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EVAPOTRANSPIRATION (ET)
evaporation + plant transpiration

We can’t manage 
what we can’t measure …

Irrigation management

Monitoring drought and crop stress

Yield prediction

Water use accounting

Crop water productivity (crop per drop)



MULTI-SENSOR/MULTI-SCALE ET MAPPING

International geostationary constellation
3-5km, 15-min

NOAA Geostationary Operational Environmental Satellites

MODIS  1km,daily
Low ET High ET

Multi-sensor fusion (daily/30 m) Landsat UAV/Aircraft
30m/8-day <1m/periodic



DATA FUSION:
daily ET at
field scale
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HIGH RESOLUTION 
ET DATACUBES

30 m resolution
daily timesteps



U.S. ET DATACUBE DEVELOPMENT SITES

USDA-ARS Long-Term Agroecosystem Research (LTAR) Sites
PRHP Platte River-High Plains LCB         Lower Chesapeake Bay
UMRB Upper Mississippi River Basin CA           Proposed site

RIPPERDAN, CA
GRAPEX

LODI, CA
GRAPEX

BARRELLI, CA
GRAPEX MEAD, NE

PRHP

AMES, IA
UMRB BONDVILLE, IL

UMRB

CHOPTANK, MD
LCBBARC, MD

LCB



LOWER CHESAPEAKE BAY LTAR SITES



LOWER CHESAPEAKE BAY LTAR SITES



Landsat (30m)GOES (4km)

LOWER CHESAPEAKE BAY LTAR SITES



0

20

40

60

80

100

120

140

160

180

2000

2

4

6

8

10

0 50 100 150 200 250 300 350

ET
 (m

m
/d

ay
)

Day of year

 Choptank (2014)

R
ainfall (m

m
/day)

ALEXI ET (4km)
Observed ET
Landsat retrieval
Landsat-MODIS fusion
Precipitation

C
om

pa
ris

on
s w

ith
 fl

ux
 to

w
er

 d
at

a
4km

Sun, L. et al. (2016). Monitoring daily evapotranspiration at field-scale over an agricultural landscape on the 
Eastern Shore of Maryland. Remote Sens. Environ., in preparation
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2013 2014
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Strategy:  Iteratively calibrate Soil 
Water Assessment Tool (SWAT) 
parameters using PET-ET from remote 
sensing aggregated to sub-basins. (Sharifi et al., 2017)
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U.S. ET DATACUBE DEVELOPMENT SITES
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GRAPE REMOTE SENSING ATMOSPHERIC PROFILE AND
EVAPOTRANSPIRATION EXPERIMENTGRAPEX

Develop remote sensing based 
irrigation management  strategy that 
uses less water while maintaining or 
improving grape yield and quality
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GRAPE REMOTE SENSING ATMOSPHERIC PROFILE AND EVAPOTRANSPIRATION
EXPERIMENT
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Site 1: Pinot Noir (2009)

Site 2: Pinot Noir (2011)

GRAPEX

Lodi, CA

2013-present
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VARIABLE RATE DRIP IRRIGATION (VRDI)
30x30m blocks with 
independent irrigation control
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Corn
Alfalfa
Wetland
Pasture
Upland herb.

Rice
Summer fallow
Forage grass
Riparian
Water

Tomatoes
Vineyards
Urban
Almonds
Semi-ag/row

SACRAMENTO – SAN JOAQUIN DELTA WATER ACCOUNTING
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Characteristic water use curves
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U.S. ET DATACUBE DEVELOPMENT SITES
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U.S. ET DATACUBE DEVELOPMENT SITES

USDA-ARS Long-Term Agroecosystem Research (LTAR) Sites
PRHP Platte River-High Plains LCB         Lower Chesapeake Bay
UMRB Upper Mississippi River Basin CA           Proposed site

AMES, IA
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Improved accounting of current water use and crop 
water productivity (crop per drop)

Monitoring changes in water use with changing 
climate, land-use and population

Improved hydrologic monitoring (flood, drought, 
runoff) to better cope with extremes

Crop stress detection and yield estimation

Satellite Evapotranspiration
C
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cl

us
io

ns hrsl.arsusda.gov/drought

USDA is an equal opportunity provider and employer.
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