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Note: this is (and for some time will be) a document in work, almost all statements in it need to be challenged and discussed.

WCRP and air-sea interactions/fluxes

Introduction, scope of work

The WCRP JSC/SCOR working group on Air Sea Fluxes (WGASF) successfully completed its tasks by providing a comprehensive review of air-sea flux problem (WCRP report No. 112, WMO TD No. 1036) and conducting a major workshop in Washington, DC, USA, in May 2001 (WCRP Report No. 115, WMO TD No. 1083). After that the group mandate formally came to its end. The WCRP has now to consider ways of continuing research in the area of air – sea fluxes (ASF) and ocean – atmosphere interactions (OAI).

President of SCOR Prof. Robert Duce, in his letter of 4 February 2002 to the Chairman of the WCRP JSC Prof. P. Lemke, proposed to work with WCRP on air-sea fluxes via co-operation in SOLAS (Surface Ocean – Lower Atmosphere Study), an IGBP and SCOR program, particularly through its focus 2. He mentioned in that letter that two WCRP experts, Peter Schlosser and Ken Denman, had been representing the WCRP on the SOLAS Scientific Steering Committee (SSC). 

The JSC – 23 (Hobarth, Australia, March 2002) considered WCRP activities in the area of air-sea interactions and the proposal by Prof. Duce. The committee agreed that WCRP should be a "co-sponsor" of SOLAS (although not a "principal" co-sponsor at the same level as IGBP, International Geosphere – Biosphere Programme, and SCOR). Formalities and details are to be worked out with IGBP, SCOR and SOLAS SSG, and WCRP attention will be given particularly to the subset of relevant activities. Also the JSC confirmed the general need for continuing WCRP activities in the area or air – sea fluxes / interactions with a group to be established. It was suggested that this group could also support SOLAS (subject to discussion with SOLAS SSC). Tentative terms of reference and membership were proposed, to be further taken up with SOLAS.

The JSC proposed the following ToRs for the air-sea interactions (fluxes) group:

· to review the requirements of the different WCRP programmes for air-sea fluxes;

· to develop communication and co-ordination between the research initiatives of WCRP and IGBP on air sea-fluxes;

· to encourage research and operational activities aimed at improving the knowledge of air-sea fluxes;

· to keep the scientific community and the JSC informed of progress achieved through regular report, World Wide Web, and as necessary, scientific workshops.

The agreed ToRs of the group are sufficiently general. The D/WCRP Modelling, Mr Roger Newson, had in his records the following additional specific tasks for the group:

· to establish an optimal strategy for the improvement of existing and development of new flux products;

· to contribute recommendations to the observational programmes (GOOS, GCOS);

· to provide feedback with SOLAS in order to improve biogeochemical flux products.

The JSC decisions acknowledge SOLAS as a viable program, which represents considerable interest to the WCRP. At present there is a need to practically implement the JSC decisions and respond to the proposal by SCOR President. This paper is intended to initiate the corresponding discussion and provide a review of several relevant international activities. 

Relevant meetings: 

The following meetings will provide an opportunity to discuss this issue:

· SOLAS SSC, November 2002

· WCRP JSC XXIV March 2003

Brief summary of WCRP interests in OAI and ASF

Appendix to this paper lists ToRs (mandates) of various WCRP panels, working groups and projects. The table below summarises the interests of these towards ASF and OAI. Bold typefaces highlight groups with close interests in ASF and OAI.

	WG/Panel/project/activity
	Link to ASF and OAIASF

	CLIVAR WG on Seasonal and Inter-annual Prediction (WGSIP) 
	Direct link to OAI and ASF activities

	CLIVAR Ocean Observation Panel
	All aspects of observations for fluxes

	JSC/CLIVAR WG on Coupled Modelling
	Direct link to OAI and ASF – science, numerical experiments

	WOCE/CLIVAR WG on Ocean Model Development 
	Direct link to OAI and ASF - forcing

	PAGES/CLIVAR WG
	

	CLIVAR Data management task team
	

	GEWEX Radiation Panel
	Radiative fluxes at the sea surface 

	ISCCP
	Relevant

	Surface Radiation Budget
	Relevant

	Global Water Vapour Project
	

	Global Precipitation Climatology Project
	Precipitation over ocean

	Global Aerosol Climatology Project
	

	Baseline Surface Radiation Network
	May provide standard for reference sites

	Cloud Radar Study
	

	GEWEX MODELING AND PREDICTION PANEL
	

	GEWEX Atmospheric Boundary Layer Study
	

	GEWEX Cloud System Study
	

	GEWEX Land / Atmosphere System Study
	

	GEWEX Hydrometeorological Panel (GHP)
	

	GHP Data Management Group
	

	Co-ordinated enhanced observing period (CEOP)
	Potential link via enhanced satellite observations

	Continental-Scale Experiments (CSEs)
	

	Intensive studies of specific hydrological regions. 
	

	Couplage Atmosphère Tropicale et Cycle Hydrologique (CATCH)
	

	International Satellite Land-Surface Climatology Project (ISLSCP) 
	

	Global Runoff Data Centre (GRDC)
	Run-off data

	ACSYS/CliC Numerical Experimentation Group (NEG)
	Process studies / Fluxes in presence of sea ice 

	ACSYS/CliC Observation Products Panel (OPP)
	Observations in presence of sea ice 

	ACSYS/CliC Panel on Polar Products from Re-analysis (PPPR)
	Improvement of re-analysis in polar regions

	ACSYS/CliC Data Management and Information Panel (DMIP)
	

	Working Group on Numerical Experimentation
	Direct link to OAI and ASF through data assimilation, studies of variability and parameterisations


Roger Newson’s summary of discussions at the JSC – XXIII (Hobart, March 2002) contains a set of requirements of WCRP Programmes in flux data, which was formulated at the session. It reads as follows.

CLIVAR:


surface flux anomalies for the description of variability from seasons to decades;


estimates of surface flux variability and validation of variability patterns.

GEWEX:


surface radiative budget, its validation;


global precipitation;


climatological global and regional flux fields and balance estimates.

WGNE:


flux products for independent validation of NWP fluxes.

Ocean modelling:


global fluxes + high quality flux estimates in key locations.

Coupled modelling:


flux fields for validation of derived fluxes;


flux statistics for sensitivity experiments.

ACSYS and CliC requirements were not specified at the JSC meeting. However, some of the above requirements are relevant for ACSYS and CliC. There is one more obvious requirement: flux products in presence of sea ice.

The new direction of the WCRP development (the new “banner”) with focus on global and regional predictability apparently requires a targeted study on how errors in simulating fluxes are related to performance of coupled GCMs at various spatial and temporal scales and in various regions. A study of error sources might be very valuable, not only for this activity but for all others. 

The WGASF report (WCRP 112) lists four classes of general requirements in heat, water and momentum flux products.

1) Regional NWP and ocean model forcing requires data at resolution of ca 50 km and 3 hours, surface wind being the primary need. Such products will be generated by models and produced by operational satellite-born scatterometers. 

2) Climate and sea-ice modelling require flux data with accuracy of a few W/m2 with a little coarser resolution than for NWP.

3) Climate variability studies require temporally and spatially consistent flux data with relatively high absolute accuracy.

4) High quality verification data are needed for many purposes.

Particular problems are the lack of closure for global and regional‑scale energy balances, and the large regional biases in flux components. The knowledge is deficient regarding the seasonal and inter-annual variability of sea‑air fluxes, and also with regard to the error characteristics inherent in the flux products. 

None of the projects explicitly mentions wind waves as a factor affecting fluxes. The WGASF report did not address this in detail, too. This is apparently a gap. Research in this area needs to be promoted and supported. The ECMWF system is the most advanced on this issue, amongst operational forecasting systems.

Current international activities in the area of ASF and OAI

A short review of international programmes and organisations with interests in ASF and OAI is given below.

SOLAS

Information on SOLAS is taken from SOLAS Science Plan (August 2002). 

Not only Focus 2, but all three foci of SOLAS are of considerable importance for WCRP research. 

Focus 1 (biogeochemical interactions and feedback in the ocean and atmosphere) provides a boundary condition for models of atmospheric chemistry. Mostly, this is a domain of the CACGP and partly, WGNE. In turn, SOLAS requires atmospheric input from atmospheric modelling, e.g. wet and dry deposition rates. 

Focus 2 Activity 2.1 “Exchange Across the Air-Sea Interface” aims at producing better quality methods for calculation of momentum, mass and energy fluxes, which is to be achieved by experimental and theoretical studies of the multitude of involved processes. Another emphasis is on the study of sensitivity of ocean and atmosphere models to variations in fluxes (due to errors or to natural variations). 

WCRP should support these studies trying to simultaneously ensure that the new “flux science” can benefit coupled modelling and corresponding data assimilation. It is crucial that the new quantitative approaches to flux computation in WCRP applications can work with existing observations (i.e. use parameters, which are reported) and lead to ability to express fluxes as functions of existing model parameters / variables. 

Focus 2 Activities 2.2 and 2.3 “Processes in the Ocean Boundary Layer” and “Processes in the Atmospheric Boundary Layer” extend the study/modelling domain by adding to it “biogeochemically important materials” (SOLAS Science Plan). Such studies join physics and biogeochemistry. Present uncertainties in “thermodynamic” fluxes and in the corresponding modelling are very high (it is enough to mention that measurements of precipitation and salinity still remain the biggest concern). Therefore without achieving considerably better quality of data assimilation and modelling the exchange of momentum, heat and moisture as well as CO2, the impact of such studies on climate modelling would be relatively small. 

Focus 3 Activities 3.1 and 3.2 (Air-Sea CO2 Fluxes and transformations of carbon in surface layer due to changing upper ocean properties) directly contribute to the Joint Carbon Project and are central for all carbon-cycle models. Considerable efforts in this area are underway in CLIVAR. These issues are on the agenda of WGs on Ocean Model Development and on Coupled Modelling. Observations of pCO2 are being planned. Usefulness of this SOLAS activity to the WCRP will be dependent on how the tasks will be solved practically in collaboration with other existing programmes and operational systems. A link between the Joint Carbon Project and SOLAS can be recommended (SSCs for the JCP and SOLAS apparently do not intersect). 

At present SOLAS is in planning state. Its Science Plan, which mostly reviews the state of the scientific knowledge, is being converted now into the Science Plan and Implementation Strategy. Past participation of WCRP experts has been instrumental in developing the plan. WCRP should continue its active support of this work. 

GODAE 

The GODAE web site contains links to the GODAE Strategic Plan and draft Development and Implementation Plan. The GODAE Implementation includes development of observing networks and data assembly centres, data transmission facilities, data servers, centres for assimilation and products generation, and research and application centres. 

Current approach to ASF in GODAE is that the fluxes will be used mostly as external forcing. GODAE participants are aware of significant differences in existing flux data sets. GODAE should be seen as an important customer to OAI and ASF research. Particular interest of GODAE in the area of ASF is related to

· facilitation of real-time or near real-time exchange of forcing data,

· intercomparison of forcing resulting from various NWP centres and its comparison with satellite data,

· characteristics of flux product errors,

· impact of errors in forcing on ocean analyses and forecasts (sensitivity studies). 

Techniques of data assimilation (DAS), which are currently in use by GODAE centres, do not employ multi-variate covariance of parameters, which are directly linked to wind stress and energy fluxes. Simultaneous assimilation of atmospheric, ocean observations together with data on waves and sea – ice is still non-existent and is not planned in foreseeable future. 

Activities of GODAE will definitely facilitate the improvement of future flux analysis quality due to better representation of ocean surface parameters and currents. GODAE is able to act as a highly professional and demanding customer for flux products. At the same time, comprehensive formulation of GODAE user requirements in flux data has not yet been completed: is is apparently underway. 

SURFA

The WGNE project SURFA targets quality of NWP fluxes and establishes the process of flux intercomparisons. Links to climate models could be valuable. Co-operation with SURFA should be extended. SURFA developed a strategy for intercomparison of fluxes and at a small workshop (San Francisco, December 2000) agreed upon an initial set of observing sites for these activities.

SEAFLUX

Within the SEAFLUX project an attempt has been made to produce better quality flux data sets. One example is HOAPS, a set, which is produced using several satellite sensor data. Another SEAFLUX effort is related to the TOGA COARE activities. This is exactly the kind of activity on assembling the best possible quality data sets for fluxes and flux data set we need. 

GCOS Activities 

It should be essential that flux requirements are included in the Second GCOS Observing System adequacy assessment. Two working groups of GCOS may directly contribute to WCRP interests in ASF: WG on SST/Sea Ice and Surface Pressure Working Group.

The WG on SST/Sea Ice continues to examine the quality and coverage of the SST network in terms of its use in climate. Several studies have been undertaken on problems associated with determination of the sea-ice edge and the interpretation of SST within the vicinity of the ice edge. New analyses that take better account of how the SST data are processed lead to more precise assessments of the sampling requirements. The focus is on climate-quality products and there are strong links with the GODAE High-Resolution SST project.

For the future, a duel strategy has been proposed by the group:

(1) A detailed study of a specific period

· Agree on period for a re-analysis of the open ocean data set

· Select common data set

· Evaluate analysis methods, making use of withheld / independent data

(2) Sea-ice issue

· Gather research data sets 

OOPC

This panel is interested in the ASF and OAI and may provide a useful input to the WG. Former Chairman of the WGASF, Peter Tailor, is a new OOPC member and he is reportedly ready to work with the WCRP on fluxes representing OOPC.

Verification of precipitation forecasts of WGNE  

It is a useful part of work on total fluxes. Overview of this activity for climate modelling may be desirable.

Platform for intercomparisons
Capabilities of Programme for Climate Model Diagnosis and Intercomparisons at the Lawrence Livermore National Laboratory, USA, are very instrumental for intercomparison of flux products. 

Time series group 

It is a very relevant group, which is mandated with a task to define a global array of stations for multi-disciplinary observations, including observations at the sea surface (related to SURFA). Flux data are being worked on there.

DEOS

Dynamics of Earth and Ocean Systems is a project in marine geology and geophysics, physical, chemical and biological oceanography and air-sea interactions. DEOS seeks to establish a global network of permanent and relocatable multi-disciplinary ocean observing systems featuring real-time telemetry and remote instrument control. They seem to be doing well with funding and may have links to time series activities.

VOSClim

The goal is to compile a high-quality set of marine meteorological observations with metadata detailing how the data were obtained. These data provide high quality ground truth for calibrating satellite observations. 

ANIMATE and CAVASOO

Atlantic Network of Interdisciplinary Moorings and Time-Series for Europe (ANIMATE) and Carbon Variability Studies by Ships of Opportunity (CAVASOO) are two relatively new European programmes involving ship observations, mostly for studies of carbon cycle. 

Ocean (re-)analyses 

At present there are several activities in the area of ocean re-analysis including: 

· ECCO (Estimation of the Circulation and Climate of the Ocean), a consortium that has been in place since 1999;

· ENACT project on enhanced ocean data assimilation and climate prediction (starting date late 2001). In ENACT, the 4D-Var system will assimilate both in situ and altimeter data (the system currently assimilates in situ data only). This project is linked to CERFACS;

· University of Maryland Department of Meteorology Global Ocean Reanalysis Project SODA (James Carton);

· GFDL Ocean Assimilation 1980-1999;

· NCEP and FNMOC Ocean Analysis activities;

· NASA Seasonal to Inter-annual Prediction Centre Ocean Analysis;

· Several regional (Europe, Mediterranean, US) activities like Mediterranean Forecasting System, etc.

Many of these projects are intimately linked to GODAE. One of primary interests of all the groups is atmospheric forcing. 

Joint Projects

of (WCRP, IGBP, IHDP and Diversitas) on Water, Carbon and Food do not explicitly focus on the science of OAI or ASF. At the same time there is considerable potential for (and probably even a need in) this in the Global Carbon Project.

IGBP

In the new IGBP structure SOLAS is the only IGBP project, which explicitly focuses on ocean - atmosphere interactions. 

Indirectly, ASF and OAI are also included in the following core IGBP projects: 

· Draft Framework for Future Research on Biological and Chemical Aspects of Climate Change (also known as the "Ocean Futures" activity) and related Global Ecosystem Dynamics (GLOBEC) project, 

· Land-Ocean Interactions in the Coastal Zone Project (LOICZ),

· International Global Atmospheric Chemistry Project (IGAC), 

and

· Global Analysis, Integration and Modelling (GAIM).

However, all these projects refer to SOLAS as their major link regarding ocean – atmosphere interactions. 

IHDP and Diversitas currently do not have projects in the area of ocean – atmosphere interactions. 

Re-analysis efforts

There have been multiple flux studies based on NCEP and ERA-15. We need to ensure that NCEP second re-analysis ioncludes our interests in  fluxes and that similar studies are done using ERA-40. In addition links to reanalysis at FNOC, JMA may be useful.

Relevant decisions by international groups/bodies

In addition to the JSC-23 output on the ASF/OAI problem and the above mentioned letter by Prof. Duce to Prof. Lemke, the following output by relevant bodies should be mentioned.

CLIVAR SSG decision

The CLIVAR SSG concluded that CLIVAR OOP should be replaced by an activity that would be more focused on analysis, diagnostics, assimilation and re-analysis. A workshop will be dedicated to these issues.  The OOPC noted that the reanalysis workshop being planned should also be put on the agenda for GODAE and OOPC to make sure that the intersection lines are properly highlighted and addressed. 

Task team on re-analyses has to plan a workshop to develop strategy to improve surface fluxes with a special focus on ocean reanalyses and involving atmospheric reanalysis activities. Plans for the workshop have to be presented to WCRP JSC 2003.

OOPC-7 (Kiel, June 2002) expressed a need for continuation of WCRP activities in the area of ASF.

Relations between WCRP ASF and OAI activities and SOLAS

Analysis of WCRP needs in AF and OAI area indeed suggests that a WCRP WG on ASF needs to be established. It follows from the consideration of SOLAS scope that WCRP should support SOLAS, mostly foci 2 and 1. The best possible way to organise this would be through the WCRP WG on ASF. At present it seems that link to the SOLAS SSC, which Peter Schlosser and Ken Denman provide, is 100% adequate. In turn this means that both of them should be invited to serve on the WCRP WG on ASF as members (at least).

Also, it is possible to conclude that foci of SOLAS do not fully cover WCRP interests in the area of ASF and OAI. 

What is desirable:

	
	Potentially involved groups

	1. A link between SOLAS Focus 1 activities, WGNE and CACGP
	SOLAS SSC for focus 1, WGNE, CAGCP 

	2. SOLAS Focus 2 activity may be recommended to establish links to WGCM, WGOMD, SURFA, and, may be, ocean data assimilation activities outside WCRP. OOPC may be requested to ensure that new “flux science” can efficiently use ocean observations: current and future. Specification of flux data requirements for ocean data assimilation (possibly jointly with GODAE, WGCM). 
	WGCM, WGOMD, SURFA (WGNE), SOLAS SSC for focus 2, OOPC, GODAE, some ocean analysis and reanalysis operators, link to WGNE precipitation forecasts verification

	3. A link between the Joint Carbon Project, COOP of CLIVAR, and SOLAS Focus 3. 
	Joint Carbon Project, COOP, SOLAS SSC for Focus 3

	4. Contribution of WCRP into SOLAS Science Plan and Implementation Strategy is desirable.
	Peter Schlosser, Ken Denman

	5. Continuation of activities aimed at generation of advanced flux data sets, compilation of a list of available flux data sets, access to observations, which traditionally have not been available for flux studies, flux intercomparisons. Inclusion of precipitation and radiative fluxes into the data sets. Activities aimed at increased availability of flux/SST re-analyses to science groups 
	Participants in SEAFLUX project, Global Precipitation Mission, Soil Moisture – Salinity Mission, GRACE/GOCE (?), GCOS AOPC/OOPC WGs on SST/Sea Ice and Surface Pressure, VOSClim, link to W\GNE precipitation forecasts verification, DEOS, time series people including ANIMATE and CAVASOO 

	6. Activities aimed at development of multi-variate joint ocean – atmosphere  - sea ice wind wave – land surface data assimilation schemes
	Suitable experts from ECMWF, CERFACS, VOSClim (?)

	7. Linking flux data to seasonal and inter-annual prediction, regional predictability, studies of sensitivity of ocean-atmosphere system evolution to variations in fluxes with corresponding estimation of uncertainty in predictions arising due to errors in fluxes
	WGSIP, new WCRP banner activity people

	8. Fluxes in presence of sea ice, fluxes in polar regions
	ACSYS/CliC NEG and OPP, JCOMM Expert Team on Sea Ice, GCOS WG on SST/Sea Ice, SHEBA people

	9. Workshop to discuss the flux problem and organise the future activities in a sensible way after the completion of WGASF activities 
	WCRP (CLIVAR, WGCM, WGOMD, WGNE/SURFA), SOLAS, GODAE, GOOS, OOPC

Sponsors: WCRP, IGBP, IOC, (DEOS?)

	10. SST and flux re-analysis at global NWP resolution intercompared with SURFA data
	WG on SST/Sea Ice, WGNE/SURFA

	11. Establishment of a Working Group on Fluxes
	WCRP (mostly CLIVAR/WGOMD/WGNE)-based with experts from SOLAS, GODAE, GCOS/GOOS


What a working group on ASF WCRP do we seem to need:

While the WGASF report and the subsequent report of the Seminar in Washington review in general terms the data, methods and requirements associated with ocean - atmosphere fluxes, now we need a group more focussed on co-ordination of all flux related activities. First of all, we need to remember that long-range prediction / predictability / variability / sensitivity studies also require information (data) on fluxes from land. Thus we need co-ordination of all marine and land-based fluxes. 

The following activities are required (tentatively):

· compilation of inventory of existing quality datasets containing parameters needed for flux computation, review of the data sets in terms of data availability, quality, regional and temporal resolution and coverage, activities aimed at making the data sets known to scientific community and accessible by it;

· linking datasets in the areas of radiation, precipitation and latent and sensible heat fluxes with integration across all WCRP projects and other programmes and projects to generate global sets of corresponding data and full physical fluxes at the surface, again ensuring awareness of scientists and their ability to use the datasets;

· assessment of the WCRP projects and the banner needs in fluxes and related data, evaluation of how these needs are met and what needs to be done in this area;

· studies of uncertainties in flux data sets and products, model sensitivity to flux input errors and limits on predictability arising from errors in surface fluxes;

· continuation of development of flux parameterisations in models, particularly in coupled models, with inclusion of sea-ice cover and surface gravity waves;

· specification of requirements for flux and flux-related observations, development of corresponding data exchange, support to intercomparison of flux simulations/predictions by models and verification of flux products against observations;

· establishment of so far apparently (I may be wrong!) missing link between works in GODAE, satellite projects like Global Precipitation Mission, salinity missions and possibly others and flux studies in the WCRP;

· developing multi-variate data analysis schemes and related data assimilation approaches so that there is an input from oceanographic observations to meteorological parameters;

· interaction and support to SOLAS foci 1 and 2 (this includes biogeochemical fluxes and all related activities);

· in a more distant perspective – consideration of coupled system (re-) analysis study.

How to start – yet in relation to ocean related matters only

1) Form an initiative group

2) Nominate the leader (or two but better one) 

3) Discuss tasks for the initiative group, initially using this paper

4) Discuss ToR and composition of the WCRP ASF group

5) Conduct workshop

6) Go ahead first with ocean co-ordination group, facilitate land-based group

I will be ready to assist from the JPS WCRP but links with Venkatamaraiah Satyan (Climate modellling, WGNE, WGCM), Valery and Howard (CLIVAR) and Gilles (GEWEX) will be crucial.

Note: for mixing land-based and maritime observations and data sets, e.g. for CO2 one needs to work with FluxNet (http://daac.ornl.gov/FLUXNET).

Appendix

Terms of Reference of various WCRP Groups

CLIVAR WG on Seasonal and Inter-annual Prediction

· develop a programme of numerical experimentation for seasonal-to-interannual variability and predictability, paying special attention to assessing and improving predictions;

· develop appropriate data assimilation, model initialization and forecasting procedures for seasonal-to-interannual predictions, considering such factors as observing system evaluation, use of ensemble and probabilistic methods and statistical and empirical enhancements, and measures of forecast skill;

· advise the CLIVAR SSG on the status of seasonal to interannual forecasting and on the adequacy of the CLIVAR observing system, and to liaise with JSC/CLIVAR Working Group on Coupled Modelling and the JSC/CAS Working Group on Numerical Experimentation.

CLIVAR Ocean Observation Panel

· To evolve, evaluate, and report to the CLIVAR Science Steering Group (SSG) the implementation strategy for sustained ocean observations to meet the CLIVAR requirements for variability and predictability studies, monitoring and basic research. This strategy should comprise the appropriate mix of measurement platforms and synthesis techniques to determine the full suite of ocean variables, including air-sea fluxes, required by CLIVAR taking into account existing and new technologies and the emerging operational observing systems of the Global Ocean Observing System (GOOS) and the Global Climate Observing System (GCOS) and the deliberations of the Joint Commission on Oceanography and Marine Meteorology and its panels. 

· To study and take action to improve the effectiveness of the ocean observing system to achieve the CLIVAR objectives from measurement to end-user by examining actual data flow and synthesis techniques to produce useful information for the CLIVAR research programmes. This study will include research and, as appropriate, operational data assimilation methodologies, techniques, and products. 

· To study and take action to improve the effectiveness and impact of the ocean observing system to achieve the CLIVAR objectives through liaison with the CLIVAR Working Group on Seasonal-to-Interannual Prediction (WGSIP), the Data Task Team (DTT), the CLIVAR Principle Research Area (PRA) science teams and the various Ocean Basin Implementation panels, as well as other WCRP panels, as appropriate. 

· To work jointly with the WGSIP to determine observational requirements for experimental and operational predictions of ENSO and other predictable components of the climate system and develop a strategy for implementing these requirements. 

· To liaise with GOOS/GCOS and, in particular the Ocean Observations Panel for Climate (OOPC) and the Global Ocean Data Assimilation Experiment (GODAE), in regard to the development of the implementation strategy and evaluation for common elements of the sustained observing system, as well as operational and quasi-operational systems and products. 

JSC/CLIVAR WG on Coupled Modelling

· Review and foster the development of coupled climate models, including organisation of model intercomparisons and utilisation of available instrumental records and paleo-climatic data for model validation and diagnosis of shortcomings; 

· Promote co-ordinated experimentation with coupled models aiming to understand natural climate variability on decadal to centennial time scales and its predictability, and to predict the response of the climate system to changes in natural and anthropogenic forcing; 

· Promote the development of appropriate data assimilation procedures for coupled models and consider questions related to initialisation; 

· Undertake other modelling activities in support of CLIVAR and the WCRP, as requested by the CLIVAR Scientific Steering Group and the JSC; 

· Advise the CLIVAR Scientific Steering Group and the WCRP Joint Scientific Committee on progress in the development and use of global coupled models, and review and co-ordinate modelling activities as appropriate within CLIVAR and in the WCRP as a whole; 

· Maintain close co-operation with the JSC/CAS Working Group on Numerical Experimentation in establishing an integrated approach to climate modelling in the WCRP; 

· Liaise as appropriate with IPCC and the Global Analysis, Interpretation and Modelling (GAIM) element of IGBP 

WOCE/CLIVAR WG on Ocean Model Development 

· To stimulate the development of ocean models for research in climate and related fields, with a focus on decadal and longer timescales at mid-and high-latitudes. 

· To encourage investigations of the effects of model formulation on the results of ocean models, making use of sensitivity studies and intercomparisons. 

· To promote interaction amongst the ocean modelling community and between this and other communities through workshops and other activities. 

· To stimulate the validation of ocean models when used in stand alone mode and as part of a coupled ocean-atmosphere model, using oceanographic data and other methods, and to advise on the observational requirements of such studies. 

· To publicise developments in ocean models amongst the climate modelling community. 

· To collaborate with other activities in areas of overlapping responsibility. 

· To advise on ocean modelling and related issues and to report on its activities to the JSC/CLIVAR WGCM and WOCE Scientific Steering Group. 

PAGES/CLIVAR WG

· To formulate and promote, in collaboration with PAGES and CLIVAR, a programme of paleoclimatic reconstruction providing long-term records of quantitative paleoclimatic data with seasonal to inter-annual resolution in areas which are of direct relevance to IGBP and WCRP (i.e., monsoon and ENSO regions, the North Atlantic, and areas of the globe with possible hydrologic predictability). 

· To formulate and promote, in collaboration with PAGES and CLIVAR, a programme for collecting, analysing and integrating paleoclimatic data in order to reveal evidence of patterns of variability within the climate system over seasonal to century time scales. 

· To formulate and promote the use of paleoclimatic data in evaluating predictive physical climate models, as well as the use of inverse models, to understand the variability present in the paleoclimatic and paleo-oceanographic record, and to co-operate with other modelling activities of relevance to PAGES and CLIVAR. 

CLIVAR Data management task team

· define CLIVAR's requirements for a data and information system

· assess the extent to which existing data management systems meet the CLIVAR requirements

· for the rapid, responsive delivery of data and data products 

· for the secure but accessible archival of CLIVAR data 

· for the delivery of information on the location and availability of CLIVAR data 

· make recommendations on actions that need to be taken to ensure an adequate CLIVAR data and information system.

· report to the WOCE/CLIVAR Data Products Committee and to the CLIVAR Scientific Steering Group.

GEWEX Radiation Panel

Guides GEWEX radiation projects in determining the radiation budget and fluxes in the atmosphere and at the surface, as an element of seasonal-to-inter-annual climate variability, and the response of the climate system on decadal-to-centennial time scales to changes in anthropogenic forcing.

International Satellite Cloud Climatology Project

Produces a continuous global data set of the Earth's radiance using cloud radiance data from geostationary and polar orbiting weather satellites.

Surface Radiation Budget

Produces a 10-year global data set of the Earth's radiation budget (shortwave and longwave) using ISCCP data and radiative transfer models.

Global Water Vapour Project

Improves measurement of water vapour and accuracy and availability of global data. Build global water vapour data set; establish reference stations; conduct intercomparison studies; and foster research and development for a new RH RAOB sensor.

Global Precipitation Climatology Project

Provide monthly global estimates of area-averaged precipitation. Merge in situ data (6,000 stations) with microwave and infrared satellite land and ocean data into a 10-year global data set.

Global Aerosol Climatology Project

Produce a 20-year climatology of aerosol forcing data from satellite observations and field observations for use in climate models.

Baseline Surface Radiation Network

Provide highly accurate worldwide radiative flux measurements to validate satellite-based measurements. Develop instrument requirements, establish BSRN reference stations worldwide and assemble a database.

Cloud Radar Study

Develop a data base of the global 3-dimensional distribution of cloud parameters. Measure the vertical distribution of clouds for calculations of the partition of cloud-induced radiative heating at the ground and at different levels in the atmosphere.

GEWEX MODELING AND PREDICTION PANEL

Oversees development and improvement of cloud and land-surface parameterisation schemes of GEWEX Modelling and Prediction Projects to ensure their successful integration into global circulation models (GCMs).

GEWEX Atmospheric Boundary Layer Study

Co-ordinates research on boundary layer physics to improve the representation of the atmospheric boundary layer in models.

GEWEX Cloud System Study

Develop new physically-based cloud parameterisations based on cloud resolving models of different cloud systems for numerical weather prediction (NWP) and climate models. Develop models using existing and planned campaign data sets; conduct intercomparison workshops; and provide blueprints of cloud data requirements for new campaigns.

GEWEX Land / Atmosphere System Study

Co-ordinates the development of improved land-surface schemes for coupled land-atmosphere models at all scales.
GEWEX Hydrometeorological Panel (GHP)

Co-ordinates plans on the scientific issues related to the development and implementation of the Continental Scale Experiments (CSEs). The focus of GHP is to demonstrate skill in predicting changes in water resources and soil moisture on time scales up to seasonal and annual as an integral part of the climate system. 

GHP Data Management Group

Assists the GEWEX Hydrometeorology Panel in the co-ordination and facilitation of data management activities and issues between the GEWEX Continental-Scale Experiments, the Global Runoff Data Centre, and the International Satellite Land-Surface Climatology Project. 

Co-ordinated enhanced observing period (CEOP)

A co-operative effort in the 2001-2002 time period to compile continental data sets on a global scale derived from the new generation of satellites. 

Continental-Scale Experiments (CSEs)

- GEWEX Americas Prediction Project (GAPP)
- Baltic Sea Experiment (BALTEX)
- GEWEX Asian Monsoon Experiment (GAME)
- Large-Scale Biosphere-Atmosphere Experiment in Amazonia(LBA)
- Mackenzie GEWEX Study (MAGS)
- Murray-Darling Basin Water Budget Project (MDB)

Intensive studies of specific hydrological regions. These studies will provide improved observations and coupled land-atmosphere models. 

Couplage Atmosphère Tropicale et Cycle Hydrologique (CATCH)

The CATCH project was adopted as an official affiliate GHP project (rather than a CSE) with the expectation that other basin studies might also seek the same status in the future. These smaller basins are recognized as being an important component of GHP’s planned transferability studies 

International Satellite Land-Surface Climatology Project (ISLSCP) 

Provides global data, experiments, and modelling of land-surface interactions, emphasizing satellite remote sensing. Develops new satellite measurement techniques and algorithms, conducts field campaigns, and develops global data sets for use in interdisciplinary science investigations. 

Global Runoff Data Centre (GRDC)

Develop a global streamflow database for use in the development and verification of atmospheric circulation models using river discharge data compiled from 3,680 stations located in 2,854 rivers.

ACSYS/CliC Numerical Experimentation Group (NEG)

In liaison with other NEGs within the WCRP: 

· to address cryospheric modelling issues of the coupled system (atmosphere, sea ice, ocean, ice sheets, ice shelves, ice caps, glaciers, and land hydrology including snow cover, frozen ground, permafrost, and lake and river ice) relevant to ACSYS/CliC; 

· to promote the investigation and improvement of the parameterisation of specific cryospheric processes in climate models; 

· to distribute the improved parameterisations. 

1. To advise the ACSYS/CliC SG on data requirements for model development, validation and optimisation, and on archiving model output. 

2. To develop, review and update as appropriate the ACSYS and CliC implementation plans on a regular basis. 

3. To create temporary task groups where required to: 

· promote the improvement and evaluation of models of individual components of the cryosphere; 

· investigate coupling processes and techniques in models whose representations of cryospheric components are interactively connected in part or in combination, and 

· advise the ACSYS/CliC SSG on the use of data assimilation techniques applied to individual components and coupled models. 

ACSYS/CliC Observation Products Panel (OPP)

Through a rolling programme agreed with the ACSYS/CliC SSG to: 

· Evaluate the ACSYS/CliC user requirements for observational products and data obtained by in-situ and remote-sensing observations. 

· Evaluate the techniques by which specified observational products are derived with the aim of identifying the best currently available scientific and technical approach. 

· Evaluate data sets derived from the application of these techniques against the requirements for their use and recommend the best products for ACSYS/CliC purposes. 

· Maintain awareness of newly developing techniques and products for application in ACSYS/CliC-relevant climate research and to advise the ACSYS/CliC SSG accordingly. 

· Liaise with other groups both within and external to WCRP as appropriate in promoting and carrying out the needed evaluation of techniques and data sets. 

· Contribute to, review and update appropriate sections of the ACSYS and CliC Implementation Plans as needed. 

· Liaise with the ACSYS/CliC SSG and other ACSYS/CliC panels using the resources of the International ACSYS/CliC Project Office. 

ACSYS/CliC Panel on Polar Products from Re-analysis (PPPR)

· Promote the evaluation and assessment of re-analysis products for the polar regions of both Northern and Southern hemispheres, (and other regions influenced by cryospheric processes), working with the Re-analysis Centres, other WCRP Projects and others as appropriate. 

· Maintain an overview of re-analysis products for the wider global cryosphere as a whole and their relevance to CliC, in liaison with other WCRP Projects, Re-analysis Centres and others as appropriate. 

· Maintain awareness of the work of re-analysis centres, liaising with them as appropriate on the representation of polar and cryospheric processes in future re-analysis efforts, in collaboration with the ACSYS/CliC Numerical Experimentation Group (NEG). 

· Promote the development and implementation of techniques for blending modeled and in-situ data sources to provide optimal gridded data sets. 

· Give particular attention to precipitation fields, in collaboration with the Global Precipitation Climatology Center (GPCC) with the aim of providing data sets at spatial and temporal resolutions suitable for input to hydrologic models of drainage basins influenced by cryospheric processes. 

· Contribute to, review and update appropriate sections of the ACSYS and CliC Implementation Plans as needed. 

· Liaise with the ACSYS/CliC SSG and other ACSYS/CliC panels using the resources of the International ACSYS/CliC Project Office. 

ACSYS/CliC Data Management and Information Panel (DMIP)

· Advise and inform the ACSYS/CliC SSG of on-going data and information management issues in the implementation of a sound strategy for ACSYS and CliC. 

· Provide ACSYS and CliC data management and information advice as well as guidance and co-ordination to investigators, collaborating data centres, projects and programmes. 

· Advise on and develop a consistent policy for the identification, flow and dissemination of relevant data and information for ACSYS and CliC. 

· Prepare data and information flow management plans for ACSYS and CliC; review and update them as and when required. 

· Evolve the current ACSYS Data Information Service to encompass needs for CliC, guiding its design and on-going development. 

· Undertake activities to provide metadata, documentation and sources for data sets of interest for ACSYS and CliC. Perform data rescue as appropriate and encourage the exchange of data and information via data information services specialized to meet project needs. 

· Promote the free and unrestricted dissemination of ACSYS/CliC data for non-commercial purposes. 

· Contribute to, review and update appropriate sections of the ACSYS and CliC Implementation Plans as needed. 

· Liaise with the ACSYS/CliC SSG and other ACSYS/CliC panels using the resources of the International ACSYS/CliC Project Office. 

Working Group on Numerical Experimentation

The Working Group on Numerical Experimentation (WGNE), jointly established by the Joint Scientific Committee on the WCRP and the WMO Commission for Atmospheric Sciences (CAS) has the responsibility of fostering the development of atmospheric circulation models for use in weather prediction and climate studies on all time scales and diagnosing shortcomings. WGNE promotes co-ordinated numerical experimentation for validating model results, observed atmospheric properties, exploring the natural and forced variability and predictability of the atmosphere, as well as studies aimed at refined numerical techniques, and the formulation of atmospheric physics processes. WGNE also monitors the advances in data assimilation and analysis methods and is the focal point in WCRP for encouraging and reviewing the reanalysis projects carried out at various centres with fixed state-of-the-art assimilation systems providing a multi-year homogenous data set for a range of atmospheric and climate diagnostic studies.




























� - a link with ACSYS and CliC is useful here.
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