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Abstract

This study was undertaken mainly to 1) investigate temporal trends in an-
nual rainfall and temperature; 2) identify discontinuities in the time series;
and 3) assess the Land Use/Land Cover Change (LULC) in the Somone coastal
lagoon, within the river basin. The study examined temporal trends in rainfall
(1931-2016) and temperature (1961-2016) datasets of Somone river basin, and
breaks in time series using Mann-Kendall non-parametric test and other suit-
able statistical tools. Temporal evolution in LULC was assessed for the years
1954, 1978, 2003 and 2016. Analysis indicates a significant decreasing trend in
precipitation over the basin. These trends are much more pronounced for
minimum and average rainfall than for maximum and annual amplitudes.
Contrary to precipitation, surface air temperature shows a significant in-
creasing trend for its minimum and averages, and a decreasing trend for its
maximum and amplitudes. A significant break in precipitation was observed
in 1958, while surface air temperature presents much longer breaks within the
years 1975 and 1977, and 1991 and 1993. A more direct implication of climate
change on LULC patterns is increased in unproductive salt pans (Sabkhas). In-
crease in Sabkhas gave rise to conversion of forest lands to agricultural lands
of local farmers in search for fertile soils to cater for the food needs of a
growing population. Otherwise, the development of the settlements, favored
by the tourism activity and agriculture crisis, is another cause of croplands
decreasing. The findings of the present research clearly indicate that the im-
pacts of climate change are exacerbated by rapid urbanization in the basin.
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1. Introduction

Climate changes intricate relationship with the hydrologic cycle [1], and hence,
exerts strong influence on water availability, as well as its quantity and quality [1]
[2], especially in wetlands [3] [4]. Sea level rise and other consequences of global
warming, such as increased storm flooding, inundation, coastal erosion and ex-
treme heat events are expected to have negative consequences on global wetlands
such as estuaries and coastal lagoons, through alteration of their hydrologic re-
gime [3] [5]. Inundation of these low lying coastal areas may render them unfa-
vorable to dependent flora and fauna, inclusive of migratory birds that rely on
such habitats for resting and feeding during their winter migration [6]. In most
developing countries, rainfall is the main source of recharge to wetlands, making
them highly vulnerable to climate change [7]. Future climate change will also ex-
acerbate already existing challenges such as population growth, changes in eco-
nomic activity, land use, urbanization, agricultural water needs, household con-
sumption and hydroelectric production [8] [9].

Recently, instability in the monsoons, evidenced by intense precipitation and
abnormally long dry spells, in West Africa, particularly in the Sahel, has been at-
tributed to climate change [10]. Droughts were recorded in Sahelian countries,
among the 1970-1980 decades. However, rainfall averages were close to normal
values since 1999 [11]. Results from the Global Circulation Models (GCMs) show
that rainfall remains largely uncertain for the West African region. However, dry-
ing-out process is expected to affect West African countries up to 15°N latitude
[11]. Rainfall projections for the Sahel coastlines are decreased frequency in rain-
fall events and intense storms surges with consequent higher surface runoffs [12]
and Sudan regions have changed somewhat faster than the global trend. Since
the late 1970s, temperature has been increasing at rates between 0.2°C to 0.8°C,
and since the end of the 1970s per decade [13], temperature has been projected to
further increase by between 3.0°C and 4.0°C [11].

Regional changes in climate; in addition to alter the frequency and magnitude
of extreme weather events [14] [15], will also affect species, distribution, diversity
and productivity.

Global climate change has negatively impacted the whole biodiversity [16].
The main components of coastal systems will suffer because of future climate
change. This is related with a rise in sea water temperature and a reduction in
the light reaching the bottom, through the cumulative interaction of the rise in
sea-level and increased water column turbidity [17]. Rising temperatures and the

rainfall variability have also exacerbated the problem of wetlands disappearing
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[18].

Rainfall pattern shows spatiotemporal variations in distribution and the amount
[14]. This variation in rainfall amount has been recognized as the most impor-
tant parameter to characterize climate [19]. However, characterization of regional
climate of an area is more robust when rainfall is combined with other parame-
ters such as river flows, lake levels, groundwater levels and especially tempera-
tures [20]. Assessing temporal trends, which is deviations from mean and va-
riance [21] of these different meteorological parameters is therefore imperative
to understand changes in local climate and subsequently, make future projec-
tions [22] [23] [24].

The changes in climate are highly exacerbated by human pressures, mainly in coastal
areas, within the high urbanization, the industrialization, the over-exploitation of
natural resources. This context, accentuates the LULC changes, with the natural
area, replacement by building, road and other infrastructures, hence the decrease
of the forest area and croplands. Consequently, the climate change can be pro-
nounced [25]. Indeed, the degradation of the vegetation cover increases the eco-
system vulnerability contributing significantly to global change [26]. Land-cover
change modifies surface albedo and thus surface-atmosphere energy exchanges,
which have an impact on regional climate. Indeed, a decrease in plant cover may
be accompanied by an increase in surface albedo [27].

Because of its location in the littoral, Somone coastal is exposed to urban de-
velopment, including changes in LULC. These changes, added to the changing
climate constituted huge threats to Somone coastal lagoon and associated eco-
systems. Therefore, this study presents several scientific interests. First, it is use-
ful to note that few climatic and land use studies based on serious linked analysis
and methods have been conducted in the area. Secondly, the few studies done,
were rather geographical order. Only Sakho analyzed with a simple description
of the LULC Change system through land survey and often by GIS. This seems
necessary but not sufficient to have a clear idea of how the system changed,
within the changing climate, exacerbated by the human pressures. However, in
this study, recognizing that good adaptation and mitigation policy implementa-
tion requires all the knowledges about climate risks and human pressures through
the land cover/cover use. In fact, it is necessary to analyze climate patterns and
LULC dynamic, to demonstrate how both influence each other. The work offers an
opportunity to provide useful information for many Scientifics researchers and
policymakers to understand the coastal lagoon behavior in face to natural and
human pressures. This study can be considered then as a managing tool for po-
licymakers and referential study for researchers about human and climate pres-

sures analysis on a coastal lagoon in Sahelian country.

2. Materials and Methods
2.1. Study Area

Somone river basin (Figure 1) covers an area of 420 km”. It is geographically lo-
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Figure 1. Location of the study area.

cated between latitude 14°23'27"N and longitude 16°57'17"W [28], 77 km south
of Dakar. It is bounded to the west by the Atlantic Ocean, to the north by the
cliffs of Thies, to the east and south by Nguékhokh plain. It encompasses So-
mone lagoon which is part of the RNICS (Somone Natural Reserve of Commun-
al Interest) of about 7 km? (700 ha), established in 1999, also constitutes part of
this river basin. With a surface of 2.04 km® Somone lagoon, located between la-
titudes 14°30" and 14°50'N and longitude 17°10'W is the largest body of water
within the basin. The RNICS encompasses three rural settlements: Guereo, Thia-
foura and Sorokhassap (Sindia) and commune of Somone, in the region of Thies.
Until its creation in 2008, Somone was part of Sindia. Its vegetation is mainly
mangrove, which dominates the lagoon area. The climate is tropical Sahelo-Su-
danian, characterized by two contrasting annual seasons: a long, dry, extremely
hot season from November to May and a warm and short humid rainy season
from June to October. Total annual rainfall is estimated at 760 mm at the Mbour
station. Maximum monthly precipitation of 400 mm is recorded in August. The
monthly average temperature is 27.31°. The highest temperature of 36.5° was

recorded in April and lowest temperature of 15° is recorded either in December,
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January or February. The dry season is marked by the predominance of the trade
wind, with a high relative humidity of 60%. The rainy season is dominated by
the south-west monsoon that flows from the St. Helena high. Air humidity is

high with a maximum of 96% in August and September [29].

2.2. Meteorological Data Analysis

Although, there are two meteorological stations: Mbour and Nguekhokh Stations
in the river basin, only the data (precipitation and temperature) from the Mbour
station were considered in this study after a critical check on quality. Annual
Rainfall Average and Monthly temperature average data at the Mbour meteoro-
logical station, over the period 1931-2016 and 1961-2016 were obtained from the
National Agency for Civil Aviation and Meteorology (ANACIM). Minima,
maxima and amplitude values for each climate variables were computed in MS
Excel. Thereafter, time series data were plotted to observe trends in data distri-
bution and, possibly, irregularities [30]. The non-parametric Mann-Kendall test
was employed to test the significance of observed [31]. Mann-Kendall test is
simple, robust and can cope with missing values, seasonality and values below
detection limit [32] [33].

It is based on the calculation of reduced statistic of the test given by the Equa-
tion (1) [34]:
_S-E(s)

(S)

where Sand E (8) are respectively the sum of the numbers and expected value of

u(s) (1)

the mean. /() is a variance given by Equation (2)

_n(n-1)(2n+5)

72 @

V(s)
The null hypothesis is rejected at the threshold of @ = 5%, if |U(S)| exceeds

the critical value U (S) o« =196 that is acquired from the standard normal

1
cumulative distribution taﬁle [35]. If this is the case, there is an increasing trend
for U (8) > 0 and a decreasing trend for U (S) < 0 in the data series [36]. This

trend is significant if the P-value < a.

2.2.1. Detection of Breaks

The existence of breaks, sudden changes in the time series data is a possible cause
of the heterogeneity of the series [37]. Breaks are pivotal years of climate change
[38]. Although, there exist numerous methods to detect discontinuities in time

series datasets [39], segmentation procedure of Buishand and Hubert [40] was

adopted in this study.
i
XX
X, =2 (3)
i )
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D,, is the quadratic deviation between the series and the segmentation given
by equation.
m g

D, =Y > (X, -X,) @)

k=lig_q+1

For a given segmentation order, the algorithm determine the optimal seg-
mentation of a series that is such that the deviation D, is minimal. According to
[41], this procedure can also be interpreted as a stationary test, the null hypothe-
sis being the studied series is non-stationary. If the procedure doesn’t produce
acceptable segmentations of order bigger or equal to two, the null hypothesis is
accepted.

The null hypothesis (H,) states that there is no shift in the time series, and is
rejected at a significance level of 5%. Time series are subdivided into m segments
such that m is greater than 1 and that the mean of two contiguous segments
must be significantly different and satisfy the assumptions of Scheffe’s test [42].
The procedure gives the timing of the breaks. Giving an m™ order segmentation
of the time series, 7, k= 1, m, the rank in the initial series of extreme end of the
K" segment (with j, = 0). The rupture tests were carried out using the Khronosta

software (Institute for Research for Development (IRD).

2.2.2. Hubert Procedure

The Buishand test is applied under the assumption that the studied series is
normally distributed. Then, the Buishand statistic is defined by Equation (5)
[43].

=z

-1

(Sk/o-x)2
U= (N +1) ©)

=
Il
uN

where the terms S are the partial sum and o, the standard deviation of the given
series (X)) that tests for homogeneity can be based and given by Equation (6);
X is the average of series [7].

1 —\2

=> (X, =X (6)
N Z( ! )

) N
o, =
1

The null hypothesis of the statistical test is the absence of shift in the series. In
the rejection case of this hypothesis, the estimation of the shift date is made possi-
ble by the construction of a control ellipse. Under the null hypothesis assumption,
the S, variable defined above, follows a normal distribution with a zero mean and

a variance given by Equation (7) [43]

o =%k(N—k), With, & = 0 to N 7)

This control ellipse was used here to estimate visually the importance of the
deviations under the null hypothesis of the homogeneity of the series. It is con-
sequently possible to define confidence limits including the series of the S [44].

Statistical significance of the magnitude of detected breaks was tested using
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the parametric student’s t-test is a comparison of the means of two sub-series
obtained on either side of the point of rupture [45]; This test makes it possible to
say whether the ruptures linked to the variations of the climate possibly deter-
mined are significant or not. The statistic used in this test is:
v' for the numbers of sub-series n, and / or n, < 30 (at least one is small)

To KXo (8)

“3)

where X_1 and X_2 are the averages of the respective two sample sizes 1, and
n,and o denotes the weighted common variance of the two samples given by
Equation (9) [46].

z(xx_)z(xx_)
o= n+n,—2 ©)

The statistic 7" obtained, is compared with the reference value, read on the
Student table, as a function of the number of degrees of freedom v, such that
L=n,+n, -2 atthe confidence threshold a. If the absolute value of 7'is greater
than 1.96 or 2.53, the mean difference is said to be significant at the threshold of
a = 5% or very significant at the threshold of a= 1%
v' for the numbers of sub-series 1, and 1, > 30 (all larger)

The test is then based on the reduced deviation given by Equation (10) [46].

Z :& (10)

=)

of and o7 denote the variances estimated on each sample given respectively
by Equations (11) and (12).

> (%X,

oy = HF——— (11)

)

o= (12)

If the absolute value of Zis less than 1.96, the difference is said to be insignifi-
cant at the 5% threshold; if not, it is. Results are presented in tabular and graph-

ical form.

2.3. Spatial Data Analyses

LULC patterns are used to understand the link between the dynamics of LULC
change and climate variability, and the implication of each other to the natural
area degradation, in Somone coastal lagoon and its surrounding. In this study,

LULC patterns were carried from aerial photographs and satellite images cover-
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ing an area of 44 km”. The aerial photograph data were acquired from 1954 and
1978 by USGS and satellite images were generated from Quick Bird 2003 and
GeoEye 2016. The choice of these images is initially linked to their availability,
also to their high spatial resolution (less than 5 m for all images) and temporal
(more than 50 years). These images and photographers were used to assess spa-
tial and temporal dynamic of LULC. Image was geometrically registered into a
Universal Transverse Mercator (UTM) projection, WGS 1984 and Zone 28 N. A
minimum of seventeen (17) regularly distributed ground control points were se-
lected from the images. Resampling was performed using a nearest neighbor al-
gorithm. The transformation had an RMS error less than 1 pixel indicating that
the image was accurate to within one pixel. For image classifications, the visual
interpretation approach was selected, to extract LULC contents in remotely
sensed data. Image classifications were done by visual interpretation, assisted by
computer, to extract LULC contents in remotely sensed data. This approach
avoids spectral confusion as well as isolated pixels. The interpretation of satellite
imagery and aerial photographs involves the study of various basic characters of
an object with reference to spectral bands which is useful in visual analysis. The
basic elements are shape, size, pattern, tone, texture, shadows, location, associa-
tion and resolution [47]. Advances in computer, GIS and remote sensing tech-
nology offer new possibilities for managing, editing and generating raster and
vector data, facilitating the visual interpretation methods [48]. Visual interpreta-
tion assisted by computer was carried out with ArcGIS software 9.2 version (ESRI,
US). Globally, eleven classes were identified in this study, including bare soil,
Sabkha, beach, crop lands, forest area, lagoon, mangrove, settlements, Somone’s
river, tidal areas, and vegetated Sabkha. To achieve wide acceptance among users
of thematic information generated using remote sensing data, the interpreter
must be able to specify the accuracy of this product [49]. In this study, the accu-
racy assessment of thematic maps was carried out. The accuracy assessment is
the procedure used to compare the classification results to the geographical ref-
erence data that are assumed to be right [50]. In fact, due to the lack of appro-
priate data available in the study area, the accuracy assessment for classification
image ancients (Ze. 1954, 1978 and 2003) was not possible. Therefore, an accu-
rate assessment was performed for the 2016 image only. For the 2016 image, a
total of thirty-hundred-thirty (330) ground truth data (30 points from each class)
were selected randomly in the study area by GPS, during a field mission of May
2017. The comparison of these reference points with classification results allowed
realizing confusion matrices and thus calculating global precision and Kappa

index.

3. Results
3.1. Relating to Trend

3.1.1. By Graphical Approach
B Temporal Changes in Rainfall Time Series
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We present in Table 1 the distribution of the different rainfall data consi-
dered according to their tendencies. Figures 2(a)-(d) represent the corresponding
graphic trends. The table shows that all slopes are negative, implying a downward
trend. The values of the P-values is given by the linear regression method give
the magnitude of the trends at the threshold of @ = 5%. The overall view of the
figures and analysis of P-values suggest that these trends are much clearer for
the mean and the minimal rainfall than for the maximum rainfall and ampli-
tude.

B Temporal Trends in Temperature

We present in Table 2 the distribution of the different temperature data stu-

died according to their tendencies. The Figures 3(a)-(d) represent the corres-

Table 1. Rainfall trend repartition.

Slope Value Trend Direction P-value Trend Extent
Pmin -0.17 Decrease 0.0024 Significant
Pmax -1.25 Decrease 0.0254 Significant
Pmean —-0.28 Decrease 0.0018 Significant
Pamp —-1.08 Decrease 0.0508 No Significant
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Figure 2. (a) Trend of annual minimum rainfall; (b) Trends of annual maximum rainfall; (c) Trend of Annual Mean Rainfall; (d)

Trends of annual rainfall amplitude.
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Figure 3. (a) Trends in Annual Minimum Temperatures; (b) Trends in Annual maximal temperature; (c) Trends in Annual mean
temperatures; (d) Trends in annual amplitude temperatures.

Table 2. Distribution of temperature trends.

Slope Value Trend Direction P-value Trend Extent
Tmin 0.033 Increase 1.783 x 107 Significant
Tmax —0.007 Decrease 0.37598 No Significant
Tmean 0.013 Increase 0.00047 Significant
Tamp 0.040 Decrease 5.365 x 1077 Significant

ponding graphic trends. The table shows that the slopes are negative for ampli-
tudes and maximum and positive to minimum and mean. This implies a decreas-
ing and increasing trend, respectively. The P-values, by the linear regression
method, give the magnitude of the trends at the threshold of @ = 5%. The overall
view of the figures and analysis of P-values suggest that the upward trend is
much sharper for minimum temperatures than for mean temperatures and that
the downward trend is much more pronounced for amplitudes than for maxi-

mum temperatures.

3.1.2. By Mann-Kendall Test
B Rainfall Time Series

We present in the Table 3 the results of Mann Kendall’s trend tests. The ana-

DOI: 10.4236/ajcc.2017.63026 522 American Journal of Climate Change


https://doi.org/10.4236/ajcc.2017.63026

N.Y. Barry et al.

Table 3. Results of the Mann-Kandall test.

U (s) P-value  Null Hypothesis Trend Direction Trend Extent Classifying

Pmin  -2.762 0.006 Rejected Decrease Significant 1
Pmax  -2.134 0.033 Rejected Decrease Significant 3
Pmoy  -2.656 0.008 Rejected Decrease Significant 2
Pampl  -1.978 0.115 Rejected Decrease Not significant 4

lysis of the table shows that the null hypothesis of an absence of trend in the se-
ries is rejected at the level of significance of 5% for all four categories of rainfall
considered. In addition, all values of the Mann-Kendall U[(s) statistic are nega-
tive, implying a decreasing trend. Moreover, the use of P-values (P, < a) watches
except for the amplitudes, this trend is significant for the three types of rainfall
data. Thus, P-values allow the rainfall data classification, according to the trends
as indicated in the table.
B Temperature Time Series

Table 4 presents the results of Mann Kendall’s trend tests. The null hypothesis
of an absence of trend in the series is rejected at the 5% significance level for all
four temperature categories considered. In addition, the values of the Mann-
Kendall U(s) statistics are negative for maximum temperatures and for ampli-
tudes and are positive for minimum temperatures and mean temperatures. This
implies that the trend is decreasing for maximum and amplitude temperatures
and increasing for minimum temperatures and mean temperatures. Moreover,
the use of P-values (P, < a) hatches for maximum and average temperatures, this
trend is not statistically significant, whereas for maximum temperatures and
amplitudes, it is. Thus, the P-values allow classifying the temperature data stu-

died according to the trends as indicated in the table.

3.2. Relating to Shifts Detection Test

B Rainfall Time Series

Table 5 presents the results of the rupture tests. Figures 4(a)-7(a) and Figures
4(b)-7(b) relate respectively to the Hubert and Buishand tests of the four- rain-
fall data considered. The table shows both the tests of Hubert and Buishand re-
ject the null hypothesis of a lack of breaks at the level of significance of 5%. The
rupture date is given by the Buishand ellipse (Figures 4(b)-7(b)) and corres-
ponds to the year 1958 for minimum, 1967 for maximum and amplitude and
1969 for a mean. The Hubert test (Figures 4(a)-7(a)) corroborates this result,
proposing again the same date for the four categories of rainfall data considered.
This break gives a general downward trend for the four categories of rainfall data
considered. The agreement of these results makes it possible to conclude that the
chronological series is not homogeneous and can therefore be divided into two
subseries as: 1931-1958 and 1959-2016 for minimum; 1931-1967 and 1968-2016
for maximum and amplitude; 1931-1969 and 1970-2016 for mean.
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Figure 5. (a) Hubert diagram at order 2 for annual maximum; (b) Buishand control ellipse for annual maximum.
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Figure 6. (a) Hubert diagram at order 2 for annual amplitude; (b) Buishand control ellipse for annual amplitude.

Table 4. Results of the Mann-Kendall test.

U (S) P-value Null Hypothesis Trend Direction Trend Extent Classifying

Tmin  +4.02 5.84x107° Rejected Decrease Significant 1
Tmax  -1.96 0.76 Rejected Decrease Not Significant 4
Tmean  +1.99 0.06 Rejected Decrease Not Significant 3
Tamp -3.54 4.04x10™* Rejected Decrease Significant 2
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Figure 7. (a) Hubert diagram at order 2 for annual mean; (b) Buishand control ellipse for annual mean.

Table 5. Tabular results of shift test.

Hubert Test Buishand Test
HoO Break Date Ho Break Date Series Conclusion
Pmin Rejected 1958 Rejected 1958 Non-homogeneous
Pmax Rejected 1967 Rejected 1967 Non-homogeneous
Pampl Rejected 1967 Rejected 1967 Non-homogeneous
Pmoy Rejected 1969 Rejected 1969 Non-homogeneous

B Temperature Time Series

Results of the Buishand and Hubert rupture tests are presented in Table 6.
The Figures 8(a)-11(a) and Figures 8(b)-11(b) relate respectively to the Hubert
and Buishand tests of the four-temperature data considered. The table shows the
two tests all reject the null hypothesis of an absence of breaks at the 5% signific-
ance level. The breaking date given by the Buishand ellipse corresponds to the
date indicated by the Hubert test for each of the four temperature categories
considered. This date corresponds to 1991 for the minimum temperatures
(Figure 8(a) and Figure 8(b)), 1975 for the maximum temperatures (Figure 9(a)
and Figure 9(b)), 1975 for the amplitudes (Figure 10(a) and Figure 10(b)) and
1993 for the mean temperatures (Figure 11(a) and Figure 11(b)). This break gives
an upward trend for minimum and average temperatures and a downward trend
for maximum temperatures and amplitudes. All these results lead to the conclu-
sion that the time series is not homogeneous for each of the temperature catego-
ries considered. We can therefore, divide each series into two sub-series: from
1961-1975 and 1976-2016 for maximum temperatures; 1961-1976 and 1977-2016
for amplitudes; 1961-1991 and 1992-2016 for minimum and finally 1961-1993
and 1994-2016 for mean.

3.3. Relating to Magnitude of Shifts

B Rainfall Time Series
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Table 6. Tabular results of shift test.

Buishand Test

Hubert Test

Conclusion on Series

Break Date HO Break Date

Hy

1991 rejected 1991 Non-homogeneous

Rejected

Tmin

1975 rejected 1975 Non-homogeneous

Rejected

Tmax

Non-homogeneous

Rejected 1976

1976

Rejected

Tampl

Non-homogeneous

1993 Rejected 1993

Rejected

Tmoy
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Table 7 shows the results of the Student test for rainfall. The analysis of the
table shows that all the values of 77and Z are above the reference value 1.96
at the threshold of 5%. This translates that the rupture is significant for all the
series of rains studied. In other words, the difference of the means of the two
sub-series obtained on either side of the breaking point is significant for the rain.
B Temperature Time Series

Table 8 shows the results of the Student temperature test. The analysis of the
table shows that all the values of T are greater than the reference value 1.96 at the
threshold of 5%. This translates that the rupture is significant for all the series of
temperatures studied. In other words, the difference of the means of the two
sub-series obtained on either side of the breaking point is significant for the tem-
perature.

3.4. Land Use/Land Cover Changes

Eleven classes, namely: Bare soil, Beach, Settlements, Crop lands, Tidal areas,
Lagoon, Mangrove, Sabkha, Somone river, Vegetated Sabkha and Forest area
were distinguished and classified during the classification process. Figure 12 shows
the cover and occupation changes of these classes during the periods 1954-2016.
The assessment of classifying images indicates an overall accuracy, estimated at
93.15% and a kappa coefficient equal to 0.92. Nine classes were designed as the
land cover (Mangrove, Forest area, Sabkha, Bare soil, Beach, Vegetated sabkha,
Tidal area, Lagoon, and Somone River) and two classes (Settelements and Crop
lands represented the land use in this study. Table 9 presents the LULC percentage
changes and the change directions of each class (positive or negative).

3.4.1. Land Cover

The mangrove and the forest area have decreased over sixty-two-year periods
from respectively 4.07% and 51.06% in 1954 to 2.65% and 10.86% in 2016. While
the barren salt area (Sabkha) has increased during the same period, from 5.29%
to 18.48%. The Somone River has decreased during the periods 1954-2016 from
0.38% to 0.19%. The bare soil was not identified from 1954 and 1978 maps, but
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Figure 12. LULC changes over the Somone coastal lagoon from 1954 to 2016.

Table 7. Student test results.

m m X, X, T z
Pmin 28 58 20.06 8.41 4.262 X
Pmax 37 49 352.99 248.87 X 3.714
Pmoy 39 47 64.23 43.39 X 4.633
Pamp 37 49 336.43 241.71 X 3.346
Table 8. Student test results.
n m, X, X, T z
Tmin 31 25 20.06 8.41 —4.968 X
Tmax 15 41 352.99 248.867 +2.745 X
Tmoy 33 23 64.23 43.39 -3.573 X
Tamp 16 40 336.43 241.71 +5.842 X
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Table 9. Somone LULC changes classes from 1954 to 2016.

Name

Bare soil
Beach
Settlements
Crop lands
Tidal areas
Lagoon
Mangrove
Sabkha
Somone river
Vegetated Sabkha

Forest area

1954 1978 2003 2016 Changes %
km? % km? % km? % km? % 1954-1978 1978-2003 2003-2016
2.24 3.02 591 10.76 7.74
0.82 1.85 0.85 1.93 0.4 0.9 0.7 1.59 0.08 -1.03 0.69
0.13 0.29 0.98 2.23 3.78 8.38 4.05 9.21 1.94 6.16 0.82
13.95 31.61 24.17 54.82 24.75 54.95 15.47 35.16 23.22 0.12 -19.78
0.79 1.78 0.62 1.40 0.64 1.42 0.51 1.16 -0.38 0.02 -0.26
1.62 3.67 2.08 4.72 2.26 5.01 2.04 4.63 1.05 0.29 -0.38
1.79 4.07 0.25 0.56 0.65 1.44 1.17 2.65 -3.50 0.88 1.21
2.33 5.29 5.26 11.93 3.06 6.78 8.13 18.48 6.64 -5.14 11.70
0.17 0.38 0.08 0.17 0.05 0.12 0.08 0.19 -0.21 -0.05 0.13
0.36 0.81 2.69 5.96 1.15 2.63 5.15 -3.34
22.53 51.06 9.44 21.43 4.27 9.49 4.78 10.86 —29.64 -11.94 1.37

they have largely increased from 2003 to 2016 at 7.74%. The beach has increased
for the periods 1954 and 1978 by respectively passed by 1.85% to 1.93%. It has
decreased from 1978 to 2003 of a percentage of —1.03 to increase again during
the period 2003-2016 of about 0.69%. The tidal area was characterized by nega-
tive evolution during the periods 1954-1978 and 2003-2016. It has indeed de-
creased respectively of —0.38% and —0.26%. Nevertheless, it has slightly in-
creased from 1978 to 2003 of about 0.02%. The vegetated Sabkha, which ap-
peared in 1978 in the study area, has increased from 1978 to 2003 of 5.15% and
has decreased from 2003 to 2016 of —3.34%. Somone lagoon has permanent
connections to the Atlantic Ocean, has recorded small temporal variations, ob-
served in its areal extent. It constituted 3.67% (1.62 km?) in 1954 and has then
increased by 4.72% (2.08 km?) in 1978 and 5.01% (2.26 km?®) in 2003. A slight
decrease, however, of about 4.63% (2.04 km?), was recorded in 2016. These
changes might be invariably due to fluctuations in tidal sea levels. The Somone
river area has undergone a considerable decline, from 0.38% (0.17 km?) in 1954
to 0.19% (0.08 km?) in 2016. Although, a decrease in rainfall might play a role,
but hydrologic modifications to this water body is the main cause of drying up.
In 1999, six dams were built in Bandia, about 3km from the mouth of the river in
its upstream section to encourage floristic development and water for wildlife in
the Bandia reserve. Also, in 2000, three more dams were constructed in Kissane,
about 25 km from the mouth of the river [29].

The main impact of a climate change (fall in rainfall and an increase in tem-
perature) is an enlargement of the salt pans (Sabkhas). Forestland decrease can
be linked to the changing climate (decreasing precipitation), however a slight
increase between 2003 and 2016 can be linked to the precipitation increase.

Mangrove forest decreased can be linked to the Sahelian drought of the 1970s
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and 1980s. It is also important to note that logging may have also played an im-
portant role, since there were no access restrictions during this period. The rais-
ing in mangrove area between 2003 and 2016 is a result of both recent rise in
rainfall amount and the establishment of the Somone lagoon as a protected area
since 1999, which involving mangrove reforestation, and conservation policies
[51].

3.4.2. Land Use

The Settlements have increased in the area during the periods 1954, 1978, 2003
and 2016 with the respective percentages of 0.29%, 2.23%, 8.38% and 9.21%.
While in the same periods, croplands have added from 31.60% (13.94 km?) in
1954 to 54.82% (24.16 km?) in 1978 and 54.94% (24.75 km?) in 2003. Neverthe-
less, they have decreased in 2016, with 35.16% (15.47 km?). This dynamic is ob-
viously due to conversion of cropland areas into settlements, encouraged by
tourism development. For instance, between 1994 and 2008, six straw huts were
built at the lagoon border on Guereo side. Following the severe drought period,
which caused soil salinization and water scarcity, there has been rural exodus
from the inland to the coastal areas as rural communities’ search for alternative
livelihood sources, such as fishery and tourism [52]. Over the period 1954-1978,
crop lands progressed while the forest area regressed. Likewise, settlements have
augmented when the forest areas have more decreased 1978-2003. Finally, dur-
ing the 2003-2016 period, sabkha has progressed while the crop lands have re-

gressed.

4. Discussion

Somone coastal lagoon is a complex ecosystem with rich and diverse species
[52]. Its position between the sea and continent favors the biodiversity develop-
ment. However, it is exposed to pressures linked to the global climate change
and the human activities and or development. Found on all continents, usually
oriented parallel to the coast, coastal lagoons are often highly productive and
highly stressed by anthropogenic inputs and human activities [53]. Sea level,
temperature, precipitation, and storminess are expected to change significantly
with the Global climate change and to impact coastal lagoons directly [6]. In-
deed, Temperature and precipitation are strong determinants of wetland ecosys-
tem structure and function [54] and climate change will affect the hydrology of
individual wetland ecosystems mostly through changes in precipitation and tem-
perature regimes.

Along the Senegalese littoral, there is an increase in the average sea surface
temperature, due to the global climate change [55]. In fact, our climate results
showed decreased trends of the precipitation in Somone’s coastal lagoon within
the years. While the temperature implies both decreasing and increasing trend,
but the overall trend is the temperature heating. Such, Victoria wetland has ex-

perienced rising temperatures and declining rainfall since 1950, culminating in
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severe and prolonged drought since 1997 [56]. Changes in maximum and min-
imum temperature and in precipitation patterns may also have significant im-
pacts on US wetlands [57].

Many coastal wetlands can adjust to predicted climate change, but human
impacts, in combination with climate change, will significantly affect coastal wet-
land ecosystems [58]. These climatic disturbances are exacerbated by the social
and urban pressures, due to anthropogenic activities and development. It is scien-
tifically demonstrated that human being has modified interior of coastal wet-
lands by converting them into social and economic activities [59]. Wetland areas
have decreased with human density [60]. The Somone increasing population is
indicated by high densities which varied between 200 and 500 inhabitants/km” in
this area [61]. This is partially due to the rural exodus, which has followed the
agricultural crisis in rural areas (reduced rainfall, land degradation) and which
caused the rush of people toward the coast, to explore other activities such as fi-
shery and aquaculture. The consequences are the pressures on fish and oyster
resources (ocean and inland fisheries) in addition to shellfish harvesting in la-
goons and estuaries, which implied the resource scarcity. Additionally, between
1946 and 1978, 85% of the Somone area was progressively replaced by unvege-
tated mudflats in the intertidal zones and by barren area in the supratidal zones.
Until 1990, this was mainly a result of traditional wood harvesting [29]. Compa-
ratively, In Delta State, Nigeria, high rates of deforestation in mangroves were
linked mainly to agriculture and aquaculture activities [62]. Otherwise, the pop-
ulation increase has led to an unprepared occupation of sensitive areas the shore-
line, in the lagoons borders [63], exacerbated by the emergence of activities such
as tourism. According to [29], increasing seaside tourism was accompanied by
the real estate and construction pressures and unregulated development of the So-
mone coastline. In the Ceuta coastal lagoon system, Sinaloa, Mexico, the develop-
ment of shrimp aquaculture is causing a new pressure on this environment, and
it has changed the coastal landscape covering 3190 ha in less than 15 years, mainly
replacing bare soil and salt marsh [64].

Finally, this paper results showed the forest area decreasing in favor to the set-
tlements. The croplands diminishing between 2003 and 2016 can be linked to
developments of tourism activities which needed new areas for settlements build-
ing (hostels, residences, straw huts). Consequently, the extension of the habitats
in sensitive areas is one of the main causes of deterioration of coastal ecosystems
in the Petite Cote of Senegal [65] [66]. Such, high rates of deforestation within a
country are most commonly linked to population growth and poverty, shifting
cultivation in large tracts of forests [67]. Even, in the Ebrié lagoon, Céte d’Ivoire,
the human pressures are mainly the development of traditional fisheries, aqua-
culture and construction of dams and other planned, to response to the urban
development in Abidjan. This has led huge impacts on Ebrié lagoons. Anthro-
pogenic influences have then highly destroyed the lagoon ecosystems, neverthe-

less, agriculture, cattle, forestry, and urbanization have been the main transfor-
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mers of the natural land cover, but the coastal systems, particularly wetlands, are
degraded in other ways, e.g. dyking and filling, nutrient enrichment, addition of
toxins, extensive invasion by non-native species, and the decrease in average area
and loss of connectivity between wetlands and other ecosystems [64]. As can be
seen from the results of [68], changes in the Segara Anakan lagoon, Java, Indo-
nesia area are almost exclusively caused by high sedimentation rates, which has
been one of the main management concerns in the river basin, particularly re-
garding the impacts on the low land activities.

Thus, pressures on coastal lagoons are diverse and multiple of different ways.
According to [69], Coastal systems are in one sense, particularly sensitive to three
key drivers related to climate change: sea level, ocean temperature, and ocean. In
another sense, the population and assets exposed to coastal risks as well as hu-
man pressures on coastal ecosystems will increase significantly in the coming
decades due to population growth, economic development, and urbanization.

Understanding, the climate parameter variability and its inks to the LULC
changes in Somone coastal lagoon within the Watershed, is the critical points to
understand the dynamic of this ecosystem and plane sustainable conservation
and adaptation policies. In this sense, further studies are planned, to examine chem-

ical properties of water and the chlorophyll A (phytoplankton community).

5. Conclusion

This study made a comparison between the vagaries of the climate and LULC
change within the years in the Somone coastal ecosystem. It is obvious that this
information constitutes basic elements of a reflection in coping policies with the
global warming, by the developing adequate adaptation strategies for resilience
of the ecosystem and species such as coastal lagoons. Results showed a down-
ward trend of the different rainfall data considered. These trends are much clearer
for minimal and average rainfall than for maximum rainfall and annual ampli-
tudes. As far as the temperatures are concerned, the results showed an upward
trend for the minimum and average temperatures and a downward trend for the
maximum temperature amplitudes. The upward trend is much more pronounced
for the minimum temperatures than for the average temperatures. The down-
ward trend is much more marked for the amplitudes than for the maximum
temperatures. Mann-Kendall test showed a downward trend at the 5% threshold
for all four categories of rainfall used. Except for the amplitudes, this trend is
significant for the minimum, average and maximum rains. For temperature da-
ta, the test indicates a downward trend for maximum temperatures and ampli-
tudes and an upward trend of minimum and mean temperatures at the 5% level
of significance. This trend is not statistically significant for maximum and aver-
age temperatures, whereas for maximum temperatures and amplitudes it is. From
breaks, the tests of Hubert and Buishand indicate a downward rupture at the level
of significance of 5% for four rainfall data considered and give the same date of

rupture of 1958. For the temperatures, these two tests indicate an upward dis-
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ruption for minimum and average temperatures and a downward trend for max-
imum temperatures and amplitudes. These tests give 1975, 1976, 1991 and 1993 as
the break date for maximum temperatures, amplitudes, minimum temperatures
and mean temperatures. This study of evolution of climate through rainfall and
temperature analysis, undeniably presents several interests in ecosystem and spe-
cies functioning understanding and management for building sustainable coping
strategies for climate change. Changes in the LULC are closely linked to these
climatic changes and other human pressures: decrease of the mangrove from
1954 to 2016, corresponding to the fall at the rainfall: decreasing of forest area in
favor of settlements and croplands. The croplands decreasing in favor of urban
settlements, is one indicator of agriculture land crisis, because of rainfall de-
creasing and the tourism development. To confirm these break-up dates and the
trends estimated values, it would be interesting to apply the approach presented
here to all stations in the Senegalese littoral, to be able to understand ecosystem
and species functioning and behaviors such as coastal lagoons and water-bird’s
species facing with climate change. As far as the weather (leading by tempera-
ture, and rainfall parameters) is of major importance for the population dynam-
ics of bird [70]. Indeed, water is the key parameter of wetlands function and is
the biochemical basis of all organisms and precipitations are the main source of
this water [71].
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