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Context
What we need?

X/

** Daily ET maps at field scale

How we can doit?

¢ Thermal data is a valuable tool in surface energy balance models for estimating evapotranspiration (ET)

But...we have a problem:

R/

% it is not easy to monitor daily evapotranspiration with passive sensors such as Landsat, the revisit time (8 days)
can be insufficient to detect changes in surface moisture or crop phenology, particularly in regions with persistent
overcast conditions

The solution (?)

+» To address this challenge, the easy implementation of the common gap-filling methods, such as interpolating the
ratio of actual to reference ET (ET/ETo) across image acquisition days, offers advantages in an operational context,
but might not fully account for the non-linear dynamics of ET, especially over sparse-canopy irrigated crops.

X/

¢ Integration of the DISALEXI model based on Landsat optical and thermal data and the Shuttleworth-Wallace
(SW) ET model based on Sentinel-2 optical data.
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https://youtu.be/_YFmXaroRO8

Data Tier

Flux Tower Data

THERMAL Satellite Data

OPTICAL Satellite Data

Methods/Models

Eddy covariance
method

DisALEXI

Shuttleworth-Wallace (S-W)

N
W’@} )
S
Redding
Thic
Reno
Carson Gity
I .cramento
Santa Rosa a¥a
N

FE' .S LM
Al

Concor %dmn

San Frandsco

Lvemore  odesto

Fremont

San Jose
Sal Fresno
alinas OLM
Visaha
San Luis Bakersfield
Obispo
Santa Maria
Lompoc

Santa Barbara Santa Clarita

Ognard

160 Miles
{

Lancaster
Palmdale ey

Los Angeles piyg
Anaheim
Santa Ana

2021-2022

WWF
TREX test site
Almond orchard

RIP760
GRAPEX test site
Vineyard



Thermal based model — ALEXI/DISALEXI

Available energy

ABL ET = (Ryer-G) -

Norman, Kustas, et al. 1995
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Two-Source Energy Balance (TSEB)
AL

30m

Regional scale Landscape scale
Surface temp:  ATgap - Geostationary Trap - Landsat, ECO, VIIRS
Airtemp: T, - ABL model T, -ALEXI
Veg cover:  f, - MODIS/VIIRS f.  -Landsat, HLS
Albedo: o - MODIS/VIIRS o -Landsat, HLS

Also gridded insolation, wind, vapor pressure, landcover

Source: M. Anderson & B. Kustas




MULTI-SENSOR/MULTI-SCALE ET MAPPING

Internctional geostationary constellation
3-5km, 15-min

MODIS 1km,daily
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Source: M. Anderson & B. Kustas




Spectral based model —Shuttleworth-Wallace (SW) model

<

-

Neural
Network

Sadeghi et al (2017)
proposed a physical “OPtical TRApezoid Model”
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Daily ET - Validation

Table 4. Statistical evaluation of daily E (mm d 1y from the three approaches: 5-W 5-2, 5-W 5-2 with CFSR meteorological input, DisALEXI and Data Fusion vs. flux tower data.

Block #1
Block #1 S-W S-2 S-W §-2 CFSR Data Fusion DisALEXI Block #2 S-WS-2 S-W S-2 CFSR Data Fusion DisAlexi
Pearson 0.706 0.667 0753 0.773 Pearson 0.756 0.746 0.816 0.753
R? 0.498 0.445 0.567 0.597 R2 0.572 0.557 0.666 0.568 £
RMSE 1.036 1.818 107 0.631 RMSE 0871 1.558 0.995 0.582 b
MAE 0.816 1.553 0.823 0.523 MAE 0.675 1.328 0.828 0.530 ©° oS
Slope 1.069 1125 1.158 1.069 slope 1021 1.068 1.182 1.081 T oo B i A o
F 578.0 208.9 1101.1 1031.3 F 674.2 2357 1603.4 1012.8 g o e B
degr. freed. 28 28 7 16 degr. freed. 28 28 27 16 é 5 o Thla— A L
Block #3 S-W S5-2 S-W §-2 CFSR Data fusion DisALEXI Block #4 S-WS-2 S-W S-2 CFSR Data fusion DisALEXI g el
Pearson 0.718 0.635 0.810 0.834 Pearson 0.801 0.770 0.859 0.824 e 4 T
RZ 0.515 0.403 0.657 0.695 Rr2 0.641 0.593 0738 0.679 T
RMSE 1.183 2129 0.796 0.650 RMSE 0.951 1.729 0.683 0.766
MAE 0.919 1.828 0.641 0.437 MAE 0744 1.444 0.531 0.462 i ik _ _
Slope 1.002 1.078 1014 0.966 slope 0.975 1.045 1.051 0.965 e S EUROR AL
F 4915 1815 1084.0 1170.3 F 677.4 2348 1684.6 1207.0
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Shuttleworth-Wallace (SW) model and OPTRAM approach

* Linking Substrate and Canopy Resistance with SWIR Observations
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Spatial and Temporal domains - OPTRAM parametrization
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WWF DISALEXI & SW-S2 WWF DISALEXI
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Conclusions

¢ The DISALEXI and SW models confirm their reliability for the estimation of ET for irrigated tree crops.

s For the production of real-time ET maps on a daily scale, the delay in the availability of
atmospherically corrected thermal data can represent a limit, therefore the integration of thermal
and spectral models is a promising approach.

* ET/ETo interpolation method still offers advantages in an operational context.

Further developments

** Homogenize the input data:
+ EO data =2 HLS
«* Weather data = CFSR, ERAS...

+ Test additional gap-filling method/approach:

X/

% i.e. smoothing, gap-filling, and interpolation of the input EO data instead of output data
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