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ABSTRACT 

Frequency analysis is an important tool to find the most suitable method that can be used to 

anticipate the magnitude of extreme events of some climatic phenomena such as rainfall, 

floods, etc. Rainfall frequency analyses are used extensively for designing engineering works 

that control storm runoff including agricultural drainage system, highway and railway culverts 

and most importantly municipal storm sewer systems. Establishing a good probability 

distribution method for a particular region that provides a good estimate to daily rainfall 

magnitude is an important study and is imperative for different projects related to water 

resources. A reliable estimate of probability distribution and trend analysis is a valuable guide 

for practitioners in determining return period and risk analysis of flood, drought, cyclones and 

other extreme climate events for the design of infrastructures. In this study, the best-fitted 

probability distribution function for annual maximum daily rainfall of Bangladesh have been 

determined using rainfall data of 35 stations from 1948-2015. Rainfall data have been checked 

for trend, homogeneity and randomness first. In the Mann-Kendall trend test, it is found that 5 

of the total 35 stations have significant trends which have been removed from these stations 

for further analysis. The rainfall data of Jessore is found to be non-homogeneous in both the 

Standard Normal Homogeneity test and the Pettitt test and therefore, it has not been considered 

for frequency analysis. The rainfall data of all the stations are found to be random in 

randomness test. Seven commonly used probability distribution functions have been used and 

four goodness of fit tests have been applied to find the best fitted probability distribution 

function (PDF). The lowest sum of the ranks from the four goodness of fit tests has been taken 

as the best fitted PDF for a station. The PDF with the lowest rank for a maximum number of 

stations is considered as the best fitted PDF for Bangladesh. The Log-Normal 3-parameter 

distribution has been found to be the best fitted PDF for annual maximum rainfall of 

Bangladesh in this study. This distribution function has been used for calculating the amount 

of rainfall corresponding to 2.33-year, 5-year, 10-year, 25-year, 50-year and 100-year return 

periods for the 34 stations. Isopluvial maps have been generated using these rainfall estimates 

for Bangladesh. These maps can be used for designing engineering works that control storm 

runoff. The best fitted PDF has been assessed for the different hydrologic zones of Bangladesh 

as well. In this analysis, Log-Normal 3-parameter distribution has been found as the best fitted 

for the North-West (NW), North-Central (NC), South-West (SW), South-East (SE) and the 

Eastern Hills (EH) zones, where Log Pearson type III distribution was found as the best for the 
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North-East (NE) and the River & Estuary (R&E) region. Pearson type III distribution was 

found as the best fitted for the South-Central (SC) zone.  
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Chapter 1 

INTRODUCTION 

 

1.1 Background of the Study 
Bangladesh is located in the highly disaster-prone area of the deltaic origin of the Ganges-

Brahmaputra-Meghna Basin. Bangladesh is mostly a flatland, with some hilly regions in the 

northeast and the southeast part. These are the borders with Shillong hill of India and with 

Myanmar. The Bay of Bengal is in the south of Bangladesh with a complex coastal 

configuration and the highly elevated Himalayas and Tibetan Plateau is in the north. The water 

vapor transported by the monsoonal winds from the Bay of Bengal gets blocked by the highly 

elevated regions and develops convective precipitation in Bangladesh. Most of the discharges 

of the Ganges-Brahmaputra-Meghna basin passes through Bangladesh during monsoon. 

Rainfall is one of the most important inputs to the hydrologic system. Bangladesh being an 

agrarian country and sensitive to various hydrologic events like floods and droughts, analysis 

of rainfall characteristics is an important hydrologic study for our country. The agricultural 

economy with its large growing population is closely linked to the behavior of rainfall 

distribution in Bangladesh and has a very strong impact on the life and economy of the people. 

When excessive rainfall causes disastrous events like floods, less rainfall leads to drought and 

shortage of foods. The inter-annual variability of rainfall is very high here, affecting the 

agricultural activities and other water-based enterprises in this country. The hydrologic 

processes and trends are partly deterministic and partly random. Rainfall data are being 

collected historically since the mid of 20th-century countrywide and are being used for 

subsequent studies. For various hydrologic studies, rainfall peak and volume, as well as the 

largest rainfall of a particular duration, the frequency of rainfall of particular magnitude, the 

probable maximum precipitation for a given basin is often required.  Trend analysis and 

probability distribution study are useful in this regard. Rainfall frequency analysis is carried 

out to estimate the amount of rainfall for a particular recurrence interval. These frequency 

analyses are used extensively for designing engineering works that control storm runoff 

including agricultural drainage system, highway, and railway culverts and most importantly 

municipal storm sewer systems (Griffiths and Clausen, 1997). Rainfall frequency analysis also 
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plays a pivotal role in a diverse range of nonstructural problems involving natural hazards 

associated with extreme rainfall events.  

Establishing a probability distribution that provides a good fit for daily rainfall depth has long 

been a topic of interest in the fields of hydrology, meteorology, and others (Hanson and Vogel, 

2008). Different probability distribution functions have been used to compute the amount of 

rainfall for any given rainfall duration and return period (Legates, 1991), (Juras, 1994), (Fowler 

and Kilsby, 2003), (Rahmani et al., 2013). The L-moment method was applied to find the best-

fitted distribution in extreme rainfall mapping in different hydrological regions of Bangladesh 

(Rahman et al., 2012). 

 In this study, seven commonly used probability distribution functions would be used to find 

the best-fitted distribution based on different statistical tests. The estimated rainfall 

corresponding to the best-fitted distribution for different recurrence intervals would then be 

used to develop isopluvial maps of Bangladesh using spatial interpolation. 

 

1.2 Objectives of the Study 
The objectives of the study are as follows: 

 

i. To analyze the trend, homogeneity, and randomness of the annual maximum 

rainfall data series. 

ii. To find the best-fitted probability distribution function for estimating rainfall for 

different recurrence intervals 

iii. To develop isopluvial maps of Bangladesh using spatial interpolation techniques. 

 

The study would assess the best-fitted probability distribution function for annual maximum 

rainfall data series in Bangladesh. The study would also develop isopluvial maps of Bangladesh 

which can be used for designing engineering works that control storm runoff. 

 
1.3 Organization of the Thesis 
The thesis is organized in the following sequence of chapters: 

Chapter 1: Introduction- This chapter introduces the concepts of the study, study area, and 

objectives. 

Chapter 2 Literature Review- This chapter describes the study area, previous works and 

experiments focused on the probability distribution and trends of rainfall all over the world. 
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Chapter 3 Methodology- This chapter describes the data processing and analysis methods. 

Chapter 4 Rainfall frequency analysis and isopluvial mapping - This chapter puts forward the 

result of frequency analysis and best-fit probability distribution from the analysis and preparing 

isopluvial maps from the results. 

Chapter 5: Conclusions and Recommendations- This chapter consists of the conclusions and 

recommendations. 

 

1.4 Limitation of the Study 
In this study rainfall data from 35 stations have been analyzed. But all the stations do not have 

rainfall data for all the years ranging from 1948-2015. Some stations (e. g. Chittagong 

Ambagan) were installed later in observations and hence have fewer data. The main limitation 

of the study is the data continuity and data interval for several stations. The data have been 

checked for trend, homogeneity, and randomness before probability distribution. There are 

several methods to check these properties. But for the convenience of analysis, some suitable 

methods have been chosen based on literature review. similarly, in terms of probability 

distribution and goodness of fit test, selected distributions and goodness of fit tests have been 

performed. The best fit probability distributions have been determined for maximum daily 

rainfall only, and have not been determined for 2 days, 3 days, 4 days, 5 days, 6 days and 7 

days maximum rainfall separately. It has been assumed that, the best fit for maximum daily 

rainfall is also the best fit for other duration rainfall of the same station. 
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Chapter 2 

LITERATURE REVIEW 
 
2.1 General 
A number of studies have been carried out on the probability distribution and trends of various 

climatic parameters in Bangladesh as well as all over the world. This chapter summarizes some 

of the past works of the researchers all over the world to have some insight and proper 

conception.  

 

2.2 Rainfall Frequency Analysis and Probability Distribution 
Frequency analysis is used to determine the probability of occurrence of a certain event. The 

rainfall pattern and amount at a certain location is important knowledge for water resources 

management. Extreme rainfall is one of the main reasons for flooding. To anticipate extreme 

rainfall is imperative to better flood management. In frequency analysis, the probability 

distribution is used to relate the magnitude of extreme events to their frequency of occurrence 

(Alam et al., 2018). A probability distribution is a statistical function that describes possible 

values and likelihoods that a random variable can take within a given range. Commonly, 

probability is regarded to be a branch of applied mathematics that provides tools for data 

analysis. Extreme hydrologic processes can be considered as random with little or no 

correlation to adjacent processes (i.e. time and space independent). Thus, the output from a 

hydrologic process can be treated as stochastic (i.e. non-deterministic process comprised of 

predictable and random actions). Probabilistic and statistical methods are used to analyze 

stochastic processes and involve varying degrees of uncertainty. The focus of probability and 

statistical methods is on the observations and not the physical process (Chow, 1964). The 

probability distribution is used in rainfall analysis to predict the probability of occurring a 

certain rainfall event for a certain return period for a region. Water resources projects must be 

planned to account for further events, for which we do not know any exact time of occurrence. 

Hence, hydrologists give a statement of probability stating that the event will equal or exceed 

or be less than a specified value. These probabilities are important to the economic and social 

evaluation of a project. 
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2.3 Previous Studies on Rainfall Frequency Analysis and Probability Distribution  
Lee (2005) studied the rainfall distribution characteristics of Chia-Nan plain area, by using 

different statistical analyses such as normal distribution, log-normal distribution, extreme value 

type I distribution, Pearson Type III distribution, and Log-Pearson Type III distribution. He 

selected 178 stations having annual rainfall data over ten to perform frequency analysis. Log-

Pearson Type III distribution performed the best in probability distribution, occupying 50% of 

the total station number. In this study principal component analysis was applied also to derive 

two principal components of the rainfall spatial distribution. 

Hanson and Vogel (2008) did the probability distribution test of daily rainfall in the United 

States. Early study based on traditional goodness of fit tests identified the 2-parameter Gamma 

(G2) distribution as the most likely candidate for rainfall. In this study they probability plot 

correlation coefficient test statistics and L-moment diagrams to examine the complete series 

and wet-day series of daily precipitation records at 237 U.S. stations. In the analysis Pearson 

Type-III (P3) distribution fitted the full record of daily precipitation data remarkably well, 

while the Kappa (KAP) distribution best described the observed distribution of wet-day daily 

rainfall. While they showed that the G2 distribution performed poorly in comparison to either 

the P3 or KAP distributions. 

Sharma and Singh (2010) analyzed the daily rainfall data for 37 years. The data were then 

processed to identify the maximum rainfall received on daily, weekly, monthly, seasonally and 

yearly. They also found out the standard deviation and coefficient of variation during all the 

four periods of study. The rainfall data were analysed to identify the best fit probability 

distribution for each period of study and the trend had been presented in their study. They have 

carried out three statistical goodness of fit test in order to select the best fit probability 

distribution on the basis of highest rank with a minimum value of test statistic Random numbers 

were generated for actual and estimated maximum daily rainfall for each period of study using 

the parameters of selected distributions. They identified the best-fit probability distribution 

based on the minimum deviation between actual and estimated values. The lognormal and 

gamma distribution were identified as the best fit probability distribution for the annual and 

monsoon season period of study and Generalized extreme value distribution was observed in 

most of the weekly period as best-fit probability distribution. They concluded that the scientific 

results clearly established the usefulness of analytical procedures and may be suitably applied 

for the identification of the best fit probability distribution of weather parameters. 
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Galoie and Motamedi (2014)  determined the best-fit probability distribution for the rainfall 

data in the Schoeckelbach basin situated at the northern Graz in Austria. In this study, a 

parameter estimation technique (L-moments method) was used and for the goodness of fit test, 

three methods are used as Chi-Square, Kolmogorov-Smirnov and the root mean square error 

(RMSE). A comparison between four commonly used rainfall frequency distributions was 

carried out such as Generalized Extreme Value (GEV), Gumbel, Log-Pearson type III (LP III) 

and 3-parameter Log-normal (LN III). The results showed that the best-fit probability 

distribution for the Schoeckelbach basin was the Gumble’s distribution. They said that this 

best-fit probability distribution can be used to determine the Intensity-Duration-Frequency 

relation (IDF) for the Schoeckelbach basin. 

Shahzadi et al. (2013) analyzed the best fit distributions for annual maximum rainfall data on 

a regional basis in order to estimate the extreme rainfall events for various return periods. They 

used index flood method using L-moments. The study was based on 23 sites of rainfall which 

were divided into three homogeneous regions. On the basis of relative RMSE, for the first and 

second region, GLO, GEV, and GNO produced approximately the same relative RMSE for 

return periods up to 100. But for large return periods, they found GNO could be the best 

distribution. For the third region GLO, GEV, GNO, and PE3 had approximately the same 

relative RMSE for return periods up to 100. While for large return periods PE3 could be best 

on basis of less relative RMSE. 

Husak et al. (2007) demonstrated the feasibility of fitting cell‐by‐cell probability distributions 

to grids of monthly interpolated, continent‐wide data. In this study, they tested the goodness‐

of‐fit using the Kolmogorov–Smirnov (KS) test and compared those results against Weibull 

distribution. The gamma distribution was suitable for roughly 98% of the locations over all 

months. The techniques and results presented in this study provide a foundation for use of the 

gamma distribution to generate drivers for various rain‐related models. They said that these 

models are very helpful and can be used as decision support tools for different sectors including 

agriculture, water, and food by providing ways to evaluate the likelihood of various rainfall 

accumulations and assess different scenarios in Africa.  

Haktanir et al. (2013) applied independence, stationarity, homogeneity, trend, and periodicity 

tests on maximum daily rainfall series of Alexandria, Egypt, and Antalya, Turkey, located at 

the southeastern and northeastern shores of the Mediterranean Sea. They found no significant 

trend and no periodicity in mean, and both series were independent and homogeneous. And the 

linear regression trend test applied to the 10 % highest part of the Alexandria series showed a 
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significant increasing trend. Then, frequency analysis was applied by the probability 

distributions of Gumbel, general extreme-values, three-parameter log-normal, Pearson-3, log-

Pearson-3, log-logistic, generalized Pareto, and Wakeby. In the test, they found that except for 

the generalized Pareto and Wakeby, pass the χ 2 and Kolmogorov–Smirnov goodness-of-fit 

tests at 90 % probability. The plots of histograms and the probability density functions, and the 

results of the χ 2, Kolmogorov–Smirnov, and probability plot correlation coefficient tests, they 

ranked the general extreme-value first to be suitable for their maximum daily rainfall series. 

Rahmani et al., (2013) said that with growing concern about the effects of global climate 

change and predictions of more extreme weather events, it is necessary to explore rainfall 

distribution patterns using the most current and complete data available. In their study, extreme 

rainfall frequency was analyzed using daily precipitation data (1920–2009) from 24 stations in 

Kansas and 15 stations from the adjacent states. They used Weibull distribution to calculate 

the precipitation probability distribution frequency at each station. Weather station point data 

were spatially interpolated using kriging. An increase in extreme precipitation events in Kansas 

with extreme event values tending to increase in magnitude from the northwest to southeast 

part of the state was observed. They compared the results of the original TP40 analysis to the 

last of three study periods (1980–2009) and found approximately 84% of the state had an 

increase in short-term rainfall event magnitudes. While, long-term event magnitudes were 

predicted to be less than those reported earlier, but have increased over time, and they predicted 

the short data period used to calculate the TP40 precipitation probability distribution frequency 

as the cause of it. They showed a shift in rainfall distribution patterns in Kansas across both 

time and space. And concluded that this shift changes the design criteria for water management 

systems, both in runoff control and storage structures. 

 

2.4 Relevance of the Study in Bangladesh 
Bangladesh is an agricultural country and the various hydrologic events like floods and 

droughts, analysis of rainfall characteristics are very important for our country. Its economy 

and its large growing population are closely linked to the behavior of rainfall distribution in 

Bangladesh and hence it plays an important role in the life and economy of the people. So, 

probability distribution and frequency analysis studies are very relevant to our country. These 

frequency analyses are needed for designing engineering works that control storm runoff 

including agricultural drainage system, highway, and railway culverts and most importantly 

municipal storm sewer systems. Rainfall frequency analysis is also important for a diverse 
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range of nonstructural problems which involves natural hazards associated with extreme 

rainfall events. There have been several studies on this by researchers in Bangladesh. This 

chapter summarizes some of the previous studies. 

 

2.5 Relevant Studies in Bangladesh 
Rahman et al. (2012) emphasized that it is important to control the flood peaks at the upstream 

area through suitable watershed management practices for internal flood management. And 

flood control management at the watershed scale requires good quality flood data. Where, for 

Bangladesh, such hydrological information is rarely available at the watershed level. They said 

the use of a hydrological model representing the rainfall-runoff process to calculate the extreme 

flows in the rivers can help in this regard, and this requires extreme rainfall data. In addition to 

that, the low density of rain gauges in Bangladesh and the quality of available flood data being 

poor, it is important to develop regional extreme rainfall maps for the reliable estimation of 

flood flows in the river. In their study, they attempted to derive the regional best fit extreme 

rainfall pattern for Bangladesh for the estimation of extreme rainfall. In this study, they used 

the annual maximum daily rainfall of 68 rain gauge stations. They performed an autocorrelation 

test to test the independency of the data and the entire rain gauge stations had been clustered 

into six hydro-climatically homogeneous regions; namely, northeast (NE), northwest (NW), 

southeast (SE), southwest (SW), coastal, and central regions, by using the k-mean clustering 

technique. They applied the L-moment method for regional frequency analysis. Based on the 

ZDIST goodness of fit test and the L-moment ratio diagram, the generalized extreme values 

distribution was identified as the best fit for the SE, NW, and coastal regions and for NE, 

central, SW regions, the best fit distributions were generalized logistic and generalized Pareto. 

They estimated regional extreme rainfall quantiles by the distributions.  

Shahid, (2011) did a study on the variability of the extreme rainfall events in Bangladesh during 

the time period 1958–2007. He used quality controlled homogeneous daily precipitation 

records of nine stations distributed over Bangladesh and examined a total of 15 annual and 

seasonal indices of rainfall. He also assesses the variability of annual and seasonal rainfall 

trends. The Mann–Kendall statistic and Sen's Slope model were used to reveal the trends and 

estimate the magnitude of change. A significant increase of annual and pre-monsoon rainfall 

in Bangladesh was observed and there was an increasing trend in heavy precipitation days and 

decreasing trends in consecutive dry days found in the study. He found a significant change in 

most of the extreme rainfall indices in Northwest Bangladesh. 
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Hasan et al. (2014) explored annual and seasonal trends of rainfall in the South-East part of 

coastal Bangladesh over the period between 1980 and 2011. They applied non-parametric- 

Mann-Kendall and Sen’s test estimate for detecting and estimating rainfall trends respectively. 

From the analysis of rainfall data, they found the amount of annual rainfall in South-East 

Bangladesh is increasing although the trend is not statistically significant according to them. 

From the seasonal analysis, they said that the least amount of rainfall occurs in winter and it is 

getting drier. Performing trends analysis, they said that the other three seasons, the Pre-

Monsoon, Rainy Monsoon and Post Monsoon, are becoming wetter. They highlighted that it is 

important that among all the seasons’ rainfall in Pre-Monsoon is increasing significantly 

(significant at p= 0.05 level) and they calculated the rate of increase as 8.5 mm/year.  

Shahid (2009) studied the spatial and temporal variability of rainfall in Bangladesh from. He 

computed long-term annual average rainfall, the coefficient of variation of annual rainfall, 

precipitation concentration and aridity indices at each station and also used interpolation 

(kriging method) to show the temporal and spatial variability of rainfall. He used Mann-

Kendall test to analyze the trend in rainfall data in different recording stations and the Sen’s 

slope method to determine the magnitude of change. In the study, a moderate variation in inter-

annual rainfall and high variation in intra-annual rainfall in Bangladesh have been observed. 

Also, a positive trend of annual, monsoon and pre-monsoon rainfall and a negative trend in 

winter rainfall were found in Bangladesh in his analysis. From spatial distribution of rainfall 

trends, it was observed that rainfall is increasing in the coastal zone and northern Bangladesh, 

and decreasing in the central part of the country. He also observed a declining trend of 

precipitation concentration in most of the stations. He concluded that these results may be a 

first indication of the precipitation response to global warming and he suggested this hypothesis 

needs to be further investigated by means of climate model projections. 

Barkotulla et al. (2009) used probability distributions and predicted rainfall status of various 

return period estimating one to seven days consecutive days annual maximum rainfall of 

Boalia, Rajshahi, Bangladesh. They used Normal, Log-Normal, and Gamma distribution test 

to determine the best fit probability distribution using the comparison of chi-square values. 

Results showed that the log-normal distribution was the best fit probability distribution for one 

day to seven consecutive days’ annual maximum rainfall for the region. They computed rainfall 

for different recurrence intervals. They said that the results of the study would be useful for 

agricultural scientists, decision makers, policy planners and researchers as it will help in 

agricultural development and construction of drainage systems in Boalia.  
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Karim and Chowdhury (1995) studied on the choice of the frequency distribution function for 

fitting extreme flood series is Bangladesh. They discussed that lognormal, Gumbel and log-

Pearson type III distributions are not good for modeling at-site annual maximum discharge 

series in Bangladesh. They found the generalized extreme value distribution best represented 

the statistical characteristics of the observed data. Comparisons of distributions were based 

upon the root mean square deviation in fit, the probability plot correlation coefficient and L-

moment ratio diagrams. They used the last method to assess whether a candidate distribution 

is capable of simulating the site-to-site variation in statistical characteristics that are present in 

observed flood samples.  

Ferdows and Hossain (2005) compared probability distribution functions for the study on flood 

frequency analysis at different rivers in Bangladesh. To find a suitable distribution function 

they used 5 sets of data of annual maximum runoff of different main rivers in Bangladesh. They 

compared three widely used distributions namely (l) Log-Normal (Two parameters, LN2 and 

three parameters, LN3); (2) Extreme value Type-l (EVl) or Gumbel and (3) Log-person type-

3 (LP3) distributions. They calculated the parameters of the distributions by using the method 

of moments and method of maximum likelihood. They studied the probability distribution 

functions for calculating the flood frequency at different rivers in Bangladesh. From these 

distributions, they presented that the LP3 distribution gives butter average results than the other 

distributions. They suggested using a larger number of data for better understanding.  

Rauf, A. (1987) summarized the changing behaviour of rainfall in space and time over the 

northeast region of Bangladesh. He investigated various rainfall parameters and established a 

mathematical relationship among them and also investigated the spatial distribution of mean 

monthly, monsoon and the annual number of rainy days of selected 32 stations within the 

region and updated the normal annual rainfall chart. Moving average and percent departure of 

rainfall for every year with reference to the normal rainfall was determined and temporal 

variability of rainfall and number of rainy days over the region has been investigated. He 

attempted to establish mathematical relationships between the number of rainy days and 

monsoon rainfall total and between mean daily rainfall intensity and monsoon rainfall total. 

Finally, he fitted probability distributions to 1-, 2-, 3-, 5-, 7- and l0-day maximum rainfall 

values. The three distribution; Normal, Lognormal and Gumbel (EV1) distributions were 

examined and he found all the three good for maximum rainfall values. However, he presented 

the Pattern of Gumbel parameters over the region for 1-, 3-, 5- and 7-day maximum rainfall on 
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the base maps. And normal approximation to Poisson distribution was found suitable to 

describe monsoon and the annual number of rainy days. 

Matin (1984) analyzed the extreme value Daily maximum rainfall data for the NE region of 

Bangladesh. Sylhet, Dhaka, Mymensingh, Jamalpur, Tangail and Comilla districts were 

considered. He estimated probable maximum rainfall using Harshfield’s revised approach of 

PMP and prepared maps for daily maximum rainfall for two years return period for this region. 

He proposed an empirical equation for calculating daily rainfall for different return periods 

from daily 2-year value. He Short duration rainfall data i.e. 5 min, 10 min, 15 min, 30 min, 1 

hour and 2-hour data having 2 years return having 2 year return period on the basis of US 

depth-duration ratios and Harshfield and Wilson’s diagram. And presented the data in the form 

of isohyetal maps. Finally, he developed an intensity-duration- frequency curve for the region.  

Akhter (2002) said that a consistent approach should be adopted for estimating the magnitude-

frequency relationships for point rainfall extremes for large-scale planning for improved land 

and water management and expanding water resources development. Frequency analysis is 

done to select or fit probability distributions to observed data and then probable values are 

extrapolated beyond the range of recorded for point rainfall extremes (EP) for various purposes.  

In his study, he compared five distributions namely Normal, Log-normal, Gumbel, Pearson 

Type III, and Log-Pearson Type III for their ability to fit maximum rainfall values of one to 

three days durations for South Eastern part of the country. Daily rainfall of 29 years of 35 

stations was analyzed. Statistical tests indicated that EVI, log-normal and normal distribution 

fitted better for the data. And for narrow margin, he preferred EV1 distribution for uniformity 

and consistency. Comparison of the method of moments, maximum likelihood and probability 

weighted moments indicated that the maximum likelihood method may be used for estimating 

the parameters of this distribution. Finally, he investigated the reliability of analysis and 

presented maps of isovalues of parameters for EVl distribution He recommended continuing 

study leading toward improvement or revision of methods. 

Nowshin (2012) opined that probability Distribution and trend analysis are an important 

concern for a resource constraint country like Bangladesh. She said that reliable estimate of 

probability distribution and trend analysis with respect to various climatic parameters are a 

valuable guide for policymakers in determining return period and risk analysis of flood, 

drought, cyclones and other extreme climate events for the fixation of infrastructure required 

in future.  In her study, she analyzed the standard set of monthly, annual and seasonal data of 

different climatologic parameters of different meteorological stations in Bangladesh. She 
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performed trend analysis and probability distribution study has been 

carried out to analyze climatologic parameters including rainfall, temperature, evaporation, 

relative humidity, bright sunshine hours, wind speed & solar radiation. From trend analysis, 

she found that there is a gradual change of climatic phenomenon in Bangladesh over the last 

three decades. From the probability distribution study of different climatic parameters, she said 

that particular variable follows a particular probability distribution. From the analysis of the 

weighted average method, she determined the best-fitted distribution for the climatic 

parameters. She found that most of the monthly rainfall data series follows EV-1 and lognormal 

distribution except July, which follows the normal distribution. In this study, Annual, yearly 

average monthly, yearly average daily & monsoon data series follows the normal distribution. 

Yearly maximum monthly, yearly maximum daily data series follows log-normal distribution. 

Pre-monsoon and post-monsoon data series follow EV-1 distribution.  

Madhu (2011) assessed the vulnerability of wheat production in Chapai Nawabganj district of 

north-west Bangladesh as Climatic factors such as temperature, rainfall, atmospheric carbon 

dioxide, solar radiation, etc., are closely linked to wheat production. He analyzed historical 

data of different climatic parameters such as temperature, rainfall, humidity, sunshine and wind 

speed for Rajshahi meteorological station to assess the past and present climatic conditions at 

the wheat growing period. The impacts of climate change on irrigation water requirement and 

yield of wheat were assessed for the years of 2025, 2055 and 2085 compared to the base year 

of 1975 which is the average condition of 1961-1990. He collected the data for future 

projections from the PRECIS outputs available with the Climate Change Cell of BUET. He 

conducted a simulation study to assess the vulnerability of wheat yield for the Kanchan variety 

of wheat using a crop growth model called Decision Support System for Agrotechnology 

Transfer (DSSAT). Then, he determined the trend of the climatic variables using linear 

regression method in the wheat growing period. From the analysis of climatic data and local 

agricultural practices, he found that net irrigation water requirement (NIR) may increase and 

wheat yield decrease. He correlated the climatic trend with wheat production.  

Siddiqui (1993) analyzed extreme value rainfall data of some selected urban regions of 

Bangladesh. 32 years’ data between 1961-62 and 1992-93 from 7 urban stations were collected.  

He calculated rainfall data corresponding to different return periods using the double 

exponential distribution function and produced an empirical equation to calculate the daily 

rainfall data for different return periods from the daily 2- year value. Also Short duration 

rainfall data i. e. 5-mins, 10-mins, 15-mins, 30-mins, 1-hour and 2-hour data having 2 year 
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return period have been calculated on the basis of United States Weather Bureau (USWB) 

depth-duration ratios and Hershfield – Wilson’s diagram. He developed intensity-duration-

frequency (IDF) curve for all the 7 urban stations. 

 

2.6 Trend Analysis 
Trend analysis quantifies and explains trends and patterns in a dataset over time. A “trend” is 

an upwards or downwards shift in a data set over time (Chandler and Scott, 2011). The 

detection, estimation and prediction of trends and associated statistical and physical 

significance are important aspects of climate research, e.g. for a time series of rainfall, the trend 

is the rate at which rainfall changes over a time period. The trend may be linear or non-linear. 

Generally, the trend is the linear slope of the line fitted to a certain time series. Simple linear 

regression is most commonly used to estimate the linear trend (slope) and statistical 

significance. Some methods of calculating trends and significance of trend are discussed below. 

The non-parametric Mann-Kendall (M-K) test can be used to assess the significance of a 

monotonic trend (linear or non-linear) such as concentrations that are either consistently 

increasing or decreasing over time. This test is less sensitive to outliers and skewed 

distributions. When the distribution of the deviations from the trend line is approximately 

normally distributed, the M-K will return essentially the same result as simple linear regression 

(Shea et al., 2014). Also, the test is not appropriate when there are cyclic trends. The Mann-

Kendall statistic provides an indication of whether a trend exists and whether the trend is 

positive or negative.  

In the Mann-Kendal trend test, the Mann-Kendall statistics, S is calculated from comparison 

of each data point with its preceding data point through pair-wise comparisons, and the number 

of increases, decreases, and ties are determined. The pairs of non-detects below the specified 

significance limit are “ties” that do not increase or decrease the value of S. Positive values for 

implying an upward or increasing temporal trend, and negative values imply a downward or 

decreasing trend. A value of S near zero suggests there is no significant trend in the dataset. 

The strength of the trend can be measured from the magnitude of S. A statistically significant 

trend is reported if the absolute value of S is greater than the “critical value” of S (Gansecki, 

2010). 

To estimate the slope of the trend, Sens’ slope estimator can be used to discover trends in 

univariate time series and fairly resistant to outliers. The estimator is nonparametric, i.e. it does 

not draw from any particular probability distribution. It is an alternative to the parametric least-
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squares regression line (Sen, 1968). In the least squares, a weighted mean is used to estimate 

the slope, where Sen’s uses a median.  

After performing the Mann-Kendall test and when the trend appears to be linear, a Theil-Sen 

line can be used to estimate the slope of the trend. The Theil-Sen line is a nonparametric 

alternative to the parametric ordinary least squares regression line (ITRC, 2013). A Theil-Sen 

line models how the median (50th percentile) concentration changes linearly with time instead 

of modelling how the mean changes linearly with time. Hence, this approach may not be 

appropriate when more than 50% of the concentration measurements are non-detects. Like the 

parametric linear regression line, confidence intervals can also be calculated for the 

nonparametric Theil-Sen line. 

In the case of linear trend analysis, the Sen’s Slope method (Sen, 1968) is applied to estimate 

the magnitude of the trend. A time series of equally spaced data is required for this method and 

is not affected by missing values or gap in data. The slope estimates q of n pairs of data are 

calculated as q=(𝑌𝑗 -𝑌𝑘)/(j-k). Where q is the slope between data points 𝑌𝑗 and𝑌𝑘. If there are 

𝑛 values 𝑌𝑗 in the time series we get as many as 𝑁 = 𝑛(𝑛 − 1)/2 slope estimates 𝑞
𝑖
, The Sen’s 

estimator of slope is the median of these 𝑛 values of 𝑞𝑖. The n values of 𝑞𝑖 are ranked from the 

smallest to the largest and the Sen’s estimator is q=q([(n+1)/2])  ,if n is odd and                                                    

q=1/2 (q[n/2] +q[(n+2)/2]), if n is even. For the sheer number of calculations involved in Sen’s 

slope test, this test is normally performed in software e.g. in MATLAB or extensions of Excel. 

In this study, for calculating and observing the trend in rainfall, parametric linear regression 

has been performed in Microsoft Excel. For finding a significant trend in the dataset, the Mann-

Kendall test has been performed.  

Basher et al. (2017) analyzed the trends of extreme rainfall indices over northeast Bangladesh 

for the period of 1984 to 2016 for the pre-monsoon and monsoon seasons. This research aimed 

at seeking knowledge of climate variability and impacts through collaboration between 

scientific and local communities in northeast Bangladesh. The pre-monsoon and monsoon 

rainfall were found to be most important. Trends in extreme rainfall were calculated using the 

Mann–Kendall trend test and Sen’s slope estimator. At first, the Standard Normal Homogeneity 

and the Pettitt tests were performed to check data homogeneity. Sunamganj was found 

inhomogeneous among the seven stations of NE and was not considered for trend analysis. A 

decreasing trend in both seasons was found, where the most significant decrease was found 

during the monsoon. They said it is important that they found a decreasing trend in the seasonal 

total rainfall and consecutive wet days, whereas there was an increasing trend in consecutive 
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dry days. From the results of the analysis, they predicted It was concluded that, with these 

trends continuing, NE Bangladesh may suffer from water stress. 

Silva et al. (2015) did a study for a better understanding of the spatial and temporal variability 

and trends of rainfall and river flow in the Cobres River basin, southern Portugal, using 

statistical tools. A 40 years’ datasets of daily precipitation recorded in eight rainfall stations 

and three river flow stations were analyzed. They used the nonparametric Mann–Kendall and 

Sen’s methods to determine whether there was a positive or negative trend in rainfall data as 

well as their statistical significance. From a detailed statistical analysis applied they said that 

rainfall is highly temporally variable and there is a decrease in the annual rainfall amount for 

the period studied (1960–2000). They found a cyclic behavior of 10-years period length in the 

annual river flow. They said the results seemed to be integrated into the global and European 

continental scale findings: Decreasing trends were dominant for almost all indices, but most of 

the calculated slopes were statistically insignificant; 

Othman  et al. (2016) said that recent catastrophic events like floods in the northern and eastern 

states of Peninsular Malaysia such as Kelantan, Terengganu, Pahang, Perak, and Johor clearly 

proves evidence of climate change and extreme rainfall.  Stating about the knowledge gaps in 

studies of climate change and extreme rainfall, they said that, understanding the shifts and 

predicting changing trends in rainfall distribution is needed for predicting and managing the 

floods.   They performed Mann Kendall (MK) test and Sen's Slope estimator to determine the 

trend of extreme rainfall events of various storm durations in the Pahang and Kelantan river 

basins. From the analysis, they said that annual maximum daily rainfall for Pahang River basin 

and Kelantan River basin increased throughout 45 years and showed that the percentage of 

stations with a statistically significant trend (at 0.05 significance level) in the Kelantan River 

basin is higher compared to the Pahang River basin. Percentage of stations showing increasing 

trends were much higher for short duration rainfall compared to long duration rainfall. They 

concluded that their study will be useful for planning, designing and managing floods and 

stormwater systems in this area.  

Mondal et al. (2012) studied the changing trend of rainfall of a river basin of Orissa near the 

coastal region as it is facing adverse effects of flood almost every year. The aim was to analyze 

one of the most important climatic variables i.e. precipitation, for analyzing the rainfall trend 

in the area. For this purpose, daily rainfall data of 40 years from 1971 to 2010 had been 

processed to find out the monthly variability of rainfall using the Mann-Kendall (MK) test, 

together with the Sen’s Slope Estimator for the determination of trend and slope magnitude. 
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Monthly precipitation trend had been identified. They found rising rates of precipitation in 

some months and a decreasing trend in some other months obtained by these statistical tests 

suggesting overall insignificant changes in the area. 

Jain and Kumar (2012) aimed to review studies pertaining to trends in rainfall, rainy days and 

temperature over India. They found Sen's non-parametric estimator of the slope is frequently 

used to estimate the magnitude of the trend, and statistical significance is assessed by the 

Mann–Kendall test. From various studies, they saw there were differences in the results of the 

various studies, and a clear and consistent picture of rainfall trend has not emerged. Different 

units (sub-basins or sub-divisions) may have a non-zero slope value, but few values are 

statistically significant in many studies. They summarized various relevant studies. Finally, 

they highlighted the need for a network of baseline stations for climatic studies. 

 
2.7 Homogeneity Analysis 
A homogeneous climate series is defined as one where variations are caused only by changes 

in weather and climate but not by any error in collecting the data or use of instruments. This 

means that the measurements are consistent and registered by the same method and tools, with 

the same instrumentation, at the same time of day and place and in the same environment 

(Conrad and Pollak, 1950). If this is not maintained, the analysis cannot be done properly.  

From the literature review, four tests have been found to be used most for homogeneity test 

(Wijngaard et al., (2003). The Standard normal homogeneity test (SNHT) (Alexandersson, 

1986), Buishand range (BR) test (Buishand, 1982), Pettitt test (Pettitt, 1979), and Von 

Neumann ratio (VNR) test. Under the null hypothesis, the annual values Yi of the testing 

variables Y are independent and identically distributed and the series is considered as 

homogeneous. The null hypothesis is accepted in all four tests if the annual values of the test 

variable are independent and identically distributed. The Pettitt, the Buishand range, and the 

SNHT assume a step-wise shift in the mean under the alternative hypothesis. These tests are 

therefore location-specific tests and the year where a break is probable can be located 

(Wijngaard et al., 2003). And under the alternative hypothesis, these three tests assume that the 

series is consisted of a break in the mean and are considered as inhomogeneous. These three 

tests are capable to detect the year where the break occurs. The VNR test is not able to give 

information on the year break. The reason behind this is that the test assumes the series is not 

randomly distributed under the alternative hypothesis. However, there also are some 

differences between the three tests. The SNHT is sensitive in detecting the breaks near the 
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beginning and the end of a data series. Where, the BR test and Pettitt test identify the break in 

the middle of a series (Hawkins,1977). And the Pettitt test is a non-parametric rank test, so, 

this test does not assume the data set to be normally distributed like the SNHT and BR test. 

The principle of the Pettitt test is that it is based on the ranks of the elements of series, and the 

SNHT and the Buishand range test suppose that the annual values are normally distributed, 

making the last two tests more sensitive to outliers than the Pettitt test.  The fourth test, the Von 

Neumann ratio test assumes under the alternative hypothesis that the series is not randomly 

distributed, and does not indicate the timing of the break. Thus, this test is not location specific. 

It completes the others because it is sensitive to other kinds of deviation from homogeneity.  

Researchers have applied homogeneity tests for data analysis in climatic data worldwide. 

Ahmad et al. (2013) performed homogeneity tests at 76 meteorological stations in Peninsular 

Malaysia from 1975 to 2010 and also 7 stations in Sabah and Sarawak. They followed a two-

step approach, first, four homogeneity tests, namely standard normal homogeneity test 

(SNHT), Buishand range test, Pettitt test, and von Neumann ratio tests were applied to evaluate 

the daily series. And to evaluate the performance of the four methods used, two testing 

variables i.e. annual rainfall amount and the annual number of wet days with threshold 1mm 

were selected. After testing each test separately, they determined the inhomogeneous stations. 

They found that 22% of the station series in Peninsular Malaysia are inhomogeneous and 78% 

are considered homogeneous. Meanwhile, for Sabah and Sarawak all stations or 100% were 

classified into homogenous series. 

Firat et al. (2010) studied the missing value and homogeneity tests for 267 precipitation stations 

throughout Turkey. The monthly and annual total precipitation records by the Turkish State 

Meteorological Service (DMI) from 1968 to 1998 were considered. The stations with missing 

values for too many years were eliminated. They used Expectation Maximization (EM) method 

to estimate missing values. They stated that these data should be hydrologically and statistically 

reliable for later hydrological, meteorological, climate change modelling and forecasting 

studies. For this reason, Standard Normal Homogeneity Test (SNHT), (Swed–Eisenhart) Runs 

Test and Pettitt homogeneity tests were applied for the annual total precipitation data at 229 

gauging stations from 1968 to 1998. They evaluated the results of each of the testing methods 

separately at a significance level of 95% and determined the inhomogeneous years. Using the 

same methods, inhomogeneity was detected at 50 stations of which the natural structure was 

deteriorated and 179 stations were found to be homogeneous. 
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Che Ros et al. (2016) investigated the homogeneity of the accumulated time-series data for the 

purpose of constructing a reliable database for various hydrologic analyses in the Kelantan 

River Basin, situated in the northeastern Malaysian Peninsula. The homogeneity of rainfall 

time-series data was established using four absolute homogeneity tests: the Pettitt test, standard 

normal homogeneity test, Buishand range test, and von Neumann ratio test. They found that 

among 50 rainfall stations within the river basin, 9 were flagged by the tests. They omitted the 

inhomogeneous time-series data from four stations from further analysis. Then, using the 

homogenous time-series rainfall data, a trend analysis of annual rainfall variability was 

conducted by means of the Mann–Kendall (MK) test. The MK test using the sequentially 

increased sampling detected neither significant increasing nor decreasing trends through the 

same 70-year period. Where, the MK test using 10-year moving segmented sampling clearly 

showed significant rainfall variability.  Extending the plot and by comparing the turning points 

with the occurrence of El Niño and La Niña events, they concluded that the influence of the El 

Niño southern oscillation (ENSO) is the most likely to significantly influence rainfall trends in 

the Kelantan River Basin. 

Alexandersson (1986) said that it is important to have access to reliable data which are free 

from artificial trends or changes for climate research. For checking of a climate series, one way 

is to compare it with surrounding stations and he said that this is the idea behind all tests of 

relative homogeneity. He presented a simple homogeneity test and applied it to a precipitation 

data set from south-western Sweden. He clarified that he applied it to ratios between station 

values and some reference values and stated the mean value from surrounding stations as a 

reference value. He found it important to include short and incomplete series in the reference 

value. According to him, the test can be used as an instrument for quality control as far as the 

mean level any climatic variable is concerned and suggested to use along with the available 

station history. Several non-homogeneities were found in those series which reflects a serious 

source of uncertainty in studies of climatic trends and climatic change all over the world. The 

significant breaks varied from 5 to 25 percent for this data set in the study.  

Allami et al. (2014) conducted a homogeneity test for 36 meteorological stations records 

throughout Iraq. They analyzed monthly and annual total rainfall records at stations operated 

by Iraqi meteorological organization and seismology (IMOS) from 1981 to 2010. They also 

chose the four methods namely Standard normal homogeneity test (SNHT), Buishand range 

test, Pettitt test, and von Neumann ratio tests to detect the inhomogeneity of the rainfall time 

series. They evaluated the results of each of the testing methods at a significance level of 95% 
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and determined the inhomogeneous years. Applying these four mentioned methods, they 

detected inhomogeneity at 30% of stations (11 stations) and 70 % of stations found (25 stations) 

found to be homogeneous. They also classified the results of the different tests into three classes 

as 'useful', 'doubtful' and 'suspect'. A qualitative interpretation of this classification was 

provided where they assigned 31 stations as useful, two stations as doubtful and three stations 

as a suspect. 

 

2.8 Randomness Test 
Randomness is defined as the independence among data in a hydrological time series. 

Randomness in a hydrological time series means that the data arise from natural causes. If there 

is no randomness, then there is persistency which is typically quantified by a serial correlation 

coefficient.  

Adeloye et al. (2002) emphasized that the hydrological data should have the appropriate 

characteristics so that the analysis and use of hydrological data for decision making in water  

resources planning and management can be meaningful. They said that data that are being 

analysed should be consistent, free of trend and constituting a stochastic process whose random 

component and can be described by an appropriate probability distribution hypothesis. They 

used hypothetical numerical examples of some of the commonly used tests in hydrological data 

series. They used consistency, trend and randomness test. For randomness test, they used the 

non-parametric runs test. Then they applied the tests to actual streamflow data records from 

seven sites, in Iran and England. In the assessments, the data from all seven sites possessed the 

right attributes in terms of consistency, trend, and randomness., which made their use in the 

wider water resources planning study straightforward. 

Machiwal et al. (2009) reviewed on the application of time series analysis techniques in 

hydrology and climatology. They presented an overview of various statistical tests for detecting 

and estimating the hydrologic time series characteristics (i.e., homogeneity, stationarity, trend, 

periodicity, and persistence) with their merits and demerits. They said that the climatologic 

time series has received a great deal of attention worldwide. They found that the application 

areas of time series analysis techniques are expanding with growing concerns about climate 

change and global warming. In the past, detection of trend and stationarity by parametric and/or 

nonparametric tests was a major focus. They discussed the other tests including homogeneity 

or consistency, stationarity, periodicity, non-persistency or randomness. They said, most 

studies have ignored the importance of testing these parameters in the time series, which are 
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equally important properties of hydrologic and climatologic time series. Based on the 

comprehensive review, they concluded discussing that future research needs for time series 

studies in hydrology and climatology.  

So, in addition to trend analysis, homogeneity and randomness tests and some other tests are 

needed in time series analysis.  In this study, homogeneity and randomness tests have been 

performed. 

 
2.9 Probability Distribution Functions 

The probability distribution functions used in the present study are i) Two-parameter Log-

Normal distribution, ii) Three parameter Log-Normal, iii) Extreme Value Type I distribution, 

iv) Generalized Extreme Value, v) Pearson type III distribution, vi) Log Pearson type III 

distribution and vii) Gamma distribution.  

 

Log-Normal Distribution 

A log-normal (or lognormal) distribution is a continuous probability distribution of a random 

variable whose logarithm is normally distributed. Thus, if the random variable X is log-

normally distributed, then Y = ln(X) has a normal distribution. Likewise, if Y has a normal 

distribution, then the exponential function of Y, X = exp(Y), has a log-normal distribution.  A 

random variable X is said to have the lognormal distribution with parameters μ ∈ ℝ and σ > 0 

if ln(X) has the normal distribution with mean μ and standard deviation σ. Equivalently, X = e 

Y where Y is normally distributed with mean μ and standard deviation σ. The lognormal 

distribution is used to model continuous random quantities when the distribution is believed to 

be skewed.    

 

Extreme Value Type I Distribution 

The Gumbel distribution (Generalized Extreme Value Distribution Type-I) is used to model 

the distribution of the maximum (or the minimum) of a number of samples of various 

distributions. This distribution might be used to represent the distribution of the maximum level 

of a river in a particular year if there was a list of maximum values for the past ten years. It is 

useful in predicting the chance that an extreme earthquake, flood or other natural disasters will 

occur. The extreme value type I distribution has two forms. One is based on the smallest 

extreme and the other is based on the largest extreme. We call these the minimum and 
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maximum cases, respectively. Formulas and plots for both cases are given. The extreme value 

type I distribution is also referred to as the Gumbel distribution.  

 

Generalized Extreme Value Distribution 

The GEV distribution is a family of continuous probability distributions developed within 

extreme value theory. Extreme value theory provides the statistical framework to make 

inferences about the probability of very rare or extreme events. The GEV distribution unites 

the Gumbel, Fréchet and Weibull distributions into a single family to allow a continuous range 

of possible shapes. These three distributions are also known as type I, II and III extreme value 

distributions. The GEV distribution is parameterized with a shape parameter, location 

parameter, and scale parameter. The GEV is equivalent to the type I, II and III, respectively 

when a shape parameter is equal to 0, greater than 0, and lower than 0. Based on the extreme 

value theorem the GEV distribution is the limit distribution of properly normalized maxima of 

a sequence of independent and identically distributed random variables. Thus, the GEV 

distribution is used as an approximation to model the maxima of long (finite) sequences of 

random variables.  

 

Pearson Type III Distribution 

The Pearson Type III distribution is a continuous distribution that is used for representing 

skewed observations.  It is widely used in hydrological applications e.g. for the log of the 

underlying variable, such as a flood flow. It is defined by specifying three parameters: a 

Location parameter, a Scale parameter, and a Shape parameter. The Pearson type (PT) III 

distribution is the generalized gamma distribution and is one of the most popular distributions 

for hydrologic frequency analysis.  

 

Gamma Distribution 

The gamma distribution is a two-parameter family of continuous probability distributions. The 

Gamma distribution is similar to a Log-Normal but is less positively-skewed. Because it 

mathematically represents the time required for the occurrence of a specified number of 

Poisson events, it is often used to represent the time required to complete a particular task or 

reach a particular milestone. It is defined by a Mean and a Standard Deviation. If desired, a 

Gamma distribution can be Truncated, in which case you must specify a Minimum and 
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Maximum value.  Note that in this case, the Mean and Standard Deviation inputs refer to the 

statistics prior to truncation.  

 

Log Pearson Type III Distribution 

The Log-Pearson Type III distribution is a statistical technique for fitting frequency distribution 

data to predict the design flood for a river at some site. Once the statistical information is 

calculated for the river site, a frequency distribution can be constructed.  The probabilities of 

floods of various sizes can be extracted from the curve. The advantage of this particular 

technique is that extrapolation can be made of the values for events with return periods well 

beyond the observed flood events. This technique is the standard technique used by Federal 

Agencies in the United States. If Log X follows a Pearson type III distribution, then X is said 

to follow a Log Pearson type III distribution. When Log X is symmetric about its mean, the 

Log Pearson type III distribution reduces to the lognormal distribution (Chow, 1964). 

 

2.10 Spatial Interpolation for Isopluvial Mapping 
For obtaining a countrywide isopluvial map, interpolation of the available data at the stations 

are needed. Estimation of the value of a variable at unsampled sites within an area covered by 

sampled points, using the data from those points is termed as spatial interpolation. In 

developing countries like Bangladesh, there is a need for accurate and inexpensive quantitative 

approaches to spatial data acquisition and interpolation Mallawaarachchi et. al (1996). Methods 

that produce smooth surfaces include various approaches that may combine regression analyses 

and distance-based weighted averages. A key difference among these approaches is the criteria 

used to weight values in relation to distance (Hartkamp et al., 1996). Criteria may include 

simple distance relations (e.g., inverse distance methods), minimization of variance (e.g., 

kriging and co-kriging), minimization of curvature, and enforcement of smoothness criteria 

(splining). On the basis of how weights are chosen, methods are “deterministic” e.g. Thiessen 

polygons, inverse distance weighted averaging or “stochastic” e.g. polynomial regression, 

trend surface analysis, and (co)kriging.  

Ly. et al. (2013) reviewed the existing methods for interpolation of rainfall data that are usually 

required in hydrological modeling. They reviewed the basis for the application of certain 

common methods and geostatistical approaches used in interpolation of rainfall. They found 

that previous studies have highlighted the need for new research to investigate ways of 

improving the quality of rainfall data and ultimately, the quality of hydrological modeling. 
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They said that Spatial interpolation techniques differ in their assumption, deterministic or 

statistical (geo-statistical) nature and local or global perspective. In the review it was seen that 

deterministic techniques, such as IDW, have been used in numerous studies in spite of IDW 

being a fairly straightforward deterministic interpolation technique, which offers adaptable 

weights, the selection of the weighting function is subjective and no measure of error is 

provided.  Dirks et al. (1998) studied on a spatial interpolation of rainfall data and compared 

the performance of IDW, THI, and kriging in interpolating rainfall data from a network of 

thirteen rain gauges on Norfolk Island in all multiple time steps: hour, day, month and year. 

The results led the authors to recommend IDW for interpolations for spatially dense networks 

of rain gauges.  

Interpolation techniques can be “exact” or “inexact.” An exact method is when for an attribute 

at a given unsampled point assigns a value identical to a measured value from a sampled point. 

The other methods than this are considered as inexact. To assess the performance of inexact 

interpolators, statistics for the differences between measured and predicted values at data points 

are used. Interpolation methods can also be classified as “global” or “local”. Global techniques 

fit a model through the prediction variable overall points in the study area. Global techniques 

do not accommodate local features well and are most often used for modeling long-range 

variations. Local techniques estimate values for an unsampled point from a specific number of 

neighboring points. Therefore, local anomalies can be accommodated without affecting the 

value of interpolation at other points on the surface (Raveneau, 1988). However, in 

climatology, IDWA, splining, polynomial regression, trend surface analysis, kriging, and co-

kriging are common approaches (Collins and Bolstad, 1996; Hutchinson and Corbett, 1995). 
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Chapter 3 

METHODOLOGY 
 
3.1 Study Area 
Bangladesh is located in the tropical monsoon region and its climate is characterized by high 

temperature, heavy rainfall, often excessive humidity, and fairly marked seasonal variations. 

Bangladesh extends from 20°34'N to 26°38'N latitude and from 88°01'E to 92°41'E longitude. 

Except for the hilly southeast, most of the country is a low-lying plain land. It is surrounded by 

the Assam Hills in the east, the Meghalaya Plateau in the north, the lofty Himalayas lying 

farther to the north. To its south lies the Bay of Bengal, and to the west lie the plain land of 

West Bengal and the vast tract of the Gangetic Plain. The rainfall in Bangladesh varies, 

depending upon season and location. Winter (November through February) is very dry and 

accounts for only less than 4% of the annual rainfall. Rainfall in this season varies from 20 mm 

in the west and south to 40 mm in the northeast, which is caused by the westerly disturbances 

that enter the country from the northwestern part of India. Rainfall in the pre-monsoon hot 

season (March-May) accounts for 10-25% of the total annual rainfall. While, the rainy season 

(June through October) accounts for 70 to 85% of the annual rainfall, which varies from 70% 

in the eastern part of the country to about 80% in the southwest, and 85% in the northwest. The 

amount of rainfall during this season varies from 1000 mm in the west-central part of the 

country to over 2000 mm in the south and northeast. Rainfall in this season is caused by weak 

tropical depressions that are brought from the Bay of Bengal into Bangladesh by the wet 

monsoon winds. Again, higher rainfall in the northeast is caused by the additional uplifting 

effect of the Meghalaya plateau. After the withdrawal of the wet monsoon, which usually 

occurs in mid-October, rainfall diminishes at a rapid pace. 

The average annual rainfall in Bangladesh (Figure 1) varies from 1500 mm in the west-central 

part to over 3000 mm in the northeast and southeast. In Surma Valley and neighboring hills, 

the rainfall is very high. At Sylhet the rainfall average is 4180 mm, near the foot of the abrupt 

Meghalaya Plateau at Sunamganj it is 5330 mm, and at Lalakhal 6400 mm, the highest in 

Bangladesh. Cherapunji, barely 16 km across the border in a straight line to the north of 

Chhatak upazila, records an astonishing average of 10,820 mm annually. 
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Figure 1: Average annual rainfall of Bangladesh 

In Bangladesh, rainfall is measured mainly by Bangladesh Meteorological Department (BMD), 

Bangladesh Water Development Board (BWDB) and Bangladesh Agricultural Development 

Corporation (BADC). In this study, rainfall data of 35 stations (Figure 2) form BMD has been 

used for frequency analysis and further calculation. Rainfall data of 1948-2015 of these 35 
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stations from BMD data have been used in this study based on data availability. The name of 

the 35 stations are listed below: 

Table 1: Rainfall stations in Bangladesh 

Barisal  Patenga Dinajpur Jessore Maijdeecourt Rangamati Sitakunda 

Bhola Chuadanga Faridpur Khepupara Mongla Rangpur Srimongal 

Bogra Comilla Feni Khulna Mymensingh Sandwip Sylhet 

Chandpur Cox’s Bazar Hatiya Kutubdia Patuakhali Satkhira Tangail 

Chittagong Dhaka Ishurdi Madaripur Rajshahi Sayedpur Teknaf 

 

 

Figure 2: Locations of BMD Rainfall Stations of Bangladesh 
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3.2 Schematic Diagram of Methodology 
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BMD rainfall data have been collected and processed to suitable format for analysis. Data have 

been checked for trend, homogeneity and randomness. Significant trends have been removed 

prior to analysis. Non-homogeneous and non-random data are not fit for analysis. Seven 

probability distributions have been applied and four goodness of fits test have been performed 

for finding the best fit. Probability distribution functions have been ranked based on the four 

tests and te best fit PDF have been determined. The best fit PDF has then been applied to 

estimate rainfall of different durations and different return period. Isopluvial maps have been 

prepared using IDW interpolation method. 

 

3.3 Data Collection  
In this study, annual maximum daily rainfall data has been analyzed. Total 35 stations’ data 

have been used for this purpose. Data have been collected from Bangladesh Meteoroidal 

Department (BMD) of 68 years ranging from 1948-2015. Rainfall data are being collected 

historically since the mid of 20th-century countrywide and are being used for subsequent 

studies. Data availability is a constraint to such studies in Bangladesh due to less density and 

missing data. Many stations do not have data for all the years in this time period and some 

stations have data interval which may be caused by some natural disasters like flood or cyclone. 

The missing data were not taken into consideration for the convenience of analysis. 

 

3.4 Data Processing 
The collected data were in a complex format which was not suitable for analysis.The dataset 

has been processed using Microsoft Office Excel to convert data into annual maximum 1-day, 

2-day, 3-day, 4-day, 5-day, 6-day, and 7-day data series.   All the data were checked thoroughly. 

Some common error was found in the dataset like a negative data instead of real value. Maybe 

it was due to punching error. These types of error were also deleted from the dataset. Also, data 

has been brought into a common format for analysis. 

 

3.5 Trend, Homogeneity and Randomness Analysis 

3.5.1 Trend Analysis 

Trend is the pattern of the values of a climatic variable with time. The time series data has been 

analyzed for trend. Trend analysis has been done using linear regression in a spreadsheet 

program and presented with different graphs with a suitable format. From the slopes of the 

linear trend line, the regional variation of the trend of different climatic parameters can be 
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observed. A negative slope indicates a decreasing trend, and a positive slope indicates an 

increasing trend in rainfall magnitude where the higher numerical value indicates a greater 

change in trend and vice versa. For finding a significant trend that should be removed prior to 

further analysis, Mann-Kendall trend test has been performed in XLSTAT. For the stations 

having a significant trend in rainfall, trends have been removed using excel spreadsheet 

program. 

 

3.5.1.1 Linear Regression  

Linear regression is used to test for linear temporal trends. Ordinary least squares regression is 

used to fit the “best” straight line. A positive slope indicates an increasing trend and a negative 

slope a decreasing trend. The linear correlation coefficient, r, which is the correlation 

coefficient between the observed and calculated concentrations, provides information about the 

direction and strength of the linear trend. A positive value of r indicates an increasing linear 

trend and a negative value indicates a decreasing linear trend. The trend is “strong” if the 

absolute value of r (which ranges from – 1 to 1) is near to one (ITRC, 2013). A regression line 

models concentrations for a certain period of time (based on the availability of measured data). 

If the same linear relationship persists, this method is often used to predict concentrations at 

future times. The regression line can be extrapolated to estimate the time at which a certain 

criterion will be met. This method does not consider the uncertainty of the regression fit that 

arises from the variability of the data around the calculated regression line, so, if it is assumed 

that the regression line is valid for future monitoring, this approach would underestimate the 

actual time required to achieve a criterion. More reliable estimates can be achieved when the 

dataset values fall nearly on the calculated regression line than values that scatter much about 

the regression line.  

 

3.5.1.2 Mann-Kendall trend test 

The Mann Kendall test is performed in an ordered time series. Each data is compared to all 

succeeding data. Initially, the value of S is anticipated as 0. If a latter data point is higher than 

an earlier data point, S is increased by 1. On the contrary, a latter data point is lesser than an 

earlier data point, S is decreased by 1. The net result of all such increments and decrements 

yields the final value of S (Mann, 1945), (Kendall, 1975).  

 
If 𝑌1, 𝑌2, 𝑌3, … . , 𝑌𝑛 represent 𝑛 data points then 𝑆 is given by, 
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                                          𝑆 = ∑ ∑ 𝑠𝑖𝑔𝑛(𝑌𝑗 − 𝑌𝑘)
𝑛
𝑗=𝑘+1

𝑛−1
𝐾=1                                                                  (3.1) 

Where, 𝑌𝑗 and  𝑌𝑘 represents the data point at time 𝑗 𝑎𝑛𝑑 𝑘, 𝑗 > 𝑘  and  

                                𝑠𝑖𝑔𝑛(𝑌𝑗 − 𝑌𝑘) = {
1  𝑖𝑓(𝑌𝑗 − 𝑌𝑘) > 0

0  𝑖𝑓(𝑌𝑗 − 𝑌𝑘) = 0

−1  𝑖𝑓(𝑌𝑗 − 𝑌𝑘) < 0

                                                        (3.2) 

The probability, associated with S and the sample size, n are then computed to statistically 

quantify the significance of the trend. If sample size, 𝑛 < 10, the value of |𝑆| is compared 

directly to the theoretical distribution of S derived by Mann and Kendall. If |𝑆| ≥ 𝑆𝛼/2  , where 

𝑆𝛼/2 is the smallest S which has the probability less than α/2, the null hypothesis H0is rejected 

in favor of H1 at a certain probability. A positive value of S indicates an upward trend and a 

negative value of S indicates a downward trend.  

If sample size, 𝑛 ≥ 10, the statistic S is approximately normally distributed with the mean and 

variance as follows. 

                                              𝐸(𝑆) = 0                                                                          (3.3) 

                                         𝑉𝑎𝑟(𝑠) = [𝑛(𝑛 − 1)(2𝑛 + 5) − ∑ 𝑡(𝑡 − 1)(2𝑡 + 5)𝑡 ]/18   (3.4) 

Where 𝑡 refers to extent of any given tie and Σ𝑡 state the summation over all tie. The 

Normalized test statistic Z is computed as follows: 

                                           𝑍 =

{
 
 

 
 

𝑆−1

√𝑉𝐴𝑅(𝑆)
 𝑖𝑓 𝑆 > 0

0 𝑖𝑓 𝑆 = 0
𝑆+1

√𝑉𝐴𝑅(𝑆)
 𝑖𝑓 𝑆 < 0

                                                                         (3.5) 

Therefore, in case |𝑍| ≤ 𝑍1−𝛼/2in a two-sided test for trend, the null hypothesis 𝐻0 should be 

accepted at the level of significance. A positive value of S indicates an upward trend and 

negative value of S indicates a downward trend. 

De-trended rainfall magnitude= Rainfall- Slope of trend line*(last year of dataset-event year)                                                                                                                                                 
(3.6)                     
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3.5.2 Homogeneity Analysis 

Homogeneity test has been performed to the dataset of the 35 stations. From the literature 

review, four tests have been found to be used mostly for homogeneity test of a dataset, namely, 

Standard normal homogeneity test, Pettitt test, Buishand range test, and Von Neuman ratio test. 

In this study, the data have been checked for homogeneity using the Standard Normal 

Homogeneity test and Pettitt test in XLSTAT. 

 

3.5.2.1 The Standard Normal Homogeneity Test 

The SNHT is sensitive in detecting the breaks near the beginning and the end of the series and 

it assumes testing variables is normally distributed. In this test, a statistic T(y) is used to 

compare the mean of the first 𝑦  years with the last of (n-y) years and can be written as below: 

                                    𝑇𝑦 = 𝑦𝑧1̅ + (𝑛 − 𝑦)𝑧2̅    , y =1,2,…,n                                              (3.7) 

                                     Where, 𝑧1̅ =
1

𝑦
∑

(𝑌𝑖−𝑌)̅̅ ̅

𝑠

𝑛
𝑖=1 and𝑧2̅ =

1

𝑛−𝑦
∑

(𝑌𝑖−𝑌)̅̅ ̅

𝑠

𝑛
𝑖=𝑦+1                      (3.8) 

Where 𝑌𝑖 is the 𝑖𝑡ℎobservation, �̅� is the mean of the observations and 𝑠 is the standard deviation. 

The year 𝑦 consisted of a break if the value of T is maximum. To reject the null hypothesis, the 

test statistic, 𝑇0 is greater than a critical value which is defined by Khaliq et al. (2007). 

                                      𝑇0 = 𝑚𝑎𝑥⏟
1≤𝑦≤𝑛

𝑇𝑦                                                                                 (3.9) 

3.5.2.2 Pettitt Test 

The Pettitt test (Pettitt 1979) is a non-parametric rank test. This test detects the breaks in the 

middle of the series. The normality of the test is not considered in this test and this test is based 

on raked data.  The test statistic 𝑃𝑦 is computed using the following equation. 

                                        𝑃𝑦 = 2∑ 𝑟𝑖 − 𝑦(𝑛 + 1)
𝑛
𝑖=0                                                                            (3.10) 

  

Where 𝑟𝑖 is the rank of the 𝑖𝑡ℎ observation arranged in ascending order and y= 1, 2… n. The 

break occurs in year K when 

                          𝑃𝑘 = 𝑚𝑎𝑥 ⏟  
1≤𝑦≤𝑛

|𝑃𝑦|                                                                                               (3.11) 

 



32 
 

The value is then compared with critical value by Pettitt (1979).  

 

3.5.3 Randomness Test 

For probability distribution of a certain dataset, the data series needs to be random. This test is 

used to find that whether there is any pattern in the observed data. If a dataset is not random 

probability distribution may not be correct. Randomness test has been performed using the non-

parametric runs test. In this test, the p-value of a null hypothesis of randomness is computed 

and if this value is greater than the significance level alpha, the data is random. XLSTAT has 

been used for performing the test. 

 

3.5.3.1 One Sample Runs Randomness Test 

The nonparametric run test has been used to test for randomness (McGhee, 1985). The 

objective of the is to test whether the data sample Yi, i = 1, ..., n, is random based on the runs 

of the data with respect to the median of the observation. In the one sample runs test, the data 

is first ordered with respect to a magnitude such that 𝑦1 ≤ 𝑦2 ≤ ⋯ . .≤ 𝑦𝑛. For an integer k, 

the median �̂�0.5 is determined by: 

                                �̂�0.5 = {
𝑦𝑘+1, 𝑓𝑜𝑟 𝑛 𝑜𝑑𝑑 

0.5(𝑦𝑘 + 𝑦𝑘+1), 𝑓𝑜𝑟 𝑛 𝑒𝑣𝑒𝑛
                                      (3.12) 

Each data item is examined whether or not it exceeds the median. When a data exceeds the 

median, this is considered as a success case (S); and if it does not exceed the median, it is a 

failure case (F). Cases that are exactly equal to the median are excluded.  

The number of successes (𝑛1) and the number of failures (𝑛2) are counted. Generally 𝑛 =

 𝑛1 + 𝑛2 except when some values are excluded. The total number of runs in the data set is 

determined. A run is a continuous sequence of 𝑆𝑠 until it is interrupted by an F and vice versa. 

The test statistics z is 

                             𝑧 =
𝑅−(

2𝑛1𝑛2
𝑛1+𝑛2

+1)

√
2𝑛1𝑛2(2𝑛1𝑛2−𝑛1−𝑛2)

(𝑛1+𝑛2)
2(𝑛1+𝑛2−1)

                                              (3.13) 

 Where, R is the total number of runs. 

The null hypothesis, H0, is that the sequence of Ss and Fs is random, z has a standard normal 

distribution. Critical values of the standard normal distribution are obtained for the chosen 
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significance level a is denoted by ±𝑧𝛼/2. The values of z are compared with the critical values. 

The null hypothesis is rejected if 𝑧 < +𝑧𝛼/2 or 𝑧 > −𝑧𝛼/2. Therefore, the data is not random.  

 

3.6 Application of Probability Distribution Functions  
Annual maximum rainfall data of 35 stations have been used for probability distribution after 

performing the trend, homogeneity and randomness tests. Seven Probability distributions have 

been performed using the formulas described as equations 3.12-3.33 in excel spreadsheets. The 

rainfall of T year return period has been estimated using the seven probability distribution 

functions for the stations. The formulas used are given below: 

 

3.6.1 Log-Normal 2 Parameter Distribution  

If a random variable x has an LN2 distribution, then the log-transformed variable has a normal 

distribution. The transformed variable is denoted by 

𝑦 = 𝑙𝑛[𝑥]                                                                      (3.14) 

The maximum likelihood method is best for fitting the LN2 distribution. It also makes the 

computational process simple for fitting an LN2 distribution to a sample of data. The maximum 

likelihood method gives: 

�̅� =  
1

𝑛
∑ 𝑙𝑛 (𝑥)𝑛
𝑖=1                                                      (3.15) 

𝑠𝑦
2 = 

1

𝑛
∑ [𝑙𝑛(𝑥) − �̅�]2𝑛
𝑖=1                                                    (3.16) 

The estimate of flood magnitude corresponding to T year return period can be obtained from 

(Stedinger, 1980): 

𝑋𝑇 = 𝑒
𝑦𝑇 = 𝑒�̅�+𝑍𝑇𝑆𝑦                                                             (3.17) 

Where Zt denotes the quantiles of the standard normal distribution (μ = 0, σ2 =1) corresponding 

to a return period of T. The Zt is also called standardized normal variate 

An approximation for the standardized normal variate is: 

𝑍𝑇 =
(1−

1

𝑇
)0.135 −(

1

𝑇
)0.135

0.1975
                                                      (3.18) 
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3.6.2 Log-Normal 3 Parameter Distribution 

The three-parameter log-normal distribution has one more parameter than the LN2 distribution. 

When a lower bound parameter d is subtracted from data and then logarithms are taken, then 

the transformed variable has a normal distribution. The transformed variable is denoted by 

𝑤 = 𝑙𝑛(𝑥 − 𝑑)                                                                    (3.19) 

A simple and efficient estimator for the lower bound parameter is 

𝑑 =
𝑥1 𝑥𝑛− 𝑥𝑚𝑒𝑑𝑖𝑎𝑛

2  

𝑥1+ 𝑥𝑛−2𝑥𝑚𝑒𝑑𝑖𝑎𝑛 
                                                         (3.20) 

Where X1 and Xn are the smallest and largest observed values, respectively; Xmedian is the 

sample median. 

Given d, the w and sw can be obtained from the transformed data as done in the case of LN2 
distribution. Estimate of the flood magnitude corresponding to T year return period can be 
obtained from (Stedinger, 1980):  

  
𝑥𝑇 = 𝑑 + 𝑒

𝑦𝑇 = 𝑑 + 𝑒�̅�+𝑍𝑇𝑆𝑦                                        ( 3.21) 

And Zt is as before: 

𝑍𝑇 =
(1−

1

𝑇
)0.135 −(

1

𝑇
)0.135

0.1975
                                                   (3.22) 

 
3.6.3 Extreme Value Type 1 Distribution 

The Extreme Value Type I distribution is also known as Gumbel distribution. The probability 

weighted moment (PWM) method is employed to estimate the parameters of the Gumbel 

distribution. Estimation of the parameters of Gumble distribution by the PWM method is best 

in terms of the bias. (Greenwood et al., 1979) gave the parameters of the Gumble distribution  

𝑎 =
2𝑏1−𝑏0

𝑙𝑛2
                                                                      (3.23) 

                                                        𝑑 = 𝑏0−∈                                                                      (3.24) 

where ∈ is the Euler constant which is equal to 0.57721, b1and b0 are first two sample PWM 

are as below: 

𝑏0 = 
1

𝑛
∑ 𝑥𝑖
𝑛
𝑖=1                                                                 (3.25) 

𝑏1 = 
1

𝑛
∑

(𝑖−1)

(𝑛−1)
𝑥𝑖

𝑛
𝑖=1                                                       ( 3.26) 

Estimate of the flood magnitude corresponding to T year return period can be obtained from 

𝑥𝑇 = 𝑑 + 𝑢𝑡                                                                    (3.27) 
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where 

𝑢𝑡 =  − 𝑙𝑛[− 𝑙𝑛(1 −
1

𝑇
)]                                               (3.28) 

 

3.6.4 Generalized Extreme Value 

The generalized extreme value distribution (GEV) is a general mathematical form which 

incorporates Extreme Value Type I (EV1), Extreme Value Type II (EV2) and Extreme Value 

Type III (EV3) for maxima. The GEV distribution has a location parameter, a scale parameter, 

and a shape parameter. The PWM (Jing et al., 1989)method is employed to estimate the 

parameters of the GEV distribution. The first three sample PWMs (b0, b1, b2) are required. 

The first two PWMs can be obtained from the same equation of Extreme Value type 1 

distribution. The third PWM can be obtained from the equation below: 

                                                    𝑏2 =
1

𝑛
∑

(𝑖−1)(1−2)

(𝑛−1)(𝑛−2)
𝑥𝑖

𝑛
𝑖=1                                                          (3.29) 

 

The other parameters are (Jonathan et al., 1985): 

𝑘 = 7.859𝐶 + 2.9554𝐶2                                                           (3.30) 

𝑎 =
(2𝑏1−𝑏0)

𝛤[(1+𝑘)(1−2𝑘)]
                                                                        (3.31) 

𝑑 = 𝑏0 +
𝑎[𝛤(1+𝑘)−1]

𝑘
                                                                  (3.32) 

𝐶 =
2𝑏1−𝑏0

2𝑏2−𝑏0
−
𝑙𝑛 2

𝑙𝑛 3
                                                                        (3.33) 

Estimate of the flood magnitude corresponding to T year return period can be obtained from: 

 𝑥𝑇 = 𝑑 + 𝑎𝑢𝑡                                                                              (3.34)  

Where  

𝑢𝑇 =
1−(−𝑙𝑛(1−

1

𝑇
))𝑘

𝑘
                                                                    ( 3.35) 

 

3.6.5 Pearson Type III Distribution 

The Pearson Type III (P3) distribution has three parameters. A P3 distribution can be fitted to 

a sample of data by using the product moment of the data. For a set of observations (x1, x2, 

…., xn) estimators of the first three product moments are given as below: 

Mean: 
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𝜇 = �̅� =

1

𝑛
 ∑ 𝑥𝑖
𝑛
𝑖=1                                                                       (3.36) 

Standard Deviation:  

𝜎2 = 𝑆𝑥
2 =

1

𝑛−1
∑ (𝑥𝑖 − �̅�)

2𝑛
𝑖=1                                                  (3.37) 

Coefficient of Skewness(CS): 

𝐶𝑠 = 𝑔𝑥 =
𝑛

(𝑛−1)(𝑛−2)
 
∑(𝑥𝑖−�̅�)

3

𝑆𝑥
3                                                     (3.38) 

 

Estimate of flood magnitude corresponding to T year return period can be obtained from 

𝑥𝑇 = �̅� + 𝑘𝑇𝑆𝑥                                                                             (3.39) 

Where 𝑘𝑇 is the frequency factor which is the T-year quantile of a standard P3 variate (µ = 0, 

σ2=1). The frequency factors for T < 100 years and the absolute value of skewness < 2 are well 

approximated by the Wilson-Hilferty transformation 

𝐾𝑇 =
2

𝑔𝑥
 (1 +

𝑍𝑇𝑔𝑥

6
−
𝑔𝑥
2

36
)3 − 

2

𝑔𝑥
                                                 (3.40) 

where Zt is the standardized normal variate and can be obtained from: 

𝑍𝑇 =
(1−

1

𝑇
)0.135 −(

1

𝑇
)0.135

0.1975
                                                           (3.41) 

 

3.6.6 Gamma Distribution 

The probability distribution of the time of the nth occurrence can be found by noting that the 

time to the nth occurrence is the sum of n independent random variables, T1 + T2 + 

………………………… + Tn , from the exponential distribution. The method of derived 

distributions can be used with the result that the probability density function of the time to the 

nth occurrence is PT (t; n, λ) = λn tn-1 e-λt/(n-1)!  

Where, t>0; λ>0; n = 1,2………….. 

The mean and variance of the Gamma distribution are 

E(T) = n/ λ 

Var(T) = n/λ2 

For any positive number, the value 𝛤 (𝛼)  is defined by the following integral 

 

𝛤 (𝛼) =  ∫ 𝑥𝑛−1𝑒−𝑥𝑑𝑥         𝛼 > 0
∞

0
                                           (3.42) 
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 𝛤(𝑛) = (𝑛 − 1)!                                                                            (3.43) 

𝛤 (
1

2
) = √𝜋                                                                                     (3.44) 

The continuous random variable X is said to have a gamma distribution with parameters α and 
β (α >0 and β >0) if density function is given by  

𝑓(𝑥; 𝛼, 𝛽) = {
−

𝛽𝛼

𝛤(𝑛)
𝑥𝛼−1 𝑒−𝛽𝑥 ,                 𝑥 > 0

0,                 𝑥 ≤ 0
                 ( 3.45) 

 
3.6.7 Log Pearson Type III Distribution 

The Log-Pearson Type III (LP3) distribution describes a random variable whose logarithms 

are P3 distributed.  

𝑄 = 𝑙𝑛 𝑥                                                                                      (3.46) 

The method of estimating the parameters of the LP3 distribution is similar to that for the 

Pearson type3 distribution except that logarithms of the data are to be taken before estimating 

moments using the equation 3.34. 

Estimate of the parameter corresponding to T year return period can be obtained from: 

𝑥𝑇 = 𝑒
𝑄𝑇 = 𝑒�̅�+ 𝐾𝑇 𝑠𝑄                                                             (3.47) 

𝐾𝑇 =
2

𝑔𝑄
 (1 +

𝑍𝑇𝑔𝑄

6
−
𝑔𝑄
2

36
)3 − 

2

𝑔𝑄
                                       (3.48) 

Here, Q, sQ and gQ are the mean, standard deviation and skewness of the log transformed 

sample. Zt can be obtained the equation as Pearson type III distribution.  

 

3.7 Analysis of Goodness of Fit 
Four goodness of fit tests have been carried out to find the best fitted probability distribution 

function. The four tests are: i) The Kolmogorov-Smirnov test, ii) The Chi-square test, iii) 

Probability Plot Coefficient (PPCC) test and the iv) Root mean square deviation (RMSD) test. 

The first two tests have been carried using the EasyFit software (Schittkowski, 2002).  This 

software performs fit distribution and gives an overall ranking of the PDFs. For the other two 

tests ranking, namely the PPCC and the RMSD test, L-moment method has been used 

(Jonathan Richard Morley Hosking & Wallis, 2005). The formulas of these two tests are given 

below. 
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3.7.1 Chi-Square Test 

The Chi-Squared statistic is defined as: 

𝜒2 = ∑
(𝑂𝑖−𝐸𝑖)

𝐸𝑖

𝑘
𝑖=1                                                       (3.49) 

Where 𝑂𝑖 is the observed frequency for bin i, and 𝐸𝑖 is the expected frequency for bin I 
calculated by:  

𝐸𝑖 = 𝐹(𝑥2) − 𝐹(𝑥1)                                                  (3.50) 

Where F is the cumulative distribution function of the probability distribution being tested, and 
𝑥1, 𝑥2 are the limits for bin i. 
  
3.7.2 Kolmogorov-Smirnov Test 

Assume that there is a random sample 𝑥1, … . 𝑥𝑛  from some distribution with cumulative 
distribution function F(x). The empirical cumulative distribution function is denoted by:  

𝐹𝑛(𝑥) =
[𝑁≤𝑥]

𝑛
                                                                       (3.51) 

In which N is the number of observations. The Kolmogorov-Smirnov statistic(D) is based on 
the large vertical difference between the theoretical and the empirical cumulative distribution 
function:  

𝐷 = 𝑚𝑎𝑥1≤𝑖≤𝑛[𝐹(𝑥𝑖) − 
𝑖−1

𝑛
,
𝑖

𝑛
− 𝐹(𝑥𝑖)]                     (3.52) 

 

3.7.3 Probability Plot Correlation Co-efficient Test 

The probability plot correlation co-efficient is (Vogel, 1987): 

  

𝜌 =  
∑ (𝑦𝑖−�̅�)(𝑤𝑖−�̅�)
𝑛
𝑖=1

[∑ (𝑦𝑖−�̅�)
2𝑛

𝑖=1 ∑ (𝑤𝑖−�̅�)
2𝑛

𝑖=1 ]0.5
                                     ( 3.53) 

Here, yi is ith rainfall, �̅� is the average value, wi is the computes rainfall and �̅� is the average 

value. 

 

3.7.4 Root Mean Square Deviation Test 

RMSD is computed using the following formula: 

𝑅𝑀𝑆𝐷 = [
1

𝑛
∑ (

𝑦𝑖−𝑤𝑖

𝑦𝑖
)2]𝑛

𝑖=1

1/2
                                                   (3.54) 

Here, Yi is the Ith observation and Wi is the computed observation. 
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3.8 Ranking of the Probability Distribution Functions 
The probability distribution functions have been ranked based on the four goodness of fit tests 

in an Excel spreadsheet. Based on the values of PPCC and RMSD, the probability distribution 

functions have been ranked. Lower rank is given for the highest PPCC and lowest RMSD 

values. Ranking based on Kolmogorov-Smirnov test and Chi-square test has been done using 

the EasyFit software. The ranks of the seven probability distribution functions based on these 

four tests have been summed up. The probability distribution function with the lowest sum of 

the rank have been taken as the best fitted probability distribution function.  The best fitted 

probability distribution functions have also been calculated for the Hydrologic zones of 

Bangladesh. For this purpose, the different rainfall stations within each hydrological zones of 

Bangladesh have been considered in a similar analysis.  

 

3.9 Estimation of Rainfall of Different Durations  
The best fitted probability distribution function has  be used to estimate the rainfall magnitude 

corresponding to 2.33 years, 5 years , 10 years , 25 years, 50 years and 100 years return period 

rainfall. Annual maximum rainfall, and cumulative 2-days, 3-days, 4-days, 5-days, 6-days, and 

7-days rainfall have been calculated for isopluvial mapping.  

 

3.10 Isopluvial Mapping 
The estimated rainfall values for different return periods and different durations have been used 

to generate isopluvial maps for Bangladesh. Isopluvial map consists of lines on a map 

connecting places registering the same amount of precipitation or rainfall. For this purpose, 

prediction surface maps have been generated using the Inverse Distance weighted spatial 

interpolation formula. Contour lines have been drawn from the raster surface maps. 

 
3.10.1 Spatial Interpolation Using IDW 

IDW is a deterministic estimation method whereby values at unsampled points are determined 

by a linear combination of values at known sampled points. The weighting of nearby points is 

strictly a function of distance—no other criteria are considered. This approach combines ideas 

of proximity, such as Thiessen polygons, with a gradual change of the trend surface. The 

assumption is that values closer to the unsampled location are more representative of the value 

to be estimated than values from samples further away. Weights change according to the linear 

distance of the samples from the unsampled point; in other words, nearby observations have a 
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heavier weight. The spatial arrangement of the samples does not affect the weights. This 

method is exact, local and can be linear or non-linear.  

For n set of location, the value of any variable at any location x,y can be calculated as, 
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),(                                                         (3.55) 

 Where,  

                                    ),( yxWi = 







p
iyxd ),(

1                                                                    (3.56) 

and di(x,y) is the distance between the model grid cell and the measurement location raised to 

a power of p (typically defaults to 2). Contour lines have been drawn from the surface map of 

IDW interpolation. 
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Chapter 4 

RAINFALL FREQUENCY ANALYSIS AND ISOPLUVIAL 
MAPPING 

 

4.1 Trend, Homogeneity and Randomness of the Rainfall Data  

4.1.1 Trend Analysis 
The annual maximum daily rainfall data have been analyzed for trend using linear regression. 

Among the 35 stations, 18 stations showed a decreasing trend in rainfall to some extent. 14 of 

these stations have the slope within -1. But the Syedpur station showed a very high decreasing 

trend in annual maximum daily rainfall data. This station has a negative slope of 5.13 in the 

trendline. The other 17 stations showed an increasing trend in annual maximum rainfall. 12 of 

them have a positive slope within 1. The stations showing high increasing trends in rainfall 

values are Chittagong (Ambagan) station, Kutubdia station, Teknaf station and Mijdeecourt 

station with the positive slopes of 4.15, 3.5, 2.3 and 1.4 respectively. Trends in rainfall pattern 

(increasing or decreasing) of the 35 stations are shown in figure 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Considerable trends in rainfall 
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From the trend analysis of Cox’s Bazar, Dinajpur, Jessore, Rajshahi, and Satkhira it has been 
seen that the recent years are experiencing an increase in rainfall amount. On the other hand, 
Syedpur, Srimongal and Sylhet are experiencing recent low rainfall. These phenomena can be 
related to the effects of climate change. The trend line slopes of 35 stations are presented in 
Appendix A. 

 
Figure 4: Trends in rainfall in the 35 stations 
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In the Mann-Kendall trend test, significant trends have been found for five stations- Comilla, 

Dhaka, Feni, Kutubdia, and Syedpur. The annual maximum rainfall data of these stations have 

been de-trended using equation 3.6. The trend in rainfall of Syedpur stations before and after 

de-trending are shown below. 

  
Figure 5: De-trending of rainfall data of Syedpur station 

4.1.2 Homogeneity 

Rainfall data of the 35 stations have been tested for homogeneity using the standard normal 

homogeneity test and the Pettitt test. Homogeneity tests has been done for time series data to 

test the homogeneity of the data with years. For the significance level α of 0.05, the p-values 

were generated. In the standard normal homogeneity test, 33 stations except the Cox’s Bazar 

and the Jessore station met the null hypothesis of homogeneous data. In the Pettitt test, only 

the Jessore station was not homogeneous. This can be related to the nature of the two tests. As 

there was heterogeneity in one end of the time series of the Cox’s Bazar station, it was not 

homogeneous in the SNHT test but in the Pettitt test, it was considered homogeneous. Data 

were considered homogeneous when the p-value of the data was greater than the significance 

level, α and vice-versa. In further analysis, Cox’s Bazar was considered for probability 

distribution and isopluvial mapping as it was non-homogeneous at one end and the data of that 

end of non-homogeneity was removed from the time series. But the Jessore station was not 

considered for further analysis as it was non-homogeneous by both the tests. The homogeneity 

test result of Barishal station is shown here: 
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Table 2: SNHT test result of Barishal station 

Standard normal homogeneity test (SNHT) (Series1): Barishal 

T0 2.637 

T 1971 

p-value (Two-tailed) 0.767 

Alpha 0.05 

The p-value has been computed using 10000 Monte Carlo simulations. Time 

elapsed: 0s. 

99% confidence interval on the p-value: 

] 0.756, 0.778 [ 

Test interpretation: 

H0: Data are homogeneous 

Ha: There is a date at which there is a change in the data 

As the computed p-value is greater than the significance level alpha=0.05, one cannot 

reject the null hypothesis H0.  

 
 

Table 3 Pettit test result of Barishal station 

 

Pettitt's test (1D max): 
(Barishal)       
         
K 208.000        
t 1971        
p-value (Two-
tailed) 0.735        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.723, 0.746 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot 
reject the null hypothesis H0. 
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Figure 6 Pettitt Test Time Series for Barishal Station 

 

When the p-value computed is greater than the significance level, the null hypothesis of 

homogeneity is accepted, i.e. data is homogeneous. For non-homogenous data, it had abrupt 

changes in the dataset. Most of the stations have been found homogeneous. This means that 

the variations are caused only by changes in weather and climate but not an error in collecting 

the data or use of instruments. Also, the measurements are consistent and registered by the 

same method and tools, with the same instrumentation, at the same time of day and place and 

in the same environment. So, the dataset is suited for any hydrological analysis. The 

homogeneity test results for the other stations are given in Appendix B.  

 

4.1.3 Randomness 

Randomness test was carried out using the one sample runs test. The rainfall data of the 35 

stations were checked for randomness. The data values have been found random for all the 35 

stations i.e. the data do not follow any pattern. It is one prerequisite for probability distribution 

or any analysis. The randomness test result of the Barishal station is shown here: 
Table 4: Randomness test of Barishal station 

One-sample runs test / Two-tailed test: Barishal 

R 34.000 

r Expected value 32.500 

p-value (Two-tailed) 0.799 
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Alpha 0.05 

The p-value is computed using an exact 

method. 

Test interpretation: 

H0: Data are randomly distributed 

Ha: Data are not randomly distributed 

As the computed p-value is greater than the significance level alpha=0.05, one cannot 

reject the null hypothesis H0. 

 

In this test, the p-value is computed for a null hypothesis of randomness of the data. If the p-

value is greater than the significance level alpha of 0.05, the null hypothesis is taken. All the 

station data followed the null hypothesis. This result implies the independence among the data 

in the rainfall time series. This property of the data means the rainfall time series used for 

further analysis arise fully from natural causes and data can be used for any hydrologic study. 

The randomness test result of the other stations are shown in Appendix C 

 

4.2 Probability Distribution  
Probability distribution has been performed for the rainfall data using the equations 3.14-3.48 

for all the seven probability distribution functions in excel spreadsheets. The distributions have 

been ranked for the stations based on the four goodness of fit tests 

 

4.2.1 Comparison and Ranking of PDFs 

Rainfall estimation has been computed using the seven probability distributions functions for t 

year return period and the PPCC and RMSD values were calculated using equations 3.53-3.54. 

For each station, the Kolmogorov-Smirnov and Chi-square test ranking were generated in 

EasyFit. The PDFs were ranked based on these four test ranking. The four ranks of the PDFs 

have been summed up to get the lowest rank for each station. The lowest rank function is 

considered the best fitted for a certain station. The PDf that has been the best fit for a maximum 

number of stations has been taken as the best fitted PDF for Bangladesh. From this analysis, 

the Log-Normal 3 parameter probability distribution function has been found to be the best 

fitted probability distribution for annual maximum rainfall. The Log Pearson type III and 

Pearson type III distributions have also been found best fitted for a several number of stations. 
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The PDF ranking calculation of Barishal station is shown below: 

Table 5: PPCC and RMSD rank of Barishal station 

PDF RMSD PPCC RMSD rank PPCC rank 

Log-Normal 2 parameter  0.04366767 0.990146003 4 5 

Log-Normal 3 parameter  0.040946097 0.990065725 3 6 

Pearson type III 0.036504103 0.991469187 1 2 

Gamma  0.045793909 0.990541941 5 3 

Extreme Value 1  0.053230894 0.990293357 6 4 

Gerenalized Extreme Value  0.516073887 0.987184127 7 7 

Log Pearson type III 0.038622207 0.99191235 2 1 

 

Overall combined rank of the four goodness of fit test is shown in table: 

Table 6: Overall rank of Barishal station 

PDF 

Ranking 
Total of 

Ranks 
K-S Test 

Chi Square 

Test RMSD PPCC 

Log-Normal 2 

parameter  2 7 4 5 18 

Log-Normal 3 

parameter  4 5 3 6 18 

Pearson type III 3 4 1 2 10 

Gamma  7 1 5 3 16 

Extreme Value 1  1 2 6 4 13 

Gerenalized 

Extreme Value  5 3 7 7 22 

Log Pearson type III 6 6 2 1 15 

Pearson type III is the best suited probability Distribution function for Barisal Rainfall Station 
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The best-fitted PDF has been calculated for all 35 stations, the PDF ranking of the other stations are 

shown in Appendix D.  

Table 7: Best fit PDF for the 35 stations 

Station Best fitted PDF Station Best fitted PDF 

Barisal Pearson type III Kutubdia Log-Normal 3 parameter 

Bhola Pearson type III Madaripur Log Pearson type III 

Bogra Log Pearson type III Maijdeecourt Log Pearson type III 

Chandpur Log-Normal 3 parameter Mongla Log-Normal 3 parameter 

Chittagong(Ambagan) Log-Normal 3 parameter Mymensingh Log-Normal 3 parameter 

Chittagong(Patenga) Log-Normal 3 parameter Patuakhali Pearson type III 

Chuadanga Log-Normal 3 parameter Rajshahi Log-Normal 3 parameter 

Comilla Log-Normal 3 parameter Rangamati Log Pearson type III 

Cox’s Bazar Log-Normal 3 parameter Rangpur Log Pearson type III 

Dhaka Log-Normal 3 parameter Sandwip Log Pearson type III 

Dinajpur Log-Normal 3 parameter Satkhira Extreme Value -1 

Faridpur Log Pearson type III Sayedpur Gamma 

Feni Log-Normal 2 parameter Sitakunda Pearson type III 

Hatiya Log Pearson type III Srimongal Log Pearson type III 

Ishurdi Log-Normal 3 parameter Sylhet Log Pearson type III 

Jessore Pearson type III Tangail Log-Normal 3 parameter 

Khepupara Pearson type III Teknaf Pearson type III 

Khulna Log Pearson type III     

 

After determining the best fit PDF(s) for each station, the number of best-fitted have been 

counted. Log-Normal 3 parameter distribution has been the best PDF for highest 15 numbers 

of stations. Following that, Log Pearson type III has been the best fit for 12 and Pearson type 

III has been the best fit for 11 stations. 

Table 8: Sum of best fit PDFs for the 35 stations 

Log-Normal 3 parameter 14 

Log Pearson type III 11 

Pearson type III 7 

Log-Normal 2 parameter 1 

Gamma 1 

Extreme Value -1 1 
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4.2.2 Best fit Probability Distribution Function for the Hydrological Zones of 

Bangladesh 

The best fitted probability distribution functions have been determined for the different 

hydrological zones of Bangladesh also. For this purpose, the stations have been divided into 

the hydrological zones and a zone-wise ranking has been done in a similar process of finding 

the best fitted probability distribution for Bangladesh. The rainfall stations of the hydrological 

zones are shown in Figure 7. The zone wise best fitted distribution is shown in Figure 8. This 

ranking of PDF is useful for the individual hydrological zones of Bangladesh. As the rainfall 

differs in those zones and there is variability in the rainfall pattern, this result may be of use in 

case of regional analysis. From the best fitted PDFs for the different hydrological zones, it can 

be seen that the Log-Normal 3 parameter distribution has been found best for 5 zones, The 

NW, NC, SW, SE and the EH zones, which is the best fitted PDF for Bangladesh found in this 

study. The Log Pearson type III is the best fitted for the NE and RE regions. And Pearson type 

III distribution has been found the best for the SC region. For these zones, these PDFs may be 

of better use. 
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Figure 7: Rainfall stations in different Hydrological zones 
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Figure 8: Best-fitted PDF for the hydrological zones 
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4.3 Estimation of Rainfall and Isopluvial Mapping 

4.3.1 Rainfall Estimation Corresponding to Different Return Periods 

The best-fitted probability distribution function for Bangladesh determined in the present study 

is Log-Normal 3 parameter distribution. This distribution has been used for estimation of 

rainfall corresponding to 2.33y, 5y, 10y, 25y, 50y and 100 years return period. Isolpuvial maps 

have been generated with this estimated rainfall for daily maximum, 2-days, 3-days, 4-days, 5-

days, 6-days and 7-days cumulative rainfall using equations 3.19-3.22. The rainfall amount 

corresponding to different return periods and for daily to 7 days maximum rainfall is shown in 

the table:                  

Table 9: 2.33 year return period data of the 35 stations 

Station 1D 2D 3D 4D 5D 6D 7D 

Barisal 147 204 234 254 272 288 301 

Bhola 153 206 243 274 301 323 345 

Bogra 130 181 206 228 244 256 271 

Chandpur 152 209 245 275 289 303 316 

Chittagong 231 333 414 478 507 538 573 

Patenga 216 317 386 442 482 518 544 

Chuadanga 111 162 188 207 223 234 247 

Comilla 139 196 236 262 283 304 323 

Cox’s Bazar 209 352 443 518 577 625 672 

Dhaka 119 184 217 241 256 274 281 

Dinajpur 164 222 255 274 298 312 327 

Faridpur 130 176 203 221 245 262 272 

Feni 175 256 315 366 405 436 463 

Hatiya 170 256 310 349 393 425 457 

Ishardi 112 152 177 201 216 229 243 

Jessore 370 373 394 412 436 448 469 

Khepupara 187 265 312 344 366 389 416 

Khulna 124 170 196 220 237 252 269 

Kutubdia 255 307 377 457 499 537 565 
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Madaripur 178 252 297 337 366 395 431 

Station 1D 2D 3D 4D 5D 6D 7D 

Maijdi 134 203 239 263 282 301 317 

Mongla 121 167 203 226 248 259 280 

Mymensingh 154 205 242 272 292 310 333 

Patuakhali 175 237 281 333 373 402 425 

Rajshahi 111 156 175 194 212 227 239 

Rangamati 171 248 298 340 373 389 410 

Rangpur 173 237 283 302 324 345 363 

Sandwip 202 289 361 417 474 512 547 

Satkhira 134 184 217 241 256 274 281 

Sayedpur 183 257 292 314 340 361 374 

Sitakunda 188 275 354 411 517 547 573 

Srimongal 143 194 222 246 265 284 304 

Sylhet 201 295 356 394 425 459 496 

Tangail 131 181 200 229 250 260 290 

Teknaf 218 333 420 497 557 616 677 

Table 10: 5 years return period rainfall  data of the 35 of station 

Station 1D 2D 3D 4D 5D 6D 7D 

Barisal 181 253 294 318 343 364 390 

Bhola 200 266 309 347 389 425 449 

Bogra 166 229 262 289 305 323 342 

Chandpur 202 275 325 359 381 403 419 

Chittagong 300 404 485 591 631 668 700 

Patenga 274 400 482 550 606 650 683 

Chuadanga 150 214 245 274 291 308 322 

Comilla 182 250 297 330 355 381 403 

Cox’s Bazar 247 416 516 591 654 713 773 

Dhaka 157 237 278 307 325 344 358 
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Station 1D 2D 3D 4D 5D 6D 7D 

Dinajpur 227 301 339 359 387 400 417 

Faridpur 172 228 266 289 316 335 347 

Feni 223 315 378 430 468 494 522 

Hatiya 214 305 376 429 486 533 569 

Ishardi 150 213 247 275 299 316 331 

Jessore 457 488 515 538 568 584 603 

Khepupara 234 328 385 424 453 478 510 

Khulna 170 226 263 291 310 329 350 

Kutubdia 304 395 486 579 635 684 722 

Madaripur 226 317 374 418 452 486 526 

Maijdi 169 258 297 330 366 395 416 

Mongla 145 196 235 263 288 309 330 

Mymensingh 208 273 315 352 374 395 433 

Patuakhali 215 299 350 399 428 460 496 

Rajshahi 154 210 238 260 282 297 313 

Rangamati 223 314 388 439 474 493 514 

Rangpur 218 296 349 382 409 432 450 

Sandwip 257 383 481 548 620 667 718 

Satkhira 175 237 278 307 325 344 358 

Sayedpur 242 322 376 395 426 448 467 

Sitakunda 224 337 424 483 566 599 629 

Srimongal 184 250 285 308 333 358 386 

Sylhet 246 347 418 467 503 539 581 

Tangail 206 266 299 326 349 361 400 

Teknaf 270 398 502 593 662 739 808 
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Table 11: 10 years return period rainfall  data of the 35 of stations 

Station 1D 2D 3D 4D 5D 6D 7D 
Barisal 207 289 341 369 401 428 472 
Bhola 243 319 366 407 466 518 544 
Bogra 196 267 309 338 355 379 401 
Chandpur 246 329 395 430 460 495 511 
Chittagong 364 460 537 682 737 786 809 
Patenga 325 473 564 640 709 760 798 
Chuadanga 188 258 292 331 348 371 386 
Comilla 221 297 348 388 415 445 468 
Cox’s Bazar 274 454 554 626 689 756 825 
Dhaka 190 283 330 361 382 403 425 
Dinajpur 285 373 413 435 463 476 493 
Faridpur 211 273 325 353 379 399 415 
Feni 261 358 421 463 497 516 543 
Hatiya 253 343 427 497 564 627 663 
Ishardi 186 272 315 344 379 398 411 
Jessore 516 582 616 643 674 696 711 
Khepupara 271 380 443 490 531 559 589 
Khulna 214 276 325 353 373 396 421 
Kutubdia 344 461 566 662 728 787 835 
Madaripur 266 366 435 479 516 554 596 
Maijdi 199 302 340 381 436 473 503 
Mongla 166 216 257 289 315 348 369 
Mymensingh 253 329 373 414 437 460 512 
Patuakhali 244 344 397 427 445 479 524 
Rajshahi 199 259 300 322 346 360 379 
Rangamati 266 365 462 518 551 574 594 
Rangpur 251 339 394 444 477 500 518 
Sandwip 309 479 603 678 757 810 875 
Satkhira 210 283 330 361 382 403 425 
Sayedpur 288 366 433 449 481 505 533 
Sitakunda 249 382 474 531 575 610 641 
Srimongal 220 296 337 359 390 420 455 
Sylhet 285 387 467 531 570 607 651 
Tangail 300 360 418 431 450 468 514 
Teknaf 310 444 560 658 734 823 897 
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Table 12: 25 years return period rainfall data of the 35 stations 

Station 1D 2D 3D 4D 5D 6D 7D 

Barisal 236 332 398 432 474 510 588 

Bhola 300 390 441 487 570 649 677 

Bogra 234 314 368 400 416 452 475 

Chandpur 303 400 489 522 566 621 637 

Chittagong 454 530 597 797 878 950 954 

Patenga 394 572 673 755 844 902 945 

Chuadanga 242 314 351 406 421 455 470 

Comilla 276 360 413 464 493 528 550 

Cox’s Bazar 303 487 585 653 714 788 867 

Dhaka 234 342 397 431 455 477 514 

Dinajpur 367 471 515 537 564 576 593 

Faridpur 267 334 407 442 464 486 510 

Feni 308 407 468 490 518 529 554 

Hatiya 304 390 491 587 663 751 785 

Ishardi 239 359 416 443 495 517 524 

Jessore 579 702 745 777 806 840 844 

Khepupara 314 445 515 575 635 669 695 

Khulna 276 346 412 438 459 486 515 

Kutubdia 396 537 659 754 832 904 963 

Madaripur 317 425 510 552 592 634 677 

Maijdi 238 356 390 442 524 574 618 

Mongla 194 241 279 318 344 395 416 

Mymensingh 312 398 444 489 511 536 608 

Patuakhali 276 394 448 445 452 486 538 

Rajshahi 272 328 390 410 435 446 471 

Rangamati 321 427 556 616 645 674 690 

Rangpur 289 388 445 519 559 582 600 
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Station 1D 2D 3D 4D 5D 6D 7D 

Sandwip 384 627 791 872 954 1008 1094 

Satkhira 259 342 397 431 455 477 514 

Sayedpur 344 414 494 504 537 563 605 

Sitakunda 276 435 528 584 576 611 642 

Srimongal 268 356 403 423 463 501 546 

Sylhet 337 437 527 617 661 698 741 

Tangail 475 513 631 600 605 636 695 

Teknaf 359 495 623 730 813 917 994 

 

Table 13: 50 years return period rainfall data of the 35 stations 

Station 1D 2D 3D 4D 5D 6D 7D 

Barisal 256 362 440 478 528 572 683 

Bhola 345 446 498 547 650 754 783 

Bogra 262 348 412 445 462 506 530 

Chandpur 347 453 563 592 649 723 736 

Chittagong 528 580 638 881 987 1080 1067 

Patenga 448 651 757 842 947 1008 1055 

Chuadanga 287 356 394 464 476 519 535 

Comilla 321 409 463 522 552 591 611 

Cox’s Bazar 323 504 600 664 723 802 887 

Dhaka 268 388 448 483 510 532 584 

Dinajpur 434 549 595 618 642 654 669 

Faridpur 312 382 474 514 531 554 586 

Feni 343 441 499 502 526 532 557 

Hatiya 344 424 537 655 737 848 877 

Ishardi 284 432 502 524 591 616 615 

Jessore 621 792 843 878 903 947 943 

Khepupara 345 493 567 640 718 756 775 
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Station 1D 2D 3D 4D 5D 6D 7D 

Khulna 328 401 482 505 526 556 588 

Kutubdia 434 590 723 814 900 982 1050 

Madaripur 355 467 565 603 644 689 732 

Maijdi 268 395 425 484 590 650 707 

Mongla 216 257 294 337 364 429 450 

Mymensingh 356 450 495 543 564 590 677 

Patuakhali 297 429 481 450 453 487 542 

Rajshahi 337 384 467 482 507 515 543 

Rangamati 363 470 625 688 711 746 758 

Rangpur 315 422 478 573 620 642 659 

Sandwip 445 756 956 1038 1117 1168 1270 

Satkhira 296 388 448 483 510 532 584 

Sayedpur 383 444 531 538 569 597 652 

Sitakunda 294 472 565 618 578 612 643 

Srimongal 306 401 453 470 519 562 615 

Sylhet 378 472 572 684 732 767 808 

Tangail 651 654 841 752 739 784 861 

Teknaf 393 530 665 777 865 979 1057 

 

Table 14: 100 years return period rainfall data of the 35 stations 

Station 1D 2D 3D 4D 5D 6D 7D 

Barisal 275 390 480 523 582 635 783 

Bhola 391 503 557 607 733 865 895 

Bogra 289 381 455 490 506 561 585 

Chandpur 392 506 638 662 733 830 840 

Chittagong 605 630 676 964 1098 1217 1181 

Patenga 503 732 843 930 1049 1114 1164 

Chuadanga 336 398 438 523 532 585 600 
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Station 1D 2D 3D 4D 5D 6D 7D 

Comilla 369 459 514 581 610 654 672 

Cox’s Bazar 342 517 610 671 728 811 900 

Dhaka 302 434 500 535 565 587 655 

Dinajpur 504 631 677 702 722 732 747 

Faridpur 360 431 545 591 600 625 665 

Feni 376 473 526 510 530 533 557 

Hatiya 385 456 582 725 811 946 970 

Ishardi 332 510 596 609 694 721 711 

Jessore 658 881 939 978 998 1053 1039 

Khepupara 374 541 618 704 803 848 857 

Khulna 383 460 556 575 595 629 663 

Kutubdia 472 641 783 868 962 1053 1131 

Madaripur 393 507 618 651 694 742 784 

Maijdi 299 433 457 525 656 726 799 

Mongla 238 273 306 355 381 462 482 

Mymensingh 401 501 545 594 614 640 744 

Patuakhali 317 461 511 452 453 487 543 

Rajshahi 411 443 550 559 583 587 619 

Rangamati 404 512 695 758 776 815 823 

Rangpur 339 453 508 625 678 699 715 

Sandwip 510 899 1140 1220 1290 1337 1456 

Satkhira 335 434 500 535 565 587 655 

Sayedpur 421 472 563 567 595 625 694 

Sitakunda 310 507 598 649 583 616 647 

Srimongal 344 447 504 517 576 624 686 

Sylhet 420 505 614 752 804 838 874 

Tangail 873 819 1098 926 889 953 1057 

Teknaf 425 561 703 819 911 1035 1114 
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From the estimated data, it can be seen that the amount of rainfall increases with the number 

of days and return period of calculation. It is a general characteristic of this analysis. This data 

can be used for various hydrological studies and in the forms of intensity duration frequency 

curve, isohyetal or isopluvial maps etc. This maps can be used for practical purpose e.g. 

designing of stormwater drainage project. 

 

4.3.2 Isopluvial Mapping 

The estimated rainfall data corresponding to different return periods of different duration 

rainfall have been used for isopluvial mapping. Spatial analyst tool IDW has been used to create 

prediction surface maps and contour lines connecting places which experiences same amount 

of rainfall. The isopluvial maps of daily maximum rainfall corresponding to 2.33y, 5y, 10y, 

25y, 50y and 100 years return periods are shown below. The isopluvial maps represent the 

spatial pattern of maximum daily rainfall in Bangladesh for different return periods. Daily 

maximum rainfall of 2.33 years return period shows that the EH and NE part of the country 

experience maximum daily rainfall. SW, SC and SE regions have comparatively less rainfall 

for this return period which is similar to the average annual rainfall of this country. Though the 

average annual rainfall is maximum in the NE region of Bangladesh, the daily maximum is 

found in the EH part. The spatial pattern of 5 years and 10 years return period maximum daily 

rainfall is similar to 2.33 years return period rainfall. The NW region along with the EH and 

NE regions experience greater rainfall than other parts of the country. A change occurs in the 

spatial pattern of maximum daily rainfall of 25 years, 50 years and 100 years return period, 

some parts of the NW and NC regions experience greater rainfall than the NE part of the 

country. This means that these areas have the possibility of high intensity rainfall for greater 

return periods. The middle, SW and SE part of the country experiences comparatively less 

rainfall than the other parts in all cases.  

2 days maximum rainfall for 2.33 years return period shows similar spatial pattern as daily 

maximum rainfall. The EH region will experience more rainfall than the NE region for 10 years 

return period. For 25 years, 50 years and 100 years return period, it has been found that the EH, 

lower part of the NC region and the NW region experience noticeably greater rainfall than the 

NE region. Also, rainfall of the NE region does not increase in the same rate with the other 

regions e.g. NC, NW, EH regions in 25 years, 50 years and 100 years return period 2 days 

maximum rainfall.  
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Rainfall increases with duration for each return periods. For 2.33 years return period, the spatial 

pattern of 2 days, 3 days, 4 days, 5 days, 6 days and 7 days rainfall follow similar pattern as 

daily maximum rainfall 2.33 years return period. A deviation in the pattern can be seen with 

greater return periods. For greater return periods, the NE regions rainfall amount do not 

increase in a same rate with the NW, NC and EH regions with durations. An abrupt increase is 

seen in the rainfall of the NC region with durations for greater return periods. Extreme events 

of greater return period may cause this variation. Also, another important factor may be the 

location of the rain gauge station. In the hilly regions, rainfall computation may vary depending 

on the placing of the rain gauge in a certain side of a hill. The best fitted PDF used to estimate 

rainfall for isopluvial mapping have been determined for maximum daily rainfall only, 

determining the best fitted PDF for other durations rainfall may yield better result. 

However, these isopluvial maps help to understand the rainfall pattern of Bangladesh. 

Important insights can be attained from these analyses. The results may be of use for various 

water resources planning works and for designing hydraulic structures and water resources 

engineering works. Practitioners and policymakers can consider the isopluvial maps in their 

works. 



62 
 

 
Figure 9: Isopluvial map of Bangladesh for 2.33 years return period 1-day maximum rainfall 
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Figure 10: Isopluvial map of Bangladesh for 5  years return period 1-day maximum rainfall 
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Figure 11: Isopluvial map of Bangladesh for 10  years return period 1-day maximum rainfall 
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Figure 12: Isopluvial map of Bangladesh for 25  years return period 1-day maximum rainfall 
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Figure 13: Isolpuvial maps of Bangladesh for 50  years return period 1-day maximum rainfall 
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Figure 14: Isopluvial map of Bangladesh for 100 years return period 1-day maximum rainfal 

Maps of other return periods are shown in Appendix E.  
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Chapter 5  

CONCLUSIONS AND RECOMMENDATION 
 

5.1 Conclusions 
This study is based on the frequency analysis and probability distribution of rainfall of different 

locations in Bangladesh. Seven commonly used probability distribution functions have been 

used and four goodness of fit tests have been applied to find the best fitted probability 

distribution function for all the 35 stations in Bangladesh. The probability distribution function 

with the lowest sum of ranks of the four goodness of fit tests has been taken as the best fit for 

each stations. The probability distribution function that has been found best for maximum 

number of stations has been used to estimate rainfall amount corresponding to different return 

periods. Using this rainfall estimation, isopluvial maps have been generated for Bangladesh. 

 

This study draws the following conclusions: 

 

1. Among the 35 stations, the annual maximum daily rainfall of Syedpur showed a maximum 

decreasing trend with a negative slope of 5.13 and that of Chittagong showed a maximum 

increasing trend with a positive slope of 4.15. The rainfall data of 5 stations have been de-

trended prior to frequency analysis which showed a significant trend in the Mann-Kendall 

trend test. 

 

2. The rainfall data of 33 stations out of the 35 stations have been found homogenous in 

homogeneity tests. The rainfall of Jessore is non-homoeneous in both of the tests, and 

Cox’sBazar is non-homogeneous in the Standard Normal Homogeneity test only. There are 

random abrupt changes in rainfall magnitude of Jessore station and an abrupt increase of 

rainfall in Cox’Bazar station. The Jessore station has not been considered for further 

analysis. A portion of the data series of the Cox’sbazar station has been removed from the 

date of abrupt change. 

 

3. In the randomness test, the rainfall data have been found as random for all the rainfall 

stations, hence the data have been used for frequency analysis.  
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4. From the comparison of the best fitted probability distribution functions, it has been found 

that Log-Normal 3 parameter distribution is the best fitted distribution for a maximum of 

14 number of stations. Log-Pearson type III is the best fitted distribution for 11 stations. 

So, the Log-Normal 3 parameter distribution has been taken as the best probability 

distribution function for Bangladesh. This function has been used for rainfall estimation 

and isopluvial mapping corresponding to different return period.  

 

5. Best fitted probability distribution functions have been assessed for the different 

hydrological zones of Bangladesh as well. The Log-Normal 3 parameter distribution has 

been found as the best fitted distribution for the North-West (NW), North-Central (NE), 

South-West (SW), South-East (SE) and the Eastern-Hills (EH) zones. The Log Pearson 

type III has been the best fitted for the North-East (NE) and Rivers and Estuary (RE) zones. 

For the South-Central (SC) zone, the Pearson type III distribution has been found as the 

best distribution.  

 

6. The isopluvial maps have been prepared from the estimated rainfall using the Log-Normal 

3 parameter distribution corresponding to different return periods. These maps have been 

generated for 2.33y, 5y, 10y, 25y, 50y and 100 years return period for cumulative rainfall 

of 1d, 2d, 3d, 4d, 5d, 6d and 7d rainfall which can be used for designing engineering works 

that control storm runoff. 

 

5.2 Recommendations 
1. This study analyzed rainfall data up to 2015. More data of the recent years can be used for 

further analysis in order to get the most recent trends. 

 

2. More statistical methods can be conducted to test the trend, homogeneity and randomness 

of the rainfall data series prior to the frequency analysis.  

 
 

3. From the understanding and knowledge of previous literature, the seven probability 

distribution functions and four goodness of fit tests have been used in this study. Other 

probability distribution functions and goodness of fit tests can be explored in the analysis. 
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4. Isopluvial maps have been generated for Bangladesh using the best fitted probability 

distribution function. Regional isopluvial maps can be generated.  
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Rainfall Trends in Different Stations and De-trending of Significant Trends 
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1. Barisal Station 

 Standard normal homogeneity test (SNHT) (Series1): 
T0 2.637 
t 1971 
p-value (Two-tailed) 0.767 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.756, 0.778 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0.  
 

Pettitt's test (1D max):       
         
K 208.000        
t 1971        
p-value (Two-tailed) 0.735        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.723, 0.746 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Barishal Station 
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2. Bhola Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 7.414 
T 1973 
p-value (Two-tailed) 0.166 
Alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.156, 0.175 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 172.000        
t 1973        
p-value (Two-tailed) 0.683        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.671, 0.695 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Bhola Station 
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3. Bogra Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 1.353 
t 2014 
p-value (Two-tailed) 0.982 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.978, 0.985 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H 
 

Pettitt's test (1D Max):       
         
K 143.000        
t 1992        
p-value (Two-tailed) 0.068        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.062, 0.075 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Bogra Station 
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4. Chandpur Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 6.050 
t 1984 
p-value (Two-tailed) 0.190 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.180, 0.200 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 198.000        
t 1986        
p-value (Two-tailed) 0.288        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.276, 0.299 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Bogra Station 
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5. Chittagong(Ambagan) Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 2.155 
t 2006 
p-value (Two-tailed) 0.685 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.673, 0.697 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 28.000        
t 2005        
p-value (Two-tailed) 0.976        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.972, 
0.980 
[        

Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Chittagong(Ambagan) Station 
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6. Chittagong(Patenga) Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 2.491 
t 2010 
p-value (Two-tailed) 0.758 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.747, 0.769 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0 
 

Pettitt's test (1D Max):       
         
K 184.000        
t 1978        
p-value (Two-tailed) 0.563        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.550, 0.576 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Chittagong(Patenga) Station 
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7. Chuadanga Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 4.182 
t 2008 
p-value (Two-tailed) 0.351 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.339, 0.363 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 85.000        
t 2008        
p-value (Two-tailed) 0.291        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.279, 
0.302 
[        

Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Chuadanga Station 
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8. Comilla Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 9.559 
t 1966 
p-value (Two-tailed) 0.093 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.086, 0.101 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 407.000        
t 1966        
p-value (Two-tailed) 0.081        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.074, 0.088 [        
         
         
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Comilla Station 
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9. Cox’s Bazar  

Standard normal homogeneity test (SNHT) (Series1): 
T0 15.270 
t 2005 
p-value (Two-tailed) 0.045 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 1s. 
99% confidence interval on the p-value: 

] 0.040, 0.050 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is lower than the significance level alpha=0.05, one should reject the null hypothesis 
H0, and accept the alternative hypothesis Ha 
 

Pettitt's test (1D Max):       
         
K 313.000        
t 1996        
p-value (Two-tailed) 0.481        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.468, 0.493 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Cox’s Bazar Station 
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10. Dhaka Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 5.238 
t 2009 
p-value (Two-tailed) 0.293 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.281, 0.305 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 329.000        
t 1976        
p-value (Two-tailed) 0.195        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.185, 0.206 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Dhaka Station 
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11. Dinajpur Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 4.580 
t 1986 
p-value (Two-tailed) 0.364 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.352, 0.376 [ 
 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 270.000        
t 1967        
p-value (Two-tailed) 0.397        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.384, 0.410 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Dinajpur Station 
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12. Faridpur Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 4.039 
t 1988 
p-value (Two-tailed) 0.444 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.431, 0.457 [ 
Test interpretation 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 271.000        
t 1988        
p-value (Two-tailed) 0.807        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.797, 0.817 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Faridpur Station 
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13. Feni Station  
 

Standard normal homogeneity test (SNHT) (Series1): 
T0 3.946 
t 2010 
p-value (Two-tailed) 0.441 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.428, 0.453 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 141.000        
t 1991        
p-value (Two-tailed) 0.657        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.644, 0.669 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Feni Station 
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14. Hatiya Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 4.259 
t 1999 
p-value (Two-tailed) 0.409 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.396, 0.422 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 170.000        
t 1994        
p-value (Two-tailed) 0.376        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.363, 0.388 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Hatiya Station 
 

0.000

50.000

100.000

150.000

200.000

250.000

300.000

350.000

400.000

1960 1970 1980 1990 2000 2010 2020

1D Max

mu = 173.291

Series3



105 
 

15. Ishurdi Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 5.134 
T 1981 
p-value (Two-tailed) 0.279 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.267, 0.290 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 157.000        
t 1981        
p-value (Two-tailed) 0.878        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.870, 0.887 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Ishurdi Station 
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16. Jessore Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 15.270 
t 2005 
p-value (Two-tailed) 0.044 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.039, 0.049 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is lower than the significance level alpha=0.05, one should reject the null hypothesis 
H0, and accept the alternative hypothesis Ha. 
 

Pettitt's test (1D Max):       
         
K 663.000        
t 1964        
p-value (Two-tailed) 0.000        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 1s. 
99% confidence interval on the p-value:      

] 0.000, 0.001 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is lower than the significance level alpha=0.05, one should reject the null 
hypothesis H0, and accept the alternative hypothesis Ha. 
 

 
 

Fig: Pettitt Test Time Series for Jessore Station 
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17. Khepupara Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 1.790 
T 2013 
p-value (Two-tailed) 0.893 
Alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.885, 0.901 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 80.000        
t 2004        
p-value (Two-tailed) 0.216        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.205, 
0.227 
[        

Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Khepupara Station 
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18. Khulna Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 1.556 
t 1987 
p-value (Two-tailed) 0.936 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.930, 0.943 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 161.000        
t 1988        
p-value (Two-tailed) 0.236        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.225, 0.247 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Khulna Station 
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19. Kutubdia Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 7.992 
t 1980 
p-value (Two-tailed) 0.111 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.103, 0.119 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D Max):       
         
K 154.000        
t 2004        
p-value (Two-tailed) 0.055        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.049, 0.061 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Kutubdia Station 
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20. Madaripur Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 5.449 
t 2008 
p-value (Two-tailed) 0.288 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.276, 0.299 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 296.000        
t 1991        
p-value (Two-tailed) 0.369        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.356, 0.381 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Madaripur Station 
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21. Maijdeecourt Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 6.233 
t 2009 
p-value (Two-tailed) 0.207 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.196, 0.217 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 119.000        
t 2003        
p-value (Two-tailed) 0.637        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.624, 0.649 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Maijdeecourt Station 
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22. Mongla Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 5.116 
t 1993 
p-value (Two-tailed) 0.230 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.219, 0.241 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 66.000        
t 1993        
p-value (Two-tailed) 0.513        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.500, 
0.526 
[        

Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Mongla Station 
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23. Mymensingh Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 1.289 
t 2011 
p-value (Two-tailed) 0.951 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.945, 0.956 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 224.000        
t 1993        
p-value (Two-tailed) 0.792        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.782, 0.802 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Mymensingh Station 
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24. Patuakhali Station  
 

Standard normal homogeneity test (SNHT) (Series1): 
T0 6.461 
t 1976 
p-value (Two-tailed) 0.121 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.112, 0.129 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 96.000        
t 1976        
p-value (Two-tailed) 0.589        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.577, 
0.602 
[        

Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Patuakhali Station 
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25. Rajshahi Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 2.337 
t 2008 
p-value (Two-tailed) 0.730 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.719, 0.742 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 153.000        
t 1984        
p-value (Two-tailed) 0.975        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.971, 0.979 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Rajshahi Station 
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26. Rangamati Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 3.263 
t 1958 
p-value (Two-tailed) 0.618 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.606, 0.631 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 177.000        
t 1982        
p-value (Two-tailed) 0.826        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.816, 0.835 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Rangamati Station 
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27. Rangpur Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 5.873 
t 1978 
p-value (Two-tailed) 0.178 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.168, 0.188 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 312.000        
t 1978        
p-value (Two-tailed) 0.187        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 1s. 
99% confidence interval on the p-value:      

] 0.177, 0.197 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Rangpur Station 
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28. Sandwip Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 8.341 
t 1999 
p-value (Two-tailed) 0.120 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 1s. 
99% confidence interval on the p-value: 

] 0.111, 0.128 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 218.000        
t 1998        
p-value (Two-tailed) 0.208        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.197, 0.218 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Sandwip Station 
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29. Satkhira Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 5.238 
t 2009 
p-value (Two-tailed) 0.277 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.265, 0.288 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 187.000        
t 1965        
p-value (Two-tailed) 0.461        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.448, 0.474 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Satkhira Station 
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30. Syedpur Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 7.602 
t 2010 
p-value (Two-tailed) 0.053 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.047, 0.059 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 92.000        
t 2010        
p-value (Two-tailed) 0.082        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.075, 
0.089 
[        

Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Syedpur Station 
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31. Sitakunda Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 7.501 

t 1981 

p-value (Two-tailed) 0.063 

alpha 0.05 

The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 

99% confidence interval on the p-value: 

] 0.057, 0.069 [ 

Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 102.000        
t 1981        
p-value (Two-tailed) 0.897        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 1s. 
99% confidence interval on the p-value:      

] 0.889, 0.905 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Sitakunda Station 
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32. Srimongol Station 

Standard normal homogeneity test (SNHT) (Series1): 
T0 2.850 
t 1990 
p-value (Two-tailed) 0.632 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.619, 0.644 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 295.000        
t 1969        
p-value (Two-tailed) 0.508        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.495, 0.521 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Srimongal Station 
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33. Sylhet Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 4.083 
t 1966 
p-value (Two-tailed) 0.419 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 1s. 
99% confidence interval on the p-value: 

] 0.406, 0.432 [ 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H 
 

Pettitt's test (1D max):       
         
K 193.000        
t 2004        
p-value (Two-tailed) 0.900        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.892, 0.908 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Sylhet Station 
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34. Tangail Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 1.216 
t 2003 
p-value (Two-tailed) 0.911 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.904, 0.918 [ 
 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 54.000        
t 2006        
p-value (Two-tailed) 0.535        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.522, 
0.548 
[        

Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 
 

 
 

Fig: Pettitt Test Time Series for Tangail Station 
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35. Teknaf Station  

Standard normal homogeneity test (SNHT) (Series1): 
T0 5.400 
t 2004 
p-value (Two-tailed) 0.236 
alpha 0.05 
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value: 

] 0.225, 0.247 [ 
 
Test interpretation: 
H0: Data are homogeneous 
Ha: There is a date at which there is a change in the data 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis 
H0. 
 

Pettitt's test (1D max):       
         
K 135.000        
t 1989        
p-value (Two-tailed) 0.457        
alpha 0.05        
The p-value has been computed using 10000 Monte Carlo simulations. Time elapsed: 0s. 
99% confidence interval on the p-value:      

] 0.445, 0.470 [        
Test interpretation:        
H0: Data are homogeneous       
Ha: There is a date at which there is a change in the data    
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null 
hypothesis H0. 

 

  
 

Fig: Pettitt Test Time Series for Teknaf Station 
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Appendix C 
Randomness Test in Different Stations 
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1. Barisal Station 

One-sample runs test / Two-tailed test: 

R 34.000 

r Expected value 32.500 

p-value (Two-tailed) 0.799 

Alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
2. Bhola Station  

One-sample runs test / Two-tailed test: 

R 25.000 

r Expected value 23.500 

p-value (Two-tailed) 0.766 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
3. Bogra Station 

One-sample runs test / Two-tailed test: 

R 37.000 

r Expected value 34.134 

p-value (Two-tailed) 0.556 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
4. Chandpur Station  

One-sample runs test / Two-tailed test: 

R 19.000 

r Expected value 21.870 

p-value (Two-tailed) 0.439 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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5. Chittagong(Ambagan) Station  

One-sample runs test / Two-tailed test: 

R 10.000 

r Expected value 8.875 

p-value (Two-tailed) 0.755 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
6. Chittagong (Patenga) Station  

One-sample runs test / Two-tailed test: 

R 32.000 

r Expected value 29.935 

p-value (Two-tailed) 0.666 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
7. Chuadanga Station  

One-sample runs test / Two-tailed test: 

R 11.000 

r Expected value 12.077 

p-value (Two-tailed) 0.786 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
8. Comilla Station 

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 28.692 

p-value (Two-tailed) 0.808 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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9. Cox’s Bazar 
 

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 30.552 

p-value (Two-tailed) 0.969 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
10. Dhaka Station 

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 30.836 

p-value (Two-tailed) 0.927 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
11. Dinajpur Station 

One-sample runs test / Two-tailed test: 

R 29.000 

r Expected value 28.593 

p-value (Two-tailed) 0.969 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
12. Faridpur Station 

One-sample runs test / Two-tailed test: 

R 36.000 

r Expected value 32.343 

p-value (Two-tailed) 0.403 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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13. Feni Station 

One-sample runs test / Two-tailed test: 

R 18.000 

r Expected value 21.238 

p-value (Two-tailed) 0.374 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
14. Hatiya Station  

One-sample runs test / Two-tailed test: 

R 18.000 

r Expected value 21.930 

p-value (Two-tailed) 0.277 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
15. Ishurdi Station  

One-sample runs test / Two-tailed test: 

R 21.000 

r Expected value 24.294 

p-value (Two-tailed) 0.390 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
16. Jessore Station  

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 30.552 

p-value (Two-tailed) 0.969 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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17. Khepupara Station 

One-sample runs test / Two-tailed test: 

R 22.000 

r Expected value 21.488 

p-value (Two-tailed) 1.000 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
18. Khulna Station  

One-sample runs test / Two-tailed test: 

R 29.000 

r Expected value 25.969 

p-value (Two-tailed) 0.443 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
19. Kutubdia Station 

One-sample runs test / Two-tailed test: 

R 14.000 

r Expected value 17.485 

p-value (Two-tailed) 0.293 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
20. Madaripur Station 

One-sample runs test / Two-tailed test: 

R 33.000 

r Expected value 29.935 

p-value (Two-tailed) 0.489 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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21. Maijdeecourt Station  

One-sample runs test / Two-tailed test: 

R 17.000 

r Expected value 18.838 

p-value (Two-tailed) 0.642 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
22. Mongla Station  

One-sample runs test / Two-tailed test: 

R 11.000 

r Expected value 12.917 

p-value (Two-tailed) 0.547 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
23. Mymensingh Station  

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 32.061 

p-value (Two-tailed) 0.675 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
24. Patuakhali Station 

One-sample runs test / Two-tailed test: 

R 21.000 

r Expected value 20.512 

p-value (Two-tailed) 0.990 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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25. Rajshahi Station:  

One-sample runs test / Two-tailed test: 

R 23.000 

r Expected value 23.204 

p-value (Two-tailed) 0.924 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
26. Rangamati Station  

One-sample runs test / Two-tailed test: 

R 31.000 

r Expected value 28.679 

p-value (Two-tailed) 0.620 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
27. Rangpur Station  

One-sample runs test / Two-tailed test: 

R 34.000 

r Expected value 30.288 

p-value (Two-tailed) 0.396 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
28. Sandwip Station  

One-sample runs test / Two-tailed test: 

R 17.000 

r Expected value 22.702 

p-value (Two-tailed) 0.098 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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29. Satkhira Station  

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 30.836 

p-value (Two-tailed) 0.927 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
30. Syedpur Station 

One-sample runs test / Two-tailed test: 

R 12.000 

r Expected value 13.000 

p-value (Two-tailed) 0.842 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
31. Sitakunda Station 

One-sample runs test / Two-tailed test: 

R 18.000 

r Expected value 19.526 

p-value (Two-tailed) 0.729 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
32. Srimongol Station  

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 30.333 

p-value (Two-tailed) 0.982 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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33. Sylhet Station 

One-sample runs test / Two-tailed test: 

R 30.000 

r Expected value 28.759 

p-value (Two-tailed) 0.838 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
34. Tangail Station  

One-sample runs test / Two-tailed test: 

R 10.000 

r Expected value 13.857 

p-value (Two-tailed) 0.160 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
 
 
35. Teknaf Station  

One-sample runs test / Two-tailed test: 

R 18.000 

r Expected value 19.789 

p-value (Two-tailed) 0.670 

alpha 0.05 

The p-value is computed using an exact method. 
Test interpretation: 
H0: Data are randomly distributed 
Ha: Data are not randomly distributed 
As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null hypothesis H0. 
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Appendix D 
Probability Distribution Function Ranking  
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1. Barisal Station

  
 
 
 
 
 

2. Bhola Station

 
 

 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 2 7 4 5 18 0.04366767 0.990146003

Log Normal 3 parameter 4 5 3 6 18 0.040946097 0.990065725

Pearson Type 3 3 4 1 2 10 0.036504103 0.991469187

Gamma 7 1 5 3 16 0.045793909 0.990541941

Extreme Value 1 1 2 6 4 13 0.053230894 0.990293357

Gerenalized Extreme Value 5 3 7 7 22 0.516073887 0.987184127

Log Pearson Type 3 6 6 2 1 15 0.038622207 0.99191235

Pearson Type 3 is the best suited probability Distribution function for Barisal Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 1 5 1 5 12 0.08981 0.890604

Log Normal 3 parameter 4 4 2 4 14 0.093422 0.90761

Pearson Type 3 2 3 5 1 11 0.198834 0.928458

Gamma 7 7 6 3 23 0.20022 0.910458

Extreme Value 1 6 6 4 6 22 0.137847 0.886757

Gerenalized Extreme Value 3 1 7 7 18 0.254707 0.835658

Log Pearson Type 3 5 2 3 2 12 0.095884 0.921036

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

Pearson Type 3 is the best suited probability Distribution function for Bhola Rainfall Station

Ranking
PDF Total of Ranks
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3. Bogra Station  

 
 
 
 
 
 

4. Chandpur Station 

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 4 6 2 2 14 0.053944 0.989551

Log Normal 3 parameter 5 2 4 6 17 0.065631 0.976208

Pearson Type 3 6 3 5 7 21 0.065963 0.331785

Gamma 2 4 6 5 17 0.085333 0.983695

Extreme Value 1 7 7 3 1 18 0.059113 0.989845

Gerenalized Extreme Value 1 1 7 4 13 0.348144 0.988351

Log Pearson Type 3 3 5 1 3 12 0.053867 0.989307

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

Log Pearson Type 3 is the best suited probability Distribution function for Bogra Rainfall Station

Ranking
PDF Total of Ranks

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 3 3 3 14 0.096254 0.97807

Log Normal 3 parameter 3 5 2 1 11 0.083216 0.979762

Pearson Type 3 1 4 3 3 11 0.096254 0.97807

Gamma 7 7 6 7 27 0.218245 0.927499

Extreme Value 1 6 2 5 5 18 0.106245 0.974906

Gerenalized Extreme Value 2 1 7 6 16 0.288546 0.948084

Log Pearson Type 3 4 6 1 2 13 0.074591 0.978566

LN3 is the best suited probability Distribution function for Chandpur Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software
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5. Chittagong (Ambagan) Station 

 
 
 

 
 
  
6. Chittagong(Patenga) Station  

 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 5 5 4 20 0.079034 0.975496

Log Normal 3 parameter 5 4 1 1 11 0.066045 0.986429

Pearson Type 3 2 3 3 3 11 0.068222 0.979165

Gamma 7 1 7 7 22 0.261368 0.910883

Extreme Value 1 3 2 4 5 14 0.076817 0.974921

Gerenalized Extreme Value 1 6 6 6 19 0.241172 0.954445

Log Pearson Type 3 4 7 2 2 15 0.067292 0.985195

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

LN3 is the best suited probability Distribution function for Chittagong ambagan Rainfall Station

Ranking
PDF Total of Ranks

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 5 4 5 20 0.043405 0.986826

Log Normal 3 parameter 3 1 2 2 8 0.028569 0.995641

Pearson Type 3 2 2 3 3 10 0.03187 0.993926

Gamma 7 7 6 7 27 0.127712 0.961525

Extreme Value 1 5 6 5 4 20 0.044727 0.987975

Gerenalized Extreme Value 1 4 7 6 18 0.220879 0.96978

Log Pearson Type 3 4 3 1 1 9 0.027559 0.996349

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

LN 3 is the best suited probability Distribution function for Patenga Rainfall Station

Ranking
PDF Total of Ranks
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7. Chuadanga Station  

 
 
 
 
 
 

8. Comilla Station  

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 1 5 4 4 14 0.091313 0.972388

Log Normal 3 parameter 4 2 1 1 8 0.076375 0.983061

Pearson Type 3 2 3 3 3 11 0.086775 0.975255

Gamma 7 7 6 6 26 0.193539 0.961419

Extreme Value 1 6 6 5 5 22 0.102214 0.967728

Gerenalized Extreme Value 5 1 7 7 20 0.271276 0.930955

Log Pearson Type 3 3 4 2 2 11 0.078943 0.981582

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

LN 3 is the best suited probability Distribution function for Chuadanga Rainfall Station

Ranking
PDF Total of Ranks

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 3 2 4 14 0.081023 0.974154

Log Normal 3 parameter 4 1 1 3 9 0.073679 0.982342

Pearson Type 3 3 2 3 1 9 0.106228 0.988226

Gamma 6 6 7 6 25 0.223433 0.929072

Extreme Value 1 7 7 5 5 24 0.159329 0.959635

Gerenalized Extreme Value 1 5 6 7 19 0.219652 0.874237

Log Pearson Type 3 2 4 3 1 10 0.106228 0.988226

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

LN3 is the best suited probability Distribution function for Comilla Rainfall Station

Ranking
PDF Total of Ranks
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9. Cox’s Bazar Station  

 
 
 
 
 
 

10. Dhaka Station 

 
  

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient value value

Log Normal 2 parameter (α=0.36977  μ=4.8574) 6 6 4 2 18 0.18442 0.962617

Log Normal 3 parameter (α=0.56077  μ=4.4187  ϒ=41.375) 3 2 3 5 13 0.162224 0.958686

Pearson Type 3 (α=6.1883  μ=644.02  ϒ=14.514) 2 3 5 3 13 0.192633 0.960864

Gamma (α=5.7913  μ=23.88) 4 5 2 6 17 0.157983 0.944148

Extreme Value 1 (α=44.807 μ=112.43) 5 4 6 1 16 0.23287 0.96317

Gerenalized Extreme Value (k=0.13  σ=37.615  μ=111.08) 1 1 7 4 13 0.398952 0.95885

Log Pearson Type 3 (α=20.081  μ=0.08319  ϒ=3.1869) 7 7 1 7 22 0.126157 0.897286

LN3 is the best suited probability Distribution function for Cox's Bazar Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter (α=0.36977  μ=4.8574) 4 1 1 5 11 0.056149 0.983381

Log Normal 3 parameter (α=0.56077  μ=4.4187  ϒ=41.375) 1 5 5 2 13 0.182527 0.989381

Pearson Type 3 (α=6.1883  μ=644.02  ϒ=14.514) 2 4 6 3 15 0.183545 0.988166

Gamma (α=5.7913  μ=23.88) 7 3 3 4 17 0.175639 0.984305

Extreme Value 1 (α=44.807 μ=112.43) 6 2 2 6 16 0.167531 0.977439

Gerenalized Extreme Value (k=0.13  σ=37.615  μ=111.08) 5 7 7 7 26 0.288554 0.949355

Log Pearson Type 3 (α=20.081  μ=0.08319  ϒ=3.1869) 3 6 4 1 14 0.18082 0.991733

Log Normal 2 Parameter is the best suited probability Distribution function for Dhaka Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software
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11. Dinajpur Station 

 

 
 
 
 

 
12. Faridpur Station  

 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 3 4 4 3 14 0.049117 0.989441

Log Normal 3 parameter 6 1 3 1 11 0.047027 0.992055

Pearson Type 3 7 6 1 4 18 0.045628 0.989356

Gamma 2 3 6 5 16 0.142618 0.986296

Extreme Value 1 1 5 5 6 17 0.072091 0.98398

Gerenalized Extreme Value 5 2 7 7 21 0.349632 0.972223

Log Pearson Type 3 4 7 2 2 15 0.046393 0.991592

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

LN 3 is the best suited probability Distribution function for Dinajpur Rainfall Station

Ranking
PDF Total of Ranks

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 5 1 1 12 0.039253 0.990134

Log Normal 3 parameter 1 3 3 3 10 0.059841 0.988064

Pearson Type 3 4 1 5 5 15 0.100334 0.9493

Gamma 7 7 6 6 26 0.203095 0.943889

Extreme Value 1 6 6 4 4 20 0.08024 0.967231

Gerenalized Extreme Value 3 2 7 7 19 0.238332 0.919109

Log Pearson Type 3 2 4 1 1 8 0.039253 0.990134

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

Log Pearson Type 3 is the best suited probability Distribution function for Faridpur Rainfall Station

Ranking
PDF Total of Ranks
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13. Feni Station 

 
 
 
 
 
 

14. Hatiya Station  

 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 3 4 1 14 0.38624 0.969494

Log Normal 3 parameter 4 4 3 5 16 0.315361 0.950172

Pearson Type 3 2 5 6 3 16 0.595913 0.963654

Gamma 5 6 1 6 18 0.203344 0.938756

Extreme Value 1 3 2 5 2 12 0.424152 0.963805

Gerenalized Extreme Value 1 1 7 4 13 0.943519 0.96236

Log Pearson Type 3 7 7 2 7 23 0.239887 0.862257

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

Extreme Value 1 is the best suited probability Distribution function for Feni Rainfall Station

Ranking
PDF Total of Ranks

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 7 7 5 5 24 0.044001 0.990106

Log Normal 3 parameter 5 5 1 1 12 0.034678 0.994152

Pearson Type 3 3 4 3 3 13 0.036201 0.991723

Gamma 6 1 6 7 20 0.102049 0.944296

Extreme Value 1 4 6 4 4 18 0.040715 0.991247

Gerenalized Extreme Value 1 2 7 6 16 0.234239 0.986681

Log Pearson Type 3 2 3 2 2 9 0.036154 0.993761

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

Log Pearson Type 3 is the best suited probability Distribution function for Hatiya Rainfall Station

Ranking
PDF Total of Ranks
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15. Ishurdi Station

 
 
 
 
 
 

16. Jessore Station

 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 4 3 4 16 0.072278 0.957071

Log Normal 3 parameter 2 3 2 1 8 0.057883 0.980821

Pearson Type 3 1 5 4 3 13 0.083406 0.977253

Gamma 7 7 6 6 26 0.18083 0.918063

Extreme Value 1 6 6 5 5 22 0.097981 0.954139

Gerenalized Extreme Value 3 1 7 7 18 0.23769 0.906945

Log Pearson Type 3 4 2 1 2 9 0.057478 0.979224

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

LN3 is the best suited probability Distribution function for Ishurdi Rainfall Station

Ranking
PDF Total of Ranks

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 7 7 4 6 24 0.135081 0.975144

Log Normal 3 parameter 4 6 1 3 14 0.054149 0.99367

Pearson Type 3 1 5 2 2 10 0.064205 0.994167

Gamma 2 3 5 7 17 0.149522 0.969737

Extreme Value 1 5 2 6 5 18 0.178721 0.983245

Gerenalized Extreme Value 3 4 7 1 15 0.482972 0.994167

Log Pearson Type 3 6 1 3 4 14 0.076771 0.993054

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

Pearson Type 3 is the best suited probability Distribution function for Jessore Rainfall Station

Ranking
PDF Total of Ranks
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17. Khepupara Station

 
 
 
 

 
 

18. Khulna Station 

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 6 4 6 22 0.060968 0.98658

Log Normal 3 parameter 5 3 3 1 12 0.052003 0.990358

Pearson Type 3 4 2 1 2 9 0.050075 0.990095

Gamma 3 5 5 7 20 0.072574 0.976076

Extreme Value 1 7 7 6 5 25 0.077919 0.987671

Gerenalized Extreme Value 1 1 7 4 13 0.351794 0.989038

Log Pearson Type 3 2 4 2 3 11 0.051022 0.989979

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

Pearson Type 3 is the best suited probability Distribution function for Khepupara Rainfall Station

Ranking
PDF Total of Ranks

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 4 4 4 17 0.128219 0.953623

Log Normal 3 parameter 6 5 1 2 14 0.080023 0.979882

Pearson Type 3 3 2 3 3 11 0.100336 0.978952

Gamma 7 7 6 6 26 0.21441 0.908051

Extreme Value 1 4 6 5 5 20 0.173577 0.944914

Gerenalized Extreme Value 1 3 7 7 18 0.292197 0.900283

Log Pearson Type 3 2 1 2 1 6 0.087048 0.980826

Log Pearson Type 3 is the best suited probability Distribution function for Khulna Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software
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19. Kutubdia Station 

 
 
 
 
 

 
20. Madaripur Station 

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 1 6 2 5 14 0.040566 0.973863

Log Normal 3 parameter 3 4 4 1 12 0.040809 0.9797

Pearson Type 3 4 5 5 4 18 0.046658 0.978378

Gamma 6 7 6 7 26 0.406449 0.902758

Extreme Value 1 7 1 3 2 13 0.040808 0.979081

Gerenalized Extreme Value 2 2 7 6 17 0.719024 0.959933

Log Pearson Type 3 5 3 1 3 12 0.040356 0.979023

LP3 is the best suited probability Distribution function for Kutubdia Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 5 1 4 15 0.074279 0.950506

Log Normal 3 parameter 4 4 2 3 13 0.07486 0.952288

Pearson Type 3 3 2 6 1 12 0.145663 0.96441

Gamma 7 7 5 7 26 0.13515 0.916332

Extreme Value 1 6 6 4 5 21 0.079637 0.94997

Gerenalized Extreme Value 1 1 7 6 15 0.265171 0.930094

Log Pearson Type 3 2 3 3 2 10 0.076396 0.960423

Log Pearson Type 3 is the best suited probability Distribution function for Madaripur Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software
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21. Maijdeecourt Station 

 
 
 
 
 
 

22. Mongla Station 

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 6 5 5 22 0.049832 0.984004

Log Normal 3 parameter 3 7 3 2 15 0.041092 0.989348

Pearson Type 3 4 3 2 3 12 0.039772 0.987691

Gamma 7 1 6 7 21 0.125503 0.942923

Extreme Value 1 5 2 4 4 15 0.046937 0.98513

Gerenalized Extreme Value 1 5 7 6 19 0.224666 0.97333

Log Pearson Type 3 2 4 1 1 8 0.039373 0.990099

Log Pearson Type 3 is the best suited probability Distribution function for Maijeecourt Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 4 5 5 20 0.041174 0.989918

Log Normal 3 parameter 2 3 1 4 10 0.035932 0.99174

Pearson Type 3 3 7 3 6 19 0.038729 0.989916

Gamma 7 2 6 7 22 0.105587 0.945442

Extreme Value 1 5 6 4 2 17 0.040311 0.99203

Gerenalized Extreme Value 1 1 7 1 10 0.198469 0.992033

Log Pearson Type 3 4 5 2 3 14 0.037583 0.992024

LN3 is the best suited probability Distribution function for Mongla Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software
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23. Mymensingh Station 

 
 
 
 
 
 

24. Patuakhali Station  

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 4 4 2 16 0.260842 0.883137

Log Normal 3 parameter 2 3 1 4 10 0.228023 0.859666

Pearson Type 3 3 7 6 1 17 0.4941 0.941036

Gamma 7 2 5 6 20 0.284807 0.839958

Extreme Value 1 5 6 3 3 17 0.252603 0.859821

Gerenalized Extreme Value 1 1 7 7 16 0.58193 0.775558

Log Pearson Type 3 4 5 2 5 16 0.230922 0.846194

LN3 is the best suited probability Distribution function for Mymensingh Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 1 4 4 15 0.179483 0.9809

Log Normal 3 parameter 5 4 3 1 13 0.136542 0.990534

Pearson Type 3 4 3 2 2 11 0.131783 0.990307

Gamma 1 5 5 6 17 0.192688 0.971825

Extreme Value 1 3 2 6 3 14 0.229327 0.9843

Gerenalized Extreme Value 2 6 7 7 22 0.545654 0.966118

Log Pearson Type 3 7 7 1 5 20 0.122357 0.978505

Pearson Type 3 is the best suited probability Distribution function for Patuakhali Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software



149 
 

25. Rajshahi Station 

 
 
 
 
 

 
26. Rangamati Station 

 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 7 4 4 20 0.082294 0.949152

Log Normal 3 parameter 2 2 1 1 6 0.054773 0.979177

Pearson Type 3 4 1 3 3 11 0.069563 0.971783

Gamma 7 6 6 6 25 0.238551 0.912913

Extreme Value 1 6 5 5 5 21 0.127928 0.942346

Gerenalized Extreme Value 3 4 7 7 21 0.256636 0.889084

Log Pearson Type 3 1 3 2 2 8 0.054785 0.97567

LN 3 is the best suited probability Distribution function for Rajshahi Rainfall Station

Ranking
PDF Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 1 3 3 5 12 0.045452 0.990336

Log Normal 3 parameter 2 4 2 4 12 0.045129 0.990471

Pearson Type 3 3 2 4 6 15 0.045531 0.99001

Gamma 7 5 6 7 25 0.080179 0.979298

Extreme Value 1 6 1 5 2 14 0.047636 0.990702

Gerenalized Extreme Value 5 7 7 3 22 0.34976 0.990663

Log Pearson Type 3 4 6 1 1 12 0.044562 0.990736

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

LP3 is the best suited probability Distribution function for Rangamati Rainfall Station

Ranking
Total of RanksPDF
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27. Rangpur Station

 
 
 
 
 
 

28. Sandwip Station 

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 5 2 7 19 0.071206 0.977313

Log Normal 3 parameter 4 4 3 1 12 0.074075 0.989815

Pearson Type 3 6 7 4 2 19 0.084844 0.989686

Gamma 2 2 6 5 15 0.156971 0.98026

Extreme Value 1 7 6 5 4 22 0.086009 0.98109

Gerenalized Extreme Value 1 1 6 5 13 0.156971 0.98026

Log Pearson Type 3 3 3 1 3 10 0.063886 0.986734

Log Pearson Type 3 is the best suited probability Distribution function for Rangpur Rainfall Station

Ranking
Total of RanksPDF

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 7 7 4 5 23 0.071713 0.938487

Log Normal 3 parameter 3 1 2 3 9 0.046746 0.97349

Pearson Type 3 6 6 3 2 17 0.066252 0.975933

Gamma 4 2 7 6 19 0.482848 0.932671

Extreme Value 1 5 5 5 4 19 0.09254 0.942426

Gerenalized Extreme Value 2 3 6 7 18 0.215996 0.858548

Log Pearson Type 3 1 4 1 1 7 0.044202 0.979329

Log Pearson Type 3 is the best suited probability Distribution function for Sandwip Rainfall Station

Ranking
Total of RanksPDF

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software
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29. Satkhira Station 

 
 

 
 
 
 

30. Syedpur Station

 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 6 4 1 17 0.245674 0.990388

Log Normal 3 parameter 3 3 5 3 14 0.343039 0.989937

Pearson Type 3 1 1 6 7 15 0.445494 0.622807

Gamma 5 5 1 5 16 0.139701 0.982987

Extreme Value 1 2 2 3 2 9 0.228665 0.990309

Gerenalized Extreme Value 4 4 7 4 19 0.669184 0.988309

Log Pearson Type 3 7 7 2 6 22 0.161927 0.958807

EV1 is the best suited probability Distribution function for Satkhira Rainfall Station

Ranking
Total of RanksPDF

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 7 7 3 3 20 0.392241 0.98114

Log Normal 3 parameter 2 2 7 2 13 3.54102 0.987045

Pearson Type 3 5 5 1 1 12 0.221687 0.990719

Gamma 3 1 2 4 10 0.311736 0.97377

Extreme Value 1 1 3 4 7 15 0.396573 0.787657

Gerenalized Extreme Value 4 4 6 5 19 0.412768 0.78786

Log Pearson Type 3 6 6 5 6 23 0.405786 0.787722

Gamma is the best suited probability Distribution function for Syedpur Rainfall Station

Ranking
Total of RanksPDF

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software
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31. Sitakunda Station

 
 

 
 
 

 
32. Srimongol Station

 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 7 5 3 4 19 0.248275 0.956454

Log Normal 3 parameter 2 2 4 6 14 0.248306 0.94421

Pearson Type 3 3 1 2 1 7 0.179955 0.982722

Gamma 4 3 6 3 16 0.363322 0.958848

Extreme Value 1 5 6 5 2 18 0.352396 0.963084

Gerenalized Extreme Value 1 4 7 7 19 0.745803 0.909713

Log Pearson Type 3 6 7 1 5 19 0.147794 0.952143

Pearson 3 is the best suited probability Distribution function for Sitakunda Rainfall Station

Ranking
Total of RanksPDF

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 5 2 4 16 0.083461 0.919385

Log Normal 3 parameter 4 3 3 3 13 0.094636 0.938146

Pearson Type 3 2 4 5 1 12 0.161559 0.963161

Gamma 7 7 7 6 27 0.231116 0.916874

Extreme Value 1 6 6 4 5 21 0.127595 0.91803

Gerenalized Extreme Value 1 1 6 7 15 0.228237 0.851692

Log Pearson Type 3 3 2 1 2 8 0.080949 0.957794

L Pearson 3 is the best suited probability Distribution function for Srimongol Rainfall Station

Ranking
Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

PDF
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33. Sylhet Station

 
 
 
 
 
 

34. Tangail Station

 
 
 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 6 5 4 5 20 0.060359 0.952536

Log Normal 3 parameter 4 2 5 3 14 0.088294 0.977428

Pearson Type 3 3 3 2 2 10 0.056801 0.979697

Gamma 7 7 6 6 26 0.109027 0.927507

Extreme Value 1 5 6 3 4 18 0.05978 0.961771

Gerenalized Extreme Value 1 4 7 7 19 0.167954 0.926434

Log Pearson Type 3 2 1 1 1 5 0.042487 0.981088

Log Pearson Type 3 is the best suited probability Distribution function for Sylhet Rainfall Station

Ranking
Total of RanksPDF

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 4 4 5 18 0.151655 0.811343

Log Normal 3 parameter 1 1 3 4 9 0.114924 0.913018

Pearson Type 3 2 2 5 3 12 0.162115 0.915043

Gamma 7 6 7 6 26 0.597471 0.775194

Extreme Value 1 6 5 1 1 13 0.07473 0.983216

Gerenalized Extreme Value 4 3 6 7 20 0.288521 0.609248

Log Pearson Type 3 3 7 2 2 14 0.107966 0.918222

LN3 is the best suited probability Distribution function for Tangail Rainfall Station

Ranking
Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

PDF
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35. Teknaf Station 

 

RMSD PPCC

K-S Test Chi Square Test Root Mean Square Deviation Probability Plot Correlation Coefficient Value Value

Log Normal 2 parameter 5 5 3 3 16 0.179703 0.925159

Log Normal 3 parameter 3 3 1 6 13 0.169249 0.91388

Pearson Type 3 2 2 5 2 11 0.301645 0.932647

Gamma 7 4 4 7 22 0.190058 0.832643

Extreme Value 1 4 6 2 4 16 0.176696 0.924964

Gerenalized Extreme Value 1 1 7 5 14 0.394915 0.917138

Log Pearson Type 3 6 7 6 1 20 0.31107 0.937246

Pearson Type 3 is the best suited probability Distribution function for Teknaf Rainfall Station

Ranking
Total of Ranks

* K-S test and Chi Square test ranking were auto generated for Maximum daily rainfall in Easyfit software

PDF
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Appendix E 
Isopluvial maps for different return periods  
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