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Remote Sensing of Surface MoistureRemote Sensing of Surface Moisture
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Satellite Thermal Imaging SystemsSatellite Thermal Imaging Systems
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PROJECT OBJECTIVESPROJECT OBJECTIVES

GOES 15 min/10 km

Landsat
16 day/100 m

MODIS
1 day/1 km

Fuse Landsat/GOES to 
create high spatiotemporal 
resolution ET/moisture 
stress products

Assess Landsat vs. MODIS 
scale TIR for utility in

- validating regional products
- operational applications

Motivate need for restoring 
TIR on Landsat 9 



… evapotranspiration… evapotranspiration
APPLICATIONSAPPLICATIONS

ALEXI – Atmosphere-Land 
Exchange Inverse Model
ALEXI – Atmosphere-Land 
Exchange Inverse Model

(Anderson et al, 1997)(Anderson et al, 1997)



Atmosphere-Land Exchange Inverse (ALEXI)Atmosphere-Land Exchange Inverse (ALEXI)

Regional scale
ΔTRAD - GOES
fc - MODIS

Landscape scale
TRAD - TM, ASTER, MODIS
fc - TM, ASTER, MODIS

Rsoil

Tc
Tac

Hs

Ts

Ra
H = Hc + Hs 

Rx

Hc

Ta

ABL

Ta 

ALEXI DisALEXI
5 km

30 m

T
w

o
-S

o
u

rc
e
 M

o
d

e
l

TRAD (φ),  fc

TRAD,i(φi),  fc,i

i

Ra,i

Blending height

Rsoil

Tc
Tac

Hs

Ts

Ra
H = Hc + Hs 

Rx

Hc

TaTa

ABL

Ta Ta 

ALEXI DisALEXI
5 km

30 m

T
w

o
-S

o
u

rc
e
 M

o
d

e
l

TRAD (φ),  fc

TRAD,i(φi),  fc,i

i

Ra,i

Blending heightET = (RNET - G) - HET = (RNET - G) - H
Available energy

Surface temp:
Cover fraction:



30

35

40

45

100

200

300

400

500

1 July 2002 – 10:30AM CST

D
is

A
LE

XI
(L

an
ds

at
)

D
is

A
LE

XI
(U

S
U

 a
irc

ra
ft)

C
atchm

ent
(60m

)
Field scale

(30m
)

CORNCORN

SOYSOY

SURFACE TEMPERATURE EVAPOTRANSPIRATION

A
LE

XI
(G

O
E

S 
Im

ag
er

) R
egional
(5km

)
A

LE
XI

(G
O

ES
 S

ou
nd

er
) C

ontinental
(10km

)

Te
m

pe
ra

tu
re

 (C
)

Latent H
eat (W

m
-2)

D
is

A
LE

XI
(M

O
D

IS
)

W
atershed

(1km
)



GOES CoverageGOES Coverage

GOES – West (Pacific)

Copyright 2008 EUMETSATCopyright 2008 EUMETSAT

GOES - East
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GOES-DERIVED FLUXES (5-10 km)
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SMEX02/05SMEX02/05
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MODIS (1km) Landsat (~100m)

(hourly) (daily) (monthly)
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MODIS (1km) Landsat (~100m)

(hourly) (daily) (monthly)
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BONDVILLE, ILLINOISBONDVILLE, ILLINOIS
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Clear-sky fluxes using Landsat TIR (~100m)Clear-sky fluxes using Landsat TIR (~100m)
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Effect of TIR resolution on validationEffect of TIR resolution on validation
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… drought & stress monitoring… drought & stress monitoring

ESI = 1 –ESI = 1 –
AETAET
PETPET

APPLICATIONSAPPLICATIONS

Evaporative Stress IndexEvaporative Stress Index
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Multi-scale Drought MonitoringMulti-scale Drought Monitoring

GOES Evaporative Stress IndexGOES Evaporative Stress Index JUNE 2002JUNE 2002
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Validation – Oklahoma MesonetValidation – Oklahoma Mesonet

Soil Moisture 
Sampling Sites

http://okmesonet.ocs.ou.edu/
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Volumetric Soil Moisture RetrievalsVolumetric Soil Moisture Retrievals
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Validation through disaggregationValidation through disaggregation



Validation through disaggregationValidation through disaggregation





THERMAL REMOTE SENSING DATA
HAVE GREAT UTILITY:

… ET mapping
… drought monitoring
… soil moisture mapping

THERMAL REMOTE SENSING DATA
HAVE GREAT UTILITY:

… ET mapping
… drought monitoring
… soil moisture mapping

CONCLUSIONSCONCLUSIONS

NEED TO MAINTAIN MULTI-SCALE 
THERMAL DATA SOURCES

NEED TO MAINTAIN MULTI-SCALE 
THERMAL DATA SOURCES

Martha.Anderson@ars.usda.govMartha.Anderson@ars.usda.gov

http://www.idwr.idaho.gov/gisdata/landsat-thermal-band.htm



Remote Sensing of Surface MoistureRemote Sensing of Surface Moisture

USDA AMSR-E MICROWAVE 
SOIL MOISTURE

ALEXI GOES THERMAL 
SOIL MOISTURE

Low High
(cm3/cm3)

1 July 2004 28-day composite ending 1 July 2004

• samples 5cm layer
• 50km pixels (AMSR)
• ~2-day coverage
• light vegetation cover

• samples 5cm layer
• 50km pixels (AMSR)
• ~2-day coverage
• light vegetation cover

• samples ~1-2m layer
• 60m - 5km pixels (L7, GOES)
• ~15-day coverage (90%)
• low to high vegetation cover

• samples ~1-2m layer
• 60m - 5km pixels (L7, GOES)
• ~15-day coverage (90%)
• low to high vegetation cover

AMSR: Advanced Microwave Scanning Radiometer GOES: Geostationary Operational Environmental Satellite
L7:  Landsat 7



TSoilTSoil

Tsoil & TvegTsoil & Tveg

soil evaporation

Root uptake

infiltration

drainage

PRECIPITATIONPRECIPITATION

transpiration &
evaporation 

Rootzone moistureRootzone moisture

Sfc moistureSfc moisture

Soil hydraulic parms

Veg stress parms

Bare soil evap parms

Soil moisture
holding capacity

Root distribution parms

WATER BALANCE APPROACH REMOTE SENSING APPROACH
(“forward modeling”) (“inverse modeling”)

Given known radiative energy inputs, how 
much water loss is required to keep the soil 
and vegetation at the observed 
temperatures?

transpiration &
evaporation 

soil evaporation

SURFACE TEMPERATURESURFACE TEMPERATURE

TvegTveg


