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Study on Probability Distribution of Rainfall in Bangladesh
Nadia Nowshin*, Miah M. Hussainuzzaman™", Md. Sabbir Mostafa Khan™"

ABSTRACT

Probability Distribution is an important concern for a resource constraint country like Bangladesh.
Reliable estimate of probability distribution with respect to various climatic parameters is a valuable
guide for policy makers in determining return period and risk analysis of flood, drought, cyclones and
other extreme climate events for the fixation of infrastructure required in future. Standard set of rainfall
data for has been collected for 34 rainfall stations from Bangladesh Meteorological Department
(BMD). Chi-square values were calculated for annual rainfall, pre, post and regular monsoons for each
station by 6-types of probability distribution methods. From the analysis of weighted average method,
best fitted distribution has been determined for each station and for the whole country.
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INTRODUCTION

Probability distribution study is useful to estimate design variables for hydraulic structures,
crop yield forecasting (Sarker et. al., 2012), predicting favorable and unfavorable climatic
events. Climate unpredictability and change in climatic parameters have direct influence on
environment and human existence. A negative change in the climate, always have its
corresponding dysfunctional impacts on man and the ecosystem globally or locally. Flooding,
poor agricultural yields, famine, and even death are some of the catastrophic effects of
drastic climate change. Knowledge and information on the climatic variation parameters in
an environment is very vital for environmental study assessment and proper planning.
Therefore, the importance of knowing the future climatic variation parameters cannot be
under-estimated (Olusina et. al. 2012). Previously, several researches have worked on
probability distribution both in Bangladesh and abroad. Recently, several international
studies of probability distribution have been performed by Wilson and Toumi (2005),
Hanson and Vogel (2008), Sen and Eljadid (1999), Yue (2000), Michaelides et. al. (2009),
Ben-Zvi (2009), Zaharim et. al. (2009), Morgan et. al. (2009), *Monahan (2006), Monahan
(2006), Sherwood et. al. (2006), Kysely (2002), Krumm and Hariharan (2004),
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Punyawardena and Kulasiri (1996), Exell (1981), Pryor et. al. (2005), Ishihara et. al. (2005),
Jaramillo and Borja (2004), Gierens et al. (1999), Haag et. al. (2003) and Zhang et al. (2003).
In Bangladesh different studies associated with probability distribution were performed by
Hossain et. al. (2002), Rashid et al. (2012), Saleque (1991) and Akhter (1992). BMD and
BWDB data were used for these studies for mainly temperature and rainfall parameters.This
study aimed at probability distribution of rainfall data in different weather stations of
Bangladesh. BMD data of 34 meteorological stations are used in this research.

STUDY AREA AND METHODOLOGY

Study area & data

Bangladesh, a land of worlds one of the largest deltaic fluvial system, experienced a
subtropical monsoon climate characterized by wide seasonal variations in rainfall, moderately
warm temperatures and high humidity.For this particular analysis Bangladesh Meteorological
Department's (BMD) data set were used. Among the 34 rainfall stations 27 had data between
1980 and 2008; Dinajpur had a bit larger data from 1980-2009. The rest 6 stations had
smaller data, i.e. Chandpur and Patuakhali: 1981-2008, Chuadanga: 1989-2004, Mongla:
1991-2008, Syedpur: 1991-2004 and Tangail: 1987-2008.

Methodology

The collected climatic data are in complex format which were not suitable for analysis. At
first the data were processed by spreadsheet program (LibreOffice Calc, Microsoft Office
Excel 2003) to convert raw data into monthly total data series for rainfall. All the data are
checked thoroughly. From the visual observation the wrong data (abrupt values) have been
discarded from the data set. Some common error were found in data set like negative, starry
(**) sign instead of real value. May be it was due to punching error. These types of error
were also deleted from data set.

Data analysis

The collected and processed data series are analyze mainly in two steps those are following
e Preliminary analysis
e Probability distribution studies

Preliminary analysis

To get the data more systematically the monthly data set was arranged considering various
variables. The formulated variables are annual, total pre-monsoon (March to June), total
monsoon (July to October), and, total post-monsoon (November to February). These four
variables are used for the probability distribution studies. There are many continuous



probability distribution in addition to the normal distribution (Hann, C.T., 1977). Several
probability distribution functions has been considered in this research, those are,

Normal distribution

Uniform distribution

Exponential distribution

Log normal distribution

Poisson distribution

EV-1 distribution

For each of the 34 data sets above six distributions are carried out by a spreadsheet software.
(Libreoffice Calc, Microsoft Office Excel). The spreadsheet is programmed to make
frequency distributions from the data sets and carry out probability distribution analysis to
determine the chi-square value for that data.
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Tabulation of Chi-Square value

After the estimation of chi-square value, the summary of chi-square values of six probability
distributions of every station has been presented in tabular form in Appendix-1. Summary
from each of the four selected variables have been listed in different tables.

Goodness of fit test and estimation of Chi-square value

To test the goodness of fit of data series to probability distributions, “Chi-Square Goodness of
Fit Test” method have been carried out. For every six distribution, for the data series of each
station, Chi-square value has been estimated. For any particular variable for the data set of a
rainfall station, a lower chi-square value indicates better fitness of data in a particular
distribution. To get a combined result from all the stations data, chi-square results from each
rainfall station are ranked by converting them to an uniform scale so that sum of the scaled
values of the six distributions equals to unity. These scaled scores for each type of
distribution for all the 34 stations are added to determine a single best fit distribution for all
the station. The distribution scoring lowest aggregate have been selected as the best
distribution for overall fitness. To compare the difference among the six distributions, the
ratio of the values were calculated with the lowest value as unity. This formulation for the
combined best fit value has been shown in a side-by-side parallel table of the tabulated chi-
square values.

Comparison of Chi-square value with critical Chi-square value

Chi-square value of selected best fitted distribution for each variable of every station of each
climatic parameter has been compared with critical chi-square value for 95% confidence
level. The data set fits the selected best fitted distribution adequately when computed Chi-
square value smaller than the critical Chi-square value.



RESULTS AND DISCUSSIONS
Probability Distribution of different Rainfall Variables

The four variables, i.e. annual, pre-monsoon, monsoon and post-monsoon data series fits best
in different distributions. Annual and monsoon data follows normal distribution. Pre-
monsoon and post-monsoon data series follows EV-1 distribution. For all four parameters,
log-normal distribution is ranked second with marginal difference from the best fitted value.
The summary of results is presented in the following table; the analysis and results are
presented in the appendix.

Table 1: Summary of best-fitted probability distribution for rainfall data

Parameter Annual Pre-monsoon Monsoon Post-monsoon
Rainfall Normal EV-I Normal EV-I

Comparison of Chi-square value with critical Chi-square value

For different rainfall variable, it has been seen that the chi-square value for the best fitted
distribution for each variable are within in the range of critical chi-square value in most cases
with 95% confidence level. The values meeting 95% confidence level are indicated by thicker
fonts in the tabulated chi-square values in the Appendix.

Table 2: Calculation of critical chi-square values for 95% confidence level

Name of the distribution k | v =k-I-1 Corresponding chi-square value for 95%
confidence level
Normal distribution 5 2 2 5.99
Uniform distribution 5 2 2 5.99
Exponential distribution 5 1 3 7.81
Log-normal distribution 5 2 2 5.99
Poisson distribution 5 1 3 7.81
EV-1 distribution 5 2 2 5.99

K = number of class intervals
| = number of parameter

Table 3: Summary of chi-square tests for different distributions for all 4 parameters

Parameters Different distributions
Normal Uniform Exponential | Log-Normal Poisson EV-1
Annual 1.00 (24)* 4.59 (4) 26.91 (0) 2.35(21) 161.07 (0) 34.33 (18)
Pre-monsoon 1.72 (18) 3.06 (10) 7.05 (0) 1.31 (24) 137.25 (0) 1.00 (25)
Monsoon 1.00 (27) 4.60 (5) 21.40 (0) 1.25 (24) 140.37 (0) 38.84 (13)
Post-monsoon 3.67 (16) 7.07 (3) 4.21(7) 2.82 (13) 152.93 (0) 1.00 (29)




# Relative values of chi-square test aggregates along the row for different distributions — smaller is better. The value in the

parenthesis indicates the number of stations that met the critical chi-square value out of the 34 stations.

CONCLUSIONS

From the probability distribution study of rainfall, it can be understood that, particular
variable follows particular probability distribution. From the analysis of weighted average
method, best fitted distribution has been fixed for a particular variable of rainfall. The annual
and monsoon rainfall fits better with normal distribution whereas, pre and post monsoon
rainfalls fit EV-I distribution. Comparison of chi-square value with critical chi-square value,
it can be concluded that most of the chi-square value for the best fitted distribution for rainfall
within in the range of critical chi-square value with 95% confidence level.
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Table A? Determination of Bext Fit Diztribution

Scaling
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Chi-:quare value: of Rainfall Data for different probability distribution:
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Scaling
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