
TASK ORDER 22: GMAO Recovery Act Projects

Contract line Item: 002 (Reference contract modification TBD, dated TBD)
Period of Performance: November 2, 2009 – September 30, 2010

Background

The Global Modeling and Assimilation Office (GMAO) at NASA/Goddard Space Flight Center (GSFC) undertakes research and development to maximize the impact of satellite observations in climate, weather and atmospheric composition prediction. Global models and their associated data assimilation systems are used to incorporate observations to improve the estimates of the state of the atmosphere, ocean, or land surface made through model simulations (state estimates). To achieve this goal, the GMAO undertakes model and assimilation development, generates products to support NASA instrument teams and NASA’s Earth science program, and undertakes scientific research to inform system development pathways.  Assimilation systems have been developed for the atmosphere, ocean, and land surface. The long-term goal is an Integrated Earth System Model and Assimilation System wherein the individual components are treated in a more interactive manner. The GMAO represents NASA as one of the partners in the Joint Center for Satellite Data Assimilation (JCSDA) with the goal of accelerating the transition of NASA satellite information into operational applications.

One of the recent meteorological products generated by the GMAO is the Modern Era Retrospective-analysis for Research and Applications (MERRA) from the assimilation of historical atmospheric data (from 1979 to the present). These data focus on the modern era, i.e., the satellite era. MERRA has been generated with the Goddard Earth Observing System (GEOS) model, version 5 (GEOS-5) and its associated atmospheric analysis system, the Grid-point Statistical Interpolation (GSI), developed in collaboration with the NOAA/National Centers for Environmental Prediction. The GEOS-5 system software includes a tool – referred to as the “replay” – which allows the ingest of an existing analysis, like MERRA, into the model as it is running in simulation mode. This replay thus constrains the model close to the analysis as if it were undertaking assimilation. 

GEOS-5 is coupled with the Goddard Chemistry Aerosol Radiation and Transport (GOCART) model so that GEOS-5 meteorological states can be used to transport aerosol fields.  It is also coupled with the Global Modeling Initiative (GMI) Chemistry model so that tropospheric and stratospheric trace gases (such as ozone and carbon monoxide) can be modeled.  The replay capability of GEOS-5 allows us to simulate aerosol and chemistry variations consistent with GEOS-5 meteorological analyses from assimilation.

GMAO’s ARRA Projects

The GMAO is collaborating on three ARRA Projects contributing to NASA Earth Science under the Science Mission Directorate’s (SMD’s) Modeling, Analysis and Prediction program. The overall objectives of these projects are to enhance SMD’s climate modeling capabilities, to accelerate development of consistent analyses across Earth system components, and to test software and stand-alone assimilation capabilities that help accelerate the transition of NASA satellite data to operational implementation. 
The specific objectives and associated collaborations are:

i) Expand and accelerate NASA capability in the area of Integrated Earth System Analysis – a collaborative project between GMAO and the Atmospheric Chemistry and Dynamics Branch (ACDB) at NASA/GSFC.
ii) Improve assimilation of radiance data into data assimilation systems to improve meteorological analysis capabilities and prototype a stand-alone assimilation system for the JCSDA – a collaborative project between GMAO, the Jet Propulsion Laboratory (JPL), and the Software Integration and Visualization Office (SIVO).
iii) Develop satellite-based cloud diagnostics that will enable improvement of climate modeling capabilities – a collaborative project between JPL, the Goddard Institute for Space Studies, GMAO, the Mesoscale Atmospheric Processes Branch, and the Langley Research Center (LaRC).
Task Statement of Work

The task will support the GMAO’s activities as part of the ARRA Projects listed above. The contract support requirements are broken down into 3 subtasks:

(a) Progress towards an Integrated Earth System Analysis by undertaking simulations with the GEOS-5 model coupled to both GOCART (for aerosols) and GMI (for trace gas chemistry), using the replay technique with the MERRA meteorological forcing;

(b) Advances in the assimilation of Advanced Infra-Red Sounder (AIRS) and microwave limb sounder (MLS) radiance data into the GEOS-5 atmospheric data assimilation system (DAS), and

(c) Use of MERRA to contribute to improving cloud and convection parameterizations by placing satellite data in a meteorological context and expanding the parameter space explored by a single column model (SCM) version of GEOS-5 and cloud resolving model (CRM) simulations to be conducted by the Mesoscale Atmospheric Processes Branch.
Subtask a: Progress towards an Integrated Earth System Analysis
i) Consistent MERRA – aerosol distributions. Contractor staff will conduct a simulation of aerosol distributions, transporting the distributions specified from emissions at the surface through the atmosphere by the analyzed meteorology of MERRA using the coupled GEOS-5 - GOCART model. Time-varying emissions from anthropogenic, biomass burning, biogenic, volcanic, dust, and ocean sources and oxidant fields representing the emission changes during this period will be used. The primary set of sources will be the emission scenarios specified for the Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC). The contractor will assemble the emission databases and compare them with those used by ACDB scientists for their short-term simulations. The first experiment will be for the period 2003-to-2008, which covers several field campaigns and includes data from Moderate Resolution Imaging Spectroradiometer (MODIS) sensors on both TERRA and AQUA satellites. The simulation will be conducted at 1/2-degree latitude-longitude grid resolution. The integration will be evaluated against field campaigns and satellite data available from NASA’s Earth Observing Satellites. The evaluation will be in terms of (i) the large-scale features of the aerosol distributions compared with satellite retrievals and (ii) the vertical profiles of aerosol extinction and aerosol optical depth (AOD) available from field campaigns, (iii) in-situ time series of AOD and other properties at AERONET ((AErosol RObotic NETwork) sites and along field campaign flight tracks. Differences between the observations and the simulations will be compared with differences from similar experiments published in the peer-reviewed literature to assess the quality of these simulations. These simulations will also be evaluated in the context of other simulations submitted to AEROCOM (Aerosol Comparison between Observations and Models, http://nansen.ipsl.jussieu.fr/AEROCOM/). Depending on the outcome of initial comparisons, adjustments to the set of emissions may be undertaken as decided by scientists in GMAO and the ACDB, as identified by the Alternate Technical Representative (ATR, a Goddard civil servant) for this task. The contractor will document the aerosol impact on the surface and top of the atmosphere radiative balances, cloud properties and precipitation distributions. Climate parameters from the MERRA products will serve as a baseline for evaluating this coupled simulation.

ii) Consistent MERRA – atmospheric trace gas distributions. Contractor staff will use the analyzed meteorology from MERRA in an online transport of trace gases such as ozone and carbon monoxide through the GEOS-Chemistry-Climate Model, version 3 (GEOS-CCMv3, which is GEOS-5 with the stratosphere-troposphere version of GMI) to provide insight into the issue of the importance of model horizontal grid resolution to simulation of trace gas distributions. Two different resolutions – 2-degree and 1-degree latitude-longitude grids – will be run for the period 2003-to-2008 which covers several field campaigns. As for aerosols, the emission scenarios for AR5 will be used for constituent sources.  GMAO and ACDB scientists have responsibility for finalizing the emission specification. The contract staff will provide a diagnostic evaluation of the impact of resolution by comparison of output fields with the satellite and field campaign data (aircraft and in situ measurements), and the impact of resolution on budgets of stratosphere to troposphere exchange of ozone. Diagnostics of these runs will be established in collaboration with the scientists in GMAO and ACDB identified by the ATR. The GMAO’s Lead Scientist for Chemistry-Climate Modeling has responsibility for final specification of the diagnostics to be used.

iii) The contractor will be responsible for assembling the required emission data sets and ancillary data required for model simulation evaluation, for conducting the simulations, and undertaking the diagnostic analyses specified by the ATR.
iv)  Contractor staff will document the results in NASA Technical Reports, web-published research reports, or peer-reviewed publications.
Milestones for Subtask a:

January 29, 2010: Identification of the emissions to be used.

April 30, 2010: GEOS-5-GOCART simulations covering the period 2003-2005 will be completed and placed on the data portal (i.e., online computer disk) in the NASA Center for Computational Sciences (NCCS) at GSFC for evaluation by the contractor and Goddard scientists. Satellite, field campaign, and in situ data identified by Goddard scientists will be retrieved and placed on the data portal.

July 30, 2010: GEOS-5 – GOCART simulations covering the period 2006-2008, the 2-degree GEOS-CCMv3 simulations covering the period 2003-2008, and the 1-degree GEOS-CCMv3 simulations covering the period 2003-2004 will be completed.

September 30, 2010: The 1-degree GEOS-CCMv3 simulation for the period 2005-2008 will be completed.  If evaluation reveals that simulations are of comparable or better quality than similar comparisons in the published literature, the data on the portal will be made available to the wider research community.

Deliverables for Subtask a:

Weekly: oral status reports to the Agency Technical Representative (ATR)
Monthly (due on 15th of each month): written summaries of achievements and lists of technical problems encountered to ATR.
January 29, 2010: Documentation (on the GEOS-5 Wiki, http://geos5.org/wiki/) of the emissions to be used for simulations.

April 30, 2010: The simulated data sets will be made available on the NCCS data portal as they are generated and a web-based report will document the progress of each simulation.

July 30, 2010: The GEOS-5 - GOCART simulation data with AR5 emissions for the period 2003-2008 will be delivered on the NCCS data portal. The 2-degree GEOS-CCMv3 simulation for 2003-2008 will be delivered on the NCCS data portal for evaluation. Two years of the 1-degree GEOS-CCMv3 simulation will be delivered on the data portal for evaluation. The web-based documentation will include the simulations conducted, the data availability, and data access information. A web-based report of the preliminary analysis of the quality of the simulation results will be made available on the GMAO web site.
September 30, 2010: The last 3 years of the 1-degree GOES-CCMv3 simulation will be completed and placed on the NCCS data portal. A documentation of the experiments conducted and preliminary scientific analysis quality of the simulations (assessed by comparison with satellite and field campaign data and the existing literature), and the temporal and spatial variability in the gross distribution of aerosols and trace gases will be made available on the GMAO web site.

Sept. 30, 2010: Written final report, summarizing achievements, delivered to ATR.
Subtask b: Advances in the assimilation of AIRS and MLS radiance data.

i) Contractor staff will undertake investigation of the effectiveness of the assimilation of moisture channels from AIRS in the GEOS-5 data assimilation system. The assessment metrics will be the root mean square of the innovations (i.e., the observations minus the GEOS-5 background from a 3-9-hour forecast from the previous meteorological analysis); the anomaly correlation score for the 5-day forecast of the 500 hPa height over the Northern and Southern Hemispheres; and the impact (reduction in error in a 24-hour forecast) on a global energy norm that is available through the current GEOS-5 software. Contractor staff will test a new transmittance algorithm that is included in beta-test mode in the JCSDA Community Radiative Transfer Model (CRTM) that is included with the GSI. This new transmittance algorithm is expected to improve the AIRS assimilation.  The tests will compare the results using the current algorithm with those using the new algorithm.  
ii) Contractor staff will define the software interface requirements to couple JPL MLS software into the GMAO’s GSI software. The JPL MLS software is the forward model in the MLS Level 2 software that has to be coupled with the GEOS-5 observation operator to calculate a synthetic brightness temperature from the model using the JPL software. This synthetic observation has to be compared with the MLS satellite brightness temperature in order to calculate the innovation (i.e., the difference between the observation and the model forecast satellite brightness temperature).  Contractor staff will implement code to read the MLS Level 1 data in the GSI software. Contractor staff will implement the JPL forward model for MLS radiances (provided by the JPL MLS team as a FORTRAN-95 module to GMAO civil service staff by June 30, 2010) into the GMAO’s GSI software. The correctness of the implementation will be tested by calculation of innovations and comparing the statistics of the innovations with those from other radiance data in the upper troposphere.  The contractor will compute metrics to assess the correctness of the implementation according to metrics defined by the appropriate GMAO Lead Scientists (Drs Gelaro and Pawson). The GMAO will assess the correctness of the implementation by viewing the metrics calculated by the contractor staff.

iii)  Contractor staff will document the results in NASA Technical Reports, web-published research reports, or peer-reviewed publications.
Milestones for Subtask b:

January 29, 2010: Finalization of the MLS software interface requirements documentation.
July 30, 2010: Delivery of FORTRAN-95 module of MLS forward model by JPL MLS team to GMAO civil service staff.  GMAO will then furnish this software module to the contractor as Government Furnished Property on or about August 6, 2010.

September 30, 2010: Implementation tested by calculation of innovations over a 1-month test period to be identified by appropriate GMAO Lead Scientists (Drs Gelaro and Pawson).

Deliverables for Subtask b:

Weekly: oral status reports to the Agency Technical Representative (ATR)
Monthly (due on 15th of each month): written summaries of achievements and lists of technical problems encountered to ATR.
February 26, 2010: A summary (either a written document or Powerpoint presentation) of the GSI code modifications needed to implement the MLS radiance code. 
July 30, 2010: A summary (either a written document or Powerpoint presentation) of the initial AIRS tests conducted with the new CRTM capabilities. 
August 27, 2010: A demonstration of the ability to read MLS Level 1 data in the GSI software by providing a plot of satellite brightness temperatures along satellite swaths for several days.
September 30, 2010: Two written reports, each documenting (i) the results from the AIRS assimilation tests and (ii) the results of the innovation calculations using the MLS radiance code inside the GSI, respectively.
September 30, 2010: Written final report, summarizing achievements, delivered to ATR.

Subtask c: Use of MERRA to contribute to improving cloud and convection parameterizations.

Contractor staff will extract MERRA analyses for periods identified by a team, consisting of Goddard, JPL and LaRC scientists, to place satellite data in a meteorological context and to expand the parameter space explored by Cloud-Resolving Model (CRM) and Single Column Model (SCM) simulations. Contractor staff will utilize this MERRA forcing data to conduct simulations with the GEOS-5 SCM over an extended parameter space of meteorological backgrounds at locations with verifying data (field campaigns, satellite tracks, the Atmospheric Radiation Measurement (ARM) program sites), in collaboration with JPL and GSFC’s Mesoscale Atmospheric Processes Branch.

Milestones for Subtask c:

January 29, 2010: Identification of the periods of interest by the team collaborators (led by JPL).

July 30, 2010: Complete simulations with the GEOS-5 SCM for periods of interest.

Deliverables for Subtask c:

Weekly: oral status reports to the Agency Technical Representative (ATR)
Monthly (due on 15th of each month): written summaries of achievements and lists of technical problems encountered to ATR.
April 30, 2010: Deliver fields needed by the CRM and SCM, placing fields on the data portal at the NCCS. Document fields and file formats for team collaborators.

July 30, 2010: Deliver required simulation data from the SCM simulations for periods of interest identified by the collaborative team.
September 30, 2010: Deliver a web-based report on the GMAO’s web site documenting the results from the SCM simulations according to diagnostics decided by the team. 
September 30, 2010: Written final report, summarizing achievements, delivered to ATR.

TRAVEL AUTHORIZED:  

Four domestic trips for attendance of up to 4 contractor support staff at appropriate major national meetings is authorized.
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