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Foreword

In the framework of theeSA EO AFRICA initiatithe EO AFRICA R&D Facihitgollaboration withthe
European Space Agen¢iSA) and thafrican Union CommissiofAUC), launched at the end of 2021 a call
for research proposals to support Africuropean collaborate efforts to develop innovative, open
source EO algorithms and applications adapted to African solutions for African challenges.

Proposals in the themes of water scarcity and food security were expected to create EO algorithms and
workflows byleveraging cuttingedge cloudbased data access and computing infrastructure. A budget up to
25,000 EUR for research activities during a period of 12 months, free access tbatmaiVirtual Research
Environments througlhe Innovation Lalof the Facility, dedicated user and technical support, acce®to

EO AFRICA Space Acadewsnts, and integration into the EO AFRICA Network fermational scientific
collaboration, were the benefits offered to the research projects.

62 proposalavere received from research teams lead by Afri€amopean tandems frorg3 African and 16
European countriesAfter a comprehensive evaluation processiah involved review of each proposal by

at least two domain experts for 40 different criteria and scoring in 6 different categories, 26 proposals from
14 African and 9 European countries were qualified for the second round of evaluation by the Selection
Committee. This included all proposals "highly recommended" by the reviewers with a minimum overall
score of 75/100. Considering aspects such as scientific excellence, innovative use of digital tools, impact for
fostering the use of EO data and servicegfirica, and geographic representation of Africa, the Committee

in collaboration with ESA and AUC award&desearch projectfor funding from12 African and 9 European
countries

African and European countries of the funded projects

This documen&ims to provide a short summary of the scientific background, objectives, study area, research
plan, and team members die funded research projects


https://eo4society.esa.int/eo-africa/
https://www.eoafrica-rd.org/
https://www.eoafrica-rd.org/innovation-lab/
https://www.eoafrica-rd.org/space-academy/
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1. DroughT impACt on the vegeTatafSouth African semlarid mosaiC
landscapes: Implications on grasep-lands primary production

Project Acronym

TACTIC

Scientific Background and Objectives

{SYAIFINAR N}Yy3IStlyR&a INB 2yS 2F | FNAOI Q& ndasas]
where extensive livestock is the main economic activity, and agriculture, soil for livelihoo
conservational uses are also crucial. They are highly controlled by the availability of water, e.g.,

and rainfed crop production. Although dhvegetation is adapted to variable climatic conditions and
periods, the increase in drought intensity, duration, and frequency, changes in agricultural practice
other socioeconomic and environmental factors precipitate their degradation.

Figure 1: Rangelands of the World. From University of Idaho. Wikimedia Commons

Through the integration of Earth Observation data into models, we can evaluate, on the one har
water consumed by semiarid ecosystems and their vegetation water stres®arte other, its primary
production. Thus, allowing us to assess the interaction of both processes, improving our knowledg:
the vegetation's behavior in the face of drought.

TACTIC will map water consumption and primary production of semiaridimosoprangelands at the
optimal spatiotemporal scales, setting up an ogmurce cloud framework to monitor these process
interaction in the long term and analyze system tipping points. This information can help reduc
uncertainty associated with KS I RY A Y A & i NI i A 2-ffakihgypi@cesBésNIY S NA Q
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Our pilot area is located ithe Limpopo region, with great agricultural importance but subject to peric
droughts, and Kruger National Park home. The timeframe will be from 2014 to 2021. The Skukuza
site (Scholes et al., 2001) and cropland data from farmers and a fielobadgmwill be used for validatior
Meteorological data will be obtained from the South African Weather Service stations (s
interpolation between stations) and/or the ECMWF ERADS reanalysis (Hersbach, 2016).

Kruger
Park

South Africa

Figure 2: Map of the study area: Krugeatidnal Park.

Research Outline

Overview of our methodology:

Our methodology has been validated over our pilot area or in
another semiarid savannas. The working plan encompass:

1. Assessing water consumption and vegetation water stress
1. Adaptation of the Kc-FADS6 crop-coefficient method (Allen et al., 1998, Carpintero et al., 2020)
2. Two Source Energy Balance model (Kustas and Norman, 1999) & STARFM (Gao et al., 2006)

3. Ratio ET/ETo anomalies

2. Assessing hiomass production (Light Use Efficiency model). (Monteith et al., 1997, Gomez-Giraldez et al., 2019)

3. Assessment of the drought impact on grass/crop production (Gonzalez-Dugo et al., 2021)

Figure 3: Scheme of the methodology.
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In more detail:

1. WPZL Assessing water consumption angkgetationwater stress

a) Using an adaptation of KEAO56 cromoefficient method (Allen et al1998) to assimilate EC
data, the VAETo model (Carpintero et al., 2020 integrating VIS/NIR Sentinel 2 (20m), ¢
Landsat (30m).

b) Using the TweSource Energy Balance model (Kustas and Norman,’)1998 the STARFI
sharpening algorithm (Gao et al., 20Q@ntegrating TIR Sentinel 3/MODIS (1km), and S2/Lar
(20m/30m).

c¢) Computing the relative evapotranspiration (ratio ET/ETo) anomalies, a proxy of sa
vegetation water stress (GonzalBugo et al., 2020).

Kc-FA0S56
approach

TSEB
model

2%

Infiltration

Percolation

Water Balance Energy Balance
R=ET+Q+AS Rn=LE+H+G

Figure 4: KEAO56 and TSEB models approach (figure from Carpintero, 2021)

2. WP2 Assessing biomass productiarsing a light use efficiency (LUE) model (Monteith et al., 39
assimilating remotely sensed data derived by Gé:@ealdez et al. (201%)for rangelands using SZ

3. WP3Validationg A G K RFGF FNBY {{1dzldzl S FNRBY 2dzNJ FA
yield statistics for crops.

4. WP4 Assessment of the drought impact on grass/crop productidm analysis of the drought even
and their dfects on pasture/crop production (Wolf et al., 2¢18a et al., 2019.

5. WP5 Integrating the workflow into an opepsource interactive toole.g., Jupyter Notebook).

lGao, F., Masek, J., Schwalldr, Hall, F. On the blending of the Landsat and MODIS surface reflectance: predicting daily Landsat surface reflE&afreastetions

on Geoscience and Remote Sensing, 44(8),-2248. (2006)https://doi.org/10.1109/tgrs.2006.872081
2

3

Wolf, S. et al. Warm spring reduced carbon cycle impact of the 2012 US summer drought. PNAS £%88582016)https://doi.org/10.1073/pnas.151620113

Ma, S., Baldocchi, D., Wolf, S. & Verfaillie, J. Slow ecosystem responses conditionally regulate annual carbon balaryeaws/er Californian oajrass savanna.
Agricultural and Forest Meteorology 2289, 252,264 (2016)https://doi.org/10.1016/j.agrformet.2016.07.016

3
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2. Crop Stress Monitoring in the searid context of Doukkala, Morocco
Project Acronym
CroSMoD

Scientific Background and Objectives

Agriculture is the largest and at the same time less modern consumer of water worldwide. Mongitlie
62NI RQa LR LMzZ FGA2y LINRP2SOGSR G2 AYyONBFasS |y
exacerbated. Thus, improving crop productiand water use management is a fundamental step

achieve sustainable food and water security.

One of the crucial problems currently facing the Moroccan irrigated area of Doukkala is the sca
water for irrigation, with the irrigation management auttities which are not distributing irrigation wate
due to a shortage of water volume in the dam reservoirs. Such situations, according to climate proje
will become periodic and, during them, farmers draw from the groundwater, considered stradedief
country's water security. Hence there is the need to set up an adaptation strategy to help farmers t
with this new situation.

The project aims atleveloping a procedure for crop yield estimates and extreme events crops s
monitoring or pes and diseases by integrating multiple satellite data and wategrgycrop modelling,
able to support farmers precision agriculture.

Study Area
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The Doukkala irrigation scheme in western Morocco
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The project will develop an E®rviceable tosupport precision agriculturgracticesfor farmers and farms
associations.

The modding chain will rely on the assimilation of multig#® data (LST, LAl and SM) into the pixel \
crop-energywater balance model FEEWBSAF Yallowing b compute continuoudy in time (vith hourly
to dailyscalg, high spatial resolution (30 m) evapotranspiration, soil moisture, crop yield and LAI. Tt
allow detecting crop shocks and failures due extreme events (titsudjoods or hailstorms), pestor
diseases or unknown irrigation events, otherwise n@producible by the model alone. The pixake
architecture ofthe implementedtools determines an original and accurate methodology, allowin
mathematically consistent passage from field andrt@ation Consortium scale maintaining the origir
pixel dimension as scale unit.

The expectedoutputs will be: a) a tool for estimating the crop damages caused by shock even
mapping crop stress/drought/failure, bhapsand temporal series of evayranspiration, soil moisture
crop yield and LAI. Project outputs will be validated against specific ground measurements of L
moisture and evapotranspiration, which are already available to partners and that will be further act
during the prgectthrough dedicated field campaigns

Satellite Dai&
@ (hdf, geotiff)
=) Ground

+ Vegetation indices
Meteorological data * Surface Temperature

l l Data Assimilation
w3 Jupyter t
o~ Model
Numerical @@ outputs
water-energy- @, t}@
gy- o1 -
crop model S

Crop yield
Leaf Area Index (LAI)
(FEST-EWB-
SAFY)

Research Outline

+ Soil Moisture (SM)
« Evapotranspiration (ET)

Research Team

Fatima-Ezzahra EL GHANDOUR
(African Co-Pi)

Chouaib Doukkali University
f.ezzahra.elghandour@gmail.com

Chiara Corabari (European Co-Pi)
Politecnico di Milano

chiara.corbari@polimi.it

Youssef HOUALI
Chouaib Doukkali University
y.houali@gmail.com

Marco MANCINI
Politecnico di Milano

marco.mancini@polimi.it

Nicola PACIOLLA H
> =

Abir HABIB
Chouaib Doukkali University

abir.habib@outlook.com

Politecnico di Milano g Yassine LABBASSI
nicola.paciolla@polimi.it ] Chouaib Doukkali University

y.labbassi24@gmail.com
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3. Monitoring water level and volume of Buyo and Kossou dams in Cote
RQLO2ANE dzaAy3a 2LWGAO0LFE YR NIRFNJ

Project Acronym

SISERCI

Scientific Background abjectives

/| 26S RQL@2ANB fA1S YIye dgctimatie dhhn§eimpacysuah Srédught whi
affect water resources. Indeed, the decrease in rainfall and runoff has significantly impacted the fi
dams (figure 1) the producton of hydroelectric power, the supply of water to urban areas,
agropastoral activitie§Fratmat, 2021)

Figurel : An almost emptydam near Bouaké (central Cote d'lvoire)

The Kossou and Buyo lakes and reservoirs, two lagger reservoirs that are strategic for the Ivoric
economy in terms of both agricultural and energy production, have experienced variations in water
in recent yearqfigure 2) These variations are at the origin of load shedding, water shortag€éte
d'lvoire and decreases in economic and fishing activities (Goli Bi et al. 2019). Indeed, in several re
the country, access to drinking water and electricity are dependent on the level and volume of
present in these reservoirs (Jeuneififre, 2018; Afrobarometer 2018 and 2020).

In response to these problems, Ivorian authorities have undertaken different strategies to ens
sustainable management of water resources. These measures consist of monitoring water resourc
quantitativey and in terms of its spatial distribution in order to have continuous 4&ngn and readily
available data on lakes of Cote d'lvoire.

The water resources of lakes can be monitore8 ways: using in situ measurements, modeling proc
or based on rem@ sensing data. In recent years, water resources monitoring of Buyo and Kossot
has become increasingly difficult due to the decreg®miumber of measuring stations, the high cast
maintenance, the tedious collection and analysis of data, and iffieudty in modeling water resources.

v

a
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Figure2 : Decrease of the water level in the lake dam of Kossou

The use of satellite data remains the only way to go. Indeed, recent developments in remote <
technology haspawned more and more access to high resolution images that allow regular monitor
lake extent in time and space. In addition, the use of satellite radar altimetry can contribute to m
changes in lake water level. This study aims to monitor wabdnme fluctuations by combining in sit
data, satellite images and several satellite altimetry measurements.

Study Area

The study area (FiguB includes the Kossou and Buyo lakes and their surroundings. Lake Kossou i
largest lake in Cotd'lvoire. It is located on the Bandama River in the center of the country. It is
artificial lake that covers an area of 1700%amd created in 1973 by the dam of the Bandama River |
Kossou. As for Lake Buyo, it owes its existence to the construdtiohyalroelectric dam in 1981 on the
main river Sassandra. It has an area of about 600 krom an environmental and soeg@onomic point
of view, these lakes are of great interest to the country as theyrdauie to electricity supply, drinking
water swpply, agriculture, fishing, forestry area, etc.

Lac de Buyo Lac de Kossou

Figure3 : geographic location of the two lakes (Buyo and Kossou)
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Research Outline

The methodological approach is sumnsad in 4 stepgfigure 4) First, the water level or surfadeight

data are obtained by processing Jason, Envisat and Sentinel 3 satellite altimetry data (step 1); the
water surface is extracted from the Sentinel 1 and 2 images (step 2). Then, the relationship betv
these variables and the water volumeatiye is established by combining the water level data and tF

lake surface data (step 3). Finally, the relative water volume variation is obtained using the mac
learning model (step 4).

In situ Data Radar Altimetric data Optical and radar
satellite images

Jason1,2,3 ENVISAT Sentinel 3 Sentinel 1, 2 Step2
Step 1
Error correction, Image pre-processing,
data calibration and processing and
Bias elimination segmentation

Water bodies and lake
Validation Lake water level o
surface variations

Water level/area
Step 3 relationship and water
volume estimation

Refining the work
flow + notebook

Lake water level and volume
monitoring

Figure4 : Scientific approach dhe project

Step 4

This project will be carried out through five (5) major activities selected according to the expertise «
the team members and the needs of the identified partn@digure 5)

These missions will allow collecting in situ data
for training validation and test of the developed
automatic learning model for monitoring of the

Buyo and Kossou lakes.

Dissemination of project
outcomes.

Publication in Open Access
3 training workshops on data cloud-processing and

journals
the use of Innovation Lab. Communication in
Capacity of 5 institutions involved in the project. workshops

Hiring 3 Master students.
Setting up of cloud-computing
and image and & data
processing teams Development and implementation of an
optical and radar data processing workflow
for water resources monitoring.

This activity will consist in implementing in a virtual
environment, the processing chains and developing
a tool (using the Jupyter Notebook) for the real
Data collection and implementation of the data time monitoring of the dams of the study area.
processing environment on the cloud

This activity will consist of retrieving past and recent
images and collecting in situ data. Then, a catalog of
satellite images to be stored on the cloud will be created.

Figure5 : Project implementation plan
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The main expected impacts are:

The project will develop methods and processing chains (Notebook) for operational applications to improve
knowledge on shortages and impacts of climate change on water resources in Céte d'lvoire; this method could be
replicated on other African lakes and could be used to implement a monitoring system and integrated
management of water resources for sustainable development.

. At the decision-making level

This project will make available for each lake, useful information for hydrological monitoring by users and decision
makers of the structures in charge of water resources management in Coéte d'lvoire. It will accompany the
development of a tool for monitoring and early warning in situations of shortage and abundance.

. At the academiclevel

This project will support the design of educational resources for training and research at the Virtual University of
Cote d'lvoire (UVCI) and the Centre for Research and Application in Remote Sensing (CURAT).

Research Team

Prof. KOUAME Koffi Fernand

Cocoordinator (AFRICA) of the project

Coordinator of the Digital Research and Expertise Unit

' YAGSNBAGS ANLdSEES RS /80
Email : fernand.kouame@uvci.edu.ci

Dr. Benoit MERTENS

Cocoordinator (EU) of the project

Scientist; Project Manager

Institut de Recherche pour le Développement (IRD)
Email: benoit.mertens@ird.fr
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Lecturer researcher, member of the Digital Research and
Expertise Unit

' YAOBSNBAGS £ANLdSEES RS /80
Email: valere.jofack@uvci.edu.ci

Dr JOFACK SOKENG Valére carin
Assistant coordinator

Dr DANUMAH Jean Homian

Member of the project team in charge of satellite data
processing

Lecturer researcher

Centre Universitaire de Recherche et d'Application en
télédétection(CURAT)

Email: : jeanh.danumah@curaédu.org

Dr. AKPA You Lucette

Member of the project team in charge of satellite data
processing

Lecturer researcher

Centre Universitaire de Recherched®pplication en
télédétection (CURAT)

Email: : lucette.akpa@curatdu.org

Dr Thibault CATRY

Member of the project team in charge of radar satellite data
processing

Research engineer in processingalysis, and representation of
spatial information

Institut de Recherche pour le Développement (IRD)
E-mail: thibault.catry@ird.fr

Dr Benjamin PILLOT

Member of the project team in charge of radar satellitgal
processing

Research officer
Institut de Recherche pour le Développement (IRD)
Email : thibault.catry@ird.fr
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4. Rising with temperature! Reconstructing the hydroclimatic record of Lake
Naivasha witlcarthObservation

Project Acronym
EO4Naivasha
Scientific Background and Objectives

The water level of Naivasha Lake has been accelerating at unprecedented rates, damaging th
ecosystem services and soedionomic goodsClimate change is the leading hypothesis explaining
increase in water level. Precipitation analysis showsaatic (>50%) increase in rainfall intensity over -
Lake since 2018hus an upsurge in river discharge from the Gilgil and Maliwa rivers feeding the La
addition, agricultural practices and land use increase sediment load in the rivers, whegs ciltation.

Except for analysing the rainfall and river dischadlgéa. Thereis no scientific evidence verifying ar
expanding on the climate change hypothe3isis project will research the climate change hypothese:
use Earth Observation (EO)taand models to map the distribution of precipitation, evaporation, wa
extent and level, and the sedimentation rate.

ITC and RCMRD will develop a framework integrating thespréddcts to reconstruct the Lake'
hydroclimatic record and attribute theLake's water level fluctuations to the different hydr
meteorological drivers.

Objectives

We understand that studies have been conducted before, however, they have been offering a dis
approach towards understanding water bodi€khe proposed reseah offers a holistic approach t
studying large water bodies. The endeavour is to provide a comprehensive and novel apprc
understand rainfall, temperature, evapotranspiration, spatial water extent and siltation for contin
large water bodies foemulation.Specifically, the project will:

A cCapitalise on the existing data of CCI_Lake combine them with other data sources in one
framework that links water quantity to quality.

A Develop an E®ased approach to estimate the sedimentation rate in the Lake and verify the
SWAT modet Long Term Obijective

A Integrate the effect of siltatiomn the water storage capacity in the water balance.
A Attribute fluctuations in the Lake level rise to the main hydreteorological drivers.
A Implement the immense amount of data from different sources as an epemce coulebased

framework that can bapplied to other African lakes.

12
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WRUAS — Water Resource Users Associations

1: Lanawrua

2: Mariba

3: Karati Longonot
4: Lower Malewa
5: Lower Gilgil

6: Upper Gilgil

7: Middle Malewa
8: Upper Malewa
9: Wanjohi

10: Kianjogu

11: Mkungi Kitiri
12: Upper Turasha Kinja

Main catchment areas
A:RiftValley

8: Lake Victoria North
C: Lake Victoria South

[~ Boundaries of sub-catchments

D: Ewaso Neiro North .-\J Environnemental service buyer
EI;T L [ Environnemental service provider
—»— Hydrographic network
weeeee Boundaries of the main Lake
catchment areas
= = ——

LakeNaivasha is RAMSAR site classified as wetland of international impoctétige number of
Hippos, Flamingos, Variety of Birds

)

An important source of fresh water in the area
Horticultural farms; Source évegetable, flowers
High population, pollution, High water abstraction

Do > I» I

Rapid increase in the spatial extent

Research Outline

Month

Activity

Al. Mapping Precipitation—Evaporation distribution
over the Lake;

A2. Mapping lake water extent;

A3. Mapping suspended sediments ;

A4. Reconstruction of the Lake's water budget.

AS. Final report

A6. Fieldwork of Ongo

A7. ITC staff visits to Kenya

A8. Ongo's visit to ITC

A9. Attending conferences

light intensity
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5. Sentinell and-2 data fusion for mapping smallholder cropping areas in
southern Africa tesupport crop monitoring and yield forecasting

Project Acronym

SENTCROP
Scientific Background and Objectives

Smaliscale and raified crop farming is the backbone of livelihood for millions of people inSalaran
Africa. However, climate change is increasingly affecting crop production in this region through fre
droughtsand floods, often accompanied by pest outbreaks, leading to crop failure or low yields.
events of crop failure, food supplies from government and the donor agencies are the only av
livelihood safeguard for many rural resouspeor householdswhich rely on smallholder subsistent
farming. The efficiency and effectiveness of government and donor agencies interventions to provic
supplies, however, is often undermined by lack of reliable and timely information on areas which ar:
affected and where food insecurity is imminent. The recent advancements in satellite remote se¢
whereby data with high resolution, for example from European Copernicus Sentinel satellites are
available every 5 day, provides reliable alternative sofufm monitoring crop development in a time!
manner. In this way, early warning and food security information system powered by earth obser
can be developed to identify, in a timely manner, the areas where crop failure is imminent. Howeve
of accurate spatially explicit dataset for field boundary of smallholder crop farms hinders the use of
available high resolution satellite data for targeted falemel crop monitoring and yield estimation usii
earth observation. This project aims it this gap by (i) creating consistent reference dataset for crop 1
boundaries to train and validate EO algorithm for mapping cropping areas, (ii) developing an innova
algorithm and workflow for mapping cropping areas across a diversity ofdapés in southern Afric
using imagery from European Copernicus Sentinehd-2 satellites. The factors that affect accure
mapping of cropping areas across various landscapes in southern Africa will be identified.

Study Area
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The study will be conducted Bwater basins (Kunene, Cuveliosha and Okavango) in southern Afric
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Step 1:Haborate and consistent polygdmased reference dataset farop fieldboundaries to train and
validate EO algorithm for mapping cropping aredisbe createdThe study area willirst be subdivided
into 10km x 10km gridswhichwill then be grouped into two groups (crop and rorop areas) based or
the existingcropland mag. A total sample of 5 000 grids will be selected from eachgsabp through
probability sampling. The boundary@bp fieldin the selected grid will be digitised manually from hic
resolution images from Google Earth and Planet analgsidy mosaics of images freely available
GKNRdzZAK b2NBl&Qa LYOGSNyraaAzylrt [/ ftAYFHGS g C21
and test validation sets.

Research Outline

Step 2:The workflow/algorithm for mapping cropping areas usingambination of optical and radar
imagery from European Copernicus Sentihelnd-2 satelliteswill be developedThealgorithm will
exploit complementary information available in optical and radar imagery to enhance the mapping
cropping areas

Step 3The developed mapping algorithm/workflowill be appliedover the entire study area to map
cropping areas at 16 resolutionusing the clouebased computational resources provided under the
ESA EO AFRICA R Facility.

The following outputs are expected:

At least one peereviewed publication
Polygonbased reference data digitised at 200 areas of 5km x 5km size each
Pointbased reference data (50 000 samples)

= =4 =4 -

A 10m resolution map of cropping areas for the stadya
Research Team

Dr. Eliakim Hamunyela
University of Namibia
hamunyelae@unam.na

Prof.Martin Herold
Georesearch Center Potsdam (GF2)
herold@qgfzpotsdam.de

Prof.Martin Hipondoka
University of Namibia
mhipondoka@unam.na
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6. Integration of opersource solutions with deep learning for estimating
crop production in datacarce smallholddarming areas

Project Acronym
DeepCrop
Scientific Background and Objectives

In smallholder farming areas where crop production is the mainstay of livelihood, early identificatic
monitoring of crop production status will be very useful for assesdiagfarthcoming food availability
food security and food market stability of the region at a-pegvest season. In the presence of clim:
related shocks, this information would be even necessary for estimation of damage and further ins
pay-outs. Cdlection of this information through manual approaches is time consuming, influence
human and technical bias and mostly impractical because of inaccessible taxailapility ofresources
and timeto run logistics of intensive field data collectioddresence of wide array of earth observi
satellite has provided possibility of monitoring and mapping of objects and phenomena everywhere
world. Though this is the general trend, mapping of crops and crop production using convet
approachess challenging which is constrained by inherent characteristics of smallholder farming
like seasonality of crops, fragmented small fields, and dominance in complex topography. There
our proposed project we have planneditdegratemulti-temporal multi-sourceoptical and radar satellite
imagery with artificial intelligence (deep learning models) with powerful statistical tools to map crop
and estimatecrop production in smallholder farming areas, in selected Ethiopian landscape using
source innovative solutionsUnder this broader objective we have planned to undertake crop |
extraction, specific crop type mapping and further estimation of crop production.

Study Area
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To achieve the overall objectigtated in the background section, we will mainly utilize midthporal,

multi-source and multmodal satellite observations with medium to high spatial resolution and freqt
observations. In tropical smallholder farming landscapes where growing seaseraccompanied by
heavy and thick clouds, probability of getting cloud free optical scenes is less probable. Here

justifies our intention to synergistic use of optical and radar imagery. From optical imagery we w
sentinel and planet scopehile from radar imagery, TerraSARand sentinel will be utilized. In large
scale farming areas and commercial plantations where farm plots are fairly large enough being dr
in medium spatial resolution images, senti2etould be sufficient to mapnd characterize crop types i
the landscape. When it comes to smallholder farming areas where even small plots are fragment
occupied with more that two crops, it calls for high resolution images like planet scope and TeX:
images.

Research Outline

After properpre-processing and generation of useful information (features) from both optical and sat
images, it would be fed to deep networks and statistical models to map crop types and further es
crop production. This would be done in combination witldidata which is proposed to be collected
the forthcoming growing season which is almost to onset. As a baseline we would implement some
which fully can capture seasonal evolution and phenology of crops from generated earth obsel
features.Here it should be noted that deep models equipped with artificial neural networks are
intensive by nature, we have a plan to investigate sample efficient transfer learning strategies wh
can leverage field samples collected from completely diffiergeographies and archived openlySDA
Crop Data LayePDOKand others). We will follow either joint training strategy or completely exclu:
where trained model knowledge is transferred and applied with our data. The imgpgirategy is
undertaken hierarchically where we first map crop land extent. Within cropland extent, specific crop
will be mapped. To estimate crop production, first crop yield will be estimated using crop yield sta
record and vegetation itices through regression approach. In combination with generated crop type
and crop yield output, crop production estimate for the test site will be generated.

Research Team

Prof. Stefan Lang

Christian Doppler Laboratory for Geospatial andEeSedHumanitarian Technologies
(GEOHUM)Paris Lodron University of Salzburg, Salzburg Austria. &teddn.Land@plus.ac.at

Assoc Prof. Daniel Mengistu

Bahir Dar University Geospatial Data and Technology C@&dhé, Dar University, Bahir Dar,
Ethiopia, emaildan952003@yahoo.com

Daniel Asfaw

Bahir Dar University Geospatial Data and Technology Centre, Bahir Dar University, Bahir C
Ethiopia. emaildaninarm55@gmail.com

Getachew Workineh Gella

Christian Doppler Laboratory for Geospatial andB&Sed Humanitarian Technologies
(GEOHUM)Paris LodrotJniversity of Salzburg, Salzburg Austria

email: getachewworkineh.gella@plus.ac.at
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7. A workflow for forecasting primary productivity and its determining
climatic factors using remote sensinghe eastern Sahel region

Project Acronym
Primary productivity in the Sahel region
Scientific Background and Objectives

Understanding the dynamics of primary productivity and determining climatic factors is essen
determine a given area's soezonomic and ecological vulnerability. The eastern Sahel region has
described as a hotspot of land degradation, resgltin significant natural and human crises. While
region's population is expected to grow faster than the rest of the world, the climate of the eastern
is predicted to become arider. As such, increased demand for food will likely coincide véthireedn
agricultural productivity in the region. An innovative approach is required for positive transformatiol
effective natural resources management. In this regard, the use of earth observation (EO) da
inexpensive cloud computing technologim Africa has been undeepresented and, therefore, needs
dramatic boost to inform the sustainable management of primary productivity. This project air
forecast primary productivity and climatic factors (soil moisture, precipitation etc) usingteesensing
techniques. The project seeks to develop an opeunrce interactive workflow to predict for 12 montt
ahead, considering the prevalence of subsistence livelihoods that largely rely orsinoedium term
preparations in the region. The projeatso offers hand®n training for African stakeholders to hand
African challenges by leveraging cuttiadge opersource EO algorithms.

Study Area

Research Outline

The project aims to forecast primary productivity and determine its climatic factors using remote se
Three main climatic variables, including soil moisture, precipitation and temperature, will be us
forecast primary productivity. Specificallfnet project seeks to predict for 12 months ahead, conside
the prevalence of subsistence livelihoods that largely rely on gibemtedium term preparations in the
region.

Soil moisture provides an immediate source of water for plant growth and is therddy in primary
productivity modelling efforts. Soil moisture data produced by the European Space Agency's (
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Change Initiative (ESA CCI) will be used in the project. The data will be divided into training and v
sets. Commonly used tirmelies analysis methods will be explored to characterise the trend and de\
models from the training set. The developed models will then be evaluated using the validation st
model with the best estimation accuracy will be used to forecast soil nreistu 12 months ahead.

Soil moisture is largely replenished through precipitation, particularly in areas where ground
availability is scarce. As a result, precipitation is a vital meteorological factor that influences p
productivity. Climate Heards Group InfraRed Precipitation with Station data (CHIRPS) will be use
source of precipitation data for the project. CHIRPS combines spaceborne microwave data, station
and environmental variables (e.g. topography) to produce a griddedigit@ion map. Timeseries
analysis to forecast monthly rainfall for 12 months ahead will be accomplished by following ¢
procedures as those for soil moisture forecasting.

Temperature is an important climatic variable that directly influences pynmoductivity by driving
(evapo)transpiration and photosynthesis. The project will use remotely sensed land surface tempe
(LST) sensitive to vegetation and bare soil temperature variations. Specifically, SerSeland Lan
Surface Temperatureddiometer (SLSTR) will be used in the project. Bares analysis and forecastit
procedures similar to those used for soil moisture and precipitation forecasting will be applied 1
temperature data.

Primary productivity forms the main goal of theopect. The people of the eastern Sahel region, as in o
regions, extract ecosystem services such as agriculture, livestock rearing, energy generation, cons
purposes and climate moderation from plants. It is, therefore, crucial to monitor aretdist primary
productivity in the region to sustain and adapt to the dynamics. In the proposed project, vegetation ii
derived from relevant bands of Sentir2IMultispectral Instrument will be used to represent prime
productivity. Two approaches Wwhe explored to forecast primary productivity for 12 months ahead.
first approach will solely use the historical trend of primary productivity similar to the approact
procedures used to forecast soil moisture, precipitation and temperature dags€&cond approach wi
build a model relating the environmental variables and primary productivity using historical date
trained model will then be applied to the forecasted environmental models to predict the productiv
12 months ahead.

Reseath Team

Assoc. Prof. Dr. Elhadi Adam

University of the Witwatersrand, South Africa
elhadi.adam@wits.ac.za

Gergely Téth

Institute of Advanced Studies, Hungary
gergely.toth@iask.hu

Assoc. Prof. Dr. Solomon G. Tesfamichael
University ofJohannesburg, South Africa

Yegnanew Shiferaw
University of Johannesburg, South Africa

Dr. Tamas Hermann
Institute of Advanced Studies, Hungary

Virag ZugfiMaletics
University of Pannonia
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8. Fusion of EO data for crop yield forecast in Beninmacco

Project Acronym
FudCast

Scientific Background and Objectives

For Africa, a recent review by Chivastaal. (2017) identified several research gaps related to ren

sensing of crop yields in Africa:
1
1
1

Only few studies derived yields for fragmented agricultural lands as widespread in African coL
The low availability of crop type mapsiimportant agricultural areas.
To date, no system is available which forecasts yields based on a sufficiently hightespatioal

coverage to account for small field sizes. To our knowledge, the only study focusing on this im|
topic is based on AVHRRta with a spatial resolution of 16 km (Unganai & Kogan, 1998). This

far too coarse for many parts of Africa.

Within FudCasproject, we will address all abovaentioned research gaps by developing a novel se
methods to be applicable to Sentink 2, and 5. The code supplied as a Jupyter notebook will be deve
for two core regions but can be easily applied to other areas. Therefore, interfaces will be includec
allows future users to easily adopt the code and the training data to tke&arch area.

The final aim oFudCasproject is to provide finer forecast of crop yield with 6 weeks lead based on

various satellite products and ground truth.

Study Area
|
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Fig. 1: Location of the two areas of investigation in Morocco (a) and Bgnin (b
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The project aims to develop a novel opsource approach to forecast yields of two important crops, m:
and wheat. The approach will be developed and tested in two case study regions in Morocco ant
(Fig. 1). The selected plants are the main local crops and, consequently, crucial for local food sect
economy. To forecast yields, we will fuseesaV earthobservation datasets based on Sentinel 1, Sent
2 and Sentinel 5 data. The project is structured into four working packages (Fig. 2):

Research Outline

In the first working package, extensive historic data collection and indexation will be performed ai
cover: land use, crop management, climate, and any infrastructure or other anthropic activity inter
with crops in the two regions of interest (with more focus on reference plots). A Geodatabase will b
for each region to be used in the subsequairk packages.

Within the second work package, a laodver classification will be developed for both areas
investigation using Sentinel 2 data (Level 2). The classification aims to identify the most domina
types in both areas. For the classdfiion, data collected in the field will be used as reference to tra
machine learning model (Random Forest).

In the third working package, aboggound biomass will be estimated approximately 6 weeks be
harvest. Therefore, Sentinel 1 data will iged in combination with field reference data sampled in b
areas of investigation. At least 120 plots (each 1 x 1 m) for each crop will be harvested in the fi
weighted to collect the reference samples.

The fourth working package focuses on thevelopment of a statistical model which allows to forec:
crop yields six weeks before harvest based on biomass, crop type, average chlorophyll fluore
(Guanter et al. 2021) and actual precipitation data from ERAS reanalysis (Hersbach et al. [#81&il
be achieved by training a machine learning model based on crop yields of the years 2018 to 2021
areas. Calibrated crop models, such as AquaCrop and DSSAT, might be used to generate more b
parameters and to simulate crop yieldsnéeded. As predictors of the machine learning model, m
chlorophyll fluorescence derived from Sentinel 5 data (Guanter et al. 2021), averaged 10 to 6 weeks
harvest, crop type and aboveground biomass will be used. This model allows us to farepagelds on
a spatially explicit basis for both areas.

3 L7
Field data WP1 Geodatabase

Y

WP2 Land—use4’ 2
classification

Sentinel 1

Sentinel 2

v
]
WP3 Prediction ,/

Fluorescence data of biomass
from Sentinel 5

h 4

9-12

el el Ul > WP4 Yield forecast

reanalysis

Fig. 2: Flow chart of the proposed methodology
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9. Improvement of Agricultural Statistics in the cotton zone of Mali thanks
to the synergy of the Sentingland 2 timeseries

Project Acronym

ASAS
Scientific Background and Objectives

The European Copernicus program produces massive amounts of valuable data for crop recogni
monitoring provided it can be processed efficiently using clbased computing infrastruate to provide
crop mapping and early estimates of agricultural land within a sufficiently short period of time. The
will allow a Malian team to demonstrate this processing capacity for an area of approximately 150,0
(estimated population oB million habitants in 2017) while testing the contribution of cléndensitive
Sentinell data. This ambition is possible thanks to oenirce tools such as Sen2Agri and Sen4Stat
experience in field data collection acquired within the frameworkhef §en2Agri project. The objective
to improve the agricultural statistics available in Mali for the main crops in the cotton zone us
transparent, precise and reproducible method. The sustainability of the project's achievements is e
by the fnancing of a doctoral scholarship for a member of the Malian team with the European partr

Study Area

Légende
@  Echantilion
=== Route Bitumée

- Route en Terre

Route en Terre pas praticable
-~ Piste praticable

Piste pas praticable

Zone OHVN i ”® 130

[ zone cmOT

Pilot site: Malian cotton belt (CMDT+OHVN zone)

Size: ~ 150 000 sqg.km

Population: 7.5 M. hbts (worldpop, 2021)

Major: contribute to ~50%\ational crop production (CMBOHVN, 2013)
Main crops: Cotton, Sorghum, Millet, Maize, Groundnut and Rice
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Research Outline

1. EO consistent time series preparation

» Collection and processing of L8/L9 and S1/S2 for 2022 cropping season

* The time series of backscatter coefficients (including the VV/VH ratio)
acquired by Sentinel-1 (GRD) will be processed by a spatio-temporal
filter

* All images will then be subjected to quality control to ensure good
signal consistency for the different time series

2. Field data collection

* About 11 200 crop samples will be collected in 28 areas randomly
distributed in the Cotton Zone (~ 400/area).

* Windshield survey method will be use to collect data along the road
using JECAM protocol (jecam.org/)

* Mobile phone with ODK tool will be use for data collection

» Final field boundary will be delineated using high resolution images

6

3. Calculation of crop growth monitoring indices and
temporal metrics

Different spectral indices and biophysical variables for

A Maximum
monitoring growth (NDVI, LAI, fCover, fAPAR, Chlorophyll
& Amplitude retrieval) will be calculated throughout the cycle of the
é — / Minimum cropping season
g fa'f:v'"“ \far?: " The contribution of biophysical variables such as the Leaf
S Minimum Area Index (LAI) and minRed will be evaluated as well as

v

Time that of temporal metrics particularly suited to the S1 series

(coefficient of variation, amplitude, max, etc.).

4. Production of cultivated area and crop maps and area
Sen2Agri System estimation

-~

Production of crop type map for dominant
crops in the area based on collected field
data through Sen2Agri chain

Validation of the results using confusion

matrix
Sen4Stat System
: 1? ::__ =a EOs crop type areas will be compared with
a x .-_.Z the areas of static services (correlation and
o =me N =11l bias correction by regression estimator) at
o= LSS L different levels of aggregation
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Monthly cloud free surface
reflectance composite at
10-20m for the cropping

period (may-October)

Research Team

Dr Souleymane S. TRAORE, PI

Sr. Lecturer / Researcher,
FHG/USSGB i IER; Mali
sstraore@yahoo.fr

Mr Kalifa BA

MSc in Geography and Territorial

Planning, IER, Mali
kalifaba@yahoo.fr

Vegetation status map
(NDVI, LAI) at 20m
delivered for each cloud
free observation

Prof. Pierre DEFOURNY, PI
Professor/ Researcher

UCLouvain Belgium

pierre.Defourny@uclouvain.be

Eesa

1 Non-cropland
[ Other crops.

- Maize
[ Rice
. Sorghum

......

Lo FSEL)

Binary map identifying Crop type map at 10m
annually cultivated land for the 5 main crops first
at 10m. First produced at produced at the mid-
the mid-season, then season and, produced
updated every month

again at the end of the
season

Mr Abdoulaye M. GUINDO

MSc in Geomatics, FHG/USSGB
PhD Candidate UCLouvain Belgium
abdoulayemoussaguindo@gmail.com

Mr Nouhoum DIAKITE

MSc ongoing in Geomatics

FHG-USSGB, Mali
diakiten55@gmail.com
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10. Applying innovative cloud computing technology for the effective
management of Groundwater resources to promote SUStainable food
security within the Sokoto Basin, Nigeria

Project Acronym

AGSUS

Scientific Background and Objectives

The livelihood of over @ of the population within the study area relies on subsistence farming,
hugely dependent on groundwater resources, which unfortunately has been largely inhibite
characteristic irregular rainfall pattern, and hence further increased risks posagtitultural production.
Therefore, he aim of this project is to apply cloud computing technology dffective groundwater
resources management to promote sustainable food security within the area of .sfudy specific
objectives ardo:

1. Develop an integrated hydrological model for groundwatesourcesmanagementwithin the
Innovation Lab environment
2. Estimate groundwater resource availability using flow model developed in (1) above;
3. Carry out simplified water needs assessment for the local agricyldmenestic and industrial use
4. Proposewater usagellocationunder prioritization topromote sustaindility of food security.
Study Area
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The flowchart for the project methodology showing thwerkflow and data sources is presented in the

Figure 1 below.

Run SWAT (SwatPy + SpotPy) to:

1. Meteorological data: University of East

1. Setup SWAT model
2. Calibrate = Validate model -
3. Generate Rech @ HRU Level

Convert (Ref: Chung et. al., 2010):
1. Rech & HRU to MF nodal Level;

2. Stream inflow @ Sub-Basin to Stream cells
Landsat

Run MF (FloPy) to:

1. Setup MF model

2. Calibrate + Validate model

3. Generate GWLS for model layers

Anglia's Climatic Research Unit and the
National Oceanic and Atmospheric
Administration;

2 .Land cover and land cover changes
3 from the supervised classification of
Landsat and Sentinel-2 images;

3. Vegetation cover from Sentinel-2 and

= 4. Estimates of soil moisture using
Sentinel-1, SMOS and SMAP

5. Low resolution estimates of total water
— storage change using GRACE/GRACE FO

Carry out Quantify Stakeholder
Water Needs Resources Training o
Assessment Availability

Beneficiaries:

1. River Basin Devt. Authorities;
2. Agri. & Rural Devt. Agencies;
3. Nigeria Hydrological Services ;

|

l Prioritized Resources Allocation

] - | Resource Licensing; Source Impact Assessment

Figure 1: Project workflow

Highlights of the Project methodology

1. The method integrates a quadistributed hydrological

model, SWAT (Figure 2), and a fully distributed
groundwater flow mode MODFLOW (Figure 3), in
order to quantify availability of groundwater resources

The integrated models will utilize a module adaptor

that will map hydrological parameters, namely rechar
flux and stream inflow generated by the SWAT mode
sub basin (HRU) scale, onto the MODFLOW nodal c¢

Subsequently, MODFLOW model will be emptbto
simulate groundwater heads under the prevailing stuc
area scenarios. The spatial and temporal differences
between the initial static water levels and the predicte
groundwater heads, as a function of porosity, will
constitute the transient availablgroundwater resource
over the period of simulation.
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(Ref.: Chung et. al., 2010)
-
Calibration & Verification using:
1. Stream Flow Data;
2. GW Data
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Figure 2: SWAT model workflow
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Figure 3: MODFLOW model workflow
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The data requirementand sources for model setup includéMeteorological datgUniversity of
East Anglia's ClimatResearch Unit and the National Oceaatd Atmospheric Administration)
Land cover)and cover changeand \egetation cover(Supervised classification of Landsat a
Sentinel2 image$ Soil moisture (Sentinel, SMOS and SMAP); and Low resolution estisnate
total water storage change (GRACE/GRACE FO);

The integrated model will be implemented on the Innovation Lab Platform. Therefore, the r
setup, generation of the required input files, model runs, reading of the model outputs, and
processing othe results for SWAT and MODFLOW models will be carried out using Swatl
FloPy Python libraries, respectively.

Other major Python libraries that will be employed in this project are: Numpy for &
manipulations; Matplotlib for graphics; Spotpy andp$cfor optimization; and Pandas for da
exploration and analyses.

Subsequently, simplified water needs assessment for irrigation and domestic purposes
carried out based on evapotranspiration consumptive use and per capital consumption fe
respectively. The industrial water needs will be assumed to be the difference between the
predictedwater availability and the summation of the needs for both the irrigation and dome
purposes.

Finally, stakeholders meeting will be facilitated teate awareness regardingcharge rate,
groundwater resources availability, principal water needs and prioritized allocation, in orc
ensure effective resource management and consequegirtynote sustainable food security.

TheExpected ProjectOutputs

1.

Quantitative estimation of recharge flux and stream inflow at sub basin scale and subseque
at nodal cells of the flow model;

Transient groundwater resource availability for the area of study;

Water needs requirements for irrigation, domestic and industrial use, that will ensure reduc
risks posed tagriculturalactivities, and hence promotsustainable food security;

Prioritized and transparent resource allocation and reduced raexpanding desertification;

Reduced onflictsand threatsbetween he pastoralists and the farmerandhence increased
national and food secuigs.

The SecificDeliverables

arMwNPE

o

Progress Repo(iM6)

Final Repor{M12)

Research Highlights Docum&M12)

Jupyter Notebook document incorporating the Integrated Flow mgiidl2)

Report on Awareness Program administered to the representatives of the beneficiary
communities(M12)

Peerreviewed Journal PublicatidivM12)
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Project Acronym
WHYmapping
Scientific Background and Objectives

WaterHYacinth6 2 1 ., 0 A& 2y S 2dBturbirfgibvasiveibidt dReiasThe @e@diis a nuisanc
to boat traffic and fisheryclogs water treatment plants and hydroelectric dams, and rersllakes and
reservoirs unattractive to touristqemoval of WHY is an pensive undertaking due to the sheer scale
infestation.

\

limit water access
« drinking/household water
+ irrigation

« cattle and wildlife

4 .
Water Hyacinth...

block waterways
« disrupt traffic
* impedefishing

* cloginlets and drains

% N

may spread diseases
[ water-borne
vector-borne

disturb ecosystem
+ fish and other aquaticlife

. ./

Numerous studies have shown that dense, floating mats of WHY can be detected using ¢
instruments such as M&in Sentinel2. The OLEinstrument on SentineB has a coarser spatial resolutic
and is less suitable for WHY detectibfoweverjt achieves global coverage in two days, compared to
days for MSlproviding an opportunity to monitor WHY at nedaiily resolution. This is ccial, considering
that WHY cover patterns are highly variable dueltiié | sagicieQroduction and the influences of win
and currents.

We propose the development of an algorithm that exploits the complementarity ofMSI KA 3 |
resolutionand OL@Q & KA 3K { S Y ltdcidate chilyNddyds DWW dogefhesewould improve
the understanding of the driving forces of WHY spread and aid policy makers in combating WHY or
its effects on traffic and fishing.

4 Multi-Spectral Imager for Sentingl
5Ocean and Land Colour Imager
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The study will beanducted at the Hartbeespoort Dam, in the Northwest Province of South Africa.

Study Area

27.82 2787

~_
O\
/

-25.714
Limpops

North West & «

Free State -25.764 2576
Northern Cape €
Legend

Rivers 0o 1 2 4 ke
wes Main Roads

Il Hartbeespoort Dam
Eastern Cape

Western Cape -25824 -2582

2782 2787

Research Outline
Main objective Develop a tool which exploits the synergy of multiple satellite missions to map wate
hyacinth cover on a daily basis.
Subobjectives
1 Develop and apply WHY detection algorithm for MSI l-2veflectances;
Create WHY maps from OLCI L&/BIDVI data;
Design and apply algorithm for merging OLCI and MSI WHY maps;
Develop and apply gdiling algorithm to generate daily WHY maps;
Execute validation campaigagdcreate validation maps of WHY cover;
Validate WHYmapping algorithm;

= =4 -4 A4 -—a -2

Present results and validanh in an open access journal publication and at international
conferences.

The individual steps of the WHYmapping algorithm are illustrated in the flowchart below.
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12.West Africa Lake Monitoring System
Project Acronym

WALMOST

Scientific Background and Objectives

In most West African countries, water authorities face real challenges in monitoring and managing
The uncontrolled spread of brush park fisheries (a traditional fishing method, locally called ace
causing environmental pressures in coastabtatgs in many areas of the world. The most extensive fo
of brushpark fisheries, also called acadja (Figure 1), occur in Bemne precisely in the Ahémé (80 Ryr
and Nokoué (150 ki lakes. Elsewhere, brugiark fisheries are found in Nigeria, Cotévdire, Ghana,
Togo, Madagascar, but also in some lagoons in Sri Lanka and Mexico. The main environmental
linked to the practice of acadja are reduction of fish biodiversity, amplification of eutrophice
deterioration of water quality and wad filling of the water body. In most cases, these pressures
combined with the strong proliferation of water hyacinth, thus causing serious problems of water ¢
(increase in eutrophication and in the production of chlorophyland food safetydecrease in biodiversit
and fish productivity).

Figure 1: Satellite image of the North of Lake Noknléovember 2020 (A). It is possible to distinguish ol
the image rectangular shapes inside the body of water, these are the acadjas (B). Inside these rectar
can see green carpets, these are water hyacinth carpets (C).

Several studies in west Africa have linked the occurrence of both acadja and water hyacinth to the
in fish productivity. As a result, the government of Benin adopted on August 7, 2014, the law A%
relating to fisheries and aquaculture whichits article 73 prohibits the use of acadja in water bodies
addition, since 2016, Benin government actions for the ecological restoration of coastal lakes hav
intensified with the objective of increasing natural fish productivity and the sumsitdénuse of ecosyster
services. Therefore, all the acadjas have been removed from Lake Ahémé in 2019, while at Lake
several actions to reduce pollution discharges into the lake have been implemented. Howeve
authorities and municipalities hawhallenges regulating acadja because of the densification of the pra
and the lack of adequate control tools to follow the progress actions. It appears necessary to hav
and lowcost monitoring tools to support decisianakers on the regulationf@acadja and the fight agains
water hyacinth.
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It is in this context that the National Water Institute (INE) and IHE Delft initiated in 2017, several stur
the effect of acadja and water hyacinth control on the water quality of coastal lakes in Bamtrof the
studies focused on the use of sentinel images for mapping acadja and water hyacinth dynamics
Nokoué.

The objective of the project is to use EO data to develop an -gperce online monitoring syster
(dashboard) on water quality, watdnyacinth, and acadja for West African lakes to improve wi
management for food security.

Study Area

The studysitesare lake Ahémé and lake Nokouéoth located in the south of the Republic of Benin
West Africa

The climate of the study area is of the subequatorial type, characterised by two dry seasons and tw
seasons (bimodal), with an average annual rainfall of 1270 mm over2®. The hydrological cycle
the two lakes is characterized by complex amgthmic exchanges between the continental waters com
from the tributary rivers and the marine waters coming from the Atlantic Ocean. These diff
hydrological exchanges determine the spatmporal variation of flows, as well as water quality. $h
from December to July, the waters of the Aheme and Nokoué lakes present high concentrations of
that can inhibit the development of water hyacinth. At other times of the year, salinity values dro|
allow the excessive development of water bigh with negative consequences on boat trips, wa
quality and fishing.

5.40€ 11.40 17.40E 23.40E

NO9't
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™ 2 m " - 4

“0 2,5 5km ; ; Ox 5 n SR 5 1
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[ Border Lake I Atlantic Ocean - Source : OpenStreetMap Contributor & IGN Bénin 1998 - Projection : WGS 84 / UTM Zone 31N

Figure 1: Maps of the study area: Lake Ahémé (A) and lac Nokoué (B).
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The methodology to be implemented to develop the monitoring system (dashboard) includes 4
points namely: detection of water hyacinth, detection of acadjas, detection ed@nld mapping of fist
habitats. To do this, it is important to have enougtdidata to assess the accuracy of the results obtai
and thus to iteratively adjust the detection methods used.

Research Outline

Data sources

Local research institutions in Benin will provide available data. This includes ground data on water h
localisation and characteristics, data on the characterisation of acadjas, water quality data (tempe
Chla concentrations, and turbidity)n addition, this study will collect additional field data such as dat:
water hyacinth coverage in lake Ahémé and lake Nokoué. Water quality data on temperatueg,
turbidity will be collected in both lakes from July to September 2022 on a weesily. ba

The study will also require data from the following ESA missions covering Lake Nokoué3)ldtdkinake
Ahémé (80 krf) in Benin for the period 2018022: (i) Sentinel 1, (ii) Sentinel 2a and (i) Sentinel 2b.

Analysis workflow

The dashboard will aeer three different components: spatial and temporal dynamics of (1) water hyac
(2) acadjas, and (3) algae blooms. In addition, it will also present a qualitative indicator for how
combined components affect fish habitats.

For the detection o§patiotemporal dynamics of water hyacinth, anomalies in NDVI and other veget.
indices will be calculated on time series of Sentinel 2 A/B images. For the monitoring of acadja we w
on the approach by Ovienmhada et al. (2020), which uses sigpédrelassification of Sentinel 1 and
images. Sentinel 1 is used, because SAR backscatter is not hampered by clouds and has the pc
separate water from other objects in lakes. Different classifiers combining both SAR and optical d
be asgssed for improvement of the method. For this component Lake Ahémé is a useful case, b
acadja has recently been completely removed. For algae blooms detection several existing
(Bramich et al., 2021) will be evaluated for deriving-&fdr bkes with Sentinel 2 images. Finally, t
study will develop a qualitative indicator for fish habitats, combining the 3 components.

The code will be implemented in Jupyter Notebooks and results will be presented in maps, grap
infographics. There wile a synchronisation of the field data dates and the dates of taking the sat
images for the evaluation of the accuracy of the results.

Stakeholders will be involved in the development of the tool to ensure that it provides useful visualisi
Inthis regard, a miderm stakeholder meeting will berganizedThe purpose of this meeting is to prese
the research project as well as to demonstrate already implemented features. This meeting of stakel
will identify their ideas on what they woulike to see in the monitoring system to improve the dashboz

Expected outputs
The expected output of the study are:

Alow-cost monitoring tools to support decisianakers on the regulation of acadja and the figl
against water hyacinth

Seasonal monitoring of anomalies in water hyacinth coverage in West African lakes
Assess the impact of acadja fishing practices on theagpof invasive water hyacinth and
frequent algae blooms using clodidised EO services

Basis for the development of more indicators for lake monitoring in West Africa in the future
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13.SENTINELSs for Cape Verde Water & Food Security Monitoring

Project Acronym

African {Q\}

Union

SENCAPE

Scientific Background and Objectives

Cape Verde Islands (country: Cabo Verde)
1 Most Western part of the Sahel region, extremely vulnerable to weather and climate,
1 Recurring droughts (historical famines) are an entire part of its climate andscgimmic history,
1 Rural populations remain dependent on rded & irrigated agriculture for sustaining thei
livelihood [1]

4 P A&
s ’l’, B

B

; v s = & R

T {4 YRFNR A yriofthly) ieSthea fargthsts dodnot provide suffi
local water & agricultural management [2].

T Medium-to high resolution vegetatioindex based agricultal monitoring coupled to near rea
time satellitebased rainfall observations is needed, to provide more adequate informatiol
water and agriculture.

cient information -

SENCAPEill design and implement Sentinel and-Edpernicus data derived clotwbmputing workflows
for vegetation & agricultural monitoring and rainfall, optimized for Cape Verde, as an EO use case f
Island Development States [3].

Photo inset: Rural farmstead, local population, drip irrigation on slope land on Santiago- Photo credits: C. Mannaerts, Creative Commons CC-BY-NC-ND 2.0

Study area

Cape Verde islandscation, SentineB 300m Natural Colour Composite (2021) and pilot study area
(Santiago island), shown with b0 Lidar DEM, Sentin@l Natural Colour (20201-12) and classified
vegetation density map (by llwis386 free software)
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Research Outline

We wil engage in building the thremrnerstonegdatasets) of the Water & Food Security Monitoring Sys!
under development by INIDA. Due to the steep mountainous topography of most islands, medium !
resolution (5 to sub 3@n) is required to generate namingful LULC information of rafaed and irrigated
agriculture. We will build Jupyter Pythonkernel based workflows (in the E&frica Innovation Lab), an
also use standlone applications (SNAP, GDAL, ILWIS, QGIS..) for:

Views of rural areas on Santiago island - Photo credits: C. Mannaerts, Creative Commons CC-BY-NC-ND 2.0

10-m LULC classificatigi®antiago island)

A Current e.gCopernicus GLC100m (and other data) are not
adequate for CV. Next to testing of conventionat and
supervised classification approaches [refs. 9,10,11,12], incl.-mum=
temporal Random Forest, an own developed classification
method, based on muliemporal NDVI thresholding and a i
decision / regression tree approach (incl. topographic,
hydrographic and other land features) will be implemented in
Jupyter NB (ilwispy package). Preliminary tests using Planet Sc
Nicfi monthly NDVI composites were promis{sge inset Figure; -
NDVIs of 2021 This novel approach will be tested on S2A/B1l0 : :

A Data sources: S2A/B NDVI time series (from L1C or L2A)vat 10
and 1Gday or bimonthly time step; 1ém DEM and 08n ortho-
images airborne Lidar datasets (available); ancillary vector datasets; PlanetScope NICFI monthly
composites. Digital ground controhmpaign data (SW Map App).

1710000

2650000 2640000 2630000 2620000 2610000

A Expected outputa LULC classification approach, applicable to semiarid, mountainous islands or
continental regions with smadicale raiAfed and irrigated agricultural practices (incl. scientific pub

Longterm Vegetdion climatology (Santiago) and linking to S2A/B time series

A An accurate vegetation climatologys required Eebased WFBmonitoring. Resolution requirement i
also 5m to sub 36m, due to small field sizes and patchy Land use and steep topographieise fpoe
Sentinel2 period, the Landsat system will be mined in order to obtain-eng e.g. >26yrs NDVI time
series at 3€m; and extended by the Sentin2lseries. We will verify sensor radiometry using near
coinciding overpasses. We subject the raatedseries to outlier detection, filtering (e.g Savitskglay
type, ref. [4] VICI Toolbox (ITC), phenology assessment, statistical analysis eégrniomgdian, etc.
using TimeSat and R.

A Data sources: S2A/B L1C and L2A; Landsat series from e.g. BRrti®@s; Atmospheric correction
data sources e.g. from Aerosol Robotic Network (2 Cape Verde stations available), ERA, GSOD
(refs. [7][8]).

6¢KS GSNY a/ fAYLE G2t 2-BrénteferérBatiiBe sérigslofalav varae | f 2y 3
“WFS or Water & Food Secuirifonitoring Systerp
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Figure insets: Jan, 2018 Probav 300-m NDVI example of CVI; 11 year (250-m) NDVI of rain-fed agriculture sample pixel, Santiago

Longterm Precipitation climatology

A We will investigate source data (screening, selectiow validation) and build a lorgrm rainfall
climatology for the archipelago. Current available (e.g. CHIRPSv2.0, ER¥5akd more) will be subje
to validation with ground station data from the National Meteorological Service (INMG). S
interpolation and downscaling will be applied [6].

A Expected outputsLongli SN @S3ISGF A2y YR NIAYyTFLFEt OfA
further use in the WFS Monitoring & Forecasting system (under development). Report a/o sc
publicaion on vegetatiort, rainfall responses and climate change dynamics (central East Atlantic).

Dissemination of research findings
A We will work towards the dissemination and publication of our findings:

A LULC assessment methodology for steep mountainousasihtiegions with smascale raiffed
subsistence and irrigated agriculture, reforestations and other land cover and/or use types

A Longterm vegetation- rainfall interaction and climate change trends (Cape Verde as examg
Central East Atlantic regipn

A This will include an assessment of the opportunities and (eventual) pitfalls of the use obased and
Jupyterbased workflows and technologies.

From research to operations

A The generated core datasets will be applied to further develop the WFS miogiteystem of Cabu
Verde, focusing on (neaeal time) drought (crop failure) detection & monitoring and agricultural we
and crop productivity using modelling approaches (next research to operations faze)
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Figure inset: Sentinéd 10m Pseudo Color Composif2020Now12) of Santiago islan@with Praia city in bottorright corner)- quick 3D view by
ILWIS386free software(see Ref. [4] @TC)
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14. Quantifying Soil Moisture frolfpacebased Synthetic Aperture Radar
(SAR) and Grourduhsed Geophysical and Hydrological Measurements

Project Acronym

SM-SARGM
Scientific Background and Objectives

Soil moisture (SM), which is the water content in the soil, plays an essential mxgdnlture activities.
With climate change and global warming, water scarcity is exacerbating in many parts of the world
is facing the most significant challenges of water stress because food production and security def
those water resourcesThus, monitoring SM at high resolution is of vital importance for irrigation activ
estimation of crop yields, and food security. Our proposal focuses on-mg@€) resolution soil moisture
product, whose resolution is suitable for agriculture sag] as this is a characteristic size of an agricult
parcel. We investigate the feasibility of using SentihgEband Synthetic Aperture Radar (SAR) d
recorded in the VV (verticatansmit, verticalreceive) polarisation to retrieve 100m SM evegydays and
combine it with ground high resolution (cm) measurements collected five times per day to both ve
and improve the estimate. The innovation of our approach is the integration of-kEugle SM from
satellite data with a soil roughness infesom a multispectral camera embarked on a drone, fistdle
ground geophysical measurements such as electrical resistivity tomography (ERT), and point obse
such as time domain reflectometry (TDR) to improve the SM results.

Study Area

I:
g
©
Z

16°27.240W 16°27.120W

Our studyarea is located in Senegal, where tropical climate is dominated withde®fied dry
(December to April) and humid (May to November) seasons that result from northeast winter wind
southwest summer wind. Our instruments are installed in the-gtarked field to provide insitu
geophysical and hydrological measurements
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Research Outline

We will emphasize on two work packages in additional to management and innovativesopere codes:

WP: Highkresolution soil moisture production from SAR d&antinellA data will be used to estimate sc
moisture in Senegal, both in dry and wet seasons. The algorithm will be developed based on SAR bac
and vegetation index using a change detection method considering consecutive acquisition date8
be optimized by considering the soil roughness and the vegetation coverage and will be integrate

ground measurements.

WP: Grouneébased data module. Field characterization of the study site will be performed to pr
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information necessary for thapplication of the new algorithm and to validate the results.

Given the possible heterogeneity of the study area, a permandhERT monitoring system will be installe
consisting of 4 parallel lines of 32 electrodes, with 1 m electrode spacin@Gamdinterline spacing. Alsc
point observations such as from field campaign and time domain reflectometry (TDR) will be inclu

improve the SM results.

A quick look of Sentindl SAR backscatters over our study area in different dates:
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15. Mapping and Monitoring Artisanal Mining from Space

Project Acronym
3MSpace

Scientific Background and Objectives

Artisanal smalkcale mining in Ghana dates back to the @&ntury, regulated by a smalktale minindaw.

Ly GKS fFrad RSOIFIRSI K2¢gSOSNE G(G(KSNB KFa 0SSy
employ heavy machinery along river bodies, destroying vegetative cover and polluting water(Bapulies
1). ldentifying these activities using Earth Observation (EO) data is an important first step tc
operationalizing monitoring and pursuing targeted interventions to save the environment. Compal
ground surveys, EO satellites have an advant#geovering large areas and repeating acquisitions
lower cost. Unfortunately, data from the wedhown and ofterused satellites (i.e. optical sensors) he
had limited use due to excessive could cover in illegal mining hotspots such as southern@imueasely.
data from satellites that have limited or no susceptibility to cloud cover (i.e. Synthetic Aperture

(SAR)) have not been sufficiently explored. Based on an initial work by Forkuor et al. [1] in 2020, this
will further investigat and promote increased usage of Sentiheflata to monitor illegal mining b
developing an automated detection and monitoring algorithm in a clbased environment. It will see
to extend preliminary analysis that were conducted to identify solutionst thagit the data and
environmental conditions in Ghana and similar African countries. This particularly relates to determ
suitable change detection method that yields optimal results in terms of identifying illegal mining acti

2°10'0" W 2°8'0" W 2°6'0" W 2°4'0" W 2°2'0" W

© Google Earth, 2015

© Google Earth, 2015 m

6°12'0" N
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Figure 1:.Example imagery on artisanal smatale mining in Ghana from Google Earth: (a, b) Google Earth Imi
2015 (© Maxar Technologies), (c, d) Google Earth Imagery 2017 (Image ©CNES/Airbus & ©Maxar Technolc

[1] Forkuor, G., Ullmann, T. and Griesbeck, 2@ Mapping and monitoring smaitale mining activities
in Ghana using sentinéltime series (201&2019).Remote Sensind2(6), p.911.
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Thekeystudy area is located iBouthWestern Ghana and encompasses an area of 902 Kigure2). It
overlaps three administrative regions (Ashanti, Central and Western South) which are theegiairs in
which industrially operated gold mines in the country are located. Some ofwbest affected
municipalities and district assemblies such as Amansie West and Central, Wassa Amantfi Easttral,
Wassa West, Upper Denkyira, Obuasi Municipal and Adansi North are locatedugriap, the study
area. Major rivers that drain the @a, along which illegal mining takes place inclad&obra, @, Oda and
Pra.During the project, it is planned to enlarge the study area to other affected parts in Ghana ¢
other WestAfrican countries (Figure 2).

Study Area

Figure 2:Study area and data coverage: (a) regional overview; (b) topographic setting and major cities/towns
hydrographic setting and coverage of Sentih@hagery.
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