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As described in Lawford et al. (2006), the Coordinated Enhanced Observing Period (CEOP) was "proposed by the Global Energy and Water Cycle Experiment (GEWEX of the World Climate Research Program (WCRP) to develop an integrated global dataset for use in addressing issues related to water and energy budget simulations and predictions, monsoon processes, and the prediction of river flows".  As outlined by Koike (2004), the guiding goal of CEOP is “to understand and model the influence of continental hydroclimate processes on the predictability of global atmospheric circulation and changes in water resources, with a particular focus on the heat source and sink regions that drive and modify the climate system and anomalies.” The emphasis in Phase I of CEOP has been on the development of datasets and dataset application tools in three areas: 1) observations at 40-50 worldwide reference sites, 2) satellite data integration, and 3) model output data products and handling.
In Phase I of CEOP, NCEP has participated regularly in the CEOP model output working group, whereby a number of numerical weather and climate prediction centers have contributed daily operational model output to the CEOP model output archive at Max Planck Institute (MPI) and promoted the validation of this model output against the observations of the CEOP reference sites.  Under WCRP coordination, the reference site managers and CEOP have striven diligently with the National Center for Atmospheric Research (NCAR) to establish a centralized database for reference-site observations in a common format.  This has greatly facilitated the use of the CEOP reference-site data for model assessment.  In the previous NCEP CEOP-related study by Lu et al. (2004), observations at the CEOP reference sites were used to evaluate land surface processes in the Noah Land Surface Model (Noah LSM, Ek et al., 2003) component of NCEP's medium-range global weather forecast model, known as the Global Forecast System (GFS).  Subsequent to the latter study, the Noah LSM was formally implemented in NCEP's operational GFS in May 2005.
For seasonal climate prediction at NCEP, a somewhat older version of the GFS atmosphere/land model is coupled to the MOM-3 ocean model of GFDL, to comprise the NCEP Climate Forecast System (CFS).  The ocean initial states for MOM-3 are provided by NCEP's Global Ocean Data Assimilation System (GODAS), which uses the same MOM3 ocean model as the assimilating background model.  Presently, the NCEP operational CFS includes the somewhat older NCEP GFS version of 2002, which is executed with T62 horizontal spectral resolution and 64 vertical levels and employs the older Oregon State University (OSU) Land Surface Model (Pan and Mahrt, 1987).  Development and testing of the next-generation CFS, and its associated atmosphere, ocean and land global data assimilation systems, is now underway at NCEP.  This next-generation CFS will execute at T126 horizontal spectral resolution, still with 64 vertical levels (L64).  NCEP plans to upgrade the ocean component of CFS and GODAS from MOM-3 to MOM-4.  Additionally, the land component of the GFS component of the CFS is expected to be upgraded from the OSU LSM to the Noah LSM (Ek et al., 2003).
The present paper here investigates the impact on summer-season CFS forecasts of upgrading the LSM of the CFS from the 2-layer OSU LSM to the 4-layer Noah LSM, and of upgrading the source of the CFS initial land states from the NCEP-DOE Global Reanalysis 2 (Kanamitsu et al., 2002) to the joint NASA-NCEP Global Land Data Assimilation System (GLDAS, Rodell et al. 2004).  Specifically, an ensemble set of 10 CFS forecasts at T126/L64 resolution and initialized from late May to mid-June are executed for the July-August period of both year 1999 and year 2000 for three separate configurations of the CFS, as follows (all with T126/L64 resolution): 
1) Control (CFS/OSU/GR2): current operational version of the CFS, which includes

- OSU LSM


- land initial states from Global Reanalysis 2 (GR2)


- ocean initial states from GODAS


- atmosphere initial states from Global Reanalysis 2 (GR2)
2) Test-A (CFS/Noah/GR2): as in CNTRL, except


- Noah LSM (in place of OSU LSM)

3) Test-B (CFS/Noah/GLDAS): as in CNTRL, except


-- Noah LSM (in place of OSU LSM)


-- land initial states from GLDAS (rather than from GR2)

It is important to note that the LSM component of the GR2 is the older 2-layer OSU LSM, while the LSM component of the GLDAS is the newer 4-layer Noah LSM.  In addition to more soil layers, relative to the OSU LSM the Noah LSM includes advances in the physics of 1) snowpack, 2) frozen soils, 3) infiltration of precipitation, 4) canopy resistance, 5) subsurface heat flux, 6) soil thermal conductivity, 7) seasonal cycle of vegetation cover, and more.
The focus of our investigation here of the CFS control and test summer forecasts is the continental U.S. domain (CONUS) and Mexico for the summers of 1999 and 2000.  The summer of 1999 was characterized by substantially heavier than average July-August rainfall in the N. American monsoon region of the southwest U.S., while the summer of 2000 was characterized by less than average July-August rainfall in this same region.  At the March 2007 international CEOP meeting, we will present to what extent the control and two test versions of the CFS capture the interannual differences in the summer precipitation anomalies of 1999 and 2000 over CONUS.  We will show that the CNTRL version performs poorly, as it fails to reproduce even the proper sign of the interannual precipitation difference over large regions of the CONUS, including the southwest, midwest, and northeast.  In contrast, the Test-B suite performs markedly better in all three of the latter regions.  Of particular note, the Test-A CFS suite also performs poorly, though with different spatial precipitation patterns than in the CNTRL runs.  The notably better performance of Test-B over Test-A vividly illustrates the importance of initializing the land states with a land data assimilation suite that utilizes the same LSM for the background assimilating model as used in the subsequent free-running global model prediction.  

We close here with a summary of the configuration of the Noah LSM-based Global Land Data Assimilation System (GLDAS) used to initialize the land states of the Test-B CFS suite above.  Accurate initialization and physical simulation of land surface states, namely, soil moisture, soil temperature, vegetation, and snowpack, is critical in weather and climate prediction systems because of their regulation of surface water and energy fluxes between the surface and atmosphere over a variety of spatial and temporal scales.  For those NCEP GFS or CFS configurations that execute the Noah LSM as their land component, we seek to provide optimal land-state initial conditions that are both 1) the product of surface forcing that utilizes observed rather than biased model precipitation and 2) self-consistent with the inherent climatology of the Noah LSM.  We achieve this by applying the Noah LSM in the global, uncoupled, land-only assimilation suite known as the Global Land Data Assimilation System (GLDAS), which is alternatively referred to as the Land Information System (LIS, http://lis.gsfc.nasa.gov) developed by jointly by NASA and NCEP.  In the GLDAS configuration utilized in this study, the GLDAS is executed on the same T126 global Gaussian grid as in the T126 CFS with the same 4-layer version of the Noah LSM and with all the same global fields of all land surface characteristics (vegetation type, soil type, terrain height, land mask, annual cycle of green vegetation fraction, etc) as in CFS Test-A and Test-B.   Except for the precipitation forcing, all other atmospheric near-surface forcing for the GLDAS comes from the GR2.  The GLDAS precipitation forcing comes from the NCEP Climate Prediction Center (CPC) global precipitation analysis known as the CPC Merged Analysis of Precipitation (CMAP).  These sources of land-surface forcing extend from January 1979 to present realtime.  This land surface forcing was used to drive the GLDAS in a continuously cycled open-loop mode over the 25-year period of 1980-2005.  The initial Noah LSM land states for the CFS Test-B executions above were taken from this 25-year GLDAS/Noah retrospective run.
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