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Summary

The purpose of this multi-disciplinary project is to accelerate the development of the Community Climate System Model (CCSM), a computer model of the Earth’s climate that combines component models for the atmosphere, ocean, land and sea ice. There are two goals to this project.  The first goal is to improve software design and engineering of the CCSM and its component models and improve performance portability across the wide variety of computer architectures required for climate assessment simulations. The second goal is to accelerate the introduction of new numerical algorithms and new physical processes within CCSM models.  The recent introduction of atmospheric chemistry and ocean ecosystems along with new formulations and algorithms for ocean and ice dynamics are extending the ability of the model to simulate complex climate interactions and feedbacks.  Improving the representations of biogeochemical processes and the carbon cycle in particular, supports the DOE’s Climate Change Prediction Program. Active participation in the CCSM working groups, collaboration with key NASA and NSF research centers and cooperation with the Earth System Modeling Framework are coordinated with the CCSM Scientific Steering Committee.

The Community Climate System Model (CCSM) is a coupled climate model used for climate science research and climate change assessments.  It consists of four component models for atmosphere, ocean, sea ice and land surface, communicating surface fields and fluxes through a flux coupler.  As a community model, the CCSM is developed by researchers from NSF, DOE, NASA and NOAA laboratories as well as from academia.  It has a large user base of several hundred climate scientists.  The CCSM community contributed a large number of climate change simulation results for the periodic Intergovernmental Panel on Climate Change (IPCC) climate assessment report. 

Under SciDAC, a consortium of six national laboratories and researchers from the National Center for Atmospheric Research (NCAR) and NOAA worked together on a variety of improvements to the CCSM.  In the early years of the five-year project, attention was focused on improving the performance and portability of CCSM on the wide variety of vector and scalar computers available to the community.  New flexible data decomposition schemes in the atmosphere and ocean models were introduced to enable tuning for each computational platform.  The sea ice and land models were restructured to improve performance, particularly for vector computers, and new software was developed to improve the coupling of the four components into a fully coupled model.  A special issue on climate modeling of the International Journal of High Performance Computing and Applications (Vol 19, No 3, 2005), contains articles discussing the software engineering of the CCSM.  These changes enabled the largest ensemble of simulations of any modeling group in the world for the recent IPCC assessment.  For IPCC climate-change scenarios, CCSM performed over 10,000 years of simulation. These simulations were performed at relatively high-resolution, leading to the creation of over 110 Terabytes of climate model results distributed internationally via the SciDAC-funded Earth System Grid. This accomplishment was possible because of the critical software engineering work performed by the SciDAC team members on all the components of CCSM. 

In addition to software expertise, the SciDAC CCSM consortium also contributed new model algorithms and new scientific capabilities.  The consortium contributed to the introduction of a new finite-volume method for simulating atmospheric dynamics and developed new alternative schemes for ocean models as well.  In the last years of the project, the focus of the SciDAC consortium was the development of new capabilities for simulating the carbon and sulfur cycles as part of the climate system.  Until recently, most climate change scenarios specify a concentration of greenhouse gases and atmospheric aerosols.  By adding the biological and chemical processes that govern the absorption and emission of greenhouse gases, better simulation of how the Earth system responds to human-caused emissions are possible (see Figure 1).  A prototype carbon-climate-biogeochemistry model was assembled as a demonstration of the readiness to undertake coupled Earth system simulation at this dramatically new level of complexity.  The new model included a comprehensive atmospheric chemistry formulation as well as land and ocean ecosystem models.  In this first step towards a comprehensive Earth system model, CO2 fluxes were exchanged between components (see Figure 2) and the oceanic flux of dimethyl sulfide (DMS) was used in the atmospheric model to create sulfate aerosols (see Figure 3). These aerosols then interacted and affected the physical climate system, the oceanic carbon cycle, and terrestrial ecosystems.  The prototype model developed under SciDAC will form the basis for future work on a comprehensive Earth system model and help the climate community enter a new phase of climate change research.

The SciDAC CCSM Consortium project webpage may be found at http://www.scidac.org and the full CCSM project pages may be found at http://www.ccsm.ucar.edu.
For further information on this subject contact:

John Drake (drakejb@ornl.gov) or Phil Jones (pwjones@lanl.gov).
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Figure 1
The mapping strategy as related to the coupler for the fluxes of CO2 and DMS between the land, ocean and atmosphere system.
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Figure 2 
The flux of CO2 between the ocean and the atmosphere as handled by the bigeochemical coupler.  The red values show those regions where CO2 is moving from the ocean to the atmosphere and the yellow to blue values show where the ocean is a sink of atmospheric CO2 and carbon is moving from the atmosphere to the ocean.

[image: image3.wmf]
Figure 3
Comparison of the seasonal cycle monthly-mean model SO4 concentrations against surface observations made by the NOAA CMDL at oceanic sites in the eastern hemisphere. The box and whiskers show the monthly mean and standard deviation of the observations.

























