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1 Introduction

After development of the algorithms, the next aim of ARIES is to deploy a prototype
with the active involvement of African end-users, so that they can test the innovative
EO solutions. Additionally, the prototype is used to trigger interest by a wider
community of potential stakeholders, as it is integrated into the Food Security Explorer
(https://foodsecurity-explorer.com) and thus is publicly available.

The engaged African Early Adopters and EO research groups (AKTC, ACF, Agrhymet,
RCMRD) have contributed to the validation and quality assessment of the experimental
EO analysis techniques and related products as well as the prototype implementations.
This report summarizes the results of this prototype testing.

2 Prototype Test - Approach

2.1 Thermal Products

In this section, the prototype test report of different thermal drought indicators is
provided. It includes the basic user guide for drought index calculation using the Food
Security Explorer (FSE), an overview of the input and output data, and an illustration
of the results. The drought indicators defined in this project are based on temporal
series analysis. Additionally, external input data are typically required for the
calculations. Therefore, data sampling based on the location of the regions of interest
(ROI) is typically necessary before performing the calculations.

2.1.1 Product Provision

2.1.1.1 Normalized Difference Water Index (NDWI)

NDWI normalizes water-sensitive near-infrared band and aims to monitor changes in
water content of leaves and soil. In the test, MODIS reflectance data was used. Other
high-resolution remote sensing data of similar band wavelengths can also be utilized.
The basic process for calculating NDWI using Food Security Explorer is as follows:

Step One: Input Data Sampling

(1) Define your sampling locations including site name, latitude, and longitude.

EO Africa // ARIES Page 7


https://foodsecurity-explorer.net/

D09 — Prototype Test (Report)

4
_g‘?f

LISTE

(2) Navigate and login to the online sampling website NASA AppEEARS
at https://appeears.earthdatacloud.nasa.gov/task/point.

Extract Point Sample

3

Start a new request

(3) Click “Start a new request”

Copy a previous request

EEH
HP
HP
ARIES_SDCI

ARIES_SM

@ ¢ ¢ & & ©

ARIES_sites_ESI

(4) Input the location information.

Enter a name to identify your sample

Point Sample name

Upload coordinates from a file

4

coordinates box.

each coordinate on a separate line

Ve s s s s s s s S S .-

(5) Choose the data period.

EO Africa // ARIES

Drop a CSV file containing the coordinates or click here to select
the file. Coordinates can also be entered manually in the uploaded

The CSV file can contain up to 4 columns separated by commas with

1. 1D {optional) - uniguely identifies the coordinate

2. Category (optional) - label to group common coordinates
3. Latitude - latitude in decimal degrees (-20 to 80)

4. Longitude - longitude in decimal degrees (-180 to 180)

Tt D DD S S e ...

Upload a request file
L

Drop a JSON file containing
the request to copy or click
here to select the file.

JSON request files (*-request json)
are included in the download bundie
available from any AopEEARS

requests

T L L LTS

Vessssmssmmssmn?

Uploaded coordinates (ID, Category, Lat, Long): 5

ACFMali, 16.673, -3.0448

ACFSenegalLougat, 15028297, -15.692804
ACFSenegalTambacounba, 14.450999, -14.487039
AgrhymetNiger, 13.5338, 2.686225

AKTCZambia, -14.9461474, 28.0861579
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Start Date End Date © Selected coordinates

01-01-2018 =] 12-31-2023 &2

[ 1s Date Recurring?

Nigeria

Cam.

Rep. Congo

Lat: 11.382 Lon: -8.930 ! - Aoz

Add coordinates using the @ tool. View coordinate details by clicking the markers on the map

(6) Choose the data source and variables of interest.

Select the layers to include in the sample & Selected layers

Combined MODIS Bidirectional Reflectance Distribution

Nadir_Reflectance_Band2
Function (BRDF) and Albedo Iy 500m7Da|\y - -

MCD43A4.061, 500m, Daily, (2000-02-16 to Present)

NBAR at local solar noon for band 2

Nadir_Reflectance_Band1
© 500m, Daily +
NEAR at local selar noon for band 1

Nadir_Reflectance_Band5
© 500m, Daily -
NBAR at local solar noon for band 5

Nadir_Reflectance_Band3
© 500m, Daily +
NBAR at Iocal solar noon for band 3

Remove All (2)
. (
Madic Pafiactanas Dandi

Select All (12)

(7) Submit the order.

(8) Upon completion, receive the notification via email and download the data,
which is csv format.

Step Two: data uploading

(9) collect the input data csv file and your site location csv file.

A B C
1 Site Lat Long
2 | ACFMali 16.673 -3.0448
3 ACFSenegallLou 15.028297 -15.692804
4 ACFSenegalTamr 14.450999 -14.487039
5 AgrhymetNiger 13.5338 2.686225
6 | AKTCZambia -14.9461474 28.0861579

(10) upload them to the folder in the FSE system

Step Three: data online processing

(11) Find the processors in SIR

EO Africa // ARIES Page 9
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(12) Click ‘Process some data’

Welcome jalatls. What do you want to do today?

Check and control the status of your processing
tasks, and explore their outputs

Search for EO input data and run one of the available
service to extract the information you need

onitoring page

Process some data Monitor your processings

(13) Find NDWI in Standard Processing

food seciti = SiR ® Rin @ Monitor
me / Run / Standal )Cessing NDWI
& Sstandard processing
@ systematic processing | SERVICETYPE Service list select aservice torun
[ Event processing | @ Nowi
OWHER R Processor
Anyone i

Normalized Difference Water Index -
NDWI

Luxembourg Institute of Science and
Technology - LIST

Normalized Difference Water Index
(NDWI) normalizes water-sensitive
near-infrared band and aims to monit.

Run service

(14) Link the sample_site input to the site info csv file and link the
reflectance input to the input csv file you uploaded.

EO Africa // ARIES Page 10
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Normalized Difference Water Index - NDWI input parameters
< Service selection

SAMPLE SITES )

eopaas://refData/467/sample_si... Q O

REFLECTANCE DATA ()

eopaas://refData/467/ARIES-sit. . x Q 0O

(15) Select the output location

Normalized Difference Water Index - NDWI Outputingestion

< Input selection

() Use same folder for all outputs

Storage location (3): | test_output [ +]
(16) Processing will be shown:
a M 1 Job 56731 X Canceliob  ( Clonejob Share

Tselected: X @ o x

D" bff873eb-090b-465e-bbbc-43929cd 1deff Owner jalatls
Job 56731 cemice: ndwi Start Time: N/A
Service: ndwi
Run moade: Single processing X @
Status: mmmm Pending Status
Info: Executed by jalatls
@ ob scheduiing Data fetching Processing Ingesting outputs np
Job 56730 pending

Service: ndwi
Run mode: Single processing

a

E Inputparameters [ Outputfiles @& Logs
Status: sn s mmm @ Completed —_—
Info: Executed by jalatls 2 minutes ago

reflectance_data eopaas:/refData/467/ ARIES-sites-MCD43A4-06 1-results.csv
Job 56729

N collection {'drought_indexes"foodsecuritytep12a7a61f6a2144ad81f1ced70d131145}
Service: ndwi

(17) Download the output files.

Step Four: Result Analysis

(18) click the result files and directly download to local computers

(19) pre-check the results at each region of interest:

EO Africa // ARIES Page 11
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A B - c
1 Date .lNDWI NDWI_Anomaly
2 2018-01-01 -0.13 -0.068
3 2018-01-02 -0.136 -0.07
4 2018-01-03 -0.137 -0.083
5 2018-01-04 -0.131 -0.075
6 2018-01-05 -0.122 -0.057
7 2018-01-06 -0.129 -0.064
8 2018-01-07 -0.127 -0.021
9 2018-01-08 -0.128 -0.02
10 2018-01-09 -0.135 -0.025
" 2018-01-10 -0.142 -0.028
12 2018-01-11 -0.148 -0.033
13 2018-01-12 -0.144 -0.047
14 2018-01-13 -0.145 -0.027
15 2018-01-14 -0.145 -0.026
16 2018-01-15 -0.145 -0.046
17 2018-01-16 -0.142 -0.07
18 2018-01-17 -0.141 -0.06

Three columns show the date, index value, and values that seasonal cycle has
been removed.

(20) The plot can be drawn correspondingly.

2.1.1.2 Shortwave Infrared Transformed Reflectance (STR)

STR is considered the transformed reflectance based on the shortwave infrared
surface reflectance (centred at ~2.13 ym), and it is sensitive to soil water content. In
the test, MODIS reflectance data was selected. Other high-resolution remote sensing
data of similar band wavelengths can also be utilized. The basic process for calculating
STR using Food Security Explorer is as follows:

Step One: Input Data Sampling

(1) Define your sampling locations including site name, latitude, and longitude.

(2) Navigate and login to the online sampling website NASA AppEEARS
at https://appeears.earthdatacloud.nasa.gov/task/point

EO Africa // ARIES Page 12


https://appeears.earthdatacloud.nasa.gov/task/point

&
D09 — Prototype Test (Report)

Extract Point Sample

F4 e ®

Start a new request Copy a previous request Upload a request file
R T EEEEEEEEEEE -,
EEH [i] ] 1
= 1 DropaJSON file containing 1
HP o I the request to copy or click :
: here to select the file. 1
HP i} 1 ]
: JSON request files (*-request json) :
ARlES—SDCI o [] are included in the download bundle [ |
PR - I available from any ApoEEARS 1
= : requests. :
ARIES sites ESI o : :
b APIEA s . I 1 ]
AL LT
H “ ”
(3) Click “Start a new request
(4) Input the location information.
Enter a name to identify your sample
Point Sample name
Upload coordinates from a file Uploaded coordinates (ID, Category, Lat, Long): 5

N R R R RN N N R RN N N R R R
ACFMali, 16.673, -3.0448

ACFSenegalLougat, 15.028297, -15.692804
ACFSenegalTambacounba, 14.450999, -14.487039
AgrhymetNiger, 13.5338, 2.686225

AKTCZambia, -14.9461474, 28 0861579

Drop a CSV file containing the coordinates or click here to select
the file. Coordinates can also be entered manually in the uploaded
coordinates box.

The CSV file can contain up to 4 columns separated by commas with
each coordinate on a separate line

1. 1D foptionsl) - uniguely identifies the coordinate

2. Category (optional) - label to group common coordinates
3. Latitude - latitude in decimal degrees (-90 to 20)

4. Longitude - longitude in decimal degrees (-180 1o 180)

L T
AL LT PRI T T T I T TN T

Vs s s E s s s s EEEEEEEEEEES-

(5) Choose the data period.

EO Africa // ARIES Page 13
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Start Date End Date © Selected coordinates

01-01-2018 =] 12-31-2023 &2

[ 1s Date Recurring?

Nigeria

Cam.

Rep. Congo

Lat: 11.382 Lon: -8.930 ! - Aoz

Add coordinates using the @ tool. View coordinate details by clicking the markers on the map

(6) Choose the data source and variables of interest.

Select the layers to include in the sample & Selected layers

Combined MODIS Bidirectional Reflectance Distribution Nadir_Reflectance_Band?

€ 500m, Daily -
NBAR at local solar noon for band 7

Function (BRDF) and Albedo
MCD43A4.061, 500m, Daily, (2000-02-16 fo Present)

Nadir_Reflectance_Band5
© 500m, Daily +
NBAR at local solar noon for band §

MNadir_Reflectance_Band6
€ 500m, Daily +
MNBAR at local solar noon for band &
Remave All (1)

Select All (13)

(> soms | <o
(7) Submit the order.

(8) Upon completion, receive the notification via email and download the data,
which is csv format.

Step Two: data uploading

(9) collect the input data csv file and your site location csv file.

A B C
1 Site Lat Long
2 | ACFMali 16.673 -3.0448
3 | ACFSenegallLou 15.028297 -15.692804
4 ACFSenegalTamr 14.450999 -14.487039
5 AgrhymetNiger 13.5338 2.686225
5 | AKTCZambia -14.9461474 28.0861579

(10) upload them to the folder in the FSE system

EO Africa // ARIES Page 14
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Step Three: data online processing

(11) Same processing as NDWI.

Step Four: download results and Analysis

(12) click the result files and directly download to local computers
(13) pre-check the results at each region of interest:
A B C

1 Date .l STR STR_Anomaly
2 2018-01-01 1.148 -3.491
3 2018-01-02 1.102 -3.489
4 2018-01-03 1.096 -3.261
5 2018-01-04 1.118 -3.221
6 2018-01-05 1.085 -3.146
7 2018-01-06 1.023 -3.221
8 2018-01-07 0.996 -3.903
9 2018-01-08 0.949 -3.809

Three columns show the date, index value, and values that seasonal cycle has
been removed.

(14) The plot can be drawn correspondingly.

2.1.1.3 Keetch-Byram Drought Index (KBDI)

The Keetch-Byram Drought Index (KBDI), originally designed for daily fire risk
monitoring, is calculated using normal annual precipitation, daily maximum air
temperature, and daily precipitation. Some studies also considered it as an indicator of
surface moisture deficiency. In this context, the Copernicus KBDI product is utilized..
The basic process for calculating KBDI using Food Security Explorer is as follows:

Step One: Input Data Sampling
(1) Define your sampling locations including sitename, latitude, and longitude.
(2) Navigate to the Copernicus at

https://cds.climate.copernicus.eu/cdsapp#!/dataset/10.24381/cds.0e89c522?ta
b=form

(3) Initiate a new request.

(4) Select data.

EO Africa // ARIES Page 15
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Overview Download data Documentation

Product type @

® Reanalysis

Variable @&

» Canadian Forest Service Fire Weather Index Rating System

* Australian McArthur Mark 5 Rating System

] orought factor
Keetch-Byram drought index

¥ U.S. Forest Service National Fire-Danger Rating System

Dataset type @

@ Conszolidated dataset

System version

0

a

(5) Choose the data period.

Year

O 1940
1544
1048
1952
1956
1960
1964
1968
1972
1976

10000000ac

10C

It

Month

January
May
September

D:

&2
=

t =]

[T
-

o=

[slefala] ool ]<]

o

(6) Choose the region of interest.

EO Africa // ARIES
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2021

February
June
October

Eoz
G
[~ KD
[
[~ RS
[
Eos
| ]

mtermediate dataset

8{6
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LISTE

/

Ky

Clear 2l

(O Ensemble members

Clear ail

] Fire danger index

Selectall  Clearall

Selectal  Clear 3l

Clear all

Clear &

14z 1043
[J1248 Clrssr
Ceso 1951
1954 Oress
1058 1950
1962 193
D196 C1o67
1s70 0197
Cera COo7s
[mEER] O ere
O 1982 O 1983
1988 Tl 1987
[ 1280 1 1991
) 1904 O 1985
(mEEE 1989
(J 2002 (] 2003
[ 2008 O 2007
O 2010 O 201
Dams O 2015
2018 2019
2022 2023
Selectad  Glesrall
Apri
August
Movember December

oooooon

Cheae all

Flass o
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Geographical area @

‘Whole available region

@®  Sub-region extraction &

Morth

West East

Format @

(7) Submit the order.
(8) Upon completion, download the file.

Step Two: data uploading

(9) collect the input data and your site location csv file.

A B C
1 Site Lat Long
2 | ACFMali 16.673 -3.0448
3 | ACFSenegalLou 15.028297 -15.692804
4 | ACFSenegalTan 14.450999 -14.487039
5 AgrhymetNiger 13.5338 2.686225
6 | AKTCZambia -14.9461474 28.0861579

(10) upload them to the folder in the FSE system

Step Three & Four: data online processing

(11) same processing as NDWI

2.1.1.4 hybrid Scaled Drought Condition Index (SDCI)

The Scaled Drought Condition Index (SDCI) is an averaged drought index, calculated
using detrended precipitation anomalies (Precipitation Condition Index, PCI),
vegetation anomalies (Vegetation Condition Index, VCI), and temperature anomalies
(Temperature Condition Index, TCI). The test utilizes MODIS MCD43A4 reflectance

EO Africa // ARIES Page 17
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bands 1 and 2, along with rainfall and temperature data from SMAP. The basic process
for calculating SDCI using the Food Security Explorer (FSE) is as follows:

Step One: Input Data Sampling
(1) Define your sampling locations including site name, latitude, and longitude.

(2) Navigate to the online sampling website NASA AppEEARS at
https://appeears.earthdatacloud.nasa.qgov/task/point

(3) Initiate a new request.

(4) Input the location information.

(&= AppEEARS Extract ~  Explore  Help ~ ®, & atisial -

Extract Point Sample

Enter a name to identify your sample

Sampling|
Upload coordinates from a file Uploaded coordinates (ID, Category, Lat, Long): 4
P - - )
1 [ ACFMall, 16.673, -3.0448
1 Drop a CSV file containing the coordinates or click here to select L} ACFSenegalLouga, 15.028297, -15 692804
: the file. Coordinates can also be entered manually in the uploaded : ACFSenegalTambacounba, 14.450999, -14.487039
y  coordinates box. 1 AgrhymetNiger, 13.5338, 2 686225
] [ |
1 The CSV file can contain up to 4 columns separated by commas with 1
: each coordinate on a separate line :
1 [ ]
1 1. 1D foptional) - uniquely identifies the coordinate 1
1 2. Category (optional) - label to group common coordinates 1
: 3. Latitude - lafitude in decimal degrees (-20 to 90) :
1 4. Longitude - longitude in decimal degrees (-180 to 180) 1
1 1
1 [ |
o . ’

(5) Choose the data period, data source, and variables of interest.

Select the layers to include in the sample © Selected layers

Geophysical_Data_precipitation_total_surface_flux

Combined MODIS Bidirectional Reflectance Distribution x © 3000m, Daily -
Function (BRDF) and Albedo Total surface precipitation (incl. snow fall)
MCD43A4.061, 500m, Dally, (2000-02-16 to Present)
= Geophysical_Data_surface_temp
Nadir_Reflectance_Band3 © 9000m, Daily oy

© 500m, Daily +

Mean land surface temperature (incl. snow-covered land
NBAR at local solar noon for band 3 a perature ( S <

Nadir_Reflectance_Band1
r _ 2
Nadir_Reflectance_Band4 © 500m, Dally

© 500m, Daily +
NB. local s fi 1
NBAR at local solar noon for band 4 AR SEOCE! Siar 00 on Dand &

v Remove All (4)
Madic Mafianinnnan Dands

Select All (12)

(6) Submit the order.

EO Africa // ARIES Page 18


https://appeears.earthdatacloud.nasa.gov/task/point

o
)5 7~ Vito
D09 — Prototype Test (Report) = P
LISTQ

(7) Upon completion, receive a notification via email and download the data.

Step Two: data uploading

(8) collect the input csv file and your site location csv file.

AgrhymetNiger 13.5338 2.686225
AKTCZambia -14.9461474 28.0861579

A B [
1 Site Lat Long
2 | ACFMali 16.673 -3.0448
3 | ACFSenegalLou 15.028297 -15.692804
4 | ACFSenegalTan 14.450999 -14.487039
5
6

(9) upload them to the folder in the FSE system

Step Three and Four: data online processing

(10) same processing step as NDWI.

2.1.1.5 Soil Moisture (SM)

The Soil Moisture Active Passive (SMAP) mission employs L-band radar and
radiometer instruments to generate global gap-free maps of SM and freeze/thaw state.
Furthermore, SMAP Level 4 dataset leveraged these observational data in conjunction
with data assimilation techniques to offer insights into deeper root-zone soil moisture
every three hours from advanced land surface modelling. The basic process for using

SMAP SM to monitor drought from Food Security Explorer is as follows:

Step One: Input Data Sampling

(1) Define your sampling locations including sitename, latitude, and longitude.

(2) Navigate to the online sampling website NASA AppEEARS at
https://appeears.earthdatacloud.nasa.qov/task/point

(3) Initiate a new request.

(4) Input the location information.
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Enter a name to identify your sample

Sampling|

Upload coordinates from a file Uploaded coordinates (ID, Category, Lat, Long): 4
e e EE S S s S EE S S S S EEEEEEEEEEE -,

ACFMall, 16.673, -3.0448

ACFSenegalLougal, 15.028297, -15.692804
ACFSenegalTambacounba, 14.450999, -14.487039
AgrhymeiNiger, 13.5338, 2.686225

Drop a CSV file containing the coordinates or click here to select
the file. Coordinates can also be entered manually in the uploaded
coordinates box.

The CSV file can contain up to 4 columns separated by commas with
each coordinate on a separate line

1. 1D foptional) - uniquely identifies the coordinate

2. Category (optional) - label to group commen coordinates
3. Latitude - latitude in decimal degrees (-90 to 90)

4. Longitude - longitude in decimal degrees (-180 1o 180)

-

W

(5) Choose the data period, data source, and variables of interest.

Select the layers to include in the sample i} Selected layers
SMAP Surface and Root Zone Soil Moisture t ] Geophysical Data sm surface
SPL4SMGP 006, 9000m, Daily, (2015-03-31 fo 2022-11-13) i) QODUErI ‘JDany - == -

Geophysical_Data_baseflow_flux
© 9000m, Daily +
Baszeflow

Geophysical_Data_heat_flux_ground
€ 9000m, Daily +
Downward ground heat flux into layer 1 of soil heat diffus

Remove All (1)
Select All (41)

(6) Submit the order.

(7) Upon completion, receive a notification via email and download the data.

Step Two: data uploading

(8) collect the input csv file and your site location csv file.

A B C
1 Site Lat Long
2 | ACFMali 16.673 -3.0448
3 | ACFSenegalLou 15.028297 -15.692804
4 ACFSenegalTamr 14.450999 -14.487039
5 AgrhymetNiger 13.5338 2.686225
8 | AKTCZambia -14.9461474 28.0861579

(9) upload them to the folder in the FSE system
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Step Three: data online processing

(10) same processing step as NDWI.

Step Four: download results and Analysis

(11) click the result files and directly download to local computers
(12) pre-check the results at each region of interest:
A B C
1 Date .| SM SM_Anomaly
2 2018-01-01 0.023 -0.048
3 2018-01-02 0.017 -0.065
4 2018-01-03 0.03 -0.043
5 2018-01-04 0.031 -0.04
6 2018-01-05 0.02 -0.058
7 2018-01-06 0.027 -0.049
8 2018-01-07 0.025 -0.054

Three columns show the date, index value, and values that seasonal cycle has
been removed.

(13) The plot can be drawn correspondingly.

2.1.1.6 Evaporative Stress Index (ESI)

ESl identifies temporal anomalies in evapotranspiration (ET) compared to potential ET,
highlighting regions with unusually high or low water use rates across the land surface.
The basic process for using ECOSTRESS ESI to monitor drought from Food Security
Explorer is as follows:

Step One: Input Data Sampling

(1) Define your sampling locations including site name, latitude, and longitude.

(2) Navigate to the online sampling website NASA AppEEARS at
https://appeears.earthdatacloud.nasa.qov/task/point

(3) Initiate a new request.

(4) Input the location information.
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Enter a name to identify your sample

Sampling|

Upload coordinates from a file Uploaded coordinates (ID, Category, Lat, Long): 4
e e EE S S s S EE S S S S EEEEEEEEEEE -,

ACFMall, 16.673, -3.0448

ACFSenegalLougal, 15.028297, -15.692804
ACFSenegalTambacounba, 14.450999, -14.487039
AgrhymeiNiger, 13.5338, 2.686225

Drop a CSV file containing the coordinates or click here to select
the file. Coordinates can also be entered manually in the uploaded
coordinates box.

The CSV file can contain up to 4 columns separated by commas with
each coordinate on a separate line

1. 1D foptional) - uniquely identifies the coordinate

2. Category (optional) - label to group commen coordinates
3. Latitude - latitude in decimal degrees (-90 to 90)

4. Longitude - longitude in decimal degrees (-180 1o 180)

-

W

(5) Choose the data period, data source, and variables of interest.

Select the layers to include in the sample © Selected layers

ECOSTRESS Evaporative Stress Index PT-JPL x®

Evaporative_Stress_Index_PT_JPL_ESlavg
@ 70m, 1SS-dependent -
Evaporative Stress Index

ECGO4ESIPTJPL 001, 70m, ISS-dependent, (2018-07-09 to Present)

Evaporative_Stress_Index_PT_JPL_PET
© 70m, ISS-dependent +
Potential Evapotranspiration

Remove All (1)
Select All (1)

m x Cancel
(6) Submit the order.
(7) Upon completion, receive a notification via email and download the data.

Step Two: data uploading

(8) collect the input csv file and your site location csv file.

A B C
1 Site Lat Long
2 | ACFMali 16.673 -3.0448
3 | ACFSenegalLou 15.028297 -15.692804
4 | ACFSenegalTan 14.450999 -14.487039
5 AgrhymetNiger 13.5338 2.686225
6 | AKTCZambia -14.9461474 28.0861579

(9) upload them to the folder in the FSE system
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Step Three: data online processing

(10) same processing as NDWI

Step Four: download results and Analysis

(11) click the result files and directly download to local computers
(12) pre-check the results at each region of interest:
A B

1 Date .| ESI

2 |2018-08-24 15:4 0.665

3 2019-01-11 08:0i 0.838

4 2019-01-2117:3 0.549

5 2019-01-28 14:5 0.465

6 |2019-01-3113:5 0.455

7 2019-06-09 10:3 0.187

8 |2019-07-19 18:3 0.279

Three columns show the date, index value, and values that seasonal cycle has
been removed.

(13) The plot can be drawn correspondingly.

2.1.2 Feedback Collection

The system demonstrates a strong capability for processing data online, which is one
of its significant strengths. However, there are several areas where improvements are
needed based on user feedback. Currently, the system is still in its demo phase, which
has led to some instability, particularly regarding user authority and account access.
For instance, users occasionally experience difficulties logging in, and these issues
can become more pronounced when switching browsers from Chrome to Firefox.
Moreover, the functions sometimes cannot pop out normally. Additionally, the zoom
functionality lacks smoothness, which can hinder the user experience when navigating
through data. To enhance the system’s usability and align it with industry standards, it
is recommended to integrate an online coding interface similar to Google Earth Engine
(GEE), which would provide users with more flexibility and advanced capabilities for
data analysis.
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2.2 Crop water stress products

2.2.1 Product Provision

The current implementation of the crop water stress indicator workflow allows users to
generate this product for entire Sentinel-2 tiles on their local machine (see also
Deliverable D08 — Documentation of processors/toolbox/software). Required input
parameters include:

- Start and end date of desired processing period

- Sentinel-2 tile id (e.g. 30QVD)

- Local time zone (UTC)

- Path to directory where the output should be stored
- Path to directory where ERA5 data should be stored

- 3 LST correction parameters, resulting from the intercomparison of Sentinel-3
derived LST and ECOSTRESS LST: cross-calibration gain, cross-calibration
offset and directionality parameter.

After product generation, the necessary routines are available to upload the results to
the Food Security Explorer platform, where they can be easily visualized.

2.2.2 Feedback Collection

Feedback on the crop water stress product itself and its integration and visualization
within the Food Security Explorer is collected during interactions with the project’s Early
Adopters. Aside from the first public webinar that was held on January 315t 2024, three
important feedback events are still scheduled in the final stage of the project:

1) Milestone 3 meeting in Zambia between September 9" and September 13t
2024

2) EOAfrica Symposium at ESA between September 23 and September 261"
2024

3) The second public project webinar, to be scheduled in October 2024

During all of the mentioned events, potential end users will be asked to provide
feedback on the usefulness and user-friendliness of the current implementation of the
crop water stress processor.
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2.3 Hyperspectral Products

2.3.1 Product Provision

Prototype provision for the hyperspectral products was mainly focused on AKTC in
Zambia, as they have irrigation pivots and are thus most interested in leaf and canopy
water content for irrigation recommendations. Of course, the products were also
calculated for the test-sites in Mali and Senegal, but since less management options
are available on the ground there, these products are mainly for information purposes
for the users there.

AKTC was introduced to the Food Security Explorer and given an introduction on how
it is possible for them to calculate the results themselves, but between having to order
the hyperspectral data from ASI and them not being very involved with geoscientific
data handling usually, they decided that for them it would be much easier if the
prototype provision was done in a more “low tech” way where they would have the
results immediately available. Hence, VISTA calculated the results for leaf area,
canopy water content and leaf water content for them and provided them as pdf maps.
Both PRISMA and EnMAP data were used for this, as ideally the maps would be
available weekly and as quickly after acquisition as possible.

2.3.2 Feedback Collection
Feedback collection happened both in direct talks with AKTC as well as over email.
Since the user AKTC was very involved in the project, no multiple choice
questionnaires or similar were utilized, but instead the route of expert interviews was
taken.

3 Prototype Test - Results

3.1 Thermal Products

In this section, we analyze the results of thermal products generated using the FSE
system. The seasonally detrended temporal variability of four drought indices (NDWI,
STR, SM, and ECOSTRESS ESI) is summarized and compared across the test sites
of the ARIES project. Additionally, we provide an interpretation of these results.
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Time Series of NDWI for Site ACFMali
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Figure 1: The temporal variation of detrended NDWI at site ACFMali.

Time Series of STR for Site ACFMali
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Figure 2: The temporal variation of detrended STR at site
ACFMali.
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Time Series of SM for Site ACFMali
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Figure 3: The temporal variation of detrended SDCI at
site ACFMali.

Time Series of ESI for Site ACFMali
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Figure 4: The temporal variation of detrended ESI at site
ACFMali.

Each thermal product module releases both drought indices and their detrended
results. The detrended results represent the index time series with the seasonal cycle
removed, highlighting anomaly values. As drought is defined by soil moisture
deficiencies below climatological norms, we propose that using anomalous values is
more effective for detecting drought events.

Based on the anomaly time series of the four drought indices shown in the figures
above, itis evident that a significant wet period occurred at the beginning of 2023, while
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dry periods were observed at the beginning of other adjacent years. Due to the limited
temporal sampling frequency of ECOSTRESS ESI, it is suitable for local mapping but
not for temporal anomaly detection at this time.

3.2 Crop water stress products

During the first public project webinar, the conceptual details with regard to the crop
water stress indicator were shared with the represented Early Adopters and other
interested parties. All involved Early Adopters confirmed the relevance of the indicator
for their day-to-day operations.

During a first operational test, the high-resolution crop water stress product has been
generated for a test site in South Africa. After careful visual inspection, no obvious
product artefacts have been identified and the output matched expectations in terms
of range of values observed.

The data upload procedure to the Food Security Explorer platform has been
successfully tested: two test products for South Africa have been ingested and
visualized in the platform (see also Deliverable D16 — Platform integration). Feedback
was shared with the Food Security Explorer core team related to the incorrect handling
of scale/offset information embedded within the GeoTiff files.

At the end of the project, the newly developed crop water stress products have been
generated for the specific test sites in Mali (managed by Early Adopter ACF) and
Zambia (managed by Early Adopter AKTC). The results were showcased to these
Early Adopters during Milestone 3 meeting, as well as during the second public project
webinar. For ease of interpretation, the crop water stress indicator is by default
visualized alongside the NDVI time series, as land cover is an important factor to
consider during product interpretation. An example of this visualization is provided in
the next Figure:
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Time series of LST-Ta and NDVI for plot severe_YOU014
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3.3 Hyperspectral Products

The hyperspectral products were delivered as pdf maps and the prototype processing
was integrated into the Food Security-Explorer.

Speedy provision was named as a prerequisite for usefulness by AKTC. Depending
upon the date of acquisition the products can be provided within a day, but because
the processing chain including data transfer to AKTC is not fully automated since these
are scientific products, acquisitions taken on the weekend could not be processed as
fast and delays of several days were the consequence.

AKTC was happy to give feedback and validate our results, especially the differences
in LAl observed in both of the pivots (more details on that can be found in D06
Validation Report). AKTC conducts field demonstrations and research on 10, 27 and
62 hectares of land at the Golden Valley Agricultural Research Trust's (GART)
Chaloshi farm in Zambia. Field trials and field demonstrations on the 10-ha field are
run by a photovoltaic driven pivot whereas the 62 ha pivot operates under the main
grid electricity supply. On the other hand, research done on the 27 ha are purely rain
fed.
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Precipitation — Mean daily maximum - Hot days
— Mean daily minimum Cold nights

EO information products based on user requirements

Leaf Area Index

Leaf Water Content

EnMAP 09.07.2023
(1614 nm - 865nm - 492nm)

Canopy Water Content
[ AKTC Pivots and Drylands

Figure 5: Prototyping area in Zambia

The prototype maps for AKTC were delivered in the format as follows:
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AKTC - Leaf Area and Plant Water - EnMap 20.06.2024
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Figure 6: Prototype map for Zambian test-site, derived from EnMAP 20.06.2024
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AKTC - Leaf Area and Plant Water - PRISMA
01.07.2024
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Figure 7: Prototype map for Zambian test-site, derived from PRISMA 01.07.2024
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AKTC - Leaf Area and Plant Water - ENMAP 05.07.2024
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Figure 8: Prototype map for Zambian test-site, derived from EnMAP 05.07.2024

Overall, the impression was, that while the partner was happy to receive the data and
give feedback for the prototype testing and validation, but that for operational farming
it would be helpful for them to translate the products into more specific information, e.g.
irrigation amount and timing. Specifically, we observed some difficulties in
understanding the difference between leaf water content and plant water content, as
these are not units that are immediately familiar to the user. Nevertheless, they could
explain the differences in the pivots and draw conclusions concerning the status of the
crops and the irrigation needs.

The user pointed out that due to the drought in Zambia they have challenges like low
irrigation water availability or electricity cuts. These have effects on when and how
much water can be irrigated. So for a direct irrigation recommendation, not only the
plant status is a consideration, but also the conditions surrounding farm management.
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Prototype maps were also calculated for the other test-sites in Mali and Senegal, where
the focus was more on the drought indicators from thermal data. Hence, no direct
feedback from the users has been collected for these prototype maps yet, though this
can still change until the end of the project. In the following, exemplary maps for Mali
are shown.

Mali - Leaf Area and Plant Water - ENMAP 06.04.2024 @
K
Leaf Area Index [m2/m2]
T
0 7

Canopy Water Content [cm]

0 0,2
=
Leaf Water Content [cm]
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. .

0 300 600 900m
[ .|

Figure 9: Prototype map for Malian test-site, derived from EnMAP 06.04.2024
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Mali - Leaf Area and Plant Water - PRISMA 20.04.2024 ,@
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Figure 10: Prototype map for Malian test-site, derived from PRISMA 20.04.2024

4 Conclusion

In conclusion, prototype tests have been conducted for all test-sites for both thermal
and hyperspectral data products. Since these products are scientific and not available
operational in automated workflows and for regular acquisition times yet, there is a
certain gap between user needs especially for the agricultural users and the currently
available prototypes. This was to be expected and will in the future become an obsolete
point, once CHIME and LSTM are launched. Nevertheless, the prototypes developed
by ARIES have been deemed interesting by the users and several ideas for further
enhancements and new products, which would also be useful, have been formulated
by the users, which is a promising result.
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