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Abstract

The Community Climate System Model (CCSM) is a coupled
climate modeling framework for simulating the earth’s cim
system, that allows researchers to conduct fundamenteaes
into the earth’s past, present and future climate statesleWthe
model is well documented, the learning curve for new usesteisp
and porting the model to a new platform can be difficult andetim
consuming. In this paper, we describe an effort to make th8\C
framework more easily accessible and usable to a large ofass
users by means of a portal. We present a TeraGrid based with por
that allows TeraGrid users to run CCSM simulations on TelGr
resources without having to individually port and instat €M and
without encountering lower level details such as speciffdzatch
queues and library locations. We describe the back-end CCSM
installation, the front-end user interface for the CCSMtaloand
present an overview of a post-processing framework for (68K
simulation results.

Keywords Community Climate System Model, Portal, User-
Interfaces, Workflows, TeraGrid, Cyberinfrastructure

1. Introduction

The Community Climate System Model (CCSM) [3] is a coupled
climate model for simulating the earth’s climate systemmposed

of four separate models simultaneously simulating then&saat-
mosphere, ocean, land surface and sea-ice, and one cenipétic
component, the CCSM allows researchers to conduct fundamen
tal research into the earth’s past, present and future tdistates.
The CCSM is utilized by a large community of students and sci-
entists worldwide. It was initially developed and housethatNa-
tional Center for Atmospheric Research (NCAR) located imlBo
der, Colorado. Researchers use the model to simulate aret-und
stand the mechanisms affecting interdecadal, interarandkea-
sonal variability in the Earth’s climate system on multigfeatial
scales ranging from regional to global. Scientists model dfs-
tant past to gain insight into the changing nature of Eadliraate
system with conditions much different from the present;dayd
the knowledge gained from these simulations is an impottzoit
for comparing against observational records. Furthernmnaec-
tions of future climate scenarios based on present-dayitiomsl
and trends of climate-sensitive atmospheric constitusarge as an
important resource for policy makers to make informed denis
that may affect future generations.

The CCSM thus provides the modeling framework for confmunti
scientific questions about the Earth’s past, present andefuli-
mate states. The CCSM simulations are resource intensiterms

of computational cycles as well as storage space requitsniEme
CCSM documentation states that a typical model run on an IBM
“bluesky” system (a set of IBM Power4 8-way nodes), at a ddtas
resolution ofT 42 gx1v3, has the following requirements :
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— History-File Volume: 6.5 Gbytes/model year

— Restart-File Volume: 0.9 Gbytes/model year

— Total CPUs: 104

— Simulation Years/Day: 7.5

In our own experiments with the validation runs of CCSM on the
IBM “DataStar” platform at the San Diego Supercomputing Cen
ter, we have observed a throughput of 10 Simulation Yeard per
hour run for a dataset resolution 81_gx3v5 with active models
for all the CCSM components.

Thus, CCSM is well suited for the type of High Performance
Computing resources available on Grid systems like the-Tera
Grid [9]. The TeraGrid comprehensively addresses the nded o
today’s computational scientists by providing high-periance
computing cycles that enable more powerful simulation and n
merical approaches; network storage resources that acedaten
larger datasets to allow modeling of scientific data at firmor
lutions over larger meshes; and libraries and tools toifatgl the
development of scientific applications. Keeping in mindsthat-
tributes of the TeraGrid, we started an effort to allow reslears

in climatology to perform the CCSM simulations on TeraGed r
sources.

To expose CCSM users to the plethora of possibilities peavid
by the TeraGrid, we perceived a need for tools and envirotenen
that allow them to easily interface with TeraGrid resouré&ile
TeraGrid resources include software stacks for essertiaftées
such as authentication, job submission and resource mmimgjio
directly learning and using these may be a daunting tasklémge
class of users. Additionally, the simple scenario of eaclsMICiser
setting up a personal CCSM installation to perform simatagihas
certain disadvantages —

— The CCSM Installation procedure on a new platform, whild we
documented, is non-trivial and time-consuming.

— A per user CCSM installation would be wasteful in terms afcsp
used by the standard input datasets and program code.

— The collaboration opportunities offered by the TeraGrinlid
not be exposed to the users without a framework that alloamsth
to easily share their simulation results.

To address these issues, we have created a “communityllaasta
tion of the CCSM on the TeraGrid and a web-portal based mterf
for accessing this installation. The motivation for this €\ por-

tal is to lower the barriers of entry for people into climatedn
eling by making available a working CCSM installation on the
TeraGrid readily accessible via a web interface. In recienesg,
web-based portals such as the NanoHUB [14] and the LEAD por-
tal [10] have become invaluable tools for their user comriesi
We envision that the CCSM portal will similarly assist clitolg-

ical research and encourage the use of CCSM and the Teraigrid f
climate modeling purposes. The goal of this portal is to mev
an intuitive interface, both for experienced and new CCSkrsis



while shielding them from the complexities associated wiim-
mand line grid-computing interfaces. While it is importamfpro-
vide a user-friendly portal interface to run CCSM simulamn
TeraGrid resources, there is also a pressing need to maésiére
for researchers to further process and analyze the resoiitsire-
vious and current model runs. For example, very often rebess
need to examine the intermediate model output by runningesom
diagnosis tools to decide whether the current configuraticap-
propriate. To address this demand, we are developing atelidsda
post-processing component for the CCSM portal which pevih
easy-to-use interface to diagnose and analyze final onetdiate
model output. The CCSM portal for the TeraGrid project thnssa
to comprehensively address the issues required in usingMo@s
the TeraGrid.

The rest of this paper is organized as follows — Section 2igdesv

an overview of the issues involved in designing a portal fGISH.
Section 3 describes how our portal implementation adddetsmse
design issues. Section 4 describes a post-processing cemfor
CCSM data in the context of a broader data service framework.
Section 5 describes future work. Section 6 concludes therpap
Related work is discussed throughout the paper.

2. Portal Design for the Community Climate
System M odel

In this section, we discuss the design issues consideregdatiicg a
portal for CCSM. We first present a brief overview of CCSMlitse
and describe the work flow associated with a typical CCSM run.
Then, we describe the setup of the CCSM “community insiatét

on the TeraGrid and discuss how the portal connects to differ
units within this installation.

2.1 TheCommunity Climate System Model

As discussed previously in Section 1, CCSM is made up of four
components (interchangeable referred to as models) timaftsi
neously simulate the earth’s atmosphere, ocean, landcsuaiad
sea-ice, and one central coupler component. Each modeadinent
active, data and dead component versions allowing for a variety
of “plug and play” combinations. The active model versioaksg
called dynamical models) perform actual simulations. Thead
cycling model versions (data models), on the other handsragd!,
simple models which simply read existing datasets that wese-
ously written by the dynamical models and pass the resuttaig

to the coupler. These data-cycling components are verparesive

to run and produce no output data. For these reasons thegede u
for both test runs and certain types of model simulation .r@s-
rently, the data models run only in serial mode on a singlegso
sor. The dead model versions are simple codes that faeitiystem
testing. They generate unrealistic forcing data inteynediquire no
input data and can be run on multiple processors to simufate t
software behavior of the fully active system. A CCSM comptne
set is comprised of five model components - one component fron
each model. All model components are written primarily inF~O
TRAN 90. During the course of a CCSM run, the four non-coupler
components simultaneously integrate forward in time,quically
stopping to exchange information with the coupler. The ¢eup
meanwhile receives fields from the component models, cossput
maps and merges this information and sends the fields bableto t
component models. By brokering this sequence of commuaitat
interchanges, the coupler manages the overall time prsigresf
the coupled system.

Figure 1 shows interaction of the active models and the lediza-
tion scheme used for each of them. The models periodicalty-co
municate with the coupler component via MPI messages.
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Figurel. CCSM Components

A typical CCSM simulation run consists of the steps shownig F
ure 2. The user first creates a new simulation case, spegifytase
name, a dataset resolution andamnponent set consisting of one
version of each of the five models. With these parametergtscr
within CCSM generate platform specific configuration serifithe
user then executes these configuration scripts to genarédeabd
execution scripts for a CCSM run.

In the second step, the user edits the generated scriptissjoessfic
parameters such as the time span of the simulation, thednegu
of data and trace generation and so on. The user, at thisasep,
prestages any non-standard input data that will be useckigith-
ulation. The user then invokes the generated build sciiptstiuild
libraries and executables, as required, for the five compusrend
also pre-stages the standard input data required by théagiomu
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Figure2. Steps in a Typical CCSM Simulation

In the third step, the CCSM simulation is run. Depending an th
platform, archiving scripts may be used at this step to stage
archive the output data produced. In the fourth and final, step
output data produced by the CCSM run is post-processed and ma
be published to data repositories.

To feel intuitive, the portal interface needs to correspomdhe
three steps discussed above. In Section 3, we discuss hportiad
front-end was implemented, keeping in mind this requireimen



2.2 Portal Back-End Design where they may wish to execute the post-processing phagewi

To implement the CCSM portal, the TeraGrid resource that having to explicitly move the data.

we selected for running the CCSM simulations is the IBM Finally, to directly access the data (both output data amaitin
DataStar system at the San Diego Supercomputing Systemdata/programs that the user may wish to pre-stage for ecpkati
(http://imww.sdsc.edu/us/resourced/datastar/). We found  this CCSM run), our portal provides data transfer interfacesaheess
system to be well suited to the type of parallelism used by the the community space using the GridFTP protocol.

CCSM components. As a first step, CCSM was installed and

the CCSM scripts were ported for the DataStar platform. Then 3, CCSM Portal |mp|ementation

a 50 year validation run was completed, at a dataset resoluti
of T31gx3v5 and the results were validated. Having validated
the DataStar platform, we created a community disk space for
CCSM. The community space was designed to hold a single copy
of the CCSM codebase and the standard input files. For each
user, separate directories are created to hold the userSMCC

In the previous section, we discussed the CCSM installatre

on the DataStar platform and the layout of the CCSM community
space on the GPFS-WAN file system. In this section, we briéfly d
cuss how we implemented the portal front end to provide algmp
and more intuitive access mechanism for this CCSM instafiat

cases created and the corresponding output. Additiorsalyarate  |In implementing the CCSM portal, we have made extensive use
per-user directories are created to store CCSM input fildsuaer of the GridSphere portal framework [8]. The GridSphere feam
specified CCSM component code versions as well. Figure 3show work provides an open-source portlet based Web portalclaétes

the layout of the CCSM community space. a portlet API that is completely JSR 168 [6] compliant andbals

includes additional API for almost full compatibility wittBM
WebSphere. It provides a flexible XML based presentatiogrifes
) R tion that allows customization of the visual interface, aglas a
ERDIE & = o portlet service model for encapsulating, reusing and sbasortlet
logic. In addition to the GridSphere API and services, outalo
implementation also uses the Grid Portlets API. The Grid|®tsr
API provides a high level implementation of several Globus-p
tocols and grid resources. Apart from the high level griduese
abstractions provided by these API, our portal also useAdtien-
Portlets [4] and ActionComponents [1] portlet models provided by
GridSphere and GridPortlets respectively.

Purdue CCSM Portal

ity Climate System Modelling Portal

CCSM Community Disk Space

CCSM Code CCSM Cases

In Section 2, we have discussed the sequence of steps fdlliovee
typical CCSM simulation run. The portal user interface sated to
correspond to these steps. Figures 4, 5, 6 and 7 show thiagesr

(’/ééfipis 77777 "\ components Userl provided by the portal.
| [rcreate_newcase User2
| User2 |
; Casel |
}\ Case2 Semmmee ’
R - Create a New CCSM Case
Figure 3. Back-End Iayout of the CCSM Portal Please Select Case Resolution | T31_gx3uws ¥
X i . o Please Select Component Set (K {cam,cln,doch,dice,cpl) v
CCSM contains its own scripts for building the componentzsg-s A (datm,dind,dacn, dice,cpl)
ing input and submitting jobs to DataStar’s LoadLeveleresither. Please Provide a Name for thicP (cam,clm, pap,csim,cpl)
. . N [m] C (datm,dind, pop,dice,cpl)
For our portal, we reuse these scripts by using construetragper create ) D (datm,dind,docn, csim, cpl)
i 7 i ildi i G (latm,dind, pop,csim,cpl)
scripts for configuring, building and running CCSM cases.  {cam dind,doom dice.col
. . . . i |
The portal front-end (discussed in Section 3), has visualfiaces X e i feaad
for configuring, building and running CCSM cases. The istest kd(lft{mdrcigﬂp‘dmeppl) . o el
invoke the wrapper scripts by means of the GRAM protocol [12] p f|§tﬂjd‘ﬂdjdggﬂj§§;”,é,;”|‘;e ayer ocean model.ep) )
These wrapper scripts, in turn, invoke the correspondinggkaC February 1, 2007 % (xatm,xind,xocn, sice,cpl)

scripts. The reason for having this intermediate layer aipper
scripts is two-fold. Firstly, by using wrappers, the act@&SM - -
scripts are invoked within a unix shell that makes the retgiier- Figure4. CCSM Portal Interface for Case Creation
aGrid environment variables available to the CCSM scrifes-
ondly, there is currently no additional globus support foectly
communicating with the LoadLeveler batch system (therexfst e
direct globus support for other batch queuing systems ssi€tB&S
and Condor). The use of these specialized wrapper scrijots al
the CCSM loadleveler scripts to be invoked as they would b fr
a normal unix shell while allowing job responses to be coadey
back to the portal.

Figure 4 shows a shapshot of the case creation interfaceuSdre
starts a typical new CCSM run by selecting a component set (a
combination of active, dead or data component for each dfithe
models) and a dataset resolution. Figure 5 shows a snapisthat o
case configuration interface. In this interface, the usés edse
parameters such as the length of the run, the resubmissteriar
the frequency of trace data collection and so on. After egiti
existing environment parameters, the user may use thidanteto
For setting up this CCSM community space, we have selected create configuration files for the specific run and edit therth&r
the GPFS-WAN file system [5]. This makes the community space if required. This interface for configuring CCSM cases wasated
visible on other supported TeraGrid sites as well. Thisradlasers keeping in mind that CCSM users are accustomed to editiriginer
to directly access the data produced by CCSM runs on othes, sit  environment files directly to specify run parameters. Stheara



than a form based interface for selecting the multitude ckjine
run parameters, our portal allows the users to edit the sitionl Run an Existing CCSM Case
parameter scripts directly though the portal interfacguFés 4 and Teragrid Project Number (Optional)
5 correspond to steps one and two in Figure 2.
Select a Case to Build or Run (Running also rebuilds the case).
[ Refrash List of Available CCSM Cases ] TestPort v
TestPaort
Edit Existing CCSM Cases [ Build Selected CCSM Case TestPort2
MNewTest
Step 1. Select an available CCSM Case - WACC
Test_T31_g«3vi_B
Refresh List of Available CCSM Cases Test_T31_gx3vs_K + Test_T3 1_gx3v5_K
AR_T31_B
Step 2. Select and edit casefiles - mytestl
CASE-B
[ Yiew Canfiguration Files ] Test T31 gwdvS K.datastar.run v test_B_7dec
cae_2_tcan
Run Selected CCSM Case Ayan_T31_B
Edit Configuration File
Save Cancel
echo *'date’ -- CSM EXECUTION HAS FINISHED" ~
#
# Save model output stdout and stderr
#
cd $EXEROCT /cpl
set CplLogFile = “ls -1t cpl.log* | head -1°
grep 'end of main program' $CplLogFile || echo "Model did not complete - see [ Check Job Status of Current User's Jabs

Step 3. Configure the selected case or clean existing configuration for the selected case.

Figure6. CCSM Portal Interface for Building/Running Cases
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Figure5. CCSM Portal Interface for Case Configuration ’ File Browser 2
/apfs-wan/projects/CCSM/cosm-data/archive/Ayon_T31_B/atm v <select Resuurr:e>d

. . SDSC Datastar GridF TP
Figure 6 shows a snapshot of the interface used to run a CCSM | L=l Hess vy ideTr
case. The user simply selects from a list of his own configured o 391 B camd 1 00a-06-01-00010 Cecnslfll

. . . . - Ayon_T31_B.cam2.h0.0001-01.nc

cases and builds or runs the particular case. This intetdisme - Auen T3 Boame e 001 021nc
allows the user to query the status of a submitted simulation SRR o IO HIOL e %
the LoadLeveler queue on the IBM DataStar system. s i
For staging files throughogt this process, or fpr moving outp (o) (5w (st ) G
other systems (corresponding to Step four in Figure 2), we bee-

ated a data transfer interface. A snapshot of this intelifaseown
in Figure 7. The case creation, configuration and build/ubnss-
sion interfaces have been created usingAtteonPortlets API pro-
vided by the GridSphere framework. The Data Transfer iaterf
has been created using thetionComponent API provided by Grid
Portlets, which allows some Grid Portlet user interface ponents
to be reused in our portal.

Figure7. CCSM Portal Interface for File Transfers

hides the system level details of data and computation ressu
so that researchers can concentrate on their researcheprabl

4. Climate Data Post-Processing and tasks. We have implemented a workflow that operates on

In conjunction with the portal interface described in Satts, we the result data transferred from the remote CCSM computatio
have developed a post-processing component for the dataged resource to the local data repository. The repository isagead

by the CCSM runs. The climate data post-processing componen by the OPeNDAP (Open-source Project for a Network Data
is built on top of a distributed service-oriented workflonatl Access Protocol) and SRB (Storage Resource Broker) sefMees
form currently being developed as part of the Purdue TethGri workflow consists of the following processing components:
cyberinfrastructure [13]. It provides a web front end thidves (1) TheDataQuery component queries the TeraGrid data manage-

users to select the modeling dataset and the types of pimegess ment system to locate the data to be processed;
It then launches a workflow that prepares the data, compases a (2) TheQueryURL component returns the OPeNDAP URLs which

analysis job, submits it to the TeraGrid Condor pool, andiphbs can be used to remotely access the data.;
the result to a web server once the job completes. The workflow (3) TheNCLJob component constructs a RSL job specification and
is a service pipeline that consists of several web senhbesed submits the job to the TeraGrid Condor pool using Globus GRAM

modules implementing data-related tasks and modules ¢haect API [11]. Internally, the job invokes an NCL (NCAR Command
to the computation and data resources through Grid middéeva Language) script that performs data analysis operationshen



selected dataset using the AMWG (Atmosphere Model Working
Group) diagnostics package [2];

(4) The PublishData component uncompresses the results and
publishes them to a web server;

(5) The EmailUser component sends an email to the user with a
link to the web URL where the results are published.

CCSM on the TeraGrid and an intuitive web-based portal fater
to access this installation. We have discussed the desigasson-
sidered in creating this portal and described both the tstreof
the CCSM community installation on the TeraGrid and the tfron
end portal interface for accessing this installation. Bmae have
presented a post-processing component for data producéueby

CCSM simulations. We envision that the CCSM Portal will esgpo
the full plethora of possibilities provided by the Commuyn@li-
mate System Model and the TeraGrid to a wide audience of tdima

ANN

! scientists.
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