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Overview

The focus of this crosscutting integrated systems solutions project is to develop,
demonstrate, and enable the use of land surface research results to address multiple
national application solutions. Knowledge of terrestrial water, energy, and carbon
conditions are of critical importance to real-world applications such as agricultural
production, water resource management, flood, weather and climate prediction, hazard
mitigation and mobility assessment. A huge volume of land surface states and fluxes are
being observed on the ground or from space, including surface temperatures, vegetation
conditions, snow states, albedo, longwave and solar radiation, precipitation, surface
moisture, freeze/thaw state, runoff, total water storage and elevation, among others. The
need to interpret and transition these NASA land surface research results into decision
support solutions has motivated the development of the Land Information System (LIS).
LIS incorporates the following functionality to enable this transition: a high-resolution
capable land data assimilation system, involving several independent community land
surface models, land surface data assimilation technologies, and integrated database
operations for observation and prediction data management; a web-based user interface
that accesses data mining, numerical modeling, and visualization tools. LIS has been
recognized by many partner agencies as a valuable tool for translating and
interpreting NASA's vast Earth observation resources into information useful for
decision support. Therefore, this work is being conducted in response to requests by
these partner agencies to prototype LIS solutions, demonstrate them in the partner's
operational environment, and characterize LIS performance. In addition, the data
assimilation capability provided within LIS enables the optimization of NASA Earth science
research results in partner decision support tools using Observing System Simulation
Experiments (OSSEs).

Users and Tools

First, we identify the current and future observational systems (table 1) that may guide the
development of improved parameters, forcing, validation, and data assimilation
constraints for end-use solutions (Table 2). A huge volume of land surface observations
may be operationally sensed from space, including surface temperatures, vegetation
conditions, snow, albedo, longwave and solar radiation, precipitation, surface moisture,
freeze/thaw state, runoff, total water storage, and elevation, among others.

Table 1. List of the primary data products generated from NASA's terrestrial satellite observations

Class Observation Technique. Example Platform Temporal Spatial
Leat area and greemness opticalR AVHRR, MODIS, NPOESS weekly 1k
Bl e opticalR MODIS, NPOESS weekly 1k
Emisshity opticalR MODIS, NPOESS weekly 1
Vegetaton structure lidar ICESAT, ESSP fidar mission weekly-monttly | 100m
Topography in-situ sunvey, radar GTOPO3D, SRTM episodic 30m-Lkm
Land Wind profie radar
Foruings Air Humidity and temperature IR, MW TOVS, GOES, AVHRR, MODIS, AMSR hourly-weekly 5km
Near- surface radiation opticallR ‘GOES, MODIS, CERES, ERBS, et hourly-weekly 1km
Preciptation microwavellR TRM, GPM, SSMI, GEO-IR etc. houry-monthly 10km
Land Temperature R insiu IR-GEO, MODIS, AVHRR, TOVS hourly-monthly 10m-dkm
Stetes Thermal anomalies IR.NIR, optical AVHRR, MODIS, TRMM dallyweekly 250m-1km
Snow cover and viter optical, microwave SSMI, TM, MODIS, AMSR, AVHRR, etc weeky-montily | 1km
Freezelthaw radar ‘Quickscat, HYDROS, IceSAT, CryoSAT weekly 3m
Tota vater storage gaviy GRACE monthly 1000km
Soi mosture actvelpassive microwave___| SSWI, AMSR, HYDROS, SMOS, tc 330day 10100 km
Land opticalR,insits MODIS, GOES horly-weekly 10m-dkm
Fluxes ‘Solar radiation optcal, IR MODIS, GOES, CERES, ERBS hourly-monthly
Longwave radiation optical, IR MODIS, GOES hourly-monthly 10m-dkm
Sensile heat flx R MODIS, ASTER, GOES houry-monthly 20m-4km
Table 2: Example LIS relevance to crosscutting national priority applications.
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The Global Land Data Assimilation System (GLDAS) is internationally recognized as a
key NASA resource for the global assessment of terrestrial water and energy conditions
and fluxes. It is being used extensively by the research community for studies ranging
from climate and weather forecast initialization to the improvement of hydrologic decision
support systems. The goal of the GLDAS is to ingest satellite- and ground-based
observational data products, using advanced land surface modeling and data assimilation
techniques, in order to generate optimal fields of land surface states and fluxes (Rodell et
al., 2004). The GLDAS software, which has been streamlined and parallelized by the Land
Information System, drives multiple, offline (not coupled to the atmosphere) land surface
models, integrates a huge quantity of observation based data, executes on a global
domain at high spatial resolutions (2.5° to 1 km), and is capable of producing results in
near-real time. The LIS infrastructure (Peters-Lidard et al., 2004) unifies and extends the
capabilities of GLDAS in a common software framework capable of ensemble land
surface modeling on points, regions or the globe at spatial resolutions from 2x2.5 degrees
down to 1km and finer. The 1km and finer resolution capability of LIS allows it to take
advantage of the latest EOS-era observations, such as MODIS leaf area index and
surface temperature, at their full resolution. The hallmark of LIS is its object-oriented
software engineering design and integrated high performance computing and
communications technologies that enable high-resolution ensemble land surface
modeling. LIS has also adopted other Earth system modeling standards and conventions,
such as the Earth System Modeling Framework (ESMF; Hill et al. 2004) and Assistance
for Land Modeling Activities (ALMA; Polcher et al. 1998).
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Progress

NCEP Forecast Initialization: LIS was used to generate land surface states to initialize
NCEP's Eta model, which should lead to improved meteorological forecasts (Cosgrove
and Alonge, 2005). Forecasts of surface and upper air meteorological fields, as well as
precipitation, were validated against observations using NCEP's Forecast Verification
System (FVS), with the following conclusions:

Surface Forecasts
Improved relative humidity and temperature.
Mixed impact on wind speed forecasts.
MODIS snow cover data improved forecasts
Upper Air Meteorology
Mixed results
300mb temperature consistently improved.
Daily Precipitation
Impact generally mixed & small.
Improvements in placement.

Figure 1. Percent improvement in 2m relative humidity RMSE
versus control run. Results are from LIS3 12Z cycle. Warm colors
indicate improvements, while cool colors indicate degradations.
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Figure 2. Coupled model precipitation forecast improvement using LIS.

US Bureau of Reclamation: Integration of LIS land products into USBR river forecasting
systems (such as land cover, snow, evapotranspiration, streamflow, soil moisture, etc.) is
being used to improve water resource and Hydro-energy management.
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