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1.  Objective

This Annual Report summarizes the activities and progress of the collaborative project between IGES Center for Research on Environment and Water (CREW) and NOAA’s National Operational Hydrologic Remote Sensing Center (NOHRSC) for FY08-09. The main objective of this Integrated Systems Solutions (ISS) project is to transfer, demonstrate and enable the use of snow-related NASA observational and modeling research results into NOAA’s operational National Snow Analyses (NSA) decision support tool (DST) products to improve water management, disaster management and agricultural efficiency decision support.  The model of work being followed is a transition of research to operations by applying NASA’s LIS software and data assimilation framework into NOHRSC operation NSA-DST framework.  Other goals of the project are to expand the capabilities of the NSA-DST through additional land surface variables and data products and enabling multi-model inputs for the partner DST.    Finally, the NWS Alaska-Pacific River Forecast Center, an operational end-user of the NSA-DST and project collaborator, will help evaluate the results of this project.


This document has been prepared in accordance with the requirements and provisions of the Grants and Cooperative Agreement Handbook as outlined by NASA.

2.  Project goals

As stated in the proposal and approved plans, the goals of this collaborative project include:

· Transfer NASA’s Land Information Systems (LIS) software to operations at NOHRSC to expand NSA-DST capabilities

· Enable multi-model LIS ensemble short-term prediction capabilities at NOHRSC

· Evaluate LIS-assimilation of AMSR-E, MODIS and GRACE to generate operational land DST information.

· Evaluate the impact of NASA products in the NWS Alaska-Pacific River Forecast Center (RFC) region. 
3.  Project Background

Real-time and forecasted terrestrial snow and hydrology products are vital to water, energy and disaster management applications.  NOAA’s NOHRSC relies on the latest and most complete remotely sensed, ground-based observations and modeling systems to provide comprehensive, operational hydrological and snow observations, analyses, data sets and map products for the Nation.  NOAA’s NSA is a critically important DST and widely used to make operational decisions for agricultural production, water resource management, hazard mitigation and mobility assessment.  The Snow Data Assimilation System (SNODAS) is used as part of the NSA data assimilation and modeling framework and is a major part of NSA-DST.  Some of NOHRSC’s end-users include the NWS Offices, like the River Forecasting Centers (RFCs), Bureau of Reclamation, Army Corps of Engineers, utility companies, state and local governments, the public and many others.  

NOHRSC plans to expand its operations beyond snow to include other hydrologic variables (e.g., soil moisture, runoff, etc.).  NASA’s Land Information System (LIS) provides a path to produce the additional required information plus enable multi-model ensemble predictions to enhance the NSA-DST.   The award-winning NASA LIS software is designed to integrate multiple models with a variety of observations, from ground and space-based observing systems (e.g., Peters-Lidard et al., 2007; Kumar et al., 2006).  It contains a variety of land surface models (LSMs), meteorological forcing options, and data assimilation techniques, and resolutions and grids, well suited to meet the needs of this project.  The main hydrometeorological variables that LIS focuses on are soil moisture, evaporation, snow cover, runoff, precipitation, and also radiation and energy budget variables.  All of these, to some capacity, can serve the needs of NOHRSC’s plans of supplying additional hydrological and water resource-related products to their end-users.  Also, using LIS will allow NOHRSC to make use of new data streams of snow information derived from NASA’s passive microwave and optical satellite observations, which they currently do not incorporate into the operational NSA-DST.  
4.  Approach and Progress 

The main approach of this project involves applying the LIS software to provide land model ensemble, prediction, and data assimilation capabilities for generating operational, hydrological data products.  The details of the work and progress are outlined below:

a)  Setting Up Identical LIS Software at both CREW and NOHRSC:  

The same version of the latest, publically available LIS software was installed at both CREW and NOHRSC.  CREW staff provided LIS training to NOHRSC researchers and helped them with the LIS installation.  Initial pilot study tests were performed by both groups to prepare for a full software simulation benchmark.  A one-year, “mirrored” LIS simulation was set up at both centers and run at 1km to demonstrate that identical systems were in place for additional model simulations and to transfer future LIS model enhancements and code development performed at CREW for the project.    

b)  Results of the One-Year Identical Benchmark Simulations:

The one-year, ~1-km benchmark model simulations were completed at both centers using Global Data Assimilation System (GDAS) forcing to drive the Noah LSM in LIS.   The runs were set up and performed for a subdomain of Alaska to demonstrate that identical results were achieved after the year-long simulation.  With achieving identical year-long runs for this subdomain, work was then begun on developing a strategy to set up LIS to run over larger domains, like all of Alaska.  Such a strategy will eventually lead to an approach of running the LIS simulations operationally for the continental U.S. (CONUS) domain.  Also with demonstrating this successful benchmark, researchers at both centers have been able to move forward with running different LIS land surface models and testing different options and parameters.  Such additional experiments help with testing for future model ensemble runs.

c)  Operational Runs and Implementing Forecast Capabilities in LIS:

Another project goal is to implement forecast capabilities in LIS for the project.  The operational North American Mesoscale (NAM) forecast data (at ~11 km) was selected by NOHRSC to be used with the operational LIS simulations for the Alaska domain.  For this project, code and modules for the NAM forcing dataset have been developed and tested within LIS by CREW staff for the first year.  The final operational version of the NAM forecast modules in LIS will be provided to NOHRSC to be used in the operational runs at NOHRSC for the Alaska domain.

To prepare for operational runs and testing a suite of LIS experiments at both CREW and NOHRSC, research has been done on the latest and most suitable hardware and software to be obtained and used to meet the needs of this project. 

5.  Future Plans and Collaborator Status

The CREW-NOHRSC partnership is well established, and identical LIS software has been implemented at both centers.  LIS benchmark runs have been made to help with researching and acquiring same parallel hardware systems at both centers.  We have laid the groundwork for CREW-NOHRSC to develop the capability to integrate various NASA satellite products and software into operations.  With the Year-1 prototype benchmark successful, both CREW and NOHRSC are in ideal position to implement and test NASA’s modeling, observations and data assimilation capabilities.

Plans for the second year of funding include building on collaborations with the NASA/GSFC LIS team to ensure ongoing code development and propagation in to future LIS releases.  Efforts are in place to run LIS operationally at NOHRSC, and we plan to provide processed output to the NWS Alaska-RFC and other end-users for hydrological applications and decision support.  We plan to run in the operational setting three or more LSMs to provide an ensemble mode which optimally merges the strengths of the different models.  Also, the full NAM forcing will be implemented in a forecast mode to provide ensemble prediction capabilities of snow fields and a variety of other land surface states and fluxes for the end-users to evaluate.  Finally, the project in the second year will begin testing data assimilation techniques (e.g., Rodell and Houser, 2004;  Reichle et al., 2002).  These techniques are currently being implemented and further tested in LIS to assimilate a variety of remotely-sensed snow products, including NASA’s EOS Terra and Aqua MODIS snow cover and other relevant MODIS products and AMSR-E snow water equivalent.  These efforts leverage off of other ongoing snow and soil moisture data assimilation research conducted at CREW.   

The work being conducted at IGES/CREW involves a team of researchers (including Dr. Roshan Shrestha) helping with the LIS code development and testing and researching the latest in IT resources suitable for this project.  The PI, Dr. J. Shukla, provides overall guidance of the project.  Dr. Paul Houser has remained part-time with IGES/CREW as a technical advisor on this project.  At the NOHRSC office, Dr. Don Cline is the main Co-PI there, and the tasks for this project are being covered by investigators:  Greg Fall and John Halquist.  Larry Rundquist is the main co-investigator from NWS Alaska-Pacific RFC and will help evaluate the operational products and to help meet their end-user needs. 
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