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Dr. Ghassem Asrar began the session by summarizing comments made in related sessions (2, 10, 18).   Comments that he relayed included:

· Plan is a good beginning, has many strengths

· But room for improvement, e.g.
· Need to better identify the audience and purpose of document

· Needs a sense of a “grand challenge” to motivate the doc

· Elements of the strategy are not consistently included

· Document lacks specificity

· Needs a better balance of short and long term priorities

· Document lacks prioritization

· Needs a better sense of what the key uncertainties are—that will guide prioritization

Other themes that need to be included in document are:

· Full open access to data

· International participation strategy needs to be included

· Integrated approach to modeling, observations and information needs to be articulated.  Need for new intellectual paradigms for automating system interfaces and feedbacks, in space and on the ground among those three elements

First Panelist was Dr. Kevin Trenberth (NCAR)

Dr. Trenberth presented a PowerPoint presentation that should be consulted for the full detail of his comments, including illustrations.

.  A summary of points is presented here.

The true “grand challenge” is to focus on the interactions of the system, and the document as a whole.  Highlighted the need for a system approach to climate observations, detailed in recent BAMS paper (Trenberth et. al, BAMS Nov. 2002).  

Some of the discussion items missing from the document relevant to chapter 3 include:

· Beyond the observations, need data processing

· Analysis and 4-D data assimilation

· Inadequate treatment of variability, forcings, and the full fields needed for attribution

· Infrastructure necessary for proper stewardship of the full system

· Need to make point strongly that we do not have an adequate climate observing system, instead rely on observations taken for other purposes

Coordination among agencies is a high priority

The UNFCCC 2nd Adequacy report is a good start at an inventory of the existing system.  Howard Diamond led the U.S. inventory, a very good inventory.

Chapter 12 –relevant comments include:

· Where are the observations made into an observing system?  An observing system needs a comprehensive approach, following the “Climate Monitoring” principles laid out in the NRC climate monitoring report.  

· Items which are needed as part of a comprehensive approach include:

· Global telecommunications network for satellite data telemetry

· Climate observation analysis capability

· 4 D data assimilation

· Global climate models

· Oversight and Monitoring Center which tracks performance of observations, gathering of data and has resources to fix problems, and would serve as a strong voice at the table for climate concerns

· Integration

· Archival

· Distributed system

· User accessibility

· Stewardship

· Monitoring the performance of the system itself

· Need to correct problems that arise in near real-time

Such a Comprehensive Observing System would:

· Track what’s going on

· Analyze global products

· Understand changes

· Validate and improve models

· Initialize models

· Assess impacts regionally 

Some of the discussion items missing from the document relevant to chapter 12 include:

· Linkages between elements, e.g. Water and carbon

· The role of the ocean is largely minimized

· Linkages between aerosols and precipitation, relative humidity

· Land and soil moisture critical for climate variability

· Blend of in situ and remote observations needed

· Reiterated need to articulate all parts of system together somewhere

· IPCC initial values and other components that need to initialized

· Predictability as a topic

· Earth is in radiative imbalance—not dealt with anywhere

· Assessment of models along with products

There is a feedback between modeling and observations and generation of products; 4DDA and analysis play a strong role

In general the theme of changes in the energy budget is missing from the document.  Some reasons why energy budget/cycle is important:

· Climate change arises from changes in the energy budget

· Need to move beyond top of atmosphere for radiative forcing. Some effects are not linear.  

· Shortwave (solar) vs. longwave  (CO2)

· Need “bottom of atmosphere” radiative forcing

· Surface heat budget

· Involves the oceans
· Involves forcing and feedbacks, critical in dealing with hydrological cycle and local vs. global effects.  
· Places all feedbacks into coherent framework
Suggested that the Energy Cycle might be a “Grand Challenge” that could pull all the components together.

Overall, there is a need to integrate the components, establish an “end to end” system, “make music out of the din of current observations”, focus on the interagency connections and make the case to establish adequate funding to build the system.

Second Panelist was Dr. Einer-Arne Herland (European Space Agency)

Dr. Herland gave a PowerPoint presentation that should be consulted for the full detail of his comments, including illustrations.

He summarized the ESA Living Planet program, which includes 3 elements:

· earth explorers -- understand

· earth watch—long term monitoring

· technology and exploitation-  to develop more efficient approaches

and four themes

Solicit proposals for scientific missions 

Large number of missions being considered

Some of the missions include:

· Cryosat – ice elevation, ice thickness

· GOCE – earth gravity field

· SMOS – soil moisture, ocean salinity

· ADM – wind speed vectors

· Earth Care-  clouds, aerosols, radiation

· Spectra - vegetation

· WALES – water vapor

He then described ENVISAT.

An important point was the relationship between scientific space agencies and operational agencies.  In Europe, operational satellites are run by EUMETSAT and they are close partners with ESA.

Various organizations work together in close cooperation.

GMES – Global monitoring for environment and security

European partnership

The GMES serves several important societal needs, including the intelligence system, environmental governance, civil security, and resource management food and health security.

Dr. Herland had several specific comments on the Climate Change Science Strategic Plan:

- 
Good report, major achievement

· CCRI not a science program, more of a question to the science program, questions to the science community needed to answer policy needs, decision-support

· Should not just be a science plan, also needs to describe implementation

· Need to show steps needed, who going to do it, who is going to provide it, how many resources, how to achieve it. Especially if time frame 2-5 years

· International cooperation crucial, and Europe not mentioned, GMES

· Report should emphasize value of cross disciplinary approach

· More detailed indication of crucial modeling improvements needed would be useful

The next panelist was Dr. Ed Sarachik, University of Washington

Dr. Sarachik gave a PowerPoint presentation that should be consulted for the full detail of his comments, including illustrations.  

Omissions in Plan:

· Discussions of elements of climate data records without defining it

· Decision support, interactions

· Doesn’t give a synthesis of an overall coherent view

· 10 commandments of climate monitoring missing

There is a call for a climate observing system from scientists and the Administration (NRC reports and Dr. Mahoney’s presentation), and we currently lack a climate observing system.

At present, products are usually model products, including now casts, analyses and predictions, all of which are covered currently in the document.

However, have to make sure observing systems meet needs of policy makers, and products depend on needs of policy makers.

- Global vs. Regional

-  Long term vs. short term

Benefit to society should be the driver of the integrated system that includes research, sustained observations, and large-scale modeling.  We will never get observation system without showing benefit to society.

When decision-making drives the system, it has profound implications for the nature of the system itself, including implications for:

· Model resolution

· Scale of observations

· Nature and types of directed research

· Space and time scales

· Public support

· Organizational structure

The types of decisions to be made drive the way the system is assembled and run.

Other features:

· It is necessary to distinguish research from sustained systems, sustained systems, by definition are ongoing whereas research is a one-time event.

· Data quality and homogeneity should be assessed all the time, as well as an assessment how data are used.

· There should be commitment to old systems, transition from new to operations, all of which implies some service involved.

· The entire system must be operational, under a broader definition of the term.

For example, the Weather service and upper air network

· Have to use large scale modeling to get to products

· Have to implement all pieces of this system, since one piece alone won’t work
The next panelist was Dr. Paul Houser (NASA)

Dr. Houser gave a PowerPoint presentation that should be consulted for the full detail of his comments, including illustrations.

Dr. Houser formulated his comments in the context of his data assimilation and water cycle experience.

Water is central to life on the planet.  We can predict changes in mean temperatures, but can’t simulate significant trends in precipitation or hydrologic variations.

The program should build something that addresses needs of stakeholders—and it doesn’t need to be complicated.  Not all science is now targeted to be useful to stakeholders.  Delivering believable useful predictions is a way to connect research to stakeholders.  Availability of new observations motivates predictions, usability.

Observations to consequences figures

Global water resource availability figure

The constellation of satellites to measure water needs to be evaluated, and we

still don’t have precipitation, soil moisture, snow, for example, which are needed to answer the critical questions.

In addition, there are many water products, but it is hard to know which ones are close to the truth.  He suggested formulating coordinated products to understand errors.

GRACE total water changes in atmosphere

Integrate variety of observations

E.g. Soil moisture across techniques

Water cycle prediction diagram

Observations to predictions

It is important to get clouds right in models, need right scale in models.  Processes occur at fine resolutions.  If they’re not included, won’t get models correct.

In the document, it was not clear how to integrate the observations.

He provided an example in a table of how to better integrate them, and methods included land surface data assimilation.  Data keeps the model on track and anomalies filtered out by 4D data assimilation technique

Different levels of observation error

Four plots

His specific recommendations for the report included:

· Clarify what is meant by model/data integration?

· Quantification

· Intercomparison, geolocation, balance assessment, error assessment

· Unification

· Collaboration

· Observations

· We must define an integrated climate observation system that can detect changes

· Modeling and prediction

· Emphasize importance of prediction

· Constrain climate models with observations

· Information management

· Easily accessible, educate researchers on needs of stakeholders
The next panelist was Syd Levitus (NOAA)

Dr. Levitus gave a PowerPoint presentation that should be consulted for the full detail of his comments, including illustrations.  

Strengths of CCSP strategic plan:

· Extend climate record back using paleodata

· Data rescue – important for supporting decisions

· Extend climate record forward in time

· Systems have to make data accessible for decision-makers

· Develop biological and ecological databases

· Promote international cooperation

· Provide open access to data

· Provide for adequate data management

Uses:

· Diagnostic studies

· Boundary, initial conditions

· Data assimilation

· Verification for modeling

· Ground or sea truth for satellites

· Establishing climatologies

He suggested that a major need was global databases easily accessible in one format with the following characteristics:

· Global 

· Integrated

· Comprehensive

· Quality controlled

· Well-documented

· One format

· Electronic access to database and documentation

He gave three examples of global data sets now in existence:

· COADS surface marine data

· Merchant ship data heterogeneous

· International satellite cloud climatology project

· Satellite cloud data

· World Ocean Database

· Example of integrated, heterogeneous database

· Buoys, profiling floats

· Data from many different sources

· Citations >2700

He listed some desired characteristics of gridded products:

· Similar to databases

· Users want global products

· Gridded products of higher spaces and time resolutions

· Complete documentation

Both computer systems AND human resources/sustained project support are important for success

International contributions to database development are important, including Intergovernmental data exchange systems such as the IODE and IOC.  World data center of the International Council of Scientific Unions (ICSU)

Data management by various institutional arrangements

Not all data needs to be managed by national centers, but national centers archive data and they need support.

There is a need to focus on products for decision-makers.

Dr. Benjamin Preston (Pew Center)

Dr. Preston gave a PowerPoint presentation that should be consulted for the full detail of his comments, including illustrations.  

He listed some requirements for a climate observing system:

· Robust infrastructure

· Observing system

· Modeling 

· Data management

Each component serves independent function

Interaction necessary, and each has own deficiencies, but affected by others too.

Challenges for the observing system:

· Sampling biases

· Incomplete sampling

· Climate model testing

· Enhancing modeling capacity

· Scenario development

· Data management and stewardship

Despite proposed improvements in infrastructure, a number of shortcomings:

· Little attention given to interactions between data management, observations, modeling

· Little discussion of linkages, elements need to be mutually supportive

· Observation and modeling are narrowly constrained to address processes in the climate system itself

· No clear enhancement of capacity for monitoring

· Limited understanding of the needs of end-users of observing system and modeling data beyond the scientific community e.g. resource managers, private sector, policy makers, NRC reports, IPCC assessments, US national assessments.

· Need more consideration for data needs and data access issues for a broad array of stakeholders

· Need integration of data on climate and social science communities 

· Need a description of how will data be integrated

· Data management, observations, modeling does not reflect CCSP emphasis on the articulation of uncertainty

· Uncertainty analysis of climate projection and scenarios needs attention

· Observation and modeling infrastructure do not appear to be fully leveraged to address policy relevant questions

· Need to do research to define dangerous climate 

· Can only be addressed by integration of interactions

· Disconnect between research needs, priorities and deliverable products

· Budget similar but responsibilities have increased

· Probably not enough resources to do the plan as outlined—which products can be counted on?

· Ranking or priority system would be useful

· Long term strategy for supporting data, observation and modeling infrastructure is unclear

· Stabilization of existing observing systems is a priority

· Two center modeling—is it sufficient

· Only modest near term priorities identified for data management

· Strategy unclear

· Seems to be an a priori assumption that improvements in infrastructure will enhance decision-making

· Need to identify what information are decision makers lacking?

· Will additional research reduce uncertainties?

· Will reduced uncertainty facilitate decision-making?

· Avoid assumption that continued investment in research will ease decision-making challenges

· Document projects a false confidence in science—not all decisions will benefit from reduced uncertainty
Neville Smith Bureau of Meteorology Research center, Australia

Dr. Smith gave a PowerPoint presentation that should be consulted for the full detail of his comments, including illustrations.  

Dr. Smith reported that a similar exercise was being done in Australia.

He represented some perspectives from the ocean side of the issue, including ocean data assimilation.

Necessary elements for successful system operation include: Interaction, assimilation, estimation, fusion, blending, and synthesis.

Dynamically self-consistent analyses of the ocean circulation and uncertainties, including satellite and in situ data are needed. Models, assimilation methods, 

Computing power and human resources essential, as are data access.

One example of a Climate change product (service):

Estimate of heat and how it changed.

Models can help guide observing system design (Koehl and Stammer)

Another key question:

Where does SSH need to be observed to properly estimate the seasonally varying heat transport?

He noted a trend toward dynamic observing systems that adjust to the existing conditions

Specific comments on Report:

· HOW do we build the needed infrastructure (observations, modeling, and data and information infrastructure)

· Tier 1, essential mandatory components

· Robust, sustainable, reliable, but not fixed: slow evolution

· Product delivery, climate services, multiple use

· Tier 2, enhancements

· Dynamic, experimental, innovate, but with clear target towards tier 1

· “Grand Challenge” Elements

· High risk but even higher potential impact

· Part I: The essential components “enabling”

· Part II: Innovation, challenges

· But maintain balance: infrastructure is poor investment if there is no innovative, ground-breaking research

· Need a clear statement on the fundamental need for a global climate observing system

· We do not have a GCOS, but we should all commit to building the GCOS we require

· Observations alone will not answer questions

· Efficiency and effectiveness

· Not so much interaction among components as mutual complementarity

· Predictability provides a framework

· Observation system design

· Models: resolution, parameterization, initialization

· Data assimilation

· Physical to non-physical

· Global to regional scales

Strategic Plan must:

· Have clear objectives

· Include routine ocean (climate) services

· Elevate data and information management to same level as observations, modeling

· In the report, section 3.5 does not work

· In the report, section 12.3 is ok, but need high priority to climate meta data model

· Data and information services, is new paradigm

· Rearrange as suggested above (e.g. Section 12 is not grand challenges but infrastructure, enabling framework, 

· Pg. 136 framework for developing priority for all components, not just observations

· Embrace applications (value adding partnerships)

· Recognize synergy with weather and ocean prediction (ref. #12 discussion Wednesday)

Comments from the floor (note that there was only about 5 minutes available for general questions):

Need quantification of data record and what’s being provided operationally

Two columns, stating what’s needed for each variable, accuracy

Community, what’s needed and what’s wanted

Must show to administrators what’s needed for climate

Specifications for individual variables, do they exist?  

Yes, CLIVAR has a list.

How can we integrate?

Perhaps what’s needed is much more grandiose rather than examples cited.

Will we be able to integrate?

Elements of observations are personal to each scientist

How are you going to rustle up the troops?

How will you get scientific community to get together to do this?

Need a banner, something bigger than everyone that everyone can rally behind. We are a collection of scientists who are human and passionate about what we do, and how can you motivate scientists to believe they are doing something individual but that is part of the larger picture?

Need people who know everything about everything.

Need teams, facilitating working together. Need banner, framework

Drivers are different for collecting climate data sets are different than those for weather data.  

More emphasis on the difference between climate data and weather data.

Climate data will be extracted from weather data.

