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Remote Sensing for Wetlands Remote Sensing for Wetlands 

Characterization, Flood Forecasting and Characterization, Flood Forecasting and 

Water Resources Monitoring in Water Resources Monitoring in 

NakambeNakambe Basin in Burkina FasoBasin in Burkina Faso

Symposium « Space Solutions for Water Management » - Graz (Austria) – 13 - 16 Sept.  2004

André NonguiermaAndré Nonguierma
GIS/RS GIS/RS SpecialistSpecialist
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Situation : Specialized Institute of 
CILSS, based in Niamey (Niger) 

Establishment : December 1974

Member countries : Burkina Faso, 
Cape-Verde, Chad, Gambia, 
Guinea-Bissau, Mali, Mauritania, 
Niger, Senegal

Mandate : « Promoting information 
and training in food security, 
desertification control, natural 
resource management, and 
environment in the Sahel »

AGRHYMET : Situation & mandateAGRHYMET : Situation & mandate
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TheThe AGRHYMET AGRHYMET RegionalRegional

Centre Centre isis structuredstructured intointo a a 

pyramidal network pyramidal network withwith : : 

TheThe Major Major ProgramsPrograms (2)(2)

««Training Training andand Information Information » » 

basedbased in  Niamey in  Niamey 

TheThe «National «National 

AGRHYMET Components», AGRHYMET Components», 

TheThe technicaltechnical partnerpartner in in 

eacheach countrycountry

Office of the
Director General
Office of the

Director General

Administration 
and Financial
Management

Documentation
Centre 

Computing
Maintenance 
Infrastructure

Communication  and
Public Relations

National 
AGRHYMET 
Components

National 
AGRHYMET 
Components

Information 
Major 

Programme

Information Information 
Major Major 

ProgrammeProgramme

Training 
Major

Programme

Training Training 
MajorMajor

ProgrammeProgramme

Burkina C. Verde Mauritania NigerMaliGambia ChadSenegalG.-Bissau

AGRHYMET : StructureAGRHYMET : Structure
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Data acquisition, processing Data acquisition, processing 

management, and analysis...management, and analysis...

Dissemination of Dissemination of 

information on regional information on regional 

policies : food security and policies : food security and 

early warningearly warning

Training and transfer of Training and transfer of 

tools, methods and knowtools, methods and know--how how 

in Food security and Natural in Food security and Natural 

Resources Management : Resources Management : 

Climatology, Climatology, AgrometeorologyAgrometeorology, , 

Hydrology, Crop protection, Hydrology, Crop protection, 

GIS, Remote sensing….GIS, Remote sensing….

AGRHYMET : AGRHYMET : FonctionsFonctions
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HydrologicalHydrological regimeregime

: Change of flood : Change of flood 

dischargesdischarges as from the as from the 

years 1970years 1970

StreamflowsStreamflows : : 

DecreaseDecrease of 20 to 60 % of 20 to 60 % 

sincesince 19701970

Surface Surface WaterWater : : 

DecreaseDecrease of 40 to 60% of 40 to 60% 

21/01/199721/01/1997

Water Resources problems in the Water Resources problems in the Sahel Sahel 
(General view)(General view)

Varition of standardised Annual Discharge on Chari 
River 
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Bassin versants nationaux

Bassin de la Comoé
Bassin du Mouhoun
Bassin du Nakanbé
Bassin du Niger

Cours d'eau pr inc ipaux
Cours d'eau pr imaires
Cours d'eau secondaires

$ Station hydrométrique

0 200 400 Kilomètres

N

MAHRH/DGIRH/DEIE/SIE - A vril 2003

BURKINA FASO
Configuration actuelle du réseau 
hydrométrique national

Water Resources problems in the Water Resources problems in the Sahel Sahel 
(e.g. Burkina Faso)(e.g. Burkina Faso)

SeasonnalSeasonnal andand
interannualinterannual variabilityvariability
of of waterwater resourcesresources

Increasing pressure Increasing pressure 
on available water on available water 
resourcesresources

Insufficient of  data Insufficient of  data 
collection systems (less collection systems (less 
than 100 observed than 100 observed 
stations)stations)

ManyMany differentdifferent
technicaltechnical stakeholdersstakeholders

Niveau
Central

(Ex-DGH)

Niveau
Central

(Ex-DGH)

Ex-DRH
HTB

Ex-DRH
HTB Ex-DRH

BMOU

Ex-DRH
BMOU

Ex-DRH
COE

Ex-DRH
COE

Ex-DRH
NRD

Ex-DRH
NRD

Ex-DRH
CND

Ex-DRH
CNDEx-DRH

CET

Ex-DRH
CETEx-DRH

EST

Ex-DRH
EST

Ex-DRH
SAH

Ex-DRH
SAH

Ex-DRH
CEN

Ex-DRH
CEN

Ex-DRH
H.B.

Ex-DRH
H.B.
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LOUMBILA
SIRBA

DAKIRI

GRAND-BAGRE

KOMPIENGA

YALGO

MENEGOU 1

SEYTENGA

LAC BAM

BARRAGE KANAZOE

LERY

KARMASSASSO

NIOFILA
DOUNA

ZIGA#

COTE D'IVOIRE

GHANA

TOG
O

B 
E 

N 
I N

N I G E R

M A L 
I

Bobo-Dioulasso

Banfora

Dédougou

Dori

Fada-N'Gourma

Gaoua

Kaya

Koudougou

Ziniaré

Ouagadougou

Ouahigouya

Manga
Tenkodogo

Bassins versants nationaux
Comoé
Mouhoun
Nakanbé
Niger

Cours d'eau
Primaires et secondaires

Retenues d'eau
# Capacité inconnue (402)
# Entre 1000 et 1 million m3 (591)
# Entre 1 et 5 millions m3 (76)

# Entre 5 et 10 millions m3 (12)

# Supérieur à 10 millions m3 (15)

% Chef-lieu de Région
Limites d'Etats

LEGENDE

0 300 Kilomètres

N
Carte de localisation des retenues d'eau

BURKINA FASO
(Selon la Base de Données "BEWACO" de la DGIRH)

MAHRH/DGIRH/DEIE/SIE - Mars 2003

Needs with regard Needs with regard toWatertoWater Resources problems (e.g. Burkina Resources problems (e.g. Burkina 
Faso)Faso)

WetlandsWetlands
localization, localization, 
characterization and characterization and 
monitoringmonitoring

Flood Flood dischargedischarge
prediction prediction 

WaterloggingWaterlogging riskrisk
assessmentassessment

Information Information 
systemssystems withwith
harmonizedharmonized datadata
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Bassin du Nakambé

Superficie : 4083.50 km²

Length : +- 500 km 

Bassin du NakambéBassin du Nakambé

Superficie : 4083.50 km²Superficie : 4083.50 km²

LengthLength : +: +-- 500 km 500 km 

Global Objectives :Global Objectives :
To To promotepromote an Information an Information 

system for identification system for identification andand
characterizationcharacterization of of wetlandswetlands, for , for 
floodingflooding forecastforecast

ExpectedExpected ResultsResults ::
OperationalOperational methodologymethodology for for 

recognition, discrimination recognition, discrimination andand
mappingmapping of of wetlandswetlands in Burkina in Burkina 
Faso Faso isis developpeddevelopped..

Information system on Information system on 
wterbodieswterbodies seasonalseasonal dynamicsdynamics isis
settingsetting up.up.

DIRH staff DIRH staff isis trainedtrained to to thethe use use 
of of remoteremote sensingsensing for for waterwater
resourcesresources assessmentassessment andand
monitoringmonitoring

Joint AGRHYMET . ESA . DGIRH Project Joint AGRHYMET . ESA . DGIRH Project 
for Monitoring Water Resources (Burkina Faso)for Monitoring Water Resources (Burkina Faso)
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ARCARC

ARCHIVING
BACK-UP DGIRHDGIRH

DISSEMINATION
ANALYSIS
TRAINING

DATA from
SATELLITES

(ERS / ENVISAT)

GROUND 
DATA

MethodologyMethodology

National National levellevel
: : GroundGround data data 
(Acquisition by (Acquisition by 
DIRH DIRH andand local local 
components on 3 components on 3 
pilote sites) pilote sites) 

RegionalRegional levellevel : : 
Satellite data Satellite data 
(acquisition via (acquisition via 
AGRHYMET AGRHYMET 
systemssystems))

Data acquisitionData acquisitionData acquisition

%U

%U %U
%U

%U%U
%U

%U
%U

%U
%U

%U
%U

%U%U

%U

%U %U%U
%U%U

%U
%U

%U
%U

%U%U

%U
%U

%U

%U

%U

%U

%U
%U

%U
%U

%U

%U

%U

%U
%U%U

%U

%U%U

%U%U
%U

#

#

#

#

#
#

#

#

#

#
#

#

#

#

#

#

#

#
#

%U

LAC BAM

LOUMBILA

GRAND-BAGRE

BARR. ZIGA 

Zorgho
Koupéla

Kongoussi

Kaya

Yako

Boussé
Ziniaré

Ouagadougou

Kombissiri

Ti tao

Ouahigouya

Gourcy

Ouargaye

Manga

Tenkodogo

Contour du Bassin du NAKANBE
Zone témoin autour du barrage GRAND-BAGRE
Zone témoin autour du barrage LOUMBILA
Zone témoin autour du LAC BAM

Cours d'eau
Cour d'eau principal
Cour d'eau secondaire

%U Périmètre irrigué
# Grand barrage sur le bassin
# Chef-lieu de province

0 100 200 Kilomètres

N
#

#

#

#

Bassin du Niger

Bassin du Mouhoun

Bassinde la Comé

Le Bassin  versant str icto -sensus du Nakanbé

Carte de situation du bassin ainsi que
des zones témoins proposées

PROJET PILOTE "ZONES HUMIDES"
Situation des zones témoins proposées

PROJET PILOTE "ZONES HUMIDES"
Situation des zones témoins proposées

DGIRH / AGRHYMET/ ESA - Mars 2004

LEGENDE

%U

%U %U
%U

%U%U
%U

%U
%U

%U
%U

%U
%U

%U%U

%U

%U %U%U
%U%U

%U
%U

%U
%U

%U%U

%U
%U

%U
%U

%U

%U

%U

%U
%U%U

%U

%U%U

%U%U
%U

#

# #

#
#

#

#

#

#
#

#

#

#

#
LAC BAM

LOUMBILA BARR. ZIGA 

Zorgho
Koupéla

Kongoussi

Kaya

Yako

Boussé
Ziniaré

Ouagadougou

Titao

Ouahigouya

Gourcy

N
#

#

#

#

Bassin du Niger

Bassin du Mouhoun

Bassinde la Comé

Le Bassin  versant str icto -sensus du Nakanbé

Carte de situation du bassin ainsi que
des zones témoins proposées

PROJET PILOTE "ZONES HUMIDES"
Situation des zones témoins proposées

PROJET PILOTE "ZONES HUMIDES"
Situation des zones témoins proposées

LEGENDE
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Data processing and
analysis
Data Data processingprocessing andand
analysisanalysis

Data Data prepre--processingprocessing
Hydrological data
EO Data
Ancillary data

IntegrationIntegration / / ModellingModelling
Flooding Maps
Seasonal Hydrological characteristics
Qualitative and Quantitative Indicators

Analyse Analyse 
To compare current, average and
extreme situations

Seasonal forecast
Extreme events
Early warning

MethodologyMethodology
Hydrometric Data

Hydrometric Data

Typing / codification Pre-processing Digitizing

Samples reference dataSamples reference data Georeferenced dataGeoreferenced data Digitales layersDigitales layers

Flooding Maps
Seasonal Hydrologic
characteristics

Integration
Modelling

Analysis

Ancillary Data
Ancillary Data

Message
Early Warning

Message
Early Warning

1 
1 

2 
2 

3 
3 

Satellite 
data

ERS / ENVISAT ImagesERS / ENVISAT Images
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Information 
dissemination
Information Information 
disseminationdissemination

1 - SERVEUR1 - SERVEUR
MULTIMEDIAMULTIMEDIA

w w ww w w

6 - RADIO SOLAIRE6 - RADIO SOLAIRE

FAISCEAU
OUEST

FAISCEAU
SUD

FAISCEAU
EST/MOYEN ORIENT

2 -2 -
STATIONSTATION

MONTANTEMONTANTE

4 - TELECHARGEMENT  AU  « C I D* »-4 - TELECHARGEMENT  AU  « C I D* »-

5 - TRADUCTION  et  DIFFUSION FM5 - TRADUCTION  et  DIFFUSION FM

3 - SATELLITE3 - SATELLITE
GEOSTATIONNAIREGEOSTATIONNAIRE

AimAim : To : To disseminatedisseminate
informations informations atat regionalregional
andand local local levellevel to to 
operationaloperational usersusers for for 
decisiondecision ::

By EBy E--mail mail 
DecadalDecadal andand monthlymonthly

bulletinsbulletins
RANET System (radio on RANET System (radio on 

Internet)Internet)

RANET System RANET System 

MethodologyMethodology
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Multitemporal Radar Images
(ERS-1 & 2, Envisat)

Lac Bam spatial extension Mapping : 
Jaune (avril), bleu (août), magenta (octobre)

Preliminary results : Addressing target  N°1 : FloodingPreliminary results : Addressing target  N°1 : Flooding

ApproachesApproaches
-- MultiMulti--temporal temporal 
Images processingImages processing
-- Detection of change Detection of change 
from from one from from one 
acquisition to the acquisition to the 
others others 

E.g. of ResultsE.g. of Results
-- Flood Flood 
-- Inundation MappingInundation Mapping
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Preliminary results : Addressing target  N°2 : Monitoring Water Preliminary results : Addressing target  N°2 : Monitoring Water DynamicsDynamics

MonitoringMonitoring
-- Water Front and Water Front and 
WaterbodiesWaterbodies SurfaceSurface
(Automatic Classification of (Automatic Classification of 
Low and Medium resolution Low and Medium resolution 
Images)Images)

E.g. of resultsE.g. of results
-- 4040--km Advance Further km Advance Further 
North of the Upper North of the Upper BassinBassin in in 
19991999
-- 80% Increase in open water 80% Increase in open water 
surface.  surface.  
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Preliminary results : Addressing target  N°3 : Wetlands inventorPreliminary results : Addressing target  N°3 : Wetlands inventory inventory and y inventory and 
characterizationcharacterization

AgroecologicalAgroecological unitsunits
WaterbodiesWaterbodies

RiceRice FieldsFields

GrasslandsGrasslands

RiparianRiparian forestforest

InventoryInventory
-- Recognition and identification Recognition and identification 
of wetlands in the landscapeof wetlands in the landscape
--Discrimination of the principal Discrimination of the principal 
agroecologicalagroecological units into the units into the 
wetlandswetlands

CharacterizationCharacterization
-- Aggregation of the information Aggregation of the information 
according to a gradient of according to a gradient of 
flooding given by a relation flooding given by a relation 
between humidity index (from between humidity index (from 
satellite data) and satellite data) and piezometricpiezometric
levellevel

HighHigh

MeanMean

LowLow

WaterloggingWaterlogging
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Project is in a preliminary step. Project is in a preliminary step. 

But conviction that earth observation systems (e.g. ERS and But conviction that earth observation systems (e.g. ERS and 
ENVISAT) is useful for the recognition, the discrimination and tENVISAT) is useful for the recognition, the discrimination and the he 
characterization of wetlands hydrodynamic.characterization of wetlands hydrodynamic.

2 Avenues of 2 Avenues of successsuccess

Capacity building of NHS to collect, process, analyze and Capacity building of NHS to collect, process, analyze and 
disseminate hydrological datadisseminate hydrological data

Availability of earth observation data regularly in timeAvailability of earth observation data regularly in time

2 Avenues of success2 Avenues of 2 Avenues of successsuccess

ConclusionsConclusions
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ThankThank youyou
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BP 11011 Niamey (Niger)BP 11011 Niamey (Niger)

Tel. : (227) Tel. : (227) –– 73.31.1673.31.16

Fax : (227) Fax : (227) –– 73.24.3573.24.35

A.Nonguierma@agrhymet.neA.Nonguierma@agrhymet.ne


