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SUMMARY

Climate models are the foundation for understanding and projecting climate and climate-related changes and are thus critical tools for supporting climate-related decision making.  This study will develop a strategy for improving the nation’s capability to accurately simulate climate and related Earth system changes on decadal to centennial timescales.  The committee will consider ways to improve the current climate modeling paradigm and whether there are other approaches with significant potential, identify the most important observations and research activities needed to support the development and validation of climate models, and discuss how to ensure that the nation’s investments in modeling ultimately support decision making.  The committee’s report is envisioned as a high level analysis, providing a strategic framework to guide progress in the nation’s climate modeling enterprise over the next 10-20 years.  

BACKGROUND

Climate models are the foundation for understanding and projecting climate and climate-related changes.  There are many different kinds of climate models.  All are based, fundamentally, on the laws of thermodynamics and motion that govern the evolution of the Earth’s atmosphere and oceans.  However, the most advanced models also include representations of many other components of the Earth system, including the cryosphere, the land surface, atmospheric chemistry, and the exchanges of matter and energy between different components.  Climate models represent these systems and processes through mathematical equations that are solved by computers to yield a predicted evolution of the climate system over time.  The output from climate models (or, more typically, several models or several runs with the same model) can then be analyzed to determine simulated climatic means, variability, and changes in response to imposed forcing, such as increasing greenhouse gas concentrations.  
Improvements in computing power over time have led to dramatic improvements in the scope, resolution, and complexity of climate models over the past 40 years.  However, certain aspects of the Earth system, such as clouds, still cannot be explicitly resolved in global models, and must instead be parameterized (approximated) using algorithms that are designed to capture their most important characteristics.  Both models and their parameterizations are developed and tested using a combination of theory, experiments, and observations.  For example, to evaluate the ability of climate models to simulate the response to increasing greenhouse gas concentrations and other climate forcing agents, they are run using estimated variations in these forcings during the 20th century and the results are then compared to environmental observations.  

The ability of models to simulate past and current climate change has increased steadily over time, and as a result there has been increasing confidence in their ability to project future climate change—contingent on knowledge of how greenhouse gas emissions and other future climate forcings will evolve.  Nevertheless, the most recent model results still exhibit considerable uncertainty, especially at local-to-regional spatial scales.  Some of the most important uncertainties are associated with changes in modes of regional climate variability, ice-sheet melting and the accompanying sea level rise, changes in the frequency and intensity of tropical storms, the role of clouds and aerosols, and the cycling of carbon between the atmosphere, oceans, and land surface.  
With national attention turning toward responding to climate change (for example by limiting its magnitude and adapting to its impacts), now is an appropriate time to examine the capabilities of the nation’s climate modeling enterprise to ensure that it is advancing adequately.  The modeling community has already developed plans to make continued progress over the next three to five years, including both model development and a series of model runs performed in support of domestic and international climate change assessments.  However, many experts think that over the longer term, a quantum leap forward is needed to advance climate science and provide the information needed to support effective decision making.  For example, decision makers at the state and local level typically require information about climate change and its impacts at resolutions smaller than that provided by the present generation of global climate models, and many proposed national and international policies to limit the magnitude of future climate change depend on credible estimates of the climate outcomes associated with specific reductions in greenhouse gas emissions—as well as an appreciation of the uncertainties involved.  Hence, there is a need for a forward-looking, comprehensive, strategic assessment of capabilities to simulate past, present, and future climate change on local to global scales and at decadal to centennial timescales.  
The nation’s current climate modeling paradigm encompasses a range of different approaches, and the community is already pursuing some promising new avenues.  Decadal climate prediction—high-resolution simulations of climate change over the next 30-40 years starting from current conditions—is one emerging area, but we do not yet have a full understanding of the limits to predictability on this time scale and what observations are needed to advance prediction skill.  The concept of seamless modeling, with similar modeling frameworks for simulating a wide range of timescales, is also being actively pursued.  There are also important questions to be considered about the interface between models of the biophysical climate system and models of human systems (e.g., integrated assessment models), which are becoming increasingly important for scenario planning, analysis of adaptation options, and other areas where decisions will be made on the best available evidence.  
Of course, one cannot consider a national strategy for climate modeling without attention to the supporting climate observations, both space-based and in situ, needed to initialize, force, and validate climate models, as well as for monitoring climate variability and change. The United States currently does not have a coordinated climate observing system, or a strategy that could lead to a coherent system, across both in situ and remotely-sensed observations.  
There have been considerable efforts to address various observational requirements at the international level or within specific categories of observations, but this has not been done in a coherent, consistent way in the US, which poses a major impediment for improving the nation’s climate models, as well as other aspects of climate research and its applications.  As noted in the report “Improving the Effectiveness of U.S. Climate Modeling” (NRC 2001): “the lack of a suitable sustained observing system for climate limits progress in climate modeling.”  This statement still rings true today.
As we develop a next generation of climate models to meet various national needs, a number of important questions arise:  What are the key processes (e.g., ice sheet dynamics, cloud physics and feedbacks, biogeochemical cycles) that need to be better understood, and what process studies are needed to do so?  What are the tradeoffs to be dealt with in terms of improving climate model physics versus incorporating new components into comprehensive Earth System Models?  Do we most need higher resolution or something else, such as better incorporation of model physics or improved representations of climate feedbacks? Is the biggest constraint computer power, observations, human resources, governance, the current modeling paradigm, or something else?  How do we ensure that there will be future generations of trained climate model developers and analysts?  What lessons could be learned from modeling activities in other nations or in other disciplines?  Could agreement to a common strategy lead to a more innovative US national effort that could be the foundation for national climate services?  Could a new US modeling development effort ensure continued US leadership in international climate assessments? 
The long time lags inherent in both the climate system and human responses to climate change add great urgency to the task of building and maintaining the national assets needed to support climate-related decision-making.  This study will focus on how to advance climate modeling over the next 10-20 years, with attention as needed to supporting observations and other aspects of the climate research and decision support enterprises, so that in the end we have a strategy for proceeding that involves the intersection of climate models, climate observations, and user needs.  The study should provide clear guidance about what approach or approaches are best suited to provide the most value for the investments that will be required to move ahead to a next generation of climate models, ones that meet the challenges faced as we move toward limiting the magnitude of climate change and adapting to the impacts.  
To do this, the study needs to involve a range of stakeholders from labs, agencies, and academic institutions, as well as from the broad user community, so that all have input in the formulation phase and the pattern is set for continued coordination as implementation occurs.  The study should also build on recent efforts to engage and coordinate the international climate modeling community, including the World Modeling Summit for Climate Prediction held in Reading, England in 2009, as well as remaining abreast of actions and progress by federal agencies and other domestic groups.  Ultimately, the study should provide a coherent, cross-government goal, one that is attainable and understandable to non-experts, should set out a comprehensive and unified vision – a proposed national strategy – for climate modeling for the next decade and beyond.
PLAN OF ACTION

Statement of Task

Climate models are the foundation for understanding and projecting climate and climate-related changes and are thus critical tools for supporting climate-related decision making.  This study will develop a strategy for improving the nation’s capability to accurately simulate climate and related Earth system changes on decadal to centennial timescales.  The committee’s report is envisioned as a high level analysis, providing a strategic framework to guide progress in the nation’s climate modeling enterprise over the next 10-20 years.  Specifically, the committee will:
1. Engage key stakeholders in a discussion of the status and future of climate modeling in the United States over the next decade and beyond, with an emphasis on decade to century timescales and local to global resolution.  This discussion should include both the modeling and user communities, broadly defined, and should focus on the strengths and challenges of current modeling approaches, including their usefulness to decision making, the observations and research activities needed to support model development and validation, and potential new directions in all of these spheres. 
2. Describe the existing landscape of domestic and international climate modeling efforts, including approaches being used in research and operational settings, new approaches being planned or discussed, and the relative strengths and challenges of the various approaches, with an emphasis on models with decade to century timescales and local to global resolution. 
3. Discuss, in broad terms, the observational, basic and applied research, infrastructure, and other requirements of current and possible future climate modeling efforts, and develop a strategic approach for identifying the priority observations, research, and decision support activities that would lead to the greatest improvements in our understanding and ability to monitor, model, and respond to climate change on local to global space scales and decade to century timescales.
4. Provide recommendations for developing a comprehensive and integrated national strategy for climate modeling over the next decade (i.e., 2011-2020) and beyond.  This advice should include discussion of different modeling approaches (including the relationship between decadal-to-centennial scale modeling with modeling activities at other timescales); priority observations, research activities, and infrastructure for supporting model development; and how all of these efforts can be made most useful for decision making in this decade and beyond. 
Examples of the types of strategic questions to be addressed include:  What is the appropriate balance between improving resolution and adding complexity as computing power improves?  What are the advantages and disadvantages of different approaches to projecting regional climate change (e.g., embedded regional models, statistical downscaling, etc.)?  What are the benefits and tradeoffs associated with multi-model versus unified modeling frameworks?  What opportunities might exist to develop better interfaces and integration between Earth system models and models of human systems?  What observations and process studies are needed to initialize climate predictions on both regional and global scales, advance our understanding of relevant physical processes and mechanisms, and validate model results?  What critical infrastructure constraints, including high performance computing and personnel issues, currently limit model development and use?  What steps can be taken to improve the communication of climate model results (e.g., presentation of uncertainties) and ensure that the climate modeling enterprise remains relevant to decision making?  What modeling approaches and activities are likely to provide the most value for the investments required? 
Expertise Required

The study would be conducted by an ad hoc committee composed of approximately 16 volunteer experts, with experience and expertise related to different aspects of climate modeling, as well as supporting observations, research activities, and user needs.  The committee would include expertise in global climate and Earth system modeling, regional climate modeling and downscaling, climate observing systems, atmosphere and ocean dynamics, biogeochemical cycles, climate forcing and feedbacks, parameterization development, model validation, ensemble methods, data management and access, high performance computing (including software engineering and machine architecture), uses of climate information in decision making, and institutional and management issues. Nominees will include individuals from both private and public sector institutions.  The committee will reflect the NRC's continuing efforts to achieve diversity in areas such as geographic representation, institutional affiliation, plus age, gender, race and other perspectives.  

Preliminary Work Plan

This study will be conducted by an ad hoc committee selected by the National Academy of Sciences.  The committee will be responsible for reviewing relevant literature, providing opportunities for input from a full range of relevant stakeholders, answering the questions in the Statement of Task, and using its expert judgment to synthesize this information into a final consensus report with conclusions and recommendations.  The committee will meet approximately 5 or 6 times in person, with additional work done by email and phone, to discuss its charge, gather information, receive briefings from relevant parties, deliberate, respond to expert external review, and finalize and disseminate its report.  One meeting will be a public workshop to ensure that a wide range of perspectives and expertise is included in the committee’s deliberations and to allow opportunity for community consensus-building.  
Extensive background information is available for the committee to build on, but the committee should strive to remain up to date on progress and plans in all relevant government agencies, though a combination of formal briefings and information provided outside meetings.  Special effort will be made to involve a wide variety of agency and academic staff involved in various aspects of climate modeling and supporting activities, including climate observations and climate services. The committee will also need to consider implementation issues as it develops its strategic framework, with attention to the programmatic context of its conclusions and recommendations, because a strategic plan developed without consideration of implementation issues runs the risk of recommending an unrealizable approach.  
The option of preparing an interim report is open to the committee if it sees some issue or area that could be productively addressed early and concisely.  If an interim report is prepared, it will be delivered approximately 6 months after the committee’s first meeting.  Given the time available, an interim report would be concise, descriptive, and exploratory, and would most likely focus on task 2.  The final report will be comprehensive, with concrete recommendations to guide a national strategy for advancing climate modeling and supporting activities.  The report may also address institutional and organizational issues.  The final report will be delivered in prepublication format approximately 21 months of receipt of funds; an additional 3 months are necessary and included in the agreement to allow for publication of the final volume and dissemination activities.  
The committee’s meetings will include open sessions when gathering information and closed sessions to deliberate and generate the report’s content and recommendations.  The committee and its report will be subject to all standard NRC appointment, operating, and review procedures.  NRC staff will manage the activity, including conducting the committee nominations process, supporting committee research and travel needs, facilitating report preparation, ensuring compliance with all NRC procedures, and maintaining communication with the sponsor.  The Board on Atmospheric Sciences and Climate (BASC) will take the lead role in providing project design input, ongoing oversight, and report review. 

Project Audiences and Impacts

The intended audiences for this activity include a wide range of producers and users of climate model information, including climate researchers, federal agencies, national decision makers (including military and national security interests), and other users.  We hope the report will have the clarity and credibility to push the diverse interests involved in climate modeling toward a shared vision of what the “next generation” of climate models should look like – including consideration of whether there are opportunities for a major shift in strategy – and how the evolution of climate modeling activities dovetails with other important climate-related activities, including observations, basic research, and decision support activities.  This report could have significant implications, both in how future climate modeling is performed and, ultimately, in the usefulness of future climate projections to the many decision makers who increasingly must consider climate in their thinking.  

Budget, Deliverables, and Schedule: 

The estimated cost of this 24 month project is $1,015,000.  Sponsors for this project will be announced when the committee slate is finalized and posted for public comment.  Deliverables from this project will include: formation of an expert committee, organization and facilitation of a community input workshop, potential delivery of a peer reviewed interim report, delivery of a peer-reviewed final report, and dissemination briefings and materials to coincide with release of the reports.  
FEDERAL ADVISORY COMMITTEE ACT
The Academy has developed interim policies and procedures to implement Section 15 of the Federal Advisory Committee Act, 5 U.S.C. App. § 15.  Section 15 includes certain requirements regarding public access and conflicts of interest that are applicable to agreements under which the Academy, using a committee, provides advice or recommendations to a Federal agency.  In accordance with Section 15 of FACA, the Academy shall submit to the government sponsor(s) following delivery of each applicable report a certification that the policies and procedures of the Academy that implement Section 15 of FACA have been substantially complied with in the performance of the grant with respect to the applicable report.

PUBLIC INFORMATION ABOUT THE PROJECT
In order to afford the public greater knowledge of Academy activities and an opportunity to provide comments on those activities, the Academy may post on its website (http://www.national-academies.org.) the following information as appropriate under its procedures:  (1) notices of meetings open to the public; (2) brief descriptions of projects; (3) committee appointments, if any (including biographies of committee members); (4) report information; and (5) any other pertinent information.

PRODUCT AND DISSEMINATION PLAN
All reports will be prepared subject to the standard National Research Council review procedures.  They will be disseminated to the project sponsor, other interested state and federal agencies, NGOs, congressional staff, scientists and interested local communities.  The project staff will coordinate with the NRC Office of News and Public Information to produce materials appropriate for dissemination to the popular press and television and radio media.  The report will be made available to the public without restriction and will be posted on the NAS website.
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