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1. Motivation

It is now generally recognized that understanding and predicting the variability and change of the Earth’s climate system requires the consideration of this system as a whole in order to account for the interaction among its various components (the ocean, atmosphere, land, and cryosphere, etc.).  An important step in that direction was the development by the US, as part of the Global Earth Observation System of Systems (GEOSS), a strategic plan for an Integrated Earth Observation System (IEOS, http://usgeo.gov/docs/EOCStrategic_Plan.pdf). A critical aspect of such an integrated system is the capability to assimilate the wide array of different observations in a way that provides physical consistency across components, thereby maximizing the utility of the observations for understanding and predicting the evolution of the climate system.

Currently, the available Earth observations are assimilated through analysis or state estimation techniques that typically involve individual components of the Earth’s climate system. As such, the state of one component is not adequately constrained by the observations and dynamics of other components. The resultant estimated states of various components are not consistent with one another. This hampers research on the attribution of causes of the variability and changes within the coupled system and limits the skill of climate prediction. For example, the estimates of air-sea fluxes obtained from NWP systems are substantially different from those estimated from an ocean state estimation system: for example, significant differences exist in air-sea fluxes derived from the NCEP/NCAR atmospheric reanalysis and ECCO ocean reanalysis (Stammer et al. 2004). This makes it difficult to assess the role of ocean-atmosphere coupling in generating the observed variability and changes. The inconsistency in estimated oceanic and atmospheric states affects forecast skill unfavorably. For example, the NCEP Climate Forecast System (CFS) coupled climate forecasts are known to undergo a rapid adjustment (“initial shock”) caused by the inconsistency in the oceanic and atmospheric states, which limits the predictive skill of the system.
The enhancement in our capabilities to observe various components of the Earth’s system, the progress on numerical modeling (especially the integrated Earth System modeling), the improving accuracy of estimation of the state of individual components of the Earth’s system, and emerging efforts of coupled estimation, have positioned the Earth science community to embark on the development of an integrated Earth system analysis (IESA) capability. In the US, progress on coupled assimilation of atmospheric and oceanic data has to date been rather modest, involving relatively simple coupled ocean-atmospheric models for the tropical Pacific has been attempted (e.g., Chen et al. 1995, Bennett et al. 1998, Lee et al. 2000, Ballabrera-Poy et al. 2001, Sun et al. 2002).  Sea-ice data assimilation embedded within the state estimation system of ocean GCM is also being performed, e.g., by the ECCO Consortium (http://ecco-group.org). Internationally, Japan’s K-7 group has spear-headed coupled ocean-atmosphere reanalysis (for the 1990s) with a coupled GCM using a four-dimensional variational method (http://www.jamstec.go.jp/frcgc/k7-dbase2/eng/datadoc/k7ra_ts96-98.html). There is now clearly a need for a corresponding broad national effort within the US for IESA.
Programmatically, many US agencies (e.g., NASA, NOAA, NSF, DOE, USGS) have expressed interest in supporting IESA efforts. The agencies have sponsored several workshops in the US in the past few years to address the needs and the strategy related to IESA: for example, “Coupled Data Assimilation Workshop” in April 2003 (http://www.usclivar.org/Meeting_Files/SSC-11/CoupledDA_rept_final.pdf), 

“Ongoing Analysis of the Climate System Workshop” in August 2003 (http://www.joss.ucar.edu/joss_psg/meetings/Archived/climatesystem/FinalWorkshopReport.pdf), “CLIVAR Ocean Reanalysis Workshop” in November 2004 (http://www.clivar.org/organization/gsop/gsop_publications.php), “Development of Improved Observations for Renalysis Workshop” in September 2005 (http://www.nws.noaa.gov/ost/climate/STIP/wksp_obs_092805.htm), “US Climate Research Committee meeting on IESA” in March 2006 (http://dels.nas.edu/basc/crc_03-06.shtml).  In addition, the $2 Billion/year US Climate Change Science Program (CCSP, http://www.climatescience.gov/) identified IESA as one of its top priority areas in part because of the potential importance of IESA for supporting climate change policy making and adaptive management and planning (CCSP, 2007).
In recent years, several groups in the US (e.g., the Global Modeling and Assimlation Office at NASA, the Environmental Modeling Center and Geophysical Fluid Dynamics Laboratory at NOAA, and NASA’s Jet Propulsion Laboratory) have begun to explore coupled ocean-atmosphere data assimilation using coupled ocean-atmosphere GCMs and the assimilation of land surface observations as part of the atmospheric analysis system.

Although the priorities of these ongoing efforts may not be identical (e.g., a focus on climate diagnostics versus initialization of climate forecasts), there are many common issues facing these groups. A key role of the proposed CLIVAR working group on IESA would be to provide a forum for different groups to coordinate related activities, to share experience, and to provide recommendations to funding agencies.  
IESA involves many important issues that require collaborative efforts among IESA system/product developers and the wider climate community. These issues include (but not limited to) the following: (1) the goals of IESA effort, (2) the metrics for IESA products, (3) preparation of observational data for various components of the climate system for assimilation, (4) quality control and error estimate of observational data, (5) the tradeoff between the sophistication of assimilation methods and required computational resources, (6) the merit of “loosely” versus “fully” coupled assimilation (the former allows observations in one component of the climate system to affect the others only through the model physics; the latter allows the observations in one component to directly influence the other components through error covariance of the coupled model), (7) the treatment of bias for models and data (cf. Dee 2005 and Reichle and Koster 2004), (8) error covariance of model and data, (9) the strategy to deal with the difference in dominant time scales among different components of the climate system, (10) non-linearity in the coupled system and implications to assimilation methods, (11) resources needed for IESA effort.  Given the limited duration of the proposed working group (WG) on IESA, only a small number of issues will be addressed to allow for meaningful progress. The proposed IESA WG will focus on the first four issues listed above, which immediately confront all groups/centers engaging in IESA activities.
2. Objectives and proposed activities

The overall goal of the WG on IESA is to address issues (1)-(4) described above and to provide recommendations to US CLIVAR Project Office, US funding agencies, and various groups engaging in IESA activities regarding these issues.
The specific objectives of the WG are to:

· define the goals of IESA effort (esp. the targeted period of assimilation and the targeted temporal and spatial scales and phenomena);
· develop a metrics for IESA products;

· assess the status of available observational data sets available for assimilation in IESA, including online availability, data serving, format, meta data information, and availability of error characteristics (see Schubert et al. (2006) for description of a similar activity for atmospheric reanalysis);
· design a strategy to coordinate data preparation and quality control (QC) so as to avoid duplicate efforts.
3. Timeline

The period for the IESA working group is two years, in accordance with that of other CLIVAR WGs. The proposed time frame is October 2008 to September 2010. The following are the envisioned time schedules for the activities of the WG.
Detailed time schedules for working group activities:
The working group will conduct bi-monthly teleconferences. In addition, there will be two annual working group meetings, coinciding with the US CLIVAR summit in July. Detailed timelines:
October 2008: 

Initial teleconference to refine objectives and discuss work plan.


March 2009:

Finish the work for objective #1 (Goals of IESA).
July 2009:

1st WG meeting, focusing on the work for Objective #2 (Metrics of IESA).
September 2009:

Finish the work for Objective #2.
March 2010:

Finish the work for Objective #3 (Assessment of observations).
July 2010:

2nd WG meeting, focusing on the work for Objective #4 (Strategy for coordinated data preparation and QC).
August 2010:

Finish work for Objective #4.

September 2010:

Final WG report.

4. Deliverables
· Recommendations to US CLIVAR Project Office, US funding agencies, and the groups engaging in IESA activities in terms of the goals of IESA effort.

· A proposed metrics for IESA products.
· An inventory of existing observations for atmosphere, ocean and sea ice, land, and carbon cycle along with (1) an assessment of their online availability (including web links to data servers), meta data information, timeliness of update, availability of error characterization, and (2) recommendation for improvement. 
· A recommendation for a strategy to coordinate data preparation (e.g., mapping, decimation) and quality control.

5. Resources

Resources are needed to support WG members who are not US CLIVAR Panel members to attend the two WG meetings coinciding with the US CLIVAR summit, bi-monthly teleconferences, publication in EOS or US CLIVAR Variations.

6. Membership

Six to eight members with specialties across the disciplines of atmosphere, ocean, sea ice, and land, preferably involving representatives from groups actively engaging in IESA activities. Two co-chairs or one chair (TBD).
Proposed members (who already agreed to serve in the working group) in alphabetical order

Michael Bosilovich (NASA/GSFC) – atmosphere and land

Jim Carton (University of Maryland) - ocean
Tong Lee (NASA JPL/Caltech) – ocean 
Ron Lindsay (University of Washington) – sea ice

Hua-lu Pan (NOAA/NCEP) - atmosphere
Rolf Reichle (NASA/GEST) – land
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