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Abstract: The study of rainfall in the long term is essential for climatic change understanding and
socioeconomic development. The main goal of this study was to explore the spatial and tempo-
ral variations of precipitation in different time scales (seasonal and annual) in Cameroon. The
Mann-Kendall and Pettitt tests were applied to analyze the precipitation variability. In temporal
terms, the different regions of Cameroon have recorded significant drops in annual rainfall that
Pettitt’s test generally situates around the 1970s. The decreases observed for the northern regions
of Cameroon are between —5.4% (Adamawa) and —7.4% (Far North). Those of western regions
oscillate between —7.5% (South-West) and —12.5% (West). The southern Cameroon regions recorded
decreases varying between —4.3% (East) and —5.9% (Center). In spatial terms, the divisions of the
northern, western, and southern regions of Cameroon recorded after the 1970s (a pivotal period in
the evolution of precipitation in temporal terms) indicate a precipitation decrease towards the South,
the South-West, and the West. This study’s findings could be helpful for planning and managing
water resources in Cameroon.

Keywords: Cameroon; rainfall; long-term variability; trend tests

1. Introduction

In the context of current climate change, it is helpful to characterize the spatio-temporal
variability of precipitation to correctly assess its impact on natural resources (water, veg-
etation, etc.) and certain important activities (agriculture, production of hydro-power,
etc.) [1-4]. In some sub-Saharan African countries such as Cameroon, the population essen-
tially depends on small-scale agriculture for its livelihood. However, agricultural practices
in this region mainly depend on the rainfed farming system. This implies that rainfall plays
an essential role in sustaining livelihoods and economic development across this zone of the
continent. Thus, any change in the spatial distribution of rainfall and precipitation amounts
can have many consequences on agriculture and other socio-economic activities [5].

The majority of studies on the evolution of precipitation in sub-Saharan Africa have
generally been carried out at the regional scale [6-10], since most of these studies were
conducted where observational rainfall data were available. Let us briefly recall that, after
the 1990s, long-time series of rainfall became rare in sub-Saharan Africa. This scarcity of
data is even more marked in Central Africa [11,12]. The active network now only includes
35 stations in the DRC (i.e., 1 station per 67,000 km?), 22 in Cameroon, and less than 20 for
all of Gabon, Congo, and Central African Republic [11]. Research dealing directly with the
climate and its impact on natural resources (water, vegetation, etc.) has barely emerged in
this part of Africa after the 2000s, despite its importance for the sustainable and effective
management of these resources.

In sub-Saharan Africa, works devoted to rainfall variability study have mainly been
carried out since the 1980s [13-16]. Many of these works are based on trends and detection
of ruptures in the rainfall data. The obtained results confirm, in West Africa’s case, a decline
from the 1970s [13-16]. In Central Africa, the most perceptible rainfall fluctuations have
been observed on a seasonal time scale [17-19]. Ebodé et al. [20] recently highlighted, in
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the case of the Nyong basin, that the most significant rainfall variations are those of the
dry seasons (summer and winter). Summer rainfall generally increased around the 1970s,
while winter rainfall decreased.

In Cameroon, some authors have studied the evolution of rainfall at the national
and regional scales [17,21,22]. However, most of these studies were limited to annual
and seasonal series analyses for individual stations or groups of stations. In this study, a
much broader vision was adopted and the spatio-temporal variability of precipitation was
approached using the same time steps for the different regions of the country. In addition,
this study is based on the series (1950-2019) that include the two recent decades (2000 and
2010), which is not the case with previous studies. Finally, older studies focus primarily
on trend analysis. They have rarely put into perspective the need to examine the variation
in the short-term upward and downward sub-trends that characterize the fluctuations of
the rainfall series. Separating sub-trends over short periods (e.g., decades) from that of
the longer period allows physical explanations to be attached to upward and downward
trends in the data [23]. In addition, analyses of the correlation between rainfall and possible
forcings (such as sea surface temperature) can help predict future rainfall variability, which
is fundamental for planning water resource uses.

This study is devoted to the evolution of rainfall analyses in all the different regions
of Cameroon over a recent period, using updated rainfall series. It appears fundamental
for this country, whose economy is based essentially on rain-fed agriculture. In addition,
the new data and inputs could help manage the demand for water resources in long-term
planning, as well as improve the forecasts of rainfall evolution in these regions. Its main
objective is to document the trend and amplitude of changes in the precipitation regime in
the studied regions.

2. Materials and Methods
2.1. Study Area

Cameroon (475,442 km?) is a country in the Gulf of Guinea (Central Africa). Having a
large extent in latitude (1200 km from north to south), the country has the shape of a triangle
whose base runs along the 2nd degree of northern latitude, while the summit, bordering
Lake Chad, reaches the 13th parallel. It is limited by Nigeria to the north-north-west, Chad
to the north-north-east, the Central African Republic to the east, the Republic of Congo to
the south-east, Gabon to the south, and Equatorial Guinea and the Gulf of Guinea to the
south-west (Figure 1).

The relief of Cameroon is varied, and includes the lowlands (Mamfe basin in the South-
West, Benoue basin, and the northern plain); the plateaus such as the South Cameroonian
plateau, with an average altitude of 650 m, and the Adamaoua plateau, whose average
altitude is 1000 m; and the highlands, the best known of which are the Mandara mountains
(Far North), Alantika (North), and the still-active volcanoes of Oku (North-West) and
Mount Cameroon (South-West) which is, at an altitude of 4095 m, the highest point in
West Africa.

Climatically, the Adamaoua Plateau separates “wet/equatorial” Cameroon from
“dry/tropical” Cameroon. The equatorial domain (southern Cameroon plateau, west-
ern highlands, and coastal lowlands) is characterized by abundant rainfall (Tables 1 and 2).
On the South Cameroonian plateau (encompassing the administrative regions of the Center,
South, and East), there are four distinct seasons (spring, from march to June; summer, July
and August; autumn, from September to November; winter, from December to February)
(Table 1). In the western highlands (encompassing the North-West, West, and South-West
Administrative Regions) and the coastal lowlands (Littoral), heavy rains fall for nine con-
secutive months from march to November (Table 2). The tropical domain is distinguished
by scanty rainfall. It is characterized by a rainy season from April or May to October.
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Figure 1. Regional map of Cameroon. The numbers at the top in each region indicate the area
in km?, and those below indicate the percentage (%) of occupation of this region in the national
territory (Cameroon).

Table 1. Statistical properties of annual and seasonal rainfall for the southern regions of the country
(Center, East, and South). Each of these regions has 4 seasons.

Annual Spring Summer Autumn Winter

Center East South Center East South Center East South Center East South Center East South

Mean rainfall (mm) 1784 1580 1891 664 589 736 390 287 222 673 597 795 57 106 172
Maximum rainfall (mm) 2057 1869 2368 847 746 966 511 422 364 828 750 917 120 180 306
Minimum rainfall (mm) 1479 1348 1356 472 448 526 232 159 85 524 458 544 10.2 38.4 57.9

Ccv 0.07 0.065 0.09 0.10 0.09 0.12 0.14 0.2 0.27 0.09 0.09 0.10 0.41 0.31 0.3

CV: coefficient of variation.

The vegetation encountered in Cameroonian territory is diversified and can be divided
into two large zones: the equatorial part and the tropical part. The vegetation of the
equatorial part is composed of the dense humid forest of the South and East formed of
very tall trees; of the gallery forests of the West and North-West along the watercourses;
and mangroves, in the lowlands on the Littoral and South-West coasts. The tropical part is
covered with savannah, including the wooded savannah of Adamaoua, which is rich in
shrubs, the grassy savannah of the North, and the steppe of the Far North, which is poor in
trees and grass [24].

2.2. Data Sources

The rainfall series used in this work are those of the Climate Research Unit (CRU).
CRU data are available since 1901, via the site https://climexp.knmi.nl/selectfield_obs2
.cgi?id=2833fad3feflbedc6761d5cba64775f0/ (accessed on 15 July 2022). They are available
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in NetCDF format, at a monthly time step and a spatial resolution of 0.25° x 0.25°. This
precipitation product is obtained from gauge interpolations.

Table 2. Statistical properties of annual and seasonal rainfall for the northern regions (Adamawa,
North, and Far North) and western regions (Littoral, North-West, West, and South-West) of the
country. Each of these regions has 2 seasons.

Adamawa North Far North Littoral North-West West South-West
Annual
Mean rainfall (mm) 1540 1174 726 2387 1911 2095 2413
Maximum rainfall (mm) 1799 1356 878 2834 2334 2457 2907
Minimum rainfall (mm) 1305 881 444 1849 1670 1824 2044
(&A% 0.07 0.08 0.13 0.09 0.07 0.08 0.09
Wet season
Mean rainfall (mm) 1437 1083 709 2288 1883 2052 2321
Maximum rainfall (mm) 1647 1283 861 2720 2309 2434 2845
Minimum rainfall (mm) 1196 834.2 431 1785 1646 1786 1962
(&A% 0.07 0.08 0.13 0.09 0.07 0.08 0.09
Dry season
Mean rainfall (mm) 103 91 17.7 100 28 43 31
Maximum rainfall (mm) 200 164.4 49.8 184.3 86 105 63
Minimum rainfall (mm) 27 22.74 0.6 22.24 6 9.52 7
Ccv 04 0.34 0.64 0.38 0.52 0.45 0.39

CV: coefficient of variation.

2.3. Data Analysis

The analysis of rainfall (at seasonal and annual time scales) was carried out using
Mann-Kendall [25] and Pettitt [26] tests at the 95% significance level.

To analyze rainfall series, the Mann-Kendall test was first used to indicate if there are
trends in the data and if these trends are significant. This test is based on the test statistic
“S” defined as follows:

n-1 n
S=Y Y sgn(xj—xi
i=1 j=i+1
where xj are the sequential data values; n is the length of the data set; and sgn = (0) if 6 > 1,
0if 8 =0, and —1 if 8 < 0. There is no significant trend in the series analyzed when the
calculated p-value is above the chosen significance level.

In addition to the Mann-Kendall test, the Pettitt test was also used to analyze rainfall
series. The approach after Pettitt [26] is commonly applied to detect a single change-point
in hydrological series or climate series with continuous data. It tests the HO: The T variables
follow one or more distributions that have the same location parameter (no change), against
the alternative: a change-point exists. The Pettitt-test is conducted in such a way:

t N
us,N=13y Y Dij
i=1li=t+1
with Dij = Sign (Xi — Xj) with: sign (x) =1if x>0, 0if x =0, and —1 if x < 0. If the null
hypothesis is rejected, an estimate of the date of discontinuity is given by defining the
maximum in the absolute value of the variable Ut, N.

3. Results and Discussion

The precipitation variability results are presented by zone, including regions with
similar climatic conditions from the point of view of the volumes precipitated and the
seasonal distribution of the rains. Thus, the ten regions have been grouped into three main
zones, namely: the northern part (including Adamaoua, the North, and the Far North), the
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western part (including the Littoral, the North-West, the West, and the South-West) and the
southern part (including the Centre, the South, and the East).

3.1. Interannual Variability of Annual and Seasonal Rainfall
3.1.1. In the Northern Regions

The annual rainfall is decreasing in the regions of the northern part of Cameroon.
According to the Mann—Kendall test, these decreases are statistically significant only for
the North and Adamaoua regions (Figure 2). The Pettitt test revealed breaks in the an-
nual rainfall series in these regions in 1962-1963 (Far North) and 1979-1980 (North and
Adamaoua). The deficits recorded following these ruptures are —5.4% (Adamaoua), —6.8%
(North), and —7.4% (Far North) (Figure 3). Through these deficits, we notice that the
decrease in rainfall becomes more significant as one progresses in latitude towards the
North. The decadal deviations from the interannual mean analysis shows a general drop in
rainfall in the northern part regions of Cameroon from the 1970s (Table 3). However, in the
Adamaoua and North regions, this decrease was only periodically interrupted during the
1990s (Table 3).
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Figure 2. Results of annual and seasonal rainfall for the northern regions of the country (Adamawa
(3), North (2), and Far North (1)), using Mann-Kendall’s test. There is a significant trend in the
series when the calculated p-values are below the significance level (o« = 0.05). Significant trends are
indicated by values in bold.

In the Far North region, on the other hand, the increase that began in the 1990s
seems to have lasted until the current decade (Table 3). The precipitation evolution in the
Adamaoua and North regions in recent decades is similar to that observed in equatorial
central Africa [19,20,27]. Contemporary rainfall variations in the Far North region are
similar to what has been observed in West Africa and nearby [15,16,28,29].

The rainfall of the rainy season recorded the same evolutions as the annual rainfall.
According to the Mann-Kendall test, the decreases noted are only statistically significant
for the Adamaoua and North regions (Figure 2). According to Pettitt’s test, the breaks
occurred in this season’s rainfall series in the same years as the annual rainfall. The deficits
recorded following these ruptures are between —4.4% (Adamaoua) and —6.4% (Far North)
(Figure 3). The decadal deviations in rainfall in the rainy season in these three regions are
similar to those in annual rainfall (Table 3). These similar trends observed between the
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annual rainfall and the rainy season are quite logical insofar as, for these three regions, the
rainfall of the rainy season represents the bulk of the total rainfall recorded during the year.
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Figure 3. Temporal variation of annual and seasonal rainfall for the northern regions of the country
(Adamawa, North and Far North), according to the Pettitt test. The rupture years are indicated by
the vertical dashed lines. On their right sides appear the corresponding rates of change. The ruptures
in black are those which are identical to several regions.

The rainfall of the dry season is decreasing in the regions of the northern part of
Cameroon. These decreases are all statistically significant according to the Mann-Kendall
test (Figure 2). According to the Pettitt test, the breaking point occurred in the Adamaoua
series in 1964-1965 (—28%). The rupture occurred in the North and Far North series in
1996-1997. The variations recorded following the latter are —27.7% and —26.8% (Figure 3).
The analysis of decadal deviations shows, in the case of Adamaoua, a general decrease in
rainfall since the 1970s (Table 3). In the case of the other two regions, the decrease in rainfall
that occurred during the 1980s was only periodically interrupted during the following
decade (Table 3).



Atmosphere 2022, 13, 1769

7 of 17

Table 3. Deviations (%) of the decadal annual and seasonal averages of rainfall compared to their
interannual means for the northern regions (Adamawa, North, and Far North) and western regions
(Littoral, North-West, West, and South-West) of the country.

Decades Adamawa North Far North Littoral North-West West South-West
Annual
1950 3.9 5.3 115 8.3 6.5 7.6 9.1
1960 4.8 6.5 45 8.2 5.2 6.7 9.4
1970 0.7 0.6 —2.5 —-04 0.1 0.6 —-1.3
1980 —5.3 —6.8 —12.4 —-5.9 —42 —4.4 —-6.3
1990 1.8 3.3 -0.3 —45 -0.7 -3 -3.5
2000 —4.7 —4.8 —1.1 1.1 —-15 —-0.9 —-0.7
2010 —-2.5 -3.7 1.2 —6.5 —-54 —6.6 —6.8
Wet season
1950 1.7 44 11.2 75 6 7.1 8.2
1960 4.6 4.8 3.3 8.1 5.5 6.9 9.5
1970 1.3 0.2 -3.1 -1 -0.3 0.2 -2
1980 -5 —6.2 —12.4 -5 -39 —4.1 —5.4
1990 2.4 3.2 —-0.8 —4.1 -0.3 —2.6 -2.8
2000 2.7 —4.1 —-0.2 1.2 -1.5 -0.9 -0.6
2010 —2.4 -2.1 2.1 —6.5 —54 —6.6 —6.9
Dry season
1950 34.8 16.6 19 26.4 39.1 35.4 32.1
1960 8.4 25.8 45 10 —16.5 —4.2 7.4
1970 —-8.2 5.3 20.2 13.1 30.9 20 14.8
1980 —8.8 —-13.7 —-16.5 -26 —-22.1 -18 —27.2
1990 —6 44 16 —14.4 —-31.5 -23 —-19.9
2000 —15.1 —-13.1 —42.8 —-0.1 -1.5 -2.1 -1
2010 —4 -223 —40.3 -59 -5 —6.9 -5.7

3.1.2. In the Western Regions

The annual rainfall in the western regions of Cameroon decreased significantly ac-
cording to the Mann—Kendall test (Figure 4). According to the Pettitt test, a rupture was
identified in their various series in 1971-1972. The deficits recorded following this rupture
are between —7.5% (South-West) and —12.5% (West) (Figure 5). The analysis of decadal
deviations shows that the decline in rainfall that began in the regions of the western re-
gions of the country during the 1970s was only interrupted during the 1990s (Table 3).
It also emerges from this analysis that the 2010 decade was the driest ever observed in
these regions.

As in the annual time step, the rainfall of the rainy season decreased significantly
according to the Mann-Kendall test in the different regions of the western part of Cameroon
(Figure 4). According to the Pettitt test, they also record a break in 1971-1972. The deficits
recorded following this rupture vary between —7.3% (South-West) and —11.7% (West)
(Figure 5). The decadal variations of this season’s rainfall are similar to those highlighted
for the annual rainfall (Table 3).

According to the Mann—Kendall test, the decreases observed for dry season rainfall are
not significant in the case of the North-West and West regions (Figure 4). The Pettitt test, for
its part, highlights a break in 1975-1976 in the different series of rainfall of this season. The
deficits generated by this rupture oscillate between —25.8% (Littoral) and —28.2% (West)
(Figure 5). The analysis of decadal deviations shows that, for this season, rainfall never
again reached normal after the 1970s in these four (4) regions (Table 3).

3.1.3. In the Southern Regions

In the southern regions of Cameroon, the annual rainfall in the Center region is the
only one for which the observed drop is statistically significant according to the Mann—
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Kendall test (Figure 6). For its part, the Pettitt test highlights, in the case of the Center
and East regions, a break in 1975-1976. The deficits observed following this rupture are
respectively —5.9% and —4.3% (Figure 7). For the South region, the break highlighted by
the Pettitt test occurred in 1971-1972 (—5.6%) (Figure 7). The decadal deviations show a
general drop in annual rainfall during the 1970s. However, a slight increase was noted
during the 2000s (Center and South) and 2010s (East) (Table 4).
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Figure 4. Results of annual and seasonal rainfall for the western regions of the country (Littoral (7),
West (6), South-West (5), and North-West (4)), using Mann-Kendall’s test. There is a significant trend
in the series when the calculated p-values are below the significance level (« = 0.05). Significant
trends are indicated by values in bold.

Regarding the rainy seasons, in the case of spring, the East region is the only one
to have recorded a significant drop according to the Mann-Kendall test (Figure 6). The
Pettitt test identified in the series of spring rainfall of the Center and East regions a break
in 1975-1975. The deficits caused by these ruptures are —7.9% and —6.2% (Figure 7).
According to the Mann-Kendall test, the autumn rainfall statistically decreases in the
three (3) regions of the southern part of Cameroon (Figure 6). The Pettitt test identified
in the series of the Center and East regions a break in 1978-1979. The decreases recorded
following the latter are —5.7% and —5.2% (Figure 7). The rupture identified in the series
of autumn rainfall in the southern region occurred in 1972-1973 (—6.4%) (Figure 7). The
decadal deviations of the rainy season’s rainfall are similar to those highlighted for the
annual rainfall (Table 4).

In the case of the dry seasons (summer and winter), the rainfall evolved in opposite
trends. According to the Mann-Kendall test, summer rainfall increases. This increase is
only significant for the South region (Figure 6). The Pettitt test identifies breaks in the series
of summer rainfall of the Center and South regions, respectively, in 1964-1965 (+17.6%) and
1982-1983 (+22.1%) (Figure 7). Decadal deviations reveal an increase in summer rainfall
during the 1960s (Center) and 1980s (East and South), then a general decrease during the
2010s (Table 4). Overall, winter rainfall in the southern part regions of Cameroon decreases
non-significantly according to the Mann-Kendall test (Figure 6). Pettitt’s test highlights a
break in their series in 1975-1976. The deficits recorded are between —20.3% (South) and
-30% (Center) (Figure 7). From the 1980s, winter rainfall in these regions experienced a
decline that was only interrupted during the 2000s (Table 4).

This study had different results from those obtained by previous studies in the regions
of the southern part of Cameroon. Previous studies indeed maintain that there is no break
in their annual rainfall series [17,19], which is not the case with the present study, which
identified downward breaks during the 1970s. The difference in results could arise from
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the difference in the rainfall sources used. This study is based on CRU data; however,
the previous studies used other data sources (stationary, Tropical Rainfall Measuring

Mission (TRMM), System of Environmental Information on Water Resources and their
Modeling (SIEREM)).
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Figure 5. Temporal variation of annual and seasonal rainfall for the western regions of the country
(Littoral, West, North-West, and South-West), according to the Pettitt test. The rupture years are
indicated by the vertical dashed lines. On their right sides appear the corresponding rates of change.
The ruptures in black are those which are identical to several regions.

Some studies in Central Africa have highlighted an evolution in opposite trends of
the rainfall of the winter and summer dry seasons between the decades 1960/1980 and
1990 [17,19]. This is also the case in this study. However, this study reveals a reversal
of these trends from the 2000s, which has only been demonstrated to date by very few
studies [20,30,31].

3.2. Spatial Evolution of Annual and Seasonal Rainfall

The fact that the 1970s was identified as a pivotal period in the evolution of rainfall in
Cameroon led us to verify whether the spatial distribution of rainfall was also modified
after this decade. This is the reason why we chose to study the spatial distribution of
rainfall in the regions investigated during the decades 1950-1970 and 1980-2010.
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Figure 6. Results of annual and seasonal rainfall for the southern regions of the country (South (10),
East (9), and Center (8)), using Mann-Kendall’s test. There is a significant trend in the series when
the calculated p-values are below the significance level (x = 0.05). Significant trends are indicated by

values in bold.
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Figure 7. Temporal variation of annual and seasonal rainfall for the southern regions of the country

(South, Center, and East), according to the Pettitt test. The rupture years are indicated by the vertical

dashed lines. On their right sides appear the corresponding rates of change. The ruptures in black

are those which are identical to several regions.

3.2.1. In the Northern Regions

Spatially, the rainfall decreased towards the South in the northern part of Cameroon
from the first (decades 1950-1970) to the second defined period (decades 1980-2010).
(Figure 8). There is indeed a shift of the isohyets (1000 and 1500 mm, for example) to-
wards the South. In addition, we note that the lower limit of the weakest rainfall class
(<1000 mm) progresses towards the South, as does the upper limit of the biggest rainfall
class (>1500 mm) (Figure 8). The seasonal rainfall (wet and dry) follows the same spatial
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evolution as the annual rainfall. We also note in both cases a progression of the isohyets
towards the South (Figure 8).

Table 4. Deviations (%) of the decadal annual and seasonal averages of rainfall compared to their
interannual means for the southern regions of the country (Center, East, and South).

Annual Spring Summer Autumn Winter
Decad

ecades Center East South Center East South Center East South Center East South Center East South
1950 3.9 2.8 4 7.6 6.4 7 —-9.1 —14 -21 6.5 54 6.4 19.2 153 13.3
1960 43 34 3.8 3.6 3.8 48 3.7 0.4 —3.8 43 29 1.9 16.3 134 174
1970 0.9 -1.3 —1.6 -0.9 -1.8 -1.3 44 —3.7 —4.8 —04 -0.8 —22 129 5.6 34
1980 —-35 —-23 —3.6 —5.7 -1.7 —49 5.6 5.8 9.3 —4.6 -39 —24 —26 —18 -20
1990 —-22 —0.7 —2.6 —4 —3.2 —5.3 4.6 11 13.6 -3 -15 —-2.7 -19 -13 —12
2000 0.2 -1.8 32 —0.4 —4 1.3 0.2 2 5.8 0.8 —22 45 1.2 32 2.5
2010 —3.6 —-0.3 —3.3 —04 1 —-12 —8.7 -1 —04 —3.6 0 —5.7 —6.6 —6.9 —55

3.2.2. In the Western Regions

In the western regions of Cameroon, the annual and seasonal rainfall decreased
towards the South-West during the second defined period (decades 1980-2010) (Figure 9).
It is perceptible through the displacement of the lower limits of the smallest rainfall classes
(<2000 mm for annual rainfall, <1950 mm for wet season rainfall, and <60 mm for dry
season rainfall) and the upper limits of the heaviest rain classes in this direction (South-
West) (Figure 9).
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Figure 8. Spatial distribution of mean rainfall for the northern regions of the country (Adamawa,
North, and Far North) at seasonal and annual time scales, between the decades 1950-1970 and
1980-2010.

3.2.3. In the Southern Regions

In the southern regions of Cameroon, the annual rainfall and that of the two rainy
seasons decreased towards the West after the 1970s (Figure 10). The isohyets and the limits
of the rainfall classes progress towards the West (Figure 10). In the case of dry seasons,
those of the summer dry season increase towards the South, while those of its winter
counterpart decrease in the same direction, if we stick to the movements of the isohyets
and the limits of their rainfall classes (Figure 10). Ebodé et al. [20] obtained similar results
in their study in the Nyong basin (South Cameroon).
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Figure 9. Spatial distribution of mean rainfall for the western regions of the country (Littoral, North-
West, West, and South-West) at seasonal and annual time scales, between the decades 1950-1970 and
1980-2010.
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Figure 10. Spatial distribution of mean rainfall for the southern regions of the country (Center, East,
and South) at seasonal and annual time scales, between the decades 1950-1970 and 1980-2010.

4. Conclusions

This study aimed to analyze, over the recent period (1950-2019), the rainfall spatio-
temporal variability in Cameroon. Strong analytical methods (the Pettitt and Mann-Kendall
tests) were used. The results show that, temporally, the different regions of Cameroon
recorded significant drops in annual rainfall, which Pettitt’s test generally places around
the 1970s. The decreases observed for the northern regions of Cameroon are between —5.4%
(Adamaoua) and —7.4% (Far North). Those of the western regions of Cameroon oscillate
between —7.5% (South-West) and —12.5% (West). The southern regions of Cameroon
recorded decreases varying between —4.3% (East) and —5.9% (Center). Spatially, the
divisions of the northern, western, and southern regions of Cameroon recorded after the
1970s (a pivotal period in the evolution of precipitation on temporal plan) a precipitation
decrease towards the South, the South-West, and the West, respectively. The CRU data used
in this study cover the whole country and are available over a long period (1901-2019), but
they are only available in monthly time steps and in the form of grids. These data do not
allow us to go further in the study of precipitation by addressing very detailed aspects,
such as the evolution of the number of rainy days (Ray and Goel 2021). We recommend
regular observation of rainfall in different parts of the country.
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