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ABSTRACT: Climate change has become the foremost 

global challenge facing human’s existence at the moment 

and the effect will be multifaceted with respect to social, 

economy and environmental challenges. This paper built a 

model to forecast the significant changes in Nigerian 

rainfall and temperature time series data. The 

methodology employed in the analysis and modelling of 

the rainfall and temperature series was Seasonal 

Autoregressive Integrated Moving Average (SARIMA) 

model. The identification stage of the model building 

suggested four models for both series forecast, but 

𝑆𝐴𝑅𝐼𝑀𝐴(1,1,1) × (1,1,1)12 and 𝑆𝐴𝑅𝐼𝑀𝐴(1,1,2) ×
(1,1,1)12 were validated in the estimation stage using 

Akaike Information Criteria (AIC), Schwartz Information 

Criteria (SIC), Coefficient of determination and Adjusted 

coefficient of determination. The model was diagnosed 

and the results showed that the model was adequate and 

parsimonious. Both models were used to obtain a one 

ahead out-sample forecast and the results indicated a rapid 

continuous rise and presence of seasonality in the 

forecasted rainfall and temperature time series data. In 

essence, there will be a significant continuous increase in 

Nigerian rainfall and temperature values. The values of 

the forecast evaluation’s metrics used for the two models 

were relatively small and this implied the forecast 

inaccuracy is low. In conclusion, the significant 

continuous rise over the months in rainfall and 

temperature series forecast indicated that there will be 

rapid climate change in immediate environment in the 

coming yearly. This may lead to flooding, infrastructural 

destruction, social and economic challenges and many 

more.  Therefore, Nigerian Government at all levels needs 

to put in place plans to curtail its effects. 

KEYWORDS: Climate change, Forecasting, Seasonal 

Autoregressive Integrated Moving Average, Temperature, 

Rainfall. 

 

1.  INTRODUCTION  

 

The knowledge of climate variability over the period 

of instrumental records and beyond on different 

temporal and spatial scale is important to understand 

the nature of different climate systems and their 

impact on the environment and society ([OAG12]). 

The idea about the climatic characteristics can be 

measured based on long-term average, as well as 

other measures such as daily minimum temperature, 

level of rainfall, length of the growing season and 

frequency of floods ([OTA14]). The climate of a 

location can be understood most easily in terms of 

annual or seasonal averages of temperature and 

precipitation. The global climate has changed 

rapidly with the global mean temperature increasing 

by 0.7 𝑪𝟎  within the last century ([IPC07]). 

However, the rates of change are significantly 

different among regions ([IPC07]) and this is 

primarily due to natural and man-made reasons 

across different regions ([NS07]). Several researches 

have been done across several regions to establish 

that temperature and rainfall is significant to climate 

change and these include: [WFL13], [AUE14], 

[CUO14], [BRH15], [ABA16], [GN16], [Owo16], 

[AFO17], [CB17], [Y+17], [N+18], [T+19]. With 

respect to this, it is certain that climate change 

attributed to rainfall and temperature seems to be the 

foremost global challenge facing humans at the 

moment and this will be unfavourable for crop 

growth and yield in many regions and countries 

([FAO08], [Y+08], [I+14]). Patterns of precipitation 

are also likely to change while some regions may 

have less precipitation, and some may have little or 

no change. The intensity of rainfall events is likely 

to increase on the average as well and this will likely 

lead to high level flooding ([O+16]). In Nigeria 

context, climate change will be a challenge to 

sustainable human development and this may lead to 

more frequent and more severe climate-related 

impacts that may deter efforts to achieve the 

country’s development objectives, including the 

targets of the Nigeria Vision 20:2020 and the 

Millennium Development Goals (MDGs) ([NES11], 

[FME11]). The challenges will be multifaceted 

(social, economic, environmental), and its impact on 

infrastructure will be significant because 

infrastructure provides a critical platform for the 

effective functioning of the Nigerian economy 

([NES11]). It is also expected to negatively affect 

the already limited electrical power supply through 

impacts on the existing hydroelectric and thermal 

generation; service interruption is also expected to 

result from damage to transmission lines and 

substation equipment impacted by sea level rise, 

flash floods, and other extreme weather events 
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(FME11]). In essence, the objective of this research 

article is to model and obtain monthly forecast for 

Nigeria yearly climatic time series variables 

(Rainfall and Temperature) in order to have more 

insight about the effects of these variables on 

climate change with respect to our immediate 

environment. In order to achieve this objective, 

Seasonal Autoregressive Integrated Moving Average 

model will be used to analyse Nigerian temperature 

and rainfall time series data obtained from Nigerian 

Meteorological Agency from January, 1993 to 

December, 2017.   

 

2.  MATERIALS AND METHODS 

 

2.1 Augmented Dickey Fuller Unit Root Test   

 

The Augmented Dickey Fuller (ADF) test will be 

used to attain stationarity for the non-stationary 

series under considered. This involved as well the 

use of associated standard errors that will be 

compared with the test statistic using the appropriate 

values in the Dickey Fuller table. 

Seasonal Autoregressive Integrated Moving 

Average (SARIMA) model 

Seasonal autoregressive integrated moving average 

was proposed by Box, Jenkins and Reinsel, 2008 

and it was an extension of autoregressive integrated 

moving average developed by Box and Jenkins, 

1970. The model will be used to reflect and obtain 

the features of seasonal variation in a given time 

series. 

Generally, the time series {𝑋𝑡} utilizes a lag 

operator 𝐵 to process 𝑆𝐴𝑅𝐼𝑀𝐴(𝑝, 𝑑, 𝑞)(𝑃. 𝐷. 𝑄)𝑠. 
A seasonal ARIMA model may be written as: 

 

 ∅𝑝(𝐵)Φ𝑃(𝐵𝑆)𝑑(1 − 𝐵𝑆)𝑋𝑡 = 𝜃𝑞(𝐵)Θ𝑞(𝐵𝑆)𝜀𝑡  (1) 

 

in equation (1), 𝐵 is a lag operator defined as 

𝐵𝑘𝑋𝑡 = 𝑋𝑡−𝑘; 

 

∅𝑝(𝐵) = 1 − ∅1𝐵 − ∅2𝐵2 − ⋯ − ∅𝑃𝐵𝑃       (2) 

Φ𝑝(𝐵𝑆) = 1 − Φ𝑠𝐵𝑠 − Φ2𝐵2𝑠 − ⋯ − Φ𝑃𝐵𝑃𝑠    (3) 

Θ𝑞(𝐵) = 1 − Θ1𝐵 − Θ2𝐵2 − ⋯ − Θ𝑞𝐵𝑃    (4) 

Θ𝑞(𝐵𝑆) = 1 − Θ𝑠𝐵𝑠 − Θ2𝐵2𝑠 − ⋯ − Θ𝑞𝐵𝑄𝑠    (5) 

 

where 𝜙(𝐵)  and 𝜃(𝐵) are polynomials of 

order 𝑝 and 𝑞, respectively; Φ𝑝(𝐵𝑆) and Θ𝑞(𝐵) are 

polynomial in 𝐵 of degrees 𝑃 and 𝑄, respectively; 𝑝 

is the order of non-seasonal autoregression; 𝑑 is the 

number of regular differences; 𝑞 is the order of non-

seasonal moving average; 𝑃 is the order of seasonal 

autoregression; 𝐷 is the number of seasonal 

differences; 𝑄 is the order of seasonal moving 

average; and 𝑆  is the length of season.  

 

2.2 Model Building  

 

The four basic steps of model building will be 

attained using Sample periodic autocorrelation and 

partial autocorrelation functions will be used to 

identify the model to be estimated. The seasonal 

autoregressive integrated moving average 

coefficients will be estimated using Least Square 

Estimation method and most appropriate model from 

the fitted model will be selected using Akaike (AIC) 

and Bayesian (BIC) Information criterions. The 

assessment of the model adequacy will be checked 

based on the whiten of the residual while forecasting 

will be obtained using the model validated in step 

three.  

 

3. RESULTS AND DISCUSSION 

 

Nigerian monthly Rainfall and temperature time 

series data used was collected from Nigerian 

Meteorological Agency from January 1993 to 

December 2017. The time plots of Nigerian rainfall 

and temperature series in Figure 1 and 2 exhibits 

heavily fluctuations from monthly to monthly and 

this suggests rainfall and temperature series are non-

stationary. The variations in the series are secular 

and seasonal in nature. In hence, the series required 

differencing and seasonality test.  

 

 
Figure 1. Time Plot of Nigerian Monthly Rainfall from 

January, 1993 to December, 2017 
 

 
Figure 2. Time Plot of Nigerian Monthly Temperature 

from January, 1993 to December, 2017 
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The augmented dickey fuller test showed that 

Nigerian rainfall and temperature were stationary at 

the first difference that is I at 1%, 5% and 10% level 

of significance with 𝑃 − 𝑣𝑎𝑙𝑢𝑒 = 0.000.  Since the 

order of integration of the difference series are one 

(1), then 𝑑 = 1. 

 

3.1 Model Building for Nigerian Monthly Rainfall  

      and Temperature series 

 

Firstly, for rainfall series we concentrating on the 

seasonal lags, the characteristics of the ACF and 

PACF in Table 1 tend to show a strong peak at in the 

autocorrelation function, combined with peaks at in 

the partial autocorrelation function. Hence, it appears 

that either: (i) the ACF is cutting off after lag 12 and 

the PACF is tailing off in the seasonal lags, (ii) the 

ACF and PACF are both tailing off in the seasonal 

lags. Table 1 suggests either (i) a seasonal moving 

average of order Q = 1, or (ii) due to the fact that both 

the ACF and PACF may be tailing off at the seasonal 

lags, perhaps both components, P = 1 and Q = 1, are 

needed. To identify between-season model, we focus 

the lags h = 1, 2…25 and identify order, based on 

Table 1. First, we set the ACF to be tailing-off and the 

PACF to be cut-off after lag 1, we identify p = 1 or 2 

and q = 1 or 2. Also, it is possible to think of the 

PACF to be tailing-off and the ACF to cutting-off 

after lag 1, leading to identify that P = 1 and Q= 1. 

For temperature series, it appears that either: (i) the 

ACF is cutting off after lag 12 and the PACF is 

tailing off in the seasonal lags, (ii) the ACF and 

PACF are both tailing off in the seasonal lags. Table 

2 suggests either (i) a seasonal moving average of 

order Q = 1, or (ii) due to the fact that both the ACF 

and PACF may be tailing off at the seasonal lags, 

perhaps both components, P = 1 and Q = 1, are 

needed. To identify between-season model, we focus 

the lags h = 1, 2…25 and identify order, based on 

Table 2. First, we set the ACF to be tailing-off and 

the PACF to be cut-off after lag 1, we identify p = 1 

or 2 and q = 1 or 2. Also, it is possible to think of the 

PACF to be tailing-off and the ACF to cutting-off 

after lag 1, leading to identify that P = 1 and Q = 

1.The four suggested models for rainfall and 

temperature series are: 

 

𝑆𝐴𝑅𝐼𝑀𝐴(1,1,1) × (1,1,1)12, 
𝑆𝐴𝑅𝐼𝑀𝐴(2,1,2) × (1,1,1)12, 
𝑆𝐴𝑅𝐼𝑀𝐴(1,1,2) × (1,1,1)12  
𝑎𝑛𝑑 𝑆𝐴𝑅𝐼𝑀𝐴(2,1,1) × (1,1,1)12 
 

The four suggested models were estimated using 

ordinary least estimation method. The optimal model for 

rainfall and temperature will be chosen based on the 

smallest values of estimated Akaike information criteria 

(AIC), Schwarz information criteria and highest values 

of coefficient of determination (𝑅2)  and Adjusted 

coefficient of determination in Table 3 and 4. 

 
Table 1. Correlogram for Rainfall Series 

Autocorrelation 
Partial 

Correlation 
 AC PAC Q-Stat Prob 

       .|***   |        .|***   | 1 0.408 0.408 50.313 0.000 

       .|*     |        .|.     | 2 0.150 -0.020 57.092 0.000 

       *|.     |       **|.     | 3 -0.131 -0.222 62.308 0.000 

      **|.     |        *|.     | 4 -0.262 -0.162 83.286 0.000 

     ***|.     |       **|.     | 5 -0.409 -0.272 134.47 0.000 

     ***|.     |       **|.     | 6 -0.470 -0.309 202.33 0.000 

     ***|.     |       **|.     | 7 -0.407 -0.280 253.34 0.000 

      **|.     |       **|.     | 8 -0.277 -0.329 277.10 0.000 

       *|.     |      ***|.     | 9 -0.095 -0.387 279.87 0.000 

       .|*     |     ****|.     | 10 0.106 -0.495 283.35 0.000 

       .|****  |        *|.     | 11 0.525 -0.125 369.57 0.000 

       .|***** |        .|*     | 12 0.691 0.167 519.11 0.000 

       .|****  |        .|**    | 13 0.557 0.290 616.88 0.000 

       .|*     |        *|.     | 14 0.101 -0.091 620.08 0.000 

       *|.     |        .|.     | 15 -0.078 -0.016 622.00 0.000 

      **|.     |        .|.     | 16 -0.272 -0.036 645.47 0.000 

     ***|.     |        .|.     | 17 -0.384 -0.028 692.42 0.000 

     ***|.     |        .|.     | 18 -0.457 -0.031 759.35 0.000 

     ***|.     |        .|.     | 19 -0.382 0.044 806.29 0.000 

      **|.     |        .|.     | 20 -0.264 0.017 828.84 0.000 

       *|.     |        *|.     | 21 -0.129 -0.076 834.21 0.000 

       .|*     |        *|.     | 22 0.122 -0.159 839.06 0.000 

       .|***   |        .|.     | 23 0.483 -0.021 915.26 0.000 

       .|***** |        .|**    | 24 0.733 0.231 1090.9 0.000 

       .|***   |        .|.     | 25 0.441 -0.033 1154.8 0.000 

 
Table 2. Correlogram for Temperature Series 

Autocorrelation 
Partial 

Correlation 
 AC PAC Q-Stat Prob 

       .|**    |        .|**    | 1 0.333 0.333 33.422 0.000 

      **|.     |      ***|.     | 2 -0.263 -0.420 54.424 0.000 

    ****|.     |       **|.     | 3 -0.494 -0.314 128.71 0.000 

      **|.     |        *|.     | 4 -0.270 -0.105 150.97 0.000 

       .|*     |        .|.     | 5 0.083 -0.032 153.08 0.000 

       .|**    |        .|.     | 6 0.252 -0.020 172.64 0.000 

       .|*     |        *|.     | 7 0.084 -0.148 174.80 0.000 

      **|.     |       **|.     | 8 -0.236 -0.274 192.03 0.000 

    ****|.     |     ****|.     | 9 -0.505 -0.541 271.20 0.000 

      **|.     |      ***|.     | 10 -0.252 -0.462 291.02 0.000 

       .|***   |        *|.     | 11 0.393 -0.088 339.28 0.000 

       .|***** |        .|*     | 12 0.734 0.209 508.36 0.000 

       .|***   |        .|**    | 13 0.409 0.217 560.93 0.000 

      **|.     |        .|.     | 14 -0.212 0.029 575.11 0.000 

    ****|.     |        .|.     | 15 -0.488 -0.035 650.59 0.000 

      **|.     |        .|*     | 16 -0.239 0.114 668.76 0.000 

       .|.     |        .|.     | 17 0.066 -0.009 670.15 0.000 

       .|**    |        .|.     | 18 0.225 -0.053 686.32 0.000 

       .|*     |        .|.     | 19 0.098 -0.055 689.44 0.000 

      **|.     |        .|.     | 20 -0.235 -0.018 707.19 0.000 

    ****|.     |        *|.     | 21 -0.486 -0.129 783.80 0.000 

      **|.     |        *|.     | 22 -0.224 -0.090 800.15 0.000 

       .|***   |        .|.     | 23 0.361 -0.013 842.67 0.000 

       .|***** |        .|*     | 24 0.718 0.143 1011.4 0.000 

       .|***   |        .|.     | 25 0.374 0.040 1057.2 0.000 



Anale. Seria Informatică. Vol. XVII fasc. 2 – 2019 
Annals. Computer Science Series. 17th Tome 2nd  Fasc. – 2019 

246 

The optimal model for Nigerian monthly rainfall is 

𝑆𝐴𝑅𝐼𝑀𝐴(1,1,1) × (1,1,1)12 and 𝑆𝐴𝑅𝐼𝑀𝐴(1,1,2) ×
(1,1,1)12 is the optimal model for Nigerian monthly 

temperature based on Table 3 and 4.  

 
Table 3. The corroboration results of model for setting 

orders for Rainfall Series 

 
SARIMA 

(1,1,1)x(1,1,1)12 

SARIMA 

(2,1,2)x(1,1,1)12 
SARIMA 

(1,1,2)x(1,1,1)12 
SARIMA 

(2,1,1)x(1,1,1)12 
R-squared 0.718692 0.718580  0.718154  0.718636 

Adjusted 

R-squared 0.715567 

       

0.713615 

         

0.714978  

           

0.714741 

Akaike 

info 

criterion 9.047474 

       

9.065214 

         

9.053132 

           

9.057689 

Schwarz 

criterion 9.100221 

       

9.144543 

         

9.119065 

           

9.123796 

 
Table 4. The corroboration results of model for setting 

orders for Temperature Series 

  
SARIMA 

(1,1,1)x(1,1,1)12 

SARIMA 

(2,1,2)x(1,1,1)12 
SARIMA 

(1,1,2)x(1,1,1)12 
SARIMA 

(2,1,1)x(1,1,1)12 

R-squared 0.718692   0.718880 0.719154 0.718936 

Adjusted 

R-squared 0.714567 0.713615 0.714978 

      

0.714741 

Akaike 

info 

criterion 9.067474 9.065214 9.053132 

      

9.067689 

Schwarz 

criterion 9.120221 9.144543 9.119065 9.123796 

 

The diagnosis checking was done using Breusch and 

Pagan (B-P) test for the homoscedasticity of the 

residuals for both models. The results showed that 

all calculated values are found to be smaller than the 

respective critical values and this indicated that the 

residual variance is constant. Therefore, the 

hypothesis that the residuals are white noise cannot 

be rejected and this indicated the fitted model for 

rainfall and temperature series are adequate. That is, 

the model is adequate for modelling Nigerian 

rainfall and temperature series. To test whether 

residuals from the fitted models come from normally 

distributed series, we use histogram and QQ-plot of 

the residual test and the results showed that the 

residuals are normally distribution. Since the model 

diagnostic tests showed that all the parameter 

estimated are significant and the residual series are 

white noise. The fitted models are used to obtain 

forecast Nigerian Rainfall and temperature from 

January, 2018 to December, 2019.  

The fitted model for rainfall series can be expressed 

as; 

 

 (1 − Φ1𝐵1)∇1𝑋𝑡(1 + Φ12Β12) = (1 + Θ1Β1)(1 +
Θ12Β12)𝑒𝑡                                (6) 

 

Equation (6) can be re-expressed as:  

𝑋𝑡+𝑚 = Φ1(𝑋𝑡+𝑚−1) + Φ12𝑒𝑡+𝑚−12  + 𝑒𝑡+𝑚 +
Θ1𝑒𝑡+𝑚−1 + Θ12𝑒𝑡+𝑚−12        (7) 

 

While the fitted model for series temperature can be 

expressed as; 

 

(1 − Φ1𝐵1)(1 − Φ2𝐵2)∇1𝑋𝑡(1 + Φ12Β12) =
(1 + Θ1Β1)(1 + Θ12Β12)𝑒𝑡      (8) 

 

Equation (8) can be re-expressed as:  

 

𝑋𝑡+𝑚 = Φ1(𝑋𝑡+𝑚−1) + Φ2(𝑋𝑡+𝑚−2) +
Φ12(𝑋𝑡+𝑚−12) + 𝑒𝑡+𝑚 + Θ1𝑒𝑡+𝑚−1 +
Θ12𝑒𝑡+𝑚−12            (9) 

 

In order to forecast one period ahead that is 𝑋𝑡+1 for 

monthly rainfall series, equation (7) will be 

increased by one unit throughout and this will give 

 

𝑋𝑡+1 = Φ1(𝑋𝑡) + Φ2(𝑋𝑡+1) + Φ12𝑒𝑡−11  + 𝑒𝑡+1 +
Θ1𝑒𝑡 + Θ12𝑒𝑡−11                       (10) 

 

and one ahead forecast that is 𝑋𝑡+1 for temperature 

will be obtained by increased equation (9) by one 

unit throughout and this will give 

 

𝑋𝑡+1 = Φ1(𝑋𝑡) + Φ2(𝑋𝑡−1) +
Φ12(𝑋𝑡−11)Φ12𝑒𝑡−11  + 𝑒𝑡+1 + Θ1𝑒𝑡 +
Θ12𝑒𝑡−11             (11) 

 

The forecasted values for rainfall and temperature 

series using equations (10) and (11) given in Table 5 

summarizes 24 months up-front forecast from 

January, 2018 to December, 2019. The results 

showed a significant continuous rise and presence of 

seasonality in the forecasted rainfall and temperature 

time series data. In essence, there will be a rapid 

continuous increase in Nigerian rainfall and 

temperature values on monthly bases over the 

coming years. 

 
Table 5. Nigerian Monthly Forecasted Rainfall and 

Temperature values from January, 2018 to December, 

2019 ` 

Month(s) Period(s) Rainfall (mm) 

Temperature 

( 𝑪𝟎 ) 

January 301 2.94521 28.1 

February  302 7.97545 29.5 

March  303 23.1458 31 

April  304 93.6134 30.8 

May  305 121.723 28 

June  306 125.624 29.6 

July 307 165.923 27.5 

August 308 218.061 26.3 

September 309 245.435 26.2 

October 310 98.9342 27.5 

November 311 9.9567 28 
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(continued) 

December 312 2.43258 25.1 

January 313 1.62353 24.5 

February  314 10.6348 28.1 

March  315 50.7535 31 

April  316 29.0345 29.9 

May  317 81.3456 31 

June  318 165.234 28.1 

July 319 130.192 27.6 

August 320 255.46 25.8 

September 321 180.43 27.3 

October 322 115.423 29.5 

November 323 11.5454 26.6 

December 324 2.56701 23.2 

 

The result of the forecasting evaluation in table 6 

showed that all metrics used have a relatively small 

and close to zero values. In hence, this indicated that 

the forecasting inaccuracy is very low. 

 
Table 6. Forecasting Evaluation for Rainfall and 

Temperature Series 

Forecast Evaluation Value(s) 

Root mean square error 0.061 

Mean absolute error 0.03 

Mean absolute percent error 0.048 

Theil inequality coefficient 0.015 

Bias proportion 0.021 

Variance proportion 0.004 

 

4. CONCLUSION 

 

Seasonal autoregressive integrated moving model 

was used to analyse Nigerian monthly rainfall and 

temperature time series data from January 1993 to 

December 2017. The data was collected from 

Nigerian Meteorological Agency. 𝑆𝐴𝑅𝐼𝑀𝐴(1,1,1) ×
(1,1,1)12 and 𝑆𝐴𝑅𝐼𝑀𝐴(1,1,2) × (1,1,1)12 were 

chosen has the optimal model for rainfall and 

temperature series respectively based on the values 

of AIC, SIC, coefficient of determination and 

adjusted coefficient of determination. The fitted 

models’ errors were white noised. Both models were 

used to obtain a one ahead out-sample forecast and 

the results indicated a rapid continuous rise and 

exhibits the presence of seasonality in the forecasted 

rainfall and temperature time series data. In essence, 

there will be a significant continuous increase in 

Nigerian rainfall and temperature values. The result 

of the forecast evaluations for the two models is 

given in Table 2. The results obtained showed 

relatively small values and this implied the forecast 

inaccuracy is low. In conclusion, the significant 

continuous rise over the months in rainfall and 

temperature series forecast indicated that there will 

be rapid climate change in the coming yearly. This 

may lead to flooding, infrastructural destruction, 

social and economic challenges and many more. 

Therefore, Nigerian Government at all levels needs 

to put in place plans to curtail its effects. 
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