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Abstract: The reduction of the quantity of water that flows in the lowlands of Sine Saloun, toward the ocean, has favored 

saltwater intrusion. To fight against, anti-salt dikes were built. This study aimed to analyze: (1) the rainfall over the last 

years, in the region, in order to determine its variability likely to impact outcropping of salt. (2) The impact of the anti-salt 

dam on the protection and recovery of the salt lands. The level of the groundwater, standing water and salinity were 

monitored, during two wet seasons. The break occurred in 1967 and from this time, the rainfall started declining. The anti-

salt dam slowed the progress of the seawater into the lowlands by maintaining a certain level of fresh water upstream. The 

most important determinant for agricultural redevelopment, in these degraded lands, is the amount of water that passes 

through. 
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1. Introduction 

The potential in term of the lowlands in tropical Africa is 

estimated at 130 millions hectares, of which 19 millions i.e 

15% are in West Africa[1]. The lowlands are of such a 

great importance in term of agricultural and hydrological 

local and national asset, and can contribute significantly to 

food security and poverty reduction[2]. However, most of 

these lowlands are threatened by the effects of climate 

change. Indeed, Africa is becoming the most exposed area 

in the world to the impacts of climate change. In Sub-

Saharan Africa, extreme weather will make dry areas 

become drier and wet areas become wetter[3]. These low 

rainfalls reduced the volume of fresh water that drains from 

the watershed into rivers and thus salt water from the ocean 

intrudes much farther inland inundating crop fields and 

subjecting them to salt stress[4]. These lowlands 

salinization are expected to be aggravated by increases in 

sea level nowadays[4]. Added to this is the rapid runoff. 

We can no more get a big front of water able to push the 

salt water long enough and far enough to the sea, as the 

freshwater in the past century. It therefore follows a very 

rapid progress of salt water, after the rain, on the surface 

and at depth. The invasion of fresh water by salt water will 

cause soil degradation and salinization[5]. 

This is the case in the region of Sine Saloun Senegal, 

where different studies have shown that salinity is a major 

environmental problem people are facing there. Indeed, all 

these lowlands are in direct contact with an inlet[6] 

favoring the entry of salt water into farmland[7]. The 

extents of degradation are such as more than a third of the 

area, in the region, is affected[7]. The decline of the 

traditional rainfed agriculture was more severe in these 

areas, currently known as "Le bassin arachidier". As a 

result of this, many farmers migrated[8]. 

To overcome this land salinization and allow the 

recovery of these abandoned areas, several actions have 

been taken including anti-salt dam. 

The objectives of this study were therefore (1) to analyze 

the rainfall over the last 90 years to highlight its variability, 

inter and intra annual trend likely to promote seawater 
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intrusion. (2) To highlight the impact of the anti-salt dam 

on the protection and recovery of these salty lowlands for 

agricultural production. 

2. Material and Method 

2.1. Presentation of the Study Area 

The total area of the lowland of Ndour Ndour is 134 ha, 

60 ha affected by salt, 35 hectares threatened by salt and 39 

ha of good valuable soils in front end of the Valley[7]. It is 

divided into several zones, for rice, forestry, grazing, salt 

mining, the route of livestock and protection of sensitive 

areas. The soils are generally sandy, sandy-silty or clay-

silty, acidic or weakly acidic[9]. Evaporation is very 

important, around 2950 mm / year. The climate of this area 

is Sudano-Sahelian, characterized by the alternation of two 

seasons: a dry season of eight months, from mid-October to 

mid-June, with a cool period from November to January 

and a rainy season of four months, from mid-June to mid-

October. The area has an average rainfall of 588.1 mm. 

The average monthly temperatures varies from 24 ° C (in 

January) to 31 ° C (May). Three wind streams are 

important in the region: the maritime tradewind, the 

continental winds (Harmattan) and Monsoons. 

2.2. Statistical Analysis of Rainfall Series 

Rainfall data collected at the lowland of Ndour Ndour is 

a series of 34 years (1979-2011). The second station is the 

weather station of Kaolack, located at 50 km from the 

lowland of Ndour Ndour. The serie from this station is 

longer: 88 years (1918 to 2010). We used the software 

Khronostat from IRD, for statistical analysis. The analysis 

of the randomness of time series is based on the analysis of 

the range correlation test. Detection of break in the series 

of rainfall data is based on the Pettitt test, the U statistic 

Buishand, the Bayesian procedure of Lee and Heghiniane. 

The Pettitt test[10], which is a non-parametric method, is 

used to identify a change-point in a time series and can be 

briefly described as follows: Once the change point is 

detected through the test, then the dataset is divided into 

two sub-samples. The values of the two samples are 

grouped and arranged by increasing order. The sum of the 

ranks of the components of each sub-sample in the total 

sample is then calculated. The two samples (x1,x2,…xt) and 

(xt+1, xt+2+2,…,xT) come from the same population. The 

test statistic Ut,T is given by: 

Ut,T = ∑∑sgn ( xt – xj) 

Where:  

sgn (x) = 1, if x> 0; 

sgn(x) = 0, if  x=0  

and sgn (x)  = -1 if x<0. 

The most significant change-point is found where the 

value │Ut,T│ is max: KT = max │Ut,T│. Assume k is the 

value of KT, under the null hypothesis (no break point), 

then:  

Probability (KT > k) ≈ 2exp ((-6k
2
)/ (T

3
+T

2
)) 

If probability (KT > k) < α,  for a significance level α (i.e 

α=0.01), then the null hypothesis is rejected. 

The Buishand[11], Lee and Heghinian tests[12] are 

Bayesian procedures applied under the assumption that the 

studied series is normally distributed. The tests are based 

on the following model: 

Xi = µ + εi , i = 1, t 

Xi = µ + εi  +ε , i = t + 1, T 

where εi are random variables, independent and normally 

distributed, with null expectance and a constant variance. 

The break point t and the parameters µ and ε are known. 

The Lee and Heghinian method works in the hypothesis 

that (Xi )i=1,T is a series of independent variables, with a 

constant variance. The method determines the a posteriori 

probability distribution function of the parameters µ and ε, 
considering their a priori distributions and supposing that 

the break time follows a uniform distribution. The range of 

the break time corresponds to the values of the modes of 

the a posteriori distributions of t and ε respectively. 

2.3. Piezometry: Monitoring the Changes in the Level of 

Groundwater and Salinity 

The dynamics of groundwater was followed during two 

wet seasons (2010 and 2011) using a series of piezometers 

installed in the lowland. Surveys of groundwater level have 

been performed once every week. And water samples were 

collected from monitoring wells periodically, in order to 

monitor the electrical conductivity (salinity) level. 

3. Result and Discussion 

3.1. Variability and Rainfall Pattern in the Region of Sine 

Saloun 

The correlation test on the range performed on the 

rainfall series of Kaolack shows a trend effect between 

successive values. It is concluded that the rainfall in the 

last 90 years in the region is devoid of randomness. So we 

used the methods of the U statistic of Buishand, Pettitt test 

and the Bayesian method of Lee and Heghinian to 

highlight these trends and breaks. These methods have 

already been used by[13] in Senegal to analyze rainfall 

data in the region of the River Senegal. The result of the 

test of Buishand (Figure 1) highlights the presence of a 

break in the series of rainfall. This break occurred in the 

period between 1966 and 1973. The average before the 

break is 806.45 mm while it is 572.58 mm after the break 

i.e a deficit of 28.99%. 
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Figure 1. Bois ellipse on annual rainfall from 1919 to 2010 in the Sine Saloun area. 

Within a time windows of T= 88 years, from 1919 to 

2010, the U function of Pettit reached its maximum value 

(Umax=1337) in the year 1967 (Figure 2). The probability of 

exceeding the critical value by Pettit test is 2.42 E-6. The 

null hypothesis is then rejected. In other words, a 

significant change point exists. For this particular year 

1967, the density of probability by using the procedure of 

Lee and Heghinian is 0.2246 (Figure 2). The breaking 

point was the year 1967. These analyzes support the results 

of[13, 14, 15], which have located most of the ruptures 

between the end of the 1960s and early 1970s in West and 

Central Africa. 

The figure 3 and 4 show an interannual variability in 

rainfall, but it is going down at the lowland Ndour Ndour 

over time. 
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Figure 2. Result of the procedure of Lee and Heghinian, and Pettit’s test on annual rainfall from 1919 to 2010 in the Sine Saloun area 
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Figure 3. Evolution of the annual mean precipitation over 88 years(1918-2010) in Sine Saloun area. 
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Figure 4. Evolution of the annual mean precipitation over 33 years (1979-2011) in lowland of Ndour Ndour 

3.2. Intra-annual Variability of Rainfall and Its Effect on 

Salinity: Uncertainty in Agricultural Production in the 

Lowland Ndour Ndour 

Not only the annual average rainfall is declining in the 

region of Sine Saloun, also the distribution per month of the 

annual total rainfall is varying from one year to another. 

This makes uncertain the strictly rainfed agriculture in these 

lowlandsThis is confirmed by[14] in the Sine Saloun, with 

the data of Fatik station which have a decreasing trend. 

Figure 5 shows the monthly rainfall during the wet season 

in 2010 and 2011. The year 2011 is in a significant deficit 

compared to 2010. This is reflected in a very good rice 

yield in 2010 averaged 2.65 t / ha in the lowland compared 

to 2011. Indeed, the plants have not reached maturity in 

2011, due to the drought of the end of the cycle, despite the 

presence of the dam for water retention. To overcome these 

climate risks, a good management of water at the dam is 

paramount. These dams should also allow the leaching of 

salt accumulated during the dry season. We find that the 

rains received from June to mid-August were insufficient to 

reduce the level of salt uniformly (Figure 6) under a 

tolerable threshold for most of the varieties. Indeed, crops 

like rice begin to feel the salt stress starting from salinity 

higher than 3dS / m. 
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Figure 5. Changes in average monthly rainfall during the wet season in 2010 and 2011 

The groundwater recharge is strongly correlated with the 

amount of rain and especially the height and duration of the 

standing water retained upstream of the anti-salt dam 

(Figure 6).[5]led to the same conclusion in 2003 in the 

lowland. Good rainfall in the early rainy season in 2010 

(Figure 5) has performed a rapid leaching of salt in the 

lowland leading to a tolerable level (less than 2 dS / m) 

before cultivation. In addition, the presence of the standing 

water layer in the lowland until early October (Figure 6) 

has maintained a fairly stable level of salinity during the 

growing period in 2010 compared to 2011, when the 

standing water was almost non-existent (Figure 7). This 

lack of standing water, in 2011, in the lowland, is mainly 

due to the fact that when the salinity reaches a critical level 

upstream, the water must be drained out in order to 

evacuate salt. This lack of water in the lowland, combined 

with sporadic drought during the wet season, imply 

capillarity rise of salt water from the groundwater and 

outcrop of the salt in the lowland, after evaporation. This 

high level of salt in the lowland throughout the wet season 

in 2011 (Figure 7) is a direct consequence of its low and 

heterogeneous rainfall (Figure 5). 
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Figure 6. Evolution of groundwater table and standing water level during the wet season 2010 and 2011. 

0

5

10

15

20

25

15

september

2010

15

september

2011

30

september

2010

30

September

2011

15 october

2010

15 october

2011

30 october

2010

30 October

2011

15 november

2010

15 november

2011

wet season 2010 and 2011

S
a

li
n

it
y

 d
S

/m

minimum salinity median value of salinity maximum salinity 

 
Figure 7. Evolution of the average salinity of the lowland of Ndour Ndour during wet seasons in 2010 and 2011 

4. Conclusion  

The early 1970s was a major shift in rainfall in the region 

of Sine Saloun. Our study demonstrated that the rupture 

occurred in 1967. This reinforces all the studies previously 

carried out, in the region, which locate the breaking point 

starting from the 1970s. From this point, the rainfall 

declined, over the time, in a linear way (slope - 3.5379 on 

average in the region and -1.03 at the lowland Ndour 

Ndour), exposing these lowland to sea water intrusion, 

causing degradation. Especially, it is the intra-annual 

variability of the rainfall which is the basis of the 

uncertainty in the agricultural production and which makes 

these people more vulnerable. Indeed, in 2010, 650.50 mm 

of rain received and distributed almost uniformly have an 

average rice production of 2.65 t / ha in the lowland. Unlike 

in 2011, in addition to the presence of drought of end of the 

cycle, a total rainfall of 430 mm dotted with sporadic 

drought, implying outcrop of salt, caused the burning of 

several plants in the lowland. The anti-salt dam will slow 

down the progress of seawater into the lowlands of Sine 

Saloun, by maintaining a quantity of standing fresh water 

upstream. Without the dam no production is possible on 

these degraded soils. This study showed that the most 

important determinant for agricultural redevelopment in 

these degraded lands is the quantity of water that passes 

through. 
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