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Abstract

The coastal area of Bangladesh is highly vulnerable to climate change. Unpredictable rainfall or
changes in rainfall patterns might have negative impacts on its socio-economic culture along with
its ecosystem. Therefore, the aim of this study is to investigate the spatial distribution and trends
of rainfall in the Coastal region of Bangladesh for the period 1980-2019. The Coefficient of
Variation (CV) and Precipitation Concentration Index (PCI), Seasonality Index (SI), Standardized
Anomaly Index (SAI) are calculated to observe the spatial variability and distribution of rainfall in
the coastal region. For visualizing with a geographic information system, Inverse Distance
Weighting method was used. To identify the trend of rainfall and its magnitude of changes Mann-
Kendall and Sen's slope method are used respectively. The results show that the minimum annual
rainfall of 1674 mm is observed in the coast of South-West which rises up to 4191 mm in the
South-East coast. Above 70% of annual rainfall occurs during Monsoon with a uniform distribution
and low variability. Maximum values of annual PCI are observed in the South-East coast and
majority of the study area is characterized by irregular rainfall distribution. SI shows a significant
increasing trend for the entire coastal area. SAI indicates a longer drier period for the South-West
in recent years. The annual rainfall trend analysis shows mainly the zones exposed to the Bay of
Bengal have an increasing trend at 95% level of confidence among which the South-East coast is
experiencing a significant increasing trend. The seasonal rainfall trend analysis shows that the
South-East region shows an increasing trend for Pre-Monsoon, Monsoon and Post-Monsoon
whereas the South-West region has the increasing trend for Monsoon and Post-Monsoon. For the

winter season, both regions show a negative trend.
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Chapter One : Introduction

1.1 Background of the Study

Coastal zone of Bangladesh is geomorphologically and hydrologically dominated by the Ganges
Brahmaputra Meghna (GBM) river system and Bay of Bengal (Ahmad H, 2019) . The coastal areas
of Bangladesh is different from rest of the country not only because of its unique geo-physical
characteristics but also for different socio political consequences that often limits people’s access
to endowed resources and perpetuate risk and vulnerabilities. Coastal areas include coastal plain
islands, tidal flats, estuaries, neretic and offshore waters. It extends to the edge of a wide (about 20
km) continental self. A vast river network, a dynamic estuarine system and a drainage basin
intersect the coastal zone, which made coastal ecosystem as a potential source of natural resources,
diversified fauna, and flora composition, though there also have immense risk of natural disasters
(M. Shamsuddoha & R. K. Chowdhury, 2007).

Bangladesh is considered to be highly vulnerable in the context of climate change. It 1s frequently
at the mercy of the forces of nature, especially water from the sky, land, and sea (R. Kabir et al.,
2014). The coastal region of Bangladesh covers about 20% of total land area and over 30% of the
cultivable lands of the country. It includes highly diverse ecosystems e.g ., the world’s largest single
tract of mangroves (the Sundarbans), beaches, coral reefs, dunes, and wetlands (M.H. Minar et al.,
2013).

The total population of the coastal area is almost 35.07 million, which is around 29% of the total
population of the country and more than half of them (around 52%) are poor. The people of this
region use the land areas for agriculture, livestock rearing, fishing, shrimp culture, and salt
production. Unpredictable rainfall and associated extreme events could have negative
impacts on the ecosystem, agriculture, business, health, and the overall livelihoods of the common
people. (Hasanetal., 2014). However, the areas are extremely prone to natural disasters like coastal
flooding, cyclones, storm surges, erosion, salinity, arsenic contamination (Parvin et al., 2008).
The people in the coastal region are highly dependent on the natural resources for their livelihood.
Increasing trends of climate change related vulnerabilities and natural disasters gradually making
people’s life more helpless. Change in rainfall patterns can affect the overall livelihood of the

residents in the area.
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1.2 Objective and purpose of the Study

e To understand the annual and seasonal rainfall variations and trends in the Coastal zones
e To observe the trends of the extreme rainfall events in the Coastal zones
e To comprehend the changes in rainfall distribution among the seasons

e To identify the vulnerable regions in the Coastal zones

1.3 Scope of work

This study aims to provide information about the mean annual rainfall, seasonal rainfall, spatial
annual rainfall variability, and inter seasonal rainfall variability in the coastal region of Bangladesh.
Analysis of the precipitation concentration index for both annual and seasonal rainfall is also a
pursuit of the study. Using the seasonality index and trend analysis, the study will provide a picture

of the ongoing change in the rainfall pattern in the past few decades.

1.4 Limitation

The study is done with s secondary data set. Moreover, some of the stations have missing rainfall
data. For example, Rainfall data for Ambagan gauge station was available from the year 1999. For
Mongla gauge station, it was available from the year 1991and Chittagong has missing data from

2004 to 2007. For the study, these missing data were skipped.

1.5 Thesis Book layout

In Chapter 2 the previous work on the context of rainfall variability and trend analysis has been
reviewed for Bangladesh and other parts of the world. The Chapter 3 consists of the declaration of
our study area and the methodology we have followed to conduct the work. The results and findings
of the study are presented in Chapter 4. The data tables, the GIS figures, and bar charts are
displayed to illustrate the findings on this chapter. In Chapter 5 the overall conclusions and the
summary of the research is drawn along with the recommendations for future studies and the

reference we have used to complete the thesis work.
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Chapter Two : Literature Review

2.1 General

Rainfall variability in space and time is one of the most relevant characteristics of the climate of
Bangladesh. From the previous studies on the variability and trend of rainfall due to the continuous
climate change in the past several decades helps us to evolve the understanding of the rainfall
pattern. The summary of such studies related to Bangladesh and foreign countries are detailed in

this chapter.

2.2 Rainfall studies in Bangladesh
2.2.1 Analysis of Rainfall Trends in the South-East Bangladesh:

For the period of 1980 to 2011, the annual and seasonal trends of rainfall in the South-East region
of Bangladesh was conducted in the paper. For the analysis, Non-parametric tests such as Mann-
Kendall for detecting the rainfall trends and Sen’s Slope for estimating the trends were used in the
study.

An assessment of rainfall data indicates the amount of annual rainfall in South-East Bangladesh is
increasing although this trend is not statistically significant. Seasonal analysis reveals the least
amount of rainfall occurs in winter and it is getting drier. However, trends analysis indicates the
other three seasons, e.g. Pre-Monsoon, Rainy Monsoon and Post Monsoon, are becoming wetter.
It is important to note that among all the seasons rainfall in Pre-Monsoon is increasing significantly

(significant at p= 0.05 level) and the rate of increase is 8.5 mm/year. (Hasan et al 2014)

2.2.2 Spatial and Temporal Variability of Rainfall over the South-West Coast of Bangladesh:

This study examined the spatial and temporal rainfall variability from the 1940s to 2007 in the
south west coastal region of Bangladesh. The rate of change was found in the exposed zone and
interior zone are +12.51 and +4.86 mm/year, respectively, over post monsoon and +0.9 and +1.86
mm/year, respectively, over winter. These trends intensified both in the exposed zone (+45.81
mm/year) and the interior zone (+27.09 mm/year) 1990 onwards. Winter rainfall does not exhibit
significant change (p > 0.1) over the exterior or interior zone, though individual stations like
Jessore, Satkhira and Bhola show significant negative trends after the 1990s. Although the trends
were observed to weaken in the monsoon and pre-monsoon seasons, they are not significant.

Moreover, an 11-year cyclicity was found within these two seasons, whilst no cyclicity was
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observed in the post-monsoon and winter seasons. These changes may have a detrimental effect
on rain-fed agriculture in Bangladesh. The application of palaeo-environmental techniques,
threshold determination and rainfall analysis across the whole country could be useful to support

adaptation planning of the rain-fed agro-economy in Bangladesh (Hossain et al., 2014)

2.2.3 Precipitation Concentration in Bangladesh over Different Temporal Periods

The purpose of this study was to analyze precipitation concentration rates in different regions of
Bangladesh using the precipitation concentration index (PCI) and the inverse distance weighting
method. In this study, the rainfall data from 30 meteorological observation stations across
Bangladesh were collected for the period 1980 to 2011. We defined periods of varying lengths
(i.e., annual, supraseasonal, seasonal, and three- and two-month rainfall concentrations) and
compared their PCI values. The results showed that precipitation concentrations were mostly
irregular when rainfall was concentrated within two to four months of the year. Higher PCI values
were mainly identified in the eastern region and have strong seasonal influences, whereas lower
PCI values were mostly observed in the northern region. The analyses of periodic variation and
precipitation in Bangladesh generally follow through the SW-NE direction due to the summer
monsoon, while during the winter monsoon, they follow the N-S direction where JAS and JFM
showed higher and lower PCI values. At a two-month scale, significant changes were identified
during transition periods where PCI values were lower from 2000 to 2011 than those in the earlier
decades (Mondol et al, 2018).

2.2 4 Rainfall variability and changes in Bangladesh during the last fifty years

The results of this study show that rainfall in Bangladesh varies from 1527 mm in the west to 4197
mm in the east with a mean of 2488 mm. More than 89% of rainfall occurs during May to October.
Coefficient of variation of annual rainfall shows a moderate inter-annual variability of rainfall in
most parts of the country. The trend analysis using Mann-Kendall method reveals the presence of
a positive trend in annual rainfall of Bangladesh at 90% level of confidence. The magnitude of
change of annual rainfall estimated by Sen's slope estimator shows that the annual rainfall of
Bangladesh has increased at a rate of +5.53 mm yr-1 in the last fifty years (1958-2007). A
significant increase in pre-monsoon rainfall at a rate of 2.47 mm yr-1 at 99% level of confidence

is also observed over Bangladesh. (Shahid, Shamsuddin. 2012)
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2.2.5 Detection of changes and trends in climatic variables in Bangladesh during 1988-2017

Due to the importance of climatic variability, an assessment detecting the changes and trends has
been carried out over different time series of major climatic variables from the records of
meteorological stations over Bangladesh from 1988-2017. The results show that the average
monthly maximum temperature (T max) and minimum temperature (T min) have increased
significantly by 0.35 °C/decade and 0.16 °C/decade, respectively. However, the increase in T max
1s comparatively higher than T min and caused significant increases in the monthly temperature
range (MTR) at a higher rate in winter than in the monsoon season. The monsoonal and annual
precipitation have decreased by 8735 mm/decade and 107 mm/decade, respectively. The
monsoonal T max and T min (0.47 °C/decade and 0.38 °C/decade, respectively) have increased
significantly in the NW; consequently, this region has been warmed by 0.27 °C/decade. Humidity
changes are not significant except in the monsoon season across the country. Precipitation, WS,

and humidity are negatively correlated with the temperature variables. (Md. H. R. Khan et al 2019)

2.2.6 Spatiotemporal trends in the frequency of daily rainfall in Bangladesh during 1975-2017

This study aims to explore the spatiotemporal trends in the frequency of daily rainfall using
different statistical models based on 23 station data from 1975 to 2017 in Bangladesh. The
statistical results show that the frequency of rainfall ranges of <5 mm, > 10 to < 15 mm, > 15 to
<20 mm, and > 25 to < 30 mm exhibited an increasing trend while rainfall ranges of > 5 to < 10
mm, > 20 to <25 mm, > 30 to < 35 mm, and > 35 mm displayed a decreasing trend (p > 0.10). The
jump test results indicate that only one jump occurred in the average rainfall ranges of > 15 to <
20 mm (p < 0.10). The changes in temporal trends of different rainfall frequency ranges show an
irregular pattern during the study period. The spatial map of trends among various rainfall ranges
over sub-climatic regions is heterogeneous in nature which varies from region wise and station
wise. The probability density function (PDFs) of rainfall frequency ranges will move upward in

the future and broaden with an increase in the forthcoming period. (A. R. Md. T. Islam et al 2020)

2.2.7 Climatic feature of heavy rainfall activities in monsoon season and its socio-economic impact
in Bangladesh

An attempt has been made to understand the heavy rainfall situation of Bangladesh by using rainfall
data during the period 1951-2006. Daily rainfall data has been analysed as because heavy rainfall
within a short period creates water logging as well as deteriorate flood situations by disrupting the
capacity of drain canals and rivers. It has been found that in June, July, August and September the

country averaged frequencies of moderately heavy rainfall are 3.30, 3.54, 3.08 and 248
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respectively; frequencies of heavy rainfall are 220, 231, 1.82 and 1.34 respectively and
frequencies of very heavy rainfall are 0.98, 1.02, 0.68 and 0.47 respectively. But the frequencies
of total heavy rainfall are 6.17, 6.57, 5.54 and 4.29 respectively. The linear trends of all the
categories of rainfall are mostly positive during the period. The higher frequencies of heavy rainfall
are found either in the northeastern or in the southeastern parts but the lower frequencies are mainly

concentrated in the central or west-central regions of Bangladesh. (Md. Mannan 2008)
2.2.8 Rainfall variability and seasonality in northern Bangladesh

This paper aimed at the analysis of rainfall seasonality and variability for the northern part of
South-Asian country, Bangladesh. The coefficient of variability was used to determine the
variability of rainfall. While rainfall seasonality index (SI) and mean individual seasonality index
(SIi) were used to identify seasonal contrast. We also applied Mann-Kendall trend test and
sequential Mann-Kendall test to determine the trend in seasonality. The lowest variability was
found for monsoon among the four seasons whereas winter has the highest variability. Observed
variability has a decreasing tendency from the northwest region towards the northeast region. The
mean individual seasonality index (0.815378 to 0.977228) indicates that rainfall in Bangladesh is
Markedly seasonal with a long dry season. (Bari et al., 2016)

2.2.9 Trends in extreme rainfall events of Bangladesh

A study of the variability of the extreme rainfall events in Bangladesh during the time period 1958—
2007 has been carried out in this paper. Quality-controlled homogeneous daily precipitation
records of nine stations distributed over Bangladesh are used for the study. A total of 15 annual
and seasonal indices of rainfall are examined. A significant increase of annual and pre monsoon
rainfall in Bangladesh is observed. In general, an increasing trend in heavy precipitation days and

decreasing trends in consecutive dry days. (Barietal., 2016)
2.2.10 Statistical Analysis of Rainfall Trend and Variability Due to Climate Change in Bangladesh

A study period from 1965-2015 has been taken in which daily rainfall records of 8 stations,
distributed all over the country have been examined. It has been observed that about 69% of rainfall
occurs in the Monsoon season throughout the country. Monsoon and Post-Monsoon season shows
a significant increasing trend whereas Pre-Monsoon and Dry season shows significant decrease. It
has been revealed that Khulna has a significant increase in mean annual rainfall trend. Annual
mean rainfall in Bangladesh is found to be 2388 mm/year from this study. Monthly mean and
extreme event indices are also analyzed where the trend is decreasing for the extreme event. In
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case of annual, seasonal and extreme rainfall, most of the stations have a negative trend so it is
seen that the rainfall is decreasing all over the country in the 51 years study period. (Md. R. karim
et al, 2020)

2.2.11 Application of Standardized Precipitation Index to assess meteorological drought in

Bangladesh

The present research has been carried out to examine the frequency of meteorological droughts in
Bangladesh using the long-term rainfall data of 30 meteorological observatories covering the
period of 1948-2011. The results indicate that droughts were a normal and recurrent feature and it
occurred more or less all over the country in virtually all climatic regions of the country.
Bangladesh experienced drought in the years 1950, 1951, 1953, 1954, 1957, 1958, 1960, 1961,
1962, 1963, 1965, 1966, 1967, 1972, 1973, 1975, 1979, 1980, 1983, 1985, 1992, 1994, 1995, 2002,
2004, 2006, 2009 and 2011 during the period 1948-2011. The eastern southern sides of the districts
Chittagong, Rangamati, Khagrachhari, Bandarban and Teknaf were vulnerable. In the central
regions, the districts of Mymensingh and Faridpur were more vulnerable than other districts. (Islam

etal, 2019)

2.3 Global Studies on Rainfall analysis

2.3.1 Analysis of spatial variability and temporal trends of rainfall in Amhara region, Ethiopia

This study investigated the spatial distribution and temporal trends of rainfall in the Amhara region
using time series rainfall data of Climate Hazards Group Infrared Precipitation with Stations
(CHIRPS) for the period 1981-2017. Results showed that the region has been experiencing
variable rainfall events that cause droughts and floods over different years. SAI also witnessed the
presence of inter-annual variability of rainfall with negative and positive anomalies in 59.46% and
40.54% of the analyzed years, respectively. PCI and SI results implied that the area had irregular
and strong irregular rainfall distribution. Trend analysis results showed an overall increase in the
annual and seasonal rainfall (except winter) during the study period. (Alemu, M. M. & Bawoke,
G. T, 2019)

2.3.2 Rainfall Trend Analysis By Mann-Kendall Test: A Case Study Of North-Eastern Part Of
Cuttack District, Orissa

The present study is mainly concerned with the changing trend of rainfall of a river basin of Orissa
near the coastal region. The Zc value of MK Test represents both positive and negative trend in the

area although not much significant. Individually months of January, May, June, September,
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October and November are showing positive trend and months of February, March, April, July,
August and December are depicting negative trend in the Z. value. Sen’s Slope is also indicating
increasing and decreasing magnitude of slope in correspondence with the MK Test values. (Mondal

et. al., 2012).
2.3.3 Seasonal Rainfall Trend Analysis

This study aims to detect the trend in seasonal rainfall of four rainy months i.e., June, July, August,
and September. The Z value of Mann-Kendall test showed positive and negative trend for the rainy
months. Among the four rainy months, negative trend was observed for June and September, but
for July and August positive trend was observed. From all statistical tests result it was indicated

that there was some change in the trend of rainfall of the rainy months (Pandit, D. V_, 2016).

2.34 Trend in Standardized precipitation Index and Standardized anomaly index in context of
climate change in southern Togo

This study aimed to investigate the temporal trend analysis in annual temperature and rainfall in
the Southern Togo for the 1970-2014 period. Mann-Kendall statistical test for the mean annual,
mean annual minimum and maximum temperature from 1970 to 2014 showed significant warming
trends for all stations except Kouma-Konda where mean annual maximum temperature had
exhibited nonsignificant cooling trend (P =0.01). Standardized Precipitation Index in the 12-month
time scale, drying tendency dominates Atakpamé (55.7%) and Kou-ma-Konda (55.5%) while wet
tendency dominates slightly Lomé (50.9%) and Tabligbo (51.4%) (Koudahe et. al., 2017).

2.3.5 Changes in Seasonality Index Over Sub-Divisions of India During 1951-2015

In the study, trend analysis clearly showed the climate change impact on northwest sub-divisions
of the country showing increase in SI values leading to dryness during the monsoon season. The
negative trend in SI values was observed in Sub- Himalayan West Bengal, Haryana-Delhi-
Chandigarh, Punjab, Jammu & Kashmir, West and east Rajasthan, coastal Andhra Pradesh
showing increasing wetness for an already wet months although rainfall occurs in a very short

period of just a month or two (Nandargi, S. S, et. al., 2017).

As most of the previous studies on rainfall variability and trend analysis in Bangladesh
were done for either the whole country or a certain portion of coastal regions, we have decided to

do our study on whole coastal regions of Bangladesh from 1980 to 2019.
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Chapter Three : Study Area And Methodology

3.1 General

In this section the location of the study area and the data collection method will be described.

3.2 Study Area

The coastal zones of Bangladesh is towards the Southern region of the country. Covering an area

of 47,201 km?, which is almost 32% of the country’s land area. It is geomorphologically and

hydrologically dominated by the Ganges Brahmaputra Meghna (GBM) river system and Bay of

Bengal (Ahmad, 2019). The landward coastal zone consists of 19 districts (Bagerhat, Barguna,

Barisal, Bhola, Chandpur, Chittagong, Cox’s Bazar, Feni, Gopalgonj, Jessore, Jhalakhati, Khulna,

Lakshmipur, Narail, Noakhali, Patuakhali, Pirojpur, Sarkhira, Shariatpur) constituting 147 upazilas

(Abu et al., 2003).
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Figure 1: The study area and the distribution of meteorological stations
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Abu M, Kamal U, Rob K. Delineation of the coastal zone Dhaka, PDO-ICZMP, Bangladesh (2003)
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3.3 Data Collection

Daily rainfall data is purchased from Bangladesh Meteorological Department (BMD) for 19

(Sitakunda, Sandwip, Chittagong, Cox’s Bazar, Hatiya, Feni, Kutubdia, M. Court, Teknaf,
Chandpur, Ambagan, Bhola, Patuakhali, Jossore, Barisal, Khepupara, Satkhira, Khulna, Mongla)

coastal stations from the year 1980 to 2018.

3.4 Parts of Analysis

For the study, the coastal area is divided into 2 regions, namely South-East Region and South-West

Region.

23°N

22°N

Legend
@® BMD Gauge Stations

South-East Region

"] South-West Region

21°N

23°N

22°N

21°N

B9°E

Figure 2: South-East and South-West Region of study area

For these regions, Mean Monthly Rainfall, Annual Mean Rainfall and Seasonal Mean Rainfall are

calculated and statistical analysis is performed. For Seasonal Rainfall analysis, 4 seasons are

considered. They are:
1. Pre-monsoon
ii.  Monsoon
iii.  Post-Monsoon

iv.  Dry Season
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3.5 Statistical Analysis

For the statistical analysis of our study, we have conducted the variability analysis and the trend

analysis of the rainfall data.

3.5.1 Variability Analysis

For the parametric analysis, we choose the tests, Coefficient of Variation (CV), Standardized
Anomaly Index (SAI), Precipitation Concentration Index (PCI), and Seasonality Index (SI). All
the calculations and analysis are completed using Microsoft Excel. For visualization of the results,

we have used an open-source GIS software, QGIS and Microsoft Excel.

3.5.1.1 Coefficient of Variation

According to (Alemu & Bawoke, 2019, p. 1505), the coefficient of variation measures the overall
variability of the rainfall in the area of interest. A higher value of CV indicates a rainfall greater

variability and vice versa. It is computed using the formula:
o
CV = —x100
u
where ¢ is the standard deviation and p is the mean rainfall for the chosen temporal scales.

Generally, CV is used to classify the degree of variability of rainfall events into three:

Table 1 | Classification of Coefficient of Variation

Coefficient of Variation (%) Category
<20 Low
20 ~30 Moderate
> 30 High

3.5.1.2 Standardized anomaly index

According to (Alemu & Bawoke, 2019, p. 1505), standardized anomaly index of rainfall has been
calculated to examine the nature of the trends. It enabled the determination of the dry and wet years

in the record and is used to assess frequency and severity of droughts and it is computed as:

Xi—X

SAIL -
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where, Xi is the annual rainfall of the particular year; X is the long-term mean annual rainfall over
a period of observation and ¢ is the standard deviation of annual rainfall over the period of
observation. Negative values indicate a drought period as compared to the chosen reference period
while the positive ones indicate a wet situation. SAI is also computed for seasonal scale. SAI value
classification is presented in:

Table 2 | SAI value Classification

SAI Value Category
Above 2 Extremely wet
1.5t0 1,99 Very wet

1.0 to 1.49 Moderately wet
-0.99 t0 0.99 Near normal
-1.0to-1.49 Moderately dry
-1.5t0-1.99 Severely dry

-2 or less Extremely dry

3.5.1.3 Precipitation concentration index (PCI)

The PCI indicates the distribution of monthly rainfall and can be used as an indicator of
hydrological hazard risks such as floods and droughts. In other words, intensive rainfall is
considered to be uniform if it occurs throughout the time period, but if it occurs within a narrow
subset of the time period, then its distribution is considered to be irregular. PCI was calculated on
an annual scale for each grid point according to the equation:

SiZ, P
1
i=1"1

Where P; is the monthly precipitation in month i. According to Oliver (1980), the suggested

PCI =

categories for the PCI are tabulated below:

Table 3 | PCI Value Classification

PCI Category

<10 Uniform Rainfall distribution
10~ 15 Moderate Rainfall Distribution
16 ~20 An irregular Rainfall distribution

N
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>20

Strong Irregular Rainfall Distribution

3.5.1.4 Seasonality index (SI)

SI is an index which helps to identify the rainfall regimes on the monthly distribution of rainfall.

Moreover, this index quantifies the degree of variability in monthly rainfall through the year. The

higher the seasonality index of a region the greater the water resource variability and scarcity in

time, the more vulnerable the area to desertification. SI is simply the sum of absolute deviations of

mean monthly rainfall from the overall monthly mean, divided by the mean annual rainfall. The

computation of SI is done using the formula:

12

SF 12
- 5.

=1

— P
P~z

where, F[ is the mean rainfall (mm) of the i * month, and P is the mean annual rainfall (mm). The

index varies from zero, if all the months have equal rainfall, to 1.83 if all the rainfall occurs in a

single month. Kanellopoulou (2002) suggests the following rainfall regime for different SI values:

Table 4 | SI Value Classification

SI Rainfall regime

<0.19 Very equable

0.20 t0 0.39 Equable but with a definite wetter season
0.40t0 0.59 Rather seasonal with a short drier season
0.60 to 0.79 Seasonal

0.80 t0 0.99 Markedly seasonal with a long drier season
1.00to 1.19 Most rain in 3 months or less

=120 Extreme, almost all rain in 1-2 months

14 |Pa
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3.5.2 Trend Analysis

For trend analysis we have conducted the Mann-Kendall (MK) test and Sen’s Slope Estimator to

detect and quantify the possible trends in the time series data.

3.5.2.1 Mann-Kendall (MK) test

According to the MK test, this study tested the null hypothesis (H,) of no trend, that is the
observations xi are randomly ordered in time, against the alternative hypothesis (H,), where there
is a monotonic (increasing or decreasing) trend in the time series. The MK statistics S is calculated

using the formula

S = Xty Xjtie 800X — X;)
where n is the length of the dataset, x; and x; are two elements of the considered time series at the
time step 1 and j, respectively,
=1, (x—x)<0
sng(xj -x) =140, (xj — xi)=0
L, (%5-=x)<0
If the dataset is identically and independently distributed, then the mean of S is zero and the
variance of S is given by
Var(S) = ll—B[n(n —1)(2n+5) — X8, ti(t: — 1)(2¢; + 5)]

where n is the length of the dataset. m is the number of tied groups (a tied group is a set of sample

data having the same value) in the time series and it is the number of data points in the i-th group.

5«1

\Var(s)

A significant level « is also utilized for testing either an upward or downward monotone trend. The

I
Z={0 forS=0
I for§ >0

trend is significant at the 90% confidence level if |Z]| > 1.65, at the 95% confidence level if |Z| >
1.96, and at the 99% confidence level of |Z| > 2.58 (Mandale et al.). The positive and negative Z

values indicate increasing and decreasing trends, respectively (Alemu & Bawoke, 2019).
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3.5.2.2 Sen’s slope estimator

This study used Sen’s slope estimator to calculate the actual slope of time series data trends. If a
linear trend exists, the magnitude of the monotonic trend in hydrologic time series can be quantified

by using the nonparametric Sen’s estimator of slope using the following equation:

(XX
B = med:an( - )
j—i
where § represents the median value of the slope values between data measurements x; and x; at
the time steps i and j (i <J), respectively. Positive value of § indicates an increasing trend whereas
negative value of f§ indicates a decreasing trend. The sign of B reflects data trend direction, whereas
its value indicates the steepness of the trend. The advantage of this method is that it limits the
influence of missing values or the outliers on the slope in comparison with linear regression

According to (Alemu & Bawoke, 2019).

3.6 Analysis of Extreme Rainfall Events

Extreme rainfall events of a year were determined by considering the maximum amount of rainfall
occurring in a single day for the specific year. After determining the events for every station for

the entire study period, the variability analysis and trend analysis were conducted.
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Chapter Four : Results and Analysis

4.1 General

In this section the rainfall variability and trend analysis are upheld for the collected rainfall data

from the two coastal regions.

4.2 Analysis of Mean Monthly Rainfall

The mean monthly rainfall analysis has been conducted separately for the two regions.

Table 5 | Results of mean monthly rainfall in the South-West region

South West region
Month Mea?mRma;"f“" SD (mm) | CV (%) |Z-Value| Slope An(;l:':lrl';;';:::l'lt; "
Jan 945 1330 12079 | -180 | -0.04 0.46
Feb 26.40 28.90 10947 | -105 | -026 130
Mar 4185 47 80 11422 | -103 | -038 2.06
Apr 83.56 55.40 6630 | -111 | -0.79 411
May 202.60 88 40 4363 | 027 | -026 9.97
Jun 370.94 134 60 3629 | -020 | -045 1825
July 432.02 12330 2854 | 271 379 2125
Aug 348 46 102.30 2936 007 | 009 17.14
Sep 293 .80 122.90 4183 143 191 1445
Oct 175.10 105.50 6025 162 | 211 861
Nov 4158 60.80 12622 | 012 | 000 205
Dec 713 13.00 18233 | -0.78 | 000 035

In the South-West region maximum mean monthly rainfall is found for July with a rainfall of
3456.18 mm and a Standard Deviation 0f 986.53 mm. Whereas, December has a minimum rainfall
of only 57 mm with a relatively high Standard Deviation of 103.64 mm. June (2967.50 mm), July
(3456.18 mm) and August (2787.70 mm) contributed the maximum share to the annual rainfall,
18.25%,21.25%, and 17.14% respectively. On the other hand January and December received less
rainfall and contributed 0.46% and 0.35% of the annual rainfall.

The coefficient of variation of July and August are 28.54% and 29.35% which indicate moderate
rainfall variability. The coefficient of variation for the remaining months is greater than 30 |

indicating higher rainfall variability in these months.
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From the trend analysis, the results of the MK test shows a statistically significant increasing trend

for July at 5% level of significance. August, September, October and November have non-

significant increasing trends and the remaining months have non-significant decreasing trends.

Table 6 | Results of mean monthly rainfall in the South-East region

South East region

Month Mm;’mRI;;"fa" SD (mm) | CV (%) | Z-Value | Slope An(;?:;:rlla:l:;:;:lt; "
Jan 535 9.04 169.04 | -1.15 0.00 0.18
Feb 17.84 2181 | 12228 | -086 2011 0.60
Mar 4634 4685 | 10111 | -086 2029 156
Apr 113.05 7552 | 6680 | -120 137 381
May 29423 13887 | 4720 092 160 9.93
Jun 593.98 21857 | 3680 136 530 20.04
July 737.65 22006 | 2983 244 7.95 24 89
Aug 534 87 16625 | 31.08 089 2.10 18.05
Sep 34838 12729 | 3654 264 3.87 11.75
Oct 21620 11250 | 5204 239 3.46 729
Nov 4693 5512 | 117.44 | -107 2044 158
Dec 911 1421 | 15593 | 063 | -0004 031

For the rainfall variability analysis the South-east region also shows the same Monthly

characteristics like the South-West region. But among them more rainfall has occurred in the

South-East region.

But for trend analysis there are some differences between the South-East and South-West region

like, a significant increasing trend is found for July, September and October at 5% level of

significance and November shows non-significant decreasing trend for South-East.

4.3 Analysis of Mean Annual Rainfall

Table 7 | Results of mean annual rainfall in the South-East region

South East region
Mean Annual| STD
. 1 £ (9 YV o h '
Station Rainfall (mm)| (mm) CV (%) |Z-Value [ p-Value | Sen's Slope
sitakunda 3214 791 2461 091 0.36 10.07
sandwip 3646 7182 19.70 1.54 0.12 14.64
chittagong 2967 487 16.41 0.56 0.58 8.10
cox's bazar 3652 697 19.09 0.594 0.55 6.86
hatiya 3165 769.7 2432 2.16 0.03 2577
18 |Page
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feni 2958 6425 21.72 -0.606 0.54 -6.70
kutubdia 3071 737 24.00 0.99 0.32 923

M .court 3121 515 16.50 -1.771 0.08 -12.88
teknaf 4191 693.6 16.55 1:5 0.12 12.47
chandpur 2188 5582 2551 -1.23 022 -9.50
ambagan (from 1999) 3000.05 561.98 18.73 0.332 0.74 6.12

For the SouthEast region, the maximum amount of mean annual rainfall is observed in Teknaf,

4191 mm with a Standard deviation of 693.6 mm. But the Coefficient of Variation for this station

is low compared to the other stations (only 16.55%). The lowest mean annual rainfall is received

by Chandpur with only 2188 mm of rainfall. It also has the highest Coefficient of Variation

(25.51%).

Hatiya has a significant increasing trend at 5 % level of significance and other stations, except for

Chandpur, M. Court, and Feni, have non-significant increasing trends.

Table 8 | Results of mean annual rainfall in the South-West region

South West region
Station Seanmunal STD (mm)| CV (%) | Z-Value | p-Value | Sen's Slope
Rainfall (mm)
Bhola 2243.85 418.89 18.67 237 0.02 -13.48
patuakhali 2613.59 476.97 18.25 -123 0.22 -9.80
jessore 1674.58 320.84 19.16 -0.75 0.44 -4.50
barisal 2080.3 361.42 17.37 -0.85 0.39 -4.60
khepupara 2783.075 415.55 14.93 225 0.03 14.34
satkhira 1710.35 277159 16.23 -0.489 0.62 -2.29
khulna 1825.68 34958 19.15 0.38 0.70 2:32
mongla (from 1991) 1926.17 303.98 15.78 0.131 0.89 0.63

In the South-West region, all the stations have relatively similar mean annual rainfall with

exceptions in Patuakhali and Khepupara. Khepupara has the maximum mean annual rainfall of

2783.1 mm and a Standard deviation of 415.55 mm. Jessore has the lowest value of mean annual

rainfall, 1674 .58 mm.
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Figure 3 | Spatial distribution of CV (%) of annual rainfall of the coastal region

Spatial distribution of the CV of annual rainfall shows that the South-West region has low rainfall
variability, whereas the South-East is characterized by moderate rainfall variability. Most of the
South-East stations (Sandip, Chittagong, Cox’s bazar, M.court, Teknaf, Ambagan) have a

coefficient of variation less than 20% , indicating low rainfall variability. Other stations show

2

moderate rainfall variability.
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Figure 4 | Spatial distribution of Sen’s Slope for annual rainfall (mm/year) in coastal region
20| Page

Scanned by CamScanner



The trend analysis reveals that decreasing trends are observed at the upper portion of both South-

East and West regions. The rate of changes of annual rainfall for Khepupara, Hatia, Sandwip and

Tekanf are more than 10 mm per year.

Annual rainfall anomalies:
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Figure 5 | Annual rainfall anomalies of coastal region for 1980 - 2019 period

In the South-West region the negative anomalies became more pronounced in the 1980s and 2010s.

But for South-East, from 1998 there is a wet period with strong positive anomalies for all the

stations. Maximum values of negative values are observed in the 1980s for the South-West.
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Annual Avg. PCI in South-East Region
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Figure 6 | Annual average PCI in South-East region

The South-East region is observing moderate to irregular rainfall distribution. Maximum PCI is

found at the lower portion of that region.
Annual Avg. PCI in South-West Region
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Figure 7 | Annual average PCI in South-West region
Annual precipitation concentration index shows that Both South-East and West regions are
observing irregular annual rainfall distribution which indicates rainfall is occurring within a narrow

subset of the time period.
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Table 9 | Results of annual Seasonality Index in the South-East region

South- East Region

Station Seasonality Index (SI) Remark
Ambagan (from 1999) 0.85 Markedly seasonal with a long drier season

Chandpur 0.77 Seasonal
Chittagong 0.84 Markedly seasonal with a long drier season
Cox's bazar 09 Markedly seasonal with a long drier season
Feni 0.81 Markedly seasonal with a long drier season
Hatiya 0.84 Markedly seasonal with a long drier season
Kutubdia 0.88 Markedly seasonal with a long drier season
M.court 0.84 Markedly seasonal with a long drier season
Sandwip 0.86 Markedly seasonal with a long drier season

Sitakunda 0.76 Seasonal
Teknaf 0.99 Markedly seasonal with a long drier season

Most of the South-East stations show SI over 0.80 which indicates Markedly seasonal with a long
drier season which means these areas are more vulnerable to desertification. Only chandpur and

sitakunda are showing seasonal rainfall.

Table 10 | Results of annual Seasonality Index in the South-West region

South- west Region

Station Seasonality Index (SI) Remark

Barisal 0.766 Seasonal

Bhola 0.78 Seasonal
Patuakhali 0.82 Markedly seasonal with a long drier season
Khepupara 0.84 Markedly seasonal with a long drier season

Khulna 0.77 Seasonal
Mongla (from 1991) 0.81 Markedly seasonal with a long drier season

Jessore 0.77 Seasonal

Satkhira 0.75 Seasonal

For the South-West most of the stations have seasonal rainfall and remaining stations are facing a
long drier season. So if the whole coastal area is considered it will be shown that the majority of

the area has markedly seasonal rainfall with a long drier season.
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Figure 8 | Seasonality Index of annual rainfall of coastal region for 1980 — 2018 period

Both the South-East and West Region shows a significant increasing trend of SI throughout the

study period. For the South-East Region, the value is above 0.85 from 2006. Which implies, the

rainfall in the South-East Region is markedly seasonal with a long drier season.

4 4 Extreme Rainfall Analysis

Table 11 | Results of Extreme Rainfall in the South-East region

South East Region
i - trend at :
Station Year month | Max rainfall | Z-Value 95% C.L Sen's Slope
ambagan ;
2012 4 0.030 0.113
(from 1999) june 38 3 no
chandpur 1983 june 334 0.012 no 0.000
chittagong 1983 aug 511 -1.144 no -1.406
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cox's bazar 2015 june 467 2.646 yes 2016
feni 2005 jul 420 -1.690 no -1.182
hatiya 2016 oct 403 1.605 no 1.571
kutubdia 1998 jul 422 1.798 no 1.491
M.court 1981 jul 520 -0.781 no -0.745
sandwip 2001 june 590 1.875 no 1.538
sitakunda 2017 jul 347 1.119 no 1.000
teknaf 2010 june 481 2,774 yes 2254

Among all the stations of the South-East region, sandwip has the highest rainfall (590 mm) event
occurred in June 2001.The Z-value of extreme events shows the significant increasing trend in
Cox’s Bazar and Teknaf Other stations except Chittagong, Feni and M.court have the non-

significant increasing trend.

Table 12 | Results of Extreme Rainfall in the South-West region

South West region

Station Year month | Max rainfall | Z-Value J;:/I:d;lt. Sen's Slope
barisal 2019 nov 262 0.13 no 0.07
Bhola 2010 oct 292 0.26 no 0.20
jessore 1986 sep 255 -0.83 no -0.43
khepupara 1995 jul 373 1.56 no 1.38
khulna 1986 sep 430 0.58 no 0.37
mongla (from | o, sep 204 0.56 no 0.53

1991)

patuakhali 1982 june 312 -149 no -1.04
satkhira 1986 sep 302 0.09 no 0.02

In the South-West region the amount of rainfall which causes extreme events is less than in the
South-East region. The Z-value of the different stations of the South-West region shows that every

station has a non-significant increasing trend except Patuakhali and Jessore.
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Extreme rainfall vs Year
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Figure 9 | Annual extreme rainfall (mm) for the coastal regions

The amount of rainfall causing extreme events is following an increasing trend for the South-East

region.

4.5 Seasonal Rainfall Analysis

Table 13 | Seasonal rainfall results for South-East region

South East region
Station Time period | Mean (mm) | STD (mm) | CV (%) | z-stat fl‘::):
Cox's Bazar Pre-Monsoon 44398 203.66 45.87 0.72 2.48
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Monsoon 2870.53 61322 21.36 0.58 6.23
Post-Monsoon 302.6 159 52.54 0.52 1.24
Winter 36.11 33.87 93.80 -1.39 -0.47
Pre-Monsoon 582.63 217.11 37.26 -1.95 -4.44
Monsoon 2075.63 510.35 24,59 -0.58 -3.71
Feni
Post-Monsoon 261.1 156.51 59.94 0.68 1.36
Winter 3831 37.85 98.80 -1.29 -0.5
Pre-Monsoon 554.08 180.18 32.52 -13 -3.97
Monsoon 2269.03 479.65 21.14 -1.45 -9
M. Court
Post-Monsoon 258.33 156.07 60.41 1.93 472
Winter 3924 36.28 92 46 -0.89 -0.43
Pre-Monsoon 568.88 259.03 4553 -0.45 -1.81
Monsoon 2717.44 595.14 21.90 2.12 15.75
Sandwip
Post-Monsoon 32342 194 43 60.12 05 125
Winter 359 38.78 108.02 -1.72 -0.5
Pre-Monsoon 556.55 220.86 39.68 -0.38 =157
Monsoon 232485 650.04 27.96 1.78 17.55
Sitakunda
Post-Monsoon 298.05 207.22 69.53 -0.42 -0.92
Winter 3467 54.05 155.90 -0.52 -0.11
Pre-Monsoon 486.16 284.92 58.61 -1.27 -4.55
Monsoon 1463.98 450.19 30.75 -0.52 -3.25
Chandpur
Post-Monsoon 201.39 112.04 55.63 0.24 0.54
Winter 37.19 36.65 08.55 0.18 0.05
Pre-Monsoon 406.92 213.46 52.46 0.57 2.67
Monsoon 2354.14 642 .44 27.29 1.63 12.46
kutubdia
Post-Monsoon 275.56 140.29 50.91 -0.07 -0.41
Winter 58.75 147.73 251.46 -0.46 -0.13
ambagan (from | Pre-Monsoon 485.96 156.01 32.10 -1.03 -345
1999) Monsoon 2183.1 505.25 23.14 0.69 17.42
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|
Post-Monsoon | 304.53 167.02 54 85 0.24 1
|
Winter 274 32.36 118.10 -0.16 -0.08
Pre-Monsoon 354 .35 189.59 53.50 1.35 38
|
Monsoon 3481.73 657.96 18.90 1.08 7.79
Teknaf I
Post-Monsoon 325.08 181.03 55.69 0.31 1.1
T
Winter : 30.24 41.15 136.08 | -1.148 -0.21
Pre-Monsoon 498 42 186.9 37.50 -0.99 -3.79
[
Monsoon [ 2169.09 47891 22.08 0.64 6.61
Chittagong ! _
Post-Monsoon 263.06 133.95 50.92 0.2 0.56
Winter 36.52 4378 119.88 -1.45 -0.47

For all stations it is shown that the major share of annual rainfall is received in Monsoon (JJAS)
with low rainfall variability (CV<30) whereas the other seasons have higher rainfall variability. In
the Monsoon, All the stations in the South-East region have a very high mean rainfall ranging from
2075.63 mm to 3481.73 mm. The slope of this season is also increasing for all the stations except
for Chandpur, which means, the districts on the exposed coastal zones are experiencing increased
rainfall in the Monsoon season. For the Winter season, however, all the stations have negative
slope with extremely low mean rainfall between 27 4 mm to 58.75 mm with very high CV, almost
all above 100%. This means that the Winter season rainfall is not very consistent during the winter

months throughout the study period.

Table 14 | Results of Extreme Rainfall in the South-West region

South West region
. . . Mean .

station Time period (i) STD (mm) | CV (%) p-value |Sen's slope

Pre-Monsoon 369.5 179.55 48.59 0.36 -1.3

Monsoon 1440.45 291.11 20.21 0.25 -2.79

Barisal

Post-Monsoon 231.65 141.29 60.99 0.84 0.58

Winter 3798 399 105.06 0.36 -0.28

Pre-Monsoon 416.1 177.75 4272 0.03 -5.33

Bhola Monsoon 1561.75 32641 20.90 0.06 -8.83

Post-Monsoon 22598 136.53 60.42 0.56 1.17
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Winter 36.9 3573 96.83 0.13 -0.57
Pre-Monsoon 384 45 148.02 38.50 0.5 -1.56
Monsoon 2026.58 350.68 17.30 0.1 7.65
Khepupara
Post-Monsoon 33293 199 42 59.90 0.06 5.33
Winter 39,57 37.03 93,58 0.37 -0.3
Pre-Monsoon 38324 191.93 50.08 0.1 -29
Monsoon 1922 .54 401.02 20.86 0.14 -8.48
Patuakhali
Post-Monsoon 271.62 15145 55.76 0.16 3.37
Winter 3558 36.76 103.32 021 -0.56
Pre-Monsoon 307.93 135.18 4390 0.14 -2.833
Monsoon 1277.05 318.18 24.92 027 5.09
Khulna
Post-Monsoon 185.25 108.06 58.33 042 1.36
Winter 53.9 57.04 105.83 0.52 -0.3
Pre-Monsoon 276 99.6 36.09 045 -0.79
Monsoon 1202 25599 21.30 061 -2.17
Satkhira
Post-Monsoon 175.95 116.16 66.02 027 1.71
Winter 5324 4773 89.65 0.56 -0.35
Pre-Monsoon 273.59 98.57 36.03 043 -1.8
Monsoon 1397.45 286.28 20.49 0.58 349
mongla (from
1991) Post-Monsoon | 214.38 122.57 57.17 0.82 0.68
Winter 3975 3525 88.68 0.5 -0.28
Pre-Monsoon 29773 105.32 35.37 028 -1.47
Monsoon 1166.43 27983 23.99 0.78 -0.75
Post-Monsoon 161.58 114.15 70.65 0.76 0.375
Winter 48 44 .99 9373 0.1 -0.87

For the South-West region, we can find that the mean rainfall in the Monsoon season still
contributes the most in the annual precipitation, but the values are significantly less than that of
the South-East region, ranging from 1166.43 mm to 2026.58 mm with relatively low CV%
compared to the other seasons. Here too, Winter season has the lowest mean rainfall with a

decreasing trend for all the stations and the CV% for the season is much higher.
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4.5.1 Seasonal rainfall anomalies for South-East region

Pre-Monsoon SAI (South-East Region)
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Winter SAl (South-EastRegion)
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Figure 10 | Seasonal Anomaly Index for South-East region

For South-East seasonal SAI analysis shows that negative anomalies are mostly found at Winter

and Pre-Monsoon. Monsoon and Pre-Monsoon are experiencing a wet period from 2000.

4.5.2 Seasonal rainfall anomalies for South- West region:
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Post-Monsoon SAI(South-WestRegion)
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Figure 11 | Seasonal Anomaly Index for South-West region

SAI analysis of seasonal rainfall in the South-West region shows that negative anomalies exceeded

positive anomalies in all season. Winter shows a predominance of negative anomalies from 1998,
B South West M South East
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Figure 12 | Annual and seasonal PCI for coastal regions
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The seasonal rainfall shows only Monsoon shows perfect uniformity of rainfall distribution
indicates the same or highly similar amounts of rainfall in each month of that season. But the other

seasons have moderate rainfall distribution which indicates rainfall is occurring on half of the

period during these seasons.
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Chapter Five : Conclusion

5.1 General

This study was conducted to observe the rainfall variability and change in trends in the coastal
regions of Bangladesh for the period 1980 to 2019. Rainfall data from a total of 19 states along the

coastal region were used for the study.

5.2 Major findings

The mean annual rainfall for the South-West coast was 1674 mm, which rises up to 4191 mm in
the South-East coast. The seasonal rainfall analysis reveals that, the major share of annual rainfall,
over 70%, is received in Monsoon and the least share is contributed by Winter (< 5%). The Pre-
Monsoon and Post-Monsoon together contributes to the remaining 20~25% of the annual rainfall.
The PCI analysis shows that, Monsoon has a perfect uniformity of precipitation distribution for
both coastal regions. Whereas the rest of the seasons show moderate precipitation distribution. For
annual rainfall, maximum PCI values are observed in the South-East part and majority of the study
area is characterized by irregular rainfall distribution. The annual rainfall variability is low as
compared to the inter-seasonal variability. It may be because monsoon rainfall contributes up to
74% of annual rainfall. Monsoon is characterized by low rainfall variability and the rest of the
three seasons show high rainfall variability. Though the overall coastal area reveals an increasing
trend in annual and monsoon rainfall, we found significant increasing trends only in the South-
East region. This may be due to the increase of atmospheric moisture in coastal regions. Winter is
getting drier in both regions with very high variability (CV > 80%). Which implies, agricultural
activities in this season are highly dependent on groundwater. Increasing extreme rainfall events
in the South-East region may cause increase in river water levels, flash flood and water logging.
Significant increasing trend in rainfall seasonality in coastal areas indicates longer dry periods

meaning potential droughts in near future.

5.3 Recommendation for further study

For further study, different aspects of the climate other than rainfall can be considered. Such
aspects could include, temperature, wind speed, humidity etc. Furthermore, establishing the inter
relationship among these aspects can help us better understand the ever-changing weather pattern.
The variability and trend analysis can be done for the entire country. Satellite derived rainfall data
can be used to create a more detailed observation of the changes in rainfall patterns.
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