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Global Coupled Climate ModelsGlobal Coupled Climate Models
CSM   atmosphere:  CCM3.2, T42 (~2.8 degrees), 18L

ocean:  NCOM, 2 degree, 45L, GM, KPP
sea ice:  cavitating fluid
land surface:  LSM

PCM       atmosphere:  CCM3.2, T42, 18L
ocean:  POP, 2/3 to 1/2 degree in eq. Tropics, 32L,
biharmonic diffusion, Pacanowski/Philander mixing
sea ice:  dynamic (EVP), thermodynamic
land surface:  LSM

CCSM    atmosphere:  CAM, T42 (and T85, ~1.5 degrees),  26L
ocean:  POP, 1 to 1/2 degree in eq. Tropics, 40L, GM, KPP
sea ice:  dynamic (EVP), thermodynamic 
land:  CLM

(T42 class models run 4 years per day on present IBM, 10 years per day 
on IBM Power4;  T85 is more than factor of two slower)



Accelerated Climate Prediction Accelerated Climate Prediction 
Initiative (ACPI) Initiative (ACPI) 

Demonstration ProjectDemonstration Project
End to end test of climate prediction.  Initialize 
ocean -> global prediction of climate change -> 
regional modeling of climate change -> special 
impacts models such as hydrological models of 
small regions

Several (6) special PCM simulations with 6 hour 
output for regional models 

Special issue of Climatic Change in late 2002



PCM 20PCM 20thth, 21, 21stst and 22and 22ndnd Century SimulationsCentury Simulations
GHG+sulfates+ozone, 1870-2000, 10 members
GHG+sulfates+ozone+solar, 1870-2000, 4 members
GHG+sulfates+ozone+solar+volcano, 1870-2000, 4 members
Solar-only, 1870-2000, 4 members
Volcano-only, 1870-2000, 4 members
Solar+volcano, 1870-2000, 4 members
Solar+volcano+ozone, 1870-2000, 4 members
GHG+sulfates only, 1870-2000, 4 members
control simulation (1000 years)
1% CO2 increase to doubling (5 members), and quadrupling (1 
member); 150 years at 2XCO2, 150 years at 4XCO2; (CMIP)
ACACIA  “Business as Usual”, 5 members, 2000-2100; 1 member to 
2200
ACACIA “stabilization”, 5 members, 2000-2100, 1 member to 2200
SRES A2 and B2 (completed), A1B, A1FI, and B1 (in progress), 2000-
2100, single members;  (IPCC DDC)



Ongoing and Planned Ongoing and Planned 
Climate Change SimulationsClimate Change Simulations

Simulations with carbon aerosol distributions with the PCM

Land surface change simulations (urbanization, soil degradation, land 
use), PCM and CCSM, 20th and 21st century

Sulfur cycle with varying pattern of SO2 emissions, 20th century, CCSM

21st century simulation with statistical solar and volcanic data

CCSM T42 atmosphere, 20th century all-forcings, 21st century A2, B2, 
single members

CCSM T85 atmosphere, 20th century all-forcings, 21st century A2, B2, 
A1FI, A1B, and B1,  4 member ensembles

20th and 21st century climate simulation with interactive carbon cycle, 
CSM presently, CCSM subsequently











General Theme for Next Five Years of CCSM General Theme for Next Five Years of CCSM 
Climate Change and Assessment Working GroupClimate Change and Assessment Working Group

Quantifying uncertainty in climate change projections

Steps to accomplish this objective:

1. Improve regional climate simulation and extremes:  higher 
resolution atmospheric component, T85, T170 coupled 
simulations

2. Probabilistic projections of climate change:  Ensemble 
simulations with various forcings and emission scenarios

3. Understand model response and factors that affect sensitivity

a. single model--sensitivity experiments
b. coordinated experiments involving other models from different 

modeling centers in addition to CCSM (CMIP coordinated 
experiments) 

Key issue for this objective:  Model data transfer, storage and access



The EndThe End



General Theme for Next Five Years of CCSM Climate Change General Theme for Next Five Years of CCSM Climate Change 
and Assessment Working Groupand Assessment Working Group

Quantifying uncertainty in climate change projections
– Need “forcing repository” so groups can use same forcings
– Single forcing experiments still useful

Steps to accomplish this objective:

1. Improve regional climate simulation and extremes:  higher resolution 
atmospheric component, T85, T170 coupled simulations; need more outputs 
from model in time and space for extremes analyses

2. Probabilistic projections of climate change:  Ensemble simulations with various 
forcings and scenarios
– Integration from 1500-2000 with volcano and solar to look at variability (work with 

Paleo WG)
3. Understand model response to changes of forcing; climate sensitivity likely to 

be main issue for next IPCC

a. single model--sensitivity experiments with CCSM; atmosphere only or mixed layer 
slab coupled experiments

b. coordinated experiments involving other models from different modeling centers in 
addition to CCSM; analysis of 1000 year runs from PCM and CCSM

Key issue for this objective:  Computer time in (2003-2005), model data transfer, 
storage and access

- New scenarios for IPCC:  A1FI, A1B, B1 (in addition to A2 & B2)

Forcing: GHGs, 
SA, Volcanic, 
ozone, solar, 
CA, land, 
surface, etc.



Distributed InvolvementDistributed Involvement
DOE and NSF Supported Project withDOE and NSF Supported Project with::

Los Alamos National Laboratory*Los Alamos National Laboratory*
National Center for Atmospheric Research*National Center for Atmospheric Research*
Naval Postgraduate SchoolNaval Postgraduate School
Oak Ridge National Laboratory*Oak Ridge National Laboratory*
University of Texas, AustinUniversity of Texas, Austin
Scripps Oceanographic InstituteScripps Oceanographic Institute
DOE Program on Climate Diagnostics and IntercomparisonDOE Program on Climate Diagnostics and Intercomparison
U.S. Army Cold Regions Research and Engineering U.S. Army Cold Regions Research and Engineering 
LaboratoryLaboratory
National Energy Research Supercomputer Center*National Energy Research Supercomputer Center*
Lawrence Berkeley National LaboratoryLawrence Berkeley National Laboratory
Argonne National LaboratoryArgonne National Laboratory

*computing support



Data Users and CollaboratorsData Users and Collaborators
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DOE and NSFDOE and NSF
Research InterestResearch Interest

Develop climate modeling capability that takes 
advantage of new generation parallel architecture 
supercomputers

Develop model components and coupled models 
that can be used for energy policy, IPCC, and the 
National Assessments



HistoryHistory
CSM1 and PCM1   CSM1 and PCM1   

Built for vector 
Computers
Atmosphere: CCM3
Ocean component: 
NCAR ocean model
Sea ice simplified 
dynamics and 
thermodynamics

Built for parallel 
Computer system
Atmosphere: CCM3
Ocean component: 
Parallel Ocean 
Program (POP)
Sea ice Model -Naval 
Postgraduate School 
model: VP, P&W



Examples of Climate      Examples of Climate      
Change ExperimentsChange Experiments

Greenhouse gases
Sulfate aerosols (direct effect)
Carbon aerosols
Stratospheric ozone
Land surface changes
Volcanic forcing
Solar change forcing
Biomass burning
Various energy/emissions use strategies



Change of Extremes
Heat waves, cold snaps

Floods, droughts

First freeze dates, hard freeze 
frequency

Precipitation intensity

Diurnal temperature 



CSM Climate Change SimulationsCSM Climate Change Simulations
1% CO2 increase year

Historical 1870 to present (GHG)

Historical 1870 to present (GHG+SA)

Ensemble (4) Historical 1870 to present 
(GHG+SA+Solar)

21st Century Business as Usual (BAU), IPCC 
A1(5), A2, and B2

21st Century with improved ocean features



PCM 1% CO2 Increase/YearPCM 1% CO2 Increase/Year

Control simulation– 300 years

Ensemble of 5 capped at 2X CO2

One simulation capped at 4X CO2

One simulation with 0.5% per year capped 
at 2X CO2



80 Simulations later!80 Simulations later!



PCM Historical and Future PCM Historical and Future 
SimulationsSimulations

Use of CSM greenhouse gas and sulfate aerosol 
forcing
1870 control simulation (approximately 1000 years)

Historical 1870 to present

IPCC “Business as Usual” assumption
IPCC stabilization assumption
Ensemble of 10 for Historical, BAU/STAB ensemble 5
Solar variability simulation-ensemble of 4
Simulations to year 2200-ensemble BAU/STAB 3
Additional simulations aimed separation of natural 
forcing from anthropogenic forcing



Dissect ForcingDissect Forcing
GHS + Sulfate aerosols
GHS + Sulfate aerosols + Volcanic
GHS + Sulfate aerosols + Volcanic +Solar
Above + ozone fixed in time
Different combinations of the above such as solar 
only, etc





DOE Earth System Grid/ DOE Earth System Grid/ 
SciDac DevelopmentSciDac Development

Simulations at NSF, LANL, NERSC, and ORNL ( 70 
Tbytes of data,  80 simulations already)

Archives at PCMDI, NERSC, NCAR, ORNL, LANL

Easy access for transferring large data sets

Catalog system across distributed system

Cooperative Program between DOE laboratories and 
NCAR



Coupled Model InterCoupled Model Inter--
Comparison Program (CMIP) Comparison Program (CMIP) 

Coordinated SimulationsCoordinated Simulations

Testing the effects of weakened thermohaline 
North Atlantic circulation
Other simulations expected



T42 ResolutionT42 Resolution

T85 ResolutionT85 Resolution



IssuesIssues
Need updated climate change scenario forcing: 
GHGs and sulfur cycle; carbon cycle, land-
surface changes (U. of Kansas); volcanic
Higher resolution for atmospheric component 
(T85 and T170)
High computer performance is a very high 
imperative
Ensembles are an imperative: Typically 3 to 5
Continue policy of making simulations openly 
available soon after completion



CCSM2/CCA DiagnosticsCCSM2/CCA Diagnostics
For quick looks, using component model log files

Time series of globally-averaged fields

Generated twice per day

Can show up to six experiments simultaneously

Provides instant analysis of model state, and can 
indicate if the experiment becomes unstable



Recent HighlightsRecent Highlights

Currently producing the “first” fully coupled 
climate simulation using the T85 CAM 
atmospheric model with CCSM2.0 (all 
previous simulations have used T42), 
which will provide more regional climate 
change detail





Future Directions (2003) Future Directions (2003) 
Use higher CCSM2 atmospheric and ocean/sea ice 
horizontal model resolution for regional climate 
change studies

T42 historical (1870-2100) climate change studies 
with CCSM2 (sulfur cycle included)

Use output from July Workshop for  the 
development of future scenarios

Conduct climate change research on carbon 
aerosols and land surface changes

Explore with Biogeochemistry Working Group  the 
carbon cycle



Future Direction (2003Future Direction (2003--2005)2005)

During this time frame it is During this time frame it is 
expected that we will devote expected that we will devote 

much of our resources much of our resources 
primarily to IPCC and primarily to IPCC and 
National AssessmentsNational Assessments

SimulationsSimulations









Land 
Component

Flux 
Coupler

Ocean
Component

Atmospheric 
Component

Sea-Ice 
Component

Community Climate System Model (CCSM)

CCSM Advisory Board (CAB)

Scientific Steering Committee (SSC)

Nine Working Groups - Atmosphere
- Ocean
- Sea Ice
- Land Surface
- Biogeochemistry
- Climate Change and 

Assessment
- Natural Variability
- Paleoclimate
- Software Engineering



Recent HighlightsRecent Highlights
Completed an ensemble of simulations of the global 
climate during the period 1870-2000 using observed 
sources of external forcing, including anthropogenic 
greenhouse gas and sulfate aerosol increases, solar 
variability and changes in volcanic aerosol input.

Completed a set of three future (21st century) business-
as-usual climate simulations, with high frequency data 
saves.  These climate projections were then used as 
forcing to a regional climate model to examine potential 
changes in the water supply to the northwest United 
States during the next century.












