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Abstract 
This paper examines the spatial and temporal variability of the mean annual precipitation in the 
Northern Cameroon on the context of climate change during the time period 1950-2013. The study 
used homogeneous monthly and annual precipitations database of twenty-five stations located in 
the Northern Cameroon and Southern Chad Republic. Geostatisticals interpolation methods 
(Kriging and Inverse Distance Weighting method) associated with Digital Elevation Model were 
used to establish the spatial distribution of annuals precipitations. The non-parametric Mann- 
Kendall test and Sen’s slope method were performed to determine respectively trend and magni-
tude. The result indicates a spatial distribution of precipitation mainly determined by the topo-
graphy and the geography of the study area. The trend analysis shows a decrease of annual aver-
age precipitation across the Northern Cameroon at a rate of −0.568 mm/year over the time period 
1950-2013. The magnitude of decreasing trends ranged between 0.11 and 3.92 mm/year. Statisti-
cally significant decreasing trends at the 95% level of confidence were noted at 10% while 5% of 
stations showed statistically significant increasing. However, 60% of stations indicate a decreas-
ing trend. Monthly analysis of rainfall shows a decreasing trend during June and September while 
July and August present an increasing trend. 
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1. Introduction 
The study of rainfall variability in space and time is important and pertinent for sustainable management of wa-
ter resources and future development in the context of climate change. Several studies have been carried out by 
researchers around the world and particularly in Africa [1]-[4]. According to [5], the sub-Saharan Africa was the 
most affected by hydro-climatic variability these last decades compared to other regions of the world. This va-
riability is one of the most relevant characteristics of Sahelian regions [4]. 

Recent studies have analyzed the variability of precipitation in Northern Cameroon [6]-[12]. [13] reported that 
for this last three decades, this area has been subject to many fluctuations in rainfall regimes over time. Changes 
in annual rainfall have been analyzed by [6] using Pettit test and principal component analysis. The study con-
ducted by [14] showed that this part of Cameroon was the most vulnerable to extreme hydrological events such 
as floods and droughts. Therefore, there is growing awareness about extreme events particularly floods events 
describe by [11]. [9] shows that this zone which belongs to the Sudano-Sahelian climate is a fragile region with 
vulnerable water resources. In addition, socials and economics activities like agriculture and livestock are large-
ly depending on climate [15] particularly on the amount of precipitation. Associated with global warming, the 
implication of these changes will be particularly significant for this region already under stress [5]. 

Recent studies applied geostatisticals analysis in spatial interpolation and in precipitation trends research for 
mapping rainfall data [16]-[18]. [19] demonstrated the convenience of performing geostatistical analysis for 
mapping rainfall data in different geographical locations. Geostatistical methods of interpolation, such as Krig-
ing or Inverse Distance Weighting (IDW), have been applied to describe changes in magnitude. These methods 
offer a good approach to the spatial distribution of magnitude of change, but provide no information on their 
significance [16].  

Some applications such as hydrological modeling require precipitation data that are spatially continuous [20]. 
As suggested by [16], Kriging method is a true interpolation technique and is found to be the optimal scheme for 
irregularly spaced rainfall data. Associated with Digital Elevation Model (DEM), the result seems to be more 
optimal and least biased according to [20]. These methods of association with DEM help to understand the 
physical relationships between precipitation data, geographic and topographic variables, and the spatial correla-
tion between the information recorded at the rainfall station. 

In spite of several studies to examine the precipitation trends in Northern Cameroon during the last decades, 
no comprehensive research was conducted to understand the spatio-temporal variability of precipitation by using 
geostatistical analysis and Mann-Kendall statistic test. The estimation of the spatial distribution of rainfall data 
remains an important part of studies helping to understand climate change and its effects on water resources 
[21].  

The aim of this paper is to understand the spatial and temporal variability of rainfall in the Northern part of 
Cameroon during the period of 1950-2013 by using geostatistical analysis, local interpolation and statistics tests. 
We used in this study Kriging and Inverse Distance Weighting methods associated with Mann-Kendall and 
Sen’s slope estimator to overview the spatio-temporal variability of rainfall in this part of Cameroon under stress. 

2. Study Area and Data 
2.1. Study Area 
The study area (Figure 1) is the Northern part of Cameroon. It is located between the latitude 6˚N and 13˚N and 
between longitude 11˚E and 16˚E and covers three administrative regions (Far North, North and Adamaoua). It 
shares its boundaries with Nigeria, Central African Republic and Chad Republic.  

Based on the topography, the elevation ranges from 95 to about 2374 m with a much contrasted relief. It can 
be divided into three main units:  
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Figure 1. Location of the studied area. 
 
- The hilly regions which is characterized by the Mandara and Alantika Mountains. The elevation ranges be-

tween 900 - 1885 m; 
- The Adamawa plateau (around 1100 m) in the southern part of the region which is surrounded by volcanic 

mountains reaching up to 2400 m;  
- The Northward plain which is characterized by low altitudes around 300 m. It consists of degraded shrubby 

steppes on sandy clay soils. 
The area is characterized by three main climatic zones: the Sahelian zone, the Sudano-Sahelian and the Su-

dano-Guinean zone located southward in the Adamawa region. The climate is under the influence of the African 
monsoon which brings rains between May and October and by the Harmattan winds coming from Sahara which 
brings dryness between November and April [9]-[12]. The mean annual rainfall ranges between 400 mm to 1800 
mm. The mean annual temperature during the period 1960-2010 ranges between 24˚C and 27.9˚C in the Ada-
maoua region and from 28˚C to 34˚C to the Sahelian region [9]. 

The study area is drained by many streams. The most important permanent rivers are Benue, Chari, Faro and 
Logone with seasonal rivers largely dependent on rainfall like Mayo Tsanaga, Mayo Louti and Mayo Oulo. 

2.2. Precipitations Data 
In order to conduct our study, monthly and annual data were collected in 25 stations (20 stations in Cameroon 
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and 5 in Chad Republic) (Figure 2(a)). The recording period varies from 44 years to 64 years. This period was 
used in this study because it represents the longest period available and the highest quality data. 

The database was provided from Regional Meteorology Directorate of Far North, North and Adamawa, Cot-
ton Development Company (SODECOTON) of Cameroon and Climatology Directorate of Chad. The stations 
are irregularly distributed throughout the study area. Five stations of Chad Republic are used in this study in or-
der to complete the database for a better interpolation. Table 1 shows the statistical characteristic of data used 
including length, mean, minimum, maximum, coefficient of variation and standard deviation. 

2.3. Digital Elevation Model (DEM) 
Digital Elevation Model of Northern Cameroon was used in the interpolation process to reduce prediction error. 
Figure 2(b) shows the spatial distribution of rainfall stations on the DEM map. The elevation data used in this 
study are extracted from the ASTER Digital Elevation Model (Advanced Space borne Thermal Emission and 
Reflection Radiometer) version 2 (GDEM V2) on October 17, 2011 from USGS/EROS  
(http://earthexplorer.usgs.gov/) a contribution from METI and NASA. 

3. Methodology 
The spatial distribution of the mean annual precipitation is studied using the Kriging and IDW interpolation me-
thod. Trend significance was analyzed using the non-parametric Mann-Kendall test (MK) at significant level of 
0.5 and Sen’s slope estimator. The homogeneity of precipitations data have been tested before their application. 

3.1. Homogeniety Tests 
The available collected data presents some voids due to missing values. Missing values which records having 
small gaps least than 5 % have been estimated by using linear regression. 

The homogeneity of the rainfall data was analyzed by Pettitt test and Standard Normal Homogeneity (SNH) 
Test using Anclim software created by [22]. 

 

 
Figure 2. Location of stations used in the study (a) and digital elevation model of northern cameroon (b). 

http://earthexplorer.usgs.gov/
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Table 1. Statistical characteristics of precipitation data used in the study. 

N˚ Countries/ 
Stations 

Latitude 
(deg.dec) 

Longitude 
(deg.dec) 

Length of 
record 

Elevation 
(m) 

Mean 
(mm) 

Max 
(mm) 

Min 
(mm) SD CV 

(%) 
1 C/Maroua 10.58 14.30 64 402 796 1187.80 554.70 131 17 

2 C/Kaele 10.08 14.43 64 388 851 1162.90 533.70 150 18 

3 C/Mokolo 10.73 13.82 64 795 1013 1457.60 721.70 156 15 

4 C/Mora 11.05 14.15 61 438 716 1204.00 407.70 178 25 

5 C/Doukoula 10.12 14.97 61 340 837 1261.70 530.80 143 17 

6 C/Yagoua 10.35 15.23 64 329 780 1213.50 350.60 167 21 

7 C/Guetale 10.88 13.90 64 490 848 1220.60 600.80 135 16 

8 C/Hina 10.37 13.85 57 544 916 1253.80 596.60 147 16 

9 C/Garoua 09.35 13.37 64 242 986 1344.80 505.40 171 17 

10 C/Poli 08.48 13.23 64 436 1473 1881.50 1022.00 214 15 

11 C/Fignole 08.57 13.05 52 338 1197 1783.00 642.60 229 19 

12 C/Guider 09.93 13.95 64 356 921 1201.80 532.20 146 16 

13 C/Tchollire 08.40 14.17 62 392 1325 1899.90 922.30 219 17 

14 C/Touboro 07.67 15.37 59 500 1263 1628.00 830.00 192 15 

15 C/Ngaound
ere 07.35 13.57 64 1138 1500 1775.40 1180.10 153 10 

16 C/Banyo 06.75 11.82 61 1110 1763 2847.80 1429.50 228 13 

17 C/Tibati 06.48 12.06 59 874 1743 2381.00 1182.60 230 13 

18 C/Meigang
a 06.53 14.28 57 1027 1583 2073.60 1253.50 203 13 

19 C/Waza 11.40 14.57 44 311 593 954.60 381.90 130 22 

20 C/Makari 12.58 14.45 48 286 451 949.70 152.50 183 40 

21 Ch/Ndjame
na 12.13 15.03 63 297 572 990.10 226.10 144 25 

22 Ch/Bongor 10.29 15.37 64 328 820 1084.10 428.80 194 26 

23 Ch/Baiboko
um 07.73 15.68 64 520 1320 1671.90 880.10 198 16 

24 Ch/Lere 09.65 14.22 52 265 960 1098.50 605.30 137 17 

25 Ch/Fianga 09.93 15.18 64 327 852 1156.70 576.80 139 16 

C = Cameroon and Ch = Chad; SD = Standard Deviation; CV = Coefficient of variation. 

3.2. Geostatistical Analysis: Kriging Method 
Kriging is a geostatistical method of interpolation (prediction) for spatial data [23] [24]. It is used to estimate the 
unknown precipitation value at the unsampled location as a linear combination of neighboring observations. 
This method assumes that the distance or direction between sample points reflects a spatial correlation that can 
be used to explain the variation of rainfall in the studied areas.  

Semivariograms were calculated for each year using some algorithms developed by Isaaks and Srivastava 
[25]: 

( ) ( ) ( )( )2
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= − +∑  

where, γ*(h) the estimated value of the semi-variance for lag h; n the number of pairs stations separated by h 
distance; x(i) and x(i + h) values of variable x at time i and i + h, respectively; i and i + h are position in two di-
mensions. 

3.3. Local Interpolation: Inverse Distance Weighting (IDW) 
Inverse Distance Weighting (IDW) is a local interpolation method which was defined as distance reverse func-
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tion of each point from neighboring points. This method estimates values at un-sampled points by the weighted 
average of observed data at surrounding points. It determines cell values using a linear-weighted combination 
set of sample points. The weight assigned is a function of the distance of an input point from the output cell lo-
cation [20] [25]. 

According to [20], IDW relies on the theory that, the unknown value of a point is more influenced by closer 
points than by points further away. It is based on the following equations: 
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where Di is the distance between sampled and un-sampled points and d parameter which is specified as a geo-
metric form for the weight while other specifications are possible. 

3.4. Mann-Kendall Test for Trend Analysis 
The Mann-Kendall test is a test developed by Mann in 1945 and completed by Kendall in 1975 [26]. It is a 
non-parametric statistical procedure that is widely used to detect trend significance in time series for hydrologi-
cal and climate analysis [27]. The Mann-Kendal (MK) test searches for a trend in a time series without specify-
ing whether the trend is linear or nonlinear. 

It is based on the test statistics Z, which is defined by [25] as follow: 
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The Mann-Kendall statistic (S) is defined as the sum of the number of positive differences minus the number 
of negative differences as follows: 
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Sign (xj − xk) is an indicator function that results in the values −1, 0, or 1 according to the sign of xj − xk, 
where j > k, the function is calculated as follows: 

( )
0

0

1 if
0 if 0

1 if

j k

j k j k

j k

x x
sign x x x x

x x

>

<

 −
− = − =
− −

 

Var(s) is defined as: 
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where n is the length of data set and t is the number of data value in a group of determination. 
The statistical significance of the Z values is tested at 95% levels of significance. The computed probability 

associated with this normalized statistic test is given by the following equation [28]: 
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At 95% levels of significance, the critical value of Z is ranging between [−1.96; +1.96]. The trend is said to be 
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decreasing if Z is negative and the computed probability is greater than the level of significance. However, it is 
said to be increasing if the Z is positive and the computed probability is greater than the level of significance. 
There is no trend if the computed probability is less than the level of significance [25]. 

3.5. Sen Estimator Analysis 
The Sen’s slope method is a non-parametric procedure developed by Sen in 1968 [29]. It is a method that gives a 
robust estimation of the trend if linear trend is present in a time series [30]. This method proceeds by calculating 
the slope as a change in measurement per change in time [18]. It is requires a time series of equally spaced data. 
The slope estimates of N pairs of data are first computed by: 

j k
i

x x
Q

j k
−

=
−

 for 1, , N  

where xj, xk data measured at time j and k. The Sen’s estimator is computed by [18]: 
( )1 2medQ Q n= +  if N is odd 

( )2 2 2medQ Qn Q n= + +    if N is even 

where n is the number of calculated slopes. 

4. Results and Discussion 
4.1. Temporal and Spatial Variability of Precipitation 
Annual mean rainfall for the period 1950-2013 shows a high spatial variation (Figure 3(a) and Figure 3(b)), 
with values ranging from 451 mm in the Far North to 1763 mm in the Southern regions (Banyo and Tibati sta-
tions). Interpolation maps of annual rainfall were generated by using QGIS 2.8.2 software in order to obtain 
more precipitation information at any point of Northern Cameroon, whether there is a rainfall station there or 
not. 

 

 
Figure 3. Spatial distribution of the mean annual rainfall by Kriging and IDW method during time period 1950-2013. 
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The geostatistical interpolation obtained by Kriging and IDW shows a spatial distribution of precipitation 
mainly determined by the topography and the geography of the study area. 

The map obtained by IDW method (Figure 3(a)), presents a division corresponding to high and low rainfall 
values. Highest precipitation values are found in the south of the study area coinciding with a mountainous relief, 
while lower values are shown in the north on the plain region, coinciding with the lowest elevation areas. 

The mean annual rainfall for this period is access to 1236 mm over Northern Cameroon (Table 2). 
The map performed by kriging method (Figure 3(b)), illustrates a relatively similar pattern to map obtained 

by IDW with higher values of precipitation in mountainous region and lower in plain one.  
The comparison between the two methods by Root-Mean-Square Error showed a higher value on IDW me-

thod. Kriging method offers the best interpolation according to the value of Root Mean Square Error despite the 
fact that the mean error was the lowest among them. However, IDW method presents had a smaller mean error 
of estimates than the Kriging one (Table 2). 

These results are in line with the works of [20] and [27]. Nevertheless [24] noted that the best method de-
pends of the area and the spatial scale desired for mapping. The combination of these two methods helped to 
improve the understanding of spatio-temporal variability of rainfall in the Northern part of Cameroon. 

Coefficients of variation (CV) which corresponds to the ratio of the standard deviation to the mean rainfall 
shows that inter-annual variability was high in the whole area, with values ranging from 10% to more than 38% 
(Figure 4). The lowest values of CV were observed in the mountainous regions with high elevation and the 
highest in the plains regions (Makari and Waza). This result provides evidence of the large spatio-temporal va-
riability of rainfall in this part of Cameroon. The complex spatial pattern illustrates the spatial heterogeneity of 
precipitations and indicates that topography factor may be responsible of this variability. High values of CV 
have been obtained by [31] in Southern part of Chad Republic for the same climate. However, values acquired 
by [8] in South of Cameroon is lower (least than 16%) compared to the North one.  

Spatially, the value of precipitation declined from the southward to northward. High values of precipitation 
are observed in the stations located at mountainous areas with altitudes ranging between 700 - 1700 m.  

According to [32], the mountains range act as a barrier and plays a great role in activating rainfall and pro-
vided a trigger mechanism for potentially unstable air masses. In our study area, the higher values of precipita-
tion observed at the mountainous zone is related to the dynamic convection of orographic type due to the pres-
ence of the Cameroon volcanic line (CVL) which influences the monsoon winds that comes from the Atlantic 
Ocean [8]. The authors located this line from Mount Cameroon (4095 m) to Mount Mandara in the Far North 
passing by Mounts Oku (3008 m) and Adamawa plateau (1100 m). Stations located at this line (Ngaoundere, 
Meiganga, Poli, Mokolo…) present high value of precipitation. The same observation was done by [8] on the 
Sanaga watershed. 

In the other hand, the decrease of precipitation from Southern to Northern part of studied areas can also be 
explained by the movement of Inter-Tropical Zone (ITCZ). The ITCZ separates the monsoon, moist and cool air 
masses and the Harmattan, a dry air masses coming from the Sahara desert[11] [27]. Its migration from the 
South and the North causes a frequency reduction of moist air masses and indirectly involves in amount of pre-
cipitation. 

Harmattan wind remains the most dominant on the Northern part of studied areas [33]. Therefore we can eas-
ily understand why this region is fragile and vulnerable. This element shows the role of the elevation in the ge-
nesis of rainfall and the effects of dry air masses on the reduction of rainfall. 

Several studies in the Soudano-Sahelian region of West and central Africa indicate that annual and monthly 
rainfall decreased during the second-half of the twentieth century [2] [10] [34]. An annual decrease of 14% and 
31% was reported by [6] in Soudano-Sahelian region of Cameroon by using Pettitt and Hubert statistics tests. 
This explains and confirms the great variability of rainfall observed in the Northern Cameroon. 

 
Table 2. Statistics for the two different methods of interpolation. 

Statistics (mm) Kriging IDW 

Mean Error 4.05 −1.18 

Root-Mean-Square-Error (RMSE) 101.1 120.4 

Annual Mean 1286 1236 
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Figure 4. Spatial distribution of interannual variability of annual rainfall (CV). 

4.2. Monthly Precipitation Variability 
Figure 5 presents the repartition of isohyets on the study areas and monthly precipitation of twenty stations of 
Northern Cameroon. The isohyets values decrease from South to North. 

Monthly rainfall in Northern Cameroon usually occurs in March-April to October in mountainous region and 
May-June to October in the stations located on the plain (Figure 5). However, four main months concentrate the 
major part of annual precipitations: June, July, August and September. These rainy months represent 72% to 90% 
of the annual precipitation amount. 

All the stations recorded the maximum rainfall during the month of August, followed by July (more than 150 
mm) and September (between 100 and 150 mm), whereas, no precipitation is observed during the dry season 
(between November to March or April).  

Spatial distribution of monthly precipitation shows more detailed assessment about precipitation regime in the 
studied area (Figures 6(a)-(d)). June precipitations varies from 40 mm to 240 mm where the highest values are 
observed in mountainous regions and the lowest one in plain areas, this month is characterized by an important 
evaporation [31]. Precipitations of July, August and September range respectively between 120 - 300 mm, 100 - 
320 mm and 70 - 300 mm. However, we noticed some particularities for August amount of precipitation. The 
gradient of spatial distribution is observed firstly from the eastern to the western of studied areas and secondly 
from the South to the North with highest values in mountainous areas. 

This emphasis what has already been noticed in the spatial distribution of annual amount of precipitation, a 
general decreasing from South to North explained by atmospheric dynamics and reliefs. We can also add the 
presence or the absence of evaporation sources and humans activities in urban areas. 
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Figure 5. Isohyets showing mean annual precipitation from 1950 to 2013 and monthly precipitation of Northern Cameroon.  

4.3. Trends in Precipitation 
The trend analysis of annual average rainfall time series by Mann-Kendall test combined with Sen’s slope 
(Figure 7) reveals the presence of positive and negative trends at the 95% level of significance. About 60% of 
stations experienced a decrease trend of rainfall amount but only 10% of stations are statistically significant  
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Figure 6. Spatial distribution of four main monthly precipitations in Northern Cameroon (1950-2013). 

 
(Ngaoundere and Meiganga). The magnitudes of the insignificant decreasing trends in annual rainfall ranged 
between 0.11 and 3.92 mm/year in the study area. 

However, 25% of station indicates an increasing trend of precipitation but only 5% of station is statistically 
significant (Waza) at the 95% level of confidence. This result must be taken a special attention because the ex-
tension of database of Waza station was the least (just 44 years). 
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Figure 7. Spatial distribution of annual precipitation trends in Northern Came-
roon (1950-2013); SS: statistically significant at α = 0.05. 

 

 
Figure 8. Trend of average precipitation across the Northern Cameroon during 
the time period 1950-2013. 

 
The mean trend across the Northern Cameroon was estimated at −0.568 mm/year (Figure 8), clearly showing 

that annual precipitation declined and this trend was most pronounced in upstream areas. 
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Figure 9. Spatial distribution of monthly precipitation trends in northern Cameroon (1950-2013). 
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Regarding the monthly trends, the result shows that negative trends are most dominant over the study area 
that negative trends but both are not statistically significant. The most important increase in rainfall amount was 
recorded in august and July, but the trend was not statistically significant (Figure 9). In June and September, the 
decreasing trends are dominant over the studied area, but these trends were not statistically significant. This re-
sult does not show any clear pattern in terms of spatial or temporal distribution as suggested by [35], but we no-
tice that the decrease of precipitation affected most the beginning and the ending of rainfall season and not the 
two important rainfall months. According to [19], increases and decreases in precipitation may be due to 
changes in atmospheric circulation patterns during the past century.  

In the other case, the increase trend observed in July and August months does not necessarily indicate a posi-
tive impact as availability of water resource but can help to understand the occurrence of floods events. [18] 
demonstrated that wet events observed during the monsoons are often responsible of floods, increase of soil 
moisture and development of crop productivity. This observation explains why extreme floods event occurs 
during August in Northern Cameroon [36]. In addition, the gradient of spatial distribution observed in August 
corroborates the result and explains why the Eastern area of Northern Cameroon is a great agricultural region 
[14].  

Moreover decrease trends may be responsible of the reduction of water discharge noted in the Benue wa-
tershed, groundwater resource [10] [28] natural vegetation and crop. Understanding the spatial and temporal dis-
tribution of rainfall and their characteristics remains important to agriculture managers, farmers, hydrology 
analysis and human activities.  

5. Conclusions 
The study of spatial and temporal variability of precipitation is one of the most important requirements for a 
wide variety of human activities and for water resources access. Spatial and temporal variability of annual rain-
fall in the Northern part of Cameroon were analyzed during the period 1950-2013 by using geostatistical analy-
sis, local interpolation (Kriging and IDW), Mann-Kendall test and Sen’s slope. Results show that precipitation 
trends on the Northern part of Cameroon are highly variable in both space and time.  

Spatial annual mean rainfall pattern showed that high values, of about 1800 mm per year, were seen in the 
higher elevation at the mountainous regions, while low values of about 400 mm appeared in plains regions of 
Far North Cameroon. The spatial distribution of precipitation is highly influenced by the topography of the study 
area and by the migration of Inter-Tropical Convergence Zone.  

The trend analysis shows a decrease of annual average precipitation across the Northern Cameroon at a rate of 
−0.568 mm/year over the time period 1950-2013. This result clearly shows the effect of climate change on the 
precipitation amount. On the other case, the positive and negative trends indicate the vulnerability of this area 
and may explain the occurrence of droughts and floods events in this part of Cameroon. Also, the results of this 
study are helpful for planning and efficient use of water resources for socio-economic activities. For future re-
search, it will be important to corroborate this result with the hydrological data and atmospheric circulation pat-
terns in order to understand the cause of trends and to access the effect of trend decrease of precipitation on the 
water resource in this area. 
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