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 1  

 
1 
 

Introduction 
 
 

PROGRAM BACKGROUND 
 

The Global Energy and Water Cycle Experiment (GEWEX) Americas Prediction 
Project (GAPP) was established in 2001 to improve skill in predicting changes in water 
resources on intraseasonal-to-interannual time scales for the continental United States.  
GAPP is a follow-on project to a GEWEX Continental-Scale International Project (GCIP) 
launched in 1995 in the Mississippi River Basin.  GAPP builds upon the success of GCIP by 
expanding the geographic domain of the program and by shifting the program focus from 
analysis to prediction.  GAPP’s focus on land-atmosphere interactions, hydrology, and water 
resources is consistent with GCIP.  GAPP is a continental-scale experiment of GEWEX and 
is currently the largest GEWEX activity focused specifically on the United States (Lawford 
2005). 

 
 

WATER CYCLE PREDICTION AND DECISION SUPPORT: 
SCIENCE BACKGROUND 

 
The seasonal-to-interannual predictability of the hydrologic cycle is related to local 

and remote influences involving ocean processes (e.g., El Niño-Southern Oscillation) and 
land processes.  Variations in land surface processes and how they affect climate variability 
are not sufficiently well understood.  Recently developed land data assimilation systems have 
produced more accurate initial surface fields, providing a basis for reducing prediction errors 
(NOAA-NASA 2004).  Although advances in the understanding of land-surface processes 
show promise in improving climate prediction for water resource management, 
incorporating climate prediction information into water management decision processes 
remains a challenge.   

In addition to improved understanding of land-surface effects on prediction, water 
resource managers also need improved precipitation forecasts for interseasonal and 
interannual time scales.  Precipitation forecasts on synoptic time scales have improved 
greatly in the past few decades, but current models still demonstrate only limited skill in 
predictions on seasonal and longer time scales.  Nonetheless, water managers need long-
range forecasts of hydrologic variables related to the surface water budget, and improved 
predictions would have great economic benefits. 

To address these needs, the mission of GAPP “is to demonstrate skill in predicting 
changes in water resources over intraseasonal-to-interannual time scales, as an integral part 
of the climate system” (NOAA-NASA 2004).  The GAPP program has developed a science 
and implementation plan (NOAA-NASA 2004) to guide its science activities.  Throughout 
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this report, the science and implementation plan will be referred to simply as “the plan” or 
“the GAPP plan.”  This plan describes strategies for achieving two broad science objectives 
on the topics of prediction and decision support in the hydrologic sciences (see Box 1).  It 
organizes the program’s research into seven components (NOAA-NASA 2004, Figure 1.1) 
and describes implementation activities for these components.  (Chapter 3 of this report 
provides detailed analysis of each of the seven components and their associated activities.) 

 
 

 
BOX 1  

The Science Missions of GAPP 
 

• Prediction:  To develop and demonstrate a capability to make reliable monthly-
to-seasonal predictions of precipitation and land-surface hydrologic variables through 
improved understanding and representation of land-surface and related hydrometeorological 
and boundary-layer processes in climate prediction models. 

• Decision support:  To develop application products for resource managers by 
interpreting and transferring the results of improved climate predictions for the optimal 
management of water resources. 
 

 
 

OVERSIGHT OF THE GAPP PROGRAM 
 
Through 2007, GAPP will continue to be one of the GEWEX continental-scale 

experiments and a component of the GEWEX Hydrometeorology Panel.  GAPP will 
continue to receive scientific guidance from the GEWEX Scientific Steering Group and the 
GEWEX Hydrometeorology Panel.  Until 2004, the GAPP program within the National 
Oceanic and Atmospheric Administration (NOAA) was a program line of NOAA’s Office 
of Global Programs.  GAPP has since been merged with the NOAA Climate Variability and 
Predictability (CLIVAR)-Pan American Climate Studies (PACS) program to form the new 
Climate Prediction Program for the Americas (CPPA), also within the Office of Global 
Programs.  The rationale for the integrated CPPA is that intraseasonal-to-interannual climate 
variability is determined by a combination of ocean and land processes and their impacts on 
the atmosphere.  A list of research programs related to GAPP is presented in Table 1-1. 
 
 

THE PRESENT STUDY 
 
GCIP, the predecessor to GAPP, benefited greatly from a National Research 

Council (NRC) review published in 1998 (NRC 1998).  A number of recommendations were 
made in the NRC review, including extension of the study beyond the Mississippi Basin to 
include the semiarid Southwest and the orographic regions of the western United States.  In 
response to the NRC report on GCIP, the GAPP program was initiated with an expanded 
geographic domain.  In 2004, GAPP program managers approached the NRC and requested 
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INTRODUCTION  3 

 

a review of the GAPP plan.  The NRC committee’s statement of task for the present study is 
included in Appendix A.   
TABLE 1-1  Examples of Current Research Programs Relevant to GAPP† 
International 

GEOSS 
IRI 
WCRP 

CLIVAR 
COPES 
GEWEX 

CEOP  
GAPP* 
WRAP 

United States 
CCSP 

Member agencies: National Science Foundation, Department of Commerce, Department of Energy, 
Environmental Protection Agency, National Aeronautics & Space Administration, Department of 
State, Agency for International Development, Department of the Interior, Department of Agriculture, 
National Institutes of Health (Department of Health and Human Services), Department of 
Transportation, Department  of Defense, Smithsonian Institution 

NOAA Office of Global Programs 
CPPA 

U.S. CLIVAR 
PACS 
GAPP* 

RISAs 
NASA 

GAPP* 
NEWS 

*GAPP is a GEWEX research program that is funded by NOAA and NASA. 
†Acronyms are defined in Appendix C. 

 
On March 30, 2005, in Washington, D.C., the committee held an information 

gathering meeting at which presentations were made by the relevant agency program 
managers and the authoring team of the GAPP plan.  (A list of invited speakers and 
presentations can be found in Appendix B.)  The committee then met in closed sessions to 
deliberate on its findings and recommendations.  This report is the product of the 
committee’s review of the plan.   

 
 

ORGANIZATION OF THIS REPORT 
 
This report is organized into four chapters.  Chapter 1 describes the scientific and 

policy context of the NRC review of the GAPP plan.  Chapter 2 provides the committee’s 
overarching comments and recommendations for the plan.  In Chapter 3, the committee 
provides comments on and recommendations for the specific chapters of the plan.  Finally, 
Chapter 4 describes how the GAPP science objectives contribute to the objectives of other 
programs related to GAPP.  This review of the GAPP plan is intended to strengthen the 
plan and thereby strengthen the GAPP program.  Appendixes of this report include the 
committee’s statement of task (Appendix A), the agenda for the committee’s public meeting 
(Appendix B), a list of acronyms used in this report (Appendix C), biographical sketches of 
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the committee members and NRC staff (Appendix D), and the full text of the GAPP 
Science and Implementation Plan (Appendix E). 
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 5  

 
2 
 

General Comments and 
Recommendations 

 
 

 This chapter summarizes the committee’s overarching comments and 
recommendations in its review of the GAPP science and implementation plan.  The 
committee appreciates the efforts of the program managers and investigators who 
participated in the development of the GAPP plan and shared their perspectives during the 
NRC committee meeting.   

GAPP is an important interagency science program that represents the U.S. 
contribution to the international GEWEX initiative.  GAPP also is a research program that 
collaborates with operational centers within NOAA to incorporate land-surface information 
into the climate prediction system.  It is an outgrowth of the successful GEWEX 
Continental Scale International Project (GCIP), and provides critical support to the National 
Centers for Environmental Prediction and the National Weather Service River Forecast 
Centers, among others.  Within NOAA, the GAPP program supports the integration of 
hydrology and climate activities.  Because of GAPP’s many contributions to water cycle 
prediction and decision support, the committee strongly supports the continuation of the 
program. 

GAPP is also a key implementation component of the Climate Change Science 
Program (CCSP).  The success of GAPP is critical to the success of CCSP and related 
programs that have similar goals to GAPP.  The committee describes these relationships in 
more detail in the following section and in Chapter 4 of this report.  The committee has not 
been asked to evaluate the GAPP program per se; rather, it offers insights for how the 
GAPP plan may help achieve the goals of GAPP most effectively. 

Currently, although the CCSP seeks to achieve integration of federal science 
activities, there is no coherent, cross-agency program in the United States for land-surface 
hydrology and seasonal prediction.  GAPP is the only existing program with the potential to 
fill this void.  Although GAPP could clarify its role by revising its science and 
implementation plan as the committee suggests, the lack of coordination among GAPP-
related program offices is an overarching factor limiting the achievements of GAPP. 

In accordance with its statement of task (see Appendix A), the committee addresses 
questions in three categories:   
 

1. How well does the plan meet the science goals of GAPP? 
2. How well does the plan meet the science goals of related programs? 
3. How complete is the plan? 
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6  REVIEW OF THE GAPP SCIENCE AND IMPLEMENTATION PLAN 

 

This chapter responds generally to these questions, followed by the committee’s summary 
recommendations for the plan.  More specific details on the chapters of the plan are 
discussed in Chapter 3 of this report, followed by a more detailed discussion in Chapter 4 of 
how GAPP relates to other programs including CCSP, CPPA, and GEWEX.   

 
 

MEETING THE SCIENCE GOALS OF GAPP 
IN THE CONTEXT OF OTHER PROGRAMS 

 
The committee reviewed the GAPP plan in the broader context of related federal 

programs and in the context of its ambitious mission.  There are many strengths in the 
science activities described in the plan, as detailed in Chapter 3 of this report.  If the plan is 
rewritten to incorporate the guidance provided in Chapter 3, the plan will meet GAPP’s 
science goals for prediction and application.  However, program implementation is subject 
to limitations due to the need for improved coordination.   

Some weaknesses in the plan are related to the lack of a centralized U.S. GEWEX 
office or a GAPP program office that is well coordinated with the international GEWEX 
office.  A co-located office similar to the CLIVAR office would be helpful.  There is no 
program officer to perform the necessary science integration and coordination functions and 
to encourage a broad strategic view of program management.  Given that GAPP is an 
interagency program with multiple funded projects, the lack of a central facilitator is a 
serious problem.  To date, the NOAA Office of Global Programs has taken on significant 
responsibility for coordination of GAPP simply because NOAA is the principal funder of 
GAPP.  NOAA has done a good job, given this less-than-ideal circumstance, but more 
direct responsibility for coordination would clearly strengthen the program. 

The merger of the CLIVAR-PACS program with the GAPP program has advantages 
due to the potential for improved scientific collaboration and is consistent with the GEWEX 
Phase II Objectives and the Coordinated Observation and Prediction of the Earth System 
(COPES) (see comments on Chapters 6 and 10 of the plan).  The program structure of 
GAPP will change over time as it is gradually incorporated into the broader CPPA program 
within the Office of Global Programs.  For example, this merger provides opportunities to 
evaluate broader interagency connections and feedback mechanisms to strengthen GAPP.  
However, the committee is concerned about the possibility that in the process of merging 
with other programs within NOAA, GAPP will lose its identity as a research program.  If 
the program loses its identity, this would further complicate the interagency and international 
coordination of land-based investigations.  Efforts will have to be made to ensure that 
GAPP has proper structural support in the context of this transition. 

There is also a relationship between GAPP and the interagency Water Cycle 
Initiative.  Based on the committee’s review of the plan, the comments received at the 
committee’s public meeting, and its members’ collective experience with these programs, the 
committee believes that interagency water-related coordination efforts are not sufficiently 
supported, through either resources or leadership, and are essentially dependent on the skills 
and good will of particular individuals.  Federal support for the terrestrial hydrological cycle 
is inadequate, as is support for hydrometeorology and hydroclimatology in the context of the 
CCSP.  GAPP is the natural center to foster, integrate, and transfer such research to the 
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climate services and stakeholder support activities described in the CCSP.  Yet, its resources 
have diminished over time, resulting in loss of both breadth and depth in the program.   

Because GAPP is a critical component of CPPA and GEWEX, its relevance to these 
programs is undeniable.  The relationship between the climate science portions of GAPP 
and CCSP are strong and extend beyond the water cycle activities of the CCSP strategic plan 
(CCSP 2003).  As described in Chapter 4 of this report, the CCSP articulates broad goals 
relative to the water cycle, as well as goals related to better understanding of climate 
variability and change, decision support, and modeling.  Key related goals in the CCSP 
strategic plan are goal 5.3, which focuses on resolving key uncertainties in seasonal-to-
interannual predictions, and goal 5.5, which focuses on informing decision processes in the 
context of changing conditions.  Because of programmatic weakness in decision support, 
GAPP is not currently well suited to support the latter goal, although it strongly supports the 
former.  Further, CCSP is focused on global change and GAPP is not focused on changing 
conditions over time.  However, it was indicated in the oral presentation to the committee 
that in the President’s budget analysis for Fiscal Year 2006, research elements will be held 
accountable to the CCSP strategy. 

 
 

HOW COMPLETE IS THE SCIENCE AND IMPLEMENTATION PLAN? 
 
The GAPP plan would have benefited from a more careful editorial effort from the 

agencies involved prior to review by the NRC.  The document was developed primarily by 
the GAPP Science Advisory Group, which consists entirely of project managers and funded 
investigators, without any apparent effort to include perspectives of water resource managers 
and the broader climate science and hydrology community that this program aims to 
support.  In addition, there are numerous elements missing from the plan, particularly in the 
areas of (1) establishing a scientific context for the program relative to past achievements; (2) 
establishing priorities, time lines, responsibilities, milestones, and clear metrics of success; 
and (3) describing the interrelationships of the program elements.   

The plan does not document the achievements of GAPP or the current state of the 
science relative to seasonal-to-interannual prediction.  The key science issue for GAPP is 
whether there will be significant rewards for continuing to investigate land-surface 
contributions to improving seasonal and interannual prediction capacity.  Given the great 
economic value of improved predictions and its general familiarity with the contributions of 
GAPP, the committee feels that this is a worthwhile and relevant challenge that can continue 
to be addressed within the GAPP program.  To this end, an iterative, strategic process for 
assessing progress relative to the mission needs to be established.  The ultimate metric is 
improvement in the skill of climate predictions resulting in better resource management 
decisions. 

The plan is partly excerpted from a preexisting GAPP Science Background 
document dated April 2004 (NOAA 2004), which the NRC committee was not specifically 
requested to review and thus was not originally provided to the committee.  This document 
and others, such as annual reports, were subsequently provided to the committee and were 
helpful in identifying the status of some funded projects.  Some of the science program 
status is documented in the background report (NOAA 2004), but there are many 
unsupported statements in the plan about current and expected predictive capacity.   
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The plan could do a better job of connecting the described science activities to an 
implementation scheme in a logical sequence.  Most science plans start with an assessment 
of what has already been achieved relative to the mission, followed by priorities for what has 
to take place next.  Other efforts in developing science and implementation plans could 
provide a useful model for the authors of the GAPP plan; the final CCSP plan is one 
example.  The committee has identified the following opportunities to incorporate the 
missing components of this science plan: 

 
• The plan should offer views of progress over the first four years of GAPP 

through 2004 and in prior activities of the GCIP, and should address how lessons learned 
have affected the plan.  There should be more references to specific program achievements 
and publications. 

• The plan should clearly identify which components of GAPP are new, which 
build on previous work, and which incorporate work completed within other programs.  For 
the most part, distinctions are not made between GAPP and many elements of its 
predecessor program, GCIP, and the strong mapping to the North American Monsoon 
Experiment (NAME).  Further, the relationship between GAPP and the Coordinated 
Enhanced Observing Period (CEOP) of GEWEX is not clear. 

• The GAPP plan should include a time line beyond that described in Chapter 10 
of the plan.  The time line in the plan should include all GAPP activities and synthesis 
products, with reference to a starting date.  

• As written now, the individual chapters appear as stand-alone program 
descriptions that are not especially well integrated into an overall framework and do not 
appear to be a strategic, logical approach to achieving the overall goals and mission.  
Revisions should be made to better fit the pieces into an integrated whole. 

• The plan should include a discussion of metrics or measures of success and a 
mechanism for evaluating program performance.   

• The plan should establish a mechanism to evaluate existing data collection 
programs with regard to the sustainability of their funding and should identify mechanisms 
to ensure future data availability, especially with regard to data used by water management 
agencies and data that would factor into decision support tools.  Particular areas of concern 
are the U.S. Geological Survey Cooperative Stream Gaging Program and the U.S. 
Department of Agriculture SNOTEL system (WSWC 2004), as well as the loss of Landsat 
false-color infrared bands now being used for water agency decision support (Allen et al. 
2005).   

• The plan should describe a mechanism to facilitate continuing prioritization of 
program activities relative to science progress and user needs in light of the dual mission of 
GAPP. 
 
Chapter 3 of this report contains additional details about missing components in specific 
chapters of the plan. 
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FUNDING FOR GAPP 
 
Given that the availability of adequate resources is a key to fully implementing the 

GAPP plan and achieving the GAPP mission, the committee was surprised that budget 
information was not included in the plan.  Without budget information, it was not possible 
to examine the extent to which there is a firm commitment to each of the program elements 
described in the plan.  The committee strongly supports the GAPP Core Project activities, 
which promote the integration of GAPP funded research advancements into the operational 
forecast systems at the National Centers for Environmental Prediction.  The committee 
believes that the science integration achieved by GAPP thus far is largely due to the Core 
Project approach and the synthesis products that are being developed.  The Core Project 
activity appears to be the primary mode for transferring research results to operations within 
NOAA.  However, the committee recommends that the activities of the Core Project in the 
future be evaluated independently to ensure that the funding is adequate to attain the desired 
goals.  It is imperative that there is balance between grant-funded activities and the Core 
Project.  It would also be unfortunate if Core Project activities were subsumed within 
routine operations as opposed to maintaining their critical role in transitioning research to 
operations.  The apparent lack of involvement of the leadership of the Office of Hydrologic 
Development in the Core Project is a point of concern.  The continuation of a strong 
interdisciplinary vision needs to be encouraged. 

Although the plan has shortcomings and the program has limited funding, the 
committee wishes to reiterate that GAPP has been successful in supporting science activities 
related to improving predictions.  It is the committee’s belief that the program can continue 
to make significant contributions. 

 
 

DECISION SUPPORT 
 
An issue that pervades the plan is the desire to progress toward a “seamless end-to-

end climate information system” without a programmatic plan to bridge predictions with 
decisions, understand the context within which decisions are made, and address the needs of 
end users and decision makers.  The committee has concerns about GAPP’s ability to meet 
the decision support objective in the plan: “To develop application products for resource 
managers by interpreting and transferring the results of improved climate predictions for the 
optimal management of water resources.”  This objective far exceeds the current capacity of 
the GAPP program and its partners.  Therefore, the committee suggests either that this 
objective be amended or that the resources required to support this objective be devoted to 
the program, preferably the latter. 

Most end users beyond the National Centers for Environmental Prediction, the 
National Weather Service River Forecast Centers, and the Office of Hydrologic 
Development (all of whom are federal agency users and intermediaries in the climate 
information system) need tailored products in order to use GAPP output.  Federal science 
programs often fail overall to invest in integrating prediction and decision science, 
institutional decision processes, science translators, and capacity building among decision 
makers.  Given its integrative mission, GAPP is well positioned to begin to reverse this trend 
and make pioneering contributions in this area.  
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Clearly there is no end-to-end monthly-to-seasonal climate prediction system in place 
today; however, there are some meaningful exceptions in cases where GAPP and other 
programs have built the information system that connects the science with the stakeholders, 
most successfully in the context of the Regional Integrated Science Assessments (RISAs) 
funded through the NOAA Office of Global Programs.  However, it is not reasonable to 
expect the extremely small and underfunded RISA program to support stakeholder 
engagement activities and knowledge system development for all federal science agencies.  
An approach that should be explored is to build application tools in partnership with federal 
and state agencies and private sector science integrators.  This will provide an avenue for 
investment in the program because of the likelihood of short-term benefits and visible 
outcomes.  This issue is probably best addressed in the broader context of the 
implementation of CCSP and possibly the proposed Climate Services program at NOAA.  
The committee also strongly recommends that GAPP explore and benefit from water 
resources application experience and opportunities internationally through the Water 
Resources Application Project (WRAP) of GEWEX. 

In the absence of an end-to-end climate information system, information is available 
only to those who can pay for consultants or specialized services.  In some sectors, such as 
energy and agriculture, where private sector science translators are filling the information 
gaps, there are serious equity issues associated with providing information access only to 
those who can pay for it, especially in areas that are critical to health and safety (Hartmann et 
al. 2002).  As articulated in the strategic plan for the CCSP (2003), there has to be a more 
significant effort to build decision support systems so that there are multiple pathways for 
information to flow in all directions among federal agencies, academic institutions, and end 
users.  In the absence of such investments, it would still be appropriate for GAPP program 
managers and investigators to make more concerted efforts to understand the needs of 
resource managers if they intend to develop application products.  At a minimum, the GAPP 
Science Advisory Group needs to be expanded to include decision support experts, resource 
managers, and investigators who are not currently funded by the program.  The committee’s 
proposed U.S. GEWEX project office could also help provide balance.  Additionally, a few 
well-designed demonstration projects built on the lessons already learned would be a good 
investment for GAPP. 

 
 

RAISING GAPP’S PROFILE 
 
As noted earlier, the GAPP program has already made significant contributions.  

However, the plan should make a stronger effort to enhance the utility of GAPP products 
and increase the influence of the GAPP program.  In the background section of the plan, the 
authors have not articulated the successes of GAPP, and the products that were developed 
within the program should be highlighted.  Moreover, the program needs linkages with 
applications-oriented agencies such as the U.S. Geological Survey, the U.S. Army Corps of 
Engineers, the U.S. Department of Agriculture, and the U.S. Bureau of Reclamation.  
Partnerships with such agencies may enhance program revenues as well as provide access to 
a broader array of end-users. 

The inclusion of a land-surface component in the suite of NOAA-sponsored 
programs should be supported more strongly by NOAA and others than it has been in the 
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recent past.  Investments in the GAPP decision support program would be a good proof of 
concept for the CCSP.  These investments from the United States can result in increased 
international benefits through GEWEX, the Global Earth Observation System of Systems, 
COPES, and WRAP.  However, such a program needs to focus more sharply on a realistic 
set of goals.  In addition, the fact that water research at the federal level is declining is a 
serious concern since states generally do not have either the resources or the perspective to 
build capacity for the use of science information.  Because the relevance of science activities 
will have to be demonstrated in order to support them in the future, decision support should 
be viewed as an investment in the science program rather than a detraction from inquiry-
driven research.   

The GAPP program is the main climate-related research program addressing 
land hydrology issues affecting every community and every economic sector that 
depends on long-term, reliable sources of water.  Because of its close relationship to 
the CCSP, GAPP deserves far more significant support than it has received in the 
recent past.    
 
 

RECOMMENDATIONS 
 

• To strengthen the GAPP program, a formal structure is needed to coordinate and 
integrate GAPP projects and interface with research efforts and applications beyond 
GEWEX, NOAA, and the National Aeronautics and Space Administration (NASA).  One 
strategy is to promote the formation of a U.S. GEWEX project office to provide scientific 
guidance and support for GAPP.  To promote a broader perspective, the GAPP Science 
Advisory Group should include decision support experts and water resource managers who 
are likely end users of predictions products, as well as science advisers who do not have 
current direct participation in GAPP science activities. 

• The GAPP program needs an ongoing strategic prioritization process that iteratively 
evaluates progress in improving predictions on the seasonal-to-interannual time scale.  The 
evaluation should be based on assessment of scientific readiness and user needs and should 
provide feedback into the research and applications program design.  Criteria for 
prioritization may include identifying areas of particular vulnerability to climate-related 
impacts, followed by areas in which there is high value for the information that could be 
provided and strong public interest.  In addition, there should be ongoing documentation of 
specific GAPP program achievements and progress. 

• Revised versions of the GAPP plan should include the following, at a minimum: 
 

o A description of the mechanisms used to assess achievements and metrics 
for evaluation of products relative to the mission; 

o Adequate documentation so that the key information needed for external 
review is included (e.g., listing of projects funded, accomplishments to date including 
publications and application products, relationship to other research and applications 
efforts, state of the science, and key outstanding science and decision support issues) 
— some of these items could be included in an appendix to the plan; 
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o Budget information so that the extent of commitment to the various 
elements can be evaluated, with particular attention to articulating the commitment 
to and expectations of the Core Project; and 

o An up-to-date program description and specific implementation plans that 
include time lines and responsible agencies or investigators, and a roadmap for 
implementation of new initiatives and synthesis products. 

 
• Investments in decision support should be viewed as bolstering the relevance of 

scientific activities rather than detracting from inquiry-driven research.  Given the limited 
current investment in building end-to-end, truly integrated, prediction-decision support 
systems, GAPP should either invest more meaningfully in decision science, stakeholder 
engagement, and capacity building or amend the decision support objective to be more 
achievable.  The committee strongly endorses the former approach, but recognizes that 
building decision support systems is a challenge that is much broader than the GAPP 
program.  Regardless of whether CCSP efforts proceed in a timely manner, the committee 
recommends the following actions relative to the decision support issue: 

 
o There should be an investment in establishing reliable two-way information 

flows between the GAPP research community and end users. 
o GAPP should initiate more demonstration projects to illustrate the potential 

of an end-to-end, integrated, climate-hydrologic-water resources information system. 
o GAPP should partner with other agencies (e.g., the U.S. Geological Survey, 

U.S. Army Corps of Engineers, U.S. Department of Agriculture, and U.S. Bureau of 
Reclamation) that work with a broad array of end users. 

o GAPP program managers should work with RISA programs to identify 
appropriate projects and funding sources to enhance the decision support 
component of both activities. 

o Program managers should increase efforts to assess user needs and build 
multiagency and/or public-private partnerships to support specific applications and 
climate prediction tools, including support for drought preparedness.   
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3 
 

Chapter Comments and 
Recommendations 

 
 

The committee acknowledges the efforts of GAPP’s Science Advisory Group in 
developing a science and implementation plan (NOAA-NASA 2004) to further the GAPP 
science objectives of prediction and decision support.  The comments that follow are 
intended to strengthen the GAPP plan.  Since Chapter 1 of the plan consists of introductory 
material, the committee’s chapter comments on specific chapters begin with Chapter 2 of 
the plan. 
 
 

CHAPTER 2: “LAND-MEMORY AND VARIABILITY STUDIES” 
 

Comments 
 
 The topic of Chapter 2 is central to the mission of GAPP.  The boxed summary in 
Chapter 2 of the plan clearly and concisely states four memory-related topics as a focus for 
research to fulfill the GAPP science objective for prediction.  The committee endorses the 
overall summary presented as a solid roadmap for focused progress on this important topic. 
 Regarding Chapter 2 of the plan and the related Chapter 4 of the GAPP Science 
Background Document (NOAA 2004), the committee’s major concern is that little is 
presented in the way of proof of concept of the central promise of improving prediction 
through incorporating land-surface processes and states.  There are no figures, tables, or 
metrics presented to give a perspective on the state of the art of predictability, the limits of 
predictability, or the expected geographic areas of enhanced predictability.  In a broad sense, 
the case for the topic is not made, but instead is assumed a priori to be shared by the reader.  
This is disappointing in that GAPP projects have been funded for four years now by NOAA 
(see http://www.ogp.noaa.gov/mpe/gapp/abstr/index.html) and NASA (see http://thp.gsfc.nasa.gov); 
thus, there is potentially a wealth of results published in journals and listed in progress 
reports that could have been used to define the current state of the art and current research 
activities and, from these, set up a clear plan for the near future.  The lack of synthesis of 
available results also biases the state of the field by neglecting to mention any negative or 
mixed results on the topic (contrast, for example, Paegle et al. 1996 with Beljaars et al. 1996, 
or Findell and Eltahir 1997 with Salvucci et al. 2002).  In a broader context, neither the plan 
nor the science background document mentions or refers to the NRC’s Report of a Workshop 
on Predictability & Limits-To-Prediction in Hydrologic Systems (NRC 2002), despite its obvious 
relevance to the topic at hand. 
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In summary, the plan does not synthesize recent work in the area (including what has 
been learned from this work and how that has influenced the proposed priorities) or even 
list what the current and recently supported GAPP projects have been (e.g., those funded by 
NOAA’s Office of Global Programs and NASA).  That context would add a tremendous 
amount of credibility to the plan for the future.  The following paragraphs provide some 
specific comments and suggestions for improvement.  Furthermore, the plan lacks a 
mechanism for assessing and evaluating the progress of GAPP-funded independent research 
by the principal investigators. 

In Chapter 2 of the plan, the overall objective is well stated and is in fact central to 
the GAPP mission.  One broad-scale issue that is missing is the relation, with respect to 
implementation, between this chapter and Chapter 6, “Operational Seasonal Climate 
Prediction: Components from GAPP.”  The committee speculates that the distinction, with 
respect to implementation, is that Chapter 2 is more of a call for studies from principal 
investigators (PIs), whereas Chapter 6 is more of a guide for the Core Project.  If this is the 
case, it should be made clear. 

In the GAPP science background document (NOAA 2004), topography is discussed 
as having a specific relationship to predictability through processes such as indirect effects 
on convection and mesoscale circulation.  In the plan, however, topography is essentially 
dropped from this sense (it is specifically discounted as not having memory).  Throughout 
the rest of the GAPP science background document, topography is stressed as important for 
accuracy in spatial downscaling of predictions.  Unfortunately, this distinction is not made in 
the GAPP plan.  The plan should be clear with respect to the distinction between 
predictability (long memory issues) and prediction accuracy, and it should indicate which of 
these (or both) is a priority with respect to topography. 

In Section 2.1.1 (NOAA-NASA 2004, pp. 9-11) there are four main bullets.  The 
first bullet is presented as quantification of the strength of land-memory processes, but what 
is described is data analysis.  No methodologies are discussed or suggested for this topic.  
Instead, a set of specific data sets are suggested, which may be too proscriptive.  The 
committee wonders why no modeling analysis was suggested here and why advanced 
multivariate time series statistical methods are not discussed to address this quantification.  
Additionally, no sense is given of what exactly (in terms of a quantifiable metric) is even 
meant by the “strength” of land memory (is it just a decay timescale of soil moisture, or 
something more subtle?). 

The second bullet (NOAA-NASA 2004, p. 10) of the science background section 
describes an interesting issue related to the spatial and temporal characteristics of memory, 
but again is not clear as to a metric.  A long list of activities is given whose relation to the 
primary goal is unclear.  For example, why does the need to learn about the spatial and 
temporal characteristics of memory “consequently” involve acquiring or collecting new data 
for the improvement or validation of models?  What are the current shortcomings that 
require this activity?  Strengths here include attempting to use remote sensing observations, 
since these by definition have good space-time coverage, and testing model abilities for 
lateral processes, which determines the ability to predict space-time memory (e.g., lowlands 
have more persistent wetness). 

The third bullet (NOAA-NASA 2004, pp. 10-11) of the science background section 
should provide a diagnostic measure for predictability and, specifically, a metric for 
improvement of predictability when land-memory processes are included.  A significant 
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amount of research into this issue has been conducted over the past decade (e.g., recent 
work by Dirmeyer 2000, Schlosser and Milly 2002, Douville 2003, and Koster and Suarez 
2003), but no account of what was learned from that work is provided. 

The fourth bullet on p. 11 of the plan is well posed.  Section 2.2 (NOAA-NASA 
2004, p. 11), “Implementation Activities,” claims to use the current status of understanding 
to define the implementation priority for GAPP research.  The section falls short of this 
goal.  No citations are presented to back up strong statements.  For example, it is stated that 
“it was this lack of relevant, regional scale observations of soil moisture that stimulated the 
land data assimilation system (LDAS) initiative under GCIP (see Mitchell et al., 2004).  That 
successful LDAS methodology will also be adopted and applied in the context of GAPP.”  
By what measure was this methodology successful? 

There needs to be recognition of the advantages of multimodel and/or model-
independent approaches to analysis and forecasts of the land-climate system to avoid the 
biases specific to any single model.  Multimodel integrations almost always provide improved 
results over integrations with a single model—an improvement with no additional model 
development.   

A strength of this section is working with HYDROS (Hydrosphere State Mission) 
towards measured moisture.  Priority activities are listed, but they are not prioritized in the 
context of their importance or the ability to implement them.  For example, the third bullet 
on improved observations of precipitation (NOAA-NASA 2004, p. 12) is important, but it 
could be a $10 million plan.  The cost of an idea has to play into its priority relative to other 
potential tasks. 

Soil moisture memory issues related to predictability should recognize and 
acknowledge irrigated agriculture as a large source of variability in moisture, especially in arid 
areas. 

Under Section 2.2.2 (NOAA-NASA 2004, p. 13, “Snow extent amount and duration 
memory,” the first bullet is well justified.  The second bullet on development of submodels 
for LDAS is not justified as a priority.  There have been decades of research into snow 
modeling, but no sense is given here as to what evidence we have that the current models are 
inadequate. 

The discussion of vegetation and land cover memory in Section 2.2.3 (NOAA-
NASA 2004, pp. 13-14) may be an important topic, but as in other parts of this plan, its 
potential importance is not justified.  The plan states that GCIP research demonstrated that 
“including improved representation of vegetation, even in a simple form, can result in a 
significant improvement in the predictive capability of seasonal prediction models.”  The 
committee does not know the work to which this refers.  How significant was the 
improvement?  It is the committee’s belief that the topic is potentially a good one, but it is 
hard to sense its priority without knowing how important it is, relative to other issues, in 
improving predictability.   
 
 

Recommendations for Improving Chapter 2 of the Plan 
 

• The plan should describe and summarize the state of the science for land-memory 
and variability research, providing particular emphasis on the contribution of GAPP 
projects. 
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• The plan should clearly describe the distinction between the focus in Chapter 2 and 
the guidance in Chapter 6 for the Core Project. 

• In the section “Quantification of the strength of land memory processes,” the 
authors of the plan should consider incorporating modeling analysis and multivariate time 
series statistical methods to address this issue.   

• The plan should provide a more specific, quantifiable metric to measure the strength 
of land memory. 

• The plan should provide a diagnostic measure for predictability, and specifically a 
metric for the improvement of predictability when land-memory processes are included.   

• In addition to simply listing the priorities, the plan should rank the list in order of the 
importance of each item relative to the availability of funding. 

• Plan activities that focus on soil moisture memory issues related to predictability 
should recognize and acknowledge irrigated agriculture as a large source of variability in 
moisture, especially in arid areas. 

• The plan should provide justification for both “submodels for LDAS” and 
“vegetation and land cover memory” as priorities. 
 
 

CHAPTER 3: “HYDROMETEOROLOGY OF OROGRAPHIC SYSTEMS” 
 

Comments 
 

Chapter 3 begins by emphasizing that GAPP’s expanded focus relative to GCIP 
outside the Mississippi Basin offers the opportunity for research on the relationship between 
topography, climatic, and hydrological variables.  The chapter is organized into three 
subsections: “Background” (science and objectives), “Implementation activities,” and 
“Deliverables.”  

In the section on science background (NOAA-NASA 2004, pp. 15-17), the authors 
provide an overview of the motivations underlying this program element: to predict the 
spatial distribution of precipitation over the complex terrain of the western United States, to 
forecast precipitation for intermediate (7 to 15 days) to long-range (monthly-to-seasonal) 
time scales, and to interpret and transfer the results of improved seasonal predictions for 
water resource management.  The main knowledge gaps identified include the ability to 
establish theoretical and empirical limits for seasonal forecasts in the western United States; 
the evolution of clouds and precipitation in mountainous terrain, including the cloud 
microphysical processes, orographic flow, and thermodynamic effects of mountains; 
numerical methods; and remote effects involving the space-time evolution of mesoscale 
systems.   

One of the issues raised by the NRC review in 1998 was the limitations of GCIP in 
addressing the hydroclimatological characteristics of the western United States, especially the 
impact of mountainous regions.  GAPP is to be commended for expanding its geographic 
region to include the semiarid and mountainous West.  The committee agrees that the study 
of the relationship between topography, climate, and hydrologic variability is an important 
issue as one of the science goals of GAPP.  However, the review of the state of the science 
and the assessment of science readiness on elements of strategic interest to GAPP is not 

Copyright © National Academy of Sciences. All rights reserved.

Review of the GAPP Science and Implementation Plan 
http://www.nap.edu/catalog/11333.html

http://www.nap.edu/catalog/11333.html


CHAPTER COMMENTS AND RECOMMENDATIONS 17 

 

comprehensive, while being prescriptive at times, and some of GAPP’s own supported 
research is not referenced (NOAA-NASA 2004, pp. 15-17).   

The second background section (NOAA-NASA 2004, pp. 17-19), “Objectives,” 
identifies and briefly discusses five research areas to which GAPP is expected to contribute.  
These include the following:  

 
1. Diagnostic analysis of existing hydrometeorological data  
2. Investigation of the mean seasonal cycle and the predictability of its variability 
3. Integration of atmospheric elements with surface hydrologic components   
4. Hydrometeorological model experiments  
5. Application of climate and hydrologic models in seasonal climate forecasting for 

basins with complex terrain   
 
These activities are appropriate for general research on the hydrometeorology of orographic 
systems.  Yet, as described, they lack the specificity necessary to identify GAPP’s own 
contribution to the science compared to ongoing research supported by other CCSP 
partners (e.g., the National Science Foundation, NASA).  Furthermore, it would be useful to 
understand whether and how climate-scale research in the context of GAPP is leveraged by 
and adds value to other programs at the national level with shared research objectives, such 
as the U.S. Weather Research Program. 

The section “Implementation activities” (NOAA-NASA 2004, pp. 19-21) revisits the 
previous five areas and adds a sixth linkage to other GAPP elements.  For each area, the 
section lists numerous desirable science activities that follow from the corresponding 
subsection on objectives, but it lacks an implementation plan with clearly defined priorities, 
milestones, and outcomes.  It is difficult for the committee to comment about how the 
science objectives will be achieved in view of the plan’s lack of specificity. 

Furthermore, a critical issue related to this research priority is the requirement for 
adequate space-time observations for diagnostic studies, data assimilation, and evaluation of 
hydrometeorological experiments.  Because these observations involve both ground-based in 
situ and satellite-based platforms at disparate resolutions and characterized by different 
errors, the development of consistent data sets raises challenges that require extensive scaling 
and uncertainty analysis.  It is thus critical for the GAPP program to describe what 
arrangements are in place to ensure that these data needs are met.  

Finally, the section on deliverables (NOAA-NASA 2004, p. 21) is short, restating in 
bullet form the six focus areas, along with the expectation and promise that GAPP will 
indeed fill the existing knowledge gaps and water resources needs.  The listed deliverables are 
too general; and hence it is difficult to assess what the research outcomes will be, and how 
they will be unique GAPP contributions.  As an example, one of the deliverables identified is 
“improved understanding of the dynamic and thermodynamic effects of mountains,” which 
by itself describes an entire discipline within the atmospheric sciences.  It is worth noting 
that research related to this issue has been an ongoing effort by many groups for decades.  
Therefore, what specific contribution will GAPP deliver related to this topic?  Similar 
arguments can be made about the other listed deliverables. 
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Recommendations for Improving Chapter 3 of the Plan 
 

• The implementation strategy and the deliverables of Chapter 3 of the plan should be 
reexamined.   

• It is important that a more comprehensive and inclusive review of the work on this 
topic be conducted.  The specific contributions of GAPP in this area should be articulated in 
the plan in the context of other ongoing work. 
 
 

CHAPTER 4: “WARM SEASON PRECIPITATION” 
 

Comments 
 

The study of warm season precipitation builds on the lessons learned from GCIP 
and aims to extend that work to problems related to the understanding and prediction of 
precipitation in the complex terrain west of the Mississippi River Basin during the warm 
season.  This research element is intended to contribute to both observational climatic data 
and theoretical understanding of the dynamics of the North American continental warm 
season precipitation regimes (the so-called North American Monsoon System [NAMS]), 
which has been initiated by the CLIVAR program.  The North American Monsoon 
Experiment is one of the first GEWEX-CLIVAR coordinated research efforts and is 
considered a major milestone in bridging two important aspects of climate research.  It is 
also an international collaboration involving both Latin American and U.S. scientists. 

The study of the NAMS should provide opportunities to build and expand upon 
GAPP research strengths with regard to the roles of land-atmosphere interactions, including 
the dynamical feedbacks associated with snow cover and vegetation heterogeneity, and the 
role of topography in the organization of convective activity, which modulates the spatial 
characteristics of precipitation from diurnal-to-interannual time scales.  This research focus 
also provides an opportunity to expand the range of temporal scales in the study of land-
memory mechanisms (NOAA-NASA 2004, Chapter 2) and to integrate the study of the 
hydrometeorology of orographic systems (NOAA-NASA 2004, Chapter 3) into a 
comprehensive investigation of the predictability of warm season precipitation in the West 
and Southwest regions of the continental United States.   

The background section on objectives (NOAA-NASA 2004, p. 24) identifies and 
briefly discusses the goals for this research element, which include 

 
1. improved simulation of convective precipitation in climate models; 
2. improvements in sustained observations, derived products, and information 

dissemination; and 
3. improvement in operational climate prediction of warm season precipitation. 

 
These objectives are stated without establishing clear linkages to the previous science 
background section, and they do not appear to be directly related to these goals.  The first 
objective relates solely to the development of improved convective parameterization 
schemes, but the basis for this is not transparent.  Although it refers to GAPP-funded 
research that has illustrated the sensitivity of model simulations of precipitation to the choice 
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of convective parameterization schemes in climate and weather prediction models, it goes on 
to say that this goal should not be a GAPP research activity per se, but should be viewed 
rather as an opportunity for engaging the GAPP community with climate modelers.  This is 
a commendable overarching goal that should permeate all GAPP- and indeed all CCSP- 
related activities, but it does not justify the research objective as stated.  On the other hand, 
the representation of orographic effects and land-atmosphere interactions in climate models, 
which are appropriate GAPP-specific activities, is not mentioned.  The plan also does not 
explicitly state that errors in convective parameterization are a major obstacle to achieving 
improved forecast skill, but no systematic program has been funded to address this. 

The second objective is limited to improved precipitation measurements, but it does 
not mention any other land-surface observations that would help in understanding the 
contribution of land-surface processes to rainfall, nor does it mention the problems specific 
to the measurement of precipitation, soil moisture, surface latent and sensible heat fluxes, 
and generally boundary-layer processes in regions of complex terrain, which are the unique 
research foci of GAPP in the context of CCSP.  

The third objective relates to improved “operational” seasonal prediction of warm 
season precipitation.  While it suggests that empirical techniques may be a pathway to 
produce such improved forecasts, it raises the issue of nonstationarity as a possible 
complication but does not clearly offer a strategy to address this challenge. 

Chapter 4 does not contain a specific section on implementation activities; thus, 
Sections 4.2 and 4.3, which draw on the NAME science plan, appear to constitute the 
effective GAPP plan element for warm season precipitation.  Specifically, the data and 
activities surrounding NAME are cited as the vehicle for furthering the third objective.  On 
the one hand, PACS and GAPP should be congratulated for pooling their resources.  On the 
other hand, the NAME component of the GAPP program appears to be identical to the 
NAME component stated in the PACS program.  One would have hoped that in this joint 
PACS-GAPP effort, GAPP would have been able to point to observations, diagnostics, and 
modeling studies that are complementary to NAME.  In particular, one would have hoped 
for a GAPP-led component of the program that highlighted a systematic investigation of 
land-surface processes as related to prediction on the monthly and seasonal temporal scales 
as well as some assessment of the relative importance of land (local) and ocean (remote) 
boundary forcing.  A formally affiliated research project within NAME is the Project to 
Intercompare Land-Surface Parameterization Schemes San Pedro-Sevilleta land-surface 
modeling experiment, which is focused on semiarid regions of southern Arizona and New 
Mexico under the auspices of the GEWEX Land-Atmosphere System Study.  This GEWEX 
connection is not mentioned at all. 

The ties to NAME activities are restated briefly in Section 4.4 on deliverables, 
without identifying specific contributions consistent with GAPP’s science agenda in the 
context of CCSP.  The committee commends the spirit of Section 4.5 on linkages to other 
programs, although the section could benefit from a diagram illustrating the strategic 
location of GAPP in the web of existing research programs, with a clear identification of the 
two-way flows of science and data exchange among CCSP partners. 
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Recommendation to Improve Chapter 4 of the Plan 
 

The research objectives and implementation activities in Chapter 4 should be 
revisited with the objective of identifying GAPP’s activities and contributions to this 
research element, thus clearly defining GAPP’s strategic role in CPPA within NOAA and 
within the broader CCSP research portfolio.  In particular, one area that requires further 
consideration is the balance between terrestrial (land-surface) and atmospheric processes in 
the context of the need for long-term studies of monsoon systems and the role of orography 
and land-atmosphere interactions in warm season precipitation. 
 
 
CHAPTER 5: “CEOP” (COORDINATED ENHANCED OBSERVING PERIOD) 
 

Comments 
 

This chapter of the plan describes GAPP’s relationships with the World Climate 
Research Programme CEOP activity.  It includes a brief summary of CEOP goals and 
GAPP activities that relate to these goals.   

Chapter 5 outlines an impressive set of activities, but it does not clearly differentiate 
GAPP activities that contribute to CEOP and visa versa.  These should be reworded, and 
the relationship between GAPP and CEOP should be clarified.  Other relationships exist, 
particularly within GEWEX, to elements of the GEWEX Modeling and Prediction Panel 
and the GEWEX Radiation Panel.  Although the overall focus on CEOP is appropriate, 
especially given the existing close relationship between GAPP and CEOP, the preamble of 
the document might mention that in the future, collaboration and synergy could be 
developed with COPES-WCRP, CLIVAR’s Working Group on Seasonal to Interannnual 
Predictions, and the Earth System Science’s Global Waters Systems Project.  The 
committee’s specific comments below are aimed at improving the chapter. 

The major sections of the chapter, 5.1.1 (NOAA-NASA 2004, p. 30), 5.2 (NOAA-
NASA 2004, p. 31) and 5.2.3 (NOAA-NASA 2004, p. 34), start with the words “CEOP is,” 
“CEOP has,” and “CEOP will.”  The authors of the plan should rewrite the beginning of 
each section so that this chapter reads like part of a GAPP plan rather than something 
extracted from a CEOP plan.  The title of the chapter may confuse the relationship between 
GAPP and CEOP.  It implies that CEOP is a part of GAPP.  The committee suggests that 
the chapter title be changed to something like “Contributions to CEOP” or “Relationships 
to CEOP.” 

There are references to GAPP and CEOP global regions, suggesting that GAPP 
includes studies in regions outside the Americas.  The wording should be changed to 
something like “GAPP and other CEOP global regions.” 

The second objective—to demonstrate the utility of operational and next-generation 
experimental satellites—should be reworded to use the term “evaluate” instead of 
“demonstrate.”  The third objective (NOAA-NASA 2004, p. 31) is a central GAPP activity 
related to CEOP.  The link between this objective and the research activities should be made 
more explicit in Section 5.2.2 (NOAA-NASA 2004, pp. 33-34). 

The relation between GAPP and CEOP’s two international working groups—Water 
and Energy Simulation and Prediction and Monsoon Studies—is not clearly developed.  
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According to the plan, “NAME will be GAPP’s major contribution.”  This suggests that 
GAPP has few other major contributions to CEOP.  On the one hand, Section 5.2.2 of the 
plan lists a number of GAPP global products (e.g., global reanalysis and regional reanalysis 
products).  The plan should more clearly identify its contributions of data to CEOP and to 
what extent, if any, it is involved in CEOP data distribution.  For example, the activities 
listed in Section 5.2 to “develop . . . data products” read more like a CEOP implementation 
plan than one for GAPP.  This should be clarified.  

The oral presentations by the GAPP Science Advisory Group revealed some 
excellent planned GAPP research activities related to CEOP, but these are not well 
articulated in the plan.  Many of the following comments are suggestions to help improve 
presentation of that material in the plan. 

The lead sentence of Section 5.2.3 (research activities, pp. 34-35 in NOAA-NASA 
2004) begins with, “CEOP will increase the value of GAPP (and GEWEX) data sets.”  It 
then goes on to suggest the benefits of CEOP to GAPP.  This section would be more 
effective if it led with a statement of GAPP activities supporting Objective 3. 

Section 5.2.3 does not clearly summarize planned GAPP support of research 
activities for the intercomparison of several models over the NAME region.  It is also not 
clear whether GAPP research would support model intercomparisons for other regions in 
the Americas (e.g., GCIP, the Large Scale Biosphere Atmosphere Experiment in Amazonia, 
the Mackenzie GEWEX Study).  Section 5.2.3 does not clearly state whether GAPP research 
would support intercomparisons of the same models over some or all of the CEOP regions 
including those outside the Americas.   

Section 5.2.1 on in situ data and the discussion on deliverables does not identify 
where these sites are or whether they were established as part of GAPP research or at the 
request of CEOP, or both.  

In Section 5.2 (NOAA-NASA 2004, p. 32), the end of the top paragraph refers to 
specific information about GAPP contributions to the CEOP remote sensing algorithm 
development and application.  This “specific information” could not be found in Section 8.3 
(p. 61).  In fact, the second paragraph in Section 8.3 addresses “anticipated GAPP activities 
undertaken in cooperation with CEOP.”  The paragraph does not clarify whether these 
anticipated activities have already been undertaken or are to be undertaken in the future.   

The discussion of deliverables identifies contributions from GAPP to CEOP but 
does not indicate how these deliverables relate to GAPP data management activities.  The 
plan should indicate whether the data provided to CEOP are identical to the GAPP data sets 
discussed in Chapter 9 (GAPP Data Management) and should describe any differences. 

There have been a number of comparisons between NCEP/National Center for 
Atmospheric Research, NCEP/U.S. Department of Energy, and NASA’s Global Modeling 
and Assimilation Office reanalysis (not to mention the European Centre for Medium-Range 
Weather Forecasts Reanalysis 15 and 40).  There is no indication of how these comparisons 
relate to the GAPP science objectives of prediction and decision support.  A discussion of 
these comparisons should be included in the plan. 
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Recommendations to Improve Chapter 5 of the Plan 
 

• In the plan, the relationships between GAPP and CEOP have to be articulated more 
clearly to reflect how the GAPP objectives relate to CEOP and how those objectives might 
be achieved. 

• The relationship between GAPP data and related activities described in the GAPP 
data management plan (NOAA-NASA 2004, Chapter 9) and CEOP data management 
activities should be documented in the plan. 
 
 

CHAPTER 6: “OPERATIONAL SEASONAL CLIMATE PREDICTION: 
COMPONENTS FROM GAPP” 

 
Comments 

 
 This chapter is focused primarily on the modeling activities of the Core Project and 
in many ways is the strongest chapter of the plan.  It describes an integrated seasonal 
prediction system, which is a solid conceptual framework for organizing predictability 
research for GAPP.  However, it is not clear in the plan whether GAPP is proposing an 
actual system to reside at some major modeling center or a construct to share model-based 
research.  In the oral presentation from the authors of the plan, it was clear that GAPP was 
suggesting the latter.  The plan would be improved if this were more clearly articulated in 
Section 6.1.1. 

The proposed integrated seasonal prediction system is for building and testing a 
numerical model-based intraseasonal-to-interannual prediction system that includes (1) low-
resolution, global coupled atmosphere-land-ocean models to produce sea surface 
temperature forecasts that are then used to (2) drive a global coupled atmosphere-land 
model which in turn (3) drives a regional-scale coupled atmosphere-land model to produce 
forecasts of precipitation and other parameters that (4) serve as input to uncoupled land-
hydrology models for runoff, snow pack, and soil moisture.  The plan suggests that it will 
work with “operational” forecast groups to build on existing components of this system.  
The plan also seems to suggest that it will deliver the missing elements of the entire system 
to these operational forecast groups.  However, it is not clear how this would be 
implemented.  Although a couple of centers are mentioned (e.g., Experimental Climate 
Prediction Center, International Research Institute for Climate Prediction [IRI]), there is no 
definition of operational forecast groups.  There are no indications whether these or other 
centers have been contacted or consulted with respect to this aspect of the plan.  

The specific objectives of the plan suggest that GAPP will “develop, improve, 
demonstrate and transition to operations” (1) a global and regional LDAS, (2) improved 
regional and global land-surface models (LSMs), (3) high-resolution regional climate models, 
and (4) high resolution hydrology models.  This broad charge would be a challenge for the 
Geophysical Fluid Dynamics Laboratory, NCEP, or the National Center for Atmospheric 
Research, and seems to be far in excess of the modest resources available to GAPP.  Some 
focus is clearly needed, and specific milestones and deliverables should be identified. 

The plan suggests that each of the forecast system components can be developed 
and tested independently and that some have already been through this process.  It is not 
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clear whether GAPP intends to develop and test new models or to link existing model 
components together.  This would require close collaboration with one of the operational 
centers discussed above.  The NOAA GAPP Core Project resides at NCEP; so as a practical 
matter, the question is whether adoption of the proposed forecast system is consistent with 
plans of the NCEP Environmental Modeling Center. 

The plan mentions forecasts for monthly, intraseasonal, and seasonal temporal 
scales, but it is not clear whether the proposed forecast system will address all of these scales.  
Are the modeling and evaluation studies under the integrated seasonal prediction system 
framework strictly focused on seasonal-to-interannual precipitation forecasts, or are other 
temporal scales and variables included?  

The plan lacks justification for the potential of hydrologic seasonal forecasting in the 
United States and the economic value of this forecasting.  The committee has already stated 
in this report that such potential and economic value exist; however, justification should be 
provided in the plan. 

The bulk of the activities and deliverables described in this chapter logically reside 
within the Core Project.  However, during the oral presentations by members of the GAPP 
Science Advisory Group, there was a clear expectation of community-wide participation in 
many of the activities.  Some indication of the expected contributions to this activity, outside 
of the work performed by Core Project, would be a welcome addition to the plan.  

Experience with atmospheric, ocean, and coupled models suggests that the modeling 
challenges for climate systems are often fundamentally different from those developed for 
weather prediction.  During the presentation of this chapter at the committee’s public 
meeting, it was suggested that extending short-term weather prediction models could have 
value in longer-term predictions.  The committee has concerns about this approach and 
suggests that the authors of the plan evaluate this premise further before including it in the 
research agenda.  

The deliverables listed are extremely ambitious, and it will be difficult to quantify 
success relative to them.  Some less ambitious but more easily quantifiable goals are 
suggested. 

 
 

Recommendations to Improve Chapter 6 of the Plan 
 

• The plan should clearly articulate whether GAPP is proposing an actual integrated 
seasonal prediction system to reside at some major modeling center or a construct to shape 
model-based research in Section 6.1.1.  Also, the plan should clearly explain how this will be 
implemented. 

• The plan should provide justification for the potential of hydrologic seasonal 
forecasting in the United States and its economic value. 

• Given the modest resources available to GAPP, the plan should clearly focus and 
define how GAPP will “develop, improve, demonstrate and transition to operations” (1) a 
global and regional LDAS, (2) improved regional and global LSMs, (3) high-resolution 
regional climate models, and (4) high-resolution hydrology models.     

• The plan should clearly justify how the proposed forecast system will address 
monthly, intraseasonal, and seasonal temporal scales. 
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• The plan should define which deliverables relate to the Core Project and which are 
expected to result from individual research projects. 

• The plan should provide more easily quantifiable goals for the deliverable items 
listed. 
 
 

CHAPTER 7: “HYDROLOGY AND  
WATER RESOURCES APPLICATIONS” 

 
Comments 

 
Chapter 7 of the plan begins by reemphasizing the GAPP science objective of 

decision support.  Subsequently, the chapter is organized into three subsections: 
“Background” (science and objectives), “Implementation activities,” and “Deliverables.”  

In the section on science background, the plan authors state that the challenge of 
accomplishing the decision support GAPP objective is to enable water managers “to 
understand the nature of probabilistic forecasts and adapt management decision making for 
such information.”  They then introduce a conceptual “end-to-end” process (NOAA-NASA 
2004, Figure 7.1) of cascaded elements including climate prediction, hydrologic prediction, 
decision support tools, and finally, decisions.  This section also highlights two important 
concerns related to the (1) assimilation of observations and (2) handling of input and output 
uncertainties.  With the exception of mentioning macroscale hydrological models, this 
section does not provide any further overview of or references to relevant GAPP 
accomplishments.   

The second background section on objectives identifies and briefly discusses three 
priority areas to which GAPP is expected to contribute:  

 
1. Hydrologic prediction and predictability:  Determine the key factors governing the 

ability to predict streamflow, evapotranspiration, and soil moisture and the extent to which 
incorporation of improved process understanding into hydrologic models results in more 
accurate hydroclimatic predictions.  

2. Hydroclimatic forecasting technologies:  Infuse new technologies into hydroclimatic 
forecasting systems, and assess their potential for both short-term and long-term 
improvements in operational forecasting. 

3. Water resource decision-making: Find avenues to transfer the science contribution of 
GAPP to the operational hydrology and water resources communities, through 
demonstration of end-to-end seasonal hydrologic prediction and the use of probabilistic 
hydrologic forecasts in decision making.   
 

The section on implementation activities begins with the recognition that previous 
GCIP and GAPP research on water resources focused on individual projects, without 
programmatic integration of the individual efforts.  Subsequently, the section identifies and 
expands on the following implementation priorities: (1) fostering integrated GAPP activities, 
(2) community efforts in forecast technologies, (3) collaborative linkages with the operational 
forecasting community, and (4) collaborative linkages in water resources applications.  The 
activities associated with these implementation priorities are intended to encourage 
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integration not only across program elements (science and applications) but also between 
GAPP investigators and related non-GAPP applications-oriented programs.  Potential 
programs and services with which GAPP collaboration opportunities would be explored 
include the National Weather Service Office of Hydrologic Development and River Forecast 
Centers, Advanced Hydrologic Prediction Service, Hydrological Ensemble Prediction 
Experiment, and the RISAs.     

Finally, the section on deliverables is fairly general and short, stating that (1) in the 
short to medium term, collaborations will be established with the National Weather Service 
Office of Hydrologic Development, River Forecast Centers, and selected water management 
partners to demonstrate the value of seasonal predictions for water resources; and (2) in the 
long term, GAPP activities will lead to improved hydrologic forecasts the value of which will 
be demonstrated in end-to-end applications.        

GCIP and GAPP have been pioneering programs in recognizing the need to 
integrate advances in climate, hydrology, and water resources, within both the science and 
within the institutional implementation context.  Both programs have made significant 
contributions in this respect by demonstrating the value of integrated science, establishing 
strong linkages among the climate and hydrologic communities, and developing products 
with potential value to NOAA’s operational services.    

Based on the plan and testimony presented to the committee, the GAPP program 
Science Advisory Group and program managers wish to demonstrate and promote the value 
and use of integrated science products to a broader range of water resources users.  This is 
clearly evidenced by the prominent role of decision support in the GAPP stated mission 
(NOAA-NASA 2004, Chapter 1).  This aspect, however, is not well addressed in the plan, 
most likely because of limited resources.  However, if decision support is an important 
GAPP mission as stated, the committee recommends that this component be considered in 
the comprehensive manner it deserves.  Some specific suggestions follow.       

Figure 7.1 of the plan should be expanded to recognize the critical needs for (1) 
hydrologic as well as consistent water resources demand predictions, (2) decision support 
systems that can incorporate probabilistic or ensemble prediction products and generate 
adaptive decision policies, (3) participatory institutional structures that enhance decision 
making processes, and (4) continuous assessment of the integrated prediction-decision 
process.  See Figure 3-1 below. 

The comprehensive consideration of the integrated prediction-decision process would 
significantly strengthen the prediction and decision support components of the GAPP 
objectives.  Feedback mechanisms from water resources stakeholders have to be developed 
so that prediction science can better meet their needs.  In this respect, it would be useful to 
expand objective 3 of Section 7.1.2 to individually address decision support system 
technologies and institutional decision processes: 
 

• Water resources decision support systems:  Assess the degree to which current water 
resources decision support technologies are compatible with new science advances in 
forecasting, identify key factors for the successful integration of prediction and decision 
systems, and evaluate their potential operational value.  

• Institutional decision processes:  Assess and demonstrate the ways that institutional 
structures enhance or impair decision-making processes.   
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FIGURE 3-1  Assessment of Integrative Prediction-Decision Process.  SOURCE: Aris P. 
Georgakakos, Georgia Institute of Technology. 

 
 

 
These objectives should also be reflected in Section 7.2.1 (NOAA-NASA 2004, p. 52) by 
outlining more specific implementation activities, and in Section 7.3 (NOAA-NASA 2004, p. 
55).  

GAPP would benefit from partnerships with agencies that have management and 
assessment missions, including, among others, the U.S. Geological Survey (especially the 
Water Resources Institute Program), U.S. Army Corps of Engineers, U.S. Department of 
Agriculture, U.S. Bureau of Reclamation, Federal Emergency Management Agency, 
Environmental Protection Agency, and corresponding regional or local agencies.  
Interagency partnerships could be established within the context of demonstration projects 
in which participating agencies cost-share resources and jointly develop and/or assess the 
value of integrated prediction-decision processes and tools.  The activities of the IRI 
(http://iri.columbia.edu) and the Integrated Forecast and Reservoir Management project for 
Northern California (Georgakakos et al. 2005) are examples of such partnerships and 
collaborations.  Demonstration projects should address a broad range of water resources 
applications and spatiotemporal scales.  

The committee strongly supports the intent to facilitate broad access to retrospective 
ensemble-type climate prediction products over the continental United States.  Based on 
GAPP’s management and Science Advisory Group testimony, these products will be web 
accessible and will include multiple traces, daily to monthly time resolutions, and lead times 
of up to a year.  Such products will promote the participation of non-GAPP researchers and 
will foster community efforts not only in prediction technologies (NOAA-NASA 2004, 
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Section 7.2.2) but also in integrated prediction-decision technologies.  This item should be 
mentioned explicitly in the discussion of deliverables (NOAA-NASA 2004, Section 7.3).  

Section 7.2 describes the intent to establish collaborative linkages in water resources 
applications to facilitate transfer of improved seasonal predictions into water management 
operations.  It is suggested that GAPP build on the linkages to users established by the RISA 
programs.  Although this is an excellent idea, it does not, in itself, constitute a 
comprehensive plan to establish adequate linkages with water managers, especially because 
the RISA program is currently underfunded.  Thus, the knowledge transfer plan is not well 
developed, and the impact of program activities on decision support may not be fully 
achievable.  There is need for a clear action plan to engage the broader water resources 
research and professional communities (e.g., water supply, reservoir management, 
hydropower, agriculture, environmental sustainability).  

Lastly, the committee recognizes that the transfer of science products to decision 
makers is a complex undertaking that has challenged and continues to challenge the science 
and professional communities for several decades (Jacobs and Pulwarty 2003).  As stated in a 
recent NRC (2004a) report, this challenge is exacerbated by the following factors:  

 
• The type and quantity of research needed are unlikely to be adequate if no action is 

taken at the federal level. 
• Responsibility for water resources research has devolved to the states, resulting in the 

neglect of long-term water resources basic research. 
• No structure is in place in the United States to take advantage of the research 

agendas of identified programs or water management groups. 
 

The committee realizes that GAPP, with its modest budget, cannot support many 
meaningful activities in this area.  It is therefore important that GAPP’s decision support 
program be designed more strategically and that NOAA and NASA’s application program 
pay special attention to this important area.  CCSP’s water cycle goals (goals 5.4 and 5.5) will 
never be met unless serious attention is paid to the development of a comprehensive 
approach to link GAPP and other science programs to applications.  There is thus a critical 
need to augment federal agency involvement and investment in water resources and decision 
support research and technology transfer.  A positive step that NOAA-GAPP can take in 
this respect is to reaffirm its commitment to the RISA program, secure additional new 
resources for it, and seek to expand its partnership with other federal and state agencies.  
The committee also strongly recommends that GAPP explore and benefit from water 
resources applications experience and opportunities through the GEWEX WRAP program.   
 
 

Recommendations to Improve Chapter 7 of the Plan 
 

• The plan should establish a programmatic plan to bridge predictions with decisions, 
to understand the context within which decisions are made, and to address the needs of end 
users and decision makers.  Thus, either the decision support objective should be amended 
or a comprehensive implementation plan should be articulated to support this objective.  
The committee encourages the latter approach considering that GAPP, by its integrative 

Copyright © National Academy of Sciences. All rights reserved.

Review of the GAPP Science and Implementation Plan 
http://www.nap.edu/catalog/11333.html

http://www.nap.edu/catalog/11333.html


28  REVIEW OF THE GAPP SCIENCE AND IMPLEMENTATION PLAN 

 

mission, is uniquely positioned among federal programs to make pioneering contributions 
toward the development and application of end-to-end information systems. 

• The plan should identify ways to fund and build a more robust and strategic decision 
support program, including the following:  
 

o Integrated process aspects:  The plan should address (1) consistent climate-
hydrologic and demand predictions, (2) integrated and adaptive decision support 
systems able to explicitly account for system uncertainty, (3) participatory 
institutional structures that enhance decision making processes, and (4) continuous 
assessment of the prediction-decision processes. 

o Partnerships:  In view of the broad context of the prediction-decision 
process and the limited resources, the plan should develop a strategy to partner with 
other federal agencies that work with a broad array of end users and have 
management missions.  Such agencies may include, among others, the U.S. 
Geological Survey, U.S. Army Corps of Engineers, U.S. Department of Agriculture, 
U.S. Bureau of Reclamation, and the Federal Emergency Management Agency.  The 
plan should also seek to leverage and strengthen interaction with the RISA program, 
which facilitates relationships with key users of GAPP science.  Because GAPP is in 
a unique position to support connections with decision makers, the plan should 
develop an interface with CCSP to accomplish decision support objectives.  Lastly, 
the plan should provide an outline to expand the interaction with the GEWEX 
WRAP program.  

o Demonstration projects and tools:  The plan should support demonstration 
projects illustrating the value of end-to-end information systems and establishing 
two-way information flows between the research community and end users.  Such 
demonstration projects should include the active participation of operational 
agencies and aim to develop climate prediction-decision tools supporting specific 
applications such as drought preparedness, flood forecasting and management, 
power planning, and multipurpose river basin management.  These demonstration 
projects should clearly support the plan’s stated objective:  “To develop application 
products for resource managers by interpreting and transferring the results of 
improved climate predictions for the optimal management of water resources.”       

  
 

CHAPTER 8: “GAPP REMOTE SENSING APPLICATIONS” 
 

Comments 
 

Chapter 8 provides a broad overview of recent advances and future initiatives for 
satellite-based remote sensing estimates of land-surface states (e.g., moisture and 
temperature) and forcings (e.g., precipitation).  The committee agrees that remote sensing 
has a clear role in making the measurements necessary to specify parameters and initialize 
and update coupled climate models, thus helping fulfill the main objective of GAPP.  The 
importance of remote sensing for GAPP helps shape NASA’s potential contributions. 

The committee finds, however, that as a plan the main sections of the chapter lack 
specificity and prioritization, likely because there is no specific office in the NASA research 
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program where the necessary synthesis of remote sensing data is done.  There is research on 
specific instrument data and assimilation studies with products from individual sensors, but 
there is no four-dimensional data assimilation of the full suite of satellite data at specified 
weather-climate prediction centers as noted in Section 8.4 of the plan (NOAA-NASA 2004, 
p. 61).  This is a significant missing function that GAPP alone cannot fill. 

The objectives include a wide range of activities, all of which are important in their 
own right, but only a few of which could realistically be claimed to be of priority to reaching 
the major objectives of GAPP (seasonal-to-interannual prediction and decision support).  
The committee finds the third bullet (providing model state constraints) and perhaps the 
first (providing parameters) to be directly relevant.  Two of the bullets (comparison of 
satellite data with field experiments and validating model outputs) appear to be more 
tangentially related to the main GAPP objectives (despite, of course, being important 
activities for NASA to support).  The committee recommends that the plan could tie these 
two issues in through remote sensing activities associated with the NAME experiment.  The 
final issue of understanding the water cycle is too general to claim a direct mapping onto the 
GAPP objectives. 

The section on implementation activities is largely a literature review of past, 
current, and future hydrologically and climatically relevant remote sensing practices.  The 
activities proposed for vertical fluxes (precipitation and evaporation) largely come down to 
data set compilation and integration.  These activities are not specifically tied to the needs of 
the Core Project activities of Chapter 6 (e.g., with respect to what variables are needed, on 
what space and time scales, exactly how they would be used) or to goals of the project that 
individual PIs might target.  The section on horizontal fluxes is incomplete (two short 
paragraphs) and suffers from issues similar to the above.  

Section 8.3 on CEOP is vague.  Most of the 10 listed GAPP remote sensing activities 
are not actually remote sensing activities (e.g., item 2, long-term land model baseline 
intercomparisons, item 4, land initialization for seasonal-to-interannual coupled prediction, 
item 5, evaluation of numerical weather and climate predictions for land, or item 9, the 
production of model output location time series).  A few are more related (e.g., item 6), and 
these should be better described.  This entire section needs to be refocused on remote 
sensing. 

Consistent with the science background and implementation activities, the 
deliverables need specification with respect to the goals of GAPP.  Deliverables 1 and 2, if 
focused on remote sensing, could be useful.  As they stand, they are more general data 
rectification and data assimilation tasks.  They do not follow from the rest of the chapter.  
Deliverable 3 (interconnection of disparate research teams) is not a deliverable, although a 
plan to accomplish this could be included and is not specific to remote sensing.   
 
 

Recommendations to Improve Chapter 8 of the Plan 
 

• The plan should tie “comparison of satellite data with field experiments” and 
“validating model outputs” to GAPP through remote sensing activities associated with the 
NAME experiment.   

• Section 8.3 on CEOP (NOAA-NASA 2004) should be refocused on remote sensing. 
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• In addition to clarifying the role of remote sensing in the first GAPP objective of 
prediction, the plan should also expand the goal of Chapter 8 to include addressing the 
second objective of GAPP (i.e., a deliverable on showing satellite data value with respect to 
water resources decisions—flood management, drought management, agricultural planning, 
etc.). 

• The plan should encourage NASA’s applications program to work with GAPP to 
demonstrate the value of remote sensing to water management. 
 
 

CHAPTER 9: “GAPP DATA MANAGEMENT” 
 

Chapter 9 Comments 
 

The data management plan for GAPP is rather minimal, but already implemented.  
There are three main components to data management in GAPP: 

 
1. an online catalog of gapp-produced and gapp-relevant data sets, 
2. a standardized questionnaire to data set providers to serve as basic documentation 

for the data sets, and  
3. a data management committee that meets periodically at yearly pi meetings and 

irregularly by telephone to ensure that the data holdings are up-to-date.  the acceptance of 
new data sets may also include some quality control to ensure readability and usability.  
 

This represents the minimal level of data consolidation as defined in the Integrated 
Geosphere-Biosphere Programme/Biosphere Aspects of the Hydrological Cycle synthesis 
document (Dirmeyer 2004).  That is, disparate data sets from multiple sources have been 
gathered, virtually, at a single location on the Internet for easy centralized access.  This likely 
represents the greatest return possible on a small investment.  Further consolidation (e.g., 
co-registration of data sets, standardization of formatting or a central data server or browser 
with search capabilities) requires a much higher degree of technological investment and 
infrastructure to develop and maintain.  Given the limited resources available, the data 
gathering effort probably represents the best that can be done.  The routine and ancillary 
meetings of the Data Management Committee seem adequate to ensure that current data are 
made accessible at minimal cost to the program.  

Also, there appears to be good coordination with broader GEWEX data efforts 
(namely, CEOP—although CEOP is not mentioned by name in this chapter), affiliated 
projects (e.g., NAME), and a statement (in Section 2.1.1, but not in Chapter 9) to adhere to 
other GEWEX data standards (namely, Assistance for Land-Surface Modeling Activities) as 
much as possible.  

Given the limited resources available and the low probability of increased support, 
there is little that can be done to improve upon the current plan.  However, more certainly 
could be done with a larger dedicated funding commitment to data management and 
maintenance for GAPP. 
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Recommendations to Improve Chapter 9 of the Plan 
 

• This chapter of the plan should tie in better to Chapter 5 on CEOP. 
• Although GAPP has made great contributions to data management with limited 

resources, the plan should focus on monitoring for opportunities to enhance data 
management. 
 
 

CHAPTER 10: “ORGANIZATIONAL ELEMENTS” 
 

Comments 
 

GAPP has a well-defined role as a Continental-Scale Experiment within GEWEX, to 
which it responds directly through the GEWEX Hydrometeorology Panel on at least an 
annual basis. 

GAPP was until recently a uniquely defined program in the NOAA Office of Global 
Programs; it has recently been merged with CLIVAR-PACS to become a part of CPPA.  
This is the main source of support for research and program management, with a dedicated 
NOAA program manager and additional support from the NASA Terrestrial Hydrology 
Program.  As a result of its major funding role, NOAA exercises significant control over the 
program. 

Within GAPP, the project management structure consists of a Science Advisory 
Group to provide scientific oversight, a standing committee on data management, and a 
number of working groups composed of the appropriate interested principal investigators.  
The working groups have responsibility for some 14 “synthesis products” organized under 
the GAPP science questions.  The committee is concerned that there may not be sufficient 
representation on the Science Advisory Group from independent scientists (i.e., not current 
or past GAPP-GCIP PIs). 

Beyond the strong affiliation of GAPP with the CLIVAR-PACS program through 
NAME and the formalization of that relationship in the programmatic reorganization at 
NOAA, which has led to the formation of CPPA, there is no formal structure in place to 
interface with research efforts outside GEWEX nor other involved agencies beyond NOAA 
and NASA.  This is partially a reflection of the lack of a coordination structure, such as a 
U.S. GEWEX project office. 

The GAPP synthesis products are largely a restatement of the list of goals, with no 
associated metrics for measuring progress, and no definition of completion (although a 
broad time window is given for each and start dates are not identified).  This problem 
reflects back on the lack of a cogent implementation roadmap for the science questions and 
goals put forward early in the document.  Although it is not indicated in the plan, the 
committee understands that a synthesis document will be produced to record progress in 
each of these areas.  However, this PI-led distributed documentation effort of the synthesis 
elements is not a substitution for overarching science management. 

The committee finds that the organization of management and participants is 
satisfactory and appropriate, given the nature of the program, its support, and its role within 
the larger structure of GEWEX and agency support from NOAA and NASA.  Nevertheless, 
the lack of a U.S. GEWEX project office, or even of GAPP project officers for science and 
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applications independent of the government program managers, may be a major 
contributing factor to many of the shortcomings outlined throughout this review. 
 
 

Recommendations to Improve Chapter 10 of the Plan 
 

• Membership of the GAPP Science Advisory Group should include persons who 
have no current direct participation in GAPP science activities as well as those who 
represent the water resources community.  

• The synthesis products in the plan should be better described in terms of metrics or 
specifications of terms for completion and an actual roadmap for implementation of each.  

• Each synthesis product should result in a document or publication specifically 
describing and quantifying GAPP-supported progress in the area and, where appropriate, its 
beneficial impact on end users, target communities, or other interested parties. 

• Serious consideration should be given to enhanced scientific and applications project 
coordination and management for GAPP, or more broadly for GEWEX in the United 
States, that is independent of the government program managers, along the lines of what is 
already in place for U.S. CLIVAR. 
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4 
 

GAPP and Related Programs 
 
 

The statement of task (Appendix A) for this review requires the committee to 
comment on how the GAPP science and implementation plan (NOAA-NASA 2004) relates 
to the science goals of other programs.  Specifically mentioned are CCSP, the CPPA, 
GEWEX, and other programs with similar goals.  Question 2 listed in the task asks whether 
the GAPP supports the CCSP goals for the water cycle.  The committee has chosen to 
expand this question to include how the GAPP program supports other CCSP goals as well, 
especially climate variability, since there are important linkages with this program.  GAPP 
has two science objectives (see Box 1, Chapter 1 of this report): prediction and decision 
support.  
 
 

GAPP AND CCSP 
 

CCSP has two research elements expected to benefit directly from GAPP:  the 
Global Water Cycle Component and the Climate Variability and Change Component.  The 
sections below identify some of the key linkages between GAPP and these elements.  
However, it is important to note that GAPP also maps directly to multiple other parts of the 
CCSP that were not noted in the committee’s statement of task.  They include modeling, 
observing and monitoring, data management and information, and international research and 
cooperation key components.  Though we have chosen not to articulate each of these 
relationships, even a cursory review of the plan in the context of the CCSP will result in a 
conclusion that these programs are highly interrelated.  The decision support objective of 
GAPP, as has already been noted, should result in primary inputs to the decision support 
resources development component of the CCSP.  
 
 

Climate Variability and Change Research Element 
 

The following points in the CCSP Strategic Plan related to climate variability and 
change are most closely related to the GAPP plan activities.  Points from the CCSP Strategic 
Plan are excerpted below in italics, with the committee’s comments following each point in 
standard type (CCSP 2003).  

 
CCSP Section 4.2—How can predictions of climate variability and projections of climate 
change be improved, and what are the limits of their predictability? 
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• How can advances in observations, understanding and modeling of ocean-
atmosphere-land interactions be used to further improve climate predictions on seasonal to 
decadal time scales?  

 
Committee comments:  The GAPP program addresses the land-based component of 
improving climate predictions through observations, understanding, and modeling. 

 
• What are the time scales for changes in climate variability following major changes 

in the land surface, oceans or sea ice, and how does this “memory” contribute to climate 
predictability on multi-year to decadal time scales? 

 
Committee comments:  Since the GAPP program is focused on seasonal-to-interannual 
prediction, it does not contribute directly to predictability on multiyear-to-decadal time 
scales.  However, the knowledge gained regarding the memory in the land surface on shorter 
time scales contributes to the longer-term investigations. 
 

CCSP Section 4.4—How are extreme events, such as droughts, floods, wildfires, heat 
waves and hurricanes related to climate variability and change? 
 

• To what extent are changes in the statistics of extreme events predictable? 
 
Committee comments: GAPP intends to support the development of improved predictions 
of events such as floods and droughts. 
 

CCSP Section 4.5—How can information on climate variability and change be most 
efficiently developed, integrated with non-climatic knowledge, and communicated in order to 
best serve societal needs? 
 

• What new climate information would provide the greatest potential for benefits, for 
different regions and sectors? 

• How can climate information be best developed for use in adaptive management 
strategies? 

• Can new climate indicators be developed to better assess climate vulnerability and 
resilience in climate-sensitive sectors? 

• How can access to and communication of climate data and forecasts be improved 
to better serve the needs of the public, scientific community, decisionmakers, and 
policymakers? 

 
Committee comments:  All of the goals in this section are related to the decision support 
objective of GAPP. 
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Water Cycle Research Element 
 

CCSP Section 5.1—What are the mechanisms and processes responsible for the 
maintenance and variability of the water cycle; are the characteristics of the cycle changing 
and, if so, to what extent are human activities responsible for those changes? 
 

• What are the key mechanisms and processes responsible for maintaining the global 
water cycle and its variability over space and time scales relevant for climate? 

• How have changes in land use and water management and agricultural practices 
affected trends in regional and global water cycles? 

• How do aerosols, their chemical composition, and distribution affect cloud 
formation and precipitation processes, patterns and trends? 

• With what accuracy can local and global water and energy budgets be closed? 
• What are the characteristics of upper tropospheric/lower stratospheric water vapor 

and clouds and how are they affected by deep convection? 
 

Committee comments:  GAPP does not focus on global change, but it does focus on the 
mechanisms and processes that control variability in the water cycle. 

 
CCSP Section 5.2—How do feedback processes control the interactions between the global 
water cycle and other parts of the climate system (e.g. carbon cycle, energy), and how are 
these feedbacks changing over time? 
 

• What is the sign and magnitude of the current water vapor-cloud-radiation-climate 
feedback effect? 

• How do changes in global and regional water cycles interact with 
evapotranspiration, vegetation and the carbon cycle and vice versa? 

• What are the interactions between land surface changes and regional water cycles? 
 

Committee comments:  GAPP does have an energy component in the modeling activities, 
but does not focus on how the feedbacks are changing over time. 

 
CCSP Section 5.3—What are the key uncertainties in S-I predictions and long-term 
projections of water cycle variables, and what improvements are needed in global and 
regional models to reduce these uncertainties? 
 

• How predictable are water cycle variables at difference temporal and spatial scales 
over different regions of the Earth’s surface? 

• For different model resolutions, how can key water cycle processes be better 
simulated, in order to enhance the capability of producing more accurate seasonal-to-
interannual predictions of water cycle variables? 

• How can the representation of water cycle processes in climate models be improved 
to reduce uncertainties in projections of climate change? 
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• What are the critical hydrological and atmospheric factors present in major flood 
and drought events that can be isolated, quantified, and incorporated into water cycle 
prediction methodologies? 

• What model improvements are needed to assess the changes in seasonality, 
intensity and variability of high latitude freshwater fluxes (precipitation, 
evapotranspiration, runoff) and stores (soil moisture, snow/ice, permafrost) that may result 
from climate change, specifically in large basins covering a range of climate regions? 

• What processes and model resolutions are needed to improve regional models used 
to downscale global predictions to local and watershed scales?  Are there other downscaling 
techniques (e.g. statistical approaches) that can be equally effective? 

• How can the uncertainty in the prediction of water cycle variables be characterized 
and communicated to water resource managers? 

 
Committee comments:  GAPP’s prediction goal is quite clearly focused on these questions. 

 
CCSP Section 5.4 – What are the consequences over a range of space and time scales of 
water cycle variability and change for human societies and ecosystems, and how do they 
interact with the Earth system to affect sediment transport and nutrient biogeochemical 
cycles? 
 

Committee comments:  GAPP does not specifically address this goal. 
 
CCSP Section 5.5 – How can global water cycle information be used to inform decision 
processes in the context of changing water resource conditions and policies? 
 

• How could climate variability and change potentially alter the effectiveness of 
current and future water management practices and their feedbacks on the climate? 

• What are the effective means for transferring stochastic water cycle research 
products (e.g., hydro-climatological predictions, projections, and associated uncertainties) 
into the management, planning, and design of water decision systems and infrastructure? 

• What are the economic implications of strategies for the application of improved 
capabilities to predict seasonal water cycle variability and change? 
 

Committee comments:  GAPP’s decision support goal is squarely focused on these issues 
and others. 
 
 

GAPP AND THE CPPA 
 

Since CPPA blends the existing CLIVAR-PACS and GAPP programs of NOAA 
into a single process research program, the GAPP plan is a component of the CPPA science 
objectives (NOAA 2005). 

 
CPPA Objective 1—Improve the understanding and model simulation of ocean, 
atmosphere and land-surface processes. 
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Committee comments:  GAPP is strong in activities related to atmosphere and land 
processes.  It is doing groundbreaking work in this area.  However, GAPP does not 
specifically address coupling with the oceans.  With the attention given to ocean coupling in 
other programs the committee feels that this is an appropriate emphasis for GAPP.  

 
CPPA Objective 2—Determine the predictability of climate variations on intra-seasonal-
to-interannual time scales.  
 

Committee comments:  The plan is not clear on the temporal scales of interest.  Some parts 
of the plan mention “monthly-to-seasonal” predictability, while others reference “intra-
seasonal-to-interannual.”  In presentations by members of the Science Advisory Group, 
there was an implication that much of the LDAS and LSM development work focused on 
shorter time scales.  It is not clear from the plan how much of the GAPP-funded activity is 
focused on these shorter time scales.      

 
CPPA Objective 3—Advance NOAA’s operational climate forecasts, monitoring, and 
analysis systems.  
 

Committee comments:  The plan highlights development of North American LDAS and 
Global LDAS infrastructures for implementation by NCEP.  This work should be 
specifically identified as a GAPP contribution to the CPPA goals. 

 
CPPA Objective 4—Develop climate-based hydrologic forecasting capabilities and decision 
support tools for water resource applications.  
 

Committee comments:  The transfer of GAPP research to the Office of Hydrologic 
Development was not spelled out in any detail.  The plan did not develop the sections on the 
decision support tools adequately. 
 
 

GAPP AND GEWEX PHASE II 
 

In the late 1980s, GEWEX was initiated as one component of WCRP with the goal 
of providing better understanding of the hydrological processes and the movement and 
distribution of water and energy fluxes at continental scales.  The GEWEX program 
develops global data sets derived from satellite data, in situ data, and data assimilation 
capabilities.  GEWEX also entails model development and predictability studies, field and 
process studies, and applications.   

The GEWEX program recently developed four primary objectives by revising its 
Phase I objectives.  These objectives are as follows (GEWEX 2005):  

 
1. Produce consistent research quality data sets complete with error descriptions of the 

Earth’s energy budget and water cycle and their variability and trends on inter-annual to 
decadal time scales, and for use in climate system analysis and model development and 
validation  
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2. Determine the geographical and seasonal characteristics of the predictability of key 
water and energy cycle variables over land areas and through collaborations with the wider 
WCRP community determine the predictability of energy and water cycles on a global basis.  

3. Develop better seasonal predictions of water and energy cycle variability through 
improved parameterisations encapsulating hydro-meteorological processes and feedbacks for 
atmospheric circulation models  

4. Undertake joint activities with operational hydro-meteorological services and 
hydrological research programmes to demonstrate the value of new GEWEX prediction 
capabilities, data sets and tools for assessing the consequences of global change.  
 
One of the major changes is reflected in Objective 4, in which a more realistic user 

community is identified for GEWEX.  This objective is targeting the operational 
hydrometeorological services.  This community should benefit most from GEWEX 
scientific results and data products.  GEWEX will improve the accuracy of the hydrologic 
predictions that are critical for decision making in water resources applications. 

To address its goals, GEWEX organized its scientific activities by creating three 
panels: the GEWEX Hydrometeorology Panel, the GEWEX Radiation Panel, and the 
GEWEX Modeling Panel.  The GEWEX program develops global data sets derived from 
satellite data, in situ data, and data assimilation capabilities.  GEWEX also entails model 
development and predictability studies, field and process studies, and applications.   

The GEWEX Hydrometeorology Panel organized a number of continental-scale 
experiments worldwide to represent various climatic conditions (Lawford et al. 2004).  The 
first continental-scale experiment was the GCIP, the predecessor to GAPP.   

It is clear that the GAPP science and implementation plan is closely linked to the 
objectives of GEWEX Phase II.  GEWEX, through its continental-scale experiment panel, 
has a formal review and evaluation mechanism to ensure that continental-scale experiments 
such as GAPP are addressing GEWEX overall goals and objectives. 
 
 

GAPP AND OTHER PROGRAMS WITH SIMILAR GOALS 
 

GAPP has well documented relationships with partners such as NCEP’s 
Environmental Modeling Center and the Office of Hydrologic Development within NOAA, 
sister programs within GEWEX such as CEOP and the GEWEX Land-Atmosphere System 
Study, and CLIVAR as described above—the details are not repeated here.  However, other 
programs with relevant relationships to GAPP are given little or no mention in the current 
plan.  A number of these are identified below.   
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Water Resources Application Project 
 

Given the stated goal of GAPP to “develop application products for resource 
managers,” there is an obvious potential relationship with the WRAP, a working group of 
the GEWEX Hydrometeorology Panel.  WRAP was formed to initiate dialogue with the 
water resource community on the application of GEWEX products for water resource 
management and planning.  The working group includes representatives from all of the 
continental-scale experiments of the GEWEX Hydrometeorology Panel, including GAPP; 
thus, it is curious that no mention is made of it in the plan.  WRAP also includes 
membership from representatives of the water resource community, such as Hydrology for 
the Environment, Life, and Policy; World Water Assessment Programme; and the 
International Association of Hydrological Sciences.   
 
 

Coordinated Observation and Prediction of the Earth System 
 

The WCRP has recently adopted a new integrative strategic framework known as 
COPES.  This new integrative strategy, which incorporates all WCRP research, will facilitate 
analysis and prediction of Earth system variability and change for use in an increasing range 
of practical applications of direct relevance, benefit, and value to society.  COPES will be 
implemented by new initiatives within WCRP projects such as GEWEX.   

As the GAPP science objectives relate to improving hydrologic prediction and 
decision support, they also relate to the COPES objective (WCRP 2004): 

 
To facilitate analysis and prediction of Earth system variability and change for use in an 
increasing range of practical applications of direct relevance, benefit and value to society. 

 
In collaboration with the other GEWEX continental-scale experiments, GAPP is expected 
to make major contributions to central COPES issues, including understanding of internal 
and coupling processes, data assimilation techniques for coupled systems, and hydrologic 
models in support of applications in the water sector.  A strong GAPP project is essential 
for GEWEX to play its central role within COPES.  
 
 

International Research Institute for Climate Prediction 
 

In the area of operational seasonal climate prediction, clear links and benefits to 
operational prediction efforts at NCEP are included in the plan.  Passing reference is made 
to other “operational partners,” such as NASA and IRI.  Neither is strictly operational in the 
forecast sense, but certainly there is a potential useful link to be made with IRI, particularly 
with its strong emphasis on applications of climate forecasts.  More active efforts could be 
made by GAPP to link with this natural collaborator. 
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Regional Integrated Science Assessments 
 

GAPP has provided support to some projects within the RISA program.  This 
program, funded by the NOAA Office of Global Programs, establishes regional centers with 
university affiliations that focus on understanding the context of decision making and testing 
alternative systems for providing climate information for decision support.  Each RISA has 
focused on particular sectors of interest in its region, and although each one differs 
significantly from the others, they have generally been successful in establishing the long-
term relationships with stakeholders that enable two-way flows of information between 
researchers and end users.  For example, the RISA at the University of Washington has 
successfully worked in water managers and fisheries experts, and GAPP funding assisted in 
recent developments of the variable infiltration capacity model, which allows downscaling of 
climate information for hydrologic applications at the basin scale.  Water management is also 
a major focus of RISAs in Boulder, Colorado (the Western Water Assessment); Tucson, 
Arizona (the Climate Assessment for the Southwest); and San Diego, California (the 
California Applications Project).  All of these centers can help provide the user interface that 
is needed by GAPP. However, it would be inappropriate to depend on them exclusively for 
establishing these connections, and funding remains a serious concern, despite their success. 
Cooperation with RISAs is mentioned a number of times in the GAPP plan (NOAA-NASA 
2004, Chapter 7).  However, it is unclear what mechanism has been put in place to work 
with RISAs.   
 
 

Other Programs 
 
 It seems that GAPP has also increased cooperation with the Hydrologic Research 
Program of the National Weather Service on a number of initiatives such as the Advanced 
Hydrologic Prediction Service and the Hydrological Ensemble Prediction Experiment 
(NOAA-NASA 2004, Chapter 7).  While this more focused cooperation with the operational 
hydrologic community is perhaps a more realistic target user community, the linkage to the 
water resource community (i.e., reservoir management, water supply, and irrigation districts 
among others) needs to be clearly defined.   
 During its public meeting, the committee was not briefed on the NASA Energy- and 
Water-Cycle Study (NEWS).  The NEWS Science and Integration Team has developed a 
science enterprise implementation plan (NASA 2004) that outlines activities to which GAPP 
research may relate. 
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A 
 

NRC Committee Statement of Task 
 
 

This study will provide a review of the GAPP science and implementation plan.  In 
carrying out this review, the study committee will consider the following questions: 
 

1. Does the GAPP science and implementation plan (GAPP SIP) meet the GAPP 
scientific goals for (i) predicting precipitation and land-surface hydrologic variables on 
monthly-to-seasonal time scales, and (ii) demonstrating their usefulness for water resource 
applications? 

2. Does the GAPP SIP support the CCSP goals for the hydrologic cycle? 
3. Does the GAPP SIP support the goals of the CPPA? 
4. Does the GAPP SIP support the GEWEX phase II scientific questions? 
5. What relationship does GAPP have to other programs with similar goals? 
6. Are there any gaps in the GAPP SIP? 
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B 
 

NRC Committee Public Meeting Agenda, 
March 30, 2005, Washington, D.C. 

 
 

10:00 A.M. Welcome and Purpose of Meeting 
Kathy Jacobs, NRC Committee Chair 

 
10:10 A.M. Context of Related Programs   
 

GEWEX—Dr. Richard Lawford (GEWEX office) 
CCSP—Dr. Peter Schultz (CCSP office)  
CCSP Water Cycle Research—Dr. John Furlow (U.S. Environmental Protection 

Agency) 
CPPA—Dr. Jin Huang (NOAA) 
COPES—Dr. Eric Wood (Princeton University) 
Committee Questions 

 
12:00 noon Break  
 
1:00 P.M. Overview of the GAPP Plan and Committee Questions (Chapters 1-10) 

Dr. Paul Houser (NASA) 
Dr. Eric Wood (Princeton University) 
Dr. Wayne Higgins (NOAA) 
Dr. Glenn White (NOAA) 
Dr. Ken Mitchell (NOAA) 
Dr. John Schaake (NOAA) 

 
3:00 P.M. Break 
  
3:15 P.M. General Questions and Answers 
  NRC Committee Members 
 
4:30 P.M. Adjourn 
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C 
 

Acronyms 
 
 

AHPS  Advanced Hydrologic Prediction Service 
 
CCSP  Climate Change Science Program 
CEOP  Coordinated Enhanced Observing Period 
CLIVAR Climate Variability and Predictability 
COPES Coordinated Observation and Prediction of the Earth System 
CPPA  Climate Prediction Program for the Americas 
 
GAPP  GEWEX Americas Prediction Project 
GCIP  GEWEX Continental-Scale International Project 
GEOSS Global Earth Observation System of Systems 
GEWEX Global Energy and Water Cycle Experiment 
GLASS  GEWEX Land-Atmosphere System Study 
 
HYDROS Hydrosphere State Mission 
 
IGBP  International Geosphere-Biosphere Programme 
IRI  International Research Institute 
 
LDAS  land data assimilation systems 
LSM  land-surface model 
 
MS  Monsoon Studies 
 
NAME  North American Monsoon Experiment 
NAMS  North American Monsoon System 
NASA  National Aeronautics and Space Administration 
NCAR  National Center for Atmospheric Research 
NCEP  National Centers for Environmental Prediction 
NEWS  NASA Energy and Water-Cycle Study 
NOAA  National Oceanic and Atmospheric Administration 
NRC  National Research Council 
NSF  National Science Foundation 
 
PACS  Pan American Climate Studies 
PI  Principal Investigator 
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RISA  Regional Integrated Science Assessments 
 
SIP  science and implementation plan 
SNOTEL snow telemetry 
 
USGS  U.S. Geological Survey 
 
WCRP  World Climate Research Programme 
WRAP  Water Resources Application Project 
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