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Abstract  

Senegal and the Gambia are under the influence of a highly variable climate. Therefore, farming and human settlements 
have to find ways to adapt to new climate conditions and interannual changes. Climate information plays a crucial role in 
the adaptation process of public and private organizations. With the need to better understand the changing mode of climate 
patters, indices are used to describe the changes in the evolution of climate parameters. This paper aims at replacing the recent 
increase in rainfall in a broader context of long-term variations of annual precipitation totals. To this end, a long time series 
(120 years) of ground-based rainfall data has been collected. Three synoptic stations are chosen to analyze the rainfall series 
of centennial observing stations. The 10-year moving average and the 10-year averages are applied to the rainfall series to 
determine the trend over more than a century. With the calculation of the Percent Normal Precipitation (PNP), the 
comparison of phases has been done to distinguish between the wet and dry periods. Subsequently, the series has been divided 
into deciles to analyze the distribution of the highest and lowest annual precipitation totals. The results show that the trend 
is decreasing in all stations. The 1920s are the wettest years in Saint-Louis and Banjul, while the 1950s recorded the 
greatest rainfall amounts in Dakar. Two wet periods are separated by the dry period of the 1970s and 1980s in Saint-
Louis and Dakar. In the last couple of decades, with the increase in rainfall, the PNP reached 150% some years. 
Furthermore, the highest rainfall amounts belong to the period before 1969. They did not appear in the second wet period. 
Conversely, the lowest rainfall amounts are well represented in the last couple of decades, showing that the recent years share 
some of the traits of the dry period of the 1970s and 1980s. The peculiarity of the annual precipitation totals since the early 
2000s is a piece of climate information that can improve adjustments to year-to-year variations of precipitation. 
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Résumé  

Rainfall over one watershed will be distributed on intercepted water, evaporated, infiltrated and flowed. Water flow 
at the surface depends on rainfall intensity and soil previous conditions. The year 2023 represent an exceptionnel 
dry year. The frequency is studied for the hydrological 22/23 and 23/24 years. Runoff coefficient calculated for 
registered floods over the three watersheds of Siliana, Nebhana and Lebna are very low from 1 to 2%. This is 
rarely registered over these watersheds. It shows the weakness of the surface flow and he very lowof water volume 
stocked in the dams. Dam siltation represents a threat to all dams and in particular to these three dams. Siliana 
dam in particular is a critical situation in that the siltation rate exceeds 50%.  
We discuss also the importance of soil conservation measures in the three watersheds. These measures play an 

conditions have to be undertaken at the field scale and water bodies. 
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INTRODUCTION  

The highly variable character of the climate in West Africa makes it challenging to predict yields and flooding. 
In fact, human settlements are exposed to a variable rainfall in West Africa [1]. The first step in preparedness 
is the assessment of changes in the temporal distribution of rainfall. This is possible with long-time rainfall 
series recorded in Senegal and the Gambia. In fact, a historical perspective in rainfall variations is needed to 
better understand the recent trend in the climate evolution. 
In some cases, there is a succession of wet and dry periods without abrupt changes. By analyzing a 500-long 
historical rainfall data, Rodrigo et al. [2] showed different phases in the evolution of the rainfall in southern 
Spain. In connection with the North Atlantic Oscillation, the annual precipitation totals statistically decreased 
from 1900 to 2010 in most of the Mediterranean regions [3]. In Thailand, Limsakul and Singhruck [4] showed 
an increase in rainfall in the early 2000s by analyzing a 1955-2014 series. The variations on interannual-to-
interdecadal time scales in annual precipitation totals are in relation with large-scale phenomena in the Pacific 
Ocean. 
To better understand the evolutionary pattern of the rainfall, gridded data are developed to provide longer 
time-series. Funk et al. [5], in 2015, acquired a centennial trend for the Horn of Africa. The gridded data 
showed a significant decline in rainfall since the 1990s. Century-long station data showed that the recent 
positive trend seen in Argentina in the second half of the century is still true when placed in a longer time 
series [6]. In the Sahel region, where Nouaceur and Murarescu [7] analyzed the rainfall data of 27 stations 
between 1947 and 2014 in Burkina Faso, Mauritania and Senegal, the annual rainfall increased in recent years 
following the dry period of the 1970s and 1980s and the intermediate period of the 1990s and early 2000s. 
Descroix et al. [8] highlighted the breaks in a century-long series. The dry period from 1968 continued until 
1998 in Senegal and the Gambia. It followed a 1950-1967 wet period. The recovery in rainfall is accompanied 
by an increase in the interannual variability with abnormally wet years following abnormally dry years. Such a 
high interannual variability is comparable to what was observed during the wet period before the 1950s [8]. 
The high variability in rainfall affects both arid and humid regions. In the Northern Territory of Australia, by 
analyzing rainfall data of 230 stations from 1910 to 2017, He et al. pointed out the abrupt change in rainfall 
between 1966 and 1975 [9]. They found that the increasing trend in annual precipitation is associated with a 
greater variability in recent decades. Reconstructed rainfall data show decreases in areas of the Horn of Africa 
where rain gauges are scarce [5].  
As above-mentioned, multidecadal rainfall series display phases in the evolution of annual precipitation totals. 
In addition, significant breaks appeared as the start of dry periods or wet periods. In the Sahel, recent studies 
place the beginning of the increase in annual amounts of rainfall in the late 1990s or early 2000s. To better 
understand the significance of the recent increase in rainfall in the Sahel region and in Banjul, this study focuses 
on coastal ground-based observations to describe the characteristics of the last phase in the evolution of the 
annual precipitation totals on the coast of Senegal and the Gambia. 

2. METHODS 

2.1 Description of the study area 
Th weather stations chosen for this study are located in the oldest cities of Senegal and the Gambia (Fig. 1). 
The city of Saint-Louis in Senegal was founded by Europeans from a ship anchored off the coast. In 1633, the 
Cape Verde Company established the first trading post for the slave trade on an island at the mouth of the 
river. Ten years later, the trading post was transferred by Louis Caullier to a less flood-prone area, the island 
of N'Dar, which then took the name of Saint-Louis, in homage to the King of France [10]. This city was the 
starting point of all kinds of expeditions across black Africa, Saint-Louis was at that time the heart of the 
colony of Senegal and its dependencies, capital of the colony of Senegal and finally in 1895 capital of French 
West Africa: Senegal, Sudan (Mali), Guinea and Côte d'Ivoire. The region of Saint-Louis covers an area of 
19,034 km², or about 10% of the national territory. It is bordered to the north by the Senegal River and 
Mauritania. Located 270 km from Dakar, Saint-
north latitude and 16°29 The rainfall measurements began in Saint-Louis in 1892 [11]. 
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Fig. 1  Location of the chosen centennial observing stations 
Dakar was founded in 1857. In 1875, the administration was transferred from Gorée island, off the coast of 
Dakar, to Dakar. Nevertheless, it was the construction of the railway in 1883 that gave Dakar its importance. 
It was erected in 1887 as a commune for its 8,700 inhabitants. The Dakar region is located in the Cape Verde 

he Atlantic Ocean in its northern, 
western and southern parts (12). From a climatic point of view, Dakar belongs to the Sahel region. The first 
rain gauge was installed in 1896 [11]. 
Banjul, the capital city of the Gambia, is an island located near the mouth of the Gambia River. It was founded 
in 1816. Under the orders of the British Colonial Office a military post was established on the river in order 
to stop the illegal slave trade. It was also intended to be a commercial outlet for merchants sent back from 
Senegal to France. Banjul was named in honor of Henry Bathurst, then colonial secretary. It thus became the 
capital of the British colony and protectorate of the Gambia. Bathurst, as it was called then, became the 
country's capital and was renamed Banjul in 1973. Its geographical position makes it a coastal area. The first 
rainfall records were made in 1886 [11]. 
In all of the three areas, there is a distinction between a long dry season of seven to nine months. The duration 
of the rainy season increases from the north (Saint-Louis) to the south (Banjul). The daily average temperature 
slightly varies during the yea In those coastal areas, the temperature is 
moderate. 
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Fig. 2 - Climate diagrams of the study area 
Saint-Louis and Dakar are cooler than Banjul, especially in the dry season. The rainfall increases from Saint-
Louis to Banjul ranging between 272 mm, in Saint-Louis, and 839 mm, in Banjul. The latter station belongs to 
a much more rainier climate area. The rainfall is highly variable. From one year to another, the annual 
precipitation total can be the double. Furthermore, the time series of the rainfall is marked by significant 
changes showing different periods according to the average yearly rainfall [13, 14, 15, 16, 17]. In fact, the 
rainfall series in West Africa are characterized by abrupt increases or decreases starting new phases in the 
evolution of annual precipitation totals. 

2.2 Data and analysis 
To obtain a good representation of the territory covering Senegal and the Gambia, three synoptic stations 
have been selected (Tab. 1). Two of them are located in the Sahel region (Saint-Louis and Dakar). The station 
of Banjul represents the wetter area between the arid region and the equatorial climate. Among the nine 
centennial observing stations that exist in Senegal and the Gambia, these three of them (Saint-Louis, Dakar 
and the Gambia) offer the most complete rainfall series. They have been chosen to analyze the variability of 
the rainfall since the beginning of the twentieth century (1901). They are located on the coast of Senegal and 

-2020) makes it possible to 
analyze the evolution of annual precipitation totals in regions where decadal variations of the rainwater have 
significant consequences in farming and living conditions in cities during the rainy season. In fact, the chosen 
series include a number of phases among which the severe droughts of the 1970s and the 1980s as well as 
the noticeable increase in rainfall in the recent decades (1990s and 2000s). 

Table 1  Selected centennial stations 

 
As it is shown on the map (Fig. 1), the three stations are approximatively equally positioned from one another 
-178 km from Saint-Louis to Dakar and 171 km from Dakar to Banjul. While Saint-Louis and Dakar share a 
Sahel climate with low rainfall and highly variable annual precipitation totals, Banjul displays a much wetter 
climate with rainfall amounts that are more than the double of the average total of Dakar. 
The10-year moving average, the Percent of Normal Precipitation (PNP) and the deciles have been utilized in 
analyzing the data. The moving average gave a general trend of the series when applied to annual values [18]. 
It makes it possible to easily display the trend by removing the extreme numbers that are frequently recorded 
in the Sahel. It has been displayed alongside the ten-year average of every decade. The PNP gives a measure 
of the departure between the rainfall of a given year and the 1991-2020 rainfall. The deciles provided insight 
into the distribution of annual precipitation totals in the series. They are used as indicators of drought or 
extremely high rainfall. Deciles give a distribution of rainfall in a time series [19, 20]. In this analysis, the 1st 
decile (lowest 10 percent) and the 10th decile (highest 10 percent) have been determined to show how the 
last 20 years (2000-2020)  described as wet - differ from the previous years of the series. 
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3. FINDINGS 

3.1 Evolution of the annual precipitation totals from 1901 to 2020 
The lines in Fig. 3 show the ten-year moving average of the rainfall in Saint-Louis, Dakar and Banjul from 1901 
to 2020. The downward evolution of the trendlines indicate a decreasing trend over the period under 
consideration. 
In Saint-Louis, the first decade (1901-1910) had an average of 341.4 mm. Only the years 1901, 1905, 1906 
and 1910 received above-average amounts of rainfall. The second decade (1911-1920) has an average of 439.5 
mm. The average for the third decade (1921-1930) was 473 mm. It was in that decade that the rainiest year 
of the series (1922) has been recorded with its 769.5 mm. The fourth decade recorded an average of 374.7 
mm with 1935 as the wettest year with 521.6 mm. From 1941 to 2020 the decadal averages are less than 350 
mm. The 1970s, 1980s, and 1990s have averages of no more than 250 mm.  
In Dakar, the decadal averages show a fluctuation until the 1950s when the highest annual values were 
recorded. In fact, the decade 1951-1960, with an average of 613.4 mm, was the rainiest. It was in the first 
decade, especially in 1906, that the largest quantity of the series was recorded (957.5 mm). From the 1970s 
to the 1990s, the annual precipitation totals were below 370 mm. There was an increase in the 2000s and 
2010s with respectively an average of 424.4 mm and 432,0 mm. 
For Banjul, a drop of 235.7 mm has been recorded in the 1910s  from 1215,13 mm to 979,4 mm. In the next 
decade, the decadal average reached its highest value (1269.2 mm) in the series before decreasing until the 
1940s. Two times during the 1920s, annual precipitation totals greater than 1,500 mm have been recorded 
(in 1923 and 1927). The 1950s showed the second highest amounts with an average of 1221,7 mm. From the 
1960s to the 1980s, a steady decline led to the lowest amounts in the 1980s. Since the 1960s, the decadal 
average of the annual precipitation totals has been below 1000 mm. The rise in the 1990s and 2000s did not 
continue in the 2010s. In fact, unlike in Saint-Louis and Dakar, in Banjul the upward trend since the 1990s 
stopped in 2012 with a peak of 1075.4 mm. 

 
Fig. 3  Ten-year moving average and ten-year average in Saint-Louis, Dakar and Banjul from 1901 to 2020. 
 
In spite of the differences in the evolution of the decadal average of rainfall, the 1920s and 1950s appear in all 
three stations as wet decades. The 1920s showed the highest average in Saint-Louis and Banjul, while the 
1950s is the wettest for Dakar. As it is showed by the 10-year moving average, from the 1950s the drop in 
rainfall led to the lowest amounts recorded in the 1980s in all stations. 
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3.2 Evolution of the Percent of Normal Precipitation (PNP) from 1901 to 2020
The evolution of rainfall in Saint-Louis, Dakar and Banjul from 1901 to 2020 shows two change points in Saint-
Louis (1969 and 2009) and Dakar (1969 and 2004) (Fig. 4). In Banjul, the break year occurred in 1967.
The rainfall series in Saint-Louis, which has an average of 321.3 mm, can be divided into three periods. The 
first period (1901-1969) is wet with an average annual precipitation total representing 131.8% of the series 
average. The rainiest year of this period was 1922 with a proportion of 171.5% compared to the average of 
the series and the lowest rainfall was recorded in 1931 with 57.9%. The second period (1970-2009), which is 
dry, has an average annual proportion of 84.3%. The lowest rainfall fell in 1992 with 20.8%. The third period 
(2010-2020), which is described as wet with an average of 113.7%, is characterized by percentages higher 
than 150%. In fact, in the first and third periods annual rainfall amounts can be higher than 150%. In the last 
period, the rainfall amounts varied between 43.7% (in 2014) and 171.8% (in 2010).
In Dakar, the rainfall series shows an average of 482.1 mm and displays three periods. A first wet period 
(1901-1969) has on yearly average 139.9%. The rainiest year of this period was 1906 with a proportion of 
238.8% compared to the average for the series, and the lowest percentage was observed in 1968 with 64.6%. 
The second period (1970-2004) of this series is dry and has an average of 84.5% in yearly percentage of 
rainfall. The largest quantities of that period were recorded in 1975 with a proportion of 140.7% and the 
lowest were recorded in 1972 with 29.1%. The third period (2005-2020) of the series is wet with an average 
proportion of 114%. The percentages of annual precipitation totals ranged between 165.5% (in 2005) and 
40.2% (in 2014).
In Banjul, with an average of 1018.7 mm, the annual rainfall reveals two periods.  The first one ended in 1967 
with an average yearly proportion of 140.4% of the average of the series. The highest value of the period was 
recorded in 1936 with 203.4% and the lowest was in 1913 with a proportion of 72%. The second period was 
dry. It begins in 1968 and ends in 2020 with a yearly average of 98.6%. With an average proportion of 98.6%, 
the yearly percentage of rainfall varied between 42.4% (in 1983) and 153.5% (in 2010).

Fig. 4 Percent of Normal Precipitation (PNP) in Saint-Louis, Dakar and Banjul from 1901 to 2020.

The drop in rainfall in the 2010s in Banjul manifests in the series with the existence of two periods. In the 
first one, the percentage can go beyond 150%, whereas in the second one it reached that value only one time 
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(in 2010). Most of the years, the amount of rainfall is below average. In contrast to Saint-Louis and Dakar, 
Banjul did not show any sustained improvement in the evolution of the rainfall. 

3.3 Temporal distribution of the lowest and highest annual precipitation totals from 1901 to 2020 
Except for the year 2010 in Saint-Louis, the ten highest annual precipitation totals were recorded before 1969 
(Tab. 2). This testifies that the first periods in the three stations are wetter than the rest of the series. In the 
last period, even though there is an increase in rainfall, the precipitation totals are not as high as in the first 
period. 

Table 2 - Highest annual precipitation totals from 1901 to 2020. 

 
 

In Saint-Louis, the twelve wettest years are scattered throughout the period 1901 and 1969, especially 
between 1906 and 1927. As it has been shown in the decadal analysis, the 1920s are the wettest years in 
Saint-Louis. In Dakar, the 1950s are well represented among the wettest years on record. Actually, the 
ninetieth decile appears in the wettest period, that is before 1969. Banjul recorded its twelve highest rainfall 
amounts mostly in the 1920s. Some of them were recorded in the 1900s and in the 1950s. 
The first decile corresponds to the lowest amounts of rainfall. They are mainly recorded in the 1970s and 
the 1980s (Tab. 3). Therefore, they are peculiar to dry periods, but they appeared in the last twenty years 
characterized as wet in Saint-Louis and Dakar. 
 

Table 3 - Lowest annual precipitation totals from 1901 to 2020. 

 
 
In Saint-Louis, the year 2014 recorded only 124 mm, one of the lowest amounts ever recorded. Similarly, in 
Dakar 2004 and 2007 are among the twelve lowest rainfall amounts ever recorded. In Banjul, the lowest 
annual rainfall appeared four times in the last decades (in 2002, 2013, 2014 and 2017). In fact, the recent 
upward trend is not observed in Banjul. Unlike the highest rainfall annual precipitation totals (the last decile), 
the lowest ones (the first decile) appeared in the recent years described as wet in Saint-Louis and Dakar. This 
means that the recent period shows some similarities with the previous dry period in terms of low annual 
amounts, but when one considers the wettest years, they find that they do not appear during the recent wet 
period. This finding is proof that the resumption of precipitation totals comparable to those of the1920s, 
1950s or 1960s is not supported by the data. 
 

DISCUSSION 
By erasing abrupt interannual variations of the rainfall, moving averages allow a better visualization of the 120-
year-long series analyzed in this paper. This simplification of the erratic evolution of precipitation in the Sahel 
is often used to grasp the trends over the decades. Pnevmatikos and Katsoulis [21] used a 5-year moving 
average to find that a decline in annual precipitation totals in Greece started in the 1980s. With this method 
and the calculation of departures, they were able to detect a new normal in the rainfall amounts. The 
interdecadal variations are also visualized by the ten-year averages. They have been efficient in showing the 
decadal changes in Banjul where the rainfall is higher than in Saint-Louis and Dakar. Indeed, unlike in northern 
stations (Saint-Louis and Dakar), in Banjul there are significant changes from one decade to another. For 
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instance, the 10-year average decreased by 13.9 percent in Banjul between the 2000s and the 2010s, whereas 
it varied only by 1,8 percent in Dakar and by 0,4 in Saint-Louis. The moving averages have been used in the 
southern part of West Africa to analyze the evolution of annual precipitation totals. We can find an application 
of this approach in the study of Baidu et al. [22]. They used the 5-year moving average and the decadal 
anomaly with the series 1901-2010 to analyze the rainfall trend in Ghana. That approach allowed them to 
confirm the decreasing trend in rainfall over the agroecological zones in Ghana. 
With the wet period that ended in the late 1960s in West Africa, rainfall amounts had been decreasing until 
the 1990s [23]. A growing body of studies showed the increase in rainfall in the 1990s and 2000s after a dry 
period that started in the 1970s. Nkrumah et al. [24] analyzed a rise in rainfall in Southern West Africa. 
Through a review paper, Nicholson [25] showed the changes in rainfall in the Sahel. The publications she 
referred to highlighted the two wet periods separated by the dry period of the 1970s and 1980s. The recent 
increase in rainfall is associated with higher frequency of heavy rain. In fact, observational as well as gridded 
data showed a higher frequency of heavy rain in West Africa from 1951 to 2100 [26]. The well-above average 
years in West Africa (e.g. 2012) are associated with exceptionally high daily rainfall [15]. So, the upward trend 
of the rainfall since the 1980s is a manifestation of high daily rainfall amounts recorded in some years like in 
2005 or 2012 in Dakar [27, 28]. 
The Percent of Normal Precipitation showed the different phases in the evolution of precipitation totals. The 
highly variable character of the rainfall in West Africa is documented and updated. Biasutti [29] explained that 
variability by the warming of the Sahara desert and the ocean changes. The droughts of the 1970s and 1980s 
are associated with sea surface temperature anomalies. In fact, interannual and interdecadal variability can be 
caused by regional changes on land and at sea. The prevalence of below average annual totals is in accordance 
with the paradoxical variation in extreme events. In spite of extreme precipitation intensity, dry spells are 
recorded in recent years in West Africa from 1970 to 2100 [30]. 
The spatial variability in the changes in recent decades (1990-2020) is not peculiar to Senegal and the Gambia. 

characteristics of the increase in rainfall in the south, the west and the center of the country [31]. In fact, the 
starting year of the recent increase in precipitation is not the same in all climatic areas. The same differences 
have been highlighted by Dacosta and Konaté when they analyzed the change points in Senegal in a series of 
a hundred years [13]. Independently from the climate type, changes in the variations of rainfall can also differ 
from one station to another. 

CONCLUSION 
The long time series made it possible to analyze the significance of the recent trend in the evolution of annual 
precipitation totals in the western part of Senegal and the Gambia. The centennial observing stations (Saint-
Louis, Dakar and Banjul) showed a declining trend of rainfall even though the annual amounts have been 
increasing since 2010 in Saint-Louis and 2005 in Dakar. The 1970s and 1980s drought years appear as of 
historical significance regarding the exceptional low rainfall amounts that are not offset by the recent rise in 
rainfall. Furthermore, the 1920s in Saint-Louis and in Banjul, and the 1950s in Dakar remain unparallelled. The 
twelve highest annual precipitation totals have been mainly observed before 1969. They appeared only once 
(in 2010 in Saint-Louis) in the last two decades (2000-2020). Conversely, the lowest annual precipitation 
totals are well represented among the recent years characterized as wet. Indeed, the data showed that in all 
three stations some of the lowest rainfall amounts have been recorded  in 2004 and 2014 in Saint-Louis; in 
2007 and 2014 in Dakar; in 2013, 2014 and 2017 in Banjul. In spite of the improvement in the annual rainfall, 
there are signs of drought-like years. 
The highly variable nature of the rainfall in the Sahel and in in Banjul is key information for flood prevention 
and drought mitigation. The last twenty years show that the general climatic context should not shadow the 
peculiarity of some years marked by extremely high or extremely low rainfall. The downward trend of the 
annual precipitation totals from 1901 to 2020 is related to the short period (2000-2020) during which low 
annual rainfall was recorded in some years in spite of the overall increasing trend. Further investigation is 
needed to shed light on the changes observed in the last couple of decades on the coast of Senegal and the 
Gambia. 
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