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A through C
EXHIBIT A

For pricing purposes only, assume that the task below is for 
Contract Years 1 and 2:
A. Atmospheric Data Assimilation System Development and Experimentation

The primary goal of the atmospheric data assimilation system (DAS) development at the GMAO is to support and improve the utilization of present and future satellite data. Under this task, the contractor shall help advance these goals by:

i) developing certain aspects of the analysis, as described below; 
ii) tuning the model and the analysis system, with metrics designed by a team comprised of contractor and civil service staff;

iii) supporting the development and testing through the conduct and diagnosis of experiments;

iv) conducting observing system sensitivity experiments; and

v) providing support by preparing run scripts and diagnostic software for use by GMAO science staff on a routine basis.  

The contractor shall be responsible for improving the Gridpoint Statistical Interpolation (GSI) analysis system, developed by NOAA/NCEP and implemented and improved at GMAO. In particular, the contractor shall improve the formulation of forecast and observation error covariance models used within the GSI through various techniques (for example: simple tuning exercises,  the analysis of NCEP’s Observing System Simulation Experiment (OSSE) output, and/or by testing ensemble techniques, implementing simple flow-dependent models).  The contractor shall also support the development of advanced methods necessary to assimilate cloud- and rain-contaminated observations and satellite-derived cloud and precipitation data. The support shall encompass run script preparation, the conduct and the diagnosis of experiments.

The development of advanced diagnostic tools for monitoring system performance needs to be an integral part of the overall DAS development.  The contractor shall be responsible for developing a comprehensive suite of diagnostic tools (e.g., to examine forecast skill and fit to observations), as well as user-friendly programs and scripts to facilitate their broad use by GMAO investigators.  The contractor shall be responsible for conducting appropriate diagnostic experiments and for diagnosing, reporting and documenting results as part of the overall development lifecycle. Metrics used for validation of the GEOS v4.0.3 system are described in the documentation available at http://gmao.gsfc.nasa.gov/systems/geos4/.  These metrics will form the basis for validation of GEOS-5 and any future system upgrades.

One of the primary uses of the DAS in support of NASA missions is its use in observing system sensitivity or design experiments.  The contractor shall be responsible for conducting sensitivity experiments with new satellite data types, with a particular focus on AIRS, MODIS winds, and information on cloud properties derived from satellites.  The design of these experiments shall be undertaken in coordination with GMAO civil service staff, visiting scientists and scientists from the Joint Center for Satellite Data Assimilation (JCSDA).

During this contract period, the 3D-Var GSI system shall be advanced to prepare for inclusion of the fourth (time) dimension in the variational analysis. The contractor is expected to participate in designing and implementing the incremental steps to a full 4D-Var system as part of a team with GMAO and NCEP civil service staff.

All developments shall be optimized to run efficiently on distributed memory parallel computer architectures with large numbers of processors, and system computational performance will be evaluated in the context of operational numerical weather prediction (NWP) throughput requirements. The contractor shall be responsible for updating the software suite so that the superstructure is compliant with the Earth System Modeling Framework (ESMF).

Task Assumptions

The following assumptions shall be made in your approach to this representative task:

· The current operational DAS, GEOS v4.0.3, shall have to be maintained through 2007 to support the reprocessing of the historical data stream.  However, the maintenance of this system is restricted to addressing problems associated with the data streams.  No modifications shall be made to the GEOS-4 system.

· Prior to the award of this contract, the DAS will be upgraded to GEOS-5 DAS which is comprised of the GEOS-5 AGCM and the GSI.  This DAS will be undergoing system and pre-operational validation tests prior to and during the early phases of this contract.

· One of the primary developments in the initial phase of this contract shall be those fixes that need to be undertaken as identified through these early validation tests.

· Bias correction for TOVS/ATOVS data is already performed in GEOS-5.  The method has to be extended to include future satellite observations, and possibly conventional observations as well.

· The GSI supports the use of cloud liquid water as one of the control variables.  However, the control vector shall need to be extended to include related key parameters including ones sensitive to cloud optical thickness, effective radius and vertical cloud correlations.

· Background error statistics for GEOS-5 shall have to be computed by the so-called NMC method (Parrish and Derber, Monthly Weather Review, 1992), which uses model forecast differences as surrogates for background errors.

· Tangent linear and adjoint versions of the finite-volume dynamical core of the GEOS-5 AGCM and simplified versions of the boundary layer and vertical mixing parameterization schemes have already been developed.

· Output from an NCEP OSSE is available for analysis.

· The current DAS and model is coded in FORTRAN 90, to run on scalable parallel architectures, and job control is handled through Unix shell script languages.
· All developments must be planned in collaboration with GMAO civil servant scientists and their NCEP and JCSDA collaborators.

· The Government assumes that this task will be performed onsite (at GSFC).
Task Deliverables

During the first 3 months of this task order, the contractor shall be responsible for tuning the GEOS-5 AGCM in DAS mode and for tuning the GSI system for the GMAO AGCM. The contractor shall support civil service staff in the development of sequential methods for stratospheric model bias correction through the conduct of sensitivity experiments.

During the first 6 months of this task order:
i) Further developments of the GSI will be undertaken by the contractor, including 

· the use of ensemble techniques (following Fisher, 2003: Proceedings of the ECMWF annual seminar on recent developments in data assimilation for atmosphere and ocean. Reading, UK, 8-12 September 2003, pp. 45-64)  to improve estimation of background error covariances,  and 

· the implementation of flow-dependent background error covariance models in the GSI solver to improve the projection of observational information onto the proper spatial scales and multivariate patterns in the analysis. 

ii) The contractor shall retrieve and calibrate cloud liquid water path retrievals from SSM/I, TMI and AMSR-E and implement the assimilation of retrieved cloud liquid water path in GSI. 

iii) The contractor shall perform AIRS channel selection experiments and MODIS wind impact studies using GEOS-5. 

iv) The contractor shall deliver the adjoint of the GSI, including routine interfaces for application in observing system sensitivity tests, by the end of the six months.  

v) The superstructure of the GSI will be made ESMF-compliant.

During the first 12 months of this task order, the contractor shall be responsible for the development and testing of the tangent linear and adjoint versions of the AGCM (with simplified physics as an interim system), making sure that the minimization is computationally viable, and that a single 4D-Var analysis can be performed with meaningful results.  The contractor shall also be responsible for incorporating the AGCM in the observation operator. The contractor shall conduct the first tests of observation sensitivity using the tools developed for GEOS-5.  These tests will be designed in coordination with the civil service staff.

During the 24 months of this task order, the contractor shall be responsible for the development and testing of the tangent linear and adjoint versions of the AGCM with full physics, making sure that the minimization is computationally viable, and that a cycling 4D-Var analysis can be performed with meaningful results.  The contractor shall conduct a calibration of an Observing System Simulation Experiment infrastructure based on GEOS-5.  These tests will be designed in consultation with the civil service staff.

For pricing purposes only, assume that the task below is for Contract 

Year 3
B.  Experimental Seasonal-to-Interannual Coupled Climate Forecasts.

The Contractor shall support the development of a global experimental coupled forecast system by the civil servant and visiting scientist staff.  The contractor shall exercise the forecast system which will use the GMAO’s coupled general circulation model (CGCM). This task involves utilization of the GMAO ocean data assimilation software, land surface data assimilation software, GMAO’s atmospheric analyses, and observed surface fluxes (momentum, heat, freshwater) to conduct experimental forecasts with GMAO's coupled atmosphere-ocean-land surface model.  The contractor shall work with civil service and visiting scientist staff to conduct research on improving the strategy for initialization of the coupled model. 

The contractor shall be responsible for continued testing and tuning of any updated versions of the CGCM, and in particular CGCM v2, and for its integration into the forecast system. The contractor shall also conduct century-long simulations with CGCMv2, undertake diagnostics of such simulations to quantify the model's inherent variability and compare with observations to quantify the model's verisimilitude to nature in its seasonal and interannual variations.

The contractor shall  be responsible for preparing initial conditions, and conducting 9-month forecasts (Assumption: 5 ensemble members initialized 3 times a month), for developing a regular suite of diagnostic tools to monitor system performance for display on the GMAO web page, and for distributing the results to GMAO collaborators by provided on-line local access to selected products. 

The contractor shall conduct required retrospective forecasts (hindcasts at least from 1993 to the present) to calculate the forecast anomalies and to investigate decadal changes in predictability.  The contractor shall work with Government scientists to select periods for sensitivity analyses of the impact of different elements of the observing system (e.g., altimeter, surface salinity, salinity from Argo profiles, soil moisture from AMSR) or of different initialization strategies on forecast skill. For this representative task order, these sensitivity experiments can be assumed to be equivalent to adding 2 additional ensemble members to the regular forecast suite. 

The contractor shall be responsible for regular diagnostics of forecast accuracy which will be assessed both by the amplitude and phase of the commonly used SST indices and by the patterns of SST, ocean heat content, and thermocline depth anomalies, surface wind stress anomalies over the tropical Pacific and the surface temperature and precipitation patterns over the continental U.S. 

Task Assumptions

The following assumptions shall be made in your approach to this representative task:

· The current GMAO coupled model (CGCMv1) used for regular seasonal forecasts consists of the NSIPP-1 AGCM, the Mosaic LSM, and the Poseidon v4 ocean model.

· Regular experimental forecasts are currently conducted with cGCMv1 on the first Monday of each month, and a suite of 19 ensemble members, with perturbations in the ocean state, the atmospheric state and the land surface state each contributing to a different ensemble member.  These forecasts are contributed to the IRI and NCEP/CPC multi-model consensus forecasts.

· The system is in the process of an upgrade to the GEOS-5 AGCM, the Catchment LSM and the Poseidon V5 OGCM, coupled using the Earth System Modeling Framework (ESMF).  This will be called CGCMv2. Forecasts with CGCMv1 will continue until the CGCMv2 has been fully integrated into the forecast suite and the required hindcasts have been conducted to allow calculation of forecast anomalies.

· At the start of this contract period, with the implementation of forecasts with the CGCMv2, the GMAO will change the forecast strategy so that 9-month forecasts shall  be conducted with 5 ensemble members, initialized 3 times a month.

· The current coupled model components (ocean, atmosphere, land surface, sea-ice) are coded in FORTRAN 90, to run on scalable parallel architectures, and job control is handled through Unix shell script languages. 

· The forecasts and their skill are currently assessed through commonly used indices of SST as well as forecast anomaly patterns of surface temperature and precipitation.  These are posted routinely on the web.

· Occasional additional forecast experiments are conducted to test the impact of different data sources used in the ocean data assimilation or to test the impact of using the Ensemble Kalman Filter (EnKF) rather than the OI for the ocean data assimilation.

· Adequate online disk space will be available on a local server to support the online distribution of a selected subset of forecast products.

· The Government assumes that this task will be performed offsite (Contractor's facility).
Task Deliverables

In the first 6 months of the task order, the contractor shall assemble a comprehensive suite of monitoring tools to display results of the coupled forecasts in a routine manner on the GMAO web page.  The precise metrics to be monitored shall be chosen in collaboration with civil service staff and will include commonly used SST indices, surface temperature, soil moisture, and precipitation anomaly patterns. These metrics shall be displayed for the current forecast as well as for the archive of past forecasts.  The contractor shall develop the capability for online distribution of forecast products selected by the Government. For the purpose of this representative task order, the contractor can assume that such products would be surface temperature anomalies, surface wind stress anomalies, 200mb and 500 mb height anomalies, precipitation anomalies, surface soil moisture, and equatorial ocean anomalies of temperature and zonal current, to be available online for the current forecast period and the preceding 3 months. These products shall be accessible through a web interface. The contractor shall work with civil service scientists to conduct 5-10 decade long tuning integrations to tune the performance of the CGCMv2.  The contractor shall conduct the retrospective forecasts with the updated system while maintaining currency of the forecasts with the GMAO CGCMv1. 

In the 12 months of the task order, the contractor shall conduct a century-long coupled simulation with CGCMv2 and conduct a rudimentary diagnosis of its performance (for example, long-term drift of SST, climatology of the component states, atmospheric teleconnection patterns, interannual variability of equatorial SST, EOFs of SST). Nine-month retrospective forecasts shall be conducted with 5-member ensembles 3 times a month for the period 1993 to the present, with some selected case studies (equivalent to 2 additional ensemble members a month) for sensitivity studies.  The web-based monitoring tools shall be updated to accommodate the new system during the 12 months.
For pricing purposes only, assume that the task below is for Contract
Years 4 and 5:
C. GMAO Operational Software Development and Maintenance
(Note:  All the dates in this representative task order are made realistic for this exercise, but not real.)

The purpose of the this task is to produce operational DAS software for delivery of GEOS data assimilation and forecast products in support of NASA Earth Science instrument teams and field campaigns.  The GMAO is developing the next generation data assimilation system (DAS), GEOS-5 system, to replace the current operational GEOS-4 system.  .  There will be at least 3 months of pre-operational GEOS-5 test system run in parallel with the GEOS-4 before the operational GEOS-4 system is turned off. The initial GEOS-5 system will be run at 1x1.25 degrees horizontal resolution.  There will be a major upgrade of the GEOS-5 system 8 months after this task starts.  The horizontal resolution of the system will be increased to 0.5x0.625 degrees.  A long-term reanalysis using the upgraded GEOS-5 system will start 2 months after the system upgrade. The reanalysis will generate the DAS data products from 1978 to the end of 2009.  The currently on-going forward processing with a fixed GEOS-4 system for the CERES science team will continue until the end of 2007.  The following subtasks shall be performed for both the current GEOS-4 system maintenance and GEOS-5 operational system development and maintenance.

(1)  The contractor shall be responsible for development and maintenance of software components required to integrate upgrades to the GEOS system into the operational environment.  The typical codes to be developed are input data preprocessing, I/O routines including output data formatting (such as EOS-HDF) for external customers, job scheduling scripts, and data management scripts.  For new operational software components, the contractor shall establish and practice proven SW development processes to help ensure the success and quality of the SW development.

The contractor shall be responsible for conducting feasibility studies for anticipated technical problems such as the file size limitations of HDF Version 4 as the GEOS data file sizes grow with increasing spatial resolution.  The contractor shall provide technical summaries on development approach to assist the Government in making critical development decisions.

(2) The contractor shall ensure that all the operational software modifications are traceable to one of the corresponding documented change reports or requests.  The contractor shall be responsible for establishing and practicing configuration management (CM) processes to ensure the integrity of the GMAO operational systems using adequate CM tools.

(3) The contractor shall be responsible for supporting multi-year reanalysis or reprocessing assimilations using the GEOS operational system.   This support shall include identifying and preparing observations and boundary conditions and identifying their location for acquisition.  The contractor shall work to clarify output streams, archival, and pickup/push for ECS.  

(4) The contractor shall be responsible for development and maintenance of the GEOS data products file specification document that describes the format, frequency, fields, and metadata in each of the data products. 

(5) The contractor shall support ECS and EOS instrument teams’ testing by providing sample operational datasets.  The contractor shall also provide support to ECS on the definition and implementation of modifications to the GMAO/ECS interface.

Task Assumptions

The following assumptions shall be made in your approach to this representative task.

(a)  The following are major milestone schedules already established by the Government.  The contractor shall develop and propose activities and schedules to meet the major milestone schedules.

· The pre-operational parallel run for the GEOS-5 system test that started during the previous contract year will continue for 2 months after this task starts.  Then the current GEOS-4 operational system will be turned off.  The initial GEOS-5 system will be run at 1x1.25 degrees horizontal resolution as with the current GEOS-4 system.

· The GEOS-5 operational system will be upgraded to a 0.5x0.625 degree horizontal resolution system 8 months after the task start.

· The long-term reanalysis using the high resolution GEOS-5 system will start 10 months after the task start.

(b)  The computing for the operational data production shall be done using the resources provided and managed at the GSFC NCCS.  The primary computers for the GEOS operation are SGI Origin 3800 and/or Altix platforms with sufficient number of CPUs, sufficient amount of memory, and storage capacity. 

(c)  The output data products for the EOS instrument teams shall be transferred to ECS/DAAC for distribution and archive, while the data for near-real time support for the field experiments will be made accessible directly from a GMAO FTP site.

(d)  The GEOS-5 data product file specification containing the list of meteorological fields generated, attributes of the fields, and organization of the fields into daily file collections, or files will have been completed prior to this task order start.  Further details such as the description of coordinate systems, file-naming conventions, metadata definitions are included.  The contents and format of the GEOS-5 data product file specification document will be similar to those of the GEOS-4 product file specification called GEOS-DAS Gridded Output.  See, for example http://gmao.gsfc.nasa.gov/operations/.

(e)  The functions required for post-processing for the GEOS-5 are implemented in a few primary utilities such as CFIO. CFIO is a replacement for the GFIO used for GEOS-4.   CFIO was developed for consistency with the NetCDF Climate and Forecast (CF) Metadata convention.  The utilities are primarily modifications to existing codes for GEOS-4.  Modifications are generally required because of changes in the list of variables generated or new format.  The codes are written in Fortran 90 and have about 30K lines of code (LOC) in total.  There are also pre-processing utilities written in Fortran 90 that reformat and quality check input observations, totaling more than 50K LOC.  GMAO has about 30 Perl scripts of about 15K LOC in total.  These scripts are also modifications to those used for the GEOS-4 system.  The scripts are used to encapsulate routines for input data pre-processing; job control for DAS runs such as for First-Look, Late-Look, validation, parallel runs, CERES reprocessing, and long-term reanalyses; and post-processing such as data archiving, data conversion and ECS interface for data transfer. The job scheduler written in Perl scripting language with a Java GUI interface has been implemented and in operational use.

(f)  The long-term reanalysis of the historical data stream from 1978 with GEOS-5 will have to be scheduled and staged at GSFC/NCCS with selected products transferred to ECS/GSFC DAAC for archive and distribution.  All of the input data streams will be available, but will not have been cycled through the assimilation system.  The contractor should assume that the processing will proceed at the rate of 30 days/day.

(g)  The Government assumes that this task will be performed onsite (at GSFC).
Target Performance Standards

(1)  The contractor shall implement the operational system transition from the GEOS-4 to GEOS-5 system according to the detailed task plan and milestone schedule approved by the Government during the previous contract year.
(2) All the SW change reports and documents shall be completed and maintained under a change control management. 

(3) The contractor shall implement the long-term GEOS-5 reanalysis project and shall start the processing according to the milestone schedule.  The implementation shall include the system testing with external interface elements and support for system testing with instrument teams.

(4) The contractor shall complete the revision of the GEOS-5 data products file specification for the system upgrade and long-term reanalysis according to the schedule agreed to by the Government.

Task Performance Period:  2 Years
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