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Abstract. This work determines the trends for precipitation and temporal drought for Nigeria using a century precipitation records (1916-

2016). Accurate prediction of precipitation trend and drought will promote the economic and social activities of a country.  The 

precipitation trend is evaluated using two non-parametric techniques; Mann-Kendall (MK) and Spearman’s Rho (SR) in six stages; 

monthly, Seasonal, 33 years (1916-1948), 33 years (1949-1981), 35 years (1982-2016) and century records while the  drought analysis 

is carried out using Standardized Precipitation index (SPI) method in the usual  condition of one month (SPI-1), three months (SPI-3), 

six months (SPI-6), nine months (SPI-9) and twelve months (SPI-12).  A slight decreasae is found in respect of the precipitation trend 

in monthly, seasonal, 33 years (1916-1948), 33 years (1949-1981) and in the century record while a slight increase in trend is noticed 

for the 35 year (1981-2006) records of the period studied. In the SPI drought Investigation; extreme drought are observed in 1933 and 

2003 for SPI-1, in 1918, 1954 and 1956 for SPI-3, in 1956 for SPI-6, in 2003 for SPI-9 and in 1955, 1957 for SPI-12. Over the century 

records the trend of precipitation indicate a slight decrease while for drought in SPI-12 a slight increase is observe.   
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1.0 Introduction 

          Climate change can be defined as a statistically significant variation in the mean state of the climate or in its variability persisting 

for a given period of time e.g 30 years to above. Climate change are categorized by changes in temperature, precipitation, relative 

humidity, wind and direction and etc. Climate changes are sometimes studied through some atmospheric variables (IPCC, 2007). 

         Atmospheric variables are divided into three; Surface, upper atmosphere and composition variables. Each variable consist of some 

parameters which can be used to determine the climate change or climate variability. example Surface consists; precipitation, 

temperature, surface radiation budget, water vapor, surface wind speed and direction upper atmosphere consists; earth radiation budget, 

lightening, temperature, water vapor, wind speed and direction and composition consists; aerosol properties, carbon dioxide, methane 

and other greenhouse gases, cloud properties, ozone and precursors (WMO)  World Meteorological Organization. For better 

understanding of the climate change, the variation of its parameters are studied through trend analysis.  

         A trend is a long-term change that can be either increase or decrease for a given period of time. A trend analysis is usually used 

in climate to investigate how the temperature, precipitation, relative humidity or other parameters vary with time. It’s also useful in 

predicting the future behavior of climate parameters (Ragatoa & Ogunjobi, 2018). Yue & Hashino, (2003) evaluated a long term trends 

of annual and monthly mean precipitation in Japan. The hydrological results in some region showed no significant changes, some 

showed increase in precipitation while some decrease in precipitation.  Partal & Kahya, (2011) assessed similar analyses in Turkish 

precipitation data from 96 stations and found the downward trend in the annual mean precipitation series, predominantly in western and 

southern parts of Turkey. Few upward trend were found in the central parts of Turkey. Using (MK) and (SR) Tests a Precipitation          

Trends for the period of 51 years in the monthly, seasonal and annual are evaluated by (Ahmad et al., 2015) in the 15 stations in Swat 

River, Pakistan.  In some stations the results showed increase while some indicate decrease in trend. Owolabi, (2016) evaluated trend 

analysis of rainfall and temperature in Ado-Ekiti, Ekiti State of Nigeria using non-parametric Mann-Kendall test (MK) and increased 

in trend were observed of  both the  precipitation and temperature. Gidey et al., (2018) assessed the modelling the spatio-temporal 

meteorological drought characteristics in Raya Northern Ethiopia based on satellite data using SPI method in only SPI-3. High rainfall 

variability, mild and severe drought were observed. The changes in rainfall and drought indices in Nigeria for the period of 34 year  

(1981-2015) using 18 stations recorded were estimated by (Ogunrinde et al.,2019).  
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           In this work, we determined the precipitation trend and temporal drought for Nigeria using century precipitation records (1916-

2016) using non-parametric techniques of Mann-Kendall (MK) and Spearman’s Rho (SR) for the trend and Standardized Precipitation 

Index (SPI) method for the drought analysis.    

2. Method   

2.1 Data used 

           The monthly precipitation data was obtained from two parts; one from the website 

www.climateknowledgeportal.worldbank.org/download-data for a century records (1916-2016) and the Nigerian Meteorological 

Agency (NIMET) for the period of 35 (1976-2016) year records. However, the data from 

www.climateknowledgeportal.worldbank.org/download-data was used for this analysis because it covers a century period.    

2.2.0 Method of Analysis 

        The precipitation trend and temporal drought for Nigeria were evaluated using non-parametric techniques of Mann-Kendall (MK) 

using equations (1) through (4) and Spearman’s Rho (SR) test given in equations (5) and (6) respectively. The MK and SR were applied 

to detect the trend of precipitation in the annual time series of 33years (1916-1948), 33years (1949-1981), 35years (1982 -2016), and 

over the century records (1916-2016) and the linear regression analysis was applied in only century record. The temporal drought 

analysis was assessed using SPI method given in equations (7) through (16) based on SPI 1which is short-term conditions (one month), 

SPI 3 which is short and medium term moisture conditions (three months), SPI 6 which is medium-term trend in precipitation (six 

months), SPI 9 precipitation pattern over the time scale (nine months) and SPI 12 long term precipitation pattern (twelve months). 

Finally the results obtained for  SPI were classified using  Table1 (Gidey et al.,2018). 

Table 1: Drought classification by SPI 

   SPI Drought 

≥ 2                                                        Extremely wet  

1.5 to 1.99                                            Very wet  

1.0 to 1.49                                             Moderately wet 

0.99 to 0                                               Mildly wet  

0 to − 0.99                                            Mild drought  

− 1.0 to − 1.49                                       Moderate drought 

− 1.5 to − 1.99                                      Severe drought  

≤ − 2.0                                                    Extreme drought  

2.3.2 Mann–Kendall (MK) Test 

           The Mann-Kendall (MK) test is a statistical test which is defined as                                                                                  

                                                             S = ∑ ∑ 𝑠𝑔𝑛( 𝑥𝑗 − 𝑥𝑖)
𝑛
𝑗=𝑖+1

𝑛−1
𝑖=1                                                 (1) 

 where  𝑥𝑖 and 𝑥𝑗  respectively indicate the data values at times i and j, and n is the length of the data set and sgn is an indicator function 

which take the values 1, 0 and -1 as based on equation (2) 

                                                  sgn( 𝑥𝑗 − 𝑥𝑖)   = {

1      𝑖𝑓 𝑥𝑗 > 𝑥𝑖
 0     𝑖𝑓 𝑥𝑗 = 𝑥𝑖
−1    𝑖𝑓 𝑥𝑗 < 𝑥𝑖

                                                      (2) 

Then for the value of S, if S is positive  is indicating increase in trend, a negative value of S indicate a decreasing in trend. Equation (3) 

is used in cases where n is larger than 10                                     

                                               Var(S) =  
𝑛(𝑛−1)(2𝑛+5)−∑ 𝑡𝑖(𝑡𝑖−1)(2𝑡𝑖+5)

𝑝
𝑖=1

18
                                        (3)           

Where p indicates the number of tied groups, ti is the number of data points in the pth group. When the variance of time is provided in 

Equation (3), then standard Z can be expressed by Equation (4) as follows: 
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                                                   Z=

{
 
 

 
 

𝑆−1

√𝑉𝑎𝑟(𝑆)
      𝑖𝑓 𝑆 > 0

0             𝑖𝑓  𝑆 = 0
𝑆+1

√𝑉𝑎𝑟(𝑆)
    𝑖𝑓 𝑆 < 0

                                                                (4)  

Where if Z is positive indicate the increase in trend, if zero no trend is detect and if negative indicate decrease in trend.    

 2.3.3 Spearman’s Rho (SR) Test 

             This method identifies the existence and non-existence of trends over given period. It can also identify if there is increase or 

decrease in the trend. The SR test statistic D and the standardized test statistic ZSR are calculated from equations (5) and (6) respectively.   

                                                                    D=1-  
6∑ (𝑅(𝑋𝑖)−𝑖)

2𝑛
𝑖=1

𝑛(𝑛2−1)
                                                    (5)               

                                                                      ZSR=D√
𝑛−2

1−𝐷2
                                                                    (6)                                                                                                                                                                                              

where R(𝑋𝑖) is the rank of ith observation 𝑋𝑖 in the sample size (n).   

2.3.4 Temporal Drought 

2.3.5 Standardized Precipitation Index (SPI)                                                                                                       

         In SPI method Firstly calculate the cumulative gamma distribution, noted that gamma distribution has been used to define the 

function of frequency or probability density function. Which express as   

                                                                   G(x)=∫ 𝑔(𝑥)𝑑𝑥 =
𝑥

0

1

𝛽𝛼Г(𝛼)
∫ 𝑥𝛼−1
𝑥

0
𝑒
−𝑥

𝛽⁄ dx                           (7)                                       

Where α and β are defined as shape parameter and as scale parameter respectively. The value for the both of them is should bigger than 

zero, while 𝑥 is the amount of precipitation over the consecutive months (selected time scale) in millimeter. The function Г(refers to 

gamma function. When 𝑥= 0, the cumulative gamma distribution is undefined and the in order to encounter this situation, the cumulative 

probability. SPI calculations also included matching the gamma probability density function into the frequency distribution of rainfall 

for each station. Equations proposed to optimize the following estimates of α and β values: 

                                                                            α = 
1

4𝐴
(1+√1 + 

4𝐴

3
 )                                                      (8)                              

Where                                                                            β= 
�̅�

𝛼
                                                                      (9) 

                                                                       𝐴 = 𝐼𝑛(�̅�) −
ΣIn(𝑥)

𝑛
                                                            (10) 

Where by n is the number of observation data for rainfall. In order to observed rainfall events for each month and the timescale for each 

station, the cumulative probability is found by using resulting parameters. Such as: 

                                                            G(x) =∫ 𝑔(𝑥)𝑑𝑥 =
𝑥

0

1

𝛽𝛼Г(𝛼)
 ∫ 𝑥𝛼−1
𝑥

0
𝑒
−𝑥

𝛽⁄  dx                              (11) 

As the result of undefined gamma function for x = 0, then the value of G (x) becomes:              

                                                                              H(x) = q+ (1-q).G(x)                                                (12)                                                                                  

Where q is the probability of zero rainfall. H(x) is then transformed to a normal distribution with a zero mean and unit variance. The 

above approach is simple but not practical for computing SPI for large numbers of data points. 

                                                     Z= SPI= - (t - 
𝑐₀+𝑐₁𝑡+𝑐₂𝑡2

1+𝑑₁𝑡+𝑑₂𝑡2+𝑑₃𝑡3
)             for  0˂H(x)≤0.5                  (13)                        

                                                    Z= SPI= + (t - 
𝑐₀+𝑐₁𝑡+𝑐₂𝑡2

1+𝑑₁𝑡+𝑑₂𝑡2+𝑑₃𝑡3
)              for 0.5˂H(x)≤1.0               (14)                       

Where: 
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                                                          t= √𝐼𝑛(
1

(𝐻(𝑥))2
)                                    for 0˂H(x) ≤0.5               (15) 

                                                        t= √𝐼𝑛(
1

(1.0−𝐻(𝑥))2
                               for 0.5˂H(x) ≤1.0              (16)                          

Where c0 = 2.515517, c1= 0.802853, c2= 0.010328, d1=1.432788, d2= 0.189269 and d3= 0.001308 SPI values could use to classify the 

drought by certain ranges. They are : (1) Mild drought is described when the rainfall values of SPI between 0 and -0.99, (2) Moderate 

drought has the values between -1.00 and -1.49, (3) Severe drought has defined if the values between -1.5 and -1.99 (4) Extreme drought 

is described by the values less than -2.0 (5) Mildly wet has a values  between 0 to 0.99 (6)Moderately wet has a values 1to 1.49 (7) Very 

wet  has a values  between 1.5 to 1.99 (8) Extremely wet equal to 2. 

3.0 Results and Discussion 

The results are presented in (i) Linear Regression (ii) Monthly and Seasonal Precipitation Trend (iii) Annual Precipitation Trend 

(iv)Temporal Drought 

3.1 Linear Regression   

The precipitation trend over the study area where evaluated. Figure 1 shows rainfall pattern on a yearly basis over the century period 

(1916-2016). The rainfall pattern indicate either increased or decreased. Linear regression equation in the graph show decreased in trend 

of precipitation. 

 

Figure 1. Variation of Annual Precipitation volume of Nigeria over the century (1916-2016) 

3.2 Monthly and Seasonal Precipitation Trend 

           The numerical results of MK and SR tests for monthly and seasonal precipitation trend for the century record (1916-2016) are 

contained in table 2. Since the signs of the MK and SR results for the entire months (January-December) are all negatives. The statistical 

tests of both MK and SR are seen to be in agreement with each other. The results for wet and dry seasons too indicated decreased. All 

results show decrease in trend of precipitation as evaluated by both MK and SR tests.                 
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Table 2: MK and SR test results for precipitation in monthly and seasonal time series for Nigeria over the century (1916-2016) 

  S/N Month and Season MK SR 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Wet season 

Dry season 

-2.2623 

-1.8926 

-2.9195 

-1.9865 

-2.7083 

-1.7048 

-0.8069 

-0.2846 

-0.9243 

-0.0088 

-3.8115 

-1.3820 

-2.0398 

-4.9735 

    -2.1456 

    -1.9770 

    -2.9747 

    -2.3311 

    -2.9767 

    -1.6480 

    -1.0631 

    -0.0866 

    -1.1936 

    -0.1491 

    -4.6753 

    -1.4524 

    -2.3547 

    -5.7823 

 

3.4 Annual Precipitation Trend                                                                                                                      

         The results of trend analysis using the atmospheric period as evaluated by (Neumann et al., 2016) and over the century are shown 

in table 3. The results are in consistent with each other of both MK and SR test which shows downward trend for the period of 33 

years(1916-1948), 33years(1949-1981), over the century(1916-2016) and upward trend is obtain for 35 year records (1982-2016). 

 

                                                           Table 3: Annual time series results for MK and SR test 

S/N Period MK Test SR Test 

1 33year (1916-1948) -1.6269 -2.1003 

    

2 33year (1949-1981) -1.5650 -1.4110 

3 35year(1982-2016) 1.6190 1.7757 

4 Century(1916-2016) -2.9430 -3.4653 

 

3.5 Annual Temporal Drought 

         The drought duration value of each deficit period of short-term conditions (SPI-1), short and medium term (SPI-3), medium-term 

trends in precipitation (SPI-6), precipitation pattern over a medium time scale (SPI-9) and long-term precipitation patterns (SPI-12) 

based on SPI calculation drought index.  The results of each deficit are presented in figure 2,3,4,5 and 6. 
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Figure 2. variation of SPI-1 for one month (January) over the century record 

From the above figure (2) which is variation short-term condition (SPI-1) with one month scale, the extremes drought are found to be 

(-2.65548) in 1933 and (-2.30648) in 2003. 

 

Figure 3. Variation of SPI 3 for three month time scale (January-March) over the century 

               Figure 3 show the variation of short and medium moisture condition (SPI-3) with three (3) months over the century and the 

extreme drought are (-2.20781) in 1918, (-2.30864) in 1954 and (-2.26251) in 1956, 
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Figure 4. Variation of SPI 6 for six (6) month (January-June) over century 

          The extreme value from the variation of Medium-term in trend of precipitation (SPI-6) with six (6) months over the century is 

found to be (-2.11322) in 1954 as shown in figure 4. 

 

Figure 5. Variation of SPI 9 for Nine (9) month (January-September) over century 

          Figure 5 indicate the variation of Precipitation patterns over a medium time scale (SPI-9) with 9months scale over a century 

records and the extreme drought  is  occurred in  2003 with the value of (-2.03782) 
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Figure 6. Variation of SPI 12 for twelve (12) month over century 

       From the variation Long-term precipitation pattern (SPI-12) with 12-month time scale as seen in figure 6, the value of extremes 

drought are (-2.10811) in 1955 and (-2.23814) in 1957. 

4.0 Conclusion  

       We found that the trend of precipitation of Nigeria indicated slight decrease in its volume over the century studied (1916-2016) and 

existence of two extremes drought in the two rain seasons of 1955 and 1957. The results for the trend of precipitation were obtained 

from non-parametric  Mann-Kendall (MK) and Spearman’s Rho (SR) tests and found  to be in agreement with each other while the 

drought result obtained using SPI-12 are showed mild increase in the drought. Generally, the precipitation trend over a century showed 

a slight decrease in the trend. The results for trend of precipitation showed a slight decrease while for drought a mild increase is observe. 

Also both the results of the trend of precipitation and drought are in consistent with each other. This show that there is fluctuation over 

the years in the precipitation trend. Hence, there is a need to find out the period of the fluctuation.   
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