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A B S T R A C T  

This paper focuses on the interdependence between rainfall and temperature and their joint 
effect. Rainfall and temperature are vital climatic variables for agricultural productivity and other 
human activities. Despite the importance of rainfall and temperature, there are difficulties 
associated with accurate analysis of their joint distribution due to the possibility of 
interrelationship between the variables. Several studies have been conducted by researchers on 
the interaction between climatic variables in order to ascertain their effects on the environment 
because temperatures were observed to be undergoing changes regularly. The analysis of rainfall 
and temperature for exploratory and visualization purposes is investigated because underlying 
structures and patterns do form the basis of decisions by government and regulatory agencies. 
This study employs the statistical approach in investigating the interdependence between rainfall 
and temperature in Ekpoma, Edo State, Nigeria for a period of five consecutive years from 2016 
to 2020 using Gaussian kernel estimator. The results of the investigations using some statistical 
indicators established that there is irregular pattern of rainfall which is occasioned by changes in 
temperature. The variability of rainfall is mostly prominent in two years which are 2017 and 2019 
with 29.43mm and 27.74mm as maximum amount of rainfall, respectively. The results also 
demonstrate that the performance of years with high standard deviations are better than that of 
low standard deviations. Again, the performance of years with high negative correlation 
coefficients and high negative covariance of rainfall and temperature is better than years with 
weak correlations and low covariance. 

doi: 10.5829/ijee.2023.14.03.01
 

 
INTRODUCTION1 

 

Rainfall and temperature are among the most relevant 

weather variables with large effects on the environment 

because weather is one of the vital sources of uncertainty 

affecting agricultural productivity particularly with 

respect to climate change. Global warming that is 

responsible for changes in the intensity of rainfall and 

temperature is being experienced in several countries of 

the world and thereby resulting in serious environmental 

hazards such as floods and droughts [1, 2]. Several 

authors have investigated the sensitivity of crops 

production to the variability of these weather variables 

with emphasis on the examination of low rainfall and high 

temperatures and vice-versa [3-5]. The sensitivity of 

crops production to high rainfall was examined by Lesk  
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et al. [6] with the conclusion that the intensity of rainfall 

is of immerse beneficial effects on crop production, 

however; the benefits did not counter the losses 

associated with higher temperatures.  

The variability in the amount of rainfall has resulted 

in floods and drought and hence creating serious 

challenges in water supply since the availability of water 

for different purposes is dependent on rainfall. A study on 

the role of temperature on elderly patients was conducted 

in United States of America within twelve cities and the 

results of the investigation revealed that the number of 

patients admitted on cases of heart related diseases are 

positively related with temperature [7]. It has been 

reported that high temperatures can induce social vices 

such as criminality and also capable of affecting the 

household income [8]. 
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The best meteorological explanation of the inter-

connectivity between rainfall and temperature is usually 

in terms of sea surface temperatures (SSTs) and El Nino 

Southern Oscillation (ENSO), respectively. Researchers 

have shown that the variability of rainfall in Africa 

particularly in the southern countries is connected with 

the Indo-Pacific sea surface temperature [9, 10]. 

Temperature is one of the vital weather variables that 

influences the amount of rainfall. Temperature changes 

could result in serious hydrological problems such as low 

soil moisture and evaporation due to the fact that a rise in 

temperature may reduce soil moisture which contains 

important nutrients for plants. Temperature affects 

rainfall in numerous ways because increase in 

temperature usually give rise to extraordinarily lofty rates 

of evaporation with an exiguous precipitation. Again, 

increase in temperatures lead to high rate of evaporation 

which gives rise to condensation that ultimately leads to 

high rainfall. The importance of rainfall can not be 

overemphasized because rain gives shape to the 

vegetation with the natural environment. Hence rainfall is 

an essential meteorological variable and also the most 

important ecological variable. 

Temperature influences the intensity of rainfall 

seriously because with a warm air, there is the tendency 

of producing excess moisture which result in rainfall. The 

amount of rainfall depends heavily on the amount of the 

vapour available in the atmosphere [11]. Agricultural 

activities rely on rainfall and food security can only be 

guaranteed when there is adequate amount of rainfall 

which also translates to economic growth and 

development. Several research investigations on rainfall 

across the globe depicts that agricultural activities are 

often affected by the pattern and amount of rainfall. The 

effects of the variability of rainfall and changes in 

temperature has become a critical subject by researchers 

because rainfall variability is occasioned by variation in 

temperature [12-16]. The significance of rainfall and 

temperatures as essential climatic factors that are critical 

for the existence of plants and animals in the ecosystem 

is vividly established, hence it is imperative to study their 

interdependence or correlation. This paper investigates 

the relationship between rainfall and temperature 

statistically in Ekpoma, Edo State, Nigeria using the 

nonparametric kernel estimator. 
 
 

MATERIALS AND METHODS 
 

The data used in this study is the daily temperature and 

rainfall obtained from the archives of the Nigerian 

Meteorological Agency (NiMet) Edo State (Ekpoma) for 

a period of five consecutive years (2016 to 2020) from 

January 1st to December 31st of each year. The univariate 

and bivariate probability density function employed in the 

analysis of rainfall and temperature is the Gaussian kernel 

function. The Gaussian kernel function is very prominent 

and of numerous applications in several fields of studies 

because many real life situations can be modeled after the 

Gaussian distribution. The correlation coefficient of the 

variables was used to establish the level of the 

interdependence between the variables. The univariate 

form of the kernel estimator is given below:  

𝑓(x) =
1

𝑛ℎx
∑ 𝐾 (

x − X𝑖

ℎx
)

𝑛

𝑖=1

 (1) 

here, 𝐾(∙) is a kernel function, ℎx is the smoothing 

parameter that regulates the smoothness of the estimate, 

𝑛 is the number of observations, x is the range of the 

observations while 𝑋𝑖 is the set of data [17]. The kernel 

estimator rely greatly on the smoothing parameter for its 

implementation and several selectors have been 

propounded by Siloko et al. [18]. The univariate 

smoothing parameter is given as follows: 

ℎx = {
𝑅(𝐾)

𝜇2(𝐾)2𝑅(𝑓″) 
}

1 5⁄

× 𝑛−1 5⁄  (2) 

where 𝑅(𝐾) = ∫ 𝐾2(x)𝑑x  is the kernel roughness while 

𝜇2(𝐾)2 is kernel variance and 𝑅(𝑓″) = ∫ 𝑓″(x)2𝑑x is the 

roughness of the unknown distribution which is the 

Gaussian kernel in this study. All kernel functions are 

usually probability density function and therefore must 

satisfy the following conditions: 

∫ 𝐾(x)𝑑x = 1, ∫ x𝐾(x)𝑑x = 0 and ∫ x2𝐾(x)𝑑x ≠ 0  (3) 

The implications of the conditions in Equation (3) is 

that kernel functions are probability density functions 

whose integral is one but with the mean zero and a 

variance that is not equal to zero. Similarly, the bivariate 

kernel density estimator is given by the following 

expression: 

𝑓(x , y) =
1

𝑛ℎxℎy
∑ 𝐾

𝑛

𝑖=1

(
x − X𝑖

ℎx
,
y − Y𝑖

ℎy
)

=
1

𝑛ℎxℎy
∑ 𝐾

𝑛

𝑖=1

(
x − X𝑖

ℎx
) 𝐾 (

y − Y𝑖

ℎy
) 

(4) 

where ℎx > 0 and ℎy > 0 are the smoothing parameters 

of variables X and Y, respectively while x and y are ranges 

of the variables in the different directions [19]. Again, 

𝐾(x, y) is the bivariate kernel which in this study is the 

Gaussian kernel estimator. The smoothing parameter of 

the bivariate kernel estimator using the Gaussian kernel 

function for the x-axis and y-axis are stated below: 

ℎx = {
∫ (

𝜕2𝑓

𝜕x2)
2

4𝑛𝜋
}

1 6⁄

×  {
∫ (

𝜕2𝑓

𝜕x2)
2

∫ (
𝜕2𝑓

𝜕y2)
2}

2 3⁄

 (5) 

ℎ𝑦 = {
∫ (

𝜕2𝑓

𝜕y2)
2

4𝑛𝜋
}

1 6⁄

×   {
∫ (

𝜕2𝑓

𝜕y2)
2

∫ (
𝜕2𝑓

𝜕x2)
2}

2 3⁄

 (6) 
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The bivariate kernel is often use to investigate the 

joint distribution of two random variables numerically 

and graphically. The asymptotic mean integrated squared 

error (AMISE) is one of the popular error criteria function 

in kernel density estimation. The AMISE of the bivariate 

Gaussian kernel function for data that are correlated is 

given below: 

AMISE (𝑓(x, y)) =  

                       
3

8𝜋𝜎x𝜎𝑦(1 − 𝜌2)5 6⁄
(1 −

𝜌2

2
)

−1 3⁄

𝑛−2 3⁄  
(7) 

where 𝜌 is the correlation coefficient which is obtained 

from the Person product moment correlation technique 

[20, 21]. The AMISE of Equation (7) depends on the data 

size, standard deviations and correlation coefficient of the 

data.  

Location of study area 

Epkoma is the administrative headquarters of Esan West 

Local Government Area, Edo State, Nigeria. Edo State is 

one of the States located in the rain forest of the Southern 

part of Nigeria in the oil rich region called Niger Delta 

and it lies between longitude 5°E and 6°42"E and latitude 

5°45"N and 35"N [22].  

The state is bounded by three states; Kogi State 

towards the North with Delta and Ondo States in the 

South and West, respectively while towards the East is 

the River Niger [23]. Geographically, Ekpoma is situated 

at Edo Central and it lies between latitude 6°44′34.80″N 

and longitude 6°08′25.04″E. The inhabitants of Ekpoma 

are predominantly farmers and the National Population 

Census of 2006 placed the population of Ekpoma to be 

125,842 of which 63,785 are males while 62,057 are 

females with the present population of over two hundred 

fifty thousand people [23, 24]. The map of Nigeria  

 

 

 
Figure 1. Map of Nigeria Indicating the Study Area in Edo 

State (Ekpoma) 

showing the location of Ekpoma in Edo State is depicted 

in Figure 1. 

Ekpoma possesses a tropical Savannah vegetation 

with an average annual temperature of 30.5°C and annual 

rainfall of about 19.23mm (7.57 inches). Rainfall in 

Ekpoma is usually heavily experienced in two months; 

the first month is July with a monthly total of about 

344.7mm while the second month is September with a 

total of approximately 457.2mm. The highest amount of 

rainfall is recorded in these two months while the least 

amount of rainfall is usually in the month of December 

(7mm). The highest yearly recorded temperature in 

Ekpoma is between 36°C and 38°C which is usually in 

the month of March [22-25].  
 
 
RESULTS AND DISCUSSION 
 

The interdependence between rainfall and temperature is 

statistically investigated using the kernel method. 

Rainfall and temperature are vital weather variables due 

to the significance of water for human existence. 

Temperature influences the amount of rainfall. The 

numerical and statistical analysis of the data is done by 

Mathematica version 12 software. The statistical 

relationship between two variables can be well 

established by the value of their correlation coefficient 

denoted by 𝜌 which lies between 1 and −1, that is −1 ≤
𝜌 ≤ 1. As a measure of relationship, for values of 𝜌 closer 

to 1 and −1, the variables are either highly positively or 

highly negatively correlated otherwise the variables are 

weakly related. However; for the correlation value being 

zero, that is 𝜌 = 0, then the variables are said to be 

uncorrelated.  

The correlation coefficient values of rainfall and 

temperature, smoothing parameter and the AMISE with 

other descriptive statistics are summarized in Tables 1, 2 

and 3, respectively. The univariate and bivariate kernel 

estimates of the data are shown in Figures 2, 3, 4, 5 and 

6. In this study, temperature and rainfall will be denoted 

by X and Y, respectively. The kernel estimates of 

temperature in most cases display two modes that lies 

between 26°C and 32°C which depicts the region of the 

average annual temperature of Ekpoma. The kernel 

estimates of rainfall are skewed to the right with a long 

tail which is a demonstration of the fact that rainfall is not 

evenly distributed within a year because certain months 

do record sparsely amount of rainfall. Again, the long tail 

of the kernel estimates displayed by the rainfall data 

affirms that the pattern of rainfall in Ekpoma is irregular, 

which means that rainfall has no specific pattern but 

varies greatly with different years. Rainfall is a vital 

variable for agricultural activities in Ekpoma but the 

variability of the amount of rainfall affects productivity 

as shown in Table 3 particularly for the years with large 

AMISE values. The AMISE which is the measure of 

performance of the kernel estimator is based on the 
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principle that the years with the smallest AMISE values 

are with better yields than the years with larger AMISE 

[26]. The bivariate kernel estimation requires the 

standardization of the data to ensure that the differences 

in the range of the data are eliminated. The inherent 

statistical features of the data set are not eliminated due to 

standardization because data standardization is usually 

employed in multivariate analysis [27]. Therefore, the 

rainfall and temperature data for the bivariate kernel 

estimate is standardized to ensure the removal of the 

differences that exist in the variables but the statistical 

properties such as bimodality of the data is retained.  

In Table 1, temperature is negatively Skewed while in 

Table 2, rainfall is positively Skewed and this is clearly 

demonstrated in the univariate kernel estimates of 

temperature and rainfall. The season of heavy rainfall in 

Ekpoma is mainly between the months of April and 

October with little amount of rainfall in some other 

months of the year [25]. As observed in Table 2, the 

minimum amount of rainfall of every year is 0.00mm and 

this is due to the fact that in most days of some months of 

the year there was no rainfall. Again in Table 2, the 

amount of rainfall of the period investigated tend to have 

 

a heavy tail distribution as depicted by the value of their 

their Kurtosis and this is also supported by the kernel 

estimates of rainfall. The covariance of rainfall and 

temperature revealed the usual inverse relationship 

between rainfall and temperature. This inverse 

relationship is also demonstrated by the values of the 

correlation coefficient of rainfall and temperature as 

noticed in Table 3 where the negative correlation values 

also produce a negative covariance due to the fact that 

correlation coefficient is statistically a function of 

covariance. The AMISE which is the performance 

measure in kernel density estimation has shown that 

activities that are rainfall reliant did very well in 2018 and 

2020 and this is due to their production of the least 

AMISE values as presented in Table 3.  

The correlation coefficient values and covariances of 

2018 and 2020 are high in comparison with the other 

years and this support the claim that years with highly 

negatively correlated values, human activities tend to be 

more productive. The bivariate kernel estimates of 

temperature and rainfall in Figures 2 to 6 displayed that 

the observations are bimodal and the bimodality is 

attributed to the climatic differences of the means of  

 
 

Table 1. Descriptive statistics of temperature for the five years period 

Years 𝒏 Minimum Maximum Mean SD Skewness Kurtosis 

2016 366 25.22 34.68 30.2215 1.89335 −0.407509 2.91412 

2017 365 24.17 34.68 30.5922 2.19473 −0.209339 2.26617 

2018 365 24.17 34.67 30.4658 2.32031 −0.425694 2.42956 

2019 365 24.17 35.73 30.0337 2.33306 −0.236261 2.24132 

2020 366 24.15 37.83 29.9897 3.18039 0.1817970 2.03949 

 

 

Table 2. Descriptive statistics of rainfall for the five years period 

Years 𝒏 Minimum Maximum Mean SD Skewness Kurtosis 

2016 366 0.00 36.89 4.86104 6.78509 2.48933 12.6397 

2017 365 0.00 29.43 4.17661 4.54721 1.77161 7.05817 

2018 365 0.00 62.42 6.77784 8.47992 2.02245 8.30520 

2019 365 0.00 27.74 3.29707 4.09564 1.94772 8.97001 

2020 366 0.00 53.18 10.1361 10.5692 1.06680 3.55095 

 
 

Table 3.  Bandwidths, 𝜌, covariance and AMISE of temperature and rainfall for the five years period 

Years 𝒏 𝒉𝐱 𝒉𝐲 𝝈𝐱 𝝈𝐲 𝝆 Covariance AMISE 

2016 366 0.40529 0.40386 1.89335 6.78509 −0.441708 −4.35086 0.000224457 

2017 365 0.40389 0.40335 2.19473 4.54721 −0.369895 −3.69151 0.000270638 

2018 365 0.40723 0.40366 2.32031 8.47992 −0.666095 −12.3044 0.000210925 

2019 365 0.40343 0.40332 2.33306 4.09564 −0.652540 −6.23526 0.000414159 

2020 366 0.40575 0.40343 3.18039 10.5692 −0.703268 −23.6399 0.000132164 
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rainfall and temperature, respectively. The joint 

probability distribution of the occurrence of the two 

variables is at its peak with probability value of 0.3 as 

indicated in the bivariate kernel estimate of Figure 4b 

which is higher than other bivariate estimates and the 

individual kernel probabilities values as shown in the 

univariate kernel estimates of the observations. 

The maximum temperature of the period investigated 

is 37. 83°C while the minimum is 24.15°C as recorded in 

Table 1 for the year 2020. The highest temperature in 

 

 

Ekpoma is usually recorded in the month of March and it 

is between 36°C and 38°C. The maximum amount of 

rainfall for the study period as presented in Table 2 is 

62.42mm and that is in the year 2018. The analysis in 

Table 3 clearly shows that the years with higher amount 

of rainfall yields better results as affirmed by the AMISE. 

The variability of rainfall in the period investigated is 

mostly prominent in two years which are 2017 and 2019 

with 29.43mm and 27.74mm as the maximum amount of 

rainfall, respectively with the largest AMISE values. 

 

  

  
(a) 

  
(b) 

Figure 2. Estimated  temperatures (°C) and rainfalls (mm) of 2016 data by (a) Univariate kernel and (b) Bivariate kernel 

 

 

 

  
(a) 

  
(b) 

Figure 3. Estimated  temperatures (°C) and rainfalls (mm) of 2017 data by (a) Univariate kernel and (b) Bivariate kernel 
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(a) 

  
(b) 

Figure 4. Estimated  temperatures (°C) and rainfalls (mm) of 2018 data by (a) Univariate kernel and (b) Bivariate kernel 

 

 

  
(a) 

  
(b) 

Figure 5. Estimated  temperatures (°C) and rainfalls (mm) of 2019 data by (a) Univariate kernel and (b) Bivariate kernel 

 

 

One of the main determinants of performance in 

Equation (7) is the standard deviation because it shows 

how well distributed the observations are with respect to 

the mean. A high standard deviation is an indication that 

the data are well spread out while a low standard 

deviation implies that the data are clustered around the 

mean. As stated in Table 3, the distribution of rainfall and 

temperature varies considering their standard deviations 

in the period been examined. In the case of years where 

the standard deviation high for both variables, the 

performance is better in comparison with years of low 

standard deviation as vividly noticed in Table 3. The 

performance of 2016, 2018 and 2020 are better than the 

performance of 2017 and 2019 and this is attributed to the 

magnitude of their standard deviations. 

As observed from the kernel estimates of rainfall and 

temperature, the hotter the temperature, the more 

evaporation is likely to occur which will ultimately lead 

to high amount of rainfall and vice-versa. Rainfall is a 

vital weather variable due to the importance of water in 

Ekpoma especially for consumption and agricultural 

activities. Ekpoma is known for lack of water due to its 

location until the recent drilling of bore holes for water 

supply by private individuals who are well placed financ-
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(a) 

  
(b) 

Figure 6. Estimated  temperature (°C) and rainfall (mm) of 2020 data by (a) Univariate kernel and (b) Bivariate kernel 

 

 

ially for consumption and industrial purposes. Prior to 

this development, the major source of water has been 

rainfall since there are no water bodies such as streams 

and rivers around Ekpoma. 

 
 
CONCLUSION 
 
This study reveals that there is an irregular pattern of 

distribution of rainfall in the period been investigated 

which is attributed to the effect of temperature. The 

variability of the amount of rainfall in the study period is 

more noticeable in 2017 and 2019 with maximum amount 

of rainfall being 29.43mm and 27.74mm, respectively. 

The performance of years with low amount of rainfall is 

clearly indicated by the large AMISE values. The study 

also revealed that smaller amount of rainfall will result in 

large AMISE values and vice-versa. The low amount of 

rainfall could lead to drought which is capable of 

affecting agricultural activities in the area. The decrease 

in the amount of rainfall may be occasioned by human 

activities such as deforestation, bush burning and the use 

of chemicals which are capable of increasing the yearly 

temperature. Bush burning by farmers and other outdated 

farming techniques that are not environmentally friendly 

should be prohibited. Hence, efforts should be made by 

government and other regulatory bodies to promulgate 

laws that are environmentally friendly and also to punish 

erring citizens.  
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Persian Abstract 
 چکیده 

  ر ی و سا  یکشاورز  یوربهره  یبرا  یاتیح  ییآب و هوا  یرهایو دما متغ  یو دما و اثر مشترک آنها تمرکز دارد. بارندگ  یبارندگ   نیمتقابل ب   یمقاله بر وابستگ  نیا

مشترک آنها وجود دارد.   عیتوز قیقد  لیدر تحل یمشکلات رهایمتغ نیامکان ارتباط متقابل ب   لیو دما، به دل یبارندگ تی اهم رغمیهستند. عل یانسان  یهاتیفعال

دماها به طور منظم    را یانجام شده است ز   ستیز  ط یاثرات آنها بر مح  ن ییبه منظور تع  یی آب و هوا   ی رهایمتغ  ن یتعامل ب   یتوسط محققان بر رو  ی مطالعات متعدد

برا  ی بارندگ  ل یو تحل  ه یهستند. تجز   ر ییدر حال تغ اکتشاف  ی و دما  الگوها  را یز   رد یگیقرار م  ی مورد بررس  ی و تجسم  ی اهداف  اساس    یی ربنایز   ی ساختارها و 

  التی و دما در اکپوما، ا  ی بارندگ  نیمتقابل ب   یوابستگ  ی در بررس  ی آمار  کردیمطالعه از رو  ن ی. ا دهندیم  لیرا تشک  ینظارت  یهادولت و سازمان  یهایریگم یتصم

ن  نتا کندیاستفاده م  یهسته گاوس  گر نیاز تخم  استفادهبا    2020ا  ت  2016از سال    ی مدت پنج سال متوال  یبرا  ه یجر یادو،  برخیبررس  جی.  با استفاده از    یها 

به    2019و    2017در دو سال    شتریب   ی بارندگ  ی ریرپذییدما است. تغ  راتییاز تغ  ی وجود دارد که ناش  ی نامنظم  یبارندگ  ی نشان داد که الگو  ی آمار  ی هاشاخص

با انحراف    یهاکه عملکرد سال  دهدینشان م   نیهمچن  جی . نتاباشدمی  قابل توجه   یبارندگ زانیبه عنوان حداکثر م  رمت  یل یم  74/27متر و    یلیم  29/ 43با    بیترت

و دما بهتر از   ی بارندگ ی بالا  یمنف انسیبالا و کووار  یمنف یهمبستگ بیبا ضرا   یهاعملکرد سال بوده و ن ییبا انحراف استاندارد پا  یهااستاندارد بالا بهتر از سال

 . باشدمیکم  انسیو کووار  فیضع یبا همبستگ  یهاسال
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