
TASK 18: GMAO Land Data Assimilation
ATR: Rolf Reichle
Period of Performance: January 1, 2011 to September 30, 2011
The task will support the GMAO land data assimilation activities.  Particular focus is on the development of land data assimilation in the coupled land-atmosphere system and on the initialization of the land model for global coupled forecasts using satellite and in situ data streams.  Support will include development of scripts and Fortran source code, optimization of code performance, assimilation tests conducted for model/module evaluation, validation and scientific analysis, as directed by the ATR.  Support for developments by collaboration with scientists external to the GMAO will be provided as approved by the ATR.  The contractor will be responsible for assembling data sets for validation.  The contractor will also be responsible for interfacing with the GMAO modeling group, providing feedback to the model developers on model performance issues that arise through assimilation. 

Performance measures for evaluation of the systems and the assimilation products will include difference measures from and correlations with observations, impact on forecast accuracy (measured by forecast skill in near-surface air temperature and precipitation), as well as wall clock time.  The different data types to be assimilated include: soil moisture observations from AMSR-E, TRMM, ERS-2, and SMOS, synthetic soil moisture data from SMAP, snow water equivalent observations from SSM/I and AMSR-E, snow cover observations from MODIS, and land surface (skin) temperature data from MODIS, ISCCP, and NASA/Langley.  The contractor will have the responsibility of retrieving these data sets, preparing them for ingest into the assimilation system, including quality control if necessary, and utilizing them for comparisons with the assimilation products and with the coupled forecasts.

Subtask a: Land data assimilation system development, testing, and application

i) 
Develop improvements to the GMAO land data assimilation system (LDAS). Improvements to the LDAS should focus on the coupling of the LDAS to the GEOS5 atmospheric modeling and data assimilation system (ADAS) so that the LDAS becomes part of the GMAO GEOS-5 reanalysis and forward processing infrastructure.
ii) Additional development goals include

a. the use within LDAS of the ESMF-based common modeling infrastructure used in GEOS5, 
b. the use of MPI for parallel computing in LDAS beyond the current OpenMP capabilities, and

c. coordination with development of the Land Information System (LIS) at the NASA GSFC Hydrological Sciences Branch. 
iii) Maintenance of source control for the LDAS under CVS repositories.
iv) Evaluation of the performance of the LDAS with a limited series of tests defined in consultation with the ATR.  Define a series of metrics for evaluation, including the impact of the assimilation on seasonal forecasts and, in coupled LDAS mode, on the atmospheric state.

v) Conduct retrospective land data assimilation integrations in off-line mode (not coupled to the ADAS) and in coupled mode, for the periods specified by the ATR.

vi) Evaluate the impact of assimilated data sets on the quality of the assimilation products.  Develop a set of metrics to evaluate the quality of the assimilation products.

vii) Evaluate impact of land data assimilation on historical forecasts (typically 15-year period).  

viii) Document the experiments and system performance on the GMAO web site.

Subtask b: Land Data Assembly and Processing

i) Retrieval, quality control processing and documentation of forcing, ingest, and validation data sets required for the LDAS.
ii) Maintenance and further development, as identified by the contractor and/or ATR, of the Matlab scripts that are used for post-processing LDAS output.
PERFORMANCE REQUIREMENTS:

Monthly status reports will be provided to the ATR.  All subtasks will provide software/algorithm documents and user guides in conformance with GMAO guidelines as appropriate. 

Subtask a: Land data assimilation system development, testing, and application

i) Implementation of the LDAS into the GEOS5 ADAS.
ii) Documentation of the assimilation system and its performance in technical memoranda and in the peer-reviewed literature.
iii) The software must be modular, be efficient on parallel computing architectures, and utilize ESMF.
iv) Compare the land assimilation products with observations to demonstrate whether the land data assimilation products improve upon state estimates without assimilation.  Assimilation integrations are to be conducted for a validation period identified in collaboration with the ATR.
v) Conduct of assimilation products with different observation types, as identified in collaboration with the ATR.
vi) Results of experiments will be presented at weekly LDAS meetings with the ATR and personnel from the GMAO land group. 
vii)  The retrospective assimilation data sets will be archived on GMAO local storage for analysis.
viii) Figures and movies will be provided as needed to staff members for presentations and publication.
ix) The analysis (focus on quantities determined in collaboration with GMAO personnel) will be presented at the meetings of the GMAO land group and the GMAO Subseasonal-to-Decadal Climate Variability Group and it will be posted on GMAO web pages as directed by the ATR.
Subtask b: Land Data Assembly and Processing

i) Utilization of land surface and near-surface meteorological data streams for forcing, assimilation and validation on a routine basis, including AMSR-E soil moisture, MODIS snow cover and land skin temperature, SCAN soil moisture, SNOTEL snow data, and CEOP observations.  These data are to be updated on a monthly basis from internet accessible archives, processed for quality control and for ingestion into the LDAS as directed by the ATR. 

TRAVEL AUTHORIZED:  

Attendance of 1 contractor support staff at 1 major national meetings during the performance period to present research results from this Task.
