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Abstract: Climate change has the propensity to alter rainfall and temperature regimes across the world, 

including Nigeria. This paper investigated the trends of rainfall and temperature in northeastern parts of 

Nigeria, based on data obtained from Nigeria Meteorological Agency for the period of 66 years (1949-2014). 

The Statistical techniques used for analysis are Mann-Kendall’s test for trend, descriptive statistics, time-series 

plots and correlation analysis. The analyses performed involve the use of XLSTAT 2016 and Excel 2007. Results 

show a decreasing trend in annual total rainfall over both a long-term period (1949-2014) and a first short-term 

period (1949-1981), while a positive trend for the second short-term period (1982-2014) has been observed. The 

temperature on the other hand, showed an increasing trend over all the 3 periods especially the long-term 

period (1949-2014) which shows positive trends ranging from 0.04 °C/decade at Ibi to 0.09 °C/decade at 

Bauchi, with high level of significance at 0.001. Therefore, it concludes that temperature has increased over 

long and short periods while rainfall has increased only in the most recent period (1982-2014). 
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I. Introduction 
There is always a change in climate condition over time period since the formation of earth’s surface 

conditions. Past changes engrave on the landscape, have influenced all forms of life evolution, and were a 

subtext of our social and economic history (Burroughs, 2007). Many variables such as rainfall, temperature, 

humidity, atmospheric pressure, albedo, constitute weather and climate. Climate is defined as the average 

weather of a particular place over a long period of time. It is the statistical description in terms of the mean and 

variability of pertinent quantities for a period ranging from months to thousands or millions of years (IPCC, 

2008). Warming of the climate system is unambiguous, and there are extraordinary observed changes over 

decades since the 1950s. There is a rise in sea level, warming of atmosphere and ocean, diminish in ice and 

snow as well as an increase in greenhouse gas concentrations (IPCC, 2013). Since the industrial revolution there 

is a steady increase in greenhouse gas emissions, which is the major cause of climate change by man. The rate 

of emissions is on steady increase over time and the earth's climate system computer models (natural and 

human) are not able to simulate recent warming without anthropogenic causes been included. 

Abdussalam, (2015) used climatic records from 6 locations in northwest Nigeria to examine changes in 

indices of daily temperature and rainfall extremes for the period 1971-2010. It revealed that there has been 

significant increase in days that are warm and significant decreases in days that are cold. The increasing trends 

in the days that are warm are much stronger than the decreases in the number of cold days. On the other hand, 

there is an increase (though not significant) in total precipitation with only Kaduna showing otherwise. Today, 

due to increase in emission of greenhouse gases (Chlorofluorocarbons, Methane, Carbon dioxide and Nitrous 

oxide) into the atmosphere there is an evidence of rising global temperatures. 

Large scale climatic disturbances can be triggered due to increased global warming, which ultimately 

may have meaningful influence on rainfall in the Sahel (Biasutti and Giannini, 2006). Trend detection in 

temperature and rainfall time series is one of the interesting research areas in climatology. Rainfall and 

temperature changes are not same. Variations can be much larger from region to region, and considerable 

spatio-temporal variations may exist between regions with different climate (Yue and Hashino, 2003). A 

number of studies have evaluated the trends in temperature and rainfall on different spatial and temporal scales 

in Nigeria (Ewona and Udo, 2008; Olofintoye and Sule, 2010; Abaje et al., 2012; El-Tantawi, 2013; Akinsanola 

et al., 2014; Bose, et al., 2015; El-Tantawi, 2016). Most of the researches carried out do not cover long periods 

and do not cover many meteorological stations. Hence, this study aimed at evaluating the trends of rainfall and 

temperature patterns in northeastern Nigeria. 
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Study Area 
The area is located between latitude 6

o
 26

´
–13

o
 45

´
N and longitude 8

o
 42

´
–14

o
39

´
E. It comprises of 

Borno, Yobe, Bauchi, Gombe, Adamawa and Taraba states (figure 1). It covers an area of 262,578 Km
2 

and has 

a population of 18,984,299 persons according to 2006 Nigerian population census. It is characterized by 

relatively high temperatures throughout the year with the annual average varying from 28.32 
o
C in Yola to 25.92 

o
C in Bauchi while rainfall ranges between 467 mm at Nguru to 1091 mm at Ibi. 

 

 
Figure 1: location of the study area 

 

Data and Methods 

Data of rainfall and temperature for the period 1949-2014 at six meteorological stations across 

northeastern parts of Nigeria were obtained from Nigerian meteorological agency (NIMET) (table 1). Spatial 

distribution of selecting stations was a criterion taken into consideration. A simple linear regression analysis, 

Known as the least square method or linear regression was used to detect trends in climatic data over a period 

time at all the stations under study, because trend is the basic tool for describing and analyzing the changes of 

climate parameters (Houghton, et al., 2001, El-Tantawi, 2005). The non-parametric Mann-Kendall test is 

applied. This test detects monotonic trends in series of environmental data, climate data or hydrological data 

(El-Tantawi 2005, Bose et al., 2015). A trend test based on a trend-to-noise ratio (total trend/standard deviation) 

was used for noticing linear or nonlinear trends (a T/N ratio >1.96), that is twice of its standard deviation, can be 

considered as a significant trend at a 95% level of confidence, lower ratios express a less significant level of 

confidence (Domroes, 1996). 

 

Table 1: Stations under study, their location and elevation 
Station Latitude Longitude Elevation 

Bauchi 10.28 9.82 609 

Ibi 8.18 9.75 111 

Maiduguri 11.85 13.08 354 

Nguru 12.88 10.47 344 

Potiskum 11.70 11.03 488 

Yola 9.23 12.47 186 

Data source: NIMET, 2015 
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II. Results And Discussion 
Table 2 shows the descriptive statistics for mean annual rainfall over the study area. The mean annual 

rainfall ranges between 1091.19 at Ibi to 466.78 at Nguru; this could be due to latitudinal location as Nguru is 

the most northerly station while Ibi is the most southerly station. The highest standard deviation is at Bauchi 

while the lowest is at Yola. The coefficient of variation (CV) is latitude dependent decreasing from higher 

latitudes (in the north) to lower latitudes (in the south).  

 

Table 2: Descriptive statistics of mean annual rainfall of northeastern Nigeria (1949-2014) 
Station Observations Minimum Maximum Mean Std. deviation CV (%) 

Bauchi 66 725 1999 1075 230 22 

Ibi 66 718 1569 1091 186 17 

Maiduguri 66 263 1076 613 151 25 

Nguru 66 226 758 466 128 28 

Potiskum 66 271 1054 692 180 26 

Yola 66 468 1326 884 133 15 

Data source: NIMET, 2015 

 

Table 3: Descriptive statistics of mean annual temperature of northeastern Nigeria (1949-2014) 
Station Observations Minimum Maximum Mean Std. deviation CV (%) 

Bauchi 66 25 27 26 0.64 2.5 

Ibi 66 27 29 28 0.38 1.4 

Maiduguri 66 26 29 28 0.54 2.0 

Nguru 66 26 29 28 0.64 2.3 

Potiskum 66 25 28 27 0.65 2.4 

Yola 66 27 30 28 0.61 2.2 

Data source: NIMET, 2015 

 

The descriptive statistics of mean annual temperature as seen in table 3. Mean temperature ranges 

between 25.9 at Bauchi and 28.3 at Yola. Ibi has the lowest standard deviation with 0.38 while Potiskum has the 

highest with 0.65. Bauchi has the highest CV of 2.5 while Ibi, which is the most southerly station, has the lowest 

CV of 1.4 %.  

 

Temporal Rainfall Trends  
It has been observed from the analysis that the annual total rainfall in the study area was changed over 

the long-term period of 66 years. The statistical analysis showed changes of rainfall at all stations under study 

over the long-term period 1949-2014 and over both short-term periods 1949-1981 and 1982-2014. 

 

Long-term trends 1949-2014 

Table 4: Annual rainfall trends/decade (mm), Mann-Kendall test for trend (Test Z) and trend-noise ratios in 

northeastern Nigeria, 1949-2014 
Station Mean Trend/decade T/Noise Test Z Significance 

Bauchi 1075 0.02 0.001 1.94 + 

Ibi 1091 -0.02 -0.001 -1.45  

Maiduguri 613 -0.02 -0.001 -1.63  

Nguru 466 -0.04 -0.002 -2.79 ** 

Potiskum 692 -0.02 -0.001 -1.70 + 

Yola 884 -0.02 -0.001 -1.56  

Data source: NIMET, 2015 

T/Noise = Trend-to-noise-ratio; values >1.96 indicate a linear trend 

Z value = A positive (negative) value indicates an upward (downward) trend 

Significance = the tested levels of significance are 0.001, 0.01, 0.05 and 0.1 as: 

*** = 0.001 significance level. ** = 0.01 significance level.    *= 0.05 significance level. 

+ = 0.1 significance level.    If the cell is blank, the level of significance is > 0.1 

 

The result in table 4 shows that negative trends existed at all stations except at Bauchi that has a trend 

of 0.02 mm/decade. The negative trends ranges between -0.02 to -0.04 mm/decade. The test of significance 

shows that Nguru is highly significant at 0.01 while Bauchi and Potiskum were weakly significant at 0.1, all the 

trends were not linear due to the high inter-annual variability (Figure 2). On the other hand, Ibi, Maiduguri and 

Yola were not significant. This result shows that rainfall in northeastern Nigeria has decreased especially at 

Nguru that is the most northerly station in the study area. 
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Short-term trends 1949-1981 

The trends for the short-term period (1949-1981) were negative at all stations except at Bauchi, it was 

no trend (table 5). The trends ranged between -0.1 mm/decade at Ibi to -0.04 mm/decade at Potiskum, the results 

of significance test shows that only Nguru and Potiskum were significant at 0.01 and 0.05 respectively. The 

results of trend-to-noise ratio shows that none of the stations has a linear trend due to high inter-annual 

variability (figure 2). 

 

Table 5: Annual rainfall trends/decade (mm), Mann-Kendall test for trend (Test Z) and trend-noise ratios in 

northeastern Nigeria, 1949-1981 
Station Mean Trend/decade T/Noise Test Z Significance 

Bauchi 1040 0.00 0.000 0.02  

Ibi 1121 -0.01 0.000 -0.54  

Maiduguri 648 -0.03 -0.001 -1.46  

Nguru 515 -0.05 -0.003 -2.77 ** 

Potiskum 726 -0.04 -0.001 -2.22 * 

Yola 911 0.00 0.000 -0.02  

Data source: NIMET, 2015.    See explanation in table 4 

 

Short-term trends 1982-2014 
The results of the trend analysis showed that all stations under study have positive trends except Yola 

that has a trend of -0.03 mm/decade. The trends ranged between 0.01 at Ibi to 0.08 mm/decade at Bauchi (table 

6). The test of significance revealed that Bauchi and Nguru were highly significant at 0.001 while Maiduguri is 

significant at 0.01 level of significance, Ibi Potiskum and Yola were not significant.  
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Figure 2: Inter-annual variability and trends of annual rainfall (mm) in northeastern parts of Nigeria, 1949-2014 

All the trends are not linear as expressed by trend-to-noise-ratio values, which is due to high inter-

annual variability of rainfall (figure 2). 

 

Table 6: Annual rainfall trends/decade (mm), Mann-Kendall test for trend (Test Z) and trend-noise ratios in 

northeastern Nigeria, 1982-2014 
Station Mean Trend/decade T/Noise Test Z Significance 

Bauchi 1110 0.08 0.002 4.26 *** 

Ibi 1061 0.01 0.000 0.48  

Maiduguri 578 0.05 0.002 2.96 ** 

Nguru 418 0.06 0.003 3.33 *** 

Potiskum 658 0.02 0.001 0.95  

Yola 857 -0.03 -0.001 -1.38  

Data source: NIMET, 2015.    See explanation in table 4 

 

Trends of Mean Annual Temperature 

Trends of mean annual temperature have been computed for a long-term period (1949-2014) and for 

two short-term periods (1949-1981) and (1982-2014). 

 

Long-term trends 1949-2014 

Table 7: Annual temperature trends (°C), Mann-Kendall test for trend (Test Z) and trend-noise ratios in 

northeastern Nigeria, 1949-2014 
Station Mean Trend/decade T/Noise Test Z Significance 

Bauchi 25.9 0.09 0.89 6.69 *** 

Ibi 27.6 0.04 0.78 3.49 *** 

Maiduguri 27.6 0.07 0.87 5.61 *** 

Nguru 27.6 0.05 0.56 4.26 *** 

Potiskum 26.9 0.07 0.70 5.39 *** 

Yola 28.3 0.08 0.87 6.29 *** 

Data source: NIMET, 2015.    See explanation in table 4 

 

The result of the trend analysis showed that all the stations have positive trends. The trends ranged 

from 0.04 °C/decade at Ibi to 0.09 °C/decade at Bauchi (table 7). This finding is in line with the findings of 

IPCC (2014) which said that the trend of global temperature from 1951-2012 is 0.12 (0.08 to 0.14) °C per 

decade. The test of significance revealed that all stations were significant at 0.001 levels of significance. All the 

trends were not linear as expressed by trend-to-noise-ratio values (figure 3 and 4). 

 

Short Term Trends 1949-1981 

The result of short-term trends (1949-1981) showed that trends existed in all the stations except Yola 

that had 0.00 trend °C/decade. The trends ranged between 0.03 °C/decade at Bauchi to 0.09 at Maiduguri and 

Nguru (table 8), Maiduguri and Nguru were highly significant at 0.001 while Bauchi and Ibi were weakly 

significant. None of the stations had a linear trend as all values for trend-to-noise fall below 1.96 due to inter-

annual variability (figure 3 and 4). It is therefore clear that there was an increase in temperature over the period 

(1949-1981) in northeastern parts of Nigeria except in Yola where it was no trend. 
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Table 8: Annual temperature trends (°C), Mann-Kendall test for trend (Test Z) and trend-noise ratios in 

northeastern Nigeria, 1949-1981 
Station Mean Trend/decade T/Noise Test Z Significance 

Bauchi 25.5 0.03 0.58 1.70 + 

Ibi 27.4 0.04 0.84 1.92 + 

Maiduguri 27.3 0.09 1.06 4.62 *** 

Nguru 27.3 0.09 1.06 4.83 *** 

Potiskum 26.5 0.05 0.70 2.51 * 

Yola 27.9 0.00 -0.01 -0.02  

Data source: NIMET, 2015.    See explanation in table 4 

 

Short Term Trends 1982-2014 

The short-term trends for the period 1982-2014 can be seen in the table 9, decreasing trends with values 

-0.02 and -0.03 °C/decade prevailed at Ibi and Nguru, while increasing trends manifested at Bauchi, Potiskum 

and Yola. The values of the increasing trends ranged between 0.03 °C/decade at Potiskum to 0.05 °C/decade at 

Bauchi and Yola, which is in line with IPCC (2014) which said that the trend of global temperature from 1998-

2012 is 0.05 °C per decade. Trends were not linear as expressed by trend-to-noise-ratio values, resulting from 

high inter-annual temperature variability at all the stations (Figure 3 and 4). 

 

Table 9: Annual temperature trends (°C), Mann-Kendall test for trend (Test Z) and trend-noise ratios in 

northeastern Nigeria, 1982-2014 
Station Mean Trend/decade T/Noise Test Z Significance 

Bauchi 26.4 0.05 0.65 2.62 ** 

Ibi 27.8 -0.02 -0.38 -1.21  

Maiduguri 27.8 0.00 -0.05 -0.12  

Nguru 27.9 -0.03 -0.32 -1.53  

Potiskum 27.3 0.03 0.30 1.55  

Yola 28.8 0.05 0.70 2.62 ** 

Data source: NIMET, 2015.    See explanation in table 4 
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Figure 3: Inter-annual variability and trends of annual temperature in northeastern Nigeria, 1949-2014 (Data 

source: NIMET 2015). 
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Figure 4: Anomalies of mean annual temperatures in northeastern Nigeria, 1949-2014 

Data source: NIMET, 2015 

 

Northeastern Nigeria and global climate change 
The result of trend analysis shows a strong evidence of increased temperature in northeastern Nigeria. 

According to (IPCC, 2013) the global trends over the past 15 years 1998–2012 is 0.05 (–0.05 to 0.15) °C per 

decade, while for the period 1951–2012 the trend is 0.12 (0.08 to 0.14) °C per decade. This is in line with the 

findings of this research which showed a warming over these periods (1949–2014; 0.07[0.04 to 0.09] °C per 

decade); (1949–1981; 0.05[0.0 to 0.09] °C per decade) and (1982– 2014; 0.02[-0.02 to 0.05] °C per decade). 

The result of this study is also consistent with similar studies that observed an increase in temperature for the 

area in recent years (Kasim and Bose, 2015; Farauta et al 2011; Odjugo, 2010; Anuforom, 2010). 

The increased atmospheric moisture content associated with warming might be expected to lead to 

increased global rainfall (IPCC, 2007). Over the 20
th

 century global annual precipitation showed an upward 

trend of approximately 1.1 mm/decade. Nevertheless, the record is characterized by large inter-decadal 

variability, and since the 1950 global annual land mean precipitation shows a non-significant decline. This study 

found a decrease in rainfall over long term period (1949-2014) which is in line with studies by (Oguntunde et 

al., 2006; L'Hóte et al., 2002; Nicholson et al., 2000) which have shown that Africa has been drier in the last 

few decades. 

 

III. Conclusion 

From the present study, it is safe to conclude that there is a decreasing trend in annual rainfall total over 

a long period (1949-2014) and short period (1949-1981) in northeastern Nigeria. The exception is for the period 

(1982-2014) which has an increase in trend. The temperature on the other hand, showed an increasing trend in 

all the 3 periods especially the long-term period (1949-2014) that shows a very high level of significance. These 

findings are in line with the global temperature trend of 0.05 °C per decade for the period (1951-2012), IPCC 

(2014). The result provides enough evidence of climate change in the region, which could affect socio-economic 

developments. 

The following recommendations were made: 

 Alternative means of fuel should be provided so as to reduce over dependence on fuel wood. 

 Qualitative climatic data should be made available and accessible to sectors that are sensitive to climate 

such as agriculture and water resources. 

 Afforestation should be encouraged while deforestation should be discouraged. 
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