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Satellite Thermal Imaging Systems

Pixel
Scale

Spatial 
Resolution

Temporal 
Resolution

Current
Sources

Future
Sources

Coarse 5-20 km 15 min AIRS
GOES
MSG

CrIS
GOES
MSG

Moderate 1 km 2-4 times daily MODIS
AVHRR
ATSR

VIIRS
AVHRR
ATSR

Fine 90–120 m Once every 8-
16 days

ASTER
Landsat

LDCM
HyspIRI?

Table from S. Hook



Atmosphere-Land Exchange Inverse (ALEXI)
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Regional scale
∆TRAD - GOES
LAI from MODIS

Landscape scale
TRAD - TM, MODIS, HyspIRI
LAI = f(NDVI)

Surface temp:
Vegetation:

ET = (RNET - G) - H
Available energy



MODIS (1km) Landsat (~100m)

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

(hourly) (daily) (monthly)

SAN PEDRO RIVER, ARIZONA
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HIGH-RESOLUTION INTERPOLATION
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Daily Evapotranspiration – Orlando, FL, 2002



MODIS-LANDSAT DATA FUSION
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Spatial Temporal Adaptive Reflectance Fusion Model 
(STARFM)
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POSSIBLE STARFM APPROACHES

Apply STARFM to TRAD?

Acquisition time discrepancy
(strong diurnal cycle to LST)

View angle discrepancy

TC

TRAD

θ

TS
TRAD(θ) ~ fC(θ)TC + [1-fC(θ)]TS



POSSIBLE STARFM APPROACHES

Apply STARFM to TRAD?

Acquisition time discrepancy
(strong diurnal cycle to LST)

View angle discrepancy

TC

TRAD

θ

Apply STARFM to ETday

Minimizes dependence on acquisition time

EF = 
LEi

RNi - Gi
LEday =  EF * (RNday – Gday)

TS
TRAD(θ) ~ fC(θ)TC + [1-fC(θ)]TS



POSSIBLE STARFM APPROACHES

Apply STARFM to TRAD?

Acquisition time discrepancy
(strong diurnal cycle to LST)

View angle discrepancy

TS

TC

TRAD

θ

Apply STARFM to ETday

Minimizes dependence on acquisition time
ALEXI/DisALEXI account for view angle

TA

H

HC

HS

TRAD(θ) ~ fC(θ)TC + [1-fC(θ)]TS



Daily ET
(November 28, 2002)
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GOES/MODIS/Landsat FUSION
G

O
E

S
(A

LE
XI

)
M

O
D

IS
(D

is
A

LE
XI

)

DOY 328 329 330 331 332 333 334 335 336

LA
N

D
S

A
T

(D
is

A
LE

XI
/S

TA
R

FM
)

Landsat 5 Landsat 7

(Gao et al, 2006)
Spatial Temporal Adaptive Reflectance Fusion Model 

(STARFM)

Daily Evapotranspiration – Reedy Lake, FL, 2002



LEAF AREA INDEX
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k1, k2, k3 fit to MODIS LAI



LANDSURFACE TEMPERATURE
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EVALUATION OF PREDICTED FIELDS
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MODIS-Landsat daily ET fusion appears 
feasible

CONCLUSIONS

STILL NEED > TWO LANDSATS!

Martha.Anderson@ars.usda.gov

Fusion results are optimized for MODIS-
Landsat in formation

Consistent MODIS-Landsat LAI products 
will be valuable
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