.6		1.4		12.1		4.2		5.7		1.0		12.3		2.0		12.1		13.9		9.4		-		2.2						1780.5		122.3		1047.9		360.1		492.4		82.9		1068.1		172.3		1043.5		1200.1		816.8		0.0		188.9

		VWM (µéq/l)		Jt		163.5		Jt98		82		22.4		1.1		9.9		2.8		0.7		0.5		13.7		2.3		7.7		9.1		6.9		-		1.4						1836.2		88.5		813.5		233.2		54.5		37.6		1122.2		185.7		634.3		746.4		565.4		0.0		118.8

		VWM (µéq/l)		Ao		112.9		Ao98		37		8.5		0.9		8.2		1.6		1.1		0.4		3.2		1.1		3.8		16.1		13.4		-		2.9						315.9		33.4		303.3		59.4		40.6		16.4		117.5		39.3		142.3		594.7		496.2		0.0		105.5

		VWM (µéq/l)		S		148.7		S98		113.3		5.9		1.4		6.4		3.0		3.5		1.2		4.1		0.9		1.5		2.3		2.1		-		0.2						668.5		163.7		727.6		336.6		395.0		134.1		466.7		101.2		170.6		260.1		242.7		0.0		22.2

		VWM (µéq/l)		Oc		350.2		Oc98		278.5		8.2		1.7		8.7		2.4		4.1		1.2		3.3		1.5		5.6		2.7		2.8		-		0.1						2281.6		472.8		2431.7		675.0		1152.8		340.9		909.4		406.6		1566.0		757.7		792.2		0.0		40.0

		VWM (µéq/l)		Nv		167		Nv98		88.1		19.9		2.8		10.1		3.3		6.1		1.5		8.4		1.5		12.2		11.8		9.0		-		0.5						1754.6		244.7		890.7		287.6		535.5		134.1		740.0		131.2		1072.3		1037.8		789.8		0.0		39.7

		VWM (µéq/l)		Jv		29.7		Jv99		17.7		9.6		18.2		32.4		21.6		45.3		12.6		27.7		13.8		22.1		26.6		19.0		0.5		5.2						169.4		322.0		573.6		381.7		801.0		223.5		490.3		244.7		391.1		471.6		336.7		8.9		91.6

		VWM (µéq/l)		Fv		125		Fv99		124.5		6.0		14.1		16.9		8.4		15.6		4.3		14.5		7.9		8.4		12.4		2.7		0.3		2.1						746.4		1757.3		2109.2		1046.1		1937.1		533.2		1804.5		984.2		1049.6		1544.0		340.4		33.6		266.8

		VWM (µéq/l)		Ms		116.3		Ms99		89.1		7.3		2.7		23.4		5.0		13.2		4.1		16.1		3.3		10.5		6.7		4.2		0.1		1.1						649.2		241.7		2086.2		445.9		1173.0		364.6		1436.7		295.5		932.8		599.8		377.3		12.3		97.9		PévéAP		PévéAO

		VWM (µéq/l)		Av		275		Av99		200.5		-		4.9		11.5		4.9		13.0		2.7		7.4		4.9		5.4		-		-		-		-						0.0		980.5		2298.1		984.8		2604.6		534.9		1489.5		974.7		1075.3		0.0		0.0		0.0		0.0		231.3		1360.5

		VWM (µéq/l)		Mai		233.9		Mai99		72.1		-		9.4		11.5		7.0		11.6		2.9		6.5		6.8		3.8		-		-		-		-						0.0		678.0		830.8		505.1		833.2		207.8		467.2		492.9		272.3		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Jt		157.2		Jt99		110.2		-		11.5		15.3		7.6		7.4		2.4		4.8		9.7		4.4		-		-		-		-						0.0		1264.6		1684.9		842.1		820.8		263.7		530.4		1073.8		480.0		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Ao		204.6		Ao99		127.7		-		16.4		11.0		13.8		35.7		3.4		1.7		17.3		6.9		-		-		-		-						0.0		2097.0		1408.2		1758.2		4563.5		439.4		220.8		2209.8		885.9		0.0		0.0		0.0		0.0

		VWM (µéq/l)		S		443.7		S99		385.2		-		3.9		6.2		3.1		1.9		0.7		3.3		3.5		1.9		-		-		-		-						0.0		1514.0		2405.6		1210.3		717.8		265.9		1252.7		1333.9		717.3		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Oc		301.1		Oc99		153.8		-		7.3		24.1		11.7		7.6		1.3		2.8		9.4		2.4		-		-		-		-						0.0		1129.5		3709.7		1800.8		1161.7		202.2		432.9		1441.9		364.2		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Nv		163.5		Nv99		114.3		-		5.9		10.6		4.5		3.9		1.7		6.6		9.0		4.5		-		-		-		-						0.0		673.0		1210.7		514.0		448.2		197.9		750.3		1023.8		517.4		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Fv		65.9		Fv00		60.6		-		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		-		-		-		-						0.0		231.9		366.5		201.7		1142.3		124.2		143.5		414.0		262.2		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Ms		190.3		Ms00		113.1		-		21.6		18.1		21.2		49.2		16.5		14.5		23.5		12.0		-		-		-		-						0.0		2446.8		2043.9		2397.9		5568.2		1865.4		1642.8		2660.2		1362.0		0.0		0.0		0.0		0.0

		VWM (µéq/l)		Av		141.8		Av00		136.2		-		2.2		4.4		1.9		7.8		1.4		4.7		2.5		2.4		-		-		-		-						0.0		299.6		600.9		262.5		1064.7		193.4		636.6		343.5		330.0		0.0		0.0		0.0		0.0

																																								1473.7

				Annual		6782.2				4582.1																																12.0		4.0		10.5		5.0		8.9		2.4		6.9		4.3		5.1		8.7		5.4		0.2		1.2

																																								2454.9

																																								2127.2

																																								Zoétélé96/00 : Annual VWM (µéq/l)

																																								Pévé		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

				Annual		6782.2				4582.1				5587.0		1862.3		1862.3																						4582.5		12.0		4.0		10.5		5.0		8.9		2.4		6.9		4.3		5.1		8.7		5.4		0.2		1.2

		PS96-Av00		7099.7		2028.5		2028.5

		Zoétélé  96/00 : Annual VWM (µéq/l)								22.99		18		39.1		20.04		12.155		62		35.45		48.03		45		59		73.0		44.0		Conv (µéq/l en µg/l)

		Névé		Pévé		Ptotal		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		234		4583		7100		12.0		4.0		10.5		5.0		8.9		2.4		6.9		4.3		5.1		8.7		5.4		0.2		1.2

										0.043		0.056		0.026		0.025		0.041		0.016		0.028		0.010		0.022		0.017		0.014		0.011		Conv (µéq/l en µmole/l)

		C(µg/l)						12		92.6345851096		188.3838290791		194.6099505335		178.2718910142		28.7149478051		425.1500856376		152.8592288078		243.0622277857		390.6641983026		320.7428150502		17.2862611327		50.990156817

						Pan

		C(µmole/l)				2029		12		3.9832871597		10.5494944284		5.0598587139		4.4567972754		1.17731286		6.8024013702		4.2800584066		2.4306222779		8.5946123627		5.4526278559		0.2420076559		0.560891725

								0.024348

		WD(mmol/m²,yr)						24.3		8.1		21.4		10.3		9.0		2.4		13.8		8.7		4.9		17.4		11.1		0.5		1.1

		Zoétélé  96/00 : Annual VWM (µéq/l) and Wet Deposition (mmol/m²,yr)

				Névé		Pévé		Ptotal		Pan		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		Sum

				234		4583		7100		2029																														nss (%)

		VWM(µéq/l)										12.0		4.0		10.5		5.0		8.9		2.4		6.9		4.3		5.1		8.7		5.4		0.2		1.2		74.5		19.8657718121

		WD(mmol/m²,yr)										24.3		8.1		21.4		10.3		9.0		2.4		13.8		8.7		4.9		17.4		11.1		0.5		1.1
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		Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

																Annual VWM

		Calcul VWM avec prise en cpte Rmqs ci-dessus																																																								-

		i,e, ecarter elt OR ou ND et Moy si 2 ech pr 1 pluie

																																								PiCi

						Pmens		Mois		Pévé		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4						H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		VWM (µéq/l)		S		372.5		S96		320.5		11.6		2.1		3.9		3.2		2.5		1.3		3.9		1.8		1.3		4.9		2.9		-		-						3726.8		687.1		1263.4		1032.3		797.5		428.9		1259.0		583.0		419.4		1559.8		937.5		-		-

		VWM (µéq/l)		Oc		403.9		Oc96		368.8		9.6		1.7		3.9		2.0		3.0		1.4		3.6		1.3		2.1		5.1		3.0		-		-						3558.5		610.2		1422.7		749.9		1090.0		514.1		1335.3		494.9		783.7		1882.1		1110.8		-		-

				WS						689.3																														WS96		10.6		1.9		3.9		2.6		2.7		1.4		3.8		1.6		1.7		5.0		3.0

		VWM (µéq/l)		Nv		71.6		Nv96		68		36.2		3.5		23.7		6.9		13.0		4.8		30.1		4.7		17.1		25.6		8.6		-		-						2458.3		235.0		1613.6		468.9		881.1		323.4		2044.0		317.8		1165.9		1740.0		585.8		-		-

		VWM (µéq/l)		Dc		9.8		Dc96		9.4		37.4		2.1		22.3		7.9		6.0		4.6		21.5		3.1		22.7		17.1		7.1		-		-						351.3		20.2		209.4		74.0		56.3		43.0		201.9		29.5		213.2		161.2		67.2		-		-

		VWM (µéq/l)		Ms		136.2		Ms97		96		-		5.2		54.9		5.4		26.1		11.0		19.5		5.8		16.7		-		-		-		-						-		501.9		5269.9		518.1		2503.7		1058.4		1867.3		552.3		1599.7		-		-		-		-

				DS						173.4																														DS96/97		36.3		4.4		40.9		6.1		19.8		8.2		23.7		5.2		17.2		24.6		8.4

		VWM (µéq/l)		Av		211.6		Av97		139.4		-		1.1		7.0		1.7		13.6		1.0		5.2		1.2		3.2		-		-		-		-						-		159.3		977.0		236.3		1894.8		135.9		724.3		169.1		453.0		-		-		-		-

		VWM (µéq/l)		Mai		250.4		Mai97		58		-		0.5		3.2		1.3		13.4		1.1		1.8		0.8		1.9		-		-		-		-						-		30.2		185.6		74.4		776.6		64.9		101.9		48.6		112.5		-		-		-		-

		VWM (µéq/l)		Jn		133.5		Jn97		69		-		0.9		7.3		1.7		2.5		0.8		5.1		1.7		4.5		-		-		-		-						-		64.3		507.1		120.0		175.7		51.9		348.5		117.5		307.9		-		-		-		-

		VWM (µéq/l)		Jt		186.8		Jt97		178.8		-		1.0		10.8		2.6		1.5		0.6		10.2		1.6		7.1		-		-		-		-						-		175.4		1939.3		461.5		268.4		103.1		1825.3		286.3		1272.1		-		-		-		-

		VWM (µéq/l)		Ao		259.4		Ao97		201.8		-		0.6		4.5		1.0		0.7		0.5		5.1		2.0		1.7		-		-		-		-						-		119.1		915.6		198.8		149.6		101.0		1024.1		408.5		345.8		-		-		-		-

		VWM (µéq/l)		S		222.8		S97		94.2		-		0.7		6.8		1.3		1.8		0.7		6.0		2.2		2.3		-		-		-		-						-		67.5		642.4		121.3		166.2		66.8		562.4		203.8		217.7		-		-		-		-

		VWM (µéq/l)		Oc		223		Oc97		40.5		-		1.7		2.7		1.3		1.4		0.6		4.9		2.2		0.9		-		-		-		-						-		69.0		109.9		52.2		58.0		23.8		198.9		89.5		35.9		-		-		-		-

				WS						781.7																														WS97				0.9		6.8		1.6		4.5		0.7		6.1		1.7		3.5

		VWM (µéq/l)		Nv		126.3		Nv97		103.5		-		0.9		2.4		16.8		7.0		5.9		4.1		6.6		3.2		-		-		-		-						-		94.2		245.9		1742.0		726.1		612.7		426.1		686.6		332.8		-		-		-		-

		VWM (µéq/l)		Ms		101.7		Ms98		62		12.2		4.5		28.8		8.5		39.2		6.5		14.5		5.1		11.8		26.3		16.5		-		3.2				1936.3		759.0		278.4		1784.0		524.5		2427.8		400.6		901.6		319.0		729.8		1631.9		1020.2		-		199.2

				DS						165.5																														DS97/98		12.2		2.3		12.3		13.7		19.1		6.1		8.0		6.1		6.4		26.3		16.5				3.2

		VWM (µéq/l)		Av		266.7		Av98		204.1		11.1		1.1		9.7		8.2		8.0		2.1		7.0		2.7		4.2		12.9		9.0		-		0.8						2265.2		231.0		1974.0		1672.1		1625.2		427.3		1432.0		543.9		865.0		2629.4		1834.6		-		169.1

		VWM (µéq/l)		Mai		177.3		Mai98		177.7		12.3		2.0		7.6		2.6		9.3		1.7		8.1		2.1		6.0		9.3		7.0		-		1.3						2193.0		358.5		1352.4		456.8		1657.8		306.9		1445.9		378.4		1065.1		1650.6		1250.8		-		236.9

		VWM (µéq/l)		Jn		238.4		Jn98		86.5		20.6		1.4		12.1		4.2		5.7		1.0		12.3		2.0		12.1		13.9		9.4		-		2.2						1780.5		122.3		1047.9		360.1		492.4		82.9		1068.1		172.3		1043.5		1200.1		816.8		-		188.9

		VWM (µéq/l)		Jt		163.5		Jt98		82		22.4		1.1		9.9		2.8		0.7		0.5		13.7		2.3		7.7		9.1		6.9		-		1.4						1836.2		88.5		813.5		233.2		54.5		37.6		1122.2		185.7		634.3		746.4		565.4		-		118.8

		VWM (µéq/l)		Ao		112.9		Ao98		37		8.5		0.9		8.2		1.6		1.1		0.4		3.2		1.1		3.8		16.1		13.4		-		2.9						315.9		33.4		303.3		59.4		40.6		16.4		117.5		39.3		142.3		594.7		496.2		-		105.5

		VWM (µéq/l)		S		148.7		S98		113.3		5.9		1.4		6.4		3.0		3.5		1.2		4.1		0.9		1.5		2.3		2.1		-		0.2						668.5		163.7		727.6		336.6		395.0		134.1		466.7		101.2		170.6		260.1		242.7		-		22.2

		VWM (µéq/l)		Oc		350.2		Oc98		278.5		8.2		1.7		8.7		2.4		4.1		1.2		3.3		1.5		5.6		2.7		2.8		-		0.1						2281.6		472.8		2431.7		675.0		1152.8		340.9		909.4		406.6		1566.0		757.7		792.2		-		40.0

				WS						979.1																														WS98		11.6		1.5		8.8		3.9		5.5		1.4		6.7		1.9		5.6		8.0		6.1				0.9

		VWM (µéq/l)		Nv		167		Nv98		88.1		19.9		2.8		10.1		3.3		6.1		1.5		8.4		1.5		12.2		11.8		9.0		-		0.5						1754.6		244.7		890.7		287.6		535.5		134.1		740.0		131.2		1072.3		1037.8		789.8		-		39.7

		VWM (µéq/l)		Jv		29.7		Jv99		17.7		9.6		18.2		32.4		21.6		45.3		12.6		27.7		13.8		22.1		26.6		19.0		0.5		5.2						169.4		322.0		573.6		381.7		801.0		223.5		490.3		244.7		391.1		471.6		336.7		8.9		91.6

		VWM (µéq/l)		Fv		125		Fv99		124.5		6.0		14.1		16.9		8.4		15.6		4.3		14.5		7.9		8.4		12.4		2.7		0.3		2.1						746.4		1757.3		2109.2		1046.1		1937.1		533.2		1804.5		984.2		1049.6		1544.0		340.4		33.6		266.8

		VWM (µéq/l)		Ms		116.3		Ms99		89.1		7.3		2.7		23.4		5.0		13.2		4.1		16.1		3.3		10.5		6.7		4.2		0.1		1.1						649.2		241.7		2086.2		445.9		1173.0		364.6		1436.7		295.5		932.8		599.8		377.3		12.3		97.9

				DS						319.4																														DS98/99		10.4		8.0		17.7		6.8		13.9		3.9		14.0		5.2		10.8		11.4		5.8		0.2		1.6

		VWM (µéq/l)		Av		275		Av99		200.5		-		4.9		11.5		4.9		13.0		2.7		7.4		4.9		5.4		-		-		-		-						-		980.5		2298.1		984.8		2604.6		534.9		1489.5		974.7		1075.3		-		-		-		-

		VWM (µéq/l)		Mai		233.9		Mai99		72.1		-		9.4		11.5		7.0		11.6		2.9		6.5		6.8		3.8		-		-		-		-						-		678.0		830.8		505.1		833.2		207.8		467.2		492.9		272.3		-		-		-		-

		VWM (µéq/l)		Jt		157.2		Jt99		110.2		-		11.5		15.3		7.6		7.4		2.4		4.8		9.7		4.4		-		-		-		-						-		1264.6		1684.9		842.1		820.8		263.7		530.4		1073.8		480.0		-		-		-		-

		VWM (µéq/l)		Ao		204.6		Ao99		127.7		-		16.4		11.0		13.8		35.7		3.4		1.7		17.3		6.9		-		-		-		-						-		2097.0		1408.2		1758.2		4563.5		439.4		220.8		2209.8		885.9		-		-		-		-

		VWM (µéq/l)		S		443.7		S99		385.2		-		3.9		6.2		3.1		1.9		0.7		3.3		3.5		1.9		-		-		-		-						-		1514.0		2405.6		1210.3		717.8		265.9		1252.7		1333.9		717.3		-		-		-		-

		VWM (µéq/l)		Oc		301.1		Oc99		153.8		-		7.3		24.1		11.7		7.6		1.3		2.8		9.4		2.4		-		-		-		-						-		1129.5		3709.7		1800.8		1161.7		202.2		432.9		1441.9		364.2		-		-		-		-

				WS						1049.5																														WS99				7.3		11.8		6.8		10.2		1.8		4.2		7.2		3.6

		VWM (µéq/l)		Nv		163.5		Nv99		114.3		-		5.9		10.6		4.5		3.9		1.7		6.6		9.0		4.5		-		-		-		-						-		673.0		1210.7		514.0		448.2		197.9		750.3		1023.8		517.4		-		-		-		-

		VWM (µéq/l)		Fv		65.9		Fv00		60.6		-		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		-		-		-		-						-		231.9		366.5		201.7		1142.3		124.2		143.5		414.0		262.2		-		-		-		-

		VWM (µéq/l)		Ms		190.3		Ms00		113.1		-		21.6		18.1		21.2		49.2		16.5		14.5		23.5		12.0		-		-		-		-						-		2446.8		2043.9		2397.9		5568.2		1865.4		1642.8		2660.2		1362.0		-		-		-		-

				DS						288.0																														DS99/00				11.6		12.6		10.8		24.9		7.6		8.8		14.2		7.4

		VWM (µéq/l)		Av		141.8		Av00		136.2		-		2.2		4.4		1.9		7.8		1.4		4.7		2.5		2.4		-		-		-		-						-		299.6		600.9		262.5		1064.7		193.4		636.6		343.5		330.0		-		-		-		-

		VWM in dry and wet season

				RE		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		WS96		689.3		10.6		1.9		3.9		2.6		2.7		1.4		3.8		1.6		1.7		5.0		3.0

		DS96/97		173.4		36.3		4.4		40.9		6.1		19.8		8.2		23.7		5.2		17.2		24.6		8.4

		WS97		781.7				0.9		6.8		1.6		4.5		0.7		6.1		1.7		3.5

		DS97/98		165.5		12.2		2.3		12.3		13.7		19.1		6.1		8.0		6.1		6.4		26.3		16.5				3.2

		WS98		979.1		11.6		1.5		8.8		3.9		5.5		1.4		6.7		1.9		5.6		8.0		6.1				0.9

		DS98/99		319.4		10.4		8.0		17.7		6.8		13.9		3.9		14.0		5.2		10.8		11.4		5.8		0.2		1.6

		WS99		1049.5				7.3		11.8		6.8		10.2		1.8		4.2		7.2		3.6

		DS99/00		288				11.6		12.6		10.8		24.9		7.6		8.8		14.2		7.4

				RE		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4										RE		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		WS96		689.3		10.6		1.9		3.9		2.6		2.7		1.4		3.8		1.6		1.7		5.0		3.0																7285.23		1297.24		2686.11		1782.14		1887.49		942.92		2594.28		1077.86		1203.1		3441.86		2048.31		0		0

		WS97		781.7				0.9		6.8		1.6		4.5		0.7		6.1		1.7		3.5																				0		684.802927091		5276.9052		1264.60805666		3489.186664		547.4348707978		4785.5111616		1323.18722928		2744.8405488		0		0		0		0

		WS98		979.1		11.6		1.5		8.8		3.9		5.5		1.4		6.7		1.9		5.6		8.0		6.1				0.9												11340.8337102403		1470.3292294114		8650.382084151		3793.1303069028		5418.3226442161		1345.965243959		6561.7726168544		1827.5152239005		5486.8542822288		7838.952272197		5998.5802842262		0		881.3129801997

		WS99		1049.5				7.3		11.8		6.8		10.2		1.8		4.2		7.2		3.6																				0		7663.7481		12337.276		7101.4138		10701.49		1913.8636		4393.5136		7526.9852		3794.9268		0		0		0		0

		WS		3499.6																																						11.2		3.2		8.3		4.0		6.1		1.4		5.2		3.4		3.8		6.8		4.8		0.0		0.9

		DS96/97		173.4		36.3		4.4		40.9		6.1		19.8		8.2		23.7		5.2		17.2		24.6		8.4																6294.2631782946		757.0476		7092.8804		1060.9676		3441.095		1424.8678		4113.2024		899.6764		2978.7081		4259.2775193798		1462.7656589147		0		0

		DS97/98		165.5		12.2		2.3		12.3		13.7		19.1		6.1		8.0		6.1		6.4		26.3		16.5				3.2												2026.0554522758		372.5567372543		2029.8366928		2266.4983224		3153.8398825		1013.2970140128		1327.728328		1005.6036396		1062.5678805		4356.0747822581		2723.3354932258		0		531.8583008871

		DS98/99		319.4		10.4		8.0		17.7		6.8		13.9		3.9		14.0		5.2		10.8		11.4		5.8		0.2		1.6												3319.6346307876		2565.84538169		5659.7200688		2161.3662772		4446.65948275		1255.4351904215		4471.4772		1655.5193244341		3445.8181233		3653.2354529		1844.0949180576		75.6333124081		496.0798359259

		DS99/00		288				11.6		12.6		10.8		24.9		7.6		8.8		14.2		7.4																				0		3351.7167		3621.1784		3113.5832		7158.715		2187.555		2536.5808		4098.052		2141.5548		0		0		0		0

		DS		946.3																																						17.7		7.4		19.4		9.1		19.2		6.2		13.2		8.1		10.2		18.6		9.2		0.2		2.1

		VWM of Wet and Dry Season

				RE		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4				pH		H+

		Wet Season		3499.6		11.2		3.2		8.3		4.0		6.1		1.4		5.2		3.4		3.8		6.8		4.8		0.0		0.9				4.95		11.2

		Dry Season		946.3		17.7		7.4		19.4		9.1		19.2		6.2		13.2		8.1		10.2		18.6		9.2		0.2		2.1				4.75

		Annual		4445.9		12.6		4.1		10.7		5.1		8.9		2.4		6.9		4.4		5.1		9.3		5.7		0.2		1.2				4.90

		Ratio				1.6		2.3		2.4		2.3		3.1		4.6		2.5		2.4		2.7		2.8		1.9		0.0		2.4

																		0.961

																								Figure 8 : Zoétélé S96-Av00 : Seasonal Volume Weighted Mean

																										WS : Wet Season ; DS : Dry Season

				RE		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4				Cl/Na

		WS		3499.6		11.2		3.2		8.3		4.0		6.1		1.4		5.2		3.4		3.8		6.8		4.8		0.0		0.9				1.058

		DS		946.3		17.7		7.4		19.4		9.1		19.2		6.2		13.2		8.1		10.2		18.6		9.2		0.2		2.1				1.087

																								Sea salt

										Na+		K+		Ca2+		Mg2+				Cl-		SO4=				K+		Ca2+		Mg2+				Cl-		SO4=		Cl/Na		Cl/Na*Rm ??

						(Xi/Na)seawater						0.022		0.044		0.227				1.160		0.121				0.022		0.044		0.227				1.160		0.121

						WS				3.2		4.0		6.1		1.4				3.4		3.8				0.07		0.14		0.72				3.68		0.38		1.06		1.23

						DS				7.4		9.1		19.2		6.2				8.1		10.2				0.16		0.33		1.69				8.64		0.90		1.09		1.26

						Annual				4.0		5.000		8.900		2.400				4.300		5.100				0.088		0.176		0.908				4.640		0.484		1.08		1.25

						Zoétélé S96-Av00 : Marine contributions (µéq/l)

										Na+		Cl/Na		K+		K+		Ca2+		Ca2+		Mg2+		Mg2+		Cl-		Cl-		SO4=		SO4=

						(Xi/Na)seawater										0.022				0.044				0.227				1.16				0.121

						(Keene et al, : 1986)

						WS				3.2		1.06		4.0		0.070		6.1		0.140		1.4		0.721		3.4		3.68		3.8		0.384

						DS				7.4		1.09		9.1		0.164		19.2		0.328		6.2		1.690		8.1		8.64		10.2		0.901

						Annual				4.0		1.08		5.0		0.088		8.9		0.176		2.4		0.908		4.3		4.64		5.1		0.484

								italic values : Sea salt

						Zoétélé S96-Av00 : Marine contributions (%)

														K+		K+		Ca2+		Ca2+		Mg2+		Mg2+		Cl-		Cl-		SO4=		SO4=

						WS								1.75				2.28				53.1				109.7				10.2

						DS								1.80				1.70				27.2				106.7				8.86

						Annual								1.76				1.98				37.8				107.9				9.49

						Zoétélé S96-Av00 : Marine contributions (µéq/l)

										Na+		Cl/Na		K+		K+		Ca2+		Ca2+		Mg2+		Mg2+		Cl-		Cl-		SO4=		SO4=

						(Xi/Na)seawater										0.022				0.044				0.227				1.160				0.121

						(Keene et al, : 1986)

						WS				3.1763973758		1.1		3.98		0.1		6.14		0.1		1.4		0.7		3.4		3.7		3.78		0.4

						DS				7.4470743094		1.1		9.09		0.2		19.23		0.3		6.2		1.7		8.1		8.6		10.18		0.9

						Annual				4		1.1		5.00		0.1		8.90		0.2		2.4		0.9		4.3		4.6		5.10		0.5

								italic values : Sea salt

		Calcul pr discussions				Zoétélé S96-Av00 : Non sea salt (nss) in µéq/l

										Na+		Cl/Na		K+		K+		Ca2+		Ca2+		Mg2+		Mg2+		Cl-		Cl-		SO4=		SO4=

						WS										3.9				6.0				0.6				-0.3				3.4

						DS										8.9				18.9				4.5				-0.5				9.3

						Annual										4.9				8.7				1.5				-0.3				4.6

		Calcul pr discussions				Zoétélé S96-Av00 : Non sea salt (nss) in µéq/l

										Na+		Cl/Na		K+		K+		Ca2+		Ca2+		Mg2+		Mg2+		Cl-		Cl-		SO4=		SO4=

																DS/WS				DS/WS				DS/WS								DS/WS

						WS								3.9				6.0				0.6				-0.3				3.4

						DS								8.9		2.3		18.9		3.1		4.5		7.1		-0.5		1.7		9.3		2.7

						Annual								4.9				8.7				1.5				-0.3				4.6

				HCOOH		CH3COOH		C2H5COOH		H2C2O4				HCOOH		CH3COOH		C2H5COOH		H2C2O4

		pKa		3.75		4.75		4.67		4.19

		Annual VWM		8.7		5.4		0.2		1.2				8.2		3.2		0.1		1.0

		Zoétélé S96-Av00 : Dissociated Organic Acids (µéq/l)

				HCOOH		HCOO*		CH3COOH		CH3COO*		C2H5COOH		C2H5COO*		H2C2O4		HC2O4*						Calcul des PH

				8.7		8.2		5.4		3.2		0.2		0.1		1.2		1.0						0.000012		0.000010		0.000006		H+(g)		0.000037

																								4.921		5.000		5.222		-LogH		4.432

				* and italic values : Dissociated part of Organic Acids

		The Ratio of Xi to Na ions

						Na+		K+				Ca2+				Mg2+				Cl-				SO4=

		(Xi/Na)seawater						0.022				0.044				0.227				1.160				0.121

		WS				3.2		4.0		1.2541508945		6.1		1.9338122305		1.4		0.4273238869		3.4		1.0575225332		3.8		1.1901384049

		DS				7.4		9.1		1.220691394		19.2		2.5826421973		6.2		0.834541808		8.1		1.0867987087		10.2		1.36631496

		Annual				4.0		5.000		1.25		8.900		2.225		2.400		0.6		4.300		1.075		5.100		1.275

		The Ratio of Xi to Na ions

						Na+		K+		Ca2+		Mg2+		Cl-		SO4=

		(Xi/Na)seawater						0.022		0.044		0.227		1.160		0.121

		WS				3.18		1.25		1.93		0.43		1.06		1.19

		DS				7.45		1.22		2.58		0.83		1.09		1.37

		Annual				4.00		1.25		2.23		0.60		1.08		1.28
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Wet Season

Dry Season
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								Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

								Calcul VWM avec prise en cpte Rmqs ci-dessus

								i,e, ecarter elt OR ou ND et Moy si 2 ech pr 1 pluie

								Pmens		Pévé		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4

		VWM (µéq/l)		S96		S		372.5		320.5		11.6		2.1		3.9		3.2		2.5		1.3		3.9		1.8		1.3		4.9		2.9		-		-

		VWM (µéq/l)		Oc96		Oc		403.9		368.8		9.6		1.7		3.9		2.0		3.0		1.4		3.6		1.3		2.1		5.1		3.0		-		-

		VWM (µéq/l)		Nv96		Nv		71.6		68		36.2		3.5		23.7		6.9		13.0		4.8		30.1		4.7		17.1		25.6		8.6		-		-

		VWM (µéq/l)		Dc96		Dc		9.8		9.4		37.4		2.1		22.3		7.9		6.0		4.6		21.5		3.1		22.7		17.1		7.1		-		-

		VWM (µéq/l)		Ms97		Ms		136.2		96		2.3		5.2		54.9		5.4		26.1		11.0		19.5		5.8		16.7		-		-		-		-

		VWM (µéq/l)		Av97		Av		211.6		139.4		2.5		1.1		7.0		1.7		13.6		1.0		5.2		1.2		3.2		-		-		-		-

		VWM (µéq/l)		Mai97		Mai		250.4		58		1.5		0.5		3.2		1.3		13.4		1.1		1.8		0.8		1.9		-		-		-		-

		VWM (µéq/l)		Jn97		Jn		133.5		69		3.8		0.9		7.3		1.7		2.5		0.8		5.1		1.7		4.5		-		-		-		-

		VWM (µéq/l)		Jt97		Jt		186.8		178.8		7.5		1.0		10.8		2.6		1.5		0.6		10.2		1.6		7.1		-		-		-		-

		VWM (µéq/l)		Ao97		Ao		259.4		201.8		5.8		0.6		4.5		1.0		0.7		0.5		5.1		2.0		1.7		-		-		-		-

		VWM (µéq/l)		S97		S		222.8		94.2		4.2		0.7		6.8		1.3		1.8		0.7		6.0		2.2		2.3		-		-		-		-

		VWM (µéq/l)		Oc97		Oc		223		40.5		6.1		1.7		2.7		1.3		1.4		0.6		4.9		2.2		0.9		-		-		-		-

		VWM (µéq/l)		Nv97		Nv		126.3		103.5		2.9		0.9		2.4		16.8		7.0		5.9		4.1		6.6		3.2		-		-		-		-

		VWM (µéq/l)		Ms98		Ms		101.7		62		12.2		4.5		28.8		8.5		39.2		6.5		14.5		5.1		11.8		26.3		16.5		-		3.2

		VWM (µéq/l)		Av98		Av		266.7		204.1		11.1		1.1		9.7		8.2		8.0		2.1		7.0		2.7		4.2		12.9		9.0		-		0.8

		VWM (µéq/l)		Mai98		Mai		177.3		177.7		12.3		2.0		7.6		2.6		9.3		1.7		8.1		2.1		6.0		9.3		7.0		-		1.3

		VWM (µéq/l)		Jn98		Jn		238.4		86.5		20.6		1.4		12.1		4.2		5.7		1.0		12.3		2.0		12.1		13.9		9.4		-		2.2

		VWM (µéq/l)		Jt98		Jt		163.5		82		22.4		1.1		9.9		2.8		0.7		0.5		13.7		2.3		7.7		9.1		6.9		-		1.4

		VWM (µéq/l)		Ao98		Ao		112.9		37		8.5		0.9		8.2		1.6		1.1		0.4		3.2		1.1		3.8		16.1		13.4		-		2.9

		VWM (µéq/l)		S98		S		148.7		113.3		5.9		1.4		6.4		3.0		3.5		1.2		4.1		0.9		1.5		2.3		2.1		-		0.2

		VWM (µéq/l)		Oc98		Oc		350.2		278.5		8.2		1.7		8.7		2.4		4.1		1.2		3.3		1.5		5.6		2.7		2.8		-		0.1

		VWM (µéq/l)		Nv98		Nv		167		88.1		19.9		2.8		10.1		3.3		6.1		1.5		8.4		1.5		12.2		11.8		9.0		-		0.5

		VWM (µéq/l)		Jv99		Jv		29.7		17.7		9.6		18.2		32.4		21.6		45.3		12.6		27.7		13.8		22.1		26.6		19.0		0.5		5.2

		VWM (µéq/l)		Fv99		Fv		125		124.5		6.0		14.1		16.9		8.4		15.6		4.3		14.5		7.9		8.4		12.4		2.7		0.3		2.1

		VWM (µéq/l)		Ms99		Ms		116.3		89.1		7.3		2.7		23.4		5.0		13.2		4.1		16.1		3.3		10.5		6.7		4.2		0.1		1.1

		VWM (µéq/l)		Av99		Av		275		200.5		1.9		4.9		11.5		4.9		13.0		2.7		7.4		4.9		5.4		0.1		0.1		0.0		0.1

		VWM (µéq/l)		Mai99		Mai		233.9		72.1		1.5		9.4		11.5		7.0		11.6		2.9		6.5		6.8		3.8		1.8		1.1		0.0		0.2

		VWM (µéq/l)		Jt99		Jt		157.2		110.2		2.1		11.5		15.3		7.6		7.4		2.4		4.8		9.7		4.4		0.8		0.6		0.0		0.4

		VWM (µéq/l)		Ao99		Ao		204.6		127.7		0.6		16.4		11.0		13.8		35.7		3.4		1.7		17.3		6.9		0.0		0.2		0.0		0.6

		VWM (µéq/l)		S99		S		384.2		385.2		2.7		3.9		6.2		3.1		1.9		0.7		3.3		3.5		1.9		0.0		0.1		0.0		0.0

		VWM (µéq/l)		Oc99		Oc		301.1		153.8		1.5		7.3		24.1		11.7		7.6		1.3		2.8		9.4		2.4		0.0		0.5		0.0		0.1

		VWM (µéq/l)		Nv99		Nv		163.5		114.3		2.9		5.9		10.6		4.5		3.9		1.7		6.6		9.0		4.5		0.1		0.1		0.0		0.2

		VWM (µéq/l)		Fv00		Fv		65.9		60.6		0.5		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		0.0		0.0		0.0		0.1

		VWM (µéq/l)		Ms00		Ms		190.3		113.1		0.5		21.6		18.1		21.2		49.2		16.5		14.5		23.5		12.0		0.1		1.1		0.0		0.5

		VWM (µéq/l)		Av00		Av		141.8		136.2		3.4		2.2		4.4		1.9		7.8		1.4		4.7		2.5		2.4		1.3		0.9		0.0		0.1

								Mg2+		SO4=		Ca2+		Mg2+

																																								0.8426149773

								1.3		1.3		2.5		1.3

								1.4		2.1		3.0		1.4

								4.8		17.1		13.0		4.8

		22.7		4.6				4.6				6.0

								11.0		16.7		26.1		11.0

								1.0		3.2		13.6		1.0

								1.1		1.9		13.4		1.1

								0.8		4.5		2.5		0.8
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		3.2		5.9				5.9				7.0
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								2.1		4.2		8.0		2.1

								1.7		6.0		9.3		1.7

								1.0		12.1		5.7		1.0

								0.5		7.7		0.7		0.5

								0.4		3.8		1.1		0.4																										0.7218032973
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								1.3		2.4		7.6		1.3

								1.7		4.5		3.9		1.7

								2.1		4.3		18.9		2.1
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																																								0.8062257748
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								Figure 9 : Relationship between monthly VWM of sodium and chlorine,

										calcium and magnesium and calcium and sulphate
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		Zoétélé precipitation (1996, 1997, 1998, 1999, 2000) µeq/l

		OR Out of Range				ND Not determined

				ID not acceptable

				2 samples for one rain event

		Zoétélé96

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag		Cl/Na

		9/20/96		8.0		20.9		5.1		7.4		1.0		5.2		2.4		3.0		1.2		2.9		0.8		1.4		4.1		3.1								3.9		2.2						11.2		20.2		31.4		29				0.8

		9/21/96		140.0		7.6		4.9		12.9		3.7		4.3		4.7		3.6		1.8		4.0		2.3		1.3		6.3		3.9								5.9		2.3						15.7		31.0		46.7		33				0.6216216216

		9/23/96		13.0		27.9		5.2		7.1		0.8		3.4		1.5		1.0		0.7		3.0		0.6		1.1		3.5		1.9								3.4		1.4						9.4		14.5		23.9		21				0.75

		9/24/96		9.5		7.6		4.9		11.5		0.7		4.8		0.9		2.1		0.7		6.5		0.4		2.2		5.1		3.0								4.8		1.8						15.7		20.7		36.4		14				0.5714285714

		9/26/96		25.0		11.8		5.0		11.0		0.6		4.7		1.4		0.8		0.7		3.1		0.3		1.3		5.0		3.4								4.7		2.1						11.5		19.2		30.7		25				0.5

		9/28/96		80.0		6.8		4.8		14.8		1.2		3.1		2.2		1.7		0.9		3.7		2.1		1.1		5.1		2.5								4.7		1.4						13.0		23.9		36.9		30				1.75

		9/29/96		25.0		4.2		5.3		4.6		0.6		3.3		2.4		1.7		1.2		4.3		1.5		2.1		0.4		0.5								0.4		0.4						8.7		13.8		22.5		23				2.5

		9/30/96		20.0		5.3		5.4		4.3		0.9		4.1		2.8		1.9		1.6		4.7		1.5		0.9		0.4		0.8								0.4		0.6						8.1		15.6		23.7		31				1.6666666667

		10/4/96		8.8		18.9		5.4		3.6		1.3		4.2		3.8		4.3		1.9		2.1		1.2		0.0		2.2		1.7								2.2		1.4						6.9		19.1		26.0		47				0.9230769231

		10/9/96		16.5		11.1		5.3		5.6		0.9		3.8		2.2		2.8		1.4		4.2		0.5		1.2		2.0		1.7								1.9		1.3						9.1		16.7		25.8		29				0.5555555556

		10/10/96		10.0		31.1		5.1		7.6		1.0		4.4		1.2		1.6		0.8		2.3		0.1		1.5		5.2		3.0								5.0		2.1						11.0		16.6		27.6		20				0.1

		10/12/96		34.0		77.3		5.4		4.3		3.1		1.8		1.8		1.8		0.7		1.2		2.1		0.0		2.0		1.5								2.0		1.2						6.5		13.5		20.0		35				0.6774193548

		10/13/96		40.0		4.5		5.2		6.2		0.5		1.5		0.6		0.9		0.4		0.8		0.5		0.8		2.1		1.7								2.0		1.3						5.4		10.1		15.5		30				1

		10/14/96		18.5		128.8		5.0		11.2		1.0		2.7		1.0		1.1		0.9		2.7		0.9		1.1		5.3		3.4								5.0		2.1						11.8		17.9		29.7		21				0.9

		10/15/96		4.0		15.7		5.7		2.2		2.2		2.4		15.3		17.5		18.1		0.6		0.0		6.7		0.9		0.9								0.9		0.8						9.0		57.7		66.7		73		vL Ani		0

		10/18/96		8.0		12.1		5.3		5.1		2.0		6.4		9.1		8.8		7.1		10.0		3.8		2.5		2.4		1.8								2.3		1.4						20.0		38.5		58.5		32				1.9

		10/19/96		16.0		7.9		5.1		7.2		0.7		2.4		0.8		3.7		0.8		1.5		0.2		0.9		3.7		2.8								3.6		2.0						8.1		15.6		23.7		31				0.2857142857

		10/20/96		17.0		5.9		4.9		11.7		0.6		4.7		1.2		1.7		0.9		3.8		0.7		2.6		5.2		3.6								4.9		2.2						14.2		20.8		35.0		19				1.1666666667

		10/22/96		29.0		7.7		5.1		8.5		0.7		3.7		1.2		3.7		0.9		2.7		0.6		2.8		3.4		2.0								3.2		1.4						10.7		18.7		29.4		27				0.8571428571

		10/23/96		24.0		6.7		5.0		10.5		0.7		3.4		1.2		1.8		0.7		3.3		0.7		2.7		4.9		3.1								4.6		1.9						13.3		18.3		31.6		16				1

																																																								0

		10/25/96		28.5		7.9		4.8		17.0		0.7		4.9		1.0		1.7		0.6		4.1		0.3		2.4		8.2		5.1								7.5		2.6						16.9		25.9		42.8		21				0.4285714286

		10/27/96		41.0		10.4		5.1		7.2		0.6		2.9		1.4		2.7		1.0		3.7		0.7		2.4		3.2		1.8								3.1		1.3						11.2		15.8		27.0		17				1.1666666667

		10/28/96		6.0		22.6		4.6		22.9		3.9		15.3		3.7		13.4		3.3		16.4		4.7		9.1		20.5		7.6								18.2		3.3						51.7		62.5		114.2		9				1.2051282051

		10/31/96		34.0		13.0		4.7		19.1		1.4		8.6		2.2		5.3		2.1		8.7		1.5		5.3		13.3		6.2								12.0		3.0						30.5		38.7		69.2		12				1.0714285714

		11/19/96		21.0		33.0		4.6		27.5		4.9		25.7		8.2		21.4		7.2		30.1		5.3		21.0		28.8		6.7								24.9		2.6						84.0		94.9		178.9		6				1.0816326531

																																																								0

		11/25/96		27.0		11.5		4.7		21.9		1.4		11.6		3.0		3.1		1.3		11.4		2.1		6.2		12.1		4.8								10.8		2.2						32.6		42.3		74.9		13				1.5

		11/30/96		15.5		45.0		4.2		67.6		1.9		33.4		9.3		9.3		4.2		46.0		4.7		23.8		39.3		16.2								28.5		3.4						106.3		125.7		232.0		8				2.4736842105

		12/4/96		4.5		116.6		4.7		20.9		2.3		14.4		5.0		5.0		2.7		13.4		2.1		11.0		13.5		6.0								12.1		2.8						41.3		50.3		91.6		10				0.9130434783

		12/5/96		4.9		42.0		4.3		52.5		2.0		29.5		10.5		6.9		6.3		28.9		4.1		33.4		20.5		8.2								15.8		2.1						84.3		107.7		192.0		12				2.05

																																																								0

		Zoétélé 97																																																						0

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag		0

																																																								0

																																																								0

																																																								0

																																																								0

		3/23/97		45.8		6.8		6.0		1.1		2.5		28.4		4.1		15.1		1.6		11.1		2.4		7.4																				20.9		52.8		73.7		43		OA ND		0.9542902967

		3/23/97		same		5.2		5.1		7.9		1.6		0.4		4.0		10.7		0.9		11.4		2.0		6.3																				19.7		25.5		45.2		13				1.2671275927

		4/4/97		18.0		3.9		5.8		1.4		1.1		9.2		2.1		21.9		0.5		7.1		1.6		4.4																				13.1		36.1		49.2		47				1.4846511628

		4/5/97		30.4		3.4		5.9		1.4		1.2		6.7		1.8		20.6		0.8		5.9		1.1		3.0																				10.0		32.5		42.5		53				0.9302325581

		4/5/97		same		2.8		5.8		1.7		1.2		0.1		1.7		19.1		0.7		0.0		1.6		2.8																				4.4		24.5		28.9		70		OA ND		1.3488372093

		4/6/97		16.0		5.4		5.9		1.4		1.9		19.3		2.8		24.1		2.1		9.6		1.9		5.2																				16.7		51.4		68.2		51		OA ND		0.9915433404

		4/7/97		6.0		7.9		6.2		0.6		4.8		22.5		4.5		42.6		4.3		14.9		2.5		7.3																				24.7		79.3		104.0		52		OA ND		0.5290697674

		4/14/97		9.5		4.6		5.8		1.7		1.0		14.2		3.3		18.0		1.9		8.8		1.7		6.3																				16.9		40.0		56.9		41		OA ND		1.7553083923

		4/16/97		25.0		3.5		5.4		4.3		0.6		6.2		0.9		2.6		0.5		5.5		0.8		2.9																				9.3		15.0		24.3		24				1.3953488372

		4/16/97		same		3.5		5.3		5.3		0.4		0.0		0.7		1.3		0.3		3.2		0.8		2.6																				6.7		8.0		14.7		9				1.9534883721

		4/17/97		13.0		3.0		5.4		3.6		0.5		2.6		0.8		1.1		0.4		3.8		0.8		1.4																				5.9		9.0		14.9		21				1.5983086681

		4/18/97		21.5		2.1		5.5		2.9		0.3		1.9		0.7		1.3		0.5		2.0		0.4		0.6																				2.9		7.6		10.5		44				1.3023255814

		4/18/97		same		2.3		5.5		3.0		1.2		0.0		0.5		1.0		0.6		0.0		0.2		0.6																				0.8		6.3		7.1		78		OA ND		0.1447028424

		5/2/97		1.5		3.1		5.8		1.6		0.9		7.2		1.0		11.3		1.2		5.9		1.4		0.7																				7.9		23.2		31.2		49				1.4503171247

		5/5/97		18.5		2.6		5.7		1.9		0.5		4.9		0.8		3.2		0.8		0.0		0.6		1.1																				1.8		12.0		13.8		75		OA ND		1.3023255814

		5/5/97		same		2.2		5.5		1.6		0.7		0.0		1.0		1.3		0.5		0.0		0.5		0.8																				1.4		5.1		6.5		58				0.773255814

		5/8/97		12.5		2.7		5.9		1.2		0.1		6.8		1.9		7.3		1.2		3.0		0.6		1.4																				5.0		18.6		23.5		58				4.3410852713

		5/10/97		25.5		3.4		6.0		1.0		0.6		3.5		1.2		24.6		1.4		4.4		1.4		3.1																				8.9		32.2		41.1		57				2.2790697674

		5/10/97		same		3.3		5.7		2.1		0.7		0.0		1.3		24.7		1.4		0.0		0.9		2.8																				3.7		30.2		33.9		78		OA ND		1.3023255814

		6/6/97		47.5		4.1		5.3		4.5		0.5		9.4		1.5		1.1		0.6		7.0		1.1		5.0																				13.1		17.5		30.6		14				2.1162790698

		6/17/97		21.5		3.0		5.6		2.3		1.8		2.8		2.4		5.9		1.1		0.8		3.1		3.2																				7.1		16.3		23.4		39				1.6506219578

		7/11/97		1.3		64.8		5.5		3.5		1.7		24.9		5.5		7.4		1.2		18.4		4.7		7.6																				30.7		44.2		74.9		18				2.7186046512

		7/14/97		30.0		11.1		4.8		14.7		0.7		18.8		4.7		0.7		0.4		20.4		2.3		14.0																				36.7		40.0		76.7		4				3.1025991792

		7/16/97		25.2		9.7		4.8		14.4		1.1		12.6		3.8		0.5		0.5		16.3		2.6		12.5																				31.3		32.8		64.1		2				2.3041144902

		7/16/97		2.0		8.0		5.3		5.2		1.8		29.8		6.4		1.0		0.9		17.6		3.6		14.5																				35.7		45.0		80.7		12				1.9689922481

		7/17/97		4.2		4.8		5.2		6.1		0.5		9.7		2.1		0.6		0.3		7.6		1.0		6.6																				15.3		19.3		34.6		12				1.9534883721

		7/21/97		37.5		4.0		5.3		5.2		0.3		5.6		1.1		0.5		0.3		6.5		1.1		2.7																				10.2		13.0		23.2		12				3.1744186047

		7/22/97		55.0		3.7		5.3		4.7		0.6		6.3		1.3		0.8		0.6		3.9		0.7		4.2																				8.8		14.2		23.0		23				1.1627906977

		7/23/97		5.0		3.8		5.6		2.3		1.9		11.0		2.8		5.4		1.1		6.2		1.4		5.3																				12.9		24.6		37.5		31				0.7235142119

		7/31/97		18.6		5.2		5.7		2.1		3.3		16.9		3.8		7.5		1.3		11.9		2.7		6.0																				20.6		34.9		55.5		26				0.8033826638

		8/11/97		1.7		92.4		5.8		1.7		2.5		34.6		5.7		6.0		2.5		16.9		14.6		5.3																				36.8		53.0		89.8		18				5.9518563851

		8/12/97		6.9		5.3		5.4		4.4		1.8		11.9		3.1		1.0		0.8		9.1		4.9		5.1																				19.1		23.0		42.1		9				2.7793533749

		8/22/97		5.2		5.8		5.3		5.1		2.0		9.0		3.1		1.1		1.0		9.1		4.6		3.2																				16.8		21.2		38.0		12				2.3073811931

		8/24/97		91.0		4.2		5.2		6.7		0.4		4.1		0.9		0.6		0.5		4.8		1.9		1.6																				8.2		13.2		21.4		23				4.8475452196

		8/28/97		88.5		2.6		5.3		4.5		0.6		2.6		0.5		0.8		0.4		3.2		1.4		1.3																				6.0		9.5		15.4		23				2.3720930233

		8/31/97		8.5		8.0		5.0		11.2		0.5		13.8		2.4		0.7		0.6		19.3		3.4		3.4																				26.1		29.2		55.2		6				7.221987315

		9/1/97		12.0		3.0		5.3		5.2		0.3		1.7		0.5		0.5		0.4		3.9		0.9		0.5																				5.3		8.6		14.0		23				3.5813953488

		9/5/97		9.5		4.0		5.4		3.8		0.7		7.4		1.6		1.3		0.7		7.4		2.7		2.6																				12.8		15.5		28.3		9				3.7537619699

		9/6/97		45.5		4.2		5.4		4.1		0.6		5.5		0.9		1.2		0.7		4.1		1.8		1.7																				7.6		13.1		20.7		26				2.7782945736

		9/11/97		18.7		4.1		5.3		4.7		0.6		6.0		1.6		1.1		0.7		6.9		2.7		1.8																				11.5		14.8		26.2		13				4.2108527132

		9/12/97		8.5		6.5		5.5		3.0		1.9		22.1		3.4		8.6		1.1		15.2		4.0		8.7																				27.9		40.1		67.9		18				2.1310782241

		10/13/97		9.5		3.3		5.2		6.6		0.4		2.7		0.7		0.8		0.4		4.5		1.3		0.7																				6.5		11.6		18.2		28				2.974391814

		10/14/97		3.8		5.9		5.0		10.7		0.2		5.5		1.0		0.6		0.4		9.6		5.5		0.7																				15.9		18.5		34.4		8				25.71249999

		10/16/97		3.5		7.6		4.9		12.6		1.5		6.2		1.6		1.1		0.3		13.5		6.4		1.4																				21.3		23.3		44.5		4				4.186846091

		10/26/97		10.3		2.2		5.3		4.7		0.2		0.9		0.4		0.7		0.4		1.7		0.6		0.0																				2.3		7.2		9.5		52				3.2481321289

		10/27/97		5.8		2.7		5.5		3.4		0.8		2.9		1.8		2.3		0.9		3.7		2.0		0.8																				6.6		12.1		18.7		30				2.4996400074

		10/31/97		7.6		3.2		5.4		4.0		6.9		2.0		2.9		3.3		1.0		4.4		2.1		2.1																				8.6		20.0		28.6		40				0.3074258513

		11/1/97		17.0		2.9		5.4		4.3		0.9		2.4		1.9		2.2		0.8		4.7		1.6		0.9																				7.1		12.5		19.6		27				1.7361315662

		11/3/97		2.0		9.2		5.5		3.1		3.4		21.7		6.7		22.7		2.9		22.6		9.3		13.1																				44.9		60.5		105.4		15				2.7098756008

		11/7/97		35.5		5.1		5.9		1.1		0.4		0.3		35.0		5.0		2.0		0.0		2.0		2.6																				4.6		43.9		48.5		81		OA ND,H K		5.2117441298

		11/17/97		31.0		3.5		5.4		4.0		0.9		3.1		2.7		5.4		1.5		4.9		3.0		3.2																				11.1		17.7		28.8		23				3.3268226981

		11/18/97		4.0		8.5		4.9		11.7		1.6		7.2		3.1		4.8		0.8		23.2		5.0		2.5																				30.7		29.3		59.9		-2				3.1363366235

		11/27/97		14.0		9.2		6.0		1.1		1.7		1.9		25.4		19.9		33.7		4.0		32.7		6.4																				43.1		83.6		126.7		32		OA ND, H K, HMg		19.0067026023

																																																								0

																																																								0

		Zoétélé 98																																																						0

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag		0

		3/16/98		34.5		14		4.70		20.0		2.9		24.6		8.4		3.4		1.1		9.3		3.3		9.1		26.9		20.4				3.4				24.2		9.6				2.6		58.0		60.3		118.4		2				1.1277555189

																																																								0

																																																								0

																																																								0

		4/5/98		16		11.3		4.92		12.0		2.8		16.2		6.0		15.3		3.3		9.3		4.9		7.2		24.3		15.1				0.6				22.8		9.0				0.5		53.5		55.7		109.2		2				1.764290488

		4/6/98		13.5		4.5		5.98		1.1		2.0		3.4		7.5		23.1		6.5		2.1		3.7		5.5		0.9		1.3				2.3				0.9		1.2				2.2		15.7		43.5		59.2		47		vL OA		1.8519785322

		4/8/98		17.5		16.3		4.70		20.2		1.6		21.1		4.5		16.9		3.0		12.7		2.2		8.6		32.9		19.0				2.3				29.6		8.9				1.8		63.8		67.3		131.0		3				1.3532818975

		4/10/98		16.5		11.5		4.78		16.7		0.5		9.5		1.8		4.0		0.8		6.3		1.0		3.0		19.2		13.7				0.0				17.6		7.1				0.0		35.0		33.2		68.1		-3				2.1751434372

		4/13/98		28.3		15.3		4.63		23.7		0.7		9.4		1.3		3.5		0.9		ND		ND		ND		14.1		12.2				0.0				12.4		5.2				0.0		17.7		39.4		57.1		38		Ani ND		0

		4/17/98		10.3		11.3		4.92		12.1		1.5		15.9		8.9		7.5		3.5		9.3		4.1		6.1		16.1		11.8				2.9				15.1		7.0				2.4		44.0		49.3		93.4		6				2.7986388376

		4/18/98		59.5		4.2		5.69		2.0		0.4		5.8		19.2		3.0		1.7		6.8		2.0		2.6		1.5		1.6				0.6				1.5		1.5				0.6		14.9		32.1		47.1		37				4.6207043858

		4/23/98		10.5		8.2		5.05		8.9		1.1		8.6		2.7		18.3		2.3		6.4		8.3		5.9		17.7		10.2				1.0				16.8		6.8				0.9		45.1		41.9		87.0		-4				7.7843908494

		4/29/98		8		11.9		4.70		19.9		1.8		7.4		1.3		1.3		0.5		6.4		0.9		2.1		14.9		14.6				1.2				13.4		6.9				0.9		30.6		32.2		62.8		3				0.5011230311

		4/29/98		24		6.7		4.96		10.9		1.6		9.2		2.5		6.2		1.3		4.7		1.4		2.5		15.7		9.6				0.0				14.7		5.9				0.0		29.1		31.6		60.8		4				0.8541907367

		5/2/98		23		3.9		5.20		6.3		0.6		3.3		1.1		0.8		0.4		1.9		1.2		0.2		3.1		3.0				0.0				3.0		2.2				0.0		8.5		12.4		20.9		19				2.0980976154

		5/9/98		10.5		3.2		5.59		2.6		1.9		4.3		4.1		8.4		2.6		7.3		9.7		3.5		0.2		0.4				0.0				0.2		0.3				0.0		21.1		23.9		45.0		6				5.0960591878

		5/10/98		31		2.5		5.72		1.9		2.9		4.1		1.2		10.1		1.4		4.6		1.1		2.2		0.2		0.5				0.4				0.2		0.5				0.4		8.9		21.6		30.5		42				0.3789588066

		5/12/98		20.5		2.9		5.87		1.3		1.8		2.8		2.3		14.9		2.6		4.9		2.2		2.8		0.2		0.4				0.0				0.2		0.4				0.0		10.4		25.8		36.2		43				1.19502416

		5/14/98		5		6.6		5.24		5.8		1.4		6.7		2.4		15.8		2.3		10.0		1.6		3.6		10.8		6.2				1.0				10.4		4.7				0.9		31.2		34.3		65.5		5				1.1892454484

		5/16/98		16		8.8		4.78		16.7		0.4		6.5		1.4		1.8		0.7		4.9		0.9		3.2		9.8		9.7				1.4				8.9		5.0				1.1		24.0		27.7		51.7		7				1.9471676875

		5/17/98		4.5		8.7		4.93		11.9		1.5		9.6		1.5		11.9		1.5		8.7		1.5		3.8		13.4		8.5				0.7				12.6		5.1				0.6		32.3		38.0		70.3		8				0.9954978455

		5/18/98		3.5		21.4		4.55		28.2		1.6		24.1		3.8		21.3		3.3		13.9		2.5		14.2		38.4		32.7				2.9				33.1		12.6				2.0		78.5		82.4		160.8		2				1.5476514969

		5/19/98		23.5		6.7		4.92		12.1		0.1		5.2		1.3		0.9		0.5		4.0		0.6		2.6		8.3		6.2				0.5				7.7		3.7				0.4		19.0		20.1		39.1		3				5.7163547229

		5/23/98		8		11.5		4.59		25.7		2.3		14.4		5.4		25.3		4.6		22.0		3.4		12.8		25.6		17.5				2.5				22.3		7.2				1.8		69.5		77.7		147.2		6				1.484037421

																																																								0

		5/27/98		30		21.3		4.52		30.3		4.6		16.7		5.3		15.4		2.6		18.6		2.9		18.5		24.7		17.1				5.0				21.1		6.3				3.4		70.8		75.0		145.8		3				0.627746282

		6/5/98		26		9.5		4.88		13.2		1.3		8.6		2.2		10.4		1.0		10.8		1.7		7.6		9.6		6.3				2.9				8.9		3.6				2.4		35.2		36.7		71.9		2				1.3235291363

		6/5/98		same		5.8		5.02		9.5		0.7		4.3		1.5		2.3		0.6		5.9		1.4		4.4		5.2		2.4				0.0				5.0		1.5				0.0		18.2		19.0		37.2		2				1.9523061088

		6/14/98		7		22.7		4.48		33.5		0.5		17.8		5.3		2.9		0.8		15.8		1.8		19.1		23.1		17.6				2.8				19.4		6.1				1.8		64.0		60.9		124.8		-2				3.4044539235

		6/15/98		19.5		20		4.53		29.6		0.7		15.4		5.0		3.1		0.8		14.7		2.3		16.7		19.1		13.0				2.5				16.4		4.9				1.7		56.6		54.6		111.2		-2				3.3686820591

		6/20/98		8.5		20.7		4.50		31.6		4.7		19.7		9.1		4.8		1.1		20.8		2.3		19.1		16.6		9.6				2.6				14.1		3.5				1.8		61.5		71.0		132.5		7				0.4771889136

		6/23/98		5.5		22.2		4.56		27.4		2.2		25.7		6.1		22.9		2.2		21.2		3.6		25.4		24.5		14.9				3.3				21.2		5.9				2.3		79.6		86.4		166.0		4				1.6272004308

		6/24/98		20		8.7		4.90		12.7		1.3		7.3		3.3		4.0		1.0		8.0		1.8		6.3		9.9		8.2				2.2				9.2		4.8				1.8		31.9		29.6		61.5		-4				1.3298167187

		7/2/98		8.5		17.5		4.59		25.8		1.4		16.3		6.2		1.0		0.7		36.5		4.0		14.5		4.0		1.4				0.8				3.5		0.6				0.5		59.6		51.4		111.1		-7				2.8165253883

		7/5/98		39.5		5.2		5.05		8.9		1.2		4.6		1.0		0.6		0.2		3.0		1.0		2.3		5.0		4.3				0.8				4.8		2.9				0.7		14.6		16.4		31.1		6				0.8762663247

		7/7/98		9		28.4		4.33		47.2		0.8		20.8		5.4		0.7		0.7		24.5		3.0		17.4		26.9		19.8				3.2				21.2		5.4				1.8		73.3		75.7		149.0		2				3.728498634

		7/10/98		10.5		20		4.46		34.5		0.8		14.9		4.3		0.4		0.4		22.6		4.1		12.5		11.9		11.0				3.3				9.9		3.8				2.1		55.0		55.4		110.4		0				5.0677392276

		7/11/98		14.5		15.1		4.48		33.0		1.0		10.3		3.3		0.8		0.8		16.3		2.8		9.2		10.2		6.1				1.3				8.6		2.1				0.9		40.0		49.3		89.3		10				2.7903909382

		8/3/98		34.5		3.2		5.13		7.4		0.8		7.2		1.4		1.0		0.4		2.5		0.9		3.4		ND		ND				ND				_		_						6.8		18.3		25.0		46				1.076428206

		8/31/98		2.5		9.6		4.62		24.0		1.9		21.8		4.2		2.1		1.6		12.3		3.4		10.7		16.1		13.4				2.9				14.2		5.7				2.1		48.3		55.6		103.9		7				1.7937251136

		9/7/98		13.3		3.8		5.51		3.1		1.6		14.3		4.8		5.7		2.8		8.1		1.5		5.4		0.5		0.9				0.0				0.5		0.7				0.0		16.1		32.2		48.3		33				0.9134923697

		9/10/98		8				5.02		9.5		1.5		6.8		2.1		2.5		0.4		8.7		0.8		0.2		4.1		3.4				0.0				3.9		2.2				0.0		15.9		22.7		38.6		18				0.5575244244

		9/13/98		4.5		10.2		4.67		21.2		1.2		9.2		2.5		2.6		0.5		14.4		1.2		2.8		7.2		6.7				0.9				6.4		3.1				0.7		28.6		37.1		65.7		13				1.058264289

		9/14/98		3		10.6		4.67		21.5		2.2		19.2		3.7		2.7		0.9		13.3		1.7		3.7		12.2		10.8				1.9				10.9		4.9				1.4		35.9		50.3		86.1		17				0.7696268676

		9/15/98		7.5		3.6		4.93		11.9		1.7		9.9		4.8		4.6		2.7		6.9		1.4		2.3		6.8		5.2				1.7				6.4		3.1				1.4		21.4		35.4		56.9		25				0.8185108247

		9/23/98		14		2.1		5.52		3.0		2.0		6.4		3.3		2.8		0.6		3.9		0.8		0.7		0.4		0.5				0.0				0.4		0.5				0.0		6.2		18.1		24.3		49				0.3921927088

		9/27/98		16.5		2		5.64		2.3		1.4		4.6		3.8		4.5		2.7		2.0		1.4		1.0		0.0		0.0				0.0				0.0		0.0				0.0		4.3		19.3		23.7		63		LCh		0.9607110246

		9/30/98		46.5		2.1		5.32		4.8		1.2		3.1		1.9		2.8		0.4		1.0		0.4		0.6		2.1		2.0				0.0				2.0		1.6				0.0		5.7		14.2		19.9		43				0.3756385153

		10/4/98		18		4		4.96		11.0		2.3		8.7		2.6		8.2		1.8		6.3		1.5		6.8		7.6		5.3				0.0				7.2		3.3				0.0		24.9		34.5		59.4		16				0.6503019546

		10/12/98		104		1.6		5.37		4.2		0.8		2.2		1.7		1.1		0.9		0.7		0.5		0.3		0.4		0.7				0.0				0.4		0.6				0.0		2.5		10.9		13.4		63		LCh		0.6758251922

		10/14/98		3		3.9		4.95		11.1		ND		ND		ND		ND		ND		2.9		1.0		7.6		10.2		10.6				0.5				9.6		6.5				0.4		28.0		11.1		39.1		-43				0

		10/16/98		7.5		5.6		5.01		9.7		3.1		11.1		3.2		5.2		1.4		4.8		1.4		5.4		9.0		6.1				1.0				8.6		4.0				0.8		24.9		33.7		58.6		15				0.4656686116

		10/17/98		12.5		3.7		5.09		8.1		1.4		3.7		1.9		1.8		0.3		3.4		0.7		0.5		3.5		3.9				0.4				3.4		2.7				0.4		11.0		17.2		28.2		22				0.5014918782

		10/18/98		35.5		2.7		5.31		4.9		3.3		2.5		2.5		2.6		0.3		0.9		2.4		0.8		1.8		2.0				0.0				1.7		1.5				0.0		7.4		16.0		23.3		37				0.7436391919

		10/19/98		8		3.4		5.41		3.9		2.3		7.6		2.9		10.8		1.9		5.8		1.4		2.2		1.8		5.8				0.9				1.8		4.8				0.9		16.9		29.3		46.2		27				0.6163164776

		10/21/98		15		11.8		4.58		26.2		1.7		10.8		3.6		2.1		1.3		7.9		2.0		13.7		11.3		9.9				1.2				9.8		4.0				0.9		38.3		45.6		83.9		9				1.1888446833

		10/22/98		17.5		8.4		4.78		16.6		1.5		4.8		2.2		1.9		0.7		3.4		1.1		11.5		3.7		3.9				0.0				3.4		2.0				0.0		21.4		27.8		49.2		13				0.7759202291

		10/28/98		34		8.9		4.81		15.5		1.8		7.4		2.0		8.8		1.2		5.8		2.8		17.8		3.6		4.8				0.0				3.3		2.6				0.0		32.3		36.7		69.0		6				1.6044923948

		10/29/98		18		7.9		6.29		0.5		2.6		63.8		6.3		11.6		4.7		7.3		2.6		12.6		0.0		0.0				0.0				0.0		0.0				0.0		22.4		89.6		112.0		60		vL OA		0.9963066529

		10/30/98		5.5		4.2		5.81		1.6		2.7		17.7		2.7		11.4		2.1		9.0		2.5		11.6		0.0		0.0				0.0				0.0		0.0				0.0		23.2		38.1		61.3		24				0.9300658646

		11/3/98		17.5		13.8		4.64		23.0		2.8		7.2		2.9		8.1		1.8		13.1		2.1		17.6		9.7		7.1				0.0				8.6		3.1				0.0		44.5		45.7		90.2		1				0.7435857081

		11/4/98		18.5		10.5		4.76		17.5		2.1		7.9		2.4		3.4		1.2		7.7		1.4		11.6		8.2		6.8				0.0				7.4		3.4				0.0		31.6		34.6		66.2		5				0.6568332977

		11/4/98		same		10.8		4.69		20.4		2.3		7.8		2.5		3.6		0.9		7.6		1.7		12.2		8.6		7.4				0.0				7.7		3.5				0.0		32.6		37.5		70.1		7				0.7224786664

																																																								0

		11/11/98		33.5		8.2		4.94		11.4		1.9		8.7		3.1		4.0		1.0		5.7		0.6		7.6		10.8		7.4				0.0				10.1		4.5				0.0		28.5		30.2		58.8		3				0.3122295793

		11/12/98		4.8		16.1		4.70		19.8		2.5		17.4		3.8		6.3		1.8		13.7		1.1		11.7		17.4		14.6				1.3				15.7		6.9				1.0		50.0		51.6		101.6		2				0.4289201534

																																																								0

																																																								0

																																																								0

		Zoétélé 99																																																						0

		Date		Ht(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag		0

		1/3/99		2				4.44		36.3		4.7		39.8		10.4		20.6		9.4		OR		6.3		19.7		31.5		22.9		ND		3.9		ND		26.6		8.1		ND		2.5		63.2		121.2		184.4		31		NO3 OR, H H+		1.3260042283

																																																								0

																																																								0

		2/8/99		54.6		4.6		5.51		3.1		4.7		9.0		3.4		5.3		1.6		7.0		4.7		4.3		1.2		1.6		0.1		1.3		20.5		1.2		1.4		0.1		1.2		40.5		27.1		67.6		-20				1.000422833

		2/21/99		19.4		14.6		4.85		14.1		4.8		26.7		8.6		13.8		4.8		14.5		6.0		10.0		24.8		ND		0.7		4.4		23.1		23.2		ND		0.4		3.6		80.7		72.8		153.5		-5				1.2495285984

																																																								0

																																																								0

																																																								0

		3/1/99		11.2		5.6		5.18		6.6		1.3		7.2		2.4		7.5		2.1		8.8		1.6		5.2		4.7		4.4		0.1		1.4		18.3		4.5		3.3		0.1		1.3		43.1		27.0		70.1		-23				1.215503876

		3/4/99		32.5		7		6.02		1.0		1.8		26.0		5.9		14.9		4.9		16.1		2.9		12.3		0.7		0.5		0.0		0.2		27.0		0.7		0.5		0.0		0.2		59.7		54.4		114.1		-5				1.6517300057

		3/5/99		5.6		10		6.17		0.7		3.8		32.8		8.4		24.6		6.1		24.8		5.3		13.7		0.6		1.0		0.0		0.6		32.0		0.6		0.9		0.0		0.6		77.9		76.3		154.1		-1				1.4059196617

		3/10/99		6.2		17.2		4.69		20.4		1.5		41.3		5.1		11.1		4.0		18.2		3.2		15.4		32.2		15.8		0.8		3.5		16.4		29.2		7.8		0.4		2.7		93.3		83.5		176.9		-6				2.0981912145

																																																								0

		3/13/99		2.8		17.9		4.55		28.2		1.0		26.7		3.1		3.8		1.4		19.5		3.1		7.2		20.6		ND		0.0		2.7		17.0		18.1		ND		0.0		1.9		66.8		64.3		131.1		-2				2.9573643411

																																																								0

		3/20/99		6.5		5.5		5.67		2.1		1.8		11.8		4.1		13.9		3.0		11.3		3.2		6.8		0.1		0.1		0.0		0.0		23.6		0.1		0.1		0.0		0.0		45.2		36.7		81.9		-10				1.7263385614

																																																								0

		4/7/99		14.8		7.1		6.1		0.8		3.6		16.2		6.8		28.8		5.8		13.2		4.7		9.4		0.0		0.1		0.0		0.1		41.9		0.0		0.1		0.0		0.1		69.3		61.9		131.2		-6				1.3023255814

		4/11/99		31.8		3.7		5.97		1.1		1.8		8.2		2.6		16.1		2.5		5.5		2.5		4.7		0.1		0.1		0.0		0.0		19.4		0.1		0.1		0.0		0.0		32.2		32.4		64.6		0				1.3477555435

		4/13/99		17.7		5.2		5.8		1.6		1.7		19.5		4.4		8.9		3.5		12.1		3.1		9.0		0.1		0.1		0.0		0.1		13.8		0.1		0.1		0.0		0.1		38.2		39.6		77.8		2				1.7906976744

																																																								0

		4/21/99		8.5		4.3		5.58		2.6		1.2		11.0		1.7		8.8		1.6		11.0		2.5		4.3		0.1		0.1		0.0		0.0		10.2		0.1		0.1		0.0		0.0		28.2		27.0		55.2		-2				2.1162790698

		4/22/99		36.5		3.6		5.53		3.0		2.0		1.1		2.9		10.8		1.6		5.0		1.8		4.1		0.2		0.3		0.0		0.2		12.8		0.2		0.3		0.0		0.2		24.4		21.2		45.6		-7				0.9059656218

		4/25/99		4.3		2.6		5.75		1.8		0.6		5.9		1.6		6.4		1.1		3.5		1.3		1.7		0.0		0.0		0.0		0.0		11.7		0.0		0.0		0.0		0.0		18.2		17.4		35.6		-3				2.0403100775

		4/26/99		11.4		3.8		5.88		1.3		1.8		8.1		1.9		14.1		1.6		7.2		1.9		4.3		0.2		0.1		0.0		0.0		13.3		0.2		0.1		0.0		0.0		27.0		28.8		55.8		3				1.0542635659

		4/29/99		13.5		4.1		5.25		5.6		1.0		1.0		2.0		6.4		1.6		8.7		0.9		2.3		0.0		0.1		0.0		0.1		8.0		0.0		0.1		0.0		0.1		20.1		17.5		37.6		-7				0.8776541962

		5/6/99		13.8		3.4		5.83		1.5		1.2		9.4		2.3		9.3		1.6		8.1		1.8		3.6		0.1		0.1		0.0		0.0		13.4		0.1		0.0		0.0		0.0		27.1		25.3		52.4		-4				1.519379845

		5/7/99		39		4.2		6.01		1.0		1.5		9.6		2.5		14.7		3.9		7.7		1.5		3.5		0.2		0.2		0.0		0.0		20.1		0.2		0.2		0.0		0.0		33.3		33.2		66.6		-0				1.0341997264

																																																								0

																																																								0

																																																								0

		5-6/07/1999		20.5		5		5.71		1.9		4.0		12.3		6.1		6.1		1.7		10.1		4.7		6.7		0.0		0.0		0.0		0.1		14.9		0.0		0.0		0.0		0.1		36.5		32.2		68.7		-6				1.156853043

																																																								0

																																																								0

																																																								0

																																																								0

		7/16/99		15.8		4.8		5.12		7.6		2.4		5.7		1.8		1.7		0.7		2.3		2.2		2.7		5.8		3.7		0.1		1.1		11.8		5.6		2.7		0.1		1.0		28.3		20.0		48.3		-17				0.8953488372

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

		9/8/99		59.5		2.7		5.31		4.9		0.5		0.5		0.7		1.1		0.4		4.2		0.7		0.8		0.0		0.1		0.0		0.0		17.8		0.0		0.1		0.0		0.0		23.6		8.0		31.6		-49				1.3565891473

		9/9/99		98		3.1		5.42		3.8		1.3		3.1		1.9		0.8		0.5		3.6		1.9		2.7		0.0		0.0		0.0		0.0		20.2		0.0		0.0		0.0		0.0		28.4		11.4		39.8		-43				1.4976744186

		9/10/99		23.5		5.6		5.75		1.8		3.4		1.2		2.2		1.2		0.7		1.0		2.6		0.8		0.0		ND		0.0		0.1		18.2		0.0		ND		0.0		0.1		22.7		10.4		33.1		-37				0.7569767442

		9/13/99		8.5		4.6		5.38		4.2		1.1		10.6		1.7		3.5		1.1		13.6		2.0		2.5		0.1		0.3		0.0		0.0		14.7		0.1		0.2		0.0		0.0		33.1		22.2		55.4		-20				1.8032200358

		9/22/99		35.5		2.2		5.57		2.7		0.4		5.4		0.4		0.9		0.2		2.0		0.7		0.5		0.0		0.4		0.0		0.0		16.8		0.0		0.3		0.0		0.0		20.3		10.0		30.3		-34				1.6930232558

																																																								0

																																																								0

																																																								0

		10/13/99		6		4.1		5.54		2.9		2.0		9.7		1.6		1.9		0.9		6.5		2.2		3.1		0.0		0.1		0.0		0.0		19.9		0.0		0.1		0.0		0.0		31.9		19.0		50.9		-25				1.1183013145

		10/19/99		43.5		1.7		5.71		1.9		1.5		5.5		0.8		0.7		0.3		0.5		1.3		0.4		0.0		0.8		0.0		0.0		20.2		0.0		0.7		0.0		0.0		23.1		10.8		33.9		-36				0.850129199

		10/20/99		6.3		1.8		5.54		2.9		0.3		2.5		0.3		0.6		0.2		1.0		0.4		0.3		0.0		0.1		0.0		0.0		10.2		0.0		0.1		0.0		0.0		12.1		6.9		19.0		-27				1.2209302326

		10/21/99		6.7		2.8		5.3		5.0		0.5		1.4		0.6		0.9		0.3		3.1		0.9		0.6		0.1		0.2		0.0		0.0		11.6		0.1		0.2		0.0		0.0		16.5		8.7		25.3		-31				1.7364341085

																																																								0

																																																								0

		11/5/99		34		2.6		5.75		1.8		1.2		4.4		0.8		2.3		0.3		2.6		1.5		1.0		0.0		0.1		0.0		0.0		11.6		0.0		0.1		0.0		0.0		16.7		10.7		27.4		-22				1.1676022454

		11/14/99		2		14.4		5.74		1.8		3.5		11.1		3.0		6.4		1.6		12.0		6.2		7.1		0.0		ND		0.0		0.1		18.2		0.0		ND		0.0		0.1		43.6		27.5		71.1		-23				1.754963131

		11/19/99		23		3.3		5.37		4.3		0.7		4.8		0.9		2.1		0.6		5.6		0.9		3.7		0.1		0.1		0.0		0.0		10.2		0.1		0.1		0.0		0.0		20.6		13.2		33.8		-22				1.2257181943

		11/20/99		20.5		7.6		5.41		3.9		1.5		10.7		2.3		3.5		1.1		10.2		2.6		6.3		0.2		ND		0.0		0.0		13.1		0.2		ND		0.0		0.0		32.4		23.0		55.5		-17				1.7302325581

		11/22/99		12.5		8.2		5.28		5.2		3.0		9.5		3.2		4.4		1.6		9.7		4.0		5.9		0.1		ND		0.0		0.1		14.5		0.1		ND		0.0		0.1		34.2		26.9		61.1		-12				1.3302325581

																																																								0

		11/28/99		3.5		10.6		5.77		1.7		3.0		28.1		6.5		23.8		10.1		31.1		5.8		17.1		0.0		0.0		0.0		0.1		25.7		0.0		0.0		0.0		0.1		79.8		73.0		152.8		-4				1.962925514

																																																								0

		Zoétélé 00																																																						0

		Date		P(mm)		Cond		pH		H+		Na+		NH4+		K+		Ca2+		Mg2+		NO3-		Cl-		SO4=		HCOO		CH3COO		C2H5COO		C2O4		tcarbonates		HCOO*		CH3COO*		C2H5COO*		C2O4*		AE		CE		AE+CE		ID(%)		Flag		0

		2/8/00		60.6		11.4		6.26		0.5		3.8		6.0		3.3		18.9		2.1		2.4		6.8		4.3		0.0		0.0		0.0		0.1		34.5		0.0		0.0		0.0		0.1		48.2		34.7		82.8		-16				1.7852103475

																																																								0

																																																								0

		3/26/00		26.9		11.1		6.41		0.4		4.5		16.2		2.9		38.7		5.4		15.5		5.2		8.0		0.3		0.9		0.0		0.1		38.2		0.3		0.9		0.0		0.1		68.2		68.1		136.3		-0				1.1708407871

																																																								0

																																																								0

		3/31/00		16.8		9.2		6.02		1.0		2.9		7.3		2.3		12.8		1.2		3.1		3.6		2.5		0.0		3.3		0.0		0.1		25.8		0.0		3.2		0.0		0.1		38.3		27.4		65.7		-17				1.2634501909

		4/3/00		67.3		3.2		5.44		3.6		0.7		2.3		0.8		4.0		0.8		4.6		1.3		2.4		0.1		0.4		0.0		0.0		11.2		0.1		0.3		0.0		0.0		20.0		12.3		32.3		-24				1.8385772914

																																																								0

		4/9/00		11.8		7.4		5.09		8.1		1.2		11.0		0.8		4.5		0.9		4.1		1.5		1.6		13.7		4.9		0.2		0.4		12.9		13.1		3.5		0.1		0.4		37.1		26.5		63.6		-17				1.1676022454

		4/25/00		40.2		4.2		5.57		2.7		3.5		3.4		2.3		7.8		1.3		3.8		3.0		2.2		0.3		1.0		0.0		0.1		18.0		0.3		0.8		0.0		0.1		28.2		21.1		49.3		-15				0.8417470221

		4/27/00		12.8		5.7		6.05		0.9		4.8		2.4		5.7		23.2		4.4		7.9		4.8		3.4		0.0		0.0		0.0		0.1		29.3		0.0		0.0		0.0		0.1		45.6		41.4		87.0		-5				1

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

																																																								0

		Echs à  teneurs en Na > 5 µéq/l																																																						0

																																																								0

		10/24/96		33.5		7.0		5.0		9.8		6.9		2.9		4.5		2.2		1.8		3.3		5.1		1.3		6.0		3.7								5.7		2.4						17.8		28.1		45.9		23				0.7391304348

		11/21/96		4.5		50.0		4.3		53.7		14.4		54.0		15.9		45.3		16.0		86.9		17.1		41.9		44.3		14.3								34.0		3.6						183.5		199.3		382.8		4				1.1875

		3/10/97		27.5		30.8		6.4		0.3		10.3		122.8		6.4		36.7		31.3		33.7		12.9		35.0																				81.6		207.8		289.4		44		OA ND		1.2505595018

		3/13/97		3.5		17.3		6.8		0.1		7.4		53.5		11.0		54.5		8.9		20.6		5.8		16.2																				42.6		135.4		178.0		52		OA ND		0.7836668469

		3/17/97		19.2		11.9		6.4		0.3		5.3		55.9		6.4		36.7		5.7		18.4		4.0		13.8																				36.2		110.3		146.5		51		OA ND		0.7509377344

		3/17/97		same		11.2		6.5		0.3		5.1		53.0		5.9		37.8		5.7		18.3		4.1		13.9																				36.3		107.7		144.0		50		OA ND		0.811194324

		3/23/98		16.5		12.6		6.52		0.3		5.4		17.3		6.6		84.6		12.2		18.7		6.2		13.6		0.3		0.0				0.3				0.3		0.0				0.3		39.1		126.4		165.5		53		vL OA		1.135200026

		3/24/98		9		21.2		5.18		6.6		5.6		57.6		9.8		74.2		12.4		25.4		8.9		17.8		61.5		24.1				6.6				59.3		17.5				6.0		135.0		166.3		301.3		10				1.5838566789

		3/29/98		2		39.2		5.51		3.1		18.1		66.7		18.7		123.1		25.5		21.9		11.0		15.5		73.8		50.0				9.1				72.5		42.6				8.7		172.2		255.2		427.4		19		H Ca, H NH4		0.607609786

		5/25/98		2.2		26.1		4.40		39.9		5.4		18.8		6.7		5.7		1.7		19.1		2.2		20.6		ND		ND				ND												41.8		78.3		120.1		30		OA ND		0.3993311731

		11/5/98		11.5		24.5		4.40		40.3		5.2		18.5		4.4		13.3		3.3		OR		3.4		18.7		19.7		15.4				2.7				16.1		4.7				1.6		44.6		85.1		129.7		31		NO3 OR		0.6527341888

		11/13/98		2.3		7.7		4.57		26.9		7.6		13.6		8.1		4.4		1.2		8.3		0.7		8.1		17.7		16.3				1.3				15.4		6.5				0.9		40.0		61.7		101.7		21		H H+		0.0978781987

		1/29/99		15.7		26.5		5.21		6.2		19.9		31.5		23.0		48.4		13.0		27.7		14.8		22.4		26.0		18.5		0.5		5.3		25.4		25.2		14.2		0.4		4.9		135.0		142.0		277.0		3				0.7425787332

		2/4/99		18.6		17.7		6.19		0.6		60.5		8.3		24.5		25.7		8.4		26.5		21.3		7.6		0.7		ND		0.0		0.9		76.6		0.7		ND		0.0		0.8		133.4		128.1		261.6		-2				0.3514799154

		2/22/99		23.3		13		5.02		9.5		7.4		25.6		6.7		16.9		3.9		14.6		5.3		12.1		24.2		ND		0.5		2.1		23.2		23.1		ND		0.4		1.8		80.4		70.1		150.5		-7				0.7076219922

		2/25/99		4.1		20.7		5.27		5.4		12.5		38.6		7.4		75.1		12.2		38.0		10.5		26.9		50.2		17.4		0.9		5.4		19.6		48.8		13.7		0.7		5.0		163.3		151.1		314.4		-4				0.844266239

		2/28/99		4.5		20.5		4.98		10.5		12.4		41.9		11.4		45.6		11.3		34.0		10.8		19.3		47.5		ND		0.0		5.5		24.1		45.1		ND		0.0		4.8		138.0		133.2		271.2		-2				0.8674660014

		3/12/99		18.3		11.4		4.76		17.4		5.0		17.0		2.8		3.4		1.1		10.4		2.5		7.6		14.4		10.7		0.4		2.2		14.9		13.3		5.7		0.2		1.8		56.3		46.7		103.0		-9				0.50521251

		3/19/99		6		13.3		6.31		0.5		5.5		43.0		10.5		39.3		13.1		41.0		9.7		16.5		0.0		0.1		0.0		0.3		52.6		0.0		0.1		0.0		0.3		120.1		111.9		231.9		-4				1.7550872093

		4/1/99		52		5.8		5.9		1.3		12.1		20.0		8.5		11.0		2.4		5.2		10.2		5.4		0.2		ND		0.0		0.1		26.3		0.2		ND		0.0		0.1		47.5		55.2		102.7		8				0.8451261752

		4/16/99		10		7.8		6.13		0.7		8.8		14.9		10.9		20.3		6.6		14.5		11.2		7.2		0.2		ND		0.0		0.0		29.1		0.2		ND		0.0		0.0		62.2		62.2		124.4		-0				1.2737379467

		5/13/99		19.3		9.4		5.57		2.7		31.3		16.9		19.4		6.9		1.6		2.8		21.2		4.4		6.3		3.6		0.0		0.6		11.1		6.2		3.2		0.0		0.6		49.5		78.8		128.3		23		L OA, H Na		0.6770663859

		7/3/99		13.5		3.6		6.03		0.9		7.0		13.0		5.7		4.6		2.0		2.9		8.0		2.3		0.0		0.0		0.0		0.3		22.0		0.0		0.0		0.0		0.2		35.5		33.2		68.8		-3				1.1495836922

		7/4/99		5		7.6		5.92		1.2		18.8		20.4		10.3		11.3		2.1		5.2		15.6		6.4		0.2		1.0		0.1		0.2		37.9		0.2		0.9		0.1		0.2		66.5		64.1		130.7		-2				0.8280768822

		7/7/99		9		6.8		6		1.0		25.4		18.6		15.4		12.2		7.3		3.1		17.0		2.7		0.0		0.0		0.0		0.5		27.9		0.0		0.0		0.0		0.5		51.1		79.9		131.0		22		L OA		0.6687915634

		7/8/99		26		6.4		6.26		0.5		12.6		23.6		7.3		5.8		2.1		3.3		11.7		3.7		0.0		0.0		0.0		0.2		31.4		0.0		0.0		0.0		0.2		50.3		51.8		102.1		2				0.9311850147

		7/9/99		12		5		5.66		2.2		11.4		14.4		7.9		5.4		3.0		7.9		4.1		3.9		0.0		0.3		0.0		0.4		23.9		0.0		0.3		0.0		0.4		40.5		44.3		84.7		4				0.3650458069

		7/12/99		8.4		10.4		6.39		0.4		31.3		13.1		16.3		26.8		3.0		1.8		29.8		8.3		0.0		0.0		0.0		0.5		47.9		0.0		0.0		0.0		0.5		88.2		91.0		179.1		2				0.9508050089

		8/12/99		7		8.9		5.96		1.1		6.0		13.7		5.4		4.0		1.3		5.3		7.1		2.2		0.0		0.3		0.0		0.1		14.0		0.0		0.2		0.0		0.1		28.9		31.5		60.4		4				1.1813953488

		8/15/99		42		9.9		6.42		0.4		16.5		6.3		13.3		58.7		3.9		0.4		22.0		12.6		0.0		0.0		0.0		0.5		81.9		0.0		0.0		0.0		0.5		117.3		99.1		216.4		-8				1.3294573643

		8/19/99		35.5		7.6		6.45		0.4		7.1		5.1		7.9		44.6		1.7		0.3		8.0		5.1		0.0		0.0		0.0		0.2		62.2		0.0		0.0		0.0		0.2		75.8		66.8		142.6		-6				1.1207892882

		8/21/99		14.5		7.5		5.88		1.3		6.9		12.9		4.9		4.7		1.6		3.5		4.9		1.1		0.4		ND		0.0		0.5		84.7		0.4		ND		0.0		0.5		95.0		32.4		127.3		-49		L OA		0.7077856421

		8/30/99		21.3		19.4		6.28		0.5		40.2		24.6		33.9		16.3		7.2		3.9		35.1		5.3		0.0		0.0		0.0		1.9		93.6		0.0		0.0		0.0		1.9		139.7		122.8		262.5		-6				0.8728648972

		8/31/99		7.4		8.4		6.14		0.7		20.8		21.2		11.5		9.7		4.0		3.4		18.6		4.2		0.0		2.6		0.3		0.4		59.9		0.0		2.5		0.3		0.4		89.4		67.9		157.3		-14				0.8978766431

		9/3/99		52		5.1		5.94		1.1		9.5		18.3		5.7		3.5		1.0		4.0		6.7		2.9		0.0		0.4		0.0		0.1		31.6		0.0		0.3		0.0		0.1		45.6		39.1		84.7		-8				0.7012522361

		9/4/99		50.5		4.9		5.83		1.5		6.8		8.0		3.5		4.3		0.7		1.3		8.4		1.4		0.1		ND		0.3		0.2		33.7		0.1		ND		0.2		0.2		45.3		24.8		70.1		-29				1.2245136756

		9/7/99		57.7		5.8		6.04		0.9		7.1		7.1		7.5		1.6		1.2		2.8		4.0		2.1		0.0		0.0		0.0		0.1		23.6		0.0		0.0		0.0		0.1		32.6		25.4		58.0		-12				0.5570187728

		10/4/99		4		11.9		6.14		0.7		16.8		12.7		5.6		5.4		1.3		0.9		16.4		2.1		0.0		0.0		0.0		0.2		44.6		0.0		0.0		0.0		0.2		64.3		42.4		106.7		-20		H Carbo		0.976744186

		10/10/99		17.5		40.2		6.99		0.1		27.3		164.9		73.9		17.9		4.2		6.8		56.9		8.7		0.0		0.2		0.0		0.2		281.2		0.0		0.2		0.0		0.2		354.1		288.2		642.3		-10				2.088034627

		10/12/99		24.2		10.7		5.82		1.5		5.5		11.4		4.3		3.5		1.2		5.4		2.2		1.9		0.0		0.1		0.0		0.3		26.5		0.0		0.1		0.0		0.2		36.3		27.5		63.8		-14				0.388678565

		10/24/99		11.5		13.4		6.47		0.3		16.2		7.4		17.8		56.9		4.9		0.3		9.4		5.9		0.0		1.1		0.0		0.4		102.4		0.0		1.1		0.0		0.4		119.6		103.5		223.2		-7				0.5836219693

		10/25/99		34.1		6		5.95		1.1		5.3		2.6		3.7		1.2		0.4		2.6		4.1		1.4		0.0		ND		0.0		0.1		12.3		0.0		ND		0.0		0.1		20.5		14.3		34.8		-18				0.778218945

		11/25/99		18.8		10.5		5.99		1.0		28.1		26.3		18.8		5.5		4.8		3.8		43.5		6.5		0.0		0.0		0.0		1.4		37.2		0.0		0.0		0.0		1.4		92.4		84.5		176.9		-4				1.5486306492

		3/16/00		10.1		43.4		7.1		0.1		12.2		52.6		83.9		239.0		104.8		49.0		30.8		37.9		0.0		0.0		0.0		1.4		233.5		0.0		0.0		0.0		1.4		352.6		492.5		845.1		17		H Cat		2.5287205194

		3/25/00		17.7		14.8		6.68		0.2		11.6		35.0		10.3		75.3		19.4		27.2		12.0		19.6		0.2		0.7		0.0		0.3		70.8		0.2		0.7		0.0		0.3		130.8		151.9		282.7		7				1.0408921933

		3/27/00		25.5		6		6.07		0.9		8.1		5.4		6.3		6.6		2.2		1.7		11.0		1.8		0.0		ND		0.0		0.4		26.0		0.0		ND		0.0		0.4		40.9		29.5		70.4		-16				1.3505598622

		3/28/00		16.1		26.7		6.27		0.5		108.3		12.2		67.7		24.7		14.9		9.7		102.8		20.3		0.0		0.0		0.0		1.4		79.3		0.0		0.0		0.0		1.3		213.4		228.3		441.7		3				0.9490736465

		4/8/00		4.1		12.4		6.58		0.3		7.9		36.3		8.5		32.3		4.4		6.2		13.4		3.5		0.0		0.0		0.0		0.1		65.0		0.0		0.0		0.0		0.1		88.1		89.7		177.7		1				1.7008514424
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