
TASK 14: GMAO Ocean Data Assimilation

ATR: Michele Rienecker
Period of Performance: July 1, 2011 – September 30, 2011

The task will support the GMAO ocean data assimilation activities.  Particular focus is on the initialization of the ocean model for global coupled forecasts using satellite and in situ data streams.  It includes the leadership of the ocean data assimilation system (ODAS) development within the GMAO. Support will include optimization of code performance, assimilation tests conducted for model/module evaluation and validation and for scientific analyses. Support for developments by collaboration with scientists external to the GMAO will be provided as approved by the ATR. The contractor will support use of the assimilation systems by GMAO collaborators, and the integration of modules developed by scientists external to the GMAO.  The contractor will be responsible for assembling data sets for assimilation ingest and for model and analysis 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 analyses will include difference measures from observations (including a cross-validation), impact on forecast accuracy (measured by the amplitude of SST, SSH and heat content anomalies in standard regions, and by patterns of tropical SST, sea surface height, and thermocline anomalies over the tropical oceans), as well as wall clock time to analysis.  The different data types to be used include:  sea surface height from altimeters, AVHRR, subsurface temperature profiles from tropical Pacific moorings (TAO), subsurface salinity profiles where available, subsurface temperature from XBT data, data from drifting sensors, and satellite-based surface winds and precipitation where available and an evaluation of the sea surface salinity information anticipated from Aquarius.  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 analyses and with the coupled forecasts.

Subtask a: Ocean data analysis system development and documentation
i) 
Develop improvements to the GMAO parallel ensemble Kalman filter (EnKF) assimilation system and the multivariate optimal interpolation (MvOI) method, each to be implementable with different ocean models, but with development and operational focus on MOM4.  Improvements to EnKF include ways to increase the ensemble size, for the ensemble statistics to represent the scales of interest for seasonal and decadal forecasts, to improve the estimation of model or observational bias, and the estimation of observation representation error as part of the assimilation procedure. Improvements to the MvOI include the generation of appropriate statistics for the global model and the representation of the error covariances in a reduced subspace for more efficient implementation. 

ii) 
Support the development of the ODAS under the ESMF-based common modeling infrastructure used in GEOS5. Implement a weakly coupled assimilation under the GEOS-5 modeling system using an existing atmospheric analysis. Improvements in the system should focus on reducing initialization shock for climate forecasts by having ocean analyses that are consistent with the GEOS-5 atmospheric analyses.

iii)  Coordinate with the GMAO atmospheric data assimilation group in the implementation of coupled ocean-atmosphere assimilation, focused on sea surface temperature (SST).  The primary responsibility for development will lie with the atmospheric assimilation group.  Here the focus will be on contributing to the infrastructure so that the bulk SST analysis provided through the ODAS is available to the atmospheric analysis.

iv)  Develop the infrastructure to assimilate remotely sensed sea surface salinity.

v) Develop a sea-ice assimilation capability that assimilates sea-ice concentration and also corrects ocean near-surface temperature and salinity.
vi) Maintenance of source control for the ODAS under CVS repositories.

Subtask b: Ocean Data Assembly and Processing

i) Retrieval, quality control processing and documentation of forcing and ingest data sets required for the ODAS.

ii) Maintenance and further development, as identified by the contractor and/or ATR, of the ocean elements of the OBSVIEW software.

iii) Development and maintenance of HTML based software to document data processing and Quality Control procedures and available validation and ingest data.

Subtask c: Ocean Data Assimilation System Testing and Evaluation 

i)  Develop a set of metrics to evaluate ocean analysis quality. Evaluate the impact of specified data sets, specifically altimetry and Argo, to the quality of the ocean analyses. Evaluate the impact of the specific methodology (EnKF, MvOI) on the quality of the analyses.  Collaborate with GMAO science staff to evaluate the impact of the analyses on seasonal forecast skill.

ii) Conduct preliminary tests assimilating remotely sensed sea surface salinity from SMOS. Evaluate by comparison with Argo data.

iii) Development of HTML based software to display ocean analyses, diagnostics of performance (such as comparisons with validation data) and the current state of the ocean climate.

iv) Maintain online access to selected analysis data sets, as specified by the ATR.

v) Document the ODAS and system performance in NASA Technical Reports, GMAO Office Notes, and/or peer-reviewed publications.

Subtask d: Ocean Data Assimilation Production

i) Conduct ocean analyses of the historical data, for the period specified by the ATR, but encompassing at least 1979 to present, with restarts at times required to initialize the GEOS-5 AOGCM seasonal predictions. 

ii) Conduct ocean analyses of the historical data, for the period specified by the ATR, but encompassing at least 1960 to present, with restarts at times required to initialize the GEOS-5 AOGCM decadal predictions

iii) Undertake analyses of the climate variability in the historical reanalyses, focused on upper ocean heat and salt content, variations in the Atlantic Meridional Overturning Circulation, water mass variability in ocean regions selected by the ATR, and similar metrics adopted by the ocean climate community.

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: Ocean data analysis system development and documentation
i) Documentation of the assimilation system and its performance in technical memoranda and in the peer-reviewed literature;

ii) The software must be modular, be efficient on parallel computing architectures, and utilize ESMF.

iii) Implementation of the MvOI statistics for the global ocean model.

iv) Implementation of the ODAS for MOM4 in the coupled GEOS-5 AOGCM.

v) Coordination of relevant updates to the repository with the GEOS-5 repository gatekeeper (an SAIC staff member on Task 3).
Subtask b: Ocean Data Assembly and Processing

i) The preparation of ocean data streams for assimilation and analyses on a routine basis, including altimetric data, SST, in situ XBT and CTD data, sea-ice concentrations, and surface forcing data.  These data are to be updated on a weekly basis from internet accessible archives, processed for quality control and for ingestion into the ocean assimilation system. 

ii) The observation archive will be documented on the GMAO web pages and kept current within 5 working days of new data uploads.

iii) The OBSVIEW system will be documented on the GMAO web pages.  Output from ocean assimilation experiments will be documented online and presented at weekly ODAS meetings with the ATR.

Subtask c: Ocean Data Assimilation System Testing and Evaluation 

i) Conduct of assimilation analyses with different methodologies (MvOI, EnKF), with different observation types, or other sensitivity experiments as identified in collaboration with the ATR. Analyses to be conducted for a validation period identified in collaboration with the ATR.

ii) Figures and movies will be provided as needed to staff members for presentations and publication.

iii) The analyses (with metrics that are relevant to the global ocean, quantities determined in collaboration with the civil servant staff) will be posted on the GMAO www pages, presented at weekly ODAS meetings with the ATR, and presented at the subsequent regular meeting of the Subseasonal-to-Decadal Climate Variability Group meeting.

Subtask d: Ocean Data Assimilation Production

i) Conduct ocean analyses of the historical data in a timely manner, completing the historical period from 1960 to the present by the June 30, 2011.

ii) The routine near-real-time ocean analyses for initialization of ensembles of coupled forecasts will be conducted according to the schedule defined by the ATR.  Information as to experiments conducted will be updated on the GMAO web within 2 working days of the completion of the analysis.  

iii) The analysis data sets will be updated into the LAS within 2 working days of the completion of the analysis.

TRAVEL AUTHORIZED:  

Attendance of up to 2 contractor support staff at 2 major national meetings per year and attendance of one senior contractor staff at one major international meeting (such as EGU) per year is authorized.
