Illllllllk\
e

N

EO for Africa Symposium 2024
23 - 26 September 2024 o

ESA | ESRIN, Frascati (IT) ' |

@ EUMETSAT Qecsa

By
nﬁmiiq\\!\\

EO Africa Water Resource Management: support to farmers
and planners to improve irrigation water management

24/09/2024

ESA UNCLASSIFIED - For ESA Official Use Only 1

—e= - o]

I
I

I — ='”|= - EE G - I %% -l— + P e o n + THE EUROPEAN SPACE AGENCY



Project Team

planetek

National Authority for Remote Sensing &
Space Sciences (NARSS)

Egypt

italia
Investors at October Sixth
o . . for Agricultural Projects - Egypt
o = I -
lanetel
s pI z%]nete <
1€11dS
CIHEAM
BARI
2
= il =l =Ellll O = = = Il ZE 2= — i [+l * THE EUROPEAN SPACE AGENCY



Objectives & Outcomes =) eceumersar @oesa

Objectives:

= To map the actual evapotranspiration (ETa) and thus the actual water consumption of the cultivated crops
= To estimate the irrigation efficiency at regional scale

= To evaluate the impact of introducing low water consumption rice varieties or innovative irrigation practices

Outcomes:
= Creation of a web platform for the integration of ETa, NDVI and CWSI maps

= An open source ETa model in Python for estimating the ETa during summer and winter seasons

= Compare with actual field measurements for evaluation of the approach
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Multispectral & Hypespectral potentials ‘ — % eceumersar @esa

SARE model

ETo varies depending on land cover, elevation, location, weather condition, and Julian day
ETo=Vf«Lf«Ef+Sf+Tf

Leading to ETa=ETo*Kc*Ks

The SARE algorithm has been applied for each of the EO data combination:

1.Using Sentinel-2 as input for VNIR data and Landsat for TIR data

2.Using Landsat for both VNIR and TIR

3.Using PRISMA as input for VNIR data (using different band configurations) and Landsat for TIR data.

The first two cases have been selected to establish a reference baseline using multispectral sensors to be
compared with the results obtained from the hyperspectral sensor .
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Region of interest

S Season 1 May-September 2023 ~ Season 2 December-April 2024
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Output Product maps (1/2)

CWSI map NDVI map

ft P~ \ ; \ 1
= — g \ \ T e = \
= InSitu i v InSitu i
( EOAFRICA_WRM_CWSI_landsat20230612cr. , ( _ EOAFRICA_WRM_NDVI_landsat20230612cr_
A i Band +{(Gray) / DAisk a0 ‘ Band +{(Gray)
o MY ’\\ B 0-09 B -1-0.80
. - BN 0.09-0.18 ¢ L(-0.80--0.60 ¢
e s 7 ElT18-027 \ 7 17060--0.40 ‘;
‘LW ﬁ\ 7 10.27-036 ‘ 1-0.40 - -0.20
. D o &% 10.36 - 0.45 | -0.20 - 0.00
o b gl 5 [ ]10:45-0.55 0y P Y '\ ~10.00-0.20
J o o LAY A 10.55-0.64 Eo ST NS 77 0.20 - 0.40
1«‘._ & - T ]064-0.73 i = I 0.40 - 0.60
ol © Closn L 0:73-0.82 o % I 0:60--0.80
W B 082 - 0.91 . B 0.80-1
N\ B 091-1 e N\
y/ m—_ i m—
H i 3
] ]
i i
' 0 25  5km : i 0 25 5km
A [ — ~ [ —
- — I I HE = - + I I = mmm I I I s i - EE h I I 'Alm . + = EE ER h I*I » THE EUROPEAN SPACE AGENCY



Output Product maps (2/2) - ) ecewmersar @esa
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Hyperspectral satellite capabilities )
PéI?SM K) P ( k. % @ EUMETSAT @ @Sa

Approach 1: Combination of multiple bands
PRISMA Sentinel-2 Landsat A We selected multiple bands in the Red and
S S S > NIR part of the PRISMA spectrum to match the
Red and NIR bands of Sentinel-2 (i.e., Red:
650-680nm; NIR: 785—-899nm) and Landsat

(central wavelength in nm) (central wavelength in nm)
C664.9

Red: 32-35 (647-685 nm) Red: #4 (650-680 nm) Red: #4 (638-673 nm)
NIR: 11-22 (778-905 nm) NIR: #8 (785-899 nm) NIR: #5 (772-898 nm)

655.4 785.7

-2323, Approach 2: Central wavelength band

817.3 > We selected a single PRISMA band centered
T at 664.9 nm (for Red) and at 806.7 nm (for
849.2 NlR)

860.0
870 .7
881.5

892.1 )
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Prisma’s central bands

e cumersat - @@esa

Red at 664.9 nm,
806.7 nm

EOQ EVT (using Ks from in situ) vs In Situ EVT
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The ECOSTRESS challenge Y % ) ewmsar esa

- ECOSTRESS data are not usable because the acquisitions over the Area of Interest (AOI) occurred at night during the days

of in-situ measurements. Using thermal measurements taken at night introduces too much uncertainty into the estimation of
Ks.

« ECOSTRESS sensor in not operational — Giving historical data without the option to choose ascending/descending orbit’s
data, cloud coverage etc.

Dataset 18 - LSTc Dataset 1 - LSTc -
30.52 p—

30,52 1
30,50 1 T 30.50
3048 1 ® 30.48

30.46 30.46

LSt inC
LSTC in C

30.44 - 30,44

30.42 1 30.42

30.40 - 30.40

. 30.38

30.38 T T T T T T
31.94 31.96 31.98 32.00 32.02 32.04 32.06 31.94 31.96 31.98 32.00 32.02 32.04 32.06
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Ks complexity M % ) ewwsar @esa

The stress coefficient Ks value can be estimated using a linear relationship with the air-surface temperature
difference as the main parameter.

Challenge

Calibrating this linear function requires knowing the points of maximum and minimum phenological stages of
crop due to water stress. This information is not easily obtainable, and uncertainties in this knowledge can
introduce errors into the estimation.

Solution

To minimize sources of uncertainty and enhance the reliability of the subsequent comparisons and analyses
with EO data from PRISMA, Sentinel-2, and Landsat sensors. , the Ks value was directly taken from in-situ
measurements. This method was chosen to eliminate any potential inaccuracies that could arise from using

remote thermal measurements, which can be affected by various atmospheric and sensor-specific factors or
introduced by the methodology used to derive the Ks.
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In situ validation (1/5) -y eceumersar @esa

16/06/23 Prisma VNIR
Landsat Thermal data

EO EVT (using Ks from in situ) vs In Situ EVT ,
EOQ EVT vs In Situ EVT
2754 ® R*=0.7648 e 5.2
o ® R*=0.0072
L]
®
2.50 - 5.0 A
2257 o ¢ 4.8
= —
i} =
< 200 T
4.6
E [ E
= 175 s
2 ° S 44
1.50 A e ® o,
® 4.2
L]
1.25 |
[ ] ®
L]
L]
% 4.0 ~ s
1004 —® o
T T T T T T T T T T T T T T
2.5 3.0 3.5 4.0 4.5 5.0 5.5 2.5 3.0 35 4.0 4.5 5.0 5.5

In Situ EVT [mmy/day] In Situ EVT [mm/day]

12

vIN
1
il

—l | i vl + THE EUROPEAN SPACE AGENCY

N4

= o= N 1 E ] o = B I



In situ validation (2/5) ) erwmersar esa

05/01/24 Prisma VNIR &

Landsat Thermal data
EO EVT vs In Situ EVT
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In situ validation (3/5)

Per Pivot comparison Season 1 ( May-September 2023)

e cumersat - @@esa

Landsat Prisma
Eta with Ks from in situ (mm/day) ETa calculated with Ks from in situ
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In situ validation (4/5 )

Per Pivot comparison Season 2 ( December-April 2024)
Challenge : Very few field measurements ! Many missing dates ! High in situ EVT values paradox ??

Eta_Intermediate Sentinel

Eta_intermediate Landsat Eta_Intermediate Prisma
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15

= il =l =Ellll O = = e Il 2 2 K1 = = i [+l » THE EUROPEAN SPACE AGENCY



In situ validation (5/5)

In total 2-6 data points to compare, where 03/04/24 in situ ones really high for PN3
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ML Approaches ® ® ~ ) @ EUMETSAT
Data collection and dataset building
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ML Approaches @ EUMETSAT

Algorithms and preliminary results
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The EO Africa Platform Y A e cumersat - @@esa

ﬁ Q Register  Signin

Login/Landing Page

Data Maps Dashboards Home  About English

2 Resources found = Orderby
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EQ Africa dashboard No abstract provided
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The EO Africa Platform %Y % e cumersat - @@esa

Time series selection
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The EO Africa Platform 9 ) eceumersar esa
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Challenges (1/2) M % ) ewwsar @esa

The ECOSTRESS challenge

Few data points in each field visit. One field visit at each visit gives 4-7 field measurements to compare.

Timing Discrepancy in Data Collection: The limited number of monitoring dates, influenced by the specific pivot
being considered, highlights a critical challenge in synchronizing Earth Observation (EO) data acquisitions with in-
situ data collection.

Phenological Stage-Dependent Monitoring Needs: Crop growth stages exhibit varying monitoring requirements.
Early stages may need less frequent monitoring, whereas advanced stages, particularly during peak irrigation
demands, require more frequent satellite overpasses to capture critical data.

In-Situ Data Accuracy Challenges: Low coefficients of determination between EO and in-situ data can stem from
inaccuracies in traditional in-situ data collection methods.
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Challenges (2/2) M % ) ewwsar @esa

Discrepancy in Soil Moisture Measurements: There is a notable mismatch between soil moisture levels obtained
via EO thermal data (CWSI) and in-situ measurements (TDR probe). This discrepancy may be attributed to factors

like soil water retention, solar radiation, or wind speed, which impact the relationship between soil moisture and
vegetation health.

Impact of Spatial Resolution on Leaf Temperature Assessment: Leaf temperature, derived from satellite data, is
effective for assessing crop water status. However, the 30-meter spatial resolution may introduce errors,
particularly at the endpoints of pivots, where the influence of bare soil can distort land surface temperature values,
complicating the identification of “hot” and “cold” spots in vegetation.
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Conclusions/Future steps M % ) ewwrsar @esa

« Hyperspectral sensors give promising results and provide an alternative in terms of wavelength
choices , giving the opportunity to adjust/work with different bands and indexes

* Understand the Season 1 and Season 3 similarities and find a common perspective for each season
to use as calibration

« Leverage the good R*2 ML approach gives so far .
Either use the ML results as calibration parameters to the SARE model approach results
Either use some algorithms from the LGBM model and customize to the developed algorithm

Tries to be independent from Ks index as this introduces many risks in terms of prediction no
matter the method used regarding EO data
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e cumersar - @@ esa

Thank you !
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