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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 FY09-10. 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 over the last year are outlined below:

Acquisition of a public version of LIS

In 2009 NASA unexpectedly withdrew the LIS software package from the public domain. CREW was asked to apply for a permit to use LIS, which was granted after several months of negotiations. Even then only LIS-5 was made available to this project. The CREW project team had anticipated to be able to use LIS-6 capabilities, but the use of LIS-6 is still under negotiation. In the meantime all experimentation will go ahead as planned using the slightly older version of LIS-5. Some work will have to be repeated using LIS-6 when it becomes available.

Snow observation evaluation

Knowledge and select code and scripts from the snow data assimilation (DA) work has been transferred to this project, which include downloading and processing key snow observations (i.e., SNOTEL, MODIS snow cover). Also, the snow DA research, being written into peer-reviewed journal articles, is being transferred as much as possible to the operational applications of this project, which includes how the snow observations can be used for the DA methods along with some of the LIS code modules.

MODIS Snow Cover Data Collecting and Processing

1. MODIS Data Collecting
MODIS/Terra Snow Cover Daily L3 Global 500m Grid (MOD10A1) data for the whole year of 2009 was obtained from the National Snow and Ice Data Center (NSIDC) at http://nsidc.org/data/modis/data_summaries/index.html. The region covers the Alaska area from 50N to 72N and from 170W to 140W (Fig. 1). MOD10A1 consists of data tiles of 1200 km by 1200 km at 500 m resolution gridded in a sinusoidal map projection. The latest MODIS data collection, version 5, was collected because in this version the daily fractional snow cover was added to MOD10A1. The other three data variables are daily snow albedo, snow cover classification and the data quality control.

2. Procedures to process the MODIS Data 
The original MOD10A1 is in a format of compressed HDF. Each file corresponds to a tile in the sinusoidal projection. We have to make a mosaic image based on the tile data and then resample it to a spatial resolution compatible to our LIS based simulations. In our case, the spatial resolution is 0.01 degree in the geographic projection. The MODIS Re-projection Tool (MRT) is employed to re-project images into a standard map projection. A shell script was developed for automatic batch processing of the data and standardizing it for input into LIS.

[image: image1]
3. Data availability of the MODIS snow cover data

The snow cover classification and the snow cover fraction are used in the LIS data assimilation. However, such information is not always available from the MODIS observations due to weather conditions and sensor status. The three maps in Fig. 1 show spatial patterns of the total days per year (2009) classified as snow-free land, snow covered land and cloud-covered land, respectively. For most areas in south Alaska, cloud-covered days exceed 200 in the year 2009, which means there are very limited days of good snow cover data from MODIS available for our data assimilation. The northeast part of Alaska has relatively higher availability of MODIS snow cover data and the cloud-covered days for this region comprise about 1/3 to ½ of a year. The spatial patterns of the available days for snow-free and snow covered land on clear days are also provided.

To examine the temporal variation of the data availability, the daily fraction of the snow cover classification for snow covered land, snow-free land, cloud-covered area and open water to the whole region was investigated. Fig. 2 shows that the fraction of the snow-covered land reaches a minimum from July through September. There is no seasonal variation for cloud cover, except that the fraction of cloud cover decreases in December and January. The fraction of open water also decreases in December and January as water covered by ice is classified as snow-covered lake ice. The decrease of the fraction for open water in March 16 and September 7 was caused by a sensor problem. A large number of pixels were found missing on those two days.
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Fig. 2: Daily fractional snow cover classifications from MODIS/Terra for 2009.
4. Fractional snow cover from MODIS 
The availability of un-obscured fractional snow cover data on land for March 22-27, 2009 is shown in the map below. The snow cover fraction ranges from 0 to 100%. The missing data and the cloud covered areas are shown as blank (white). The fraction of snow cover from MODIS will be a major source of information for the snow data assimilation experiments in our study. It provides an alternative approach to validate our models for the area where the in situ snow measurements from SNOTEL are unavailable.

Snow data assimilation

Currently, revisions are being made for the paper by Arsenault et al. (2010), which involves assimilating MODIS snow cover fraction (SCF) and comparing different data assimilation (DA) methods with the Community Land Model (version 2) within LIS. The two DA methods evaluated include some different direct insertion (DI) approaches and the Ensemble Kalman filter (EnKF). To apply the MODIS SCF within the LIS data assimilation framework, snow depletion curves based on the model formulation and observations are used to obtain estimates of SWE and snow depth. Current results (as shown in the paper) indicate that the EnKF method is superior to the different DI methods. However, some DI methods (e.g., Rodell and Houser, 2004) show similar error reductions over the baseline (or open-loop) runs. This information offers that simpler DA methods, like DI, may still have value for assimilating observations, especially since they are much less computationally expensive and far simpler to set up and tune. Whereas EnKF and related methods require much expertise and knowledge of the statistics, tuning, bias correction, and other related requirements to making the EnKF more optimal for retrospective and operational runs.

Activities of a technical nature
1. Transferring the code and parameters

We acquired the LIS source code to be implemented at NOHRSC in Jan 2009. We also delivered a complete set of parameter data and some forcing data, which are required to test the LIS software.  CREW received permission to use the LIS5 beta source code from NASA in Jan 2010. We are still awaiting permission to use LIS-6. The LIS code was successfully compiled on a Linux-64 bit machine running CentOS 5.3. The Absoft-10 compiler was used. This required some modifications in the LIS set up configuration. The knowledge was transferred to NOHRSC team and CREW staff assisted the NOHRSC team in compiling the shared LIS code successfully. This was followed up 


[image: image3].

Fig. 3: Daily fractional snow cover on land from MODIS/Terra. Panels a) to f) are for six consecutive days, March 22-27, 2009, respectively.

with desk support until July 2009 providing solutions to several issues encountered in the process of installing libraries required for LIS, compilation options, environment setting and test runs at NOHRSC. We also helped to diagnose erroneous model outputs and to reprocess the LIS output to match NOHRSC requirements.

2. Benchmark runs with the NOAH model

We configured the NOAH land model for benchmark runs (Table 1). The initial pilot tests were run on the Alaska domain and its sub domain at 1-km resolution for a short time frame (48-hours), for which computational wall times were examined. The test was further extended at CREW on its cn1 and cn2 computer node using multiple processors (4, 6 and 8). We could not use 8 processors successfully as LIS uses all CPU resources while using 8 processors. In this case, there is almost no resource available for running background system processes, which makes the LIS-runs extremely slow.

3. Model set up and test runs - CLM land model 

We configured the CLM land model for conducting test runs in Aug, 2009. The LIS-CLM runs were crashing displaying the segmentation faults at NOHRSC. We reproduced the errors at CREW using the same data and parameter that were used at NOHRSC. We also diagnosed the problem and the solutions were provided to NOHRSC.

4. NAM data and LIS module development 
The existing version of LIS does not have the capability to use NCEP’s North American NAM products as precipitation inputs. We have added the LIS module for using NAM data. So far we have successfully used NAM grid 212 data, which is available at approximately 40-km resolution for the CONUS region, but the dataset does not cover the Alaska region. The NOHRSC team uses NAM grid 216 (approx 45-km resolution), which includes Alaska. The NOHRSC team plans to use NAM 242 (approx 11-km resolution) data in the near future. Currently the LIS modules at CREW are being prepared for the NAM242 data. We conducted test runs using NAM and GDAS forcing data. The test runs using NAM forcing produced unrealistic outcome for some fluxes. For example, the long-wave net radiation was found to be increasing in geometric order. In previous experiences LIS showed this problem occasionally with GDAS forcing. The problem is associated with corrupt streaming of data and requires more tests.
5. Testing the operational set up 

We configured LIS for tests of operational runs using GDAS forcing data, i.e. using near-real time data and model runs. The initial test runs failed due to corruption in parameter files. The problems of data corruption might have occurred in a series of changes at CREW computational facility as required by system-administration updates. The problem is expected no to occur when the dedicated hardware will be used. After correcting this problem, the operational runs were conducted successfully for the January 2010 snowstorm event in the Mid-Atlantic Region (Fig. 5).

6. New hardware set up 

The new dedicated hardware was procured over the summer. CREW IT staff configured the hardware, the required software was installed and LIS was compiled successfully. All parameters and test data were transferred and a benchmark experiment was conducted successfully.
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Fig. 4: Comparison between simulations using NAM242 and GDAS precipitation data over the Alaska experiment domain for September 1, 2010.
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Fig. 5: Comparison between simulations using NAM242 and GDAS precipitation data over the Mid-Atlantic experiment domain for January 1, 2010.
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 after acquiring and implementing the same parallel hardware systems at both centers as stated in the proposal.  We have laid the groundwork for CREW-NOHRSC to develop the capability to integrate various NASA satellite products and software into operations.  Some of the DA work will be inferior to the plans in the proposal as we wait for LIS-6 to be made available to the project, but we expect to apply the full capabilities later in the year. 
Plans for the third year of funding include testing data assimilation techniques (e.g., Rodell and Houser, 2004; Reichle et al., 2002).  These techniques were partially implemented 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, Dr. Hongbo Su and Ms. Kristi Arsenault and CREW IT staff).  The PI, Dr. Lydia Dumenil-Gates, provides overall guidance of the project. At the NOHRSC office, Dr. Don Cline is the main Co-PI, 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 will help to meet their end-user needs.
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Fig. 1: Number of days for MODIS snow cover in 2009 classified as: a) snow covered land, b) cloud covered and c) snow-free land
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