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Abstract 
Rising temperature in the atmosphere causes sea level rise and affects low lying coastal areas and 
deltas of the world. The last decade of the twentieth century was globally the hottest since the 
beginning of worldwide temperature measurement during the nineteenth century. Many PDFs 
have been proposed in recent past, but in present study Weibull, Lognormal, Gamma, GEV, etc 
are used to describe the characteristics of maximum temperature. This paper attempts to 
determine the best fitted probability distribution of monthly maximum temperature. To identify 
the appropriate probability distribution of the observed data, this paper considers a data set on the 
monthly maximum temperature of Dhaka over the period January, 1972 to September, 2015. 

Goodness-of-fit criteria like the Kolmogrov-Smirnov (KS), the 
2R , the 

2χ  and the Root 
Mean Squared Error (RMSE) were used in this paper to check the accuracy of the predicted data. 
According to the goodness-of-fit criteria and from the graphical comparisons it can be said that 
Generalized Skew Logistic distribution (GSL) provided the best fit for the observed monthly 
maximum temperature data of Dhaka station among the probability distribution considered in this 
paper.  
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1. Introduction  
Global warming is an important issue, with a variety of influences on agriculture, 
water, health and economy. It is now recognized that climate variability and extreme 
events affect society more than changes in the mean climate (Intergovernmental Panel 
on Climate Change (IPCC), 2001).  It is broadly recognized that Bangladesh is more 
vulnerable to these changes. Bangladesh is highly vulnerable because it is a low-lying 
country located in the deltaic plain of the Ganges, the Brahmaputra and the Meghna 
and densely populated. Its national economy strongly depends on agriculture and 
natural resources that are sensitive to climate change and sea-level rise. The impact of 
higher temperature and more extreme weather events such as floods, cyclone, severe 
drought and sea-level rise are already being felt in South Asia and will continue to 
intensify (Huq et al., 1999; Ali, 1999). In a study at the International Rice Research 

Institute, Peng et al. (2004) found a 10% decrease in rice yield per 1
0
C increase in 
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growing season night temperature. Donat and Alexander (2012) shown that the 
distribution of global daily temperatures has indeed become “more extreme” since the 
middle of the 20th century.  
 
In light of the recent climate trends and current predictions for the twenty-first century, 
climatic change is becoming a major concern for scientists and society in general. 
There is an increasing interest in different parts of the world in research on extreme 
temperatures and their variation. Temperature extremes are an important aspect of any 
climate change because ecosystems and societal responses are most sensitive to them. 
Mearns et al., (1984) and Hansen et al., (1988) concluded that relatively small changes 
in the mean temperature could produce substantial changes in the frequency of 
temperature extremes. The last decade of the twentieth century was globally the hottest 
since the beginning of worldwide temperature measurement during the nineteenth 
century. Alexander et al., (2006) showed that annual trends in the lowest and highest 
daily minimum and maximum temperatures in the latter half of the twentieth century 
increased at many locations throughout the world. 
 
In the past, a number of studies have been carried out on trend of climate change in 
climatic parameters over Bangladesh. Chowdhury and Debsharma (1992) and Mia 
(2003) pointed out that temperature has been changed by using historical data of some 
selected meteorological station. Parathasarathy et al., (1987) and Divya and Mehritra 
(1995) reported mean annual temperature of Bangladesh has increased during the 

period of 1895-1980 at 0.31
0
C over the past two decades. Karmakar and Shrestha 

(2000) using the 1961-1990 data for Bangladesh projected that annual mean maximum 

temperature will increase to 0.4
0
C and 0.73

0
C by the year of 2050 and 2100 

respectively. Rahman and Alam (2003) found that the temperature is generally 
increasing in the June-August period. Average maximum and minimum temperatures 

show an increasing trend of 5
0
C and 3

0
C per century, respectively. On the other hand, 

average maximum and minimum temperatures of December-February period show, 

respectively, a decreasing and an increasing trend of 0.1
0
C and 1.6

0
C per century. 

Regional variations have also been observed around the average trend (SMRC, 2003). 
In a recent study, Climate Change Cell (2009a) has analyzed the temperature and 
sunshine duration at all BMD stations of Bangladesh. Islam and Neelim (2010) 
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analyzed the maximum and minimum temperatures of four months (January, April, 
May and December) and two seasons only. The two months of April-May were 
considered as the summer season and the two months of December-January as the 
winter season in the study. The study found in general an increasing trend in both 
summer and winter temperatures. There were some research works about the 
temperature of Dhaka city. Dhaka is the capital of Bangladesh and one of the largest 
and densely populated mega cities of the world. Hossain et al., (2014) analyses the 
pattern of change of temperature of Dhaka city using the data of maximum and 
minimum monthly temperature over the period 1995 -2010. They have shown that 
minimum average monthly temperature is showing significantly increasing pattern. 
Impacts of climate change would result from changes in variability and extreme event 
occurrence rather than from an increase in mean temperature (Houghton et al., 1996; 
Watson et al., 1996; Parmesan et al., 2000). Temperature is the important variable. 
Impacts of extreme events are more serious when extreme weather conditions prevail 
over extended periods. That is why this study tries to fit the appropriate probability 
distribution of monthly maximum temperature. The Extreme-value data can be 
characterized by theoretical probability distributions. For the probability estimates of 
annual temperature extremes, the two-parameter Gumbel distribution and the three-
parameter generalized extreme value (GEV) distribution are commonly applied (Faragó 
and Katz, 1990; Brown and Katz, 1995; Zwiers and Kharin, 1998; Kharin and Zwiers, 
2000). This paper attempts to fit and select the best fitted probability distribution of 
monthly maximum temperature of Dhaka Station and also check the accuracy of the 
fitted probability distributions using the goodness-of-fit criteria.  
 
2. Materials and Methods  
Data 
 
This paper considers a secondary data set on the monthly maximum temperature of 
Dhaka stations over the period January, 1972 to September, 2015. The required data 
was collected from the website of Bangladesh Agricultural Research Council (BARC) 
and Tutiempo Network.   
 
Probability Distributions 
Many PDFs have been proposed in recent past, but in present study Weibull, 
Lognormal, Gamma, and GEV are used to describe the characteristics of maximum 
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temperature. Parameters defining each distribution function are calculated using 
maximum likelihood method. 
 
Weibull (W) Distribution 
The probability density function (PDF) of the Weibull distribution with two parameters 
is given by (Weibull, W., 1951):  

( )
1

; , exp ; 0 , 0, 0
k kk v vf v k c v k c

c c c

− ⎡ ⎤⎛ ⎞ ⎛ ⎞= − < < ∞ > >⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

 

where, ' 'k  and ' 'c  are the shape and scale parameters respectively. 
 
Lognormal (LN) Distribution 
Lognormal distribution is a probability distribution of a random variable whose 
logarithm is normally distributed. The probability density function (PDF) of the 
Lognormal distribution is given by (Johnson, Norman L., et al., 1994):  

( ) ( )( )2

22

ln1; , exp ; 0 , , , 0
22

v
f v v R

v

µ
µ δ µ δ

δπδ

⎡ ⎤− −
⎢ ⎥= < < ∞ ∈ >
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where, ' 'µ  and ' 'δ  are the mean and standard deviation of the normal random 

variable ( )ln v  respectively and ' 'Φ  is the standard cumulative distribution function. 

 
Gamma (G) Distribution 
Lancaster (1966) quotes from Laplace (1836) in which the latter obtains a Gamma 
distribution. The probability density function (PDF) of the gamma distribution is given 
by: 

( ) ( )
1

; , exp ; 0, 0, 0
a

a

v vf v a b v a b
b a b

− ⎛ ⎞= − > > >⎜ ⎟Γ ⎝ ⎠
 

The parameters ' 'a  and ' 'b  are the shape and scale parameters respectively. 
 
Generalized Extreme Value (GEV) Distribution 
GEV distribution is a flexible model that combines the Gumbel, Frechet and Weibull 
maximum extreme value distributions (Ying, A. and Pandey, M. D., 2007)]. For, GEV 
the Probability density function is given by:  
 

( )
( )1 11

1; , , 1 exp 1 ; 0v vf v
ξ ξµ µµ σ ξ ξ ξ ξ

σ σ σ

− − −⎧ ⎫⎡ − ⎤ ⎡ − ⎤⎪ ⎪⎛ ⎞ ⎛ ⎞= + − + ≠⎨ ⎬⎜ ⎟ ⎜ ⎟⎢ ⎥ ⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎣ ⎦⎪ ⎪⎩ ⎭
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again, for v σµ
ξ

⎛ ⎞
> −⎜ ⎟
⎝ ⎠

  in the case 0ξ > , and for v σµ
ξ

⎛ ⎞
< −⎜ ⎟
⎝ ⎠

 in the case 0ξ <  

where µ ∈   is the location parameter,  0σ > the scale parameter and ξ ∈  is the 

shape parameter. 
 
Three Parameters Lognormal (3-P LN) Distribution 
The lognormal distribution derives its name from the relationship that exists between 

random variables V  and ( )lnY V a= − . If Y  is distributed normally ( ),b c , then V  is 

lognormal ( ), ,a b c . Accordingly, the probability density function of V  may be 

written as (A. Clifford Cohen and Betty Jones Whitten, 1980):  
 

( )
( )

( ) 2

2
2

ln1; , , exp ; 0,
22

v a b
f v a b c c a v

cv a c π

⎡ ⎤− − −⎡ ⎤⎣ ⎦⎢ ⎥= > < < ∞
⎢ ⎥− ⎣ ⎦

. 

 
Skewed t  (ST) Distribution 
There are different parameterizations for the skewed generalized t  distribution and the 
skewed generalized t  distribution was first introduced by Panayiotis Theodossiou in 
1998 (Theodossiou, P., 1998). For details about Skewed t  distribution please visit:  
https://en.wikipedia.org/wiki/Skewed_generalized_t_distribution#skewed_t_ 
distribution. Also, Indhumathy, et al., (2014) and Davis (2015) used the following 
probability density function (pdf) for Skewed t  distribution: 
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where, 0θ  and 1θ  are the location and scale parameters respectively 2θ  and 3θ  are the 

degrees of freedom and shape parameters respectively. 
 
The parameters of the skewed t distribution are obtained using the maximum likelihood 
method which maximizes the logarithm of likelihood function is given by 

( ){ } ( ){ }
11

ln ln
n n

STD i STD i
ii

LL f v f v
==

= =∑∏  
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where, iv  is the maximum temperature in time step i  and n  is the number of data 

points. 
 
Generalized Skewed Logistic (GSL) Distribution 
Perks (1932) first introduced the generalized logistic distribution. Achim Zeileis and 
Thomas Windberger (2014) wrote a R Package ‘glogis’ for Fitting and Testing 
Generalized Logistic Distributions and they used the following probability density 
function (pdf) of the generalized skew logistic distribution: 
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where,µ , σ  and γ  are the location, scale and shape parameters respectively. 
The parameters of the generalized skew logistic distribution are obtained using the 
maximum likelihood method which maximizes the logarithm of likelihood function is 
given by 

( ){ } ( ){ }
11

ln ln
n n

GSLD i GSLD i
ii

LL f v f v
==

= =∑∏  

where, iv  is the maximum temperature in time step i  and n  is the number of data 

points. 
 
Goodness-of-fit Tests 
Goodness-of-fit tests are used to check the accuracy of the predicted data using 
theoretical probability function. To evaluate the goodness-of-fit of the PDFs to the 

monthly maximum temperature data, the KS, the 2R , the 2χ  and the RMSE were 

used. 
 
Kolmogorov-Smirnov (KS) Error Test 
The KS test computes the largest difference between the cumulative distribution 
function of the model and the empirical distribution function. The KS test statistic is 

defined as 
1

ˆmax i ii n
D F F

≤ ≤
= −  
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where, îF  is the predicted cumulative probability of the thi  observation obtained with 

the theoretical cdf and iF  is the empirical probability of the thi  observation are 

obtained with the Cunnane (1978) formula: 
0.4
0.2i

iF
n
−

=
+  

where, 1, ,i n=  is the rank 

for ascending ordered observations. 
 

2R  Test 
The 2R  test is used widely for goodness-of-fit comparisons and hypothesis testing 
because it quantifies the correlation between the observed cumulative probabilities and 
the predicted cumulative probabilities of a monthly maximum temperature distribution. 

A larger value of 2R indicates a better fit of the model cumulative probabilities F̂  to 

the observed cumulative probabilities F . The 2R  is defined as: 

( )
( ) ( )
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2 2
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ˆ ˆ
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i i
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Chi-Square Error Test 
Chi-Square test is used to assess whether the observed probability differs from the 

predicted probability. Chi-Square test statistic is defined as 
( )2

2

1

ˆ

ˆ
n i i

i i

F F

F
χ

=

−
=∑ . 

 
 
Root Mean Squared Error (RMSE) Test 
Root mean square error (RMSE) provides a term-by-term comparison of the actual 
deviation between observed probabilities and predicted probabilities. A lower value of 
RMSE indicates a better distribution function model. Root mean square error (RMSE) 

is defined as  RMSE  ( )
1 2

2

1

ˆ
n

i i
i

F F

n
=

⎡ ⎤
−⎢ ⎥

⎢ ⎥=
⎢ ⎥
⎢ ⎥⎣ ⎦

∑ . 

 

3. Results and Discussion  
The minimum of the monthly maximum temperature of Dhaka city was 24.2 on 
January, 2014 and the maximum was 40.8 on June 1987. Table 1, shows the frequency 
of the observed monthly maximum temperature of Dhaka Station over the study period.  
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Table 1:  Frequency distribution of monthly maximum temperature of Dhaka Station 
 

Temperature (Degree Celsius) Frequency Percent 
< 25 3 0.57 

25-28 24 4.57 
28-31 77 14.67 
31-34 149 28.38 
34-37 220 41.90 
37-40 51 9.71 

40 and above 1 0.19 
 
It is observed that about 5 percent month’s temperature was less than 28 degree celsius 
and only 10 percent month’s has temperature more than 37 degree celsius. About 42 
percent month’s temperature was lies between 34 and 37 degree celsius in Dhaka 
Station. Also 70 percent month’s temperature was lies between 31 and 37 degree 
celsius (Table 1). Figure 1 shows the monthly maximum temperature of Dhaka city. It 
may be concluded from Figure 1 that the maximum temperature was recorded on June 
whereas the minimum was on December over the study period.  
 

 
 
Figure 1: Maximum temperature of different months of Dhaka city 

 
 
The estimation of parameters of all the PDFs considered in this study were carried out 
using maximum likelihood method and estimated parameters of different PDFs used in 
this study are presented in Table 2.  
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Table 2: Estimated parameters of different PDFs considered in this study  
 

   PDF Parameters Estimated value of parameters 
 
W 

Shape ( )k  13.8612 

Scale ( )c  34.9288 
 
LN 

Mean ( )µ  3.511602 

Standard Deviation ( )δ  0.091013 
 
G 

Shape ( )a  123.90 

Scale ( )b  0.2714 
 
 
GEV 

Shape ( )α  -0.3774836 

Scale ( )β  3.1269918 

Location ( )µ  32.7177221 
 
3-P LN 

Shape ( )c  0.01395 

Scale ( )a  5.360 

Threshold ( )b  -179.10 
 
ST 

Location ( )0θ  37.062 

Scale ( )1θ  4.522 

Degrees of Freedom ( )2θ  68409.844 

Shape ( )3θ  -3.101 
 
GSL 

Location ( )µ  35.93695 

Scale ( )σ  0.9585 

Shape ( )γ  0.34993 
  
The statistical parameters for fitness evaluation of PDFs currently analyzed are 

presented in Table 3. Considering K-S error, 2χ error and RMSE, the probability 

functions Weibull, Lognormal, Gamma, Generalized Extreme Value, three parameters 
Lognormal and Skewed t  have large errors indicating their inadequacy in modeling 

monthly maximum temperature of Dhaka. The higher value of 2R  and the lower 
values of K-S error, RMSE and chi square error of Generalized Skew Logistic 
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distribution (GSL) indicate that the best fit among the probability distribution 
considered in this paper.  
 
Table 3:  Values of Statistical tests for different distributions of Dhaka Stations 
 

PDF 
Values of different statistical tests 

K S−   2R   2χ   RMSE   
W 0.0446219 0.9950808 1.163366 0.02034866 
LN 0.1125662 0.9584065 5.685295 0.05929675 
G 0.1073298 0.9632692 5.164221 0.05582154 

GEV 0.07519518 0.9816559 2.346937 0.0383749 
3-P LN 0.09561822 0.9719812 4.374118 0.04878234 

ST 0.04442208 0.9951503 1.043893 0.02016918 
GSL 0.04100315 0.9977198 0.9359856 0.01404306 

 
The graphical comparisons of different probability distribution considered in this study 
and the histogram of the observed monthly maximum temperature Dhaka station are 
presented in Figure 2. As seen from Figure 2 and different statistical tests from Table 3, 
Generalized Skew Logistic distribution (GSL) provided the best fit for the observed 
monthly maximum temperature data of Dhaka station.  
 

 
 

Figure 2: Graphical Comparison for different distribution of Dhaka Stations     
 
4. Conclusions 
This paper identified that the Generalized Skew Logistic distribution (GSL) provided 
the best fit for the observed monthly maximum temperature data of Dhaka among the 
probability distribution considered in this paper.  
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