I. Introduction and Overview

Because the CTB was initiated as recently as 2005, the initial emphasis of the CTB has been to get the needed infrastructure in place to accomplish the CTB mission. One of the first tangible deliverables of the CTB has been the computer time that has been secured in support of the CTB. With regards to the Science Priorities and Transition Plan (SPTP), the CTB personnel have done a fine job of revising the Plan in response to the initial comments of the SAB.  However, the SPTP weighs heavily on organizational/bureaucratic details, and is relatively light on science priorities. While the plan does a good job of laying out the benefits of the program and putting together an institutional framework, it does not establish a science implementation plan. It needs to be focused with true priorities. An overall scientific strategy and prioritization for the CTB is needed, spanning sensitivity tests, parameterization studies, and coupled hindcasts as a function of resources ($$$, computing), that explains how such activities fit into and support the overall vision for the CTB. This overall strategy is lacking. It proved difficult for the SAB to set priorities based on what we have been given. In fact, the SAB was asked to do what the CTB has not. It is important that NCEP and CTB management appreciate that setting priorities for the CTB is beyond the scope of the SAB. The initial determination of priorities should come from within the CTB in a proactive sense. The SAB stands ready to review these priorities once established. Therefore, the SAB recommends separating the CTB scientific/implementation plan from the more operational/management aspects of the plan.

While the SAB acknowledges and applauds the quick realignment/relabeling of existing activities within NCEP to get the CTB off the ground as fast as possible, it is important that these quick actions not be set in stone by what transpires next unless there are very good scientific, technical and programmatic reasons to do so. As part of its review of the Transition Project Team Reports, the SAB had a difficult time determining how much of the progress and accomplishments to date are directly attributable to the CTB. The special or added value role of the testbed was not as apparent as it needs to be. For example, what new activity has the CTB taken on that was initiated external to NCEP? To what extent are the 23 FTE's identified with the CTB, reassigned or relabeled personnel, and to what extent do they truly report to the CTB Director? Similarly, other than the computer time mentioned above, it was not clear to the SAB what new resources the NWS has put in to support the CTB. If the NWS is not financially vested in the CTB to a significant degree, the chances for success are questionable. The SAB believes many of the activities listed in the Project Team Reports fall under the usual tasks expected from an in-house development group. In addition, the project team reports were uneven regarding what is needed from the external community. Some of the teams clearly stated where help was needed from the community, while other teams merely listed ongoing activities. In terms of reporting, next year we would like to see a restatement of the FY06 plans for each team and what was accomplished (and what was not) in FY06 mapped against those plans.

The concept of the CTB responds, in part, to the need for a national strategy for the transition from research to operations for climate prediction. Several NRC committees and documents have stated the need for such a strategy, yet, we still do not have one articulated nor in place. NOAA is the natural agency to take the lead in developing such a strategy, but it cannot, nor should not do it alone. The success of such an endeavor depends on the active engagement of many of the CCSP agencies. This is a topic that deserves attention on the agenda of the NOAA Science Board.

For the remainder of this document the SAB will elaborate on the need for a Science and Implementation Plan, the Transition Project Teams, CTB involvement with the community at large, and how we wish the SAB to operate.

II. Science and Implementation Plan

As indicated in the March 2005 initial report of the NOAA/NCEP Climate Test Bed (CTB) Science Advisory Board (SAB), the CTB requires, first and foremost, “A comprehensive science plan, … with achievable goals, well-defined priorities, plans for allocation of resources, and milestones.” While the CTB management has provided copious documentation, presentations and briefing materials to the SAB, none of these materials has provided sufficient information about CTB requirements, priorities, or resources to allow the SAB to comment in a meaningful manner on the plan. 

More specifically, several of the elements of a science and implementation plan that were called for in the March 2005 SAB report are not sufficiently described in the CTB materials provided. These include:

1. clear distinction between ‘CTB’ activities/responsibilities vs. those that belong to the ‘home institution,’ specifically model development activities that would take place anyway

2. guidance for the ‘redirection’ of human resources to the CTB

3. a process by which priority activities for the CTB are identified, e.g.

a. how to strike a balance between model improvement and multi-model ensemble efforts 

b. how to substantively involve models from outside NCEP

4. the philosophy regarding seasonal to interannual prediction priorities, including model development, sensitivity testing, exchanging physical parameterizations and dynamical cores from various models, and producing coupled hindcasts and forecasts using multi-model ensemble approaches

5. an intimate link between priorities and resources.

While some of these elements have been outlined in the draft SPTP, the SAB considers the SPTP primarily a management plan, with substantial attention to organizational details and relatively little attention to scientific implementation. While it does a good job of describing the benefits of the program and provides an institutional framework, it does not constitute a comprehensive science plan. The March 2005 report concluded, “With a comprehensive science plan and strong leadership, it is more likely that demonstrable improvements in forecasts and services will be made.”  This remains an important requirement for CTB planning.

It is therefore the recommendation of the SAB that CTB management should prepare a science and implementation plan, separate from the management and operations plan, with a more comprehensive and realistic delineation of science questions and priorities, commensurate with available resources and consistent with NOAA strategic requirements. 

Some sample issues that should be addressed in the science component of the plan include: 

1. What are the physical and/or biogeochemical processes most relevant to the time scales of phenomena on which the CTB will be focused? What is the most effective and efficient modeling strategy to handle these? For example, is there a need for increased model complexity and/or resolution and/or ensemble size?  How will these competing requirements be prioritized? 

2. What class of hypotheses will be tested in the context of improving climate prediction? What criteria will be used and what is the process by which they will be prioritized?

3. What is the unique contribution of the CTB, especially with respect to other national and international multi-model prediction projects and with respect to CTB-specific activities as distinct from other NCEP activities? 

4. How does the structure of the CTB flow from the science questions and the overall vision? For example, how do the requirements and science questions affect the establishment of transition teams and what criteria will be used to make decisions about changes in the transition teams structure?

One particular example of transition team issues that arose in SAB discussions was the apparent disconnect between the Land Data Assimilation team plans for use of the Eta model and larger NCEP, National Weather Service and the Nation’s strategic plans to discontinue further development of and support for Eta in favor of collaborative (with NCAR and the university community) development and support of WRF. 

Some sample issues that should be addressed in the implementation component of the plan include:

1. What is the process for ensuring that available resources are commensurate with requirements and science questions? For example, the length of time it will take to implement an external model for use in a multimodel ensemble should be estimated and resource allocations planned accordingly. Since the transition to operations introduces specific requirements, the plan should indicate how resources will be allocated to meet those requirements. 

2. How will human and computational resources be held accountable to CTB requirements and plans?

3. How will organizations outside NCEP be engaged? How will science priorities be partitioned between in-house development work and the external community, i.e., what is the process for developing the announcements of opportunity in the future. (Community involvement is discussed more fully in section IV.) 

4. How can the CTB serve as the centerpiece of a new National strategy of which NOAA is the natural lead agency? 

In the briefing materials provided to the SAB, there is a very broad range of possible topics presented as candidates for CTB attention without any prioritization. It is beyond the scope of the SAB to set those priorities for the CTB, and, we feel that it is not in the best interests of the CTB for the SAB to intervene in that way. The CTB management should define the range of scientific questions that are within the purview of the CTB and NOAA’s strategic plan, and propose a prioritization of those questions. The SAB can then evaluate that prioritization in terms of how well it addresses the overall CTB goals and objectives. 

III. Transition Project Teams

Transition Project Teams (TPTs) are the functional core of the CTB. Their role and organization is described briefly in section 6.5 of the SPTP and their activities are described in much more detail in a separate document containing the TPT annual reports for FY05. Our review is based on these two documents and on presentations at the board meeting.

The mission of the teams is “to enhance collaboration between internal and external participants on the CTB and to provide a mechanism for coordinating and completing CTB experiments that require computer resources.”   Seven teams have been organized in three general areas: Assessments (5 teams), Products (1 team), and Multi-Model Ensembles (1 team). Reports from the seven teams indicate that only three had begun activities (other than planning) during FY05. Furthermore, the activities that have been undertaken have been internal activities, not involving the teams’ roles of enhancing and coordinating external collaborations. 

This limited track record is to be expected during the first year of operations, particularly with limited resources and without the benefit of the Announcement of Opportunity to fund external collaborations.  But it leaves us with very little with which to judge the effectiveness of the teams as constituted or the soundness of their role in the CTB. Our views and recommendations on these topics reflect our general understanding of the purpose and goals of the CTB and are in no way a criticism of the teams’ performance up to this point.

A quick look at the SPTP leaves the impression that the TPTs are only one element within a larger CTB activity and that their role is a narrow one of promoting collaborations between other (internal and external) activities. TPTs are mentioned several times in that document, but described only in a brief subsection on page 24 of the document. A closer inspection, however, reveals that they are the ‘meat’​–the working arm–of the CTB.  This is clear if one looks at the manpower: Of the 23 FTEs NCEP has reallocated to the CTB, 17 appear to be solely devoted to TPT activities, with the remaining 6 FTEs devoted to management and support.

Realizing this central role of the TPTs, it is clear that they must be organized as a core activity and that they must embody the specific objectives and mission of the CTB. This is not currently the case; indeed, it cannot be the case at this point, since the specific mission and objectives are still being defined.  Current TPTs are a rather broad collection of existing activities that cover all possible areas of CTB interest. If the CTB is to succeed, it will have to focus its resources–particularly manpower–on a relatively small subset of these, and the TPTs will have to be reorganized to attack these priorities.

It is our strong recommendation that the CTB review the organization of the TPTs as it goes through the exercise of narrowing its priorities, and that it reconstitute them to focus on those priorities. Obviously, this is easier said than done. The current teams are a collection of existing activities, using, for the most part, existing resources that have been relabeled rather than ‘reallocated’ by NCEP. Not surprisingly, the relabeling has proceeded mostly along organizational lines, and most of the individual projects and teams look like mainline EMC and CPC activities. This blurs the line between the CTB and its parent organizations and creates a vast area of overlapping and/or conflicting roles and responsibilities.

This problem is most apparent for the teams in the Assessment category, where four of the teams are directly involved in development activities. Teams in model parameterization and sensitivity and in land and ocean data assimilation can easily become little more than a relabeling of the same development work being done by the same people in their parent organization. If priorities pointed elsewhere, one would have to look carefully at the resources used for such activities.

IV. Community Involvement

As stated on page 3 of the SPTP, the CTB is intended to address two critical elements of NOAA climate operations and services, a) improvements in S-I forecasting skill, and b) “enhancing the range and scope of NOAA’s climate products and services by developing new regional and sectoral climate forecast products for resource managers, stakeholders, and decision makers.”  Initial efforts are largely directed toward the first of these.  The second is more complex and involves a set of somewhat open-ended interactions.  The nonlinear, iterative, and inherently and unavoidably inefficient process by which this happens, was quite well covered by the recent Climate Change Science Program meeting in Washington DC on 2005 Nov 14-16.

The SPTP is intended as a living and evolving document.  On the second issue above, on page 4 the SPTP states that the “Annual CTB Workshop will be used to engage the research community in a review of CTB progress toward the goals of this plan and to openly discuss CTB foci for the following year.”  Thought is needed about how best to do this, including 1) how to get the word out that the program even exists, and 2) to initiate and maintain the actual engagement.  The best basic rule in engaging other communities is to go to them, rather than expect them to come to you.  There is vast experience to back this up.  The process involves much more time and resources than usually expected, and therefore than planned and budgeted.  The most efficient way to start this process would be through overview, update and topical talks at large national meetings.  The most logical of these would be the AMS annual meeting, and perhaps others like AGU, and annual CLIVAR and GEWEX meetings.  There is one topical talk (JP 1.33, GLDAS/LIS) at the 2006 Atlanta meeting, but no overview talks about the Climate Test Bed, nor any other NOAA Test Beds.  This would be an excellent forum to introduce this approach to the meteorology and climate community, and to begin the long and complicated engagement process.  A follow-up process would entail participants in CTB to discuss this at various topical workshops and conferences, such as those sponsored by AMS, CLIVAR, GEWEX, and various NOAA work groups and committees.  Key participants in the CTB should be encouraged by project management to act as emissaries for this activity in their travels and interactions. The CTB annual meeting ought to be a standalone meeting, perhaps associated with CDPW for convenience or travel budget purposes, or perhaps elsewhere.  The Climate Diagnostics and Prediction Workshop (CDPW) is a good meeting that many of the NCEP participants attend and can justify, but has a somewhat limited audience and attendance.  

Since many of the human and computational resources at NCEP have been redirected toward CTB, one might expect a description of and link to this activity to be prominent on the main NCEP web page, but a search does not reveal this to be the case.  The actual CTB web page within CPC’s pages appears to be the appropriate location.  

The main challenge in S-I forecasting is to “get beyond ENSO,” which along with trend constitute the two main sources of skill.  Trend, by itself, does not need a very fancy or complicated approach.  Without an ENSO signal and with no trend, typical skill at monthly and seasonal lead times is close to zero.  With an ENSO signal but no ENSO, any forecast is not very interesting.  The amount of EC (“Equal Chances”) shown on a typical official climate outlook at lead times of 3-52 weeks has discouraging, but also should be a great motivator.  There will never be a strong market for the S-I forecasting enterprise until the basic skill of the forecast improves (the biggest single barrier to use that is raised most often in surveys).  Thus, the initial emphasis on improved forecasts is justified.

**HERE**

There are two types of stakeholders in the extended community, those involved in climate research, and those involved in applications.  The extended research community includes other parts of NOAA beyond NCEP, other government agencies, universities, and perhaps a few private research enterprises.  Good ideas for fundamental advances and process simulation can come from any of these, and mechanisms (including those suggested above) for engaging all such players should be under way.  Because a significant part of the CTB is taking place in an operational environment, whose constraints (particularly scheduling and reliability) are often poorly understood by the research community, guidelines and checklists on “how we can work effectively together” or “performing research in an operational setting” may be necessary.  Those involved in applications constitute a large potential and ultimate audience, but for the time being we envision that the target audience for CTB is the set of people who in turn interact with the more ultimate users. Rather than try to directly reach the broad applications community, the best strategy for the present would be to target toward those intermediaries who bridge between research/operations and applications.  For example, a lot of these applications depend on boundary conditions supplied by operational products such as the various levels of reanalysis.  In many ways these eventual users would be best served by simply putting the effort into creating better input (diagnostic analyses and prognostic forecasts) for utilization by such applications.

The document lays out a set of “grand challenges.”  There are many good points here, but not all of them seem to rise to the same level of grandeur.  A missing challenge, at least good, and probably grand, is “making it all useful.”  The success of the CTB will depend on the degree of “buy in” from the non-NOAA participants. The recently concluded November 2005 CCSP meeting made it abundantly clear how difficult this is. The applications end of the CTB activity is much less developed, and in many ways is waiting for better forecasts, which will come with time.  However, there are nonetheless problems and issues where even now there is useful skill, where useful applications could be developed at current skill levels, in anticipation of future improvements.

In providing guidance for the suite of specific activities on which to focus, one explicit goal could be to make progress each year on critical issues of broad interest in each of the major geographic regions of the United States.  These could, for example, encompass the mechanisms for precipitation during the main precipitation season in each region, or air quality issues in each region.  Warm season Great Plains precipitation is singled out, as is the Southwest summer monsoon, but others include nor’easter type storms on the East Coast, and winter storms, mountain hydrology, and orographic enhancement in the West.  Improved estimates and forecasts of the atmospheric drivers of the soil moisture budget could help greatly with drought evaluation and forecasting, to assist with the interagency Drought Monitor.  The marine stratus problem in the East Pacific not only affects the oceanic energy budget, SST patterns and ocean circulation, but also is a significant component in getting the coastal fog (and associated upwelling) correct, which in turn has implications for air conditioning and energy demand for large coastal populations.  Regime-like behavior tied to the MJO is another excellent topic of great interest, spanning the climate-weather connection, and thus improving the representation of MJO and similar behavior on related time scales, is of high priority.  

Certain issues have no particular geographic province.  The comments about the long-standing disconnect between operations and the cloud research community are right on the mark.  Better cloud physics for all types of clouds are highly desirable, and a concerted effort to develop stronger ties between these two groups, perhaps along the lines suggested by Randall et al (David Randall, Marat Khairoutdinov, Akio Arakawa and Wojciech Grabowski, 2003.  Breaking the Cloud Parameterization Deadlock.  BAMS, 84(11), 1547–1564).

In topographically diverse terrain, a better representation of the finer scales is much needed for a variety of reasons.  Likewise, many studies are showing the critical sensitivity to temperature of snow-driven hydrologic systems, during both the accumulation and the melting seasons, and many of the intended applications of CTB activities are in the field of hydrology and water management.  A variety of approaches for improved handling of snow, and assimilation of snow and related hydro data, have been suggested and followed by those in the research settings, and some of these appear to be good candidates for operational use.  At least half of the United States is in this category, using the criteria of Barnett et al. (T.P. Barnett, J.C., Adam, and D.P. Lettenmeier, 2005.  Potential impacts of a warming climate on water availability in snow-dominated regions.  Nature, 17 Nov 2005, 438, 303-309.)

Constituencies are always needed to sustain programs and insure the flow of resources, and the suite of CTB activities in any one year should have enough diversity to maintain a positive view among a sufficiently wide range of external users of the value of this approach. A particularly confusing aspect this past year was the approach and informal guidelines to the recent CTB proposal solicitation. At the time of submission for letters of intent, there were mixed signals as to whether CTB proposals require an NCEP collaborator. The revised approach to the proposal solicitation and panel selection as presented by Ming Ji seems to be a step in the right direction. Similarly, the role and magnitude of NCEP base resources supporting the CTB relative to NCEP employees competing for CDEP funding in response to CTB priorities would benefit from a more specific delineation.

V. Model Output Access and Distribution

 
In view of the primary focus of the CTB on transitions from research to operations, and from operations to application, communications among the research, operational and user groups are vital to the success of this effort. Attention should therefore be devoted to the development and implementation of effective hardware and software tools for disseminating various model products to the interested communities. It is anticipated that the multi-model, multi-member ensemble approach adopted by the CTB will generate massive amounts of data, which must be made accessible to investigators and users outside of NCEP in a timely and expedient manner. Various data distribution channels have already been established at different centers, and could be used as prototypes for designing an appropriate information transfer system for CTB. This data facility should be targeted to meet the needs of the scientific collaborators, as well as the applications community. The SAB acknowledges the diligent effort to get the monthly and, now, daily fields from the CFS hindcast experiment onto the server. This was called out as a concern in our earlier report, and, while it is still a very important issue, NCEP has been responsive.

 
Making the model output readily available to participating scientific investigators (especially PIs who are funded to work on CTB-related projects) will enhance the involvement of extramural groups in diagnosing the output from the myriad hindcast and forecast experiments; testing physics, numerical and data assimilation packages in the model development process; and designing optimal algorithms for combining products from multiple models. The list of model variables, spatial and temporal sampling intervals, data formats, etc., of the datasets to be made available through the CTB  server could be determined after broad consultations with the scientific community. The design of this facility could benefit from the experience gained from similar efforts undertaken at PCMDI (for the IPCC runs), ECMWF (for the DEMETER and ENSEMBLES projects), CliPAS (Climate Prediction and its Application to Society, in support of the APEC Climate Center in Korea), PMEL (DODS server) and GFDL (NOMADS server).

 
The scientific content of the model output at CTB needs to be synthesized and condensed, so as to yield a collection of forecast products that may be immediately utilized by user groups for various applications. These data products should be tailored to facilitate decision-making based on model projections of the future state of the climate system. They contain region-specific and time-specific information on climate parameters that are most relevant to resource planning, disaster preparedness, etc. Measures of the uncertainties and historical skills of the model forecasts should also be provided. The future projections could be presented in a probabilistic fashion. All such information could be made available through a user-friendly website with convenient graphical interfaces. In the design stage of this website, due consideration should be given to feedbacks from the user community, as well as the features in existing sites maintained by IRI, ECMWF and other operational centers engaged in MME forecasting.

VI. SAB Structure and Meetings


The SAB sees the need for a dedicated annual review meeting.  A three-hour evening session at the end of a long day does not allow the SAB the opportunity to really assess the progress and scientific accomplishments of the CTB. A CTB session at the Annual Climate Diagnostics Workshop does not serve this purpose. Early in the developmental stages of the CTB, the SAB may likely need to meet twice per year. The SAB also recommends that its membership be expanded to have greater international participation and representation from the user/application/private sector. The SAB recommends that Prof. In-Sik Kang of Korea be invited to join the SAB. With respect to representation from the application sector there are two issues. One, many sectors (energy, agriculture, transportation, water resources, media etc.) could be represented.  This presents a challenge.  Two,  there are pitfalls associated with having a representative from a single company (how was that company chosen with respect to another, etc.). Perhaps the  CTB may want to consider a separate applications advisory board with representatives from, say, the trade associations of the relevant sectors. If not, someone like Chuck Howard, might be a possibility. Howard is a water resources engineer who has served on many (mostly WSTB) Academy panels.  He is retired (used to run his own water resources engineering firm) -- so he is strongly associated with the private sector, but does not have the conflict issues that someone working for a specific company would.  There still remains the issue that he is tied to a particular sector (actually two -- water and energy, he has done a lot of forecasting and operations work for the power industry).  

