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| The coastal regions of Coéte d'lvoire and Senegal are regularly hit by floods, causing ]

considerable damage to local populations, agriculture and infrastructure

- Space morphology; - Climate change ;

- Rapid population growth; - Occupation of flood-prone areas;

- Unplanned urban expansion; - Weakness and/or absence of a densified drainage network

—’[ Early detection and accurate mapping of flooded areas are still major challenges ]

Helping decision-makers in sustainable - Raise public awareness

development programs - Define monitoring and vigilance strategies

4’[ The lack of reliable data on the history of flooded areas is a reality ]

early detection and management of floods.

4

[ In this context, the use of deep learning methods offers promising prospects for improving
i
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e Automatically detect flooded areas

e Spatialize and quantify affected areas

e Estimate damage build area, crops lands and roads
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Abidjan (Ivory Coast) *» Abidjan is located in the south of Ivory Coast, along

the Atlantic coast.
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Saint- Louis (Senegal
( gal) * Located in the north-western part of Senegal in the
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1776000
+

¢ Built on several islands (Saint-Louis, Sor and Ndar)
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Materials used in this study: Data and software

Global world cover

54 “ H \ ond
& sentinel-2 G Word Flood Data
25/05/2024 - 31/07/2024

Data storage space

»
>

Google Drive

Field Validation

v

Automatic flood processing
and modeling and damage

+
python

GOOGLE EARTH ENGINE

N GI S

GIS processing and thematic
mapping

>

Cloud computing .

- ol N 4 J1 = 01111 =

— um O b= Bl ZE == — » THE EUROPEAN SPACE AGENCY



Material and Methods

Four (04) main steps define the approach :

STEP 1: Remote sensing data collection STEP 2: Setting up the convolutional STEP 3: Detecting flooded areas STEP 4: Damage generated

and calibration

f 1 1f | 1
Neural convolutional model and

Model database
hyperparameterization Testing and validating the U-NET model Stakes and damages

o Sentinel-2 data from GEE

o Download WordFlood data o Architecture of the U-NET model o Application to the study area o Stakes assessment

o Parameters o  Performance evaluation o Estimating damage

\O

L

Data processing Learning U-NET Flood zone detection map
flooded areas

o Ampsheric correction of optical images o Calibration U-NET avec les données
o Opening WordFlood data WordFlood o Using the classes recognized
by the model
9
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The quality of results is assessed using statistical measures of Precision (PR), Recall (RE)
and F1 score

o True positive
Precision True positive + false positive
Recall True positive

True positive + false negative
Score F1 Precision X Recall
2x Precision + Recall

10

L1 | i S | B — Rl § R | e e he Bl 5K G2 B == = em im ¥l » THE EUROPEAN SPACE AGENCY




ReS u Its & = » ecemersar eesa

Statistical performance of U-NET in each locality

U-NET (Saint Louis) U-NET (Abidjan)

Permanent

waters

Flooded areas

Others

Clouds

PRECISION : Over 82% in RECALL : Over 81 % in F1 score: above 83 %

in Saint Louis and Abidjan in Saint Louis and Abidjan in Saint Louis and Abidjan
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v ldentification and labelling in Abidjan 2024-05-28 v ldentification and labeling in Saint Louis 2024-05-26

Sentinel-2 |mage of Samt Louis - 2024-05-26 Flooded areas detected in Saint Louis - 2024-05-26

Sentlne\ 2 |mage of Abldjan district - 2024 05-28
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Results
Flood maps for Abidjan in 2024
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Results

Flood maps for Abidjan in 2024

Map of flooded areas in Abidjan 2024-06-02

28/05/2024 02/06/2024 27/07/2024 06/08/2024

Sup (m?) (%) |Sup(m?) |(%) [Sup(m?) [(%) |Sup(m?) | (%)
15727679 41431460 38655282

Nuages 167816546 | 27,1 4| 25,4 6| 66,8 3| 62,4
Espace 23099554 1101637,

inondé 20457151,9| 3,3 ,513,7%| 683941,6| 0,11 61| 0,2
43962072| 70,9 20499852 23234261

Autre 431723376 69,6 5 % 6,1| 33,06 3| 37,5
Zone 61999707 61999707 61999707

d'étude 619997074 100 4| 100 3,7 100 4| 100

Surface area of flooded areas insquare

meters

e cumetsar - o esa

200457 151,85
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1101 657,61
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Results
Flood maps for Saint Louis in 2024

| Map of flooded areas in Saint Louis 2024-06-05
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Flood maps for Saint Louis in 2024

Map of flooded areas in Saint Louis 2024-06-05
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Results

Maps of issues in Abidjan and Saint Louis

| Map of issues in Abidjan
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Maps of potential damage in Abidjan and Saint Louis in 2024

| Abidjan damage map 2024-06-02
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Proportion of issues related to land use

Issues affected by flooding in Abidjan

28/05/2024 02/06/2024 27/07/2024 06/08/2024 16573 038 71
Sup (m?) (%) Sup (m?) (%) Sup (m?) (%) Sup (m?) (%)
13115 364,79
Habitats 13115364,8 64,1% 16523038,2 71,5% 2932953 42,9% 10712458 97,2% 1057074
affected m 28/05/2024
m 02,/06/2024
:i:.fzgtsed 12697125 62% 17855306 7,7% 739234 10,8% 17 230,8 1,6% .
27/07/2024
Others 6071223,8 29,7% 14935915 6,5% 3167229 46,3% 131609 1,2% 06,/08,/2024

- 20457 151,9 100% 230995545 100% 6839416 100% 1101637,6 100% 6071122376

Surface areain square meters

107124584 178553061 | 153 591 48

28/05/2024  02/06/2024 27/07/2024  06/08/2024 w2955 / 1o 707 | 1392380 N

17 230,84 ’
Sup (m?) Sup (m?) Sup (m?) Sup (m?) . l . 13 160,93

Affected 2 670 999 21 2611 748.62 1608 512.08 262 036.30 Affected Settled ares Affected cukivated lands Others Land use Affected

building ’ ’ ’ ’
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Proportion of issues related to land use

Issues affected by floodingin Saint-Louis

26/05/2024 05/06/2024 10/07/2024 30/07/2024
21747354 B4
Sup(m?) (%) Sup(m’) (%) Sup(m) (%) f’r:,‘"; (%)

Hfafb'ttatj 7644261 47% 14312552  62% 8741691  64% 1129906 16,6% i S
arrecte & b 15653573,95
affected g 10/07/2024
Others 5659573,9 953% 216682994 93,8% 128241309 93,6% 5674644 83,4% = o/er
E
Flooded 16424000 100% 230995545 100% 13698300  100% 6804550 100% 3
area = S674643,601
’ 1129906,399
26/05/2024 05/06/2024 10/07/2024 30/07/2024 1431255,155 8741690887
764426051
2 2 2 2
Sup (m?) Sup (m?) Sup (m?) Sup (m?) —— -
Affected Settled @ e (Others Land use Affected
Affected 149036,4908 247088,72 241054,803 388084,052
building
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Roads affected by flooding in Abidjan | Roads affected by flooding in Saint Louis |

28/05/2024 02/06/2024 27/07/2024 06/08/2024 26/05/2024 05/06/2024 10/07/2024 30/07/2024

Longueur (km) Longueur (km) Longueur (km) Longueur (km) Longueur (km) Longueur (km) Longueur (km) Longueur (km)
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222,58 302,78 5,45 20,96 39,9 67,1 55,92 56,36
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% This study demonstrated the effectiveness of the U-Net model for mapping flooded areas in Abidjan
and Saint Louis, with remarkable statistical performance.

% The results indicate a high accuracy in identifying land cover classes, including water, flooded areas, and
dry land. However, persistent confusions, particularly between clouds and water surfaces, highlight the
need to improve the model to optimize recognition under conditions of heavy cloud cover.

** The analysis of the flood maps revealed that vulnerable areas, often located downstream, are particularly affected

by flooding.

< This study has the advantage of facilitating the automation of temporal monitoring of floods and the estimation of

damages in a given area, with a frequency of every 5 days, after each month, by season, or after each year..

*» Finally, this study calls for interdisciplinary collaboration to better understand flood dynamics and to develop prevention
strategies tailored to local contexts. The results obtained provide a solid foundation for informed decision-making in
urban planning and flood risk management.
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