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CO2 surface fluxes from tethered balloon profiles in the nocturnal boundary layer
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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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	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: image17.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
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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
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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

Email: jonasmphepya@weathersa.co.za

(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

Tel : +33 (0) 5 61 33 27 06 – Fax : +33 (0) 5 61 33 27 90 - Email : lacc@aero.obs-mip.fr

(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.
[image: image25.jpg]DEBITS Network





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
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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.
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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
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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) I guess it makes more sense if the word “schools” is removed. One of the points that they are trying to make is that the observations should be useful for research – and that this whole activity is important for education and outreach.

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
Ngosse FALL BOUSSO - GLOBE Senegal Country Coordinator, Professeur de SVT, Lycée Seydina Limamoulaye, B.P. 18041, Pikine, Dakar, Senegal – Phone : 221-837-0509 or 221-837-0995 - Email ngossefall@yahoo.fr
Debra K. KRUMM - GLOBE Science Program Manager and Director of Outreach, NASA CloudSat Mission, Colorado State Univ, Atmospheric Science Dept, 1371 Campus Delivery, Fort Collins, CO 80523-1371, USA – Phone : 1 970-491-8790 - Fax: 970-491-8768
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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 Observation 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.
Dakar 2005
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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
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(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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                 (a)                                                 (b)                                                       (c)                                  

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: image36.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: image37.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: image39.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: image40.png]The RCM, in general, demonstrates good sklls in sim-
uiting he seasonal and interannual varations ranfal In
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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

[image: image90.png]25N

20N

15N

10N

20w

15W

10w 5w

5E

10E

15E  20E

38

38

34

32

30

28

26

24

21

20




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. 
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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
the southavest 2 i th citd study, robably because of
the different boundary conditions.

4. THE 2005 'DRY’ RUN [3]
In order to test the skill of different model forecasts,
a 7dry 1 has been organised for the period August
 September 2005, In such a framework, the Labora-
‘oired Adrologie (UPSICNRS) produced daily Meso-NH
48 bows forecasts. Here the simulation that started al
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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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ated wit low clouds produced by the Monsoon fow, 5
another realstic farure, even though it not diagnosed i
the precipiation estmate.

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,
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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
burming seasons which are DIF for the Aftica north of equator 2ad JIA for the southem Afiica. Dusing the
months outside these fio major biomass-burning seasons, emissions ffom vegetation have the highest
contribution to the surface photochemical ozone production over Africa. Lightaing emission over Africa
yields the highest contribution to global TTOC (Figure 2b), but biogenic VOC emission has the highest
ontribution fo globl surface ozone concentration (Figure not show).

@ Riica surface Gzan (ppb] ——
455 —=swc _ Ugwng
£
L JEMAM U JASOND
JFEMAM I JASOND Manths (19572001 average)
Months (1697-2001 verage) ——% —=—svc __lgwig
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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. 

1.12

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: image47]
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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
Abdourahamane KONARE (1), Fabien SOLMON (2), FilippoGIORGI (2)

Cathy LIOUSSE (3) and Robert ROSSET (3)
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(2) PWC-ICTP, Trieste, Italy

(3) LA, Toulouse, France
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.
Contact

(1) Abidjan:konarea@yahoo.com

(2) giorgi@ictp.it
(3) C. Liousse : lioc@aero.obs-mip.fr – R. Rosset ; rosr@aero.obs-mip.
1.19

Estimating Aerosol parameters from SeaWiFS ocean colour sensor observations by using topological maps
A. NIANG (1, 2), F. BADRAN (1), C. MOULIN (3), M. CREPON (1) and S. THIRIA (1)
(1) LOCEAN (ex-LODyC), Université Pierre et Marie Curie, PARIS, France 

(2) LTI/ ESP. University of Dakar, Dakar-Fann, Senegal

(3) IPSL/LSCE, Gif sur Yvette, France

Atmospheric aerosols are small particles of various origins present in the atmosphere. They modify the radiation balance of the earth by scattering and absorbing solar and long-wave radiative transmission leading to two opposite effects: they cool the atmosphere by backscattering the solar radiation to space and they warm it by absorbing the terrestrial radiation in the lower atmosphere (Brooks & Legrand, 2000; LeLieveld et al., 2002). The balance of these two effects is still controversial. The largest radiative contribution comes from aerosols with radii in the range 0.1-1 m. Aerosols have different scattering and absorption properties depending on their origin, and it is important to identify them in order to better quantify their radiative impact. Among the most important aerosol types, which affect the radiative budget of the Earth we can mention sea salt, sulfates, soot and mineral dust. Aerosols have other environmental impacts also: they serve as cloud condensation nuclei and they fertilize the ocean enhancing phytoplankton blooms (Jickells et al., 2005; Ridame & Gieux, 2002). 

Aerosols can be measured in the solar spectrum from ground stations or from space using passive sensors. One of the most natural remote sensing techniques is to use multi-spectral radiometers dedicated to ocean-color remote sensing (i.e., the measurement of a recognized proxy for phytoplankton content in surface waters through the estimate of the Chlorophyll-a concentration, Chl-a). In fact, aerosol and phytoplankton retrievals are linked. The light scattered within the atmosphere by molecules and aerosols contributes to the Top-Of-Atmosphere (TOA) reflectance in the blue-green part of the visible spectrum, where the spectral signature of phytoplankton is observable, more than 80%. The critical issue for ocean color is therefore the atmospheric correction. Such a procedure consists in estimating the aerosol contribution with a good accuracy in order to remove it from the measured TOA signals to get the actual spectrum of marine reflectance. The impact of aerosols on the reflectance spectrum depends firstly on the particle concentration in the atmosphere, but also on their specific optical characteristics of light-scattering and absorption, which are controlled primarily by the particle size distribution and complex refractive index.

In the present study we investigated the possibility of retrieving these aerosol optical properties by using an advanced mathematical method that allows an immediate identification and inversion of the TOA reflectance spectra measured by a multi-spectral sensor such as SeaWiFS. Several techniques have been proposed to retrieve the aerosol characteristics from such measurements. A first category has been widely used for atmospheric correction and is based only on the red and near-infrared measurements to retrieve the aerosol optical thickness and the Ångström coefficient, which represent the particle concentration and the particle size distribution respectively (e.g., Gordon & Wang, 1994; Jamet et al., 2004). The major drawback of such techniques is that they are not capable of discriminating between absorbing and non-absorbing aerosols (Gordon, 1997). Another category consists of algorithms developed for the study of a single aerosol type, e.g., mineral dust (Moulin et al., 2001a) using both visible and near-infrared measurements to quantify the absorption effect. The main limitation of this approach is that the aerosol type has to be known a-priori, which is usually not the case. Some recent methods have been proposed to detect the aerosol type, for example to discriminate between absorbing mineral dust and non-absorbing aerosols (Nobileau & Antoine, 2005) by taking into account one wavelength in the visible (510 nm) and wavelengths in the NIR. A classical “atmospheric correction” technique can then be used considering the suitable aerosol type.

We developed an approach that makes use of the full spectrum of measurements to perform the aerosol identification. This method aims at increasing the accuracy and the flexibility of the previous methods, as well as processing satellite imagery at a higher speed. To achieve this, we used a specific Topological Neural network Algorithm (TNA), the so-called PRobabilistic Self Organizing Map (PRSOM) to classify TOA reflectance spectra. TNAs are well adapted for this task and have been used with success by Niang et al. (2003) for classifying TOA reflectances. The present work continues the latter study by providing a more refined labeling procedure where the expertise is provided by a synthetic database comprising large sets of radiative-transfer computations. The development of the method is carried out in two steps. The first step, which is an unsupervised procedure, classifies the measured TOA spectra from their statistical properties. The classifier was trained on one year (1999) Mediterranean SeaWifs images using a temporal homogeneity. In the second step, the groups found in the first step are labeled, i.e., are assigned to aerosol optical parameters. In order this to be accomplish, the knowledge contained in the theoretical equations in which all parameters are known is compared with the observations to determine the aerosol type, the optical thickness and the Ångström coefficient. Moreover, configurations where the observed spectrum is not always due to a unique aerosol type, but represents a mixture of different particles can be handled by the proposed methodology, since it computes the probability of a spectrum to belong to each type of aerosols. 

In the experiments presented here, we considered five aerosol types: the four non-absorbing aerosols (coastal, maritime, tropospheric, oceanic) used operationally to process SeaWiFS data and an Saharian dust aerosol (absorbing aerosol). It is important to note that the SeaWiFS atmospheric correction algorithm fails when dust aerosols predominate (Moulin et al., 2001b). This algorithm was successfully applied to a set of SeaWiFS images (in 1999 and 2000) representative of the conditions prevailing in the Eastern Mediterranean. The method leads to accurate and coherent results as shown by the comparison with in situ aerosol measurements provided by the AERONET station of Lampedusa and by the study of two aerosol events over the Mediterranean. One of the major advantages of this method is that it enables us to automatically identify the aerosol type  (such as Sharian dust) and to retrieve the aerosol optical thickness (even values larger than 0.35), with a better accurcy than classical methods such as those used by the SeaWiFS chain. 
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Effects of African dust on radiative forcing over the African Continent and the Atlantic Ocean
R. T. PINKER, B. ZHANG and H. LIU
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University of Maryland, College Park, MD, USA

In the framework of a NOAA/NASA PATHFINDER related activity and an EOS Validation project in sub-Sahel Africa, an infrastructure was established for assessing the impact of dust on the radiative fluxes over the African continent and the Atlantic Ocean. Specifically, radiative fluxes at 0.5 degree resolution were derived from the ISCCP DX data, based on METEOSAT and GOES–E observations. 

Time series that cover at least two decade of satellite based estimates of such fluxes are now available at the 0.5 degree resolution. Independently, global climatologies of aerosol optical depth based on the MODerate resolution Imaging Spectro-radiometer (MODIS) instrument on the Terra satellite, measurements from the AErosol RObotic NETwork (AERONET), and outputs from the Global Ozone Chemistry Aerosol Radiation and Transport (GOCART) model output, have been developed. These climatologies have been used to test the effect of dust on the inferred surface fluxes. An analysis of the long-term satellite flux estimates over the region of interest to the AMMA Project will be presented and results of tests to evaluate the dust radiative forcing with realistic dust properties will be discussed.
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Abstract

The optical properties of airborne mineral dusts are one of the main sources of uncertainty for the estimation of the radiative forcing on the Earth's climate.

In this study, the optical properties of dusts are calculated with the Mie theory for 18 wavelength intervals ranging from 0.2 to 5 m and for four size bins. Different assumptions are made on the wavelength dependent refractive index, the size distribution, and the microphysical properties (internal or external mixture). These properties are averaged over the size distribution in the four bins and tabulated for the different wavelength intervals and embedded in the RegCM radiative transfer code.

Here, we present the first results. We investigate the radiative forcing due to dust in Western Africa and the resulting response of the climate. Sensitivity studies are carried out on the assumption of internal or external mixture of the different aerosol components and on their size distribution. 

Introduction

Recently many studies have shown the non negligible role of aerosols on the climatic processes (Tegen at al. 1996, IPCC 2001).  Dust can cause either a positive or a negative forcing leading to a warming or cooling of the climate system (Sokolik et al. 1998). The radiative changes induced by dusts in the atmosphere affect the atmospheric dynamics by changing the temperature Karyampudi and Carlson (1998) have shown that the forcing by Saharan dust can reduce the convection in the equatorial zone.  Rosenfeld et al. (2001) have shown that dust have a negative effect on rainfalls. 

Recently, some aerosol parameterizations have been coupled to ICTP regional climate model RegCM. The present version of the model accounts for the main anthropogenic particles (SO2, SO4 gaseous and aqueous chemistry, carbonaceous aerosols (Solmon et al., 2005). It has an on line mineral dust emission, transport and deposition scheme (Zakey et al., article in preparation). 


We have developed a parameterization of dust optical properties in RegCM and in this study we use the model to investigate the direct and indirect effects of dusts on the climate of West Africa. 

Methodology

The parameters used in modeling the radiative effect of aerosols are the specific extinction coefficient k, the single scattering albedo w and the asymmetry parameter. These parameters are computed with a Mie scattering program. In the external mixing hypothesis, the optical properties of each aerosol specie is computed separately, and effective optical properties are calculated. In the internal mixing hypothesis, the different species are assumed to be homogenously mixed. An effective refractive index is computed using a mixing rule, and is used in the Mie program to calculate the optical parameters.


In this study we consider the optical properties of four species: SO4, black carbon (BC), organic carbon (OC) and dust.  In the internal mixing hypothesis, we assume that the aerosol particle is a core of internally mixed dust and black carbon coated with a layer of internally mixed OC and SO4. The effective refractive indices of the core and the layer are computed as the Volume weighted average of the refractive indices of the different components. For a given particle size corresponding to a size bin, the optical properties are calculated with a coated sphere Mie program and tabulated for all the different volume ratios combinations of the species. For the moment the volume ratios can vary only by steps of 10% for each specie (Eg. Dust 50%, BC 20%, OC 20%, sulfate 10%).

First Results

We have performed two runs with no feedbacks of the model with external and internal mixing hypothesis over West Africa for December 2000. As we can see on the figure bellow there is a significant difference on the radiative forcing at the top of atmosphere. The warming effects are more pronounced over land in the case of internal mixing hypothesis. This difference can have significant feedbacks on the metrological parameters of the area and thus on the climate. 
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Average radiative forcing of aerosols for external and internal mixing hypothesis

(December 2000)

From this study it appears that there is a need to perform longer runs of the model to assess the impact of the different assumptions on the climate. It is also necessary to generate a higher resolution table of optical properties and take into account the water vapor.
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Les propriétés optiques des poussières minérales sont une des plus importantes sources d’incertitudes sur l’estimation de forçage radiatif du climat terrestre.

Dans cette étude, nous avons calculé les propriétés optiques des poussières avec la théorie de Mie pour 18 intervalles de longueur d’onde allant de 0.2 à 5 m et pour quatre classes de dimensions des particules. Différentes hypothèses sont faites sur l’indice de réfraction, la granulométrie et les propriétés microphysiques des particules (mélange interne ou externe).  Ces propriétés sont moyennées pour chaque classes de dimension et pour les différentes longueur d’onde puis  incorporées au code radiatif du model RegCM.

Nous présentons ici les premiers résultats sur le forçage radiatifs des poussières en Afrique de l’Ouest et la réponse sur le climat. Nous faisons des études de sensibilité en fonction des différents hypothèses de mélange interne ou externe des différentes composantes des aérosols et leur granulométrie. 
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Dust and the Low Level Circulation over the Bodélé Depression, Chad: Observations from BoDEx 2005
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Organisms ??

Dust plays an important role in climate, recognition of which has led to a concentrated research effort in field campaigns, development and analysis of remotely sensed data and modelling to better understand dust.

There have, however, been very few direct surface based field measurements from key dust source regions. The Bodélé, Chad, has been shown to be one of the premier sources of dust in the world. This paper reports on the Bodélé Field Experiment (BoDEx 2005) which took place during February and March 2005 and presents the first surface based measurements of the circulation over the Bodélé. Based on Pilot Balloon and AWS data, we confirm the existence of the Bodélé Low Level Jet (LLJ) and show that winds undergo a strong diurnal cycle such that strongest surface winds typically occur in the mid morning when momentum is mixed downwards in turbulence induced by radiative heating. In contrast, the core of the LLJ, near 500m, peaks during the evening and is weakest during the day. The LLJ was present on all days during BoDEx 2005, but winds at the surface reached speeds necessary for large scale dust entrainment on only a few days. The winds strength during the main dust plume event of BoDEx (10-12 March 2005) was in the bottom third of March plume events of the last 4 years. Pathways of dust transport from the Bodélé using a trajectory model show potential advection of dust over the west African coastline within 5 days. 
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Role of African Easterly Wave in the Initiation and Propagation of West African Mesoscale Convective Weather Systems
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Mesoscale convective systems (MCSs) are unique, well-organised convective cloud clusters that are well known for the production of rigorous weather and abundant rainfall in West Africa.

Some of the characteristics of these systems have been studied through numerical and observational analysis. However, to the best of our knowledge, previous studies of these systems over West Africa have not answered the following question: in the absence of AEW, can well-organized MCS initiate and propagate over the West African complex terrain? If it does, what will be the pattern of the wind flow around such MCSs? This study attempts to address these questions by numerically simulating and studying the characteristics of MCS that evolves, in the absence of AEW, over a simple idealized terrain and also the complex terrain of West Africa. Using a mesoscale numerical model, 3-D simulations of MCS over both simple and complex terrain in West Africa have been carried out with the pre-squall sounding obtained during the COPT 81 experiment as the initial profile. Results of the simulations indicate that well-organised groups of MCSs do initiate over the mountains, even in the absence of AEW, and consequently propagate over the region. Also associated with these MCSs is a trough-like feature ahead of the system.

This study has therefore demonstrated the fact that the presence of African Easterly wave is not a necessary condition for the initiation and development of MCSs, but that the presence may control the explosive growth of MCS through the associated ridge. 
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Organisms ?

JET2000 was a campaign conducted with the UK C-130 aircraft during 25 – 31 August 2000.

The aircraft and dropsonde data were generally of high quality, and have been used for diverse scientific and operational applications.

The poster will review the main outcomes of the experiment including: observations of land-atmosphere coupling; some new perspectives on the AEJ dynamics; observations of mesoscale structure in the monsoon circulation; data assimilation in operational forecasts; and an evaluation of bench forecasting techniques.
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Ondes est africaines et activité anticyclonique sur l’Atlantique : étude composite et étude de cas
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1. Introduction
Les Ondes d’Est Africaines (OEAs) sont une caractéristique importante du climat Ouest Africain et de l’Atlantique tropical. Les OEAs se propagent vers l’ouest avec une période de 3-5 jours et sont générées par une instabilité combinée barotrope- barocline du Jet d’Est Africain (Burpee, 1972). Elles modulent la pluviométrie journalière en Afrique et servent de précurseurs à la plupart des cyclones de l’Atlantique Nord (Burpee 1972; Avila et Pasch 1992). Bien que le nombre d’OEAs soit presque constant d’une année à l’autre, le pourcentage d’OEAs qui génèrent des cyclones présente une forte variabilité interannuelle (Avila et al 2000). 

Le principal sujet examiné dans cette étude est la mise en évidence des différences entre les OEAs associées à des cyclones et celles non associées à des cyclones à l’échelle intra saisonnière.

2. Données et méthodes

Les données utilisées dans cette étude sont les réanalyses du NCEP/NCAR, le rayonnement ondes longues sortant au sommet de l’atmosphère (appelé OLR en Anglais) et les archives du centre américain des ouragans (NHC) qui résument les dates d’occurrence et les trajectoires des cyclones.

 Dans cette étude, seuls les cyclones qui sont nés au large des côtes ouest Africains (Est de 40°W)   et associées à des OEAs sont considérées en vue d’étudier l’influence du climat Ouest Africain sur l’activité cyclonique dans l’Atlantique Nord à l’échelle intra saisonnière. 

Les caractéristiques de ces OEAs sont comparées à celles des OEAs qui ne sont pas associées à des cyclones. Dans chaque cas, une moyenne de 48 OEAs est considérée. 

3. Etude composite

Dans le but d’étudier les zones d’instabilités combinées barotropes- baroclines pour les OEAs associées ou non à des cyclones, le gradient méridien de tourbillon potentiel (PV) à 315K a été calculé. Burpee (1972) a trouvé que le gradient méridien du PV d’Ertel change de signe en Afrique vers 700 hPa. Ce changement de signe satisfait aux conditions nécessaires d’instabilité du flux moyen (Charney et Stern 1962) ; les zones négatives de gradient méridien de PV (∂PV/∂y) sont favorables au développement et à la croissance des OEAs (Lau and Lau 1990). 
Notre étude montre que les OEAs avec cyclones sont associées aux plus fortes valeurs négatives de ∂PV/∂y (Figure 1). Ces fortes valeurs s’étendent plus loin sur l’Atlantique Nord suggérant que les OEAs associées à des cyclones sont plus actives que celles non associées à des cyclones. Ce résultat est cohérent avec les études de Landsea et Gray (1992) qui ont émis l’hypothèse qu’à l’échelle inter –annuelle une forte activité cyclonique est associée à la propagation du continent vers l’océan de puissantes OEAs.

Sur le plan thermodynamique, le potentiel de convection (PC) utilisée par Gray (1968) pour mettre en évidence les paramètres qui sont associées à la cyclogenèse dans l’Atlantique Nord est diagnostiqué. Le PC est la différence entre la température potentielle équivalente à 1000 hPa et celle à 500 hPa.  De fortes valeurs de PC sont notées dans le cas des OEAs associées à des cyclones. En faisant la différence entre les OEAs associées ou non à des cyclones (Figure 2), on note la présence d’un axe positif de PC vers 15°N qui s’étend sur l’Atlantique Nord suggérant que l’atmosphère est plus instable dans le cas des OEAs avec cyclones. Ce positionnement de l’axe positif de PC plus au Nord correspond à une pénétration plus profonde du flux de mousson qui reste aussi plus fort dans le cas des OEAs avec cyclones. Ce résultat est cohérent avec ceux de Newell et Kidson (1984) qui suggèrent que la phase humide du flux de mousson est accompagnée d’une forte activité ondulatoire. L’OLR montre de faibles valeurs pour les OEAs avec cyclones suggérant la présence d’une zone de convergence intertropicale (ZCIT) plus forte et plus profond sur l’Afrique et l’Atlantique Est. 

4. Conclusion

Les précédentes études ont montré que le lien entre le nombre d’OEAs et l’activité cyclonique n’est pas assez satisfaisant pour expliquer toute la variabilité de l’activité cyclonique dans l’Atlantique Nord (Thorncroft et Hodges 2001). L’objectif de cette étude était de comprendre les principales différences entre les OEAs associées ou non à des cyclones.

Les OEAs associées à des cyclones présentent de fortes valeurs négatives de ∂PV/∂y sur le continent et sur l’Atlantique Est suggérant que les OEAs sont plus actives dans le cas ou elles sont associées à des cyclones. De fortes valeurs de PC sont aussi trouvées pour les OEAs avec cyclones  traduisant le fait que l’atmosphère est plus instable dans ce cas-ci. Ce résultat est cohérent avec la présence d’un fort et profond flux de mousson sur l’Afrique et d’une forte convection au niveau de la ZCIT.

Un cas d’étude effectué avec des données de radiosondes a permis de confirmer les résultats de l’analyse composite.
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Figure 1: Gradient méridien de tourbillon potentiel (PV) sur l’isentrope 315K pour les OEAs associées à des cyclones (haut) et pour les OEAs non associées à des cyclones (bas). L’unité est : 10-14  K m s-1 Kg-1. 
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Figure 2: Anomalie de Potentiel de Convection (OEAs associées à des cyclones – OEAs non associées à des cyclones). L’unité est le K.

African easterly waves and cyclonic activity over the eastern Atlantic : composite and case stuies
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Henri LAURENT (1) and Thierry LEBEL (1)
(1) LTHE/INPG, Grenoble, France  (2) LPA-SF, ESP-UCAD, Dakar-Fann, Sénégal

1. Introduction

African Easterly Waves (AEWs, hereinafter) are important features of the West African and tropical Atlantic ocean. AEWs propagate westward with a period of 3-5 days and are generated by a mixed baroclinic - barotropic instability of the African Easterly Jet (Burpee, 1972). They are known to both modulate the daily rainfall over West Africa and to initiate most tropical cyclones (TCs) over the North Atlantic (Burpee 1972; Avila and Pasch 1992). Although the number of AEWs in the tropical Atlantic is fairly constant from year to year, there is a substantial variability in the fraction of AEWs that develop into tropical cyclones (Avila and Pasch 2000). 

The main subjects examined in this study are the differences over the African continent and the Eastern Atlantic between an AEW associated with a TC and an AEW not associated with a TC. 

2. Data and methods
The data used in this study are the NCEP/NCAR daily reanalyses, Outgoing Longwave Radiation (OLR) data and the National Hurricane Center (NHC) Best Track archives which summarizes the dates of occurrence and tracks of North Atlantic TCs during the 1989-2003 period.  and the NHC Best Track. 

Only cyclones generated off the West African coast (East of 40°W) and associated with AEWs are considered in the aim to study West African climate features associated with North Atlantic cyclonic activity at intraseasonal timescale. The characteristics of these AEWs are compared to those of AEWs not associated with cyclones. In each case, an average of 48 AEWs is considered. 

3. Composite study
With the aim of depicting the areas of barotropic and baroclinic instabilities for AEWs with and without cyclones, the meridional gradient of Potential Vorticity (PV) at 315K is computed. Burpee (1972) found that  the Ertel meridional gradient of PV changes sign over Africa near 700 hPa. This sign reversal of meridional gradient of PV satisfies a necessary condition for instability of the mean flow (Charney and Stern 1962); areas where there is a negative meridional gradient of PV (∂PV/∂y) are favorable to the growth of AEWs (Lau and Lau 1990). 
Stronger negative values of ∂PV/∂y are found for AEWs with cyclones (figure 1). These larger negative values are found to extend farther into the North Atlantic Ocean. Then AEWs associated with cyclones are more active than those not associated with cyclones. This result is consistent with the studies of Landsea and Gray (1992) who hypothesized that on an inter-annual time scale, strong cyclonic activity is associated with a propagation in the North Atlantic Ocean of a large number of AEWs with strong amplitude emanating  from Africa.

From the point of view of thermodynamic, the Potential of convection (PC) used by Gray (1968) to study the parameters linked to the genesis of North Atlantic TCs is calculated. PCis the difference between the equivalent potential temperature at 1000 hPa (surface) and 500 hPa (mid-troposphere). The difference of PC between AEWs associated with and without cyclones shows an axis of maximum positive values along 15°N (figure 2). This axis extends well into the North Atlantic ocean, indicating that the atmosphere is more unstable for the cases of AEWs associated with cyclones. This northward shift in the peak in PC for AEWs with cyclones corresponds to a general northward shift in the monsoon trough. We verified that this greater instability is associated with the presence of a monsoon layer deeper in latitude and more intense in magnitude (figure not shown). This is coherent with results of Newel and Kidson (1984) suggesting that intense AEWs are associated with a wetter monsoon phase. NOAA OLR data exhibit lower values over Africa for AEWs associated with cyclones suggesting deeper convection and a northward shift of the Inter Tropical Convergence Zone (not shown).

4. Conclusion
Previous studies showed that at inter annual timescale, the links between AEWs and North Atlantic TCs (number and activity) are not significant enough to explain all the variability of cyclonic activity over the North Atlantic Ocean (Thorncroft and Hodges 2001). The objective of this work was to understand what are the main differences between AEWs associated with cyclones and AEWs not associated with cyclones.

AEWs associated with cyclones are associated with  the highest negative intensity of the meridional gradient of the PV over the continent and further over the North Atlantic Ocean. Highest values of potential of convection also are found for AEWs with cyclones indicating that the atmosphere is more unstable in this case. This is consistent with the existence of stronger convection and of a monsoon stronger and deeper in latitude. 

A Case study of the characteristics of an AEW associated with a cyclone and an AEW not associated with a cyclone confirms the composite study results. 

Références

Avila, L. A., R. J. Pasch, and J. Jiing, 2000: Atlantic tropical systems of 1996 and 1997 : Years of contrasts. Bull. Amer. Met. Soc, 128, 3695-3709.

Avila, L. A., and R. J. Pasch, 1992: Atlantic tropical systems of 1991. Monthly Weather Review, 120, 2688-2696.

Burpee, R. W., 1972 : The origin and structure of easterly waves in the lower troposphere of north Africa. J. Atmos. Sci., 29, pp.77-90 

Charney, J. G., and M. E. Stern, 1962: On the stability of internal baroclinic jets in a rotating atmosphere. J. Atmos. Sci., 19, 159-172. 

Gray, W. M., 1968: Global view of the origin of tropical disturbances and storms. Mon. Wea. Rev., 96, 669-700. 

Landsea, C.W., and W.M. Gray, 1992: The strong association between Western Sahelian monsoon rainfall and intense Atlantic hurricanes. J. Climate, 5, 435-453.

Lau, K.-H., and N.-C. Lau, 1990 : Observed structure and propagation characteristics of tropical cyclone summertime disturbances. Mon. Wea. Rev., 118, 1888-1913.

Newell, RE., and JW. Kidson, 1984 : African mean wind changes between Sahelian wet and dry periods. J. Climate, 4, 27-33.  

Thorncroft, C., and  K. Hodges , 2001 : African Easterly Wave Variability and Its relationship to Atlantic TC Activity. J. Climate, 14, 1166-1179.
Contact

(1) LTHE/INPG, BP 53, 38041, Grenoble Cedex 9, France

(2) LPA-SF, ESP-UCAD, BP 5085, Dakar-Fann, Sénégal


[image: image54]
Figure 1: Meridional gradient of Potential Vorticity  at 315-K isentropic surface for AEWs associated with cyclones  (top) and for AEWs not associated with cyclones (bottom). Unit is : 10-14  K m s-1 Kg-1. 
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Figure 2: Anomaly of Potential of Convection (AEWs with cyclones – AEWs without cyclones). Unit is K.
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Ondes d’est africaines dans des scénarios IPCC

en basse et haute résolution
Fabrice CHAUVIN

CNRM, Météo-France

Les Ondes d’Est Africaines (OEA) sont une composante essentielle de la Mousson Ouest-Africaine (MOA). Elles sont proviennent des instabilités barotropes/baroclines du Jet d’Est Africain (JEA). Au cours de la campagne GATE (pour Global Atmopsheric Research Program (GARP) Atlantic Tropical Experiment ), les connaissances sur les OEA ont été largement améliorées (Burpee and Reed 1982), notamment par l’étude de leur structure verticale. Depuis, de nombreuses études leur ont été consacrées, que ce soit dans un cadre théorique (Thorncroft and Hoskins 1994), par l’étude des observations et ré-analyses (Diedhiou 1998) ou bien à l’aide de simulations climatiques (Céron and Guérémy 1999, Moustaoui et al. 2002, Chauvin et al. 2005). De l’ensemble de ces études, on peut distinguer deux zones privilégiées pour l’activité des OEA : au Nord et au sud du JEA. La structure verticale des ondes varie selon qu’on se trouve d’un côté ou de l’autre dudit jet, c’est-à-dire dans un profil vertical sec ou humide. Bien que les pluies du continent ouest-africains aient leur propre dynamique, les OEA sont susceptible d’expliquer une part importante de leur variabilité intra-saisonnière et pourraient ainsi apporter une aide précieuse dans la prévision saisonnière de celles-ci, étant donné leur caractère prédictible (Chauvin et al. 2005). Néanmoins, il est important de vérifier dans quelle mesure les modèles climatiques sont capables de simuler de telles instabilités dynamiques. Etant donnée la faible couverture du continent par des stations de mesure synoptiques en altitude, nous avons recours aux ré-analyses du Centre Européen de Prévisions à Moyen Terme, récemment conduites sur une période de 40 ans (ERA40, 1960-1999). L’approche utilisée dans cette étude est identique à celle employée dans Chauvin et al. (2005), à savoir la décomposition spectrale de la variance totale en composantes stationnaire et propagative. La variance propagative peut être elle-même décomposée en deux parties : les ondes à propagation vers l’ouest et les ondes à propagation vers l’est. Ce sont ces dernières qui nous intéressent dans cette étude, dans une fenêtre de fréquence de 3 à 6 jours, correspondant aux OEA.

Les diverses études consacrées aux champs dynamiques analysés montrent une structure spatiale complexe des OEA, avec la partie située au Nord du JEA centrée sur le Sahel, sans extension océanique de l’activité, et la partie située au Sud du JEA, associée à la convection humide qui s’étend de l’Afrique guinéenne à l’océan atlantique tropical et donnant naissance à une grande partie des ouragans cap-verdiens. Plusieurs études ont montré la capacité du modèle ARPEGE-Climat, du Centre National de Recherche Météorologique (CNRM), à représenter les OEA et leur variabilité inter-annuelle de manière satisfaisante, malgré des défauts récurrents dans les diverses versions du modèle (Céron and Guérémy 1999, Moustaoui et al. 2002, Chauvin et al. 2005). Elles indiquent, notamment, une structure trop zonale de la variance des OEA et donc peu de discernement entre les parties Nord et Sud des ondes. Dans le cadre de la contribution du CNRM au quatrième rapport d’évaluation du Groupe Intergouvernemental sur l’Evolution du Climat (GIEC), plusieurs simulations couplées océan-atmosphère ont été réalisées, dont une forcée par les concentrations de gaz à effet de serre depuis 1860 jusqu’à 2000, suivie de plusieurs scénarios émanant du GIEC, en fonction des diverses hypothèses d’évolution des sociétés, au cours du XXIème siècle. Nous ne traiterons, ici, que la simulation couvrant le XXème siècle. Le Centre Européen de Recherche et Formation en Calcul Scientifique (CERFACS) participe au projet français ACI-FNS DISCENDO, dont l’objectif est la détection du changement climatique à l’échelle régionale. Plusieurs simulations ont été réalisées à basse et haute résolution, avec l’Afrique de l’Ouest comme centre d’intérêt. Pour les expériences à haute résolution, la technologie de la maille basculée/étirée a été utilisée, avec le pôle sur le Golfe de Guinée, permettant ainsi,  à moindre coût, d’obtenir une résolution de l’ordre de 50 kilomètres sur le continent africain. Cette simulation couvre la période 1948-1999, avec les divers forçages lithosphériques (aérosols) et solaires correspondant à ce qui a été observé durant cette période. Une simulation équivalente de résolution beaucoup plus faible (T63) a été réalisée dans les mêmes conditions.

La figure 1 montre la variance propagative d’est moyenne sur la période 1960-99, calculée à partir du jeu de données homogène ERA40. On peut voir deux zones distinctes d’activité des OEA, une située au delà de 17°N et l’autre, sur la côte atlantique, vers 12°N. Cette dernière correspond au maximum de précipitations observées sur cette région.
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Figure 1 : Variance propagative d’est moyenne sur la période 1960-1999 calculée à partir de ERA40. Contours tous les 1.e-11 s-2.
Le même champ est représenté sur la figure 2 pour les 50 ans de la simulation basculée/étirée. On peut voir que le modèle est capable de représenter correctement les OEA, même si la répartition spatiale de leur activité présente quelques différences par rapport aux analyses. Le principal défaut consiste en l’impossibilité de distinguer les deux régions d’activité indiquées dans les analyses. Ce défaut avait déjà été mentionné dans Chauvin et al. (2005), et l’augmentation de résolution obtenu par l’étirement de la grille ne semble pas y remédier. On remarque également une sensibilité aux reliefs qui semble exagérée, même si les réanalyses indiquent bien une activité renforcée sur le Hoggar, le Tibesti et, dans une moindre mesure, l’Atlas. Enfin, comme conséquence du manque de discernement des deux zones d’activité, la région où les ondes quittent le continent est située 5° trop au Nord. Ce défaut est atténué par un infléchissement de l’activité vers le Sud, après l’arrivée sur l’Atlantique.

Les développements ultérieurs de cette étude concerneront les simulations forcée et couplée en basse résolution ainsi que l’étude de la variabilité inter-annuelle à décadale des OEA.
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Figure 2 : Variance propagative d’est moyenne sur la période 1948-1999 calculée à partir de la simulation DISCENDO basculée/étirée. Contours tous les 1.e-11 s-2.

Nous adressons nos vifs remerciements à Virginie Lorant, pour la fourniture des simulations DISCENDO et Alain Braun pour le désarchivage des ré-analyses du CEPMMT.depuis la base de donnée MARS.
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African Easterly Waves in low and high resolution

IPCC scenarios
Fabrice CHAUVIN

CNRM, Météo-France

African Easterly Waves (AEW) are an essential component of the West-African Monsoon (WAM) which come from barotropic/baroclinic instabilities of the African Easterly Jet (AEJ). During the GATE (for Global Atmopsheric Research Program (GARP) Atlantic Tropical Experiment ), knowledge of AEW has been increased (Burpee and Reed 1982), in particular due study of the vertical structure of the waves. Since then, several studies have been dedicated to AEW, in a theorical frame (Thorncroft and Hoskins 1994), by study of observations and re-analysis (Diedhiou 1998) or in GCM simulations (Céron and Guérémy 1999, Moustaoui et al. 2002, Chauvin et al. 2005). From all these studies, two privilieged regions may be distinguished for AEW activity: to the North and to the South of AEJ. Vertical structure of the waves vary on both sides of this jet, i.e. in a dry or wet vertical profile. Even African rainfall have their proper dynamics, AEW may explain an important part of their intraseasonal variability and could be helpful in seasonal prediction of these, due to the predictable nature of the latter (Chauvin et al. 2005). Nevertheless, it is important to verify ability of the models to simulate such dynamical instabilities. Given the poor coverage of  altitude synoptic stations, a recent version of European Centre for Medium-range Weather Forecast re-analyses were used, covering a 40-years period (ERA40, 1960-1999). Approach in this study is the same as Chauvin et al. (2005), that is spectral decomposition of total variance in stationary and propagative components. Propagative variance can be decomposed in two parts: westerly and easterly waves. These latter are the topic of this study, in a 3 to 6 days frequency window corresponding to AEW.

The studies dedicated to dynamical fields in analyses show a complex structure of AEW, with the part North of the AEJ which do not present any oceanic extension of the activity and the southern part, associated with wet convection, extending from Guinea to tropical Atlantic Ocean and leading to a major part of cap-verdian hurricanes. Many studies showed the ability of the ARPEGE-Climat GCM, from Centre National de Recherche Météorologique (CNRM), to correctly represent AEW and their interannual variability, even if some biases persist from through the different versions of the model (Céron and Guérémy 1999, Moustaoui et al. 2002, Chauvin et al. 2005). These studies show a structure of the AEW 2D-variance which is too zonal and thus no distinction between northern and southern part of  the waves. In the frame of the CNRM contribution to the fourth assessment report of the International Panel on Climate Change (IPCC), several coupled atmosphere-ocean simulations  were performed, among which one forced by greenhouse gases concentrations from 1860 to 2000, followed by several scenarios from IPCC, differing in the hypotheses in the 21st century society evolution. In this study, only the 20th century simulation will be assessed. The Centre Européen de Recherche et Formation en Calcul Scientifique (CERFACS) participates to the French ACI-FNS DISCENDO project, which objective is detection of climate change to a regional scale. Many simulations were performed in low and high resolution, with interest centered on West Africa. For the high resolution simulations, rotated/stretched technology was used, with the pole on the Gulf of Guinea, allowing an equivalent  resolution of 50 kilometers on the African continent at a low cost. This simulation covers covers period 1948-1999, with the various lithospheric (aerosols) and solar forcings corresponding to observation during this period. Another simulation was performed in the same conditions but with a much lower resolution (T63).

Figure 1 shows the easterly 2D-variance over the period 1960-99 calculated from the homogeneous dataset ERA40. Two AEW activity zones can be distinguished, one North to 17°N and the other on the Atlantic coast, around 12°N. The latter corresponds to the maximum of precipitation observed over this region.
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Figure 1: Easterly 2D-variance over the period 1960-1999, calculated from ERA40. Contours are 1.e-11 s-2.

The same field is showed in figure 2 for the 50 years of the rotated/stretched simulation. It can be seen that the model is able to correctly simulate AEW, even if spatial repartition of their activity show some differences with analyses. The major drawback is the lack of distinction between the two regions of AEW activity showed in the re-analyses. It was already mentioned in Chauvin et al. (2005), and increase in resolution obtained by stretching does not seem to improve this.  It can be also noticed an exaggerated sensitivity of AEW to orography, even if re-analyses effectively show a strong activity over Hoggar, Tibesti and, in a minor way, Atlas. Moreover, as a consequence of the lack of distinction between the two activity zones, the region where the waves leave the continent is located 5° too North. This bias is mitigated by a southward bending of the activity after the waves reach the Atlantic Ocean.

Forthcoming developments will assess forced and coupled low resolution simulations, as well as interannual to decadal variability of AEW.
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Figure 2: Easterly 2D-variance over the period 1948-1999, calculated from the rotated/stretched DISCENDO simulation. Contours are 1.e-11 s-2.

We are grateful to Virginie Lorant, for giving us datas from the DISCENDO simulations and Alain Braun for collecting the ECMWF re-analyses from MARS database.
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African EasterlyWaves-Easterly Jet System :

Moist Physics

Rosalind CORNFORTH (1), Brian HOSKINS (1) and Chris THORNCROFT (2)

(1) Department of Meteorology, University of Reading, UK
(2) Department of Earth and Atmospheric, Sciences, University at Albany, SUNY, USA
African easterly waves (AEWs) are important synoptic weather disturbances that form in the easterlies in the northern hemisphere summer over West Africa. Despite their probable link to the daily rainfall in such marginal regions as the Sahel, the waves’ evolution, structure and interactions with the African easterly jet (AEJ) and moist convection remain difficult to unravel from observations and complex GCMs. This motivates this moist idealised study in which the forcing of the AEJ, the AEWs that evolve on it and their coupled interactions are examined using Reading’s Intermediate General Circulation Model (IGCM).

In contrast to previous studies, a realistic jet evolves in response to prescribed surface and moisture profiles, with the meridional circulation associated with the Saharan heat low contributing most to its evolution rather than the ITCZ. Strong coupling between the jet and the waves existed although, counter-intuitively strong waves evolved on a weak jet through appropriate choice of transfer coefficients, with implications for NWP. In contrast to the dry study, moist waves grew more rapidly though still dominated by baroclinic energetics. they exhibited a deep vertical structure with additional layers of complexity related to interactions of the diabatically-generated PV anomalies. The phase relationship of the convection to the AEW was consistent with observations, varying with latitude as a function of the wave tilt, the interaction of the diabatic heating with this tilt, and the magnitude of the associated temperature and moisture perturbations of the AEWS relative to the ambient environment. Results confirmed previous speculation that rainfall is “organised” by AEWs but through a process of “natural selection” where condensation heating in the trough produces positive feedback and wave growth. Ultimately the process is self-limiting as constructive interference of the PV anomalies results in the rainfall eventually occurring outside the trough where negative feedback triggers wave decay.

Système Ondes-Jet Est Africains : Physique de l’Humidité

Rosalind CORNFORTH (1), Brian HOSKINS (1) et Chris THORNCROFT (2)

(1) Department of Meteorology, University of Reading, UK
(2) Department of Earth and Atmospheric, Sciences, University at Albany, SUNY, USA
Les ondes d’est africaines sont des perturbations synoptiques importantes qui se forment dans les courants d’est dans l’hémisphère nord d’été au-dessus de l’Afrique d’ouest.  Malgré l’influence probable des ces ondes sur les précipitations journalières dans des régions marginales comme le Sahel,  leur structure, évolution et interactions avec le courant d’est africain reste un problème intéressant qui est abordé par les observations et des modèles GCM complexes. Ceci vient motiver cette étude idéalisée pour laquelle les caractéristiques humides des circulations sont prises en compte. Le modèle de circulation générale intermédiaire de Reading IGCM est utilisé pour modéliser le forçage du courant jet, les ondes qui s’y produisent et l’interaction entres ces deux systèmes. 

A l’opposé des études précédentes, le courant jet répond à un forçage par des données de surface et profils d’humidité. L’évolution de ce courant est aussi plus influencée par la dépression thermique saharienne que par la zone de convergence intertropicale. Les ondes et le jet sont deux circulations fortement couplées l’une à l’autre ; cependant, de manière inattendue, pour un choix approprié de coefficients de transfert, de fortes ondes peuvent apparaître pour un jet de faible intensité, ce qui constitue une remarque importante pour les modèles de prévision du temps. A l’inverse de l’étude précédente pour laquelle l’humidité n’était pas prise en compte, les ondes humides grandissent plus rapidement mais restent cependant dominées par la baroclinicité de l’atmosphère. Ces ondes montrent une structure verticale étendue avec des couches additionnelles caractérisées par des anomalies de tourbillon potentiel (engendrées par des processus diabatiques). La relation de phase entre la convection et les ondes d’est est en accord avec les observations ; cette relation dépend de la latitude et ce, en fonction de l’inclinaison des ondes, de l’interaction des processus de chauffage diabatiques et de cette inclinaison et des perturbations associées de température et d’humidité par rapport au milieu environnant. Les résultats confirment les recherches précédentes, à savoir que la quantité de précipitations dépend des ondes d’est mais au travers d’un processus de sélection naturelle pour lequel la chaleur libérée par la condensation dans le thalweg de la dépression engendre un feedback positif et renforce la croissance des ondes. Finalement, ce processus est limité si une interférence constructive des anomalies de tourbillon potentiel lors des précipitations apparaît en dehors du thalweg, auquel cas un feedback négatif engendre la disparition des ondes.
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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.
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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



&A

Page &P



TteFig

		Page des figures rassemblées pr le papier

				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



		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



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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Event Rain (mm)

Annual Rain (mm)

Percentage (%)

Depth Rainfall (mm)

Percentage (%)

766.7

857.8

89.3798088132

981.2

1750

56.0685714286
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65.4077849861
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68.0536585366
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Event Rain (mm)

Annual Rain (mm)

Percentage (%)

Depth Rainfall (mm)

Percentage (%)

1509.7

2047

73.7518319492

887.5

1696

52.329009434

1221.7

1997

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



&R&D



		1



#REF!

R(mm)

Monthly depth rainfall

1



		1		1		1		1		1

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



Na+

NH4+

K+

Ca2+

Mg2+

C(µéq/l)

Cations

0

0

0

0

0



		1		1		1

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



NO3-

Cl-

SO4=

c(µéq/l)

Anions

0

0

0



		1		1		1



#REF!

#REF!

#REF!

C(µéq/l)

H+ and organic acids

1

1

1



		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Wet Season

Dry Season

C(µéq/l)



								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
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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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