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Abstract 

This study examined the decadal variability of rainfall over northern Nigeria latitude 9o– 14oN and 
longitude 3o– 15oN for the period 1901-2009. Digital satellite rainfall data obtained from the Global 
Precipitation Climatology Centre (GPCC) were used for the study. The study used charts and images to 
display the results and found that the rainfall of the region has substantially fluctuated. Decade 1981-
1990 was discovered to have lowest maximum mean decennial rainfall of 1385mm while 1921-1930 
decade has highest maximum mean decennial rainfall of 1989mm among the eleven decades studied. The 
study further revealed that rainfall variability increases with increasing latitude and altitude to some 
extent.  
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1. Introduction 
African Studies Centre (ASC) in Leiden, the Netherlands, has been studying climate change in 
West Africa in a multidisciplinary research programme, since the mid-1980s (ASC, 1999). Their 
objectives were to analyse the effects of climate change and rainfall on drought risk and yield 
potentials also to identify different risk-coping strategies at farm household level. On different 
levels, as local, regional and national, they found that climatic variability, not climate change, is 
the most significant problem people have. The rainfall variability, defined as the average 
deviation from the mean, is enormous, sometimes up to 40-80% and increases with decreasing 
rainfall totals. This occurs mostly in marginal areas, such as Sahara desert, the Sahel and the 
Sub-humid Sudan zone.This rainfall unpredictability poses a great danger to food security and 
general food crisis every year. The evidence of rainfall variability is observed as a result of the 
impacts of climate change and variability. Observation shows that rainfall variability continues 
to be on increase following the increase in climate change and variability as revealed in the 
analysis of Ayanlade and Odekunle, (2009). This study also established that the rainfall 
variability generally increases with decreasing total rainfall. Drought and flood evidences are 
observed as a result of climate variability impacts which are highly influential on crop yield. 
Previous researches have proven that among all climatic variables, rainfall is the most variable 
element in northern Nigeria, both temporally and spatially and such variations can have 
substantial effects on economic activities (Adefolalu, 1986, Mortimore and Adams, 2001). 
Variability in rainfall can be inter-annual which is the broadest time scale over which the 
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precipitation varies or intra-annual which refers to the distribution of rainfall within a year 
(Obasi, 2003). Analysis of the climate of north-western Nigeria for the period 1915-2008 by 
Ekpoh and Ekpanyong (2010) confirms that rainfall of that region has substantially fluctuated. 
In general, the Sahel is a climatically sensitive region in which rainfall exhibits considerable 
variability on multiple time scale. This study has examined the decadal rainfall variability in 
northern Nigeria for the period 1901-2009. 

 

2. The study area 
The study area which is Northern Nigeria is located within latitude 9o -14o N and longitude 3o -
15o E and enclosed 17 states of Northern Nigeria which consists of Adamawa, Bauchi, Borno, 
Jigawa, Kano, Katsina, Kaduna, Kebbi, Gombe, Sokoto, Zafara, Niger, Plateau and parts of 
Taraba, Nasarawa, Kwara and FCT Abuja. The area shares boarder with Niger Republic to the 
north, Benin and Niger Republic to the west, Chad and Cameroon Republic to the east. Climatic 
conditions of the study area exhibits two different seasons, namely, a short wet season and a 
prolonged dry season typical of the tropical wet and dry climate, classified by Koppen as Aw. 
Temperatures during the day remain constantly high while humidity is relatively low 
throughout the year with little or no cloud cover. There are however, wide diurnal ranges in 
temperature (between nights and days) particularly in the hot months. The mean monthly 
temperature during the day exceeds 36oC while at night it falls most of the times below 22oC. 
Annual rainfall is not uniform. For example, at the southern boundary of the study area annual 
rainfall may be as much as 1500mm and the length of growing season about 260 days. At the 
northern boundary the rainfall is 250mm and growing season of only 55 days. These climatic 
differences enhance rainfall variability and latitude affects the nature of vegetation and 
economic activities especially agriculture (Buba, 1995). The annual rainfall figures are higher in 
and around the areas of highlands especially at the windward side. The climate highly varied 
across the study area and is dominated by the influence of three main winds currents. These are 
the Tropical Continental (cT) air mass, the Tropical Maritime (mT) air mass and the Equatorial 
Easterlies (Ojo, 1977). Nigeria is a country of marked ecological diversity and climatic contrasts. 
The ecological zones of the country are broadly grouped into six namely: Mangrove, Fresh 
Water Swamp, Rain Forest, Tall Grass Savannah, Short Grass Savannah and Marginal 
Savannah. But only three ecological zones fall under the study area viz : Tall Grass Savannah, 
Short Grass Savannah and Marginal Savannah. 
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Figure 1: The study area 

 

3. Materials and Methods 
 

3.1 Dataset 
Rainfall data (1901-2009) were downloaded from the Global Precipitation Climatology Centre 
(GPCC) – Germany. The dataset is comprised of monthly 0.5o latitude/longitude gridded series 
of precipitation values in millimetre per month per grid. The data was subjected to validation 
through a relationship test, by plot of graph between gridded rainfall data and conventional 
gauge station data for ten selected stations in the study area viz Kaduna, Kano, Bauchi, Jos, 
Katsina, Zaria, Gusau, Yelwa, Nguru and Potiskum. Although the gridded rainfall data span 
from 1901 to 2009, only available data range for each of the stations were used for the 
validation. For example Kano station start from 1906. The result revealed that both annual 
rainfall values (station gauge data and gridded rainfall) were highly correlated for all 10 
stations, with correlation coefficient (r) ranging from 0.52 to 0.82. 
 
3.2 Data analysis 
Coefficient of variability (CV) and decennial mean of rainfall for the study area for each decade 
was computed using GIS-Software IDRISI 17.0 and presented in pictorial form. A chart 
displaying mean annual rainfall and decennial mean rainfall over 109 years was generated 
using Microsoft Excel-2010. Coefficient of variation (CV) was calculated as: 

CV = 
 

 
           (1) 

Where CV is the coefficient of variability,   is the standard deviation for a particular decade and 

  is for a mean of a particular decade. 

Levels of variation of rainfall was categorised as follow: 0 to less than 15% as low variation, 15 
to less than 35% as moderate variation, 35 to less than 50% high variation and 50 to 80% as very 
high variation. 
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In order to examine the trends within decadal, rainfall anomaly index (RAI) was used. RAI is 
computed as standardize rainfall deviation from normal and aids to separate the available 
rainfall time series into different climatic regimes such as dry climatic year, normal climatic year 
or wet climatic year. Precipitation index (RAI) was calculated as: 
 

     
          

   
     (2) 

Where RAI is standardised precipitation index,      is annual rainfall for a particular year,     is 

for the annual rainfall and    is for the standard deviation for the period 1901 to 2009. 

Positive SPI values indicate greater than average annual rainfall, and negative values indicate 
less than average annual rainfall. The greater the positive value the more the positive deviation 
and the same in negative case. The RAI values of -3 to < -2 are classified as extremely dry year, -
2 to < -1 moderately dry, -0.9 to < 1 near normal while RAI values of 1 to < 2 and 2 to above are 
classified as moderately and extremely wet respectively. 

 

4. Results and Discussion 

4.1 Mean Decadal Rainfall Distribution 
Figure 2a-k: shows spatial and temporal decadal mean rainfall for the study area. High decadal 
means of approximately 1700-1800mm were observed in the decades 1901-1910, 1931-1940, 
1941-1950, 1951-1960 and 1971-1980 with decennial means of 1742mm, 1731mm, 1700mm, 
1775mm and 1682mm respectively (Figure 2a,d,e,f and h). Decades 1911-1920 and 1961-1970 
have decennial means of   1580mm and 1573mm respectively (Figure 2b and g). Highest 
decennial mean of 1989mm was observed in the decade 1921-1930 while lowest mean decennial 
value of 1385 was noticed in the decade 1981-1990 (Figure 2c and i). This decade corresponds 
with 1980s drought years. Lowest decennial mean at all decades was approximated to less than 
400mm. This spatial and temporal mean rainfall variations agrees with the finding of Ayanlade 
and Odekunle, (2009)  

a  
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b  

c  

d  

e  
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f  

g  

h  

i  
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j  

k  

Figure 2(a-k):  Decadal Mean Rainfall for the Study Area 

 

4.2 Annual Rainfall Distribution in Some Selected Stations 
Figure 3a-j: represents mean annual rainfall and decennial mean for selected stations namely; 
Kano, Katsina, Kaduna, Bauchi, Jos, Gusau, Zaria, Yelwa, Nguru and Potisum within the study 
area covering the period studied. It can be seen clearly that mean annual rainfall fluctuates 
above and below the decennial mean while decennial mean fluctuates across the series 1901-
2009. Lowest decennial mean along the series was observed between the years 1981-1990 at all 
the selected stations.  

a b  
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c  d  

e  f  

g  h  

 

Figure 3: Annual rainfall pattern and decennial mean for selected stations 

i  j  

Figure 3 (Cont.): Annual rainfall pattern and decennial mean for selected stations  
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4.3 Decadal Spatial Rainfall Variation 
Figure 4a-k, shows decadal spatial rainfall variation depicted by coefficient of variation (CV) 
and was categorised into four classes as low, medium, high and very high variations. In the 
decade 1901-1910, major part of the area shows medium variation while extreme north east 
shows high to very high variations and extreme North West shows low variability (Figure 4a). 
In 1911-1920 decade, major area at the centre of the study area exhibits medium variation, 
extreme north- west and –east shows high variation while southern part exhibits low variation 
(Figure 4b). In the decade 1921-1930, close to 80% of the area at the south shows low variability 
while north- west and –east exhibits medium to high variations (Figure 4c). In the decade 1931-
1940, whole of the study area shows low variability from the south north ward only small 
pockets at the extreme north- east and –west that medium variability level was noticed (Figure 
4d). In 1941-1950 decade, similar pattern to the variability of second decade (1911-1920) was 
observed (Figure 4e). From the decade 1951-1960 up to the end of the series 2001-2009 pattern of 
low variation from the southern part of the study area and medium to high variations was 
noticed. In general, an increasing variability of rainfall was found from south to north and vice 
versa this tally with the findings of (Oguntunde et al., 2011,). One small area of distinctive 
variation was also observed at the extreme southern centre of the study area at all decades 
except 1901-1910, 1931-1940, 1951-1960 and 1981-1990. 
 

  a  

b   c
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d  

e  

  f  

  g  

  h  
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   i  

j  

k  

Figure 4a-k: Decadal Rainfall Variation across the study area 

 

4.4 Trends in Rainfall Anomalies across Selected Stations 
Figure 5 shows graphical display of the rainfall trend anomalies for ten stations considered in 
the study area smoothened with the 10-year moving average. The first decade 1901-1910 shows 
to be a wet decade at all stations as more positive SPI values appeared. The second decade 1911-
1920 appeared to be a dry decade at all stations as moving average line falls to the negative 
values site which indicate dryness. The third to six decades were displayed as wet decades at all 
stations as running mean line was more on the positive values site. There appear to be a sudden 
decline to dry regimes at all stations in the 7th decade up to the mid of the 9th decade, this 
coincides with the period of droughts of the 1970s and the 1980s in the Northern region of 
Nigeria. The SPI value started increasing from the mid-1990s to the end of study period. This 
indicated that the study area is experiencing increasing wetness in the recent decades. This 
agrees well with the finding made by Ati, Stigter and Iguisi, (2009). Also nearly corroborate 
with Akinasola and Ogunjobi, (2014). From the linear trend lines across the stations, it indicates 
a general decline in the SPI values which signifies that the zone is tilting towards dry regime 
generally. 
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a b  

Figure 5: Trends of rainfall anomalies across stations 

 

c d  

e  f  

g  h  
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i   j  

Figure 5 (Cont.): Trends of rainfall anomalies across stations 
 
 

5. Conclusion 
Study of decadal rainfall variability of northern Nigeria for the period 1901-2009 concluded that 
the rainfall of the region has substantially fluctuated. Decade 1981-1990 was found to have the 
lowest maximum decennial mean (1340mm) and minimum decennial mean of less than 400mm. 
It was also discovered that mean annual rainfall fluctuates above and below the decennial mean 
while mean decennial rainfall varies over the series at all the selected stations. Rainfall 
variability increases with increasing latitude and altitude to some extent. This variability in 
annual and decennial rainfall which is also an indicator of climatic variability has substantial 
impact on agricultural productivity. 
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