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Abstract 

The concern for climate change had led to an upsurge in climate research with most of 

such efforts concentrated on rainfall. The thrust of such studies showed that annual 

rainfall series was on the decrease in most parts of the Sahelian region of Africa since late 

1960s with a slight recovery from the year 2003 onwards. The objective of this paper is to 

analyze monthly rainfall variations for further evidence of climate change in Sokoto state, 

Nigeria from 1926-2015. The period was divided into three slices viz: 1926-1955, 1956-

1985 and 1986-2015 for comparative purposes. Monthly rainfall data obtained from 

Nigerian Meteorological Agency (NiMet) were subjected to Kendall tau Statistic, Rainfall 

Seasonality Index (RSI) and Rainfall Anomaly Index (RAI) for analyses. The result showed 

an upward trend in monthly maximum rainfall totals during all the slices, though not 

statistically significant. The rainfall regime has changed from being ‘most rains in 3 

months or less’ to being ‘markedly seasonal with a long dry season’. The monthly rainfall 

anomaly pattern revealed a marked increase in rainfall during the period of relative 

rainfall maximum (August) for all slices except 1956-1985 and pronounced decrease 

during the period of relative rainfall minimum (May-June) for all slices except 1986-2015. 

The changing rainfall regime as well as pronounced decrease in rainfall during the period 

of relative rainfall minimum are further evidence of the changing climate. It is 

recommended that seasonal rainfall prediction model be developed to accurately predict 

rainfall anomalies for agricultural planning in the region. 
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Introduction 

Rainfall is the most important 

climatic element in tropical Africa where 

the wet and dry seasons are defined as a 

function of the availability (or otherwise) 

of rainfall. Since farming is rain-fed in 

most of these areas, the variability in 

rainfall could adversely affect food crop 

production either as result of too much 

rainfall leading to large-scale floods or 

too low rainfall leading to drought. In the 

West African sub-region, the climatic 

anomalies in the late 1960s to mid 1970s 

and those of the 1980s led to catastrophic 

droughts that ravaged most countries in 

the region particularly those located 

within the West African Sahel 

(Acheampong, 1990). Since the drought 
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episodes of the 1970s and 1980s in the 

West African Sahel, several studies have 

been carried in an attempt to discern the 

nature and characteristics of rainfall in 

the region. Some have examined the 

synoptic origin of rainfall and 

contribution of different rain-producing 

systems to total annual rainfall 

(Omotosho, 1985; Kamara, 1986; Bello, 

1998).  

Changes in rainfall characteristics in 

West Africa have also been examined 

using different rainfall records (D’Amato 

and Lebel, 1998; Aondover and Woo, 

1998; Odekunle and Adejuwon, 2007; 

Umar, 2013). Ayoade (1973) investigated 

the annual rainfall trends and 

periodicities in Nigeria using simple 

linear regression and spectral analysis 

and found no significant overall trend in 

annual rainfall totals over most parts of 

Nigeria over the period 1931-1960, with 

the exception of only three southern 

stations where significant downward 

trend was observed. Adefolalu (1986) 

analyzed the mean monthly rainfall data 

of 28 meteorological stations in Nigeria 

for the period 1911-1980 and showed that 

both the amount and area of the 

secondary rainfall maximum at 9
0
 – 10

0
N 

latitude has depreciated with time, and 

the belt of relative minimum rainfall , 

with its east-west axis almost coincident 

with the channel of the rivers Niger and 

Benue, which appears to be expanding 

with time. 

The daily rainfall records for 1961-

1990 for Nguru, Potiskum and Maiduguri 

stations in Nigeria and Maine Soroa in 

Niger were analyzed for trends by Hess et 

al (1995) and found a consistent decrease 

in annual rainfall of 8mm year-1 at all 

four stations with the majority of the 

reduction occurring in September or 

October. Ekpoh and Nsa (2011) on the 

other hand examined the extreme climatic 

variability in north-western Nigeria with 

emphasis on rainfall trends and patterns. 

They found that climatic conditions in 

north-western Nigeria have altered 

substantially as four drought episodes 

took place within the last three decades of 

the 20
th

 century. They further showed 

that the 1968-2008 mean rainfall shifted 

downwards by 8.8 percent from the long-

term mean of the region. Using rainfall 

data spanning 1949-2008 for eight 

meteorological stations located in the 

Sudano-Sahelian ecological zone of 

Nigeria, Abaje et al (2012) studied the 

recent trends and fluctuations of annual 

rainfall of the region and revealed that 

Katsina and Nguru were significantly 

drier than the long-term mean when the 

two non-overlapping sub-periods (1949-

1978 and 1979-2008) were compared. 

Nicholson (2005) examined the 

question of the “recovery” of the rains in 

West African Sahel using seasonal and 

August rainfall time series over the 

period 1998-2003 for eight zones, in the 

latitude from 12° N to 20° N and showed 

that, in the three zones to the south, 

seasonal totals exceeded the long-term 

means in all years and conditions were 

comparable to or wetter than those during 

the wet decade of the 1950s. The wettest 

years were 1998, 1999 and 2003. For 

detailed discussions on the review of the 

studies of 21
st
- century precipitation 

trends and variability over West Africa 

(Druyan, 2011; Nicholson, 2013; Sanogo 

et al., 2015). The objective of this paper 

is to examine the variations in monthly 

rainfall for evidence of climate change in 

Sokoto state, Nigeria over the period 

1926-2015. 
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Study Area 
Sokoto state is located within the 

Sudan savannah zone. It is located 

between latitudes 13
0
.35

'
N to 14.

0 
0'N and 

longitudes 4
0 

E to 6
0
E 40

''
 It has the total 

population of 3,702,676 million (NPC, 

2006). The state has borders with the 

Niger Republic to the north and by the 

west, Zamfara State to the east, and 

Kebbi State to the south (Figure 1). 

Sokoto is the capital of Sokoto state. 

The people of Sokoto state are 

predominantly Muslims living with 

Christian communities mainly from the 

southern part of Nigeria. They are 

generally agrarian, though few of them 

engage in other socio-economic activities 

such as weaving, fishing, trading, poultry 

etc. The area lies on a sedimentary 

formation and its relief is generally plain 

though interrupted by spot of plateau, 

sandstone with resistant layer of lateritic 

material in some parts of the state. The 

area is characterized by loess and sandy 

soils.  

The climate of the area is largely 

influenced by the interactions between 

two air masses. The tropical maritime air 

mass (mT) from the Atlantic Ocean and 

the tropical continental air mass (cT) 

from Sahara Desert. The two air masses 

(cT and mT) meet along a slanting 

surface called the Inter-tropical 

Discontinuity (ITD). The climatological 

significance of the ITD lies in the fact it 

provides a framework for following the 

south-north motions of the rain-

producing southwest monsoon winds 

whose depth and motion influence 

rainfall amount, duration and distribution 

(Ayoade, 2011). 

Most parts of the State lay within the 

Sudan Savanna zone where trees and 

short grass species of less than one meter 

co-dominate. The two major rivers that 

drain the area are: River Rima and River 

Sokoto. The Rima has its sources from 

Kano, Katsina and neighboring Niger 

Republic, while river Sokoto has its 

major sources from Katsina state around 

Funtua and Dan’dume. River Bunsuru 

and river Gangare are the two major 

tributaries that flow in a northern 

direction where they meet and flow in to 

river Rima (Davis, 1982).
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Figure 1: The Study Area 
Source:  Macmillian Secondary School Atlas (2000) 

 

Methodology 

Monthly rainfall records of Sokoto 

meteorological station (Lat. 13.01
0
N, 

Long. 05.15
0
E) over the period 1926-

2015 were obtained from the Nigerian 

Meteorological Agency (NiMet). Study 

period was divided into three slices viz; 

1926-1955, 1956-1985 and 1986-2015 

for comparative purposes. Rainfall 

records for April, May, June, July, 

August, September, and October for each 

year and for each slice were used for 

trend analysis using he Kendall rank 

correlation coefficient. The selection of 

these months (April-October) is based on 

the fact that rainy season commences in 

April/May and ends in 

September/October in the region. The 

most likely alternative to randomness in a 

climatic time series is some form of 

trend, which may be linear or non-linear. 

It is, therefore, necessary to use a test of 

randomness to check the trend. Mann-

Kendall rank method has been suggested 

as powerful test by Kendall and Stuart 

(1961), and hence adopted for this study. 

In this case, the statistic t, also known as 

tau statistic is computed using the 

formula: 

  - 1  ………………… i 

Where ni is the number of values larger 

than the ith value in the series subsequent 

to its position in the time series. The 

Kendall tau statistics is embedded within 

the Statistical Package for Social 

Sciences (SPSS) and was used for this 

study. 

Rainfall seasonality for Sokoto during 

each of the sub-periods was analyzed 

using the method of Walsh and Lawler 

(1981). Olaniran (1982) also employed 

this method in investigating the monsoon 

factor and the seasonality of rainfall 

distribution in Nigeria over a ten-year 
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period, 1969-1978. The Seasonality index 

given as SI can be defined as: 

12

1

1

12

n

n

RSI Xn
R

=

=

= −∑   -----------ii 

Where Xn = mean rainfall of the month 

n and R = mean annual rainfall. 

It was recommended by Walsh and 

Lawler (1981) that the ‘Replicability 

Index’ be computed. This was computed 

by obtaining the SI for individual years 

and then averaged the series and 

designated as SIi. According to Walsh 

and Lawler (1981), the ratio SI/SIi, 

assesses the replicability of the mean 

rainfall regime. Replicability gives an 

indication of the reliability in the timing 

of the occurrence of peak rainfall.  

The rainfall anomaly pattern for each 

of the seven months selected (April – 

October) and the annual rainfall series 

were derived using Rainfall Anomaly 

Index (RAI) defined as: 

/RAI X X
−

= − δ   ----------iii 

Where RAI  = Rainfall Anomaly Index, 

X  = Rainfall series, X
−

 = mean of the 

series, and δ = standard deviation 

 

Results and Discussion 

Mean Monthly Rainfall Distribution in 

Sokoto 

The cartographic representation of the 

mean monthly rainfall distribution in 

Sokoto for three sub-periods considered 

is shown in Figure 2. It could observed 

that onset of rain becomes fully 

established in June and rainy season ends 

in  September at Sokoto. The 1
st
 of June 

and 28
th

 of September were predicted for 

Sokoto as the Onset and Cessation dates 

respectively for the 2016 rainy season 

(NiMet, 2016). We however selected the 

months of April to October for this study 

in order to capture periods of relative 

rainfall minimum (April-June) and 

(September-October) as well as period of 

relative rainfall maximum (July-August) 

at Sokoto state. The apparent rainfall 

amount recorded in the months of April 

and May was due to isolated 

thunderstorms which are associated with 

dry but humid weather type associated 

with the Inter-tropical Discontinuity 

(ITD). The ITD is not fully established 

during these months to guarantee regular 

rainfall activities in Sokoto state. This 

period is therefore characterized by the 

false onset of rains and seeds planted 

during period usually died off after 

germination due excessive heat 

occasioned by the intermittent dry spells. 

However, in the month of June and by 

extension up to the months of July-

August, regular rainfall could be 

guaranteed in Sokoto State since the ITD 

becomes fully established and chances of 

dry spells occurring are very slim. By the 

end of September, the ITD begins it 

southward retreat which marks the end of 

the rain in Sokoto state. The month of 

August usually records the peak of 

rainfall activity in Sokoto State as shown 

in Figures 2a-c. 
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Figure 2a: Mean Monthly Rainfall Distribution in Sokoto (1926-1955) 

 

 
Figure 2b: Mean Monthly Rainfall Distribution in Sokoto (1956-1985) 

 

 
(1926-1955)    (1956-1985)   (1986-2015) 

Figure 2c. Mean Monthly Rainfall Distribution in Sokoto (1986-2015) 
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Monthly and Annual Rainfall Trends in 

Sokoto 
Kendall rank correlation coefficients 

obtained for the months of April to 

October rainfall series for each of the 

sub-periods from 1926-2015 are 

presented in Table 2a. A significant 

downward trend in rainfall was observed 

in the month of June only during the 

1926-1955 slice. The negative downward 

trend observed in the month of May was 

not statistically significant and all other 

months within that sub-period showed an 

upward trend, though not significant. 

Annual rainfall series at Sokoto over the 

period 1926-1955 also showed an upward 

trend, though not statistically significant 

(Table 2b). Similar result was obtained 

by Ayoade (1973) who examined the 

trends in annual rainfall totals in Nigeria 

between 1931-1960. There was however 

a significant change in rainfall pattern of 

Sokoto between 1926-1955 and 1956-

1985 sub-periods where the latter showed 

a reduction in monthly rainfall in all 

except one of the seven months selected 

for this study (Table 2a). This was 

reflected in the annual rainfall series 

which also showed a general downward 

trend over the period 1956-1985.  

Using daily rainfall records over the 

period 1961-1990, Hess et al. (1995) also 

showed a consistent decrease in annual 

rainfall of 8mm year-1 at all the four 

Sahelian stations studied and majority of 

this reduction occurred in August or 

September. Using rainfall variability 

index, Oguntunde et al. (2011) also 

reported that the 1950s was the wettest 

decade (+0.84) while 1980s was the 

driest (-1.19), with the two decades 

between 1970 and 1990 being drier than 

any other comparable period in the last 

century. 

The pattern obtained from 1956-1985 

also differed from what was obtained in 

1986-2015 sub-period. All the seven 

months considered in this study had 

positive correlation coefficients which 

indicate upward trend, though none was 

statistically significant. Annual rainfall 

series during this period also exhibited an 

upward trend, though not significant. The 

annual rainfall series for the entire ninety 

years showed a significant downward 

trend (Table 2b). This shows that the 

annual rainfall trends could be 

misleading since they could not 

adequately represent the monthly 

distribution pattern of rainfall over that 

period. Implications of climatic 

variability as observed in Sokoto over the 

90-year period for water resources 

management have been discussed by Ojo 

et al (1987) and the dominant 

atmospheric mechanisms linked to such 

climatic anomalies in the West African 

Sahel have been examined by several 

climate scientists (Palmer, 1986; Druyan, 

1989). 
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Table 1a: Monthly rainfall trends in Sokoto 
Period 1926-1955  1956-1985  1986-2015  

Months Kendall t Sig. Level Kendall t Sig. level Kendall t Sig. Level 

APRIL 0.07 0.31 -0.26* 0.03 0.11 0.22 

MAY -0.12 0.18 0.00 0.49 0.14 0.13 

JUNE -0.26* 0.02 -0.02 0.43 0.12 0.17 

JULY 0.18 0.08 -0.25* 0.03 0.02 0.44 

AUGUST 0.16 0.11 -0.28* 0.01 0.09 0.24 

SEPEMBER 0.15 0.13 -0.23* 0.04 0.01 0.46 

OCTOBER 0.19 0.07 -0.22* 0.05 0.22 0.05 

 *Correlation is significant at the 0.05 level (1-tailed) 

 

Table 1b. Trends in Annual and Maximum Monthly Rainfall Totals at Sokoto 
Classification Annual Rainfall  Maximum Monthly rainfall 

Climatic Period Kendall t Sig. Level Kendall t Sig. Level 

1926-1955 0.11 0.20 0.18 0.07 

1956-1985 -0.37** 0.00 -0.19 0.06 

1986-2015 0.09 0.26 0.06 0.33 

1926-2015 -0.13* 0.04 - - 

 *Correlation is significant at the 0.05 level (1-tailed) 

 **Correlation is significant at the 0.01 level (1-tailed) 

 

Rainfall Seasonality in Sokoto 
The rainfall regime at Sokoto was analyzed following Walsh and Lawler’s (1981) 

method and presented in table 2. 

Table 2: Rainfall Seasonality Index for Sokoto 
Station Period of 

Record 

Mean Annual 

Rainfall (mm) 

SI SIi SI/SIi 

Sokoto 1926-1955 719 0.95 0.99 0.96 

Sokoto 1956-1985 648 0.97 1.0 0.97 

Sokoto 1986-2015 663 0.97 1.0 0.97 

  

It could be observed from Table 2 

that the seasonality index for Sokoto 

within the three slices considered was 

almost the same having the difference of 

only 0.02. As expected, the SIi values are 

slightly higher than the SI values in all 

the periods considered. Olaniran (1982) 

obtained the SI value of 1.10 for stations 

in north-western part of Nigeria using 

only a 10-year rainfall records (1969-

1978) and thus describing the rainfall 

regime as the one with ‘most rain in 3 

months or less’. Present study however 

obtained the SI values of 0.95, 0.97 and 

0.97 for 1926-1955, 1956-1985 and 

1986-2015 periods respectively and thus 

describing the rainfall regime of Sokoto 

as being ‘markedly seasonal with a long 

drier season’ (Table 2) as contained in 

Walsh and Lawler’s (1981) SI 

classification scheme presented in table 

3.
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Table 3: Classification of rainfall regimes according to Walsh and Lawler (1981) 
SI class limits Nature of rainfall regime 

≤ 0.91 Rainfall spread throughout the year 

0.20 – 0.39 Rainfall spread throughout the year but with a 

definite wetter season 

0.40 – 0.59 Rather seasonal with a short drier season 

0.60 – 0.79 Seasonal 

0.80 – 0.99 Markedly seasonal with a long drier season 

1.00 – 1.19 Most rain in 3 months or less 

≥ 1. 20 Extreme, almost all rain in 1-2 months 

 

While the earlier study showed that 

Sokoto and other parts of the north-

western Nigeria had SI index of 1.10 

which was characterized as a rainfall 

regime in which ‘most rain occurs in 

three months or less’, the latter study 

however, revealed that Sokoto had SI 

index of 0.96, 0.97 and 0.97 for 1926-

1955, 1956-1985 and 1986-2015 slices 

respectively, and thus described as 

‘markedly seasonal with long drier 

season’. 

In a related development, Bello 

(1998) examined the seasonality of 

rainfall regime in five ecoclimatic zones 

of Nigeria (Sahelian Zone, Sudan 

Savanna, Northern Guinea Savanna, 

Southern Guinea Savanna and the Forest 

Zone) based on rainfall records of 

twenty-four synoptic stations and 

determined the variations in the seasonal 

rainfall regime in different ecoclimatic 

zones for the 1930-61 and 1962-93 

periods. After the superimposition of the 

pattern of the 1930-61 and 1962-93 

rainfall seasonality index respectively on 

the ecoclimatic zones of Nigeria, the 

study revealed amongst other things that, 

a markedly seasonal rainfall regime with 

a long drier season – a usual phenomenon 

in the Sudan Savanna zone (including 

Sokoto) during the 1930-61 period – has 

shifted southwards during the 1962-93 

period into the Guinea savanna region.  

The study further showed that not 

only has ‘the equable rainfall regime with 

a definite wetter season’ disappeared 

from the seasonal rainfall distribution in 

Nigeria during the 1962-93 period, but 

also an unusual seasonal regime 

characterized by ‘most rains in three 

months or less’ is now a feature 

particularly in the Sudan savanna 

(including Sokoto) and parts of northern 

Guinea savanna zones. The SI value of 

0.95 obtained for Sokoto in present study 

for 1926-1955 was similar to Bello’s SI 

value of 0.90 for Sudan savanna in 1930-

61 which characterized the rainfall 

regime in the Sudan savanna as 

‘markedly seasonal with long drier 

season’ based on Walsh and Lawler’s 

(1981) method. The SI/SIi values of 0.96, 

0.97, and 0.97 for 1926-1955, 1956-1985 

and 1986-2015 periods respectively were 

obtained for Sokoto state. The SI/SIi is 

the index of replicability of the mean 

rainfall regime. When the SI/SIi ratio is 

higher, the month of maximum rainfall 

occurs in a small spread of months, and 

then the replicability of the mean rainfall 

regime is higher. With the SI/SIi values 

ranging from 0.96 – 0.97, the 

replicability of the mean rainfall regime 
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at Sokoto is said to be high, and the 

month of the maximum rainfall occurs in 

a small spread (of months) as could be 

seen in Figure 2. Month of maximum 

rainfall for each year and for each of the 

slices considered was extracted from the 

monthly rainfall data at Sokoto and the 

percentage frequency of occurrence of 

maximum monthly rainfall events was 

computed and presented in Figure 3. It 

could seem that, though, August has the 

highest percentage of such rainfall 

events, there appears an oscillation in the 

period of occurrence of such rainfall 

events over time which could be taken as 

one of the indices of the changing 

climate. 

 

 
         (1926-1955)    (1956-1985)   (1986-2015) 

Figure 3: Percentage frequency of occurrence of maximum monthly rainfall totals at 

Sokoto. 

 

Rainfall Anomaly Pattern at Sokoto 
Rainfall anomalies in Nigeria have 

also been studied using rainfall records of 

varying lengths, and considered as 

indicators of the changing climate by 

several scholars (Olaniran, 1991). 

Jaggtab (1995) also examined the 

changes in annual, seasonal and monthly 

rainfall in Nigeria using daily rainfall 

data spanning 1961-1990 and argued that, 

the greatest change occurred in the onset 

of the rainy season and extent of early 

rainfall, which had resulted in a reduction 

of the growing season by nearly one 

month and was likely to increase the risk 

in early planting. Using rainfall anomaly 

index, the monthly and annual rainfall 

anomalies for Sokoto was generated and 

presented in Figures 4a-e. The rainfall 

anomaly charts for the months of May 

and June (1926-1955) and (1956-1985) 

slices showed a decrease in rainfall which 

could be attributed to effects of the 1940s 

and 1970s droughts in Nigeria. Anomaly 

charts for the months of May and June 

(1986-2015) showed an increased rainfall 

which indicates a wetter period. August 

rainfall anomaly chart for the 1926-1955 

period showed a wetter years followed by 

dry years as evidenced from the August 

rainfall anomaly chart for the period 

1956-1985. This was then alternated by 

the wetter years as revealed by the 

August rainfall anomaly chart of the 

period 1986-2015. This could suggest a 

recovery of the rains in the area as 

investigated by Nicholson (2005).  

October rainfall anomaly charts for 

1926-1955 and 1986-2015 slices showed 

that October rainfall was above the long-

term average of October rainfall for most 

of the years which indicates late cessation 
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of the rains during the period. The 

October rainfall anomaly chart for (1956-

1985), slice showed that October rainfall 

was consistently below the long-term 

average of October rainfall for most of 

the years, which indicates early retreat of 

rainfall in September during the period. 

Similar pattern of the anomalies were 

obtained from annual rainfall anomalies 

for three slices considered in this study. 
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Figure 4a. Monthly Rainfall Anomalies for Sokoto (1926-1995) 
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Figure 4b. Monthly Rainfall Anomalies for Sokoto (1956-1985) 
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Figure 4c. Monthly Rainfall Anomalies for Sokoto (1986-2015) 
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      (1926-1955) 

  
      (1956-1985) 

  
      (1986-2015) 

Figure 4d. Annual Rainfall Anomalies for Sokoto 
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Figure 4e. Annual Rainfall Anomalies for Sokoto (1926-2015) 
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Conclusion 
The variations in monthly rainfall 

were investigated for three slices over the 

period 1926-2015 for further evidence of 

climate change in Sokoto, Nigeria. The 

period of relative rainfall minimum (May 

– June) showed a reduction in rainfall 

during both the 1926-1955 and 1956-

1985 slices which indicates an increased 

dryness while for the 1986-2015 period, 

there appears an increased rainfall during 

the same period. A significant reduction 

in August rainfall was noticed during the 

1956-1985 period which coincided with 

the drought period of the 1980s. August 

rainfall however showed an upward trend 

during both 1926-1955 and 1986-2015 

slices. The rainfall regime for Sokoto has 

changed from being ‘most rains in 3 

months or less’ to being ‘markedly 

seasonal with a long dry season’. 

It has been argued in this paper that 

the oscillations in the period of 

occurrence of single rainfall maxima 

ranging from the month of June to 

September, coupled with a reduction in 

the amount of rainfall during the period 

of relative rainfall minimum are 

indications that the climate is changing in 

Sokoto, Nigeria.  

 

Recommendations 

It is recommended that hydraulic 

structures be upgraded in the area to cope 

with the likely run-off that could be 

generated as a results of excess rainfall 

that are likely to be experienced in the 

area due to increased tendency for 

upward rainfall trends in years ahead 

following the recent rainfall recovery in 

the Sahel. It is also recommended that 

appropriate climate change adaptation 

and mitigation measures be put in place 

in the event of extreme climatic events in 

Sokoto, Nigeria. 
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