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Abstract: For several decades, climate change and climate variability issues and their impacts on the hydrological regime 

of rivers have constituted a major topic for hydroclimatological sciences research and water resources planning policies. 

Understanding of these issues needs enough long time series of rainfall and runoff data covering a large period, and a 

comprehensive diagnosis of the existing trends and shifts in these time series of data. This can be done by applying robust 

statistical tests to relevant rainfall and runoff time annual series. The aim of this paper is to highlight the effect of climate 

change in the Gambia River Basin and its impacts on the availability of the water resources of this basin. To reach this 

objective, we have selected runoff time series of the Gambia River Basin at Mako, Kedougou Diaguéri streamgauges and 

rainfall time series at Koulountou’s rain gauge. Statistical tests for shift detection presented in the Khronostat software, such 

as Pettit, Hubert and Buishand ellipse tests are first used, Mann Kendall test for annual trend are then applied to check 

whether trends exist or not in these times series. When the null hypothesis of no trend is rejected, the non parametric Sen’s test 

is then applied to validate the Mann Kendall trend test and to estimate the magnitude of the trend and its direction. Tests for 

homogeneity show an increasing shift for rainfall time series of Koulountou raingauge and for runoff time series of Mako and 

Diaguéri and a decreasing shift for Kedougou streamgauge. According to the Mann Kendall trend test, there is an upward 

trend for Koulountou rainfall time series, and Mako and Diaguéri runoff time series, and a downward trend for Kedougou 

annual runoff time series. The Buishand ellipse and the Hubert test indicate generally the same year of the beginning of the 

shift. Interesting perspectives for decision makers in evaluation and precise management of water resources and water 

projects in the Gambia River basin are offered as well. 

Keywords: Climate Variability, Hydrometeorological Data, Statistical Hydrology, Water Resources, Watershed,  
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1. Introduction 

Climate change and climate variability have a great 

impact on economic and social human activities. It is by this 

way a challenge for scientific research in recent years [1,2,3]. 

Climate can basically be defined as the average weather 

conditions of a particular neighborhood observed over a 

period of time [4]. Climate change and variability result in 

significant changes to the decline in rainfall, in piezometric 

level and the fall of the flows of rivers [5, 6]. Such a 

disruption in rainfall as runoff regimen, can directly or 

indirectly penalize development projects related to water, 



139 Vieux Boukhaly Traore et al.:  Trends and Shifts in Time Series of Rainfall and Runoff in the Gambia River Watershed 
 

such as agriculture [7, 8]. It can also affect the good 

functioning of arrangements previously made to these 

climate changes [9,10-11,12].Thorough knowledge about 

the long-term variability and trends of rainfall is seen as a 

major concern in environmental science because of the 

extreme vulnerability of the environment where the climate 

can be broadly defined by an annual rainfall [13]. To 

characterize these climatic fluctuations, the statistical 

analysis of time series of rainfall/runoff at different sites on 

possible longer periods is essential and uncontested to better 

seek to locate them in the chronology available [11, 14, 15] . 

Statistical analysis involves studying past events, the 

characteristics of processes (rainfall, runoff) to define the 

probabilities of future occurrence [16, 17, 18]. This 

prediction is based on fitting the act of probability to the 

empirical frequencies of past observation [16]. Analysis of 

the frequency of rain predicts the characteristics in terms of 

quantiles, return period, and response time of the watershed 

[16]. It quantifies the extent of flooding and takes the 

decisions necessary for the drainage of rainwater to mitigate 

the impact of these events [16]. Statistical analysis indicates 

an increasing trend of the mean annual precipitation and the 

existence of some break points in the data series [19, 20]. 

Annual rainfall is an essential component in the water 

budget [20].Most of water resources projects are designed 

based on the historical pattern of water availability and 

demand, assuming constantly climatic behavior [20,21]. So, 

any change in climatic behavior has a big influence in the 

precipitation regimen [20,22].The existence of an increasing 

or decreasing trend in hydrological time series can be 

explained by changes in the factors that influence 

precipitation [20, 23, 24].The analysis of long time series of 

annual/ monthly rainfall can help put the current drought in 

historical perspective and thus enjoy the alternating wet and 

dry periods to better characterize the current annual rainfall 

deficit [25,26]. It shows the existence of significant 

relationships of dependency [27]. It also reveals a strong 

tendency for a dry year is followed by another dry year [25, 

27]. Assessing trends in rainfall characteristics based on past 

records together with the perception of the local community 

is essential to develop adaptation strategies [28].The 

Ecosystem management requires the collection of data to 

define one or more quantitative indicators whose evolution 

is typically observed year to year or month by month [29]. 

Today, most of these information systems exist on a 

relatively short period of time and therefore give a vision of 

the “short term” evolution. The difficulty is thus to 

appreciate any trend in the dynamical process and/or detect 

significant changes which would allow to define efficient 

strategies for ecosystem management or to detect the impact 

of some human activities on the behavior of natural 

ecosystem [29]. To resolve this difficulty, long time series 

data are needed but sometimes this is not sufficient to detect 

changes and trends in climate/hydrological variables, 

[30,31]. Some of the reasons of these difficulties are related 

to data availability and quality. To ensure the quality of the 

results and conclusions on the study of climate change and 

its impacts, the check of data quality is a preliminary and 

mandatory task [32, 33]. Reliable measurements of climate 

data are the essential foundation for quantitative climate 

analyses. Unfortunately, there are several factors that affect 

the quality of climate data and these factors must be 

understood and considered both for scientists and climate 

analyzes [17]. Although there are universally 

accepted/recommendations for instrument installation and 

observations, the measurement practices and instruments 

may differ from station to station in a given country, and also 

there may be changes in an individual station from time to 

time. As a result, these factors cause variations in station 

time series [17]. There are today several methods and tools 

for detecting trends and breaks in the hydro climatic series 

[34]. Statistical analysis requires methodological rigor and 

should lead to conservative interpretations [34,35].That is 

why the choice must be made by the identification of tools or 

methods that can accurately highlight all the events related 

to climate variability and change and their impact on water 

resources to ensure prediction [36, 37, 15]. In this paper, we 

focus on the Gambia River basin on the west coast of Africa. 

Tests for detecting trends and shifts have been applied to 

runoff time series of this watershed at Mako, Kédougou, 

Diaguéri’s streamgauges and rainfall time series at 

Koulountou’s raingauge. The Khronostat software was used 

to search for potential interruptions by Pettitt, Buishand and 

Hubert’s methods [38]; Mann Kendall test and Sen.’s 

estimator of slope are used to solve the question of trends 

detections and its directions and magnitudes. The aim of this 

study is to check trend and shift in the time series of rainfall 

and runoff of Gambia river basin to measure the effect of the 

climate change and variability and its direct impact on water 

resources .The methods used to identify a shift or trend in 

the time series are described in flowing section and the 

conclusions are presented in the last section. 

2. Materials and Methods 

2.1. Study Area and Data 

The Gambia River Basin (figure1) is shred by three 

countries: Gambia, Guinea and Senegal. It is 1150 km long 

which 205 in Guinea, 485 in Senegal, 460 in Gambia and 

covers an area of more than 60000 km2. The basin is 

located on the western coast of Africa, in latitude 11 ° N in 

the Fouta Djallon to 15 ° N in the south-eastern ferlo full 

tropics wet; longitude 11°13W (Fouta Djallon) 16°42W 

( Banjul, mouth). It is subject to the influence of the 

monsoon in the Gulf of Guinea and knows a unimodal 

rainfall; the dry season is the northern winter is 

increasingly long as and as one goes north. Meanwhile the 

amount of precipitation decreases from over 1500 mm in 

the highlands of the Fouta Djallon to 500 mm in southern 

Ferlo; average and maximum temperatures rise and 

evaporation and insulation. Gambia crosses the Senegalese 

border upstream Kédougou where it is controlled by the 

Kédougou’s streamgauge. Just downstream, the Gambia 
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receives watershed Diaguéri, controlled

Diaguéri. The river begins its crossing

Djallon by a large loop in the middle

stream gauge of Mako ; it enters the plates

terminal to its mouth it receives on 

Koulountou controlled by the stream

(Niokolo Koba National Park). Data used

rainfall at Koulountou’s raingauge, and

Diaguéri and Kédougou’s streamgauges.

acquired from the database of OMVG (Organization

Table 1. Geographical 

Stations Koulountou

Latitude 12°47N 

Longitude 13°29W 

Catchment area 5350 Km2

Variables used rainfall 

Database period 

Years with missing data 

1974-2006

1994,1995

Average 75.80 

Standard deviation 36.79 

 

2.2. Statistical Shift Detection Methods

A shift is a change in the probability distribution

of the variable describing the evolution

occurring at a given date [3, 39]. The existence

a time series allows detecting a change

time series. There are various methods

inhomogeneity [28, 40]. The methods used

in this paper are Pettitt test, Buishand

segmentation procedure of Hubert. These

commonly used in the climatology

inhomogeneities in the meteorological 

42]. The null hypothesis (H0) that is tested

no shift in the time series. The significance

used is α equal to 5%. These tests are
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controlled streamgauge of 

crossing of the North Fouta 

middle of which stands 

plates of continental 

 his left watershed 

streamgauge of NKNP 
used in this study are 

and runoff at Mako, 

streamgauges. These data are 

(Organization for the 

development of the Gambia River)

of Guinea, Gambia and Senegal.

from 1974 to 2006 for Koulountou’s

2000 for Mako stream- gauge;

streamgauge and 1970 to 2006

have been selected. We present

coordinates, catchment areas,

missing data, average and 

measurement stations of our study

Figure 1. Gambia River basin 

 locations and hydrometeorological database for five stations used in

Koulountou Mako Diaguiri 

 12°52N 12°38N 

 12°21W 12°05W 
2 10450 Km2 1010 Km2 

 runoff runoff 

2006 

1994,1995 

1974-2000 

---------- 

1974-2008 

-------- 

86.7 9.20 

28.27 10.34 

Methods 

distribution function 

evolution of a hydrological 

existence of a shift in 

change in the mean of this 

methods in detecting 

used to detect a shift 

Buishand test and the 

These methods are 

climatology to detect 

 time series [17, 41, 

tested is that there is 

significance level that was 

are nonparametric: i.e. 

that they do not require knowing

of the hydrological variable. They

the discontinuities in the precipitation

Their choice in this study is 

their procedure and the fact

successfully applied to hydrometric

Sudano-Sahelian Africa several

present them in the following

2.2.1. Pettitt Test  

The Pettitt test is a non 

absence of shift in the time series

hypothesis. The use of the test

t with a value between 1 and

for i = 1 to t and for j = t 

population. The basis of this

38-146 140 

River) shared by the countries 

Senegal. The periods extending 

Koulountou’s raingauge; 1974 to 

gauge; 1974 to 2008 for Diaguéri 

2006 for Kedougou streamgauge 

present in the (table1), geographic 

areas, database periods, years with 

 standard deviations of the 

study zone. 

 

in the study. 

Kedougou 

12°33N 

12°11W 

7550 Km2 

runoff 

1970-2006 

------- 

72.55 

25.78 

knowing the probability distribution 

They allow determining easily 

precipitation or runoff series. 

 justified by the robustness of 

fact they have already been 

hydrometric series observed in 

several authors [6]. We shortly 

: 

 - parametric one [43]. The 

series (	x�) of size N is the null 

test supposes that for any time 

and N, the two time series (	x�) 
 + 1 to N belong to the same 

this test is the following [20]: (i) 
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the studied series is divided into two sub-samples of sizes 
m and n respectively; (ii) the values of the two samples are 

grouped and arranged by increasing order; (iii) the sum of 

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

sample is then calculated by (1); (iv) a statistic,	U� , is 

defined using the two sums thus obtained in order to assess 
whether the two samples belong to the same population 

given by (2). 

D�,� = sgn
x� − x�� = � 1		si			x� − x� > 00			si			x� − x� = 0−1		si			x� − x� < 0�		          (1) 

U�,� = ∑ ∑ D�,����������� 	             (2) 

Pettitt proposed, "for the test of null hypothesis H0: 'no 

change' against alternative hypothesis H1: 'change', the use 

of the statistic given by (3): 

K� = max�U�,��                 (3) 

for, t= 1 to  t= N-1  

If k is the value of K� taken on the studied series, under 

the null hypothesis, then the significance probability 

associated with the value k of KN is approximately given by 
(4) 

Prob$K� > %& ≈ 2exp+−6K- $N- + N0&⁄ 2      (4) 

If Prob (K > k) < α, for a significance level α, then the 

null hypothesis is rejected, and an estimation of the date of 

the break is provided by the moment t defining the 

maximum in absolute terms of the U�,� variable [ 3] 

2.2.2. Buishand U Statistic  

The Buishand test is Bayesian procedure applied under 

the assumption that the studied series is normally 

distributed [44]. Then, the Buishand U statistic is defined 

by (5): 

U = 	∑ 345 678 9:;<=>?=�$���&               (5) 

Where the terms SA  and σC	are the partial sum and the 

standard deviation of the given series$x� ) that tests for 

homogeneity can be based and they are respectively given 

by (6) and (7);		xD		is the average given by (8):  

SA = ∑ $x� − xD�� &		             (6) 

σC- 	= ∑ $x� − xD&-�� N			⁄ 	           (7) 

xD = ��∑ x��� 			                (8) 

The null hypothesis of the statistical test is the absence of 

shift in the series. In the case of rejection of the null 
hypothesis, no estimation of the date of the shift is 

proposed by this test [28]. In addition to these different 

procedures, the building of a control ellipse makes it 

possible to analyze the homogeneity of the (xi) series. 

Under the null hypothesis assumption, the SA  variable, 

defined above, follows a normal distribution with a zero 
mean and a variance equal to (9): 

σ- = �� 	K	$N − K&              (9) 

With, k = 0 to N. 
This control ellipse was used here to estimate visually 

the importance of the deviations under the null hypothesis 

of the homogeneity of the series [45]. It is consequently 

possible to define confidence limits including the series of 

the SA	[ 46]. 

2.2.3. Hubert Segmentation 

Hubert’s segmentation procedure detects the multiple 

shifts in time series [47]. It provides, thanks to a specific 

algorithm, one or several break dates (or possibly 
none).The principle is to cut the series into m segments 

(m>1) such that the calculated means of the neighboring 

sub-series significantly differ. To limit the segmentation, 

the means of two contiguous segments must be different to 

the point of satisfying Scheffe’s test. The procedure gives 

the timing of the shifts. Giving a m�E	order segmentation 

of the time series,	iA	, k = 1, m, the rank in the initial series 

of extreme end of the 	k�E  segment (with iG = 0), the 

following are defined  by (10) and (11): 

xADDD = ∑ CHI?I5I?I5<=J=�5K�5<=                (10) 

DL = ∑ ∑ $x� − xDA&-���5���5<=��A�LA�� 			      (11) 

DL is the quadratic deviation between the series and the 

segmentation. For a given segmentation order, the 

algorithm determine the optimal segmentation of a series 

that is such that the deviation DL  is minimal. This 
procedure can also be interpreted as a stationary test, the 

null hypothesis being the studied series is non-stationary. If 

the procedure doesn’t produce acceptable segmentations of 

order bigger or equal to two, the null hypothesis is accepted 

[48, 49]. 

2.3. Statistical Trend Detection Methods 

Trend is the tendency of a phenomenon over a fixed 

period; it can vary according to the reference temporal 

window. It is well known that the time series data required 

for trend analysis should be random and/or non-persistent 

[41]. One of problems in the analysis and interpretation of 

trends in hydrological data is the confounding effect of serial 

dependence [24]. Furthermore, in the presence of positive 

serial correlation, the non-parametric test could signify a 

significant trend due to random effects of the data series [50]. 

Among the tests to detect (linear) trend in time series the 

most used are Mann Kendall and Sen’s estimator of slope 

because of theirs simplicity and robustness [51]. The null 

hypothesis (H0) that is tested is that there is no trend in the 

time series. The significance level that was used is α equal 

to 5%. 
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2.3.1. Sen’s Estimator of Slope 

This test is applied in cases where the trend is assumed to 
be linear, depicting the quantification of changes per unit 

time [52]. This method could be used with missing data and 

remain unaffected by outliers or gross errors [24, 50]. It 

allows also estimating the magnitude and direction of the 

trend [53]. The N values of slopes Pij for n observations are 

calculated by:  

Pij = 
MHKMI�K�                     (12) 

Where	x� and x� are data values at times (or during time 

periods) j and i, respectively, and where j >i   for, i= 1 to i= 
n; and j = i+1 to j= n  

After slopes computations, the N values of slope are 

algebraically classified in ascending order (there included 

the null value if there's any) and median of these N values of 

slope noted PN  which is Sen’s estimator of slope, is 
estimated depending on whether N is odd or even by (13): 

PN = �P;J=: 																							if			N		is		old
�- RP;: + P;J:: S 					if		N	is	even		�    (13) 

We define a confidence interval for the median slope by 

calculating the lower limit denoted		P�UV corresponding to M��E	 and the upper limit denoted 		PXYZ  corresponding 

to	$M- + 1&�E		of the N ordered slope estimates; where M� 

and M- are respectively given by (14) and (15): 

M� = �K[\-                 (14) 

M- = ��[\-                 (15) 

C^  is the parameter calculated by (16): 

	C^ =$Z�K\	: &`Var$S&            (16) 

Where 			Z�K\	:  and 	Var$S ) are respectively the critical 

value	of	the	test statistic Z from the standard normal table 

for a desired significance level α and variance which is 
computed by (17): 

Var(S) =	 ��d en$n − 1&$2n + 5& − ∑ 
tZ − 1�tg$2tZ + 5&hg�� i (17) 

Where q is the number of tied groups and tZ  is the 

number of data in the	p�E group. The null hypothesis H0 

(there is trend in the series) is accepted if we have: P�UV	 < PM < 		PXYZ		if not, it is rejected. According to the 

magnitude and direction, a positive value of the median 

slope means that trend is upwards and its negative value 

means that trend is downwards. 

2.3.2. Mann-Kendall’s Test 

Mann-Kendall’s test is a non-parametric method, which is 

less sensitive to outliers and test for a trend in a time series 

without specifying whether the trend is linear or non-linear 

[54]. Mann-Kendall’s test statistic is given as (18) 

S = ∑ ∑ sgn
x� − x���������K���� 		          (18) 

Where S is the Mann-Kendal’s test statistics; x�  and x�	are the sequential data values of the time series in the 

years i and j ( j > i) and N is the length of the time series. A 

positive S value indicates an increasing trend and a negative 

value indicates a decreasing trend in the data series. The sign 

function is given as (19): 

sgn
x� − x�� = � 1		if			x� − x� > 00			if			x� − x� = 0−1		if			x� − x� < 0�         (19) 

The variance of S, for the situation where there may be 

ties (that is, equal values) in the x values is given by (20): 

Var$S& = 	 ��d +n$n − 1&$2n + 5& − ∑ t�$	t� − 1&$2t� + 5&L��� 2  (20) 

Where m is the number of tied groups in the data set and 	t� is the number of data points in the i�E tied group. For n 

larger than 10, ZNj  approximates the standard normal 

distribution [24, 55] and computed as follows (21): 

ZNj = kl
m 4K�√opq$4& 	if		S > 00					if									S = 04��√opq$4& 	if		S	 < 0�           (21) 

The presence of a statistically significant trend is 

evaluated using the ZNj value. In a two-sided test for trend, 

the null hypothesis Ho “there is no trend in the series”, 

should be rejected if |ZNj| < Z�Kα:		 (or p-value > α) at a 

given level of significance α. The critical value Z�Kα:  of ZNj from the standard normal table. For example, for α= 5% 

significance level, the value of 	Z�Kα:   is 1.96. A positive 

value of ZNj	indicates an increasing trend while a negative 

value indicates a decreasing trend [28]. 

3. Result and Discussion 

3.1. Results of the Shifts Detection Tests 

We present the results of all shift detection tests in table2 

and the corresponding graphics in (Fig 2). Both Pettitt test 

and Buishand test reject the null hypothesis of no shift at the 

5% significance level for all stations. For these two tests, 

break occurs at year 1993 for Kédougou and Mako 

streamgauges, 1998 for Koulountou raingauge and 2002 for 

Diaguéri streamgauge. The Hubert’s procedure of time 

series segmentation corroborates the preceding results and 

leads to the same years for break (Fig 3). We can conclude 

that the time series for all four stations (raingauge and 

streamgauge) are not homogeneous because they all have a 

shift. Nevertheless, the direction of the shift is not the same 

for all time series. The runoff increases for Mako and 

Diaguéri time series; it decreases for Kedougou streamgauge. 

The rainfall increases for Koulountou raingauge.  
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Table 2. Homogeneity tests results; null hypothesis: absence of shift 

 Koulountou Mako Diaguiry Kédougou 

Pettitt Test 

Test Result  

Break date 

-------------- 

NO 

1998 

---------------- 

NO 

1993 

---------------- 

NO 

2002 

--------------- 

NO 

1993 

Buishand Test 

Test Result  

Break date 

------------- 

NO 

1998 

--------------- 

NO 

1993 

-------------- 

NO 

2002 

----------- 

NO 

1993 

Hubert Test (order 2) 

Test Result  

Break date 

-------------- 

NO 

1998 

----------------- 

NO 

1993 

------------- 

NO 

2002 

------------- 

NO 

1993 

NO = Rejection of the null hypothesis 

 

a)                                                     b) 

 

c)                                                     d) 

Figure 2. Buishand ellipse on annual rainfall and runoff series 

a) at Koulountou’s Raingauge. b) at Mako’s Streamgauge.  

c ) at Diaguéri Streamgauge. d) at Kedougou Streamgauge.  

 

a)                                                     b) 
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c)                                                    d) 

Figure 3. Temporal evolution of rainfall and runoff series 

a) at Koulountou’s Raingauge. b) at Mako’s Streamgauge.  

c) at Diaguéri Streamgauge. d) at Kedougou Streamgauge.  

3.2. Results of the Trend Detection Methods 

The results of trend detection methods are indicated in 

Table3. According to this table, the Mann-Kendall test 

trend rejects the null hypothesis of no trend for all time 

series at 5% probability level. All time series present a 

trend. The value 	ZNj	of the Mann Kendall are all positive 

for Mako and Diaguéri runoff time series and for 

Koulountou rainfall time series. They are all negative for 

Kedougou runoff time series. This allows us to say that 

trend is upwards for Mako, Diaguéri and Koulountou, and 

downwards for Kedougou. The non parametric Sen’s test is 

then applied to validate the Mann Kendall trend test and to 

estimate the magnitude of the trend and its direction. Sen’s 

test rejects the null hypothesis of no trend for all time series 

for Mako, Diaguéri, Koulountou and Kedougou. The 

median slope is positive for Mako, Diaguéri and 

Koulountou time series, and negative for Kedougou time 

series. This means that trend is upwards for the first three 

gauges and downwards for the last. This is in adequation 

with the results of the Mann Kendall trend test. 

Table 3. Summary of trend tests results, null hypothesis: absence of trend 

 Koulountou Mako Diaguéri Kédougou 

Man-Kendall 

Test Result 

-------------- 

NO 

------------- 

NO 

--------------- 

NO 

-------------- 

NO 

SEN 

Test Result 

-------------- 

NO 

------------- 

NO 

-------------- 

NO 

------------- 

NO 

NO= Rejection of null hypothesis 

4. Conclusion  

The aim of the study is to detect any trends and/or shifts in 

the time series of the Gambia River Basin to highlight the 

effect of climate change and its impacts on the availability of 

the water resources of this basin. Non parametric tests have 

been applied: Pettitt, Hubert and Buishand tests for shifts 

detections, and Mann-Kendall test and Sen.’s method for 

trends and their direction and magnitude. These tests give 

the same results for shifts and trend detection. Time series 

present an upwards shift for runoff at Mako and Diaguéri 

streamgauge and rainfall at Koulountou raingauge, and 

downwards shift of runoff at Kedougou streamgauge. They 

indicate increasing trends for runoff at Mako and Diaguéri’s 

streamgauges and for rainfall at Koulountou raingauge; and 

decreasing trends for runoff at Kedougou stream gauge. 

Trends and shifts in the time series are useful for water 

resources planning and management. However, it is 

important to keep in mind the limitations of the statistical 

approach used in this work. This approach doesn’t indicate 

the physical processes underlying the shifts or trends. 

Complementary research are required to determinate the real 

cause of these phenomenon through climate models for 

example in order to better understand the relationship 

between climate variability and water resources. 
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