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ObjectiveObjective

To Validate and Compare U.S. Bureau of ReclamationTo Validate and Compare U.S. Bureau of Reclamation’’s s 
(Reclamation) AWARDS ET Toolbox Decision Support (Reclamation) AWARDS ET Toolbox Decision Support 
System (DSS) with System (DSS) with 

inin--situ measurements, situ measurements, 
satellitesatellite--derived ET, and derived ET, and 
moisture and energy budget variables from the    moisture and energy budget variables from the    
Land Information System (LIS) projectLand Information System (LIS) project

•• RegionRegion :: Middle Rio Grande River Basin in New Mexico:: Middle Rio Grande River Basin in New Mexico
---- From just above From just above CochitiCochiti Reservoir to just below Elephant Butte Dam.Reservoir to just below Elephant Butte Dam.

GoalGoal :: To Improve Water Consumption and Loss :: To Improve Water Consumption and Loss 
Estimates for the Middle Rio Grande River and provide the Estimates for the Middle Rio Grande River and provide the 
more well tested and improved products into other more well tested and improved products into other 
Reclamation Reclamation DSSsDSSs –– RiverWareRiverWare and URGWOMand URGWOM



AWARDS AWARDS -- ET Toolbox System Operational Areas ET Toolbox System Operational Areas 
in U.S. Bureau of Reclamationin U.S. Bureau of Reclamation

http://http://www.usbr.gov/rsmg/nexradwww.usbr.gov/rsmg/nexrad//



AWARDS AWARDS –– ET Toolbox SystemET Toolbox System
AWARDSAWARDS: : 

(Agricultural (Agricultural WAterWAter Resources Decision Support)Resources Decision Support)
An automated information system to assist water users by 
providing easy access to rainfall and daily crop water use 
estimates.

ET (ET (EvapoTranspirationEvapoTranspiration) Toolbox:) Toolbox:
A water resources decision support tool that builds on 
AWARDS.  The primary purpose of the ET Toolbox is to 
estimate high resolution daily rainfall and water depletions 
(crop, riparian, and open water evaporation).

RiverWare Enhancement:RiverWare Enhancement:
The goal is to improve the efficiency of water management by 
using the ET Toolbox to calculate daily crop ET estimates for 
automatic input in RiverWare.



ParameterizingParameterizing and assimilating MODIS, and assimilating MODIS, LandsatLandsat and ASTER and ASTER 
data into LIS models to be tested in the AWARDS ETdata into LIS models to be tested in the AWARDS ET--ToolboxToolbox

Middle Rio Grande River, New MexicoMiddle Rio Grande River, New MexicoMiddle Rio Grande River, New Mexico
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ET Toolbox in New MexicoET Toolbox in New Mexico
Within the ET Toolbox, and for each crop, the evapotranspiration,

is the reference evapotranspiration and is calculated with a 
modified Penman equation, such that:

, 

and measured in                     is 



Land Information System (LIS)Land Information System (LIS)
BackgroundBackground:: Software developed to parameterize, force, and constrain multiSoftware developed to parameterize, force, and constrain multiple, land surface ple, land surface 
models with data from ground and spacemodels with data from ground and space--based observing systems.  It builds onto the original based observing systems.  It builds onto the original 
NASA/GSFC Land Data Assimilation System (LDAS) projects.NASA/GSFC Land Data Assimilation System (LDAS) projects.

Root zone soil water content [%]LDASLDAS
North American LDASNorth American LDAS

Global LDASGlobal LDAS
LISLIS

FORCING DATAFORCING DATA

PARAMETERSPARAMETERS

•• PrecipitationPrecipitation
•• TemperatureTemperature
•• RadiationRadiation
•• Other variablesOther variables

•• Vegetation Types Vegetation Types 
•• Soil ClassesSoil Classes
•• ElevationElevation
•• Other dataOther data

OUTPUTOUTPUT

•• Soil MoistureSoil Moisture
•• EvapotranspirationEvapotranspiration
•• Energy fluxesEnergy fluxes
•• River runoffRiver runoff
•• Snowpack    Snowpack    

characteristicscharacteristics



LIS/LDAS Background

• The Land Data Assimilation System (LDAS) and the 
Land Information System (LIS), developed at NASA 
Goddard Space Flight Center, are being used and 
customized for this project.  
• Three land surface models (LSMs) are used and 

evaluated for this project:  
- Mosaic LSM – NASA GSFC
- The Community Land Model, version 2 (CLM2)
- NOAA’s Noah Land Surface Model, version 2.7.1 

• Forcing:  
- NOAA’s Eta Data Assimilation System data (EDAS)
- Merged Stage II Doppler Radar and CPC Rain gage products
- UMD (Pinker et al.) GOES Radiation Products 

• Terra/Aqua 1 km Moderate Resolution Imaging 
Spectroradiometer (MODIS) products:
- Land Cover                         - Leaf Area Index
- Continuous Veg. Fraction     - Land Surface Temperature



LDAS/LIS Parameter SpecificsLDAS/LIS Parameter Specifics
• Spatial Extent:  State of New Mexico and Southern Colorado
• Domain:

– 32° N to 38° N, and 107° W to 102° W
• Spatial Resolutions:  0.125 deg. (~12 km), 0.01 deg (~ 1 km),

and sub-1 km UTM domains
• Temporal Resolution:  model time steps -- =/< 15 minute , 

output fields – hourly to 3 hourly 
• Elevation Definition:  GTOPO30 DEM, NED, SRTM
• Vegetation Definition:  

– AVHRR and MODIS vegetation class maps
• Soils Definition:  

-1km Penn State STATSGO and USDA SSURGO
- 5 minute ARS FAO data



CLM2 LSM Physics and Methods for Calculating CLM2 LSM Physics and Methods for Calculating 
EvapotranspirationEvapotranspiration

wE

trE

gE

The transfer of water and CO2 into and out off vegetation is described by 
a photosynthesis-conductance model.   Surface evapotranspiration
consists of evaporation from wetted stems and leaves: 

transpiration through the plant: 

and initial evaporation from the ground: 

(e.g., bare soil and snow sublimation).

The model accounts for ten unevenly spaced layers for soil 
temperature and soil moisture, multi-layer parameterization for snow 
processes (up to 5 layers) and explicit treatment of the mass of liquid 
water and ice water, and their phase change within the snow and soil 
system. 



Use of Original Use of Original 
0.125 deg LDAS 0.125 deg LDAS 
Products Products ––

RealReal--time updatestime updates

Example of LDAS-
Mosaic LSM 2m Air 
Temperature used in 
AWARDS ET-Toolbox 

On July 8, 2003



74.7424774.7754075.4444674.37672MET average

78.6227882.1787782.7973585.76215Eta average

0.802180.725030.721130.77124R^2(deg F)

10.2851010.4066110.2514611.43423Std Dev2m Air Temp:
Pena BlacaNorth BosqueLuis LopezJaralesNameJul-02

74.8514676.8025277.2953875.33832MET average

78.5446283.8014384.2996586.53377Eta average

0.811540.788350.809090.77845R^2(deg F)

12.3822412.6490312.2454712.98258Std Dev2m Air Temp:
Pena BlacaNorth BosqueLuis LopezJaralesNameJun-02

64.3046666.3289767.0886564.95704MET average

66.6895771.9138572.3918874.61522Eta average

0.825870.807760.824090.78876R^2(deg F)

12.2948512.6550612.3556012.99341Std Dev2m Air Temp:
Pena BlacaNorth BosqueLuis LopezJaralesNameMay-02

0.125 deg NLDAS Forcing versus MRGCD Station Data in Albuquerque Region

Overestimation



Validation of the 0.125 deg LDAS Output:  Validation of the 0.125 deg LDAS Output:  
Soil Moisture and 2m TemperatureSoil Moisture and 2m Temperature

Lon:105.42° W
Lat:   34.25° N 

Adams Ranch, NMAdams Ranch, NM

Time Soil Moisture Temperature
SCAN vs. MOS SCAN vs. Eta

10cm 1m Min Max
Spring 2001 .921 .943 .873 .825

Summer 2001 .746 .781 .594 .716

Adams Ranch Temperatures: Mar-May 2001
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Lon:106.87° W 
Lat:   33.80° N 

South Bosque, NMSouth Bosque, NM

Time Temperature Precipitation SW Radiation

NMCC vs. Eta NMCC vs LDAS NMCC vs LDAS

Min Max

R-Values .884 .971 .07 .895

South Bosque Short-wave Radiation: Jan-Sep 2001
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Validation of the 0.125 deg LDAS Output:  Soil Validation of the 0.125 deg LDAS Output:  Soil 
Moisture and 2m TemperatureMoisture and 2m Temperature

NMCC
LDAS

Jan 1-Sep 30, 2001



LDAS Validation – Mosaic LSM at 0.125 deg

Corona, NM

• Why are the correlation values low?
– The evapotranspiration was figured using the ET (Penman) 

equation for a wet grassland area.  However, the area is a 
closed shrubland and grassland area.

Site Time Precipitation Evapotranspiration
NMCC vs. Eta NMCC vs. Eta

Corona, NM Jan 1-Sep 30, 2001 .410 .010



Given its relatively coarse spatial resolution, the Given its relatively coarse spatial resolution, the 
standard configuration of LDAS 0.125 degree standard configuration of LDAS 0.125 degree 
runs is however not ideal for aiding water runs is however not ideal for aiding water 
resources management at the local and regional resources management at the local and regional 
scales in this region.scales in this region.

In effect, the average width of the irrigated crop In effect, the average width of the irrigated crop 
zone along the Middle Rio Grande is about 8 km, zone along the Middle Rio Grande is about 8 km, 
i.e. approximately 2/3 the size of the current i.e. approximately 2/3 the size of the current 
resolution of the LDAS 0.125 deg model runs.  resolution of the LDAS 0.125 deg model runs.  



AVHRRAVHRR
UMD land coverUMD land cover

MODIS V4MODIS V4
UMD land coverUMD land cover

MODIS V3MODIS V3
UMD land coverUMD land cover

1km LIS LSM Simulations 1km LIS LSM Simulations -- Examining Impacts of Examining Impacts of 
the Differences of the Satellitethe Differences of the Satellite--derived Land Cover derived Land Cover 

Classes on Energy and Moisture BudgetsClasses on Energy and Moisture Budgets



Meteorological field adjustment 
using standard environmental 
lapse rate – for difference with 

model forcing fields

(m)

Four-year climatology of 1km 
MODIS v4 LAI for September 

for the region

Example of Parameters Used in 1km LIS Runs



Latent Heat Flux Latent Heat Flux 
(W m(W m--22))

Top 10 cm Soil Temperature Top 10 cm Soil Temperature 
(Celsius)(Celsius)

Sensible Heat Flux Sensible Heat Flux 
(W m(W m--22))

DifferencesDifferences between  (1) AVHRR run and (2) between  (1) AVHRR run and (2) 
MODISMODIS runs for May 30, 2002 (18 Z)runs for May 30, 2002 (18 Z)

The differences in latent heat flux, sensible heat flux and the The differences in latent heat flux, sensible heat flux and the top layer soil top layer soil 
temperature for the Noah 2.7 LSM.  temperature for the Noah 2.7 LSM.  



River or Lake 
Evergreen needleleaf forest
Evergreen broadleaf forest
Deciduous needleleaf forest
Deciduous broadleaf forest
Mixed cover
Woodland
Wooded grassland
Closed shrubland
Open shrubland
Grassland
Urban areas
Cropland
Barren or sparsely vegetated

Albuquerque, Albuquerque, 
NM RegionNM Region

MODIS V4MODIS V4
UMD Land CoverUMD Land Cover

ClassesClasses

AVHRRAVHRR
UMD Land CoverUMD Land Cover

ClassesClasses



Albuquerque, NM area Albuquerque, NM area –– May 30, 2002 (18Z)May 30, 2002 (18Z)

Latent Heat Flux (W mLatent Heat Flux (W m--2):  AVHRR run 2):  AVHRR run –– MODIS runMODIS run



LIS-Noah Total Monthly Rainfall (mm) LIS-Noah Total Monthly ET (mm)

Using MODIS v.4 Land Cover Classes (MOD12) and LAI (MOD15)

Albuquerque, NMAlbuquerque, NM
LIS LSM output for August of 2003LIS LSM output for August of 2003

ETET--Toolbox Total ET For Central ALBQ:  Toolbox Total ET For Central ALBQ:  175.3 mm175.3 mm
ETET--Toolbox Toolbox –– Total ET for Urban Classes Only: Total ET for Urban Classes Only: 132.3 mm132.3 mm



New Merged LISNew Merged LIS--LUTA RunsLUTA Runs

The Land Use Trend Analysis (LUTA) land cover classes The Land Use Trend Analysis (LUTA) land cover classes 
used in the ETused in the ET--Toolbox have been mapped to three major Toolbox have been mapped to three major 
other LU/LC classifications datasets for use is LIS:other LU/LC classifications datasets for use is LIS:

the UMD classification (currently used in LIS),the UMD classification (currently used in LIS),
IGBP classification (used for LISIGBP classification (used for LIS--GSWP and other runs)GSWP and other runs)
USGS National Land Cover Dataset (NLCD) high resolution USGS National Land Cover Dataset (NLCD) high resolution 

mapmap

RegionRegion :: Middle Rio Grande River Basin in New Mexico:: Middle Rio Grande River Basin in New Mexico
---- From just above From just above CochitiCochiti Reservoir to just below Elephant Butte Dam.Reservoir to just below Elephant Butte Dam.

Two approaches are being developed and tested on an UTM Two approaches are being developed and tested on an UTM 
projection in LIS:projection in LIS:

LUTA classes act as subLUTA classes act as sub--grid tiles to 1km UTM mapped land grid tiles to 1km UTM mapped land 
cover classescover classes

Parameters are being derived for each LUTA land cover to Parameters are being derived for each LUTA land cover to 
be incorporated be incorporated appropriatelyappropriately into all three into all three LSMsLSMs



River or Lake 
Evergreen needleleaf forest
Evergreen broadleaf forest
Deciduous needleleaf forest
Deciduous broadleaf forest
Mixed cover
Woodland
Wooded grassland
Closed shrubland
Open shrubland
Grassland
Urban areas
Cropland
Barren or sparsely vegetated

Albuquerque, NMAlbuquerque, NM
regionregion

LandSatLandSat 77
Image blendedImage blended
with MODIS v4with MODIS v4

UMD land coverUMD land cover
classificationclassification

MODIS v.4 Land Cover Classes (MOD12)



The MODIS polygon/The MODIS polygon/landcoverlandcover shapefileshapefile was intersected was intersected 
with the Land Use Trend Analysis (with the Land Use Trend Analysis (LUTA) shapefileLUTA) shapefile..

MODIS w/ LUTA land cover
boundaries

LUTA land cover classes (black lines =
MODIS pixel boundaries)

LUTA land cover area w/ 
transparent MODIS in the 
background



ETET--Toolbox LUTAToolbox LUTA MODIS.v4 + LUTAMODIS.v4 + LUTA

Noah 2.7 LSM Noah 2.7 LSM ––
Latent Heat Flux Latent Heat Flux 

((WmWm--22))

AlbuquerqueAlbuquerque

EvergreenEvergreen
NeedleleafNeedleleaf



A new text field was created by adding the MODIS PIXEL ID field with the LUTA class 
description. This field was then used to dissolve (sum the area and the percent cover) the area 
of each LUTA class within each unique MODIS pixel.

Dissolved Table

Areas were calculated again for each of 
the LUTA land cover polygons falling 

within each MODIS cell and the percent 
land cover polygon per MODIS pixel 

was calculated 
(LUTA_AREA/MODIS_AREA)*100



-- Eddy Covariance
Flux Tower Sites 

* ASTER Scene Provided by Dr. Matt Becker, SUNY-Buffalo

Collaboration between
MRGCD
Reclamation
New Mexico Tech
NASA/GSFC
SUNY-Buffalo

New Eddy
Covariance Flux

Towers :: 
Have been installed 
in Albuquerque to 

further validate the 
LSM runs and 

AWARDS ET-Toolbox 
for an alfalfa farm and 

along banks of Rio 
Grande



Conclusions
•• Original 0.125 Deg LDAS Runs are able to capture well Original 0.125 Deg LDAS Runs are able to capture well 

regions of more homogeneous land cover and terrain regions of more homogeneous land cover and terrain 
conditionsconditions

•• However, this resolution is not suitable for capturing the highlHowever, this resolution is not suitable for capturing the highly y 
heterogeneous land cover surrounding the Middle Rio Grande heterogeneous land cover surrounding the Middle Rio Grande 
River BasinRiver Basin

•• New methods of downscaling LIS New methods of downscaling LIS LSMsLSMs and to utilize the high and to utilize the high 
resolution and diverse land cover classifications of the area resolution and diverse land cover classifications of the area 
have been introduced have been introduced 

•• Different satelliteDifferent satellite--derived land cover maps were shown to derived land cover maps were shown to 
have major impacts on the accumulative estimates of ET and have major impacts on the accumulative estimates of ET and 
energy balance termsenergy balance terms

•• The latest MODIS products tend to not capture all land cover The latest MODIS products tend to not capture all land cover 
features well in New Mexico, but they are more updated maps features well in New Mexico, but they are more updated maps 
and are more compatible with a larger range of land surface and are more compatible with a larger range of land surface 
products suitable for products suitable for LSMsLSMs and high resolution     and high resolution     



Future Work
• The new MODIS-LUTA runs will be completed and 

validated with the two eddy covariance (EC) flux 
towers in Albuquerque

• In additional, other EC flux tower measurements in 
the region and for more forested (“bosque”) sites 
will be used as well for further validation of 
AWARDS ET Toolbox and the LIS LSM output 

• Incorporation of the local network of NM 
meteorological station data will be incorporated to 
enhanced LDAS forcing products



Thank You!


