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EdGCM Project Objectives

Allow educational institutions and individuals to run a global
climate model on desktop computers

Encourage students to participate in the full scientific process
* Experiment design
* Running simulations
e Analyzing data
* Reporting on results

Facilitate collaborations between schools, universities, national
labs, and the private sector so students become familiar with the
role of teamwork in scientific research.

Demystify how scientists forecast future climate change as a way
to deal with public skepticism about global warming.
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Physical Processes Simulated by GCMs
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® Seasonal and Diurnal Cycles

® Latent and Sensible Heat Fluxes
® Clouds and Convection

® Planetary Boundary Layer

® Greenhouse Gases

® Aerosols

® Seca Ice

® Ground Hydrology

® Ocean Heat Transport
® Ocean Circulation

® Dynamic Vegetation
® Dynamic Ice Sheets
® Carbon Cycle Chemistry
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Increased Resolution Requires

Increased Computing Resources
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Fundamental Physical Quantities & Equations

At every grid cell GCMs calculate:

® Temperature (T)

® Pressure (P)
® Winds (U, V)
® Humidity (Q)

@ Conservation of momentum
o =—(V-V)V-
@ Conservation of energy
pCy8l = —pcy(V-V)T-V-R+V - (kfVT)+C+ S
@ Conservation of mass
% =—(V-V)p—p(V-V)
@ Conservation of H,O (vapor, liquid, solid)
% — (V-V)q+ V- (kyVq)+Sq+E
@ Equation of state
p=pR4T

IVp—gG—20x V+ V- (knVV) -

Fy




But, What Is a GCM really?: A Computer Program

C** INITIALIZE SOME ARRAYS AT THE BEGINNING OF SPECIFIED DAYS

Global_Warming_Sim2.R Model Il 8/24/2000
fName = "./prt//IJIMNTHO(1:3)//CYEARI//".prt//LABEL1(

Owner: Dr. Mark Chandler, chandler@giss.nasa.gov

Group: Paleoclimate Group IF(JDAY.NE.32) GO TO 294
This experiment simulates climate change based on a JEQ=1+JM/2
1 percent/year increase in CO2 DO 292 J=JEQ,JM
DO 292 1=1,IM

Object modules: 292 TSFREZ(1,J,1)=JDAY
MainC9 DiagC9 RadC9 JEQM1=JEQ-1
FFTC9 DO 293 J=1,JEQM1
UTILC9 DO 293 1=1,IM

293 TSFREZ(1,J,2)=JDAY
- el s O 10 206

Unix scripts and Fortran Code
Requiring significant programming skills to operate

22=RPLK25 DO 297 1=1,IM
29=Snowball_Earth_Regions

TDIURN(I,J,1)=1000.
Label and Namelist: TDIURN(I,J,2)=-1000.

Global_Warming_Sim2 (Transient increase in CO2)
TDIURN(I,J,6)=-1000.

&INPUTZ

TAUI=10176.,1IYEAR=1900, PEARTH=FDATA(I,J,2)*(1.-FDATA(l,J,3))
KOCEAN=1, SRCOR=.95485638151, IF(PEARTH.GT.0.) GO TO 297
S0X=1.,C02=.31746031746031, TSFREZ(1,J,1)=365.
USET=0.,TAUE=35040., TSFREZ(1,3,2)=365.

USESLP=-12., 297 CONTINUE

ISTART=3,KCOPY=2,NDPRNT=-1, TAUE=10177.,TAUP=95616.,



What 1s EdGCM?

FEducational Global Climate Model

® A Global Climate Model

- NASA/GISS Model 11

® A suite of software wrapped around a GCM to

mal

and

e 1t easier to operate the GCM, post-process
visualize the simulated climate variables,

and

organize the large volumes of input and

output data.



EdGCM

Design, Run, Organize Experiments

EdGCM 3.1 (706} Toolbar
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Setup Simulation, Run ID: Global_Warming_01
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General info

Run ID: Global_Warming_01 Start on Jan. 1: 1958 End on Dec. 31: 2100

Project ID: Global Warming Date: 02/11/2005 Owner: Mark Chandler

Run label: Global Warming: CO2 gradually increases, doubling by 2063

Comments:

based on Modemn control run using Model Il v1.06 Y
uses predicted SST with deep ocean diffusicn

Initial COZ2 = 315.4

increasing CO2 trend is linear with 0.5 ppm increase per year through 2000 then

an additional 1.0% per year exponential increase from 2000 through 2100. This
yields a doubled-CO2 (j.e. double the 1958 value = 629.8ppm) around the year
2062.

All nther orernhnuse azses are held fiverd at 1958 values to mateh the cantrol nan

Permissions:

Input files

Ocean model

Diagnostic output
Forcings
Greenhouse gases

C02: 31459 ppm  N20:0.2908 ppm  CH4:1.224 ppm CFC11: 0.0076 ppt CFC12:0.0236 ppt
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Run Folder
Run Date
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len L 1nco £~ . h
ene Simulation Library
Solar Run ID Label Date Owner Project ID
M2eR f10] 331 _tutorial Sample for geography 331 09/18/07 Dave Rice Modern_PredictedSST
Luminosity: 1366.818 w/m = E e - 7y N
Doubled_CO2 Clobal Warming from doubling CO2 instantanecusly 02/11/05 Mark Chandler |Doubled_CO2
Clobal_Warming_01 Global Warming: CO2 gradually increases, doubling by 2069 02/11/05 Mark Chandler Global Warming
Orbit lce_Age_21lkya lce Age 2 1kya, LGM trace gases, modern orbit 02/11/05 Mark Chandler |lce Age - LCM
Eccentricity: W Modern_PredictedSST Modern Control Run, 1958 forcings with predicted S5Ts 02/11/05 Mark Chandler Modern_PredictedSST
: Modern_SpecifiedSST Modern Control Run, 1958 forcings with Specified 55Ts 02/11/05 Mark Chandler |Modern Climate
Pliocene_3mya Pliocene simulation using PRISM2 Data 09/26/07 Mark Chandler Paleocliimate
Pliocene_s55T Pliocene with PRISMZ data collecting vertflux 10/18/07 Mark Chandler |Modern Climate
RuniD178 Copy of : Modern Control Run, 1958 forcings with Specified 5 09/26/07 mac Modern Climate
CO2 trend Sample_Control_Run Modern contral run for Model 1l v1.0.6 8x10 gflux 05/14/05 Mark Chandler |Sample_Control_Run
M SnowballEarth_750Ma Neoproterozoic Sturtian 750Ma, reduced solar, CO2, OHT 03/29/06 Mark Chandler |Neoproterozaic
¥ Enable trend Solar_Decrease Decrease Solar Luminosity by 2% 02/11/05 Mark Chandler |Solar Change
Linear (ppm) M s . P S = S e =
Delere—9 Find _ Show All Cleanup _ Permissions __Import ] [ Export
Exponential (%) |5 l m
N20 trend




EdGCM

Analysis and Visualization

®en0e Analyze Output, Run ID: Modern_PredictedSST
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Creating Reports and Publishing
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The Climate of the Pliocene: Simulating Earth's Last Great Warm Period
Mark A. Chandler
Columbia University

‘The Mid-Pliocene (ca. 3.0 Myr) is the most recent time in Earth's history when mean global temperatures were substantially
‘warmer (estimated by GCMs to be 2 oC to 3 oC above pre-industrial), providing

an ible example of a world that is similar in many respects to what models estimate will be the Earth of the late 21st
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Abstract: The Mid-Pliocene {ca. 3.0 Myr) is the most recent time in Earth's history when mean gl
substantially warmer {estimated by GCMs to be 2 oC to 3 oC above pre-industrial), prov
an accessible example of a world that is similar in many respects to what models estima
the late 21st century. The Pliocene is also recent enough that the continents and ccean s
reached their present geographic configuration. Taken together, the average of the warm
middle Pliocene present us with a view of the equilibrium state of a globally warmer wo

o concentrations were higher (between 360-400 ppm) and geologic evidence and isotopes
was at least 15-25 m above modemn (Dowsett and Cronin, 1990; Shackleton et al., 1995)
Ll reduced ice sheets.
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century. The Pliocene is also recent enough that the continents and ocean basins had nearly reached their present geographic
configuration. Taken together, the average of the warm phases during the middle Pliocene present us with a view of the
equilibrium state of a globally warmer world, in which CO2 concentrations were higher (between 360-400 ppm) and geologic
evidence and isotopes agree that sea level was at least 15-25 m above modern (Dowsett and Cronin, 1990; Shackleton et al.,
1995), with correspondingly reduced ice sheets.

Figure 1: During the Pliocene, global temperatures, particularly at high latitudes, are
believed to have been significantly warmer than today. This figure

Figure 2: Cap Carbonates
overlying glacial diamictite.

Introduction

Much of the research conducted by scientists at the Goddard Institute for Space Studies is aimed at developing tools for
simulating future climate change. The ultimate objective is to help anticipate the impact that those changes will have on society
and the environment. The development of computer models is central to our efforts, and global climate models (GCMs), in
particular, are the primary tool we use to simulate the Earth's environment and the forces that affect it. Among those forces are
many which are antt ic, or h d, including i I gases and aerosols, ozone depletion, and
deforestation.
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The EAGCM Cooperative Website
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EdGCM: The Project

Main Menu

The EdGCM Project develops and distributes a research- | * Halloween
Home quality global climate model (GCM) with a userfriendly | * Snow School Il
Register interface that runs on desktop computers. Anyone can = —SHOW School |
explore the subject of climate change using the same | ¢ Lifeon Base
G methods and tools that scientists employ. The software ¢ Rules
Software allows users to experience the full scientific process | ¢ Companion Blogs
« Condition 2

including: designing experiments, setting up and running
computer simulations, post-processing output, using scientific visualization to
display results, and creating scientific manuscripts ready for publishing to the web.

Read more EdGCM 3.1 Release

The EdGCM
development

team is proud to
announce the /g

Download

FAQ

Support Forums
Development
Contacts

Events Calendar

"Anthropocene" Greenhouse Gas Effects

Outreach - Student Projects rEeclj”“ —
N Written by Dominique Alhambra and Christine Kwitek e R
Community Showcase e R A | i e el 14
day, 09 Ma i Private Messages: , -
Simulation Exchange itted i i i i i User &P FAQ Mambers List [ New Posts Search v Quick Links v Log Out
R r Ere Submitted in partial fulfillment of: Course No. AOS 331, Prof. Jack Williams, Dept l(:\
of Geography, Univ. of Wisconsin - Madison. Fall 2006 f
E\ ] ) ———— Last Post | Threads | posts |
The early anthropogenic hypothesis by William an D Announcements (1 Viewing) \;::Sﬁ’w 2 I8
Ruddiman posits that human influence on climate E- Rl pecasianiounceis asel eqard ng lthalEdGElle i ectand oo aral ¥ AEE 5y 13th, 2007 21.45 )
Education General may have actually begun thousands, not hundreds, If
Classroom Exercises of years ago. Increased greenhouse gas levels @ ey | Support GCM? Post i i @
L were not solely caused by greenhouse gas im
- & . . ged p issi /flags...
Education S.tandards emissions from fossil fuel burning after the start of Ed " Iechnical Support (1 viewing) ’ ‘E;:t::nde\:r emmissions/flzas 53 349
Student Projects the Industrial Revolution, but also caused by our [ ou g tielp with EdGCM: > I, e 7 ete. Today 10:26 &

Workshops / | Why does the SLP in EdGCM's...
(diewing) by Patrick LEE 52 385

limate model. October 6th, 2007 00:31 &)

® Download Software and Materials oo e

by mchandler

What Interest) re requests, etc. October 3rd, 2007 23:25 §J

| EdGCM Icon

el ® Support and Discussion Forums g [
0

O Little Ice A

el ® Community and Student Showcases |.... s ;o

= June 20th, 2007 11:07 3
O Climate Prf

& EJGCM in Ital
by mchandler 6 8

® Video Tutorials and Manuals S




Student Research Projects

® The "Anthropocene" Greenhouse Gas Effect

® Snowball Earth: The Effects of Obliquity

® Global Climate Change Effects on Agriculture in the Midwest
® Examing the Effectiveness of the Kyoto Protocol

® Effects of Varying Rates of Methane Emission on Global Climate

edgcm.columbia.edu



Distribution, Training, and Development

® Over 40,000 copies in distribution, on 7 continents

edgcm.columbia.edu



