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Dear soon-to-be climate modelers,

In bringing users into direct contact with complex computer models such as
a Global Climate Model (GCM), EAGCM exposes the model’s strengths and
weaknesses in a way that scientific papers and newspaper articles frequent-
ly obscure. The danger in creating a point-and-click interface for a GCM is
that users might be tempted to treat the model as a black box. To the extent
that they might do so, after using EiGCM, we will not have achieved one of
our main goals: to encourage more people to learn more about climate mod-
els. We hope that EAGCM will lead greater numbers of students to pursue
Earth science careers, and that the experience will allow them to participate

in climate research at an earlier stage in their education.

EAGCM doesn’t require a sophisticated understanding of climate to use,
but an understanding of the atmosphere, oceans and geology will definitely
enrich the experience. We are currently working with educators to produce
curricula and teaching materials that will greatly enhance EIGCM’s poten-
tial as a learning tool. EAGCM is being pilot-tested in courses that range
from 9th grade to graduate level, and it is being used for research projects
at both NASA and Columbia University. If you are a teacher or researcher
and would like to learn more about the EIGCM Cooperative effort, please

contact us!
Happy Modeling!

Mark Chandler
mchandler@edgcm.org
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1.2 Some Notes Before You Begin
1.2.1 Performance: How Fast Will It Run?

The speed at which the GISS GCM runs is based primarily upon the speed
of the computer’s CPU. Other factors that play a role include the number of
applications running at the same time, compiler optimizations, and whether
or not your system is dual- or single-processor. The advent of 64-bit CPUs in
machines such as the PowerMac G5 will allow the GCM to run significantly
faster, since twice as many calculations are possible during one clock cycle than
in the typical 32-bit systems used by most desktop computers.

The GISS GCM divides the atmosphere into a three-dimensional grid system.
The version incorporated into EIGCM uses an 8° X 10° latitude by longitude grid
system, and has nine vertical layers in the atmosphere and two ground layers.
Running the climate model entails the solving of a series of complex physics
equations for every cell in the grid, and a single simulated year involves many
billions of calculations. Real-world performance has always been essential for
the GISS GCM for research purposes, so the model was originally coded to
be highly efficient. It has been further optimized to run at acceptable speeds
on desktop computers without sacrificing any accuracy, but newer desktop
computers will run the model the fastest.

Over the past four years, the number of simulated years per day (syears/
day) for the GCM has increased more than twenty-fold on desktop Macs. An
original iMac 233MHz computer could finish a 5-year simulation in about one
day, while a new PowerMac dual-G5, running at 2GHz, could complete two
120-year simulations in the same amount of time. As a general guideline, most
simulations that would be of interest (either in the classroom or for research)
need to run at least 10 simulated years. Simulations with altered forcings, such
as increased greenhouse gases, must run using the predicted ocean option and
require a minimum of 35 simulated years to reach equilibrium.

Table of simulated model years per day. The speed at which the GISS GCM runs on a
desktop computer scales closely with CPU speed. However, changes to the microchip
architecture and the optimizations used at the time of compiling may also have a
significantimpact. The 64-bit G5 processors in particular are significantly faster per CPU
clock cycle than older processors. Although we do not have Windows PC benchmarks
at this time, we expect PCs to scale with MHz in a fashion similar to the G4 processors.

Computer (CPU) CPU Speed Simulated Years / Day
iMac (G3) 233 MHz ~10
eMac (G4) 800 MHz ~35
PowerMac (dual-G4) 533 MHz 31.2
PowerMac (dual-G4) 1.42 GHz 66.1
PowerMac (dual-G5) 2.0 GHz 120-200*
Dell OptiPlex (P4) 2.8 GHz 130

*Dependant upon compiler optimizations.

lturn to Contents| EdGCM Guide 9




as this may also damage simulation output files.

It is also important that you not let the computer “sleep” when the GCM is
running. Sleep mode will cause the run to stop and can corrupt the files required
to complete the simulation. To prevent the computer from going into sleep mode,
the Energy Saver settings for your Mac (Figure 1-13) should be set to “never
sleep the computer.” (Setting the display to sleep is fine, and will not effect your
simulations). In addition, do not check the box that allows the hard disk to sleep,

80 Energy Saver

[

e N A E

Show All Displays Sound MNetwork Startup Disk

Fﬁhﬂp'{ Options ]

Put the computer to sleep when it is inactive for:

1 min 15 min 1 hr 3 hrs  Mewver

™ Use separate time to put the display to sleep

1 min 15 min 1 hr 3 hrs  Newver

[ Put the hard disk to sleep when possible.

@ Click the lock to prevent further changes.

Figure 1-13. For Macs, the Energy Saver settings (within System Preferences) should be set such that the

computer never sleeps.
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Figure 1-14. The Control Panel is accessed through the Start Menu.
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For PCs, the appropriate power settings
are set through the Control Panel (Figure

@]gu";?oiiaxpress i @M“mgmms : 1-14). In the Control Panel, double-click
o — LI on “Power Options” to bring up a dialog
Eraiel () Heylna box to display Power Option Properties

(Figure 1-15). Select the Power Schemes
: tab, and from the drop down menu select
@Winﬂowsﬂedia Player S P il the “Always On”option. As with Macs,
allowing the monitor to go to sleep will
not affect the running of the GCM.
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Figure 1-15. For PCs, the Power Scheme should be set to “Always On” to prevent the system from going into sleep mode r
while the GCM is running.

Cancel I Apply I

Under both Mac OS X and Windows 2000/XP you may run additional
applications, such as Microsoft Word or Excel, while the GCM is running. You
may even start more than one simulation at a time, although the simulations will
then have to share processor time. On single-processor systems any additional
applications will slow the GCM dramatically, but will not harm the simulation
in any way. On dual-processor computers the impact on the speed of the run
will be minimal unless you run many applications at once.

Finally, you can quit the EAGCM 4D interface once a simulation is running,
because the GCM runs as a separate application in the background. However,
you will need to restart the EAIGCM 4D interface and choose a currently running
simulation if you want to pause the simulation, or to analyze the output once
the run has finished.

1.2.2 Hard Disk Clean Up

In addition to simulating global climate, another thing GCMs do very well is
comsume huge amounts of hard disk space. Most research institutions use large
arrays of disk drives to store these massive amounts of GCM output, but that
is a luxury few schools will have. As a solution, EIGCM contains a “smart”

clean-up utility for removing files from individual run folders inside the Output
folder.

Eturn to Contents| EdGCM Guide 11
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Located in the File menu in EAGCM,

866 Cleanup Cleanup (Figure 1-16) enables users

aEd GCM: Hard Disk Cleanup to keep track of disk space, including

e i - the amount occupied by GCM

s S simulation output. If storage space
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1911 December variables from that run will not be
? effected and can be viewed again
using the visualization utilities.
Clean Up

P

Figure 1-16. The hard disk clean-up utility menu.

1.2.3 QuickTime Video Tutorials

Note: The QuickTime video tutorials are only available for EAGCM version 2.1. The videos for
version 2.3 need to be redone owing to changes made to the interface. Please watch our web site
(www.edgem.org) for news on the availability of the new video tutorials.

As a supplement to this guide, the EIGCM DVD includes a series of brief
QuickTime videos that provide an overview of the interface and additional
software. These are found in the Multimedia folder inside the EAGCM 4D
folder. Users who have not taken part in a training workshop are strongly
encouraged to take a half hour to view these videos. The subjects of the videos
in the Multimedia folder are best viewed in order and include:

EdGCM Tutorial, all the movies in order

EdAGCM 00 Intro, introduction to EAGCM

EdGCM 00 Intro2, overview of the windows in EAGCM

EdGCM 01 Setupl, the General Info section in Setup Simulations

EdGCM 01 Setup2, boundary conditions in Setup Simulations

12 EdGCM Guide ‘m to Contents
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EdGCM 01 Setup3, the Forcings section and trends in Setup Simulations
EdGCM 01 Setup4, how to run a simulation and the appearance of the GCM
EdGCM 02 Outputl, overview of the tabs in Analyze Output

EdGCM 02 Output2, the Tables tab in Analyze Output and SuSpect
EdGCM 02 Output3, the Sets tab in Analyze Output

EdGCM 02 Output4, the Plots tab in Analyze Output and PlotShop
EdGCM 02 Output5.1, the Maps tab in Analyze Output

EdGCM 02 Output5.2, Panoply viewing output from Maps

EdGCM 03 SimLibrary, how to search in Simulation Library

EdGCM 04 eJournall, overview of the eJournal and the Image Browser
EdAGCM 04 eJournal2, how to edit in the eJournal

EdGCM 04 eJournal3, adding images to an eJournal

EdGCM 04 eJournal4, converting an eJournal to a webpage

1.2.4 Known Software Problems and Issues

e Using the “Average” button in the Analyze Output window sometimes causes
a failure (which is evidenced by a message relating to an error in program :
SumandPD”). If you choose a range of years that does NOT include the first
year of the simulation, you can avois this problem. We are currently working
to fix this issue.

e If allowed, the GCM will run until all available disk space is used up. The
performance of most hard disks drops noticeably if they are more than 90%
full. In addition, Mail, Eudora, and Entourage will corrupt their mailboxes if
the GCM is allowed to fill up the hard disk.

* PlotShop is development software for Macs only, and has many limitations.
The serious bugs in PlotShop include: the data tab shows incorrect data values
for all but the first year; opening a second file from E/JGCM when there is already
an open PlotShop window causes a failure; files with less than 5 columns or 9
rows will not open; print and save are not enabled. If PlotShop does not fit
your needs, use a program such as Excel or Kaleidagraph for line plotting. The
“plot” files produced by EAGCM are all stored as tab-delimited text.

e It is possible to set a mixture of boundary condition files that cause the GCM
to crash. Furthermore, users cannot easily alter or create their own boundary
condition files without extensive programming experience.

* Most of the GCM errors reported in the Fortran terminal windows are
admittedly cryptic. However, messages such as “STOP 12” and “STOP 13” are
NOT errors! These equally cryptic codes indicate that the GCM has halted
normally. STOP 12 means the run has been paused or has reached the end date.
STOP 13 means the run has finished.

l'urn to Contents| EdGCM Guide 13




CHAPTER 3

Using EAGCM

3.1 Setting Up and Running Simulations

Traditionally, a global climate model is controlled and started (initialized)
through a combination of computer programs and Unix shell scripts. EAIGCM
removes this layer of complexity by placing all control of the climate model
into a graphical user interface (GUI). The designing of experiments is handled
within the “Setup Simulations” window, using an interface with well-defined
fields for entering the names of input files. There are also easily manipulated
“point and click” controls for choosing a variety of climate modeling
options such as the length of experiment, the quantity of greenhouse gases
in the atmosphere, the distribution of vegetation types, the configuration of
continents, etc.

eo0e Setup Simulation: GlobalWarming_2

The interface is divided gEd GCM Educational Global Climate Model

into several logical
sections, each of which

v General info

Run 10 Globalwiarming_2 Start: 1270171957 End: [12/31/2057

the teaCher can ShOW or Project ID: [Global_War ming_Run Date: 02/04/2004 Owner: [Mark Chandler
hide depending upon Run label: ‘2. Glabal Warming Simulation Using the GISS GCM
. (= E Keywords: =
Whlch Components Of : Can you figure out what caused the global warming? | nstantaneous COZ |ncrease
h h #: The warming was caused by doubling carbon dioxide in the atmosphere 0
_\ /] instantaneously at the start of the run {from the 1958 walue} Transient COZ Increase
t e GC t ey Want to be { - ? Solar Luminosity |ncrease
This experiment was run for use inan EdGCM workshop held January 24, 2004 at
the focus Of StudY. N&SA AGISS Ocean Heat Transport Incre
Transiet CH4 Increase 2
P Input files
P Ocean model
=B ic output
» Farcings
P CO2 trend
¥ N20 trend
P CH4 trend

»_ CFCI11 trend

b~ CFCI2 trend

Figure 3-1. The Setup Simula-

tions window in EAGCM is the ¥ =solacirend
starting point for every experi- »_ Power tools
ment, as the initial conditions » _Developer tools

for the experiment are set here.




Using EAGCM, teachers and students can easily create experiments that
simulate a wide variety of climates of the past, present and future. In this
way the teacher can enhance and expand upon lessons on the fundamentals
of the climate system with experiential learning, which involves students in
the methodologies that scientists themselves are using to study the Earth’s
climate system. Teachers can simulate climates of various periods in geologic
history, for example, the Cretaceous Period or the Last Glacial Maximum.
They can simulate climate changes that may occur in the future, such as
global warming or the effects of deforestation. And, they can simulate
the impacts of modern climate events such as El Nifio/La Nifia cycles or
volcanic eruptions. The new interface allows such detailed control over
model functions that EIGCM arguably has more user-definable capabilities
than does the research-only version.

3.2 Analyzing Simulation Output

The most important aspect of any climate modeling project is the analysis of

results once the simulations are complete. For most global climate models,
preparing model output for analysis can be as involved as setting up the
simulation in the first place. This preparation of model output for analysis
is referred to as post-processing and it involves several steps (most of which
are hidden from the user in EAGCM). Variables of interest must first be
extracted from the large binary files that are a GCM’s raw output, next they
are averaged over meaningful time periods or geographic areas. Finally,
the values are scaled to standard meteorological units (e.g. degrees Celsius)
and are then converted to formats that can be usefully analyzed by desktop
software. Much of this work is performed by professional programmers at
most modeling labs because the task can be so time consuming it eats into the
time available for the analysis of results. While performing post-processing
can be a limitation for many research programs, it is probably closer to an
“insurmountable obstacle” for most high schools and many undergraduate
institutions.

In order to tackle this problem we have automated a number of the most
frequently used post-processing programs for use in EAGCM and have
added user-friendly interfaces to perform any steps that can’t be entirely
hidden. To date, we have adapted four key programs to help clear the path
for analyzing model results. These include utilities that:

1. Generate summary tables of all diagnostic variables produced by the
global climate model (over 400 variables!) averaged over months, seasons,
and years for any portion of a simulation.

2. Create global maps of approximately 90 different climate variables that
can be used to analyze geographic patterns of climate change.

3. Produce time series plots of approximately 90 climate variables that
can be used to track climate changes that occur throughout the duration
of a simulation.

22 EAGCM Guide ‘turn to Contents




4. Produce vertical slices of approximately 100 climate variables that can be
used to analyze altitudinal changes in climate parameters from pole to pole
along a specified longitude.
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Figure 3-2. The Analyze Output window offers a number of options for processing and
viewing the output of climate experiments.

3.3 Reporting Experiment Results

A unique feature of EAGCM is the eJournal, which allows students to create
reports that discuss the results of experiments. eJournals can incorporate both
text and images and encourage students to construct “manuscripts” in a style
similar to that which researchers use for publishing their findings in scientific
journals or on the web.

eJournals contain up to 20 text and image sections. Sections can be added or
rearranged at anytime during the creation of the report. eJournals are closely
integrated with the Image Browser and with GCM simulations. Images can be
cut and pasted (or use drag and drop) from the Image Browser into an eJournal
report. The attached text information is transferred to the report as a figure
caption, but figure captions are also editable so that students can point out
specific information pertinent to their analyses. Links can also be established
(linking interface not shown) between eJournal reports and individual
simulations so that the database establishes a relationship between simulations
and their analyses. The relational database then keeps track of occurrences
when many students are analyzing and reporting on an identical experiment,
or when one student analyzes and reports on many different experiments.

rn to Contents
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Figure 3-3. The efJournal window in EAGCM permits the user to compile a report, complete with figures, for
easy publishing to an HTML-format document.

3.4 Using EAGCM'’s Database Features

EdGCM has been developed using a database as an underpinning because
the volume of information produced by any global climate model can easily
exceed the manageable level. The database structure removes the need for the
teacher or researcher to spend time organizing large volumes of data, model
output and supplementary information. The teacher is then free to spend more
time planning how to better utilize the information for specific class needs.
It also allows researchers and educators to focus more effort on analyzing
experiments and less time on organizing them. Moreover, the database engine
of EAGCM makes it simple to search, sort and access information from several
different classes or from an entire semester.

Because GCMs produce so much output - too much for almost any individual
to analyze in an efficient manner - EIGCM has a built-in utility that allows the
teacher to specify, prior to its use, which climate variables students are allowed
to access. Thus, teachers can either customize EAGCM'’s interface to match the
level of the students, or they can create project-specific sets of variables to better
guide students to the key values that apply to particular lesson requirements.

‘m to Contents
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Sets of variables can be defined to reduce the numbers of variables that are
visible to the students in the Analyze Output interface. Teacher-specified
variable sets can be created using the list and buttons that appear at the bottom |
of the EAGCM Toolbar whenever the Analyze Output window is open (Figure

3-4). Teachers may choose to organize sets of experiments around physical
criteria (e.g., greenhouse gas experiments, hydrological variables) or around
administrative criteria (e.g., course title, student working groups). Two special
“Sets” of variables have been provided with EIGCM: a Default Set of commonly
viewed variables, and a set containing ALL available variables.

New sets are easy to create. Simply open the Analyze Output window and A

select all of the variables of interest. Make sure to go through each tab and

either clear the variable check boxes (none selected) or select those of interest. ‘ B
Once you have all your variables of interest selected, click the “Create Set” ' B "
button on the EAGCM Toolbar. You will be asked to name your new variable iy
set, and then a summary of the set will appear. You can print the summary
by clicking on the paper and pencil icon in the upper right hand corner of the |
summary window. After closing the summary window you will now see your
special set listed in the Sets list in the EAGCM Toolbar. Select that Set and the
Analyze Output window will reveal only your variables of interest. (Note: The
variables in your set may still be turned on and off individually. Creating a set
simply makes it possible for both teacher and students to view only a subset
of all model variables.)

Tl

Figl/lre 3_4 The SetS G 12 Toolbar ESEI:S Summary ol x] I [ F.

. ¥ Sirnulation Controls 1=
Summary displays the

e : Delete Rename @ ]
" £ A o WV i
variables selected for Wil gl — ]

unalysis und can be Tables: 5 different months/seasons
. 4 . RunStatus Flats: 13 different variables
written to aﬁlefor shar- e Maps: 33 different variables

. Wertical: 7 different variables
ing among students ¥ FunList

and other teachers. Sortby: [fun ID =1

TN - Hl Def aulk Yariables

]
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Global Warming 01
Ice Age Zlkva

Tables:
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DIF
114
Annual

Modern Climate
Paleccene_S8uya
Sample Control Pun

Plots:
SOLAR RADIATION INCIDENT ON PLAMET
MET RADIATION ABSOREED BY PLAMET
EVAPORATION
PRECIPITATION
SURFACE AIR TEMPERATURE
QCEAN ICE COVER
SHOW COVER
MET HEATIMG AT GROUND SURFACE
TOTAL CLOUD COVER
WATER COMTENT OF ATMOSPHERE
SEA SURFACE TEMPERATURE (SEA ICE = 0C)
PLAMETARY ALBEDO
GROUND: ALEEDC

|
[Maps:
Search: | TOPOGRAPHY

LAND COYERAGE

QCEAN ICE COVERAGE
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PRECIPITATION
EYAPORATION
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The Simulation Library is the master list of all experiments run, and can
be searched by run ID, owner, theme, or other parameter for ease of data

management.

'8686 Library

Run ID Label Ocean 5T Date Owner Project ID |&
Control_sC9 Modern control run for Model Il v1.0.2 8x10 gflux Predicted 0170171911 Mark Chandler Sample_Control_Run m
Global_Warming_01 Global Warming from increasing CO2, Model Il 8x10x3 Predicted Deep 07/01/1901  Mark Chandler Global Warming
lce_Age_21kya Ice Age 21K, 200 ppm CO2, 21K orbit Specified 19/03/1902  Michael Shopsin Ice Age - LGM
Madern_1958 Modern Control Run, 1958 forcings with predicted 55Ts Predicted 10/22/1988  Mark Chandler Madern Climate
Paleocene_5Bmya Palencene/Eocene Boundary at 58Ma Spacified 01/09/1901 Mark Chandler Paleocene/Eocene
Sample_Control_Run Modern contral run for Model 11 v1.0.2 8x10 gflux Predicted 02/12/1957  Mark Chandler Sample_Control_Run
SnowballEarth_580Ma Snowball Earth: Neoproterozoic 580Ma, -6% solar, 140ppm €02 |Predict 01/12/1900  Mark Chandler Snowball Earth
Solar_Decrease Decrease Solar Luminasity by 5% Predicted 30/09/2005  Mark Chandler Solar Change

( _Find ) (_showall ) ( Export ) ( Done )

ANET

Figure 3-5. The Simulation Library is a searchable database of previously run experiments that al-
lows users to find experiments with similar themes, as well as export experiments to exchange with
other members of the EAGCM Cooperative.
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CHAPTER 4

EdGCM Tutorial

The purpose of the following tutorial is to familiarize you with the setup,
running, and post-processing of a climate simulation. This example is one
based upon one of the global warming scenarios included on your EdGCM
CD-ROM. Although you will see the fields and options that can be changed
for customized simulations, we will mainly demonstrate the use of the pre-
programmed values in the global warming scenario for this tutorial. Unless
otherwise indicated, each step will be the same in both the Mac and Windows
versions.

4.1 Launching EAGCM and Setting Up a Simulation

1. Mac: In the EAGCM 4D Database folder, double-click on the file called
“EdGCM.4DB” to launch the application.

Windows: In the EIGCM 4D Database folder, double-click on the file called
“EdGCM Structure File” to launch the application.

bV ormar p The first window that will appear will be the
% ) () (p\ o g; basic EIGCM Toolbar, which includes a list

of simulations already available (the runlist).
The buttons in the Toolbar will automatically
change to provide new options as various
EdGCM functions are selected, but the run
list will always be present. The run list may
also be used to search for a particular run
ID, or to sort through a long list of run IDs.

Sawple_Control Dun
SnowballEarth E20Ma
Solar Decrease

Figure 4-1. The basic EAGCM Toolbar.
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2. In the menu at the top of the screen, click once on “Window” to display
the various function windows within EAGCM 4D, and select “Setup
Simulations” (or press cmd + 1 for Macs, ctrl + 1 for Windows). To see
the initial conditions for the Global Warming 01 scenario, make sure it is
selected in the run list. Note the changes to the Toolbar relevant to the Setup
Simulations window (Figure 4-2).

)  EdGCM 2.3.1b3 Toolbar (e e J{a) Setup Simulation, Run 1D: Global_Warming_01

| ¥ Simulation Controls
ﬁEdG CM Educational Global Climate Model
I

¥ General info

Run ID: Global “warming_01 Start: 12/01/1900 End. 12/31/2100
B = Project ID: Global Yarming Date: 06/27/2004 Owner: Mark Chandler
_:Y Run List 2 Run label: Global warming from increasing COZ, Model 11 821 0x9
i’arﬂ_y_y ' Run ID (s & Comments: Keywords:
R = based on Maderncontral Fun using Madel 11 w1.01 3 T— I
Control_sC9 = uses predicted S5T with deep ocean diffusion O ooal Warming O
Control_sf9_coj — Initial COZ = 295.5 in 1900 bssed on observations, incressing COZ trend is linear coz
—SL3_copy = With 0.3 ppm increase per year through 1970 then becomes exponential st 0.75% e Chan .
Global _Warming_81 = increase per year from 1971 thraugh 2100, This yields a doubled-COZ (i e,
h
= double the 1958 value = 630ppm? around the vear Z060. greenhouss gas
lce_ﬁgellkya - All other greenhouse gases are held fixed at 1958 values to match the control run [ empty b
Modern_1958 = Y v
=
Paleocene_S&mya =
B Sample_Control_Run — | ¥ Input files
SnowballEarth_S58@Ma o —
<ol D = fer Input folder: ~ Maoderr : | Referenceyear: 1900 Random no. seed: 123456759
olar_lecredse = —
[ = Initial Conditions Boundary conditions

Initialization:  CCA Topography: Z

GCM restart file: [ Vegetation: |

| ; Ground data file: - Drag coefficient: ¢

i = DOhbservarions file: 12 Radiation (RTAU): 3
= V! start date and Initial conditions must align Radiation (RPLK): 5

B = ¥  Ocean model

ST T ey

- Search: | = Ocean mode:  Pred Collect ocean/atmosphere fluxes

| W Setup Simulation S sRET Collect fluxes every: 24 hours

RN T e e Collect fluxes from: 1506 year

Max mixed layer

bV
= Dcean basins file: [ ras,
Ocean transports:  olsp S

Solar correction: (1953941 1279525502607

Collect deep ocean diffusion data

P Diagnostic output

P> Forcings

CO2 trend

3 change per year From: 1900 To: 1970

75 change per year From: 1971 To: Z100

SNEL

Figure 4-2. The Setup Simulations window and its associated Toolbar.

3. Thecommentssectionin the General info section of the Setup Simulation
window provides the simulation description. This scenario was designed to
induce global warming by increasing carbon dioxide in the atmosphere at
the linear increasing rate of 0.3 ppm for the first 70 years of the experiment,
followed by an exponential increase rate of 0.75% per year over a 130-year
interval, starting with the observed value of 295.5 ppm in 1900.

4. The scenario included on the CD-ROM is locked, which means that
none of the parameters can be changed (note the small lock icon next to
“run status” near the top of the toolbar). In order to create a copy of this
scenario that can be modified, click the Duplicate button under “Setup
Simulation” in the toolbar. You have now created a copy of the simulation
(Global_Warming_1_copy in the run list) that can be modified to your
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specifications.

If you were to continue setting up a new scenario, the remaining sections of
the Setup Simulations window would be used to input your modifications.
The Input files section sets the geographic boundary conditions (i.e., land
mass distribution, topography, vegetation distribution) at the appropriate
grid resolution for the model, according to the files selected. For modern
control runs, future climate simulations and Pleistocene ice age experiments,
the choice of files need not be modified from the default selections. Users
wanting to do paleoclimate simulations must take care that all the boundary
condition files here are set appropriately for the time period of interest, or
else the GCM will crash.

The Ocean model and Diagnostic sections are intended for advanced
users, and need not be modified for most simulations.

The Forcings section (Figure 4-3) allows you to set the value of solar
luminosity and various greenhouse gases, the levels of which would
remain uniform through the entire experiment. The values entered into this
section are independent of each other and can be set to whatever values
you wish. However, the GCM is not guaranteed to behave properly if the
values entered are too far beyond modern values (e.g., solar luminosity set
to more than 10% above or below modern; more than 10X modern carbon
dioxide).

¥ _ Forcings

Solar

Luminosity: 136661 WimaAZ2 Use observed values for year: 1958 [ Set )

Greenhouse gases

C0D2: 295.5 ppm M20: 0.2903 ppm CH4: 1.224 ppm CFC11: 0.007& ppt  CFC12: 0.0296 ppt

Use observed values from year: 1958 [ set '1

Figure 4-3. The Forcings section allows basic manipulation of the GCM boundary conditions.

More complex variations of the solar luminosity and various greenhouse
gases are also possible by adjusting individual Trends. As previously
noted, the simulation used for this tutorial sets a linear increase followed
by an exponential increase per year for carbon dioxide. It is also possible to
include a transient increase in carbon dioxide. Just to illustrate this option,
open the CO2 Trend section of the Setup Simulation window, click once
on the second drop-down menu bar and select “Step (ppm)” as the second
trend (Figure 4-4). Then fill in a value of 500 for the step function for the
years 1970-2010.




¥ CO2 trend

E Enable trend

f = — S e,
Exponential (%) L‘H 3 change per year From; 1900 To: 2100 ;’y

| Step (ppm) H“i 50 .' change per year From: 1971 To: 2010 View

Figure 4-4. The CO2 trend section, like the other trend sections, permits the levels of greenhouse
gases to change during the course of a simulation.

To see agraphicrepresentation of how the level of CO2 would change through
time, click on the “View” icon on the right side of the CO2 Trend section to
launch the PlotShop program (for Mac users) or Excel (for Windows users)
and display the trends (Figure 4-5). (Note for Mac users: You can change
the trend values and year ranges as often as you like prior to starting the
simulation. However, if you wish to view additional trends, it is necessary
to close the previously opened PlotShop window before a new trend can be

displayed.)
806 PlotShop
Carbon Dioxide for Global_Warming_01
SE3
529.65
4762
2
=
42275
= Carbon Dioxide
3693 =H
-C
-D
—E
31584
1900 19333 1966.7 2000 20333 2066.7 2100
Year
P‘thbh"{ Legend ' Axes l
¥1: | Carbon Dio... H v4: D H
¥2: [B = vs: [E )
b 5138 BT |.._-] x: [ Year 3
Z)

Figure 4-5. PlotShop display of changing CO2 trends as selected in Figure 4-4.

The Power tools and Developer tools sections are intended for advanced
users, and should not be modified without special direction.

NOTE: For the purposes of this tutorial, we have already run the simulation
and provided you with the output files. Do NOT begin a new simulation
run, otherwise you will overwrite the tutorial’s data files.

If you are later running your own simulation, you need to take the following
steps to get the experiment under way:
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5. With the boundary conditions

[SHEXS) Sample_Control_Run_2
now set for this simulation, press Eel S o, LS W
the “play” button under “Simulation lgg:' CEE ewis T
COHtI'OIS” at the top Of the tOOlbar’ A Model: GISS m;m Model 11 {8x18 or ;.aza:zcifz;ar:m -
new window will pop up to show you | fii i e e
the progress of the model simulation | M Wudiiis

. . . .. T? igDP THI? i!HULETID
in Fortran. The model will initially T e
run through the first hour of the
simulation and then stop (Figure

. Start dote Current dote End date Zero hour Hour
4:'6), tO ensure that no ma]OI‘ error ;;/ 1/*957 1;{/t1£1957 (1[;[»/|1/1957 14 11008 50730
have been made in the selection of | & w ait e srogran.
boundary conditions (e.g., a Snowball
Earth land mass distribution with

modern vegetation).

folder
saved to: "prt" folder

Figure 4-6. The first hour of a simulation was
successfully completed.

6. At this point, the GCM must be restarted. Click on the start button at the
top of the toolbar again in order to restart the simulation.

7. Another Fortran window will open, this time staying open until the
simulation is complete. Since Fortran runs independently of EAGCM 4D,
the interface can be closed down until the run is finished and you are ready
to analyze the results.

4.2 Analyzing Output

1. After the simulation has been completed, re-launch EJGCM 4D. Now
select “Analyze Output” (cmd + 4 for Macs, ctrl + 4 for Windows) from the

menu at the top of the screen. A window titled Analyze Output will appear
(Figure 4-7).

The Analyze Output window is used to process four types of data: tables,
linear plots, maps, and vertical slices. Each of these data types is represented
as a tab in the center of the window; clicking on the tab brings you to that
given data type and the list of variables available for that type.

On the left side of the Analyze Output window, the years run for a given
simulation are displayed twice so that you may select the starting and
ending dates for the interval you want to analyze. On the right side, a list
of data files will appear as you process the results of the simulation.




Months Seasons

Global Warming 01
Ice Age Zlhya
Modern_1958
Paleocens S8mya

Sample_Control_Run

SnowballEarch E80Ma
Solar_Decrease

I~ December]
¥ January

[~ February
™ march
™ april
™ May
I~ dune
¥ duly
™ August

I September
I~ October

W mam

W annual

W 14 —

™ Movember

Figure 4-7. The Analyze Output window and associated toolbar.

2. To generate tables of data showing annual, seasonal or monthly averages,
click on the Tables tab, and then select the first and last year of the time
interval over which you would like the results averaged. (Typically the last
five to ten years of the run are selected for averaging, a practice which helps
reduce the amount of noise in the data.) Select the periods for which you
would like to calculate averages, then click once on the “create average”
button located below the start and end date lists. A Fortran window will
appear briefly while the tables are being generated. Then click the “get
tables” button, and a list of processed data files will appear on the right side
of the window (Figure 4-8).

806 Analyze Output, Run ID: Modern_1958

EdGCM: Analyze Output

y Process Model Output— Extract Key Variables— View Data & Images

W Maps ' Vertical ]

Figure 4-8. The Tables tab
in the Analyze Output
window, showing the list
of files generated by post-

Start End- ] . .
158 Months Er—— Years [ ViewsbleTables | pTOCESSlTlg. The icons next
3
1960 1960 [) ann1966-1970.x15 + . . .
191 | 1961 ANN1966-1370_Prt M to the ﬁle names indicate
| ANN1966-1970_Prt.htm .
1963 1963 .
B 10 _ ANNI966-1970 e xs the format of the file: Excel,
1965 1965 | December 3 ANN1966-1370_Regions
loer 160 # January E|7 For  —— DJrlsaa—w?o.x\s HTML, and SuSpeCt (the
- DIF1966-1370_Prt
1968 1968 -
163 1589 B recruary ] D 1966-1570_prt tm latter for Macs only).
1570 1870 1 March [) DiF1966-1970_Reg.xls
= DJF1966-1970_R
& april W owan ——— m{msss—ls?o.xrgswm
I May JAN1966-1970_Prt
= —— @ annual [ JAN1966-1970_Prt.htm
& June [) 1aN1966-1970_Reg.xls
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R [) vaises-1970.x15
— DAL966-1970_Prt
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Ereite - [) yA1966-1970_Reg.xls
[ Average ) 8 Qctaber #son  — UAL966-1970 Regions | |)
P ] November [) wi1966-1970.x1s
_Time Serles ) JUL1966-1970_Prt
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[ 1uL1966-1970 Reg.xis
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( ear ) (Al ) ( GetTables )  view )
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3. To generate a time series that can be plotted linearly, click on the Plots
tab, and then select the first and last year of the time series you want to
create. Select the variables that you would like to plot, and then click once
on the “create time series” button located below the start and end date lists.
A Fortran window will appear briefly while the data for the plots are being
generated. Then click the “get plots” button, and a list of processed data
files will appear on the right side of the window (Figure 4-9).

Analyze Output, Run ID: Modern_1958

Figure 4-9. The

8eoe

Plots tab in the An-
alyze Output win-
dow, showing the

EdGCM: Analyze Output

=4 Process Model Output— Extract Key Variables—® View Data & Images
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1961 1961
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4 ; 1963 1963
to the ﬁle namies 1s 1964 1964 E EVAPORATION o day EVAPOR 3 EVAPOR
1565 1565 FRECIPITATION i/ day PRECIF |21 croaLBEDO
fO?’ PlOtShOp, but 1966 1966 ® [ NETRADAPLN
. . 1967 1967 (W] SURFACE AIR TEMPERATURE c SRFAIRTHP D} NTHTGROSFC
mdows users wi 1568 1968
1969 1969 E OCEANM ICE COVER B OCNICECOY 2 OCNICECOV
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plOt these ﬁles mn [V MET HEATING AT GROUND SURF ACE W mnd NTHTGRDSFC ) SNOWCOVER
E l E TOTAL CLOUD COVER B CLDCOWTTL 3 SOLRADIPLN
xce.. [W] WATER CONTENT OF ATMOSPHERE mm AT ATYPR % SREAIRTHE:
4 55T
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] GrouND ALBEDD kS GRD ALBEDD
Create:
Average ]
Time Series |
 cear V[ Fll ) GetPlots ) O view )

4. To generate maps displaying annual, seasonal or monthly averages, click
on the Maps tab, and then select the first and last year of the time interval
over which you would like the results averaged. Select the variables which
you would like to map, then click once on the “create average” button
located below the start and end date lists. A Fortran window will appear
briefly while the data for the maps are being generated. Then click the “get
maps” button, and a list of processed data files will appear on the right side
of the window (Figure 4-10).

5. To generate vertical slices displaying spatial data along pole-to-pole
transects, click on the Vertical tab, and then select the first and last year of
the time interval over which you would like the results averaged. Select
the variables which you would like to view, then click once on the “create
average” button located below the start and end date lists. A Fortran window
will appear briefly while the data for the vertical slices are being generated.
Then click the “get vertical” button, and a list of processed data files will
appear on the right side of the window (Figure 4-11).
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Figure  4-10.  The
Maps tab in the Ana-
lyze Output window,
showing the list of files
generated by post-pro-
cessing. The icon next
to the file represents
the netCDF format, a
popular cross-platform
format for spatial data.

Figure 4-11. The Maps
tab in the Analyze
Output window, show-
ing the list of files gen-
erated by post-process-
ing. Vertical slice data
files are also in netCDF
format.
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4.3 Viewing the Data

The data generated in any of the Analyze Output tabs can be viewed simply
by either selecting a file name in the right column of the tab and clicking once
on the “View” button at the bottom of the column, or by double-clicking on the
file name. The appropriate program will then launch to display the data.

For the tables, Windows users may choose between Excel and HTML to view
the data. The HTML file is perhaps easier to view, as it starts with a series of
links to the tables for each variable (Figure 4-12). Mac users have the additional
option of viewing their data in SuSpect (Figure 4-13), which also allows the
sync’ed viewing of multiple data files simultaneously.

& 0O 6 ././Output/Modern_1958/diagnostics_Modern_1958/postprocessing/JUL1966-1970.avgModern_1958_Prt
<) file:/ f /Users/mchandler/Desktop /EdGCM%202.3b 12 /EdGCM%20: ~ Q- Coogle

Figure 4-12. The HTML
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For the linear plots of time series data, Windows users will have an Excel file
in which they can construct their own plots. Mac users may opt for Excel, or
else they can view the data in PlotShop (Figure 4-14).
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Figure 4-14. Times series plot generated by PlotShop for Mac users.

For maps and vertical slices, the netCDF files can be displayed on both Macs
and Windows machines in Panoply, a cross-platform application. To launch
Panoply, simply double-click on a netCDF file name listed in the Maps or
Vertical tabs. Panoply will first display a list of variables that can be plotted.
(Figure 4-15).

ene Panoply: Datasets and Variables Select the variable you
& | ® <new window> || ‘ ‘Z@ wish to map, then click
N ———— ——1{ once on the hammer icon
MName Long... | Var. ... [FRataseepvanaple Detal :
@ SensHeatFlu:Sensibl... [lon][lat] float SurfAirTemp(months, latitude, | Of the WlndOW. A new
|& SnowCover Snow c... [lon][lat] long_name = “Surface Air Temperz window with 2 tabs will
@ SnowDepth Snow d... [lon][lat] units = "deg C; .
@ SnowFall Snow fall [lon][lat] Openl ShOWIng bOth the
@Snowandlce(Snnw a.. [lon][lat] map and a spreadsheet
@ SoilMoist  Soil Mo... [lon][lat) N
@ SurfAirTempSurfac... [lon][lat] Of the dataset belng
@5urfRunoﬂ Surfac... [lon](lat] plotted,
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@ TotCloudCaonTotal cl... [lon][lat]
& et Ujetle... [lon[lat]
[#4 1 W eom  [lenranlT
Figure 4-15. List of plottable
List: " Only Plottable Variables |v) |0 ) y variables in Panoply.
—
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There are a number of options for displaying the data in map view. For this
tutorial, select “ANN" from the drop-down menu in Array 1, and check the
interpolate button. The result will be displayed in Mollweide projection by
default (Figure 4-16).

806 plot
l’ Plot'{ 1: SurfAirTemp

]

Surface Air Temperature

surface Air Temperature (deq C)

' I i
=45.6578 =27.54058 =9.423386 8.69387 26.81109

Mollweide _tl':j::ti:n centered on 180.0°E Data Min = =45.657H, Max = 26.H1109
l “Arrayisy ! Scale F Colors F Global Map | zonal Ave. [ Captions ||
Plot | Global Map [¥) of [ Array 1 Only [*] ™ interpolate
rArray 1: SurfAirTemp 1 rArray 2-
Month or seasonal phase: 17 of 17 = None selected

Figure 4-16. A simple map plot in Panoply.

If you wish to know the variable value at any given point on the map, holding
down the option key (Mac) or alt key (Windows) and double-clicking the
mouse will produce a small pop-up window noting the latitude and longitude
of the point, the grid cell in which it lies, and the value for the variable.

There will often be times when it is desirable to compare two data sets, either
from different simulations or from different time intervals within the same
simulation. Panoply includes a function that allows you to graphically display
the differences, which are commonly referred to climate anomalies.

As an example, let’s look at the surface air temperature anomaly produced by
differencing two separate intervals in a global warming simulation that em-
ploys a transient change in atmospheric CO2. First, you will need to create the
appropriate netCDF files.

1. Open the EAGCM interface.
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2. Select Analyze Output from the Window menu.

3. Click on the Maps tab in the Analyze Output window.

4. Turn on the check boxes next to the variables you wish to analyze. You
can check as many variables from the list as you want. We recommend
limiting your choices to those variables most relevant to the analysis at
hand, to reduce clutter in Panoply’s datasets window later on.

5. Select the simulation you want from the run list in the toolbar at left.

6. Select a five-year period over which to average your variables.

7. Click on the Create button to generate your time-averaged data set.

8. From the list of viewable maps, select the file you just created (identifi-
able by its run number and the year range you selected in the filename).

Once the file is selected click, on OK. Panoply will launch to display this
file.

Now repeat steps 5-8, but use a different five-year interval to create the second
data set.

At this point, Panoply’s Datasets and Variables window should now be open
with two data sets listed (Figure 4-17). Note that Datasets are shown as folders,
which can be double-clicked to hide/show the variables inside. You may have
to scroll down in the left hand field to see all the variables in both data sets at
once.
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Now, to plot the differences between the data sets:
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1. Select a variable from the first dataset, such as “Surface Air Temperature,”
and click the hammer icon in the upper left corner of the window. A new
window will open, showing a map of the data in one tab and a spreadsheet
of the corresponding numeric values in a second tab (as in Figure 4-16).

2. Go back to the Datasets and Variables window in Panoply and select the
“Surface Air Temperature” from the other dataset.

3. In the drop menu next to the hammer icon, in the upper left corner of the
window, select “plot 2” (not “<new window>"). The hammer icon will turn
to a double-hammer icon. Clicking the double-hammer icon will plot the
difference of the two variables in the plot window (Figure 4-18).

8enoe plot 2
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Surface Air Temperature
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I I
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Figure 4-18. A difference map plot in Panoply.

Hint: Choosing the Right Color Bar

When plotting differences, always choose a color bar (in the Colors tab at the
bottom of the Plot window) that has white in the exact center of the bar (e.g.,
panoply_diff PAL-1). In this way, white = no difference. Then, within the Scale
tab, uncheck the “Always fit” box and set your scale so that the Max =-1 x Min
(e.g., Max = 5.0 when Min = -5.0). This creates a color bar with a symmetric
scale, so thatitis easy to distinguish positive anomalies (e.g., colors to the right
of white are regions that warmed) and negative anomalies (e.g., colors to the
left of white are regions that cooled).




To report results:

4.4 Reporting Your Results

An important feature of EIGCM is the ability to share simulation results and
interpretations by publishing to a web site easily accessible to others. The entire
process is greatly simplified through EAGCM’s eJournal function.

1. Return to EAGCM, and select “eJournal” from the menu at the top. The
eJournal toolbar and setup window will appear (Figure 4-19).

O EdGCM 2.3.1b3 Toolbar
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Figure 4-19. The efJournal setup window and its associated toolbar.

2. Each section of the eJournal (up to a maximum of 20 sections) can be used
for either text descriptions or figures. To convert between one type of section
to the other, simply click on the button to the left of the section (clicking on
a photo button sets up the section for figures; clicking on a text button sets
up the section for text).

3. Three additional figures may be added to a given section (for a total of
four figures) by clicking the “+” button at the lower right corner of the figure
window. Up to two lines of figure caption text, if available, will be visible for
each figure in the eJournal setup window, although longer captions will be
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displayed in their entirety when the eJournal is published to HTML.

4. Images of any size or format can be imported from the Image Browser
(Figure 4-20), which is accessible from the EIGCM file menu. Images from
the Image Browser may be inserted into an eJournal section by simply
dragging and dropping the image into a figure box, such as the one seen in

section 2 of the eJournal page in Figure 4-19.

Figure 4-20. The Im-
age Browser is a library
of photos, graphs, and
maps that can be used to
illustrate key points for
discussion in a student’s
eJournal report. The im-
ages can be sorted by
name, date created or
modified, or by theme
(e.g., Pliocene images,
global warming images).
The Image Browser may
be added to at any point
by students or teachers.

Image Browser: Images 1-16 of 37 images
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This is an image that |
stole from the Earth
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EarthModel4
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EarthModel2 EarthModel3
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Galileo spacecraft on

Gl55.logo

GISS_GCMecomponents

___________

ClobalTemperature 1880~
2000

5. To page through multiple pages of the Image Browser, click on the
“forward” and “reverse” buttons in the Image Browser toolbar. It is also
possible to search for images by name, or sort images by name, creation
date, etc.

6. When an eJournal is ready for web publication, return to the filled-out
eJournal page and click on the “eJournal to Web” button in the toolbar (see
Figure 4-19). The eJournal page will be converted to an HTML file, which
will open automatically in a new window within your default web browser
(Figure 4-21).
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The Climate of the Pliocene: Simulating Earth's Last Great Warm Period

Mark A. Chandler

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
anthropogenic, or human-caused. including increased greenhouse gases and aerosols, ozone depletion, and deforestation.

l

I Flgu:re 1: During the Pliocene, global temperatures, particularly at high latitudes. are believed to have
Mm.] heen sionificantly warmer than today. This Geure shows the Plincene surface airtemnperature 5

k. ficantly warmer than today. This figure shows the Pliccene surface air temperature

compared to the present day as simulated by the NASA/GISS global climate model. Values are in degress
(e}
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In employing climate models, we must make every attempt possible to verify that they are capable of accurately portraying Earth's
climate and its sensitivity to change. Validating a GCM's equilibrium capability is done by comparing simulations of the modern
climate, often referred to as current climate control simulations, to observations. However, despite our interest in anthropogenic
influences on future climate, testing the GCM's sensitivity to change generally relies on our ability to understand natural climate
changes from the past. Predictions of future changes gain credibility when our models can accurately simulate changes that have
actually occurred. Unfortunately, historical records of most climatological variables, such as temperature and precipitation, rarely
exceed 100 years in length. Moreover, many of the changes anticipated in the future are likely to exceed historical precedents. Thus,
we commonly step back further in time and examine the geologic record. which contains examples of global-scale climate change
similar in magnitude to that predicted to occur during the 215t century.

Many past time periods have been simulated, both for the purpose of evaluating model capabilities and as a technique for studying
the Earth's climatic evolution. Simulations of key periods during the last ice age commonly provide excellent climate change
scenarios of large magnitude. If our interest, however. is in climates warmer than today, we must look back at least three million
years, to the middle of the Pliocene epoch, to find a period in Earth history with global average temperatures more than a degree
{Celsius) higher than the present.

A Warm Time in the Past

<«[»{

Figure 4-21. A published efJournal report.

These files can then be published to a school web site or to the student’s
own web space for public access. A copy may also be added to the school’s
eJournal library, a searchable offline database for the reports (Figure 4-22).

806 eJournal Library ]
Title ejournal ID Author u
The Climate of the Pliocene: Simulating Earth's Last Great Warm Period Pliocene Mark A. Chandler
Snowball Earth: Snowball Earth Linda Sohl and Mark Chandler

 Find ) ( Showall ) @3

Figure 4-22. The eJournal database.
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