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Abstract 

The southeast coastal area including a number of remote islands in Bangladesh is vulnerable to climate change, 

and the residents’ living and livelihood are influenced by rainfall and temperature. This work has investigated 

the correlation between rainfall and temperature of the regions, and shown the deviation of estimated 

correlations in the mainland and islands. Correlations are estimated for various time lengths in daily recorded 

rainfall with minimum and maximum temperature, along with the difference between maximum and minimum 

temperature. Calculated correlations are very unstable for the time lengths employed less than a year. Use of 

four-year time length finds stable correlations but mean coefficients of correlation are poorly related as obtained 

respectively 0.2356, -0.2061 and 0.0930 for minimum, maximum and average temperature with rainfall. In 

contrast, association of rainfall with the difference between maximum and minimum temperature shows better 

relation with an average correlation coefficient of -0.4154. By employing smoothing of rainfall and temperature 

data, using moving average period, the magnitude of correlation coefficient increases further to 0.6 or more. 

After smoothing the estimated correlations of rainfall with difference between maximum and minimum 

temperature are mostly above 0.6. Variation in the estimated correlation has indicated stable climate in the 

mainland but variable in the islands as being experienced of accretion and erosion. Studied correlation pattern, 

from 0.5 to 0.03 to 0.5 or little more during 1997 to 2010, is well aligned with the land eroded in Sandwip 

island, similarly Hatiya island may lose land in the coming years. Pearson, Spearman and Kendall type 

estimations have interpreted similar facts for the study area. 
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1. Introduction 

Most of the regions of Bangladesh are under diverse threats due to the impacts of climate change (Rahman et al., 

2016); and according to a long term climate risk assessment Bangladesh is among the top most affected 

countries hinge on death tolls and losses in gross domestic product caused by extreme weather events during the 

last twenty years (Eckstein et al., 2019).Northwest part of the country has been experiencing droughts of varied 

scales, riverine part is underlined for flood along with erosion, and the coastal south is prone to frequent 

cyclone, salinity and waterlogging along with climate change-induced sea level rise, one of the most devastating 

consequences of global warming (Abedin et al., 2019; Sovacool et al., 2012; MOEF, 2005). A 710 km long 

coastline of Bangladesh covers around 30-32% of the total land areas (Haque, 2006; MOWR, 2005). There are 

nineteen districts consisting 147 upazilas (sub-districts) in the coastal belt. Geo-morphologically the coastal 

areas are divided in three regions: western, central and eastern region. Fifty-one upazilas including a number of 

remote islands of twelve coastal districts have already started experiencing frequent cyclone with higher tide and 

more salinity (Dasgupta et al., 2014). Living and livelihood of coastal in a way depend on precipitation and 

temperature (Riha et al., 1996; Lobell and Field, 2007), while there is a link between temperature and the 

amount of precipitation (Buishand and Brandsma, 1999).  

The relationship between temperature and precipitation is timescale-dependent (Rehfeld and Laepple, 2016), 

and is critical to agricultural productivity and other hydrological and meteorological phenomena (Pandey et al., 

2018). The impact of rainfall and temperature alone has been a widely studied area of research; for instance, 

annual mean temperature plays an important role in agricultural production, while annual rainfall has little effect 

(Yang et al. 2020). Joint impact of rainfall and temperature has also attracted many researchers in wider array of 

investigation; for instance, on the incidence of dengue fever (Picardal and Elnar, 2017) and vegetation greenness 

(Lamchin et al., 2018).  
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However, research about the nexus between rainfall and temperature is relatively low in number; somehow 

neglected in the past (Buishand and Brandsma,1999). The efforts to explore any direct relationship with a 

particular concentration to space and time has attracted few researchers, for instance historically noticeable are 

the works of Hamrick and Martin (1941), Crutcher (1978), Zhao and Khalil (1993), and Subash and Sikka 

(2014). More recent works have also argued about the importance of studies about rainfall and temperature 

(Kreyling and Beier, 2013). In the USA the correlations of rainfall and temperature were variants at different 

regions over seasonal and monthly data. Regional positive and negative correlations were shown in winter and 

summer respectively (Hamrick and Martin, 1941). Zhao and Khalil (1993) had also shown no strong correlation 

at the coasts in the USA. There has also been found no direct relationship between increasing rainfall and 

increasing maximum temperature for monthly or seasonal data analysis in India (Subash and Sikka, 2014). 

However, sea surface temperature may have impact on seasonal rainfall as observed in Ethiopia (Alhamshry et 

al., 2020), the Philippines (Takahashi and Dado, 2018), and South Africa (Nkuna and Odiyo, 2016).  

Buishand and Brandsma (1999), in case of Italy, found that although might be influenced by other factors there 

was a link between the amount of precipitation and temperature. Yang et al. (2006) has found precipitation and 

temperature well associated in Guliya ice cores. Yannick and Chae (2018) have found a level of correlation 

between temperature and rainfall in the Republic of Congo. The cumulative monthly average temperature is 

negatively correlated with cumulative monthly average rainfall; however, the relation is week in the equatorial 

fully humid region. The equatorial monsoonal region also shows the same relation, while the equatorial winter 

dry region shows a strong positive correlation (Yannick and Chae, 2018). It is apparent that precipitation 

influences erosion, groundwater recharge, water disposal, plant growth as well as slope instability, and 

understanding precipitation can result in disaster prediction and appropriate water management mechanisms 

(Aguado et al., 1992; L´opez-Moreno et al., 2009; Coscarelli and Caloiero, 2012). Temperature as well play 

similar role. It is also argued that making precipitation-temperature dependence visible is useful for climate 

change scenario development (Buishand and Brandsma, 1999). However, no substantial effort has been made to 

observe such relationship in Bangladesh. Hence, this research intends to investigate the rainfall-temperature 

nexus in the coastal south of Bangladesh. It also aims to explore the variation, if any, in the climate condition of 

the mainland and islands in the region. 

2. Materials and Method 

The correlations may occur for the changes in 

precipitation and heat balance of the regions (Zhao 

and Khalil, 1993). However, inclusion of the changes 

in heat flow rather than minimum, maximum and 

average temperature seems more realistic, which this 

study has employed. Changing temperature in a 

climate system refers to gaining or loosing energy in 

the form of heat. If the mass and specific heat 

capacity of the system are known the amount of heat 

energy transferred can be determined. In the daily 

temperature time series of climate data, the difference 

between maximum and minimum temperature can 

lead to learn the rate of the total amount of heat 

changes in the day. 

2.1 Materials 
Daily minimum and maximum temperature, and 

rainfall data recorded at Teknaf, Cox’sbazar, 

Kutubdia, Ambagan, Sandwip, Hatya, Shitakundu and 

Feni stations in the costal belt of the southeastern 

Bangladesh for the duration of 33 years from 1985 to 

2017 have been obtained from Bangladesh 

Meteorological Department (BMD) (Figure 1). The 

missing data have been filled up using cubic spline 

interpolation technique. The areas are the coastal 

plains or offshore islands of the Bay of Bengal under 

Chattogram division. 

 

 

Figure 1. Location map and meteorological 

recording stations of the study area. 
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2.2 Methods 

2.2.1 Correlation 

Mathematically correlations defined as the ability to quantify a measure of linear relationship between two 

variables. If no relation exists, one variable cannot influence the other to increase or decrease in tandem. Linear 

correlation can investigate the relationship between two variables without having to assume or to fit a specific 

model. However, no or small linear correlation does not necessarily mean no relation at all; a strong nonlinear 

relationship may exist. Correlation is the standardized covariance, which determines the strength of the 

variances giving a dimension-less quantity the degree of a linear relationship known as coefficient of 

correlation. Pearson, Kendall and Spearman type correlations are bivariate analyses that determine the strength 

of linear relation between two variables and a value of ± 1 indicates the degree of association between the two 

variables. 

Pearson's correlation coefficient, 𝜌𝑋,𝑌 between two random variables 𝑋 and 𝑌,with mean values of 𝜇𝑋 and 𝜇𝑌, 

and standard deviations 𝜎𝑋 and 𝜎𝑌 is defined as (Rodgers and Nicewander, 1988): 

𝜌𝑋,𝑌 = 𝑐𝑜𝑟𝑟(𝑋, 𝑌) =
𝑐𝑜𝑣(𝑋, 𝑌)

𝜎𝑋𝜎𝑌
 

=
𝐸[(𝑋−𝜇𝑋)(𝑌−𝜇𝑌)]

𝜎𝑋𝜎𝑌
          (1) 

where, 𝐸 is the expected value operator, cov means covariance, and corr is correlation coefficient. The Pearson 

correlation is defined further only if both standard deviations are finite and positive can be written as: 

𝜌𝑋,𝑌 =
𝐸(𝑋𝑌)−𝐸(𝑋)𝐸(𝑌)

√𝐸(𝑋2)−𝐸(𝑋)2.√𝐸(𝑌2−𝐸(𝑌)2
        (2) 

On other hand, Spearman's and Kendall's correlation coefficients known as rank correlation coefficient (τ) 

represented by a linear relationship are alternatives to Pearson's coefficient (Kendall, 1955). The Spearman’s 

correlation coefficient can be defined as: 

𝑟𝑠 = 1 −
6∑𝑑𝑖

2

𝑛(𝑛2−1)
          (3)  

where, 𝑑𝑖 = 𝑟𝑔(𝑋𝑖) − 𝑟𝑔(𝑌𝑖) and 𝑛 is the number of observations.  

And Kandall’s rank correlation coefficient can be shown as written (Kruskal, 1958) below. 

𝜏 =
2

𝑛(𝑛−1)
∑ 𝑠𝑔𝑛(𝑥𝑖 − 𝑥𝑗)𝑠𝑔𝑛(𝑦𝑖 − 𝑦𝑗)𝑖<𝑗        (4) 

2.2.2 Moving Average 

Moving average technique is one of the important and widely used techniques in climate time series data 

analysis. This work likes to employ moving average technique to enhance the correlation of rainfall and 

temperature which determined the summer and winter correlations using seasonal total precipitation and mean 

temperature (Madden and Willimas, 1978). Van den Dool (1989) has the estimated correlations using monthly 

data of total precipitation and mean temperature. Smoothing is frequently used technique to cancel the effect due 

to random variation in climate data analysis. It reveals better understanding of trend, seasonal and cyclic 

components when properly applied. The general expression for the moving average can be written as: 

𝑀𝑡 = [𝑋𝑡 + 𝑋𝑡−1 + 𝑋𝑡−2 +⋯+ 𝑋𝑡−𝑁+1]/𝑁      (5) 

where, 𝑁is the period. 

2.2.3 Correlation in between Rainfall and Temperature 

Since a meaningful relation between rainfall and temperature is undefined (Hamrick and Martin, 1941; Subash 

and Sikka, 2014), this work likes to introduce a relationship between rainfall and temperature. To visualize such 

relation the meteorological data recorded at Teknaf station for various time lengths have been analyzed. Pearson 

type coefficient of correlation has been studied for rainfall with minimum, maximum and average, as well as 

difference between maximum and minimum temperature for a length of four years from 1985 to 1989as shown 

in Figure 2. Here, the length is used as for example, 30 days length: for the data starting from 1stJanuary 1985 to 

31st December 1989, analyses to be made as correlation coefficient on the 1st, 2nd and 3rdJanuary 1985 according 

to data for 1st to 30th January, 2nd to 31st January and 3rdto 1st February1985, respectively, and so on up to 2nd 

December of 1989. 
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Figures 2(a-c) show that the correlations are unstable with shorter (<year) length of data and the coefficient of 

correlation with 12 months length are found to stable but very poorly correlated mostly less than |0.4|. Where, 

relation of rainfall with the difference of maximum to minimum temperature is found stronger among others 

with a value, 𝜌 ≅ 0.4. But this relation is seemingly not adequate enough. In order to find a better relation 

moving average technique has been applied to smooth the data as moving average is appeared (Mohorji et al., 

2017) playing important role in  

 

Figure 2. Correlation of daily rainfall with temperature recorded at Teknaf station for various time lengths a) 3 

months, b) 6 months, c) 9 months and d) 12 months. 

climate data analysis. Correlation has been investigated further with moving average period to see the 

influences. Before applying moving average Figure2(d) has been extended for the time length from 1985 to 

2017 taking the four-year based progressive correlation, where it shows once again the correlation of rainfall 
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with temperatures and the relation is little stronger with difference temperature of maximum to minimum 

(Figure 3). Figure 4 shows how correlation coefficient varies with moving average period. It also shows that the 

relation is highly influenced by the moving average period, and correlation gets higher with moving average 

period. If the moving average period increases, correlation on a day seems loosely related. In contrast, if moving 

average period decreases coefficient of correlation becomes lower. In order to find the minimum moving 

average period, second order derivative is also shown in Figure 4, and the analysis suggests that maximum 

changes in correlation occurs from 5 to 50 days. This work has arbitrarily selected moving average period of 

seven days keeping moving average period close to minimum days but comfortably in the estimated range. 

 
Figure 3. Correlation of daily rainfall with minimum temperature, maximum temperature, average temperature 

and difference of maximum to minimum temperature for four yearly time lengths from 1985 to 2017 recorded at 

Teknaf station. 

 

Figure 4. Influence of correlation of rainfall and difference of maximum to minimum temperature with moving 

average period. 

The correlation analysis of one station climate data suggests that there is little stronger correlation of rainfall 

with the difference between maximum and minimum temperature. As shown that the correlation is influenced 

by the moving average period, using 7 days as moving average period the correlation of rainfall with the 

difference of maximum to minimum temperature for the whole study area has investigated and shown in the 

following section. 

3. Result and Discussions 

Correlations of daily rainfall with the difference between maximum and minimum temperature recorded at 

various meteorological stations of the southeastern costal part of Chattogram division using Pearson, Spearman 

and Kendall technique are show in Figures 5-12. Estimated correlations are for the stations: Teknaf, Cox’s 

bazar, Kutubdia, Ambagan, Sandwip, Hatya, Shitakundu and Feni. Overall correlations are almost similar since 

most of the stations present above 0.5 or close to 0.6, except Ambagan that shows below 0.4. Slightly different 

picture has been obtained from the Kutubdia, Sandwip and Hatya stations showing mean correlation above 0.5 

(Figures 7, 9-10). Interestingly, all of these are island based stations in the Bay of Bangle. Correlations in island 

stations also show that Kutubdia, Sandwip and Hatya did have different climate in 1992, 2000-2002, and 1994, 

respectively, as the calculated correlation coefficients explain (Figures 7, 9-10). Correlations obtained from the 

remaining land based stations are found to be similar, and may be interpreted as the mainland of the coastal area 

shares unique climate. This work has intentionally excluded explanation of the estimations obtained for 

Ambagan station, because this station has produced many missing data. 
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The analysis of data collected from the Sandwip station shows different scenario where calculated correlation 

was 0.6 from the year 2012, while the same for the duration 1997-2010 has shown initially decreasing and later 

increasing significantly. The climate of Sandwip may not be judged as ideal climate for the duration from 1997 

to 2010. This argument agrees with status of the island. Sandwip, the offshore island of Meghna estuary, has 

gone significant morphological change, e.g. 40% of the land eroded, in last 200 years (Brammer, 2014 and Roy 

and Mahmood, 2016) because of active coastal dynamics, which continues till date. Using the precipitation 

concentration index, Mondol et al. (2018) have also shown the irregularities in the northwest and southeast 

regions of Bangladesh during 2000 to 2011. 

 
Figure 5. Correlation of rainfall with difference of maximum to minimum temperature at Teknaf station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 

 
Figure 6. Correlation of rainfall with difference of maximum to minimum temperature at Cox’s bazar station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 
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Figure 7. Correlation of rainfall with difference of maximum to minimum temperature at Kutubdia station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 

 
Figure 8. Correlation of rainfall with difference of maximum to minimum temperature at Ambagan station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 

 
Figure 9. Correlation of rainfall with difference of maximum to minimum temperature at Sandwip station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 

 
Figure 10. Correlation of rainfall with difference of maximum to minimum temperature at Hatya station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 

The correlation obtained from the Sandwip station also indicates costal dynamics as active, since the correlation 

is increasing continuously. During 1974-2014 only 17.48 km2 of land accreted, while 90.35 km2 of stable land 

disappeared. The maximum loss, 33.75 km2, the island experienced during 2001 to 2011 (Roy and Mahmood, 

2016). This work also shows the similar picture particularly for the islands of southeastern region, since it has 
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shown very poor correlation of rainfall with difference between maximum and minimum temperatures during 

1997-2010 within the time frame of 1985-2014. The study also finds alignment of the poor correlations during 

1997-2010 is highly correlated with the highest loss of land. Climate time series analysis as well has depicted 

different climate pattern of Sandwip. Although not significant, slightly similar effects are also visible in the 

estimations in data from the Kutubdia and Hatiya stations in the year 1992 and 1994. Hence, this research 

assumes that disappearance of land surface is possible, even if not substantial. It can also be argued that in terms 

of land loss Hatiya is more vulnerable compared with Kutubdia. Kutubdia has been found to be stable, while 

Haiya may experience land loss further since the correlation started to fall after 2010. While the analyses of data 

collected from the main land stations: Teknaf, Cox’sbazar, Shitakunda and Feni show almost the similar 

climate. 

 
Figure 11. Correlation of rainfall with difference of maximum to minimum temperature at Sitakundu station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 

 
Figure 12. Correlation of rainfall with difference of maximum to minimum temperature at Feni station. P-

Pearson, S-Spearman, K-Kendall, MP-mean Pearson and SDP-standard deviation of Pearson type correlations. 

Estimated direct correlations of daily recorded rainfall with minimum and maximum temperature have been 

calculated as approximately +0.2 and -0.2, respectively, a poorly correlated factors. With average temperature 

the value remains close to less than 0.1. Besides, correlation of rainfall with the difference between maximum 

and minimum temperature has been obtained close to -0.4, which seems to be more realistic, since increase in 

rainfall causes decreases in temperature, and vice-versa. The rate of heat flow is proportional to the difference 

between maximum and minimum temperature. Though the value ρ= -0.4 is not significant, this research has 

been extended through applying moving average technique, which has shown that addition of a period of only 

seven days can improve the relation of rainfall with the difference between maximum and minimum 

temperature. 

Comprehension of the direct relation between precipitation and temperature in a global scale is absent as of yet, 

and most of the available contributions have shown regional analysis which are not significantly correlated. The 

maximum positive and negative correlation of 0.40 and -0.36, respectively have been observed at Teknaf and 
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Sitakundu. While, Khalil and Jhao (1993) have shown positive and negative correlation close to ±0.2 or ±0.3 or 

less between monthly mean temperature and rainfall, and have shown negative significant relation, -0.75, during 

summer in the central United States. This work also supports the above mentioned results that have shown 

similar poor correlation between minimum, maximum and average temperature with rainfall as close to ±0.25 or 

less in the study area. Result shows positive and negative correlations with minimum and maximum daily 

recorded rainfall and temperature. While the results have shown very poor correlation with average temperature, 

the correlation is slightly stronger, i.e. -0.4 or above, with the difference between maximum and minimum 

temperature and this correlation is uniform all over the study area. Addition of moving average period has also 

increased the correlations as shown in Figure 4. 

4. Conclusion 

It has not been evident any significant correlation between rainfall and maximum, minimum and average 

temperature in southeastern costal region in Bangladesh. Significant positive or negative correlation may occur 

with time and space, however has not been found in this present analysis. Approximately uniform and poor 

correlation less than ±0.35 is obtained all over the study area. A correlation of -0.4 or greater magnitude has 

been obtained for rainfall with the difference between maximum and minimum temperature. The difference 

between maximum and minimum temperature in a day is the rate of heat flow in a day. Result confirms that the 

correlation of rainfall with heat flow in the study area is to be greater. This work has also shown that the 

correlation can be gained more with smoothing climate data with moving average technique. Application of 

seven-day moving average period in data for smoothing has increased the correlation over 0.6.Estimated 

correlations of the study area have shown that the mainland is experiencing almost similar climate, however the 

islands: Kutubdia, Sandwip and Hatiya are experiencing different climates. This research has shown that the 

major land losses in Sandwip during 1997 to 2011 are well associated with the estimated correlations of rainfall 

with the difference between maximum and minimum temperature. The island Hatiya is also highlighted as 

vulnerable of losing of land in the coming years. The results have revealed similar facts in Pearson, Spearman 

and Kendall type correlation estimations; thus the work can be extended for other islands to study the erosion 

and accretion dynamics of the land. 
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