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ABSTRACT 
 

Aims: Analyze the recent variations in annual and monthly precipitation at 18 pluviometry stations 
in the Cavally river basin. 
Place and Duration of Study: Data of month and annual rainfall data of 37 years (1980-2016) 
collected from the National direction of Meteorology for Ivory Coast and Guinea and from 
https://app.climateengine.org/climateEngine for Liberia. 
Methodology: Statistical methods are used to highlight the evolution of cumulative annual rainfall 
and the distribution of the different seasons over the period 1980-2016. Hanning’s low pass, Mann-
Kendall classic test, modified Mann-Kendall test, Mann-Kendall seasonal test and Standard 
Normal Homogeneity Test were applied to identify the existing trend direction and significance of 
change over time. 
Results: The periods 1980-1996 and 1997-2016 could be considered as wet and dry periods 
respectively (with a rainfall deficit of 18% after the break in 1996). In addition, we observe a 
decrease in rainy days of strong accumulation that lead to a significant drop in total annual rainfall. 
Finally, an abnormal increase in rainfall during the dry season months and a decrease in rainfall 
during the rainy season months. This indicates an intra-seasonal irregularity (shortening of the 
rainy season and prolongation of the dry season) of precipitation. 
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Conclusion: The Hanning filter, M-K test and SNHT are non-parametric tests widely used in the 
study of climate trends. However, the additional consideration of serial autocorrelation (MM-K test) 
and seasonal trends (M-K-S test) allows to extend and refine the information on climate variability. 
 

 
Keywords: Autocorrelation in trend significant; Cavally basin; recent rainfall evolution; spatio-

temporal seasonal trend; statistical methods. 
 

1. INTRODUCTION 
 
Global warming accelerates the process of 
evapotranspiration that further modifies the 
precipitation regime due to the increased 
capacity of the atmosphere to retain moisture 
according to the Clausius-Clapeyron relationship 
[1]. The rainfall regime is the main factor of 
productivity in developing countries. It conditions 
the availability of water and agricultural products 
in Africa [2]. However, for decades, all the 
countries of West Africa have experienced high 
climatic variability [3-6]. This is manifested by a 
change in the rainfall regime and by a decrease 
in annual rainfall levels [6-8]. The harmful effects 
of this climatic variability (rainfall irregularity, 
uncertainties about extreme events and 
temperature rise) influence the performance of 
dependent activities (hydroelectric, agricultural 
dams, hydrological balance and access to 
drinking water for human consumption) of this [9-
11]. 

 
Then, according to [12] and [13], after the very 
long (1968-1995), very extensive (more than 6 
million km² very affected) and very pronounced 
(from 10 to 40% decrease in precipitation 
depending on the location) dry episode 
experienced in West Africa, we are witnessing an 
undeniable resumption of rainfall in this area. In 
Côte d'Ivoire, recent studies [14,15] have shown 
an increase in rainfall in the north and south of 
the country from 2000 and 2003 respectively. 
However, very little information is available about 
increase in rainfall in Cavally watershed. This 
situation is linked to the fact that the 
transboundary watershed of the Cavally River 
located west and south-west of Côte d'Ivoire, 
east of Liberia and north-east of Guinea is very 
little studied. However, the analysis of the 
manifestations of climate variability is a 
development issue because it should lead to the 
development of scenarios allowing the 
forecasting and sustainable management of 
water resources [16]. The main objective of this 

study is therefore to provide a holistic analysis of 
recent rainfall trends observed in the Cavally 
river basin. Specifically, this study aims to (i) 
identify the new distribution of the rainy seasons 
in the basin (ii) examine the trends and                 
abrupt changes in annual and monthly rainfall 
amounts. 

 
2. MATERIALS 
 
2.1 Study Zone 
 
The Cavally is a transboundary river (Ivory          
Coast, Guinea and Liberia), located between 
longitudes 8°36' and 6°48' West and latitudes 
7°57'22'' and 4°19'34'' North (Fig. 1). It originates 
from Guinea from the north of Mount Nimba at an 
altitude of 650m and empties into the Atlantic 
Ocean on the border between Liberia and Ivory 
Coast. It is 700 km long until its mouth, the basin 
of this river drains an area of 29.998 km², the bed 
of which serves as the natural border                 
between Ivory Coast and Liberia in its middle and 
lower reaches. The basin is divided between 
Côte d'Ivoire (54%), Liberia (41%) and Guinea 
(5%). 

 
2.2 Data 
 
The database used is monthly and annual rainfall 
from eighteen (18) rainfall stations distributed as 
follows: fifteen (15) in Côte d'Ivoire, two (2) in 
Liberia, and one (1) in Guinea. The data for the 
Ivory Coast was provided by the National 
Direction of Meteorology (SODEXAM). In Guinea, 
rainfall data was provided by the National 
Direction of Meteorology (DNM). In Liberia, the 
lack of rainfall data because of the civil war in the 
80s and 90s, we have used the satellite data 
(https://app.climateengine.org/climateEngine). 
The rainfall data used in this study covers the 
period 1980-2016. Fig. 2 shows the spatial 
distribution of the rainfall stations used in this 
study. 

 

https://app.climateengine.org/climateEngine
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Fig. 1. Geographical location of the Cavally river basin 
 

 
 

Fig. 2. Geographical location of the rainfall stations in Cavally watershed 
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3. METHODS 
 
The subject of trend detection in hydrological 
data has received a lot of attention lately, 
especially in the context of climate change. 
However, the existence of dependencies 
(autocorrelation), short or long range, can 
adversely affect the results of a trend analysis 
[17]. In particular, Mann-Kendall’s test [18,19] 
which is generally used to detect trends in 
climate data becomes highly biased in the 
presence of autocorrelation [17]. The cumulative 
monthly and annual rainfall as well as the 
monthly and annual average flow rate were used 
to perform the various tests. 
 

3.1 Hanning’s Low Pass Non-recursive 
Filter of Order 2 

 
A better observation of inter-annual fluctuations 
is obtained by eliminating seasonal variations. 
The calculation of the weighted filter flow totals is 
performed using the equations recommended by 
[20]. According to this method, each term in the 
series is calculated by equation 4: 
 

                             
                                                     (1) 
 

with: 
 
     et      totals of the observed flows of two 

terms immediately preceding the term    ; 
 
     et      totals of the observed flows of two 

terms immediately following the term    ; 
 
The weighted flow totals of the first two (        ) 
and the last two (             ) terms of the 
series are calculated by means of equations 5, 6, 
7 and 8 (n being the size from the series) : 
 

                                                   (2) 
 
                                            (3) 
 
                                       (4) 
 
                                                 (5) 

 
To obtain a better visualization of the periods of 
shortfall and surplus flow, the averages 
downpour are centered and reduced by means of 
the equation ...: 
 

   
      

 
                                                    (6) 

m: is the mean of the series of weighted means 
and   the standard deviation of the series of 
weighted moving averages. 
 

3.2 Trend Detection Methods 
 
3.2.1 Mann-Kendall’s classic test 
 
This test checks if there is a trend in the time 
series data. It is a non-parametric test robust to 
the influence of extremes and allows its 
application to biased variables [21]. More 
particularly, this nonparametric trend test is the 
result of an improvement of the test first studied 
by [18] then taken up by [19] and finally perfected 
by [22]. 
 
Mann-Kendall’s test is based on the sign of the 
difference between the ranks of a time series. 
Given a time series of               , Mann-
Kendall’s statistics is given as: 
 

       
 
     

   
                                          (7) 

 
Or: 
 

                             

           

           
           

  (8) 

 

and       are respectively, the ranks of the 

observations of the series. Under the hypothesis 
that the data are independent and identically 
distributed. [19], gives the mean and variance of 
the above S-test statistics: 
 

                                                             (9) 
 

       
            

  
                                  (10) 

 

where n is the size of the series. The existence 
of equal observations in the series leads to a 
reduction in the variance of S, which becomes: 
 

       
            

  
 

   
 
                

  
     (11) 

 

where m is the number of groups of equal 
observations and t j is the number of equal 
observations in group j. 
 

We can normalize statistics of the test to get a 
new Z test statistic: 
 

  

 
 

 

     

     

      
          

                     
     

      
         

                             (12) 
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A positive (or negative) value of Z indicates an 
ascending (or descending) trend and its 
significance is compared to the critical value α or 
significance threshold of the test. 
 

3.2.2 Modified Mann-Kendall test 
 

The presence of autocorrelation in the data can 
seriously affect the power of statistical tests by 
overestimating the statistical significance of 
trends. This autocorrelation is usually generated 
by a cyclic recurrence in the evolution of the data 
reflecting a dependence on external phenomena 
(variation in recharging, application cycles). A 
complementary approach to the classic Mann-
Kendall test is thus proposed in order to take into 
account this phenomenon of autocorrelation. The 
principle is based on a modification of Mann-
Kendal’s S test rather than modifying the data 
itself: 
 

                                               (13) 
 

where   is a corrective factor applied to the 
variance. 
 

Two methods are noted in the literature to 
estimate this corrective factor. 
 

 [23] suggest correcting the Mann-Kendall 
test as follows: 

 

      
  
       

          

        
                        (14) 

 

where     denotes the autocorrelation of order 1 
 

 [24] propose an empirical formula 
specifically calculated to correct Mann-
Kendall’s statistics: 
 

    
 

             
              
   

1    2                                           (15) 
 

In this study, the corrective factor from [24] was 
used because the tests carried out by [25] on the 
power of these methods, show that the 
modification proposed by Hamed and Rao is 
slightly better under the AR (1) hypothesis than 
the formula of Yue and Wang. Indeed, it takes 
into account the autocorrelation of the regression 
residuals calculated at the different ranks if they 
are significant. 
 

3.2.3 Mann-Kendall’s Seasonal Test 
 

This test is another variation of Mann-Kendall’s 
classic test used for estimating trends in cyclical 
or seasonal series. 

The principle is based on the classification of 
data relative to each other according to their rank 
in the series. However, in the case of Mann-
Kendall’s test with seasonality, the seasonality of 
the series is taken into account [26] In other 
words, for monthly data with a seasonality of 12 
months, we will not seek to know if there is an 
overall growth over the series, but simply if from 
one month of January to another, from one 
month from February to the next, and so on, 
there is a trend. 
 
According to [27], Mann-Kendall’s seasonal 
statistics, Ŝ, for the whole series is calculated 
according to: 
 

      
 
                                                  (16) 

 
For this test, the set of Kendall's t (Tau) for each 
season is calculated first, allowing the calculation 
of the average Kendall's t for the series. The 
variance of the statistics can be calculated by 
assuming that the series are independent (for 
example the values for the months of January 
and the months of February are independent) or 
dependent, which requires the calculation of 
covariance [26]. 
 
For the calculation of the p-value of this test, a 
normal approximation for the distribution of the 
mean of Kendall's t is generally used. 
 
3.2.4 Break detection test: alexanderson’s 

method or standard normal 
homogeneity test (SNHT) 

 
Alexanderson's method or more commonly 
known as SNHT (normal standard homogeneity 
test) was developed to homogenize total annual 
precipitation series [28] or annual mean 
temperatures [29]. Its performance deteriorates 
when the change points are close in time or the 
number of change points increases. One or more 
neighboring homogeneous and complete series 
are used to create a series of differences: 
 

      
   

          
   

   
  

   

                                  (17) 

 
                                             (18) 
 

The value of year i of the base series is 

represented by    while     denotes the 

observation i from the reference series j [30]. 
The correlation coefficient between the base 
series and the reference series j is denoted by   . 
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Under the null hypothesis, the standardized 
ratios, Zi, are distributed normally with zero mean 
and standard deviation of 1. The counter-
hypothesis is that there is a change in mean from 
a certain point, noted by a, in the basic series. 
 

                                             (19) 
 

     

                              

                                        
   (20) 

 
To find a replacement for this change point, a 
series of weighted averages is created: 
 

      
 
        

 
                         (21) 

 

where     and   are the means of the 
standardized ratios before and after the jump 
respectively and n denotes the total number of 
years in the series. The maximum of the series is 
extracted and the corresponding α value is the 
most probable year for a change in mean [30]. If 
the statistics   

    exceeds its critical value then 
there appears to be a jump in mean at time a. 
The amplitude of this jump is estimated by the 
ratio of the average ratios before and after the 

jump  
 
 /  

 
. The series is corrected by 

multiplying the first segment by this ratio. In 
principle, the mathematics of the two tests 
(jumps and trends) are applicable to a 
discontinuity per series. In practice, the test is 
applied successively until all the segments of the 
series are considered homogeneous. The critical 
values for this test were determined by 
simulating long series of random numbers 
normally distributed because the exact law of is 
  
    unknown. 

 
4. RESULTS AND DISCUSSION 
 
4.1 Seasonal Analysis 
 
Fig. 3 shows the monthly rainfall trends for the 
first semester (January to June). Overall, very 
few significant trends were detected in the 
monthly rainfall series (12% in January, 41% in 
February, 12% in March, 5% in April and 35% in 
June). These trends indicate an increase in 
monthly rainfall at all affected stations except at 
the Tai (in March) and Danané (in June) stations, 
where there is a decrease at the 5% risk, i.e., a 
significance level of 95%. The monthly trends 
detected in the second half of the year (July to 
December) are presented in Fig. 4. Significant 

decreases were observed in the first four months 
of the second semester (July to October). The 
downward significance was observed over the 
first four months of the semester (July to              
October) with a high number of stations affected 
(88%) in the months of August and September. 
While those on the rise, are observed over                     
the last two months (November and December) 
of the semester. In November, 53% of                  
resorts are affected by this trend and 23% in 
December. 

 
4.2 Annual Analysis 

 
4.2.1 Annual trends and breaks 

 
The results of the Mann-Kendall test with and 
without taking into account the serial 
autocorrelation are presented in Fig. 5. Mann-
Kendall’s test, carried out without taking serial 
autocorrelation into account, shows that only           
11% of the stations (Djakotobi and Nzérékoré) 
show a significant upward trend (risk of 10%). 
Moreover, 65% of stations are affected by a 
downward trend at risk of 1%, 5% and 10%. As 
for the one taking into account autocorrelation, 
we still note that 11% of stations show a 
significant upward trend. Nevertheless, this time 
with an increase in significance (from 10% to 1%) 
at the Djakotobi station. 71% of stations are 
affected by a downward trend. Among them, 
some have seen their significance decrease 
(Blolequin, Zwêdru, Zagne and Toulepleu) and 
others. On the other hand, their significance 
increase (Tabou and Cavala) (Fig. 5). 

 
The application of the break detection test 
(SNHT) made it possible to identify significant 
breaks (sudden changes) in the annual rainfall 
series (Fig. 8) and the rainfall evolution after 
these years of breaks (Table 1). The null 
hypothesis of no rupture was rejected at the 99%, 
95% and 90% confidence levels at all stations, 
except those of N’Zérékoré, Niébé, Djakotobi and 
Soubré. 

 
Fig. 6 shows that 82% of the annual rainfall 
series in the basin are non-stationary and 
therefore show a significant break. It can be 
noted that a very large number of these                
abrupt changes (rupture) were detected at 99% 
risk and are located in the north-central part of 
the basin. While in the south, are based the 
significant ruptures at risk of 90% all detected in 
2012. 
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Fig. 3. Spatial distribution of Mann-Kendall’s test for the seasonal precipitation of the Cavally 
watershed from 1980-2016 

 



 
 
 
 

Yao and Soro; IJECC, 11(12): 52-66, 2021; Article no.IJECC.77673 
 
 

 
59 

 

 
 

Fig. 4. Spatial distribution of Mann-Kendall’s test for the seasonal precipitation of the Cavally 
watershed from 1980-2016 
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Fig. 5. Significance of the statistics of the modified Mann - Kendall test (Hamed, 1998) of the 
annual rainfall series of the Cavally watershed (1980-2016) 

 

 
 

Fig. 6. Significance and date of the breaks detected in the annual rainfall series 
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Table 1. Years of failure on average annual flows 
 

Station TSNH Deficit (%) 

Break years Period after break point 

Danané 1991 downward -25 
Zérégbo 1996 downward -45 
Zouan_Hounien 1996 downward -36 
Toulepleu 2001 downward -23 
Blolequin 1989 downward -31 
Guiglo 1996 downward -29 
Zagne 1989 downward -30 
Buyo 1983 upward 52 
Zwedru 2001 downward -22 
Taï 1996 downward -32 
Grabo 1989 downward -34 
Cavala 2012 downward -35 
Tabou 2012 downward -45 

 
Table 1 shows the trends after each break 
detected. All the stations in the basin 
experienced a drop in rainfall after the year of 
rupture. 

 
4.2.2. Annual rainfall index analysis 
 
The interannual change in rainfall in the Cavally 
River basin is presented in Figs. 7 and 8. The 
analysis of this trend shows that the entire basin 
is marked by an alternation of period of wet and 

dry of rainfall. About 76% (13 out of 17) of the 
stations were affected by two climatic periods, 
which marked their rainfall variability. The 
stations each experienced a period of excess 
rainfall generally ranging from 1980 to 1996 and 
a long period of deficit rainfall (generally from 
1996 to 2016). However, stations in              
N'Zérékoré and Djakotobi had a surplus period 
from 1993 to 2016 and a deficit period from 1980 
to 1994.  Thus, that of Buyo which is (1985 à 
2013). 

 

 

 
 

Fig. 7. Interannual variability of rainfall with two climates periods in the watershed of the 
Cavally River (1980-2016) 
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Fig. 8. Interannual variability of rainfall in the watershed of the Cavally River (1980-2016) 
 

4.3 Discussion 
 
The analysis of rainfall series made it possible to 
characterize climate variability in the Cavally 
watershed. 
 
 Trends 

 
The seasonal Mann-Kendall trend test applied to 
the seasonal precipitation of the Cavally basin 
during the period 1980-2016, shows two seasons. 
 

A season going from November to March 
corresponding to the great dry season of the 
basin. During these months very few significant 
trends per month (53%, in November 23% in 
December 12% in January, 41% in February, 12% 
in March, 5% in April and 35% in June). These 
detected trends, significant or not, indicate an 
increase in monthly rainfall, that is to say an 
increase in the number of rainy days during 
certain months this season. Klassou and Komi, 
2021 found that the drought index showed 
increasing trends in much of their study area (Oti 
river basin). 
 

The second season with two rainy episodes 
corresponding to the great rainy season (April to 
October). The first episode (April to June) during 
which the series very often show decreasing 
trends but not significant. As for the rest of the 

months of this season (second episode), 60-80% 
of the series are affected by a significant 
decrease in rainfall with a risk of significance 
ranging from 1% to 10%. These results indicate 
that during the study period, during the rainy 
season (both episodes), precipitation in the 
Cavally watershed experienced a decrease in its 
monthly contribution precisely the number of 
rainy days. These decreases in heavy rainfall 
events have been observed in the northern ZITC 
and the central tropics [31]. In addition, in relation 
to our results concerning heavy rains, the study 
by [11] predicted a downward trend in heavy 
precipitation indices in the worst-case scenario of 
climate change (RCP8.5). of the International 
Panel on Climate Change in the Ouémé Basin in 
the Republic of Benin (West Africa), while [32] 
demonstrated a significant increase in intensity of 
heavy rainfall by 2050 in the Mono river basin 
(Togo and Benin). 
 
The abnormal increase in the number of rainy 
days during the dry season and the decrease in 
the number of rainy days during the rainy season 
indicate an intra-seasonal irregularity in 
precipitation. This may be due to a change in the 
start and end date of the rainy season in the 
Cavally basin. The work of [10,11,33,31,34,35], 
confirmed this irregularity. According to them, the 
dates of the start of the rainy season have 
become much earlier again, and the end dates 
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have changed less. Specifically, [1] found a 
general reduction in the indices of extreme 
precipitation (except periods of drought) and a 
very slight downward trend in the occurrence of 
heavy precipitation from higher return periods, to 
namely 25, 50, 75 and 100 years were found in 
their works. Likewise, in Central Africa and 
Guinea Conakry, the conclusions of [36] agree 
with our results. Indeed, these authors indicate 
downward trends in heavy precipitation indices. 
 
The modified Mann-Kendall trend test applied to 
the annual precipitation of the Cavally basin 
during the period 1980-2016 shows that 76% of 
the series show a significant trend without taking 
into account the autocorrelation with a threshold 
ranging from 1% to 10%. As for the one carried 
out taking into account the autocorrelation, we 
note that 82% of the stations show a significant 
trend. However, this time with an increase in 
significance (from 10% to 1%) at the Djakotobi 
station. Among them, some have seen the 
statistic (Z) of the test of their series vary, that is 
to say their significance decreases (Blolequin, 
Zwêdru, Zagne and Toulepleu) and increases for 
others (Tabou and Cavala) (Fig. 7). Indeed, 
these results show that the presence of 
autocorrelation in the series biases the 
significance of the tests and therefore can lead to 
aberrant or apparent trends. This conclusion is in 
agreement with the studies of [37] on the 
evolution of the maximum annual intensities of 
hourly rains in Côte d'Ivoire. They point out that 
whether the trend is significant or not, the 
presence of a positive autocorrelation structure in 
a series of rainfall data seems to significantly 
disrupt the statistical tests by introducing 
apparent trends. [21] agrees and points out that 
the presence of a positive autocorrelation in the 
series increases the probability to have a 
significant response, even in the absence of a 
trend. The apparent trends are often due to the 
slow decay of the autocorrelation function. In the 
case of strongly autocorrelated series, the 
apparent trends rarely result from long-term 
deterministic change. Some authors [23,38] 
indicate that the presence of autocorrelation 
causes a high rate of rejection of the stationarity 
hypothesis (absence of trend). In contrast, [39] 
point out that the presence of a negative 
autocorrelation induces the opposite effect. 
 

All the significant trends detected on the self-
correlated or non-self-correlated series are 
mainly (60% to 70%) downward and a minority 
(11%) upward. This means that the annual 
rainfall of stations in the basin has decreased 

significantly although it has increased at some 
station over the period 1980-2016. These results 
are in agreement with those found in the work of 
[40] in Benin. This author claims that similar 
decreases and increases in annual precipitation 
totals have also been observed in different parts 
of the country. [41] also demonstrated that 
rainfall in West Africa decreased in the second 
half of the 20th century. Almost all of the studies 
on climate variability in West Africa [42,7, 8], 
particularly in Côte d'Ivoire [43-45], confirm the 
general downward trend in rainfall which would 
be due to climate change due to global warming 
which would be a consequence of numerous 
human activities. 
 
 Interannual variability and rupture 

 
The statistical methods (SNHT and Hanning low-
pass filter of order 2) carried out on the 
chronological series of annual precipitation over 
the transboundary Cavally basin show that its 
variability is marked by two climatic periods. 
 
Hanning low-pass filter of order 2 shows in 
general that, all-time series show the presence of 
a wet (generally from 1980 to 1996) and dry 
(1997 to 2016) periods with decreasing and 
regular annual quantities, with the exception of 
those of N'Zérékoré, Buyo and Djakotobi. This 
decrease was manifested by significant and non-
significant breaks (Djakotobi, Niébé, Soubré and 
N’Zérékoré) within the time series. Indeed, the 
dates 1983 (Buyo), 1996 (Zérégbo, Zouan-
Hounien, Guiglo and Taï), 1989 (Zagne and 
Blolequin), 1991 (Danané), 2001 (Toulepleu and 
Zwedru), and 2012 (Cavala and Tabou) are 
dates of significant ruptures identified by the 
SNHT test. Then, the rainfall deficits of these 
different breaks vary between 20% and 45%. It 
should also be noted that these methods applied 
to the average annual rainfall (from 1980-2016) 
of the transboundary watershed of Cavally, 
shows two climatic periods. A wet ranging from 
1980 to 1996 and a dry one from 1997 to 2016 
with a deficit of 18%. These two periods are 
separated by a break in 1996 identified by the 
SNHT test. In addition, most of the abrupt 
changes appear in the period of severe drought 
(1968-1990) and in 1996. The ruptures of 1996 
may be a continuation of the drastic drought 
experienced in West Africa. These results are in 
agreement with the different points of change 
that have been detected in several previous 
studies of rainfall variability in West Africa [46-48] 
and in Côte d'Ivoire [16,44,49]. Finally, the 
breaking points observed in the other years are 
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not associated with any period and could 
therefore reflect a new reference for recent 
stationarity studies. 
 

5. CONCLUSION 
 
The characterization of rainfall trends in the 
transboundary basin of the Cavally River was 
studied in this study. The objective was to study 
the recent evolution of annual and seasonal 
precipitation in the Cavally basin. MK’s tests 
(original, modified and seasonal); SNHT, IDW, 
and harnning filter were applied to each time 
series. The basin has experienced on average 
two climatic periods, both separated by a break 
in 1996. The wet period starts from 1980-1996 
and the dry period from 1997-2016. Significant 
decreases for rainfall over time were observed, 
except for some stations (Djakotobi and 
Nzérékoré) which experienced a significant 
increase. The results of the monthly analysis 
show significant downward trends for July, 
August and September during the rainy season 
and a marked increase in some months of the 
dry season, thus illustrating the impact of these 
trends on total annual precipitation. The trends 
detected are not systematically attributable to a 
climatic signal. The geographical space of rainfall 
by decade shows a regular drop in rainfall (from 
1980-2016) with a recovery during the decade 
2000-2009. At the end of this study, the rainfall in 
the Cavally basin is generally on a downward 
trend. With the appearance of a probable new 
year of rupture varying between 1989 and 1999. 
This study should be extended to all the basins in 
Côte d'Ivoire or West Africa to determine the 
relevance of the new rupture (1996) detected. 
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