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Objectives

e p—

G To investigate the variability of evapotranspiration (ET) by integrating very high spatial resolution (1 to 4
m) thermal infrared (TIR) data from airborne measurements and visible to near infrared data from Planet
satellite with a numerical water-energy balance model, a simplified energy balance model and a
diagnostic surface energy balance model.

To calibrate/validate the models against eddy covariance data

To evaluate the stress conditions and the effect of irrigation considering different ET and LST spatial
resolution

To test the feasibility of estimating soil moisture by combining the high spatial resolution thermal infrared
(TIR) and the numerical water-energy balance model FEST-EWB

An intensive airborne campaign was organized in the summer of 2022 for three consecutive days in July in
central Italy.




Burana Irrigation Consortium - survey campaign areas

Concordia sud - 4m




Pear tree fields - time continuous measurements

Eddy covariance station

Pear fields Reggianini m

Area 1.02 ha 2.4 ha
Irrigation system Sprinkler Drip
Irrigation volume 570 mm 335 mm
: . Flux tower +
A Bowen ratio closure correction i
Montoring setup ) el SM probes

was applied (Twine eat., 2010) to
the EC data before the comparison




Surface soil measurements and eddy covariance
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Airborne survey
e I

Planning of the Burana airborne survey

Segment | Duration (min.)

Overview of acquired airborne TIR data
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Airborne LST and emissivity retrieval
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TES schematic flowchart

Atmospheric correction: MODTRAN +
ERAS5 atmospheric profiles
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Airborne LST validation
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Planet data for vegetation information

High resolution vegetation images at 3.7 m have been employed, from PlanetScope sensors on board
cubesat satellites. These sensors have 8 spectral bands (red edge, red, green, green |, yellow, blue,
coastal blue and near infra-red), which allowed to retrieve vegetation indices, as NDVI, vegetation

fraction and Leaf area index.

vegetation fraction (Modena vegetation fraction (Concordia
and Diamante) and Mazzoni)




resolves evaporative fraction, aerodynamic
temperature, and aerodynamic and surface
conductances simultaneouly under an analytical
framework through injecting radiative surface
temperature into the Penman-Monteith (PM)

equation
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STIC analytical model

Evapotranspiration models
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LE=Rn-H-G

energy budget

Corbari et al., 2015 (Jh)
Corbari & Mancini, 2014 (JHM)
Corbari et al., 2014 (HSJ)

A SEB model that parameterize
conductances to retrieve the energy
fluxes, LE is the residual term of the

S-SEBI model

instantaneous evaporative

fraction

temperatures corresponding to dry and wet

conditions
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ET estimates for Modena 4m LST
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Zoom to the eddy station area: ET estimates for Modena 4m LST

LST E eddy=241.5 W/m FESTresidual  LE (footprint)=230.3 W/m2
¥ - - 3 - - —
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Energy fluxes comparison at eddy covariance station
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Not-consistent performances across
different hours of the day (highest
differences at higher LST)

wW/m2 FESTresidual [STIC S-SEBI

LE -

Modena |RMSE 50.2 109.5 60.9
BIAS 32.1 -100.4 -39.7




s W =
FESTresidual-STIC w/m2; FESTresidual-S-SEBI w/m2
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ET estimates for Diamante 1m LST
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Effect of irrigation on the water and energy fluxes
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Difference of ET estimates for Concordia 4m
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Effect of irrigation on the water and energy fluxes for Mazzoni 1m LST
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Water stress conditions (Diamante 1m)
e
Water stress metric = fraction of actual ET to Allen et al. (1998) reference ET
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Can we estimate SM from

satgllite LS

It doesn’t
consider
irrigation

Airborne LST
«sees»
irrigation

17

s The energy-water balance modeling

FEST-EWB model

—

/ Soil moisture dynamic linked to LE (LST)

Peot=R+ET+D+ (6, 110,)*Z

Soil water
balance
Ener
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FEST-EWB: Elash — flood Event — based Spatially —

ETeff =2£

pCp
t The energy water balance system written as function
of LST equilibrium temperature (that closes the

energy balance equation)

distributed rainfall — runoff Transformation — including

Energy - Water Balance

FESTresidual

Enersy | | E=Rn-H-G

balance

LST is an input variable

Corbari et al (2011) HYP
Corbari et al., 2015 (Jh)
Corbari & Mancini, 2014 (JHM)
Corbari et al., 2014 (HSJ)

LE restews = LE restresidual

At a varying soil moisture




Can we estimate SM from satellite LST and a water-energy balance
model? (Concordia 4m)
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Can we estimate SM from satellite LST and a water-energy balance

model? (Diamante 1m)
o =

Unknown SM initial FEST-EWB
condition (SM residual) LE (W/m2)
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Conclusions
—

We investigated the diurnal and spatial patterns of evapotranspiration variability
with three numerical models based on different modelling hypothesis

Differences and similarities in ET estimates have been analysed for different SM
conditions and crop vegetation fraction, and have been compared to eddy
covariance measurements for accuracy evaluation considering instantaneous
estimates: different impact factors influencing the model performances were
investigated, including SWC (irrigated/not irrigated), land cover cover, and FVC

We show the influence of irrigation technique on LST and ET flux dynamic and
spatial variability as well as on the impact on the water stress evolution

The potentiality of estimating soil moisture at high spatial resolution by integrating
airborne LST data into a coupled water-energy balance model




