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Abstract—L and use changes study is an essential step for
the monitoring and assessment of ecosystems. In Senegal
River delta, ecosystem has experienced significant
changes from 1970 to nowadays. Several natural and
anthropic factors are at the origin of these modifications.
The aim of this paper is to reconstruct the history of land
use in the Senegal River delta and detect these changes.
For this, Landsat images acquired in 1972 (MSS), 1984
and 1988 (TM), 1999 and 2006 (ETM) and 2014 (OLI)
are used to make the diachronic study. We have first
conducted a pretreatment of the image (relating to the
geometrical and radiometric correction and the
equalization of the histograms), calculated of pseudo-
ACP bands and NDVI, classified and validated the
images and finally detected changes by individual
classification method. The results obtained, broadly show
significant changes in terms of areas gain for the land
plants (231%), growing areas (95%) and aquatic
vegetation (75%). This dynamic is at the expense of saline
lands, dune surfaces and the water areas. Interesting
perspectives for authorities and decision makers in
precise management of the ecosystem in the Senegal
River delta are offered as well.

Keywords—Remote sensing, Land-use change, Climate
change and variability, Landsat images, anthropic
ecosystems of Delta, Senegal

I.  INTRODUCTION
Remote sensing is one of the best innovations for
inventory and monitoring of the environment at the
planetary scale; it has considerably grown in recen
decades with the improvement of databases (satellit
images in medium, high and very highresolutionjlgo
(software) and data processing techniques. It esabl
management of the earth's surface changing angistud
the dynamic phenomena that affect ecosystems HijdL
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use changes study,is very important to better kitosv
trends in deforestation, degradation, desertificatand
biodiversityloss in a given region [2]. The causéshese
changes are multi-factorial [3]. There are natdiaators
such as climate; wind, rain etc., and anthropit¢oiathat
promote the changes of land cover [4]. AccordingSio
there are five categories of explanatory factoraod use
change: climate change over the long term, eccdbgic
processes such as soil erosion and vegetation ekang
human alterations on nature and landscapes such as
deforestation and the degradation of the terrigorend
the greenhouse effect caused by human activities. |
adding, the recent decades are marked by humatitiasti
thatare the mainly trigger of ecosystem transfoionat
[6]. According to the findings Ecosystem Assessment
report for the millennium, humans have changed
ecosystems more rapidly and extensively in the $#st
years than in any other similar historical pericetduse

of its growing needs for food, fresh water, timbsr,. [7].

In Senegal in general, the degradation of ecosysteas
led to a considerable loss of natural vegetatiameft,
savannah and steppe, mangroves, aquatic vegetatibn
fresh water). In the SenegalRiver delta (study )area
corresponding to the St. Louis, Louga, Podor, Dagan
localities, the dynamic of land cover is very partar
compared to national and almost of the sub region
dynamics. In this area, vegetation cover and ctapd
have gradually evolved since the 1970 and thostheat
expense of not coveredland(dune areas) and salted
lands;water area remain however constant. The saafse
this dynamic are mainly due to: strong expansion of
hydraulic infrastructures; ii) rainfall variabilitjmarked by
alternating of dry and wet periods; iii) the extensof
water and stopping of the salted water rise;iiije t
promotion of irrigated agriculture. This fact iseoof the
fundamental reasons for this study to map the lasel
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changes in the Senegal River delta by remote sgnsin
approach. The latter is widely used in this area fo
inventory and monitoring of available resources by
choosing Landsat images. In general, due to their
repetitive acquisition, analysis of multi-temporalages
provides an additional dimension to the potential
applications of Remote sensing [1]. Landsat imagyes
subject of numerous studies in many areas at vewdde
[8-9-10-11-12-13-14-15].Their temporal resoluticatidg
about 40 years, explains popular choice for undadihg
environmental issues. In this study, we will pratdsy
diachronic approach or multidate to map changethén
River Senegal delta from 1970 to nowadays. With the
wide range of imaging instruments of Landsat, weeha
chosen the images acquired in 1977 (MSS), 1988 (TM)
1999 (ETM), 2006 (ETM) and 2014 (OLI).

Il. MATERIALS AND METHODS
Landsat images were collected using 05 periods,
corresponding to the 1970's, 1980's, 1990's, 20ak
2010' showing in (Table 1). The images were dowadola
from the USGS website. The basic premise in using
remote sensing data for change detection is thangds
in land cover must result in changes in radiandees
and changes in radiance due to land cover changebeu
large with respect to radiance changes caused Hwr ot
factors [16]. These 'other' factors include (1fed#nces
in atmospheric conditions, (2) differences in Sogla (3)
differences in soil moisture and (4) phenologictdtes
[(26) ; (17)]. The impact of these factors may latiplly
reduced by selecting the appropriate data. For pkam
Landsat data belonging to the same time of the yesy
reduce problems from Sun angle differences and
vegetation phenology changes (18). So, anniversary
near-anniversary satellite image is important. Hus
reason, we have selected the images acquired isathe
month, that is to say in November, except the imafge
MSS in September 1977, for reasons related to poor
quality of the images from October to Decemberhsf t
same year.

Table.1 : Characteristics of Landsat images used for this

study
Type I Spatial  Number
Satellite of the Acqlg.l:tglon resolution of
Sensor (m) bands
Lanssat MSS  Sept. 1977 60 4
Lanssat TM  Nov. 1984 30 6
La”gsat TM  Nov. 1988 30 6
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Landsat

4580 ETM+  Nov. 1999 30 7
La”;'sat ETM+  Nov. 2006 30 7
La”:sat OLl  Nov. 2014 30 11

2.1 Study area

The delta is located downstream of the lower vatiEthe
Senegal River. It spreads Dagana at the mouth safuth
the city of St. Louis and is shared by Senegal and
Mauritania. It covers an area of approximately 5Q6

of which almost 4000 km2 territory Senegalese.his t
present study, the limits of the delta range friwe town

of Richard-Toll specifically at the junction of Taey
channel and the Senegal River at KP 143 (North-¢ast
the town in the southwest Gandon The delta isénfainm

of rectangle and triangle covers an area of 394&m3.
Indeed, it is a vast flood plain to almost flat and
monotonous topography over 73.83% of the medium
[19]. This floodplain closes the Transboundary Blosre
Reserve of the Senegal river delta, the latteuihes the
National Park of birds Djoudji and the Language of
Cruelty ; the sylvopastoral Reserve Mpal-Mérinagyén
Classified Forests Mpal to Ndiaye, Maka-Diama défie

to Naéré and Rao. It is crossed by the Senegal Rivé
includes Lake Guiers, Ndiael of depression and many
wetlands. The delta is a very dynamic space. Indbed
knows many hydraulic structures and irrigation. tBel
ecosystem through its varied habitats attracts many
tourists and is a rapidly expanding middle. Twogéar
morphopedological units stand in the middle: thé&rDi
and Walo. The Diéri consisting ogoliennes dunes, se
squares during the arid phase between 12,000 ad@d 70
years BP [20-21]. Soil science of this unit is cttaerized

by the ferruginous tropical soils and red-brownlssoi
sands rubified continental dunes.On this
morphopedological unit develops the vegetation of
shrubby savannah trees and covering a small portion
south of the middle and shrub steppe tree extenaoleg

the dune areas. The types of activities in thicsfae the
rainfed agriculture heavily dependent on rain, dloo
recession farming (practiced in inter dunes and the
immediate portion between the dune and the Wald) an
livestock. Walo is the alluvial plain of the SenkeRaver
delta. Its altitude varies between 6 and -8 m. Wado of
land consist of mudflats, decanting bowls and dift€he
soils are waterlogged and salt-affected kinds aeme
river alluvium, clay and white marl attapulgite avases
and coquillers Sands mudflats and salt marshes 128
vegetation of this unit is generally aquatic kigdthering

the ecosystems such as mangroves, grasslandsramedi ta
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in halophytes and training Acacia nilotica. Del&ldngs
to the Sahelian climate field [23], characterizeg &
highly variable rainfall characterized by large idie$
most pronounced of which are at the origin of theag
drought recorded during the late 1960s and earl§019
[24]. The demographic point of view, the delta as t
entire Sahel is growing. Indeed, with a growth rafe

3.4%, the population of delta Password bhts 517663
2002 to 631,025 in 2015 bhts [25]. This growing
population is putting significant pressure on
environmental resources (water, soil, vegetatidfdlife,
etc.). Indeed, the combined effect of climate \ailiiy
and the high human pressure leads to major chainges
the ecosystems of the delta.

2.2 Image pre-processing

Geometric precision, atmospheric correction, radivin
calibration, normalization of histograms and eliating

the redundancy of multispectral images, are alinelats
necessary for a successful change detection study.
Geometric correction is necessary for relating aierr
surface information to ground coordinates by remgvi
distortions from sensor geometry. Most of the dista is

due to earth rotation [26]. USGS provides Lands®ges
that have already been orthorectified and corretitetthe
right coordinate system [27]. So Landsat images are
geometrically corrected and geo-coded in the oleral
system Universal Transverse Mercator (UTM) using th
image 2014 as a reference. The root mean squar&) kM
everywhere less than % pixel. For the resampling of
images, we used the nearest neighbor. The mulfdeah
images are acquired in different atmospheric coymt

converted to radiance and then to spectral refieeta
They are converted to reflectance using the folhmwi
transformation defined by [29]. This transformatedfows

to normalize the differences in spectral bandwidkkjng
into account the spectral distribution of sunlight offset
the influence of the solar elevation that varieshwhe
date, time and place [29]. The overall contrast
enhancement is applied to all the images so travdtue

of the histograms can be clamped to the minimum
response radiometric 1 maximum 255. According [301,
image consists of gray tones and its histograrns more
information-rich than its histogram divides the sda
frequencies uniformly over the whole range of giayes.
Calculating neo-channels, ACP and NDVI is performed
for one hand to reduce the volume of data and siygoto
increase contrast on the other hand ground vegstaiti

order to facilitate the segmentation and able to

These differences can mask real gold exchange make discriminate as many landscape units possible. NID¥|

similar land cover Appears to-have changed [10].
Therefore to correct the effects of the atmospluerehe
images, we conducted an atmospheric correctiorieapiu

all images. The images also suffered a radiometric
calibration. The radiometric correction is perfodhrie two
steps, the absolute calibration at the receiviagsts and
relative calibration [28]. The radiance and thdemtfince
information derived from Landsat bands make conspari
between images possible. The image DN value was
www.ijeab.com

reduces lighting effects or slope on the reflectamd
vegetation cover [31] and provides better separatd
vegetation and bare soil urbanized surfaces [9¢ ABP
enhances details radiometric objects, appropriate t
separate the different entities and, finally, iduees the
image noise and creates an image in which each isand
little correlation with other and contains unique
information (Table 2). The first principal compont&rie 1,
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2 and 3 are selected for each image, the higheNDil
for the classification stage.

Table.2 : Cumulative percentage of variance components retained

Information content

Main components
n comp MSS 1977 %  TM 1988 %

ETM+ 1999 % ETM+ 2006 % OLI 204 %

1 94,924 95,658 94,121 95,025 95,856
2 3,203 2,101 3,532 2,568 2,332
3 1,521 1,523 1,441 1,554 1,512
4 0,352 0,656 0,776 0,754 0,211
5 0,053 0,091 0,081 0,061
6 0,011 0,039 0,018 0,023
7 0,005
Total 100 100 100 100 100

2.3. Image classification

Supervised classification and maximum likelihood
classifier have been used to detect the diffei@md tover
types. The classification operation main objectie
achieve as closely as possible the mapping fromlpicf

the spectral value and texture of the differenefsof the
image [32]. This is the individualization of diffamt
spatial entities selected for this study through an
automatic classification method based on spectral
similarities, and even spatial geometry. In thiggant
study, we selected six [6] relatively homogeneous
samples in line with the land use units (biotopeyéted;

it comes to water, the dunes, the growing areasatay
vegetation, continental vegetation and the saltydla
(tans). Maximum likelihood classification was agglifor

the classification step by using equal prior prolitas
For Each class signature.

2.4. Accuracy assessment

Accuracy assessment is very important for undedatgn
the developed results and employing these resolts f
decision-making [17]. The confusion matrix used to
assess the quality of classification, by comparihg
results of the classification with field data. ktdrmines
the pixel confusions made during the classificatibhe
evaluation of our results from confusion matricatows

of geometrically compatible multi -temporal images a
pixel by pixel basis. Many methods have been pregos
for the detection of changes in land use from ketel
images [1-17-33]. Among these methods we have imsed
the "classification based" approach which is alstiract
approach. The Post-Classification Comparison Change
Detection Involves classifying the rectified imaffem

two Time Periods separately, and defining the valfie
each class in the classification [27]. The evatratof
changes is made on the results of the classificaiio a
pixel-by-pixel basis using a table of statisticingsa
transition matrix. Analysis of transition matricgives us

the spatial and temporal changes in soil use clsatige
Senegal River delta between 1977-1988, 1988-1999,
1999-2006 and 2006-2014. Changes maps were made
using these transition matrices that describe acalé the
various types of changes.

[l RESULTS AND DISCUSSION
3.1. Description of land use classes
The detection of the dynamic noted in the deltaceoms
different ecosystems units, which we synthesizedutth
the following table.
Table 4 : Description of landscape unitsin the Senegal
River delta

us to see that Kappa indices and accuracy meafsuré6 Theme Description

cards, indicate that the classifications are gdable 3).
Table 3 : Overall Accuracy and Kappa different
classifications

Years 1977 1984 1988 1999 2006 2014

Global
precisio
n

Kappa 0,97 0,89 0,94 0,95 0,94 0,94

98,20 91,45 96,40 96,40 9560 96,40
% % % % % %

2.5 Change detection
Automatic change detection methods, usually applied
with medium resolution imagery, imply the companiso

www.ijeab.com

The waters represent all parties
partially or totally covered by
freshwater, brackish or salt. They
concern theSenegal River (which
is the main artery in the middle)
Waters and its various tributaries (the
Djeuss the Lampsar, etc.),
backwaters (three backwaters, the
backwater of Khor, etc.) lakes (of
Guiers, the Djoud;ji, etc.) and the
Atlantic ocean.
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Dunes

Salted Lands

Growing areas

Aquaticvegetation

Continental
vegetation

They are made by all the sandy
formations furniture, fixed or semi-
fixed. This is indeed ogoliennes
dunes (dominant in the
southeastern part), bright coastal
dunes (the language of barbarism)
and yellow dunes (MakaDiama,
etc.).

They are located in the floodplain
of the river and its tributaries, the
surrounding lakes, estuary and
interdunes. These areas during the
rainy season receive rainwater
from the annual flood. Once the
standing water is removed, the salt
was dissolved forms crystals and
deposits on the soil surface. In the
delta, the land is a neutral salinity
sodium chloride-sulphateand
magnesium of marine origin [34-
35].

They consist of irrigated crops,

wet, flood recession and market
gardening;

It is composed by mangroves and
aquatic plants.

It consists of savannah formations,
steppe formations and reforested
areas.

www.ijeab.com

3.2. Land use map
The area occupied by the different classes of zmdr
have evolved continuously over the spatiotemporap m
from 1977 to 2014 and this according to the coadgiin
the middle of study. The resulting maps of remetesing
processing (Figure 3) allow taking stock of lane ws
the said period. The fact is that the most commnlasses
of the study area correspond to the dune vegetatish
mainland. They occupy about 60% of the area of the
study area, against 40% for the remaining clasbes.
general, the visual analysis of 05 cards, plussthgstical
results (Table 5) and graph (Figure 2) are seen the
following changes for each class considered: igelide
of dune areas between 1977 and 2006, then increased
until 2014; ii) a decline in area occupied by waaad
saline lands; iii) an increase of aquatic and lplaghits and
growing areas. Knowledge of types of transitions is
needed to understand the process that led to tlientu
state of land use in the study area. For this,utfjinothe
post-classification approach based on comparison of
independent classes, we have crafted maps of change
order to locate the types of changes and measeie th
areal extent.

Table.5 : Areas occupied by the different habitats units

delta 1977-2014

1977 1988 1999 2006 2014
ha % ha % ha b ha b ha %

Theme

Dune 1441427 365 1317411 334 105287.1 26,7 1071027 271 1216240 308

Water 26 5082 6,7 278554 7.1 48 6622 123 267757 68 275177 70

1863349 472 1535788 389 96 6050 245

138

123

Salted Land 1372202 348 471639 12,0

Aquatic vegetation 173954 44 309356 7.8 34449.1 44 460,35 13 442028 112

continental vegetation 82055 21 271229 6.9 481370,7 389875 9.9 1067658 171

Growing area 119432 3.0 23 296,2 59 411558 104 399834 10.1 472310 12,0

Total 394 530 100 394 330 100 394 530 100 394 530 100 394 330 100

Growing area

Continental vegetation

Ecosystem units

Aquatic vegetation

@m2014 @2006 0O1999

Salted land !

Water

Dune

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000

Area (ha)

Fig.2 : Evolution of the areas of land use units between 1977 and 2014
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Légend
B v
Dune
Salted land
Growing areas
- Aquatic vegetation

Continental vegetation

Projection - UTM
Datum - WGS 1984_Zone_28N
Sources : Landsat_1977.198, 1999, 2006, 2014
Production M A Touré et ML Ndiaye, fevrier 2016

Fig.3: Map of land cover conditions in the delta of Senegal

3.3. Detection of land use changes between 1977 and
2014

The land use change in the Senegal delta ecosystem
results in the conversion and / or modification af
biotope class to another. The amendment referdido t
changes taking place in the same group or withéarae
category of land use; example in our case, aquatic
vegetation that becomes continental vegetationice v
versa. As against the conversion refers to theggessf a
land use category to another; example in this case,
continental vegetation which becomes growing area o
vice versa. As opposed to the conversion and
modification, there are unchanged or stable clasksasis

www.ijeab.com

to say not having undergone any changes. Indeed,
conversion or modification of the landscape urstslone

at the expense (regression) or in favor of onesctager
another (progression) or the stability of classrfrone
year to another. To this end, the positive valegsasent

an increase in class surface during the periodyaed)
negative values, loss and values close or equadro (0),
relative stability [11]. We will conduct an analgsof
changes between 1977-1988 series of set-processing;
1988-1999; 1999-2006; 2006-2014 and 1977-2014.s Thi
development is characterized by large spatial and
temporal changes in the environment at the variiooess
studied.
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"@5 1977-1988

1988-1999

2006-2014

Change ecosystems

B 1 l:l Converted dune - Converted aquatic vegetation

. - .:RDS_BG“]% I:l Stable dune - Stable aquatic vegetation

M fla maﬁn&‘r}!bodiene l:l Converted water l:l Converted continental vegetation

; % ; - Stable water l:l Stable continental vegetation

Sain l‘isr.\lgaye I:l Converted salted lands l:l Converted growing areas

E ;' l:l Stable salted lands |:| Stable growing areas
Gniling — " 0 25 50 Projection: UTM

Ndiéye Wade —:| Km Datum : WGS 1984 Zone 28N

1999-2006

" - Richiagd-Toll

8 Ndiéye Wade

Sources: Landsat 1977,1988, 1989, 2006, 2014
Production. M A Touré, april 2016

Fig 4 : Map of changes in the ecosystem of the Senegal River delta between 1977 and 2014

3.3.1. Changes detection between 1977 and 1988

The change between 1977 and 1988 is reflectedan th
transformation of land use units. Indeed, the veater
recorded a 9.7% loss, converted into aquatic végata
(4.1%), cultivated area (3.3%) and buries salt ¥3).2
(Table 6). The regression of the waters betweer7 B
1988 is represented spatially by water convertey ve
visible in the bowl of Djoudji. She also obtainadyain

of 5% on other land cover units. As for the salnd,
98.6% of the area did not undergo change. This ignit
characterized by high stability during this period.
However, small changes are observed, with a rate of
change of the order of 1.4%. The aquatic vegetatiots
evolution, executes notorious mutations, with nearl
21.8% of its area converted, crop area (11.8%) atew
(6.5%), the salt land (2.4%) and land plants (0.9%)
Aquatic vegetation converted locates in the norttpart
and southwest of the delta. Continental vegetatidsn
known major changes, with a stability rate equéls%.
Indeed, 74.3% of its extent are transformed intp@rea
(23.7%), salt land (21.8%) and a small (16.4%). The
area’s most important cultural progression ratehwit
240.2% between 1977 and 1988. The rate more or less
stable low (59.5%) reflects the changing naturethi$
class. However, 40.5% of its surface have mutatéal i
barrenness (16.6%), water (9.7%), aquatic vegetatio
(9.1%) and continental vegetation (3.8%). Classyassl

to the dune marks a regression of 15% of its extehss
www.ijeab.com

a stable of about 71%. His converted area (28.196) i
allocated as follows, 13.8% in salty soil, 12.1% in
continental vegetation and 1.7% in crop area.

Table 6 : Evolution of land use rate units between 1988
and 1999

1577 Aquatic
1988 Wiasar Salted lnd \':;natinr. vegewtion
Water 503 0.1 5 14 57 00
Sazlted Land 22 98,6 24 218 166 138
Aquatic vegetation 41 0.2 782 110 5.1 04
continental vegetation 0.1 0.3 0.3 257 3.8 121
Growingarea 33 04 118 237 595 w7
Dune 0.0 0.5 0.2 164 14 719

Total class 100 100 100 100 100 100
Class Change %7 14 21,8 743 40,5 281

3.3.2. Changes detection between 1988 and 1999

The crossing of land cover units between 1988 &891
shows the dynamics of similarities compared to the
previous period. Indeed, the growing area and the
continental vegetation are the most moving clasgés

in this order of mutation rate of approximately@2.and
56.1%. The changes mainly concern the continental
vegetation conversion into dune area (20.1%), azuat
vegetation (15.4%), the growing area (10.1%) antd sa
land (9.0%). As for the growing area, it is tramsied
into aquatic vegetation (27.4%), water (13.6%), and
saltedland (10.8%). The dune area posted strori93h

the current period. It is distributed as followd:.5% in
continental vegetation, 5.8% salt land, 1.3% inpcaoea
and 1.1% in aquatic vegetation, equivalent to 13d94ts
extended in 1999. The salty soils experiencing allsm
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decline of around 1.3% of their area. Aquatic vatieh
knows the biggest change between 1988 and 1999 awit
151.4% class difference. The overall conversioa reas
19.7%, including 9.8% in growing areas, 4.4% water,
2.9% saline lands and 1.3% in mainland dune vegetat
each.

Table.7 : Evolution of land use rate units between 1988

and 1999

per Tontinenel -
1999 s md vegertion vegmation Grovi
water 93,2 0.4 44 16 13.6 0.2
Salted land 0.4 98.4 2.9 9.0 10,8 58

o] 57 0.4 80,3 154 274 11
0.1 0.2 13 439 66 215
0.7 0.4 9.8 101 374 13
0.0 0.3 13 201 4.2 70,0
100 100 100 100 100 100
68 16 137 561 626 300

ngarea Dune

3.3.3. Changes detection between 1999 and 2006

The analysis of the dynamics of tBenegal River delta
ecosystems between 1999 and 2006 shows a marked
change of areas of certain landscape units asmiessen
Figure 3 and Table 8. The water class registersaage
rate of 47.4 % distributed between classes, saltl la
(26.1%), growing area (12.9%), aquatic vegetattba%)

and land plants (3.7%). These changes are maioitdd

in the estuary just outside of tt&enegal River, three
creeks and bow! of Ndiael. The salt land unit [088$%

of its area, fully converted to crop land (98.1%uch of

this change is located in the north-central dedtaund
the irrigated perimeters. After this unit is theasd of
aguatic vegetation that knows a -27.7% declinetdtal
area having undergone a change is estimated a%:50.0
mostly converted into continental vegetation (17).4&te
growing area (15.3%) and salt land (14.3%). These
changes are visible in the vicinity of three bactess
between Lampsar and Maka-Diama and south of thie bas
of Djoudji. For the mainland vegetation, she exgpeced

a conversion rate of 65.7%, with 53.2% posted inedu
and 10.8% in salt land and growing area. Thesegd®n
are mainly the dune areas southeast of the delta,
specifically around the village of Amar Fall Gaeesst in

the Maka-Diama and southwest to the top of thagél of
BaoGniling. The class of the growing area known
significant changes, 57.8% of its surface is cot@gemto
continental vegetation (23.1%), aquatic vegetation
(16.7%), the salt land (15.5% ) and dune (2.0%)toXbhe
dune class, it records a drop of -5.4%, which at an
estimated rate of change to 34.0%. This proportion,
mainland vegetation occupies the largest share3 &4,
followed by the class of the salt land with 13.4Phese
changes are visible in the scraps of land easteo€ity of

St. Louis, in the resort of Leybar, and southeraar

www.ijeab.com

Table 8 : Changing land use rate units between 1999 and
2006

1933 v Salted Aquate
2006 land vegetation
Water 52,6 0.0 11 01 0.4 0.0
Salted land 261 14 14,3 54 155 134
Agquatic vegetation 4.4 0.0 50.0 15 167 0.5
Continental vegetation 3.7 04 174 344 231 186
Growingarea 129 98.1 153 54 42.2 15
Dune 0.3 0.0 19 532 2.0 66,0
Total class 100 100 100 100 100 100
Class changes 474 98.6 50,0 65.7 57.8 34,0

3.3.4. Changes detection between 2006 and 2014
Aware of this period the most significant changesoern
the increase in, water, salted land, aquatic véigetand
dune; and the regression for the rest. The wategs a
experiencing significant stability, with a rate 8.6%,
against a low rate of change (6.4%). These changes
concern, their conversion into aquatic vegetati®®2%),

in salt land (1.7%) and growing area (1.5%). Howeve
they recorded growth of their area of 2.3% overgégod
2006-2014. On salty land, they experience a sicpnifi
increase in their area. But, about 35.2% of thesadas
undergone a change. This change is mainly relatets t
change in dune (18.9%) and its conversion into land
plants (8.0%) and growing area (6.6%). On the aquat
vegetation, it registers a change rate of 31.5%joMa
transfers concern the growing area (16.4%), sahd |
(6.7%) and Mainland vegetation (5.6%). The duns<la
knows an increase of 29.3%. But nevertheless, 11fi%
its surface is converted into land plants (6.6%}) an
growing area (1.3%), and amended in salt land (R.0%
The continental vegetation shows a significant etoh

of its area under its stability estimated value3tb4%.
Much of the area is converted dune (27.7%), folld\g
salt land class (21.1%), growing areas (13.5%). Anly
3.2% of land area is varied aquatic vegetatiorgdneral,
the land plants fell by 36.3% of its area durinig fheriod.

In a context of land degradation, land of crops
experiencing an impressive drop in their area, eced

as a whole in salted land. Dune areas are also
experiencing an increase in their areal extent©8%.
But 29.3% of area has undergone a change of $tate.
distributed as follows: 6.6% continental vegetatisalty
lands 3.0% and 1.3% growing areas.

Table 9 : Evolution of land use rate units between 2006
and 2014

7006 . Sated Aquate
2014 i nd vegetstion vegetation
Water 936 02 14 0,1 0.0 0.0
Salred land 17 648 &7 211 39,3 a0
Aquatic vegetation 32 15 685 32 0.2 0.2
Conrinental vegetation 01 80 56 344 01 3
Growingarea 15 33 164 135 04 13
Dune 0.0 18,3 1.2 27,7 0,0 883
Total class 100 100 100 100 100 100
Class Changes 64 35,2 315 656 59,6 111

Comtinentl )
Growingares Dune
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V. CONCLUSION
This study enters within the framework of the
characterization and valorization of the anthrogize
ecosystems of the Senegal River Delta. Landsagésa
acquired in 1972 (MSS), 1984 and 1988 (TM), 1998 an
2006 (ETM) and 2014 (OLI) are used to make the
diachronic study. We have first conducted a prétneat
of the image (relating to the geometrical and rawityic
correction and the equalization of the histograms),
calculated of pseudo-ACP bands and NDVI, classified
and validated the images and finally detected chsuty
individual classification method. This has helped t
locate, characterize and quantify land cover change
Supervised classification based on maximum likeltho
has consolidated our analysis on these changedydsa
of the observed changes has shown significant esaimng
landscape units between 1977 and 2014. These eoncer
on the one hand, the decline of farmland, dunes and
aquatic vegetation; and secondly, an increase ef th
remaining classes.Salted land recorded a declitvecka
1977 and 1988 (-22.72%), 1988 and 199 (-43.25%) and
2006 and 2014 (-84.08%). By cons between 1999 and
2006, the salted land recorded an increase of 3&.58e
dunes were down during the first two periods wal60%
and -20.08% respectively; and an increase in thietveo
periods, 1.72% and 0.69%. For the vegetation ctaske
most important changes are related to the prognessi
the continental vegetation between 2006 and 2014
(63.28%). Growing areas are on the increase thiautgh
the study period.
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