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ABSTRACT
INDEX NO. 22/18/Geo./25

Title of the Thesis: GENESIS OF URBAN FLOOD IN BURDWAN TOWN

Submitted by: SOUMITA BANERIJEE .

Supervisor: Dr. GUPINATH BHANDARI, Associate Professor, Department of Civil
Engineering, Jadavpur University, Kolkata 700032.

ABSTRACT

Floods are the most prevalent natural disasters that cause widespread devastation. As the
name implies, an urban flood is the influx of massive amounts of water caused by torrential
rainfall. It may occasionally be associated with extreme events such as cyclones, but the
main cause is haphazard urban growth, excessive rate of concretion, the emergence of
slums, expansion beyond the natural flood barrier, poorly maintained sanitation, and so on.
Several scientific assessments suggest that increasing sea levels and flooding could affect
over 15 million people in metropolitan areas alone by 2030. But the unfortunate and
alarming part is the issue of urban flooding never got the same importance as other types
of natural disasters, such as earthquakes or hurricanes, because it is typically viewed as a
localized issue that affects only certain areas of a city. The situation is the worst in case of
old towns like Burdwan in West Bengal, which faces flooding in many of its wards due to
mostly anthropocentric causes (Excessive rate of increase of population and unplanned
urbanization since last few decades, improper urban drainage system including sewage and
sanitation system and ill maintenance of them, degeneration of Banka Khal from a
navigable river to a dump site over centuries and unscientific municipal solid waste
management), coupled with structural, climatological and hydrological factors. This study
aims to discuss the influence of the aforementioned factors in the flooding situation, the
impact of urban flooding on various socio-economic groups in the town and formulate
some practical measures for this chaotic state with well-sought methodology including
acknowledged geospatial procedures and proven quantitative approaches. The outcome
shows that expanding urban areas, diminishing water bodies, the presence of kutcha (Non
concrete'd) drains, and intensified population density have played a significant role in
flooding situation. To get relief from these circumstances, the Urban Local Body that is the
Municipality should keep parity in both structural and non-structural development,

~ including appropriate Town Planning.
- gignau‘.’r\é 'g}ythe Candiﬁ;e Signatur al of the Supervisor
Date: 22) 0\‘ &DK‘, Date: 22 ﬂ//Z%‘

Dr. Gupinatn Bhandari
Associate Professor
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Preface

This PhD dissertation is organized into seven chapters that address research problems and
exploring significant research findings regarding the issues of urban flooding, its impact,

and some remedial measure for Burdwan Town, Purba Bardhaman District, West Bengal.

Primarily, the First Chapter focuses on the need for the theoretical and practical approach
for understanding the issues related to urban flooding and how it has been a major menace
for most of the Indian cities. Keeping that thread, a brief introduction of the study area

followed by the rationale for selecting it as the interest of study have been discussed.

The Second Chapter presents a thorough overview of literature on the concept, factors,
consequences of urban flood (concept specific and area-specific both). It also reviews the
literature related to available strategies to reduce the risk of urban flooding in a hierarchical
regional order from global examples to the regional ones with special emphasis on the

models used in managing urban flooding so far.

The Third Chapter includes very specific research gaps, objectives, further developed

research questions, scope and limitations of the work and probable deliverables.

The Fourth Chapter deals with vivid methodology which is highly objective oriented
explaining the need for opting those particular ones with the details of the framework of

the field works.

The Fifth Chapter holds a major part of the thesis-Results and Discussions. For better
apprehension, it is subdivided into a few parts: 5./ deals with the multi-decadal urban
landscape change and identifying the other facets related to urbanization that help to form
an urban flood 5.2. talks about the status of urban waste management where 5.3 includes
the urban drainage (natural and man-made) and 5.4. points out the cluster of factors which
are mostly responsible for flooding in the study area. (Objective-1), 5.5 incorporates the
analysis of the record of rainfall with some statistical methods 5.6. shows the amount of
run-off a particular amount of rainfall generates (Objective-2), Furthermore 5.7 enlightens

about the effects the urban flood leaves on the local people (Objective-3).

Ultimately, the investigation's results are summed up in the Sixth chapter based on the

findings of the entire study.

XXi



Preface

Lastly, in the final chapter or the Seventh chapter the conclusion of the total study is
included along with some practical guidelines for the betterment of the flooding scenario

and spots light on the stakeholder’s responsibility (Objective-4).
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CHAPTER ONE:
INTRODUCTION

1.0. Background of the Study:

Flooding is the most common natural calamity that results in widespread destruction (Jha et al.,
2011). Floods are recurring occurrences that result in catastrophic losses of life,
possessions, infrastructure, and public utilities. There is mounting evidence that, on a
worldwide scale, the number of individuals impacted by floods as well as the economic
damages caused by flooding are increasing at a rapid rate (Wobus et al., 2017). The rising
incidence of flood-related damages presents cause for concern(National Disaster
Management Authority Government of India, 2007). There is variety of floods based on
their places of occurrences, magnitude ,and abruptness- the broad categories can include
flash flooding or massive and wide spread river flooding, but sub categories might indicate
floods due to ‘Urban drainage, Ground failures, Fluctuating lake levels, Coastal flooding’
etc. (Galloway et al., 2018). Flooding that occurs in urban areas due to heavy rainfall or
other natural disasters. It happens when the drainage systems in cities are unable to handle
the excess water, leading to water accumulation on streets, buildings, and other
infrastructure. This can endanger safety for people, damage wealth, and interfere with
transit. It is a complicated phenomenon brought on by a confluence of human and natural
elements. Urban floods, as the name implies, are caused by massive water inflows
brought on by intense rainfall. While they are occasionally linked to extreme weather
events like cyclones, the primary causes of urban flooding are haphazard urban centre
expansion, excessive concrete construction, the emergence of slums, development outside
of the natural flood barrier, inadequately maintained sanitation, and other factors.
(Tingsanchali, 2012). According to the World Bank, urban flooding is defined as "the
inundation of land or property in a built-up environment caused by rainfall, snowmelt, or
other natural or man-made events that exceed the capacity of drainage systems or the ability
of the ground to absorb water" (World Bank, 2019). OR The concentration of floodwaters
that happens when storm water input surpasses a drainage system's capacity to either
transfer or permeate water into the soil is known as urban flooding. When a drainage system
cannot manage the amount of storm water entering the area, this happens. (NIUA, 2016).As
a consequence of rapid population increase, the land use and land cover patterns of majority
of the river basins have shifted significantly. Urbanization in the riverbanks is increasing,
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which has numerous detrimental effects on the functioning of the river basin ecosystem.
Rapid change in the hydrology and geomorphology of water bodies, as well as the
degradation in their water quality, are some biggest adverse effects witnessed so far
(Shukla et al., 2013) .Urban riverfronts in particular, give cities a way-out to cope up with
all hazards related to climate change including the heat island effect and urban floods. They
simultaneously promote citizens' socioeconomic well-being, social integration, and mental
stability (Shivali Jainer, 2020). On the other hand, urban drainage systems generally
perform poorly, mostly as a result of increased population and haphazard urbanization-
issues like water logging; urban floods are coming out as a result of these systems' declining

efficiency (Jemberie et al., 2023).

Some of the main reasons why cities flood are the growth of cities, changes in the
temperature, and poor infrastructure (M. Singh & Upmanyu, 2019).As cities grow and
spread, they often replace natural surfaces with ones that don't let rainwater soak into the
ground, like concrete and asphalt. This, along with the fact that climate change is making
extreme weather events happen more often, can cause cities to flood more often and more
severely. When it rains a lot, the water has nowhere to go, so it builds up on houses, streets,
and other infrastructure. This can hurt property, make it hard to get around, and put people’s
safety at risk. The lack of green space and natural surfaces in cities is another reason
why floods can be bad in cities(Ferreira et al., 2022). As cities grow and spread, they often
replace natural surfaces with ones that don't let rainwater soak into the ground, like concrete
and asphalt. This, along with the fact that climate change is making extreme weather
events happen more often, can cause cities to flood more often and more severely(Kaisa
Kosonen & Tirado, 2023). Some status and predictions are summarized below collecting

from various authentic reports.

e ‘Climate change, rising sea levels and flooding are expected to have an outsized impact
on Asia where millions of people live on low-lying land near the ocean. A new report
by Greenpeace East Asia looks at the risks in seven regional cities, concluding that in
these metropolises alone, more than 15 million people could be affected by rising sea
levels and flooding by 2030’ (Kaisa Kosonen & Tirado, 2023)
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‘The intensification and changing geography of disaster risks signal a new climate
reality’(UN) United Nation, 2019).

‘Urban climate change-related risks are increasing (including rising sea levels and
storm surges, heat stress, extreme precipitation, inland and coastal flooding, landslides,
drought, increased aridity, water scarcity, and air pollution) with widespread negative
impacts on people (and their health, livelihoods, and assets) and on local and national
economies and ecosystems (extremely high confidence, based on robust evidence, high
agreement). These risks are amplified for those who live in informal settlements and in
hazardous areas and either lack essential infrastructure and service’(Gray, 2007;Revi,
2008).Approximately, all these accounts are pointing out in the same direction and this
trend is expected to worsen, in case of urban flooding as urbanization will mostly
accelerate the occurring damage, while the frequency and intensity of flood events
might be augmented by plenty of rainfall. Let us have a look at the factors responsible

for urban floods and they are categorized in the following manner.

Table No.1.1: Factors Responsible for Urban Flooding

SL No. Causes Aspects

Anthropogenic | Urbanization Unplanned built-up area growth

Factors Land use changes

Inefficient drainage to handle storm water

Dumping of wastes in the urban drainage channel

and make it clog

Poor maintenance of drainage

Building up settlements in the flood plain closer to

banks

Obstacles in flood water movement

Concretization | Loss of green cover

Loss of pervious surfaces

Climate change | Change in the rainfall pattern, intensity, or
temperature due to the above said factors.
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Hydro- Failure of dams, release of water without prior
engineering knowledge to the citizen.
SL No. Causes Aspects
Natural Factors | Climatic Local abrupt highly intensified short-lived rainfall
Natural disasters like cyclone

Source: Tabulate and modified after (NIUA, 2016)

Urban flooding is a significant problem affecting numerous cities throughout the globe.
However, it may not receive as much attention as other types of natural disasters,
such as earthquakes or hurricanes, because it is typically viewed as a localized issue
that affects only certain areas of a city (FEMA (Federal Emergency Managing
Authority), 2013).1t is becoming a chronic issue that occurs over time, making it less
noticeable and less newsworthy. The event is often viewed as a technical issue that can be
resolved through engineering solutions, such as the construction of improved drainage
systems or the expansion of the capacity of existing systems. Even though these solutions
are significant, they do not address the root causes of urban inundation, such as climate

change and urbanization.

The problems with flooding in cities in Asia and Europe are different for a number of
reasons, including the level of growth in the economy, the condition of the infrastructure,
social structures and ways of thinking, the drainage methods that are used, the nature and
pattern of rainfall, and the effects of climate change etc. (KSDMA & KSNDMC, 2023).
Cities in Asia ought to encourage policies that make cities more resilient to floods.
These policies should focus on land use and environmental strategy for resiliency, as well
as strengthening organizational structures and funds to reduce disaster risk and keep
vulnerability and risk assessments up to date (KSDMA & KSNDMC, 2023). India has a
high catastrophe risk index, and urban floods have further increased that risk (Jha, 2022).
Here is a list of Indian cities those have been flooded numerous times since the year 2000

and faced a very difficult time during the floods.
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Table No.1.2: Remarkable Urban Floods in India since the Year 2000

SL Year Cities Affected
No.

1 2000 Mumbai, Chennai, Bangalore, Kolkata, Hyderabad

2 2001 | Ahmedabad, Bhubaneswar, Thane, Mumbai

3 2002 Delhi

4 2003 Delhi, Ahmedabad, VVadodara

5 2004 Chennai

6 2005 | Among 10 cities all over India Mumbai was badly affected.

7 2006 | The number of inundated cities hiked upto 22 where the city of
Surat and Vishakhapatnam Airport was tremendously interrupted
for a longer period.

8 2007 | Again, the number hit at 35, among which Kolkata was
tremedously affected.

9 2008 | Jamshedpur, Hyderabad, Mumbai

10 2009 | Delhi, Mumbai

11 2010 Delhi, Mumbai, Leh, Guwahati, Ahmedabad

12 2014 | Chennai

13 2015 Jammu

14 2018 | Kerala

15 2019 Malappuram and Wayanad district of Kerala

16 2020 Assam

17 2021 Bihar, Dharamshala

Source: Compiled from various sources

In the case of West Bengal, the years 1956, 1959, 1978, 1995, 1999, and 2000 saw the
worst type of rainfall in West Bengal State, with 2000 possibly being designated as the

worst year of rainfall in terms of quantity, intensity, and duration. This was all due to low

pressure/depressions developed in the Bay of Bengal during those months. A huge number
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of people in the state suffered for a long time as a consequence of the absence of control
structures and the very high release of water in the rivers in the year 2000 (R. Samal et al.,
2014). Whenever there was a greater cyclone formed in Bay of Bengal the cities of Kolkata
and its adjacent towns get floods with the incapacitate drainage network- YASS (2021)
being the recent example of this. It is quite evident from the available literatures that the
number of research regarding issues of urban flooding can be found in numbers in various
databases (Web of Science, Scopus) but the study on other class-1 or Il Indian towns
are minimal in numbers or absent. Considering the fact and the severity of the issue, the

Town of Burdwan or Burdwan is selected.
1.1.A Brief Introduction to The Study Area:

1.1.1. The Geographical Extent: The Municipality of Burdwan in Purba Burdwan District
is chosen for this study because it is situated in a promising demographic location between
the two major municipal corporations of Kolkata (East) and Asansol (West) and falls under
the category of a medium urbanized area in the state. (Laha, 2019). The Burdwan
Municipality is located between 87°50'E and 88°4’E longitudes, and between latitudes
23°2°N and 23°20°N. The following are this area's boundaries: To the west is Belkas Gram
Panchayat; to the east are Rayan and a part of Baikunthapur II; to the south are the
remaining parts of Baikunthapur Il and Raina (P.S); and to the north is Belkas Panchayat.
Burdwan Municipality is the sole Class | town in the East Burdwan district, in addition to
being one of the six historic towns and the district seat of the previous Burdwan District.
In the Burdwan district (which was split into Purba Burdwan and Paschim Burdwan in
April 2017), the municipality of Burdwan was established in 1865. In 1865, there were
39,618 people living in the town, which had a total area of 21.79 square kilometers. As per
the 2011 census, the population stands at 3.15 lakhs, and the total area covered by 35 wards

is around 27 sg. km. (Burdwan Municipallity, 2017).

1.1.2. The River Scape of Burdwan Town: The town is primarily situated between the
Damodar River in the southern region and the Banka River in the north-central sector.
There is a wide Damodar bed areas of the town, such as the area between Sadarghat Road
and Arambagh Road (Kunal Chakraborty, 2011).The Damodar River and its numerous
paleo-channels, including Banka and Bahula, are the sources of Burdwan town.

6
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Geomorphologically, Burdwan town is in between Damodar, Banka, and Khari rivers
(Ganai & Sarkar, 2018).The Banka River almost cutting the Burdwan Municipal
Jurisdiction into two halves of North and South, (Figure No.1.1) is of no exception- it is
the smallest non-perennial river originating from the Western part of the district with a
length of 96 miles and a catchment of 253 sq. km, which used to be a very prominent
drainage until 1960 (P. K. Sen, 1976). But over the decades due to construction of dams,
irrigation and huge population pressure and their insensitive behavior towards the river has
made it a complete dump yard at many of the places within and beyond the boundary of
the Municipality and also sluggish for its velocity concerned (P. K. Sen, 1976). But
surprisingly, the importance of Banka River as a lifeline to the town is neither very well
captured in research studies nor properly documented so far. There have been quite a few
Banka River Excavation plans drawn and planned before, but none of them got
implemented either due to budget issues or time constraints (As per conversation with the
Municipal Officials, dated 21% Nov 2022).

1.1.3. The Climate of Burdwan Town: The district of Purba Burdwan experiences 80 %
of its rainfall between June and September and every year, floods might occur because of
the highly intensified South-Western monsoon's seasonal rainfall. This district
categorically falls into a tropical climatic zone followed by conditions of a moderate
climate, with cold - dry winters, hot - humid summers, and an extended period of rainy

season.

1.1.4. Urban Drainage of Burdwan Town: On the other hand, urban drainage systems
generally perform poorly, mostly because of increased population and haphazard
urbanization. The deficiency and incompetency of the drainage with the rapidly growing
population creates severe and abrupt flooding condition (S. Roy & Sahu, 2013).Although
this municipality does not currently have an underground sewer system, ward number 21
recently received this service. Solid garbage (such as plastic, packages, and aluminum
cans) clogs most of the open surface drains. Therefore, regular flow is severely hindered.
In the monsoon season, this stagnant liquid waste causes foul odors, pathogens, and urban
floods (Dutta & Mistri, 2013). Some places of Burdwan Town are completely inundated

even if it drizzles, some other places took a little longer time, but it affects every individuals
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in the Municipal area as they have to commute to school, offices etc. The life of the daily
wage earners like fruit sellers, flower sellers, people related to fish and diary distribution,
Auto and Toto drivers, face a severe economic loss due to the flooding conditions. Not
only the financial breakdown, has it caused no or less access to the civic amenities like
water and electricity. In some parts of the Municipality life almost stops for a few days and

others struggle.
1.2. Rationale for Selecting the Study Area:

Since all West Bengal's administrative and socioeconomic facilities are concentrated in
Kolkata, the city's surrounding area has seen little urban development, and the city's
overpopulation has led to a deterioration of its urban infrastructure and basic urban
amenities. Burdwan, a Class-1 town with a distinctive atmosphere of rich agricultural
hinterland as well as historical and administrative importance of Rajas (Jamindars), can be
a good example of searching for urban potentiality because the town maintains its identity
despite being located between two million-cities in the East and West, Kolkata and Asansol
(Laha, 2019).

Table No. 1.3. Rationale for Selecting the Study Area

SL Nature of Causes

No. Factors

1. | Anthropocentric | A. Excessive rate of increase of population and unplanned
urbanization since last century. (Figure No. 1.2. to 1.4)

B. Improper urban drainage system including sewage and
sanitation system and ill maintenance of them.

C. Degeneration of Banka Khal from a navigable river to a

dump site over centuries along with some lost courses of rivers.




CHAPTER ONE: INTRODUCTION

Structural

A. The Grand Tank Road has remodeled the town as it interrupts
the natural course of water in the previous major river courses
like Banka Balluka and Sapjala.

B. Often the Embankments (five on the left bank of the river)
hindrance the supply of water to the tributaries of river Damodar

and the consequent siltation.

Genetic

The Burdwan Town is 35-40 metre above the MSL and slopes
down from West to East very surprisingly considering River

Damodar as its West Boundaries.

Hydrological

There is a very strong flood history in Lower Damodar region
since last 300 years almost and the consequent inundation of

Burdwan town is quite natural.

5. Climatological

There were several huge cyclones and consequential rainfall

which drowns the town in the worst possible way.

Source: For SL No. (1-3) (Kunal Chakraborty, 2011), For SL No. (4-5) (Sandipan
Ghosh, 2012)

Apart from this literature, here are some of the data facts which support the reasons for the

selection of Burdwan Town as the study area presented in the parenthesis. First let us

discuss the data Satisfying Selection Criterion 1A. (Excessive rate of increase of

population and unplanned urbanization since last century)
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Figure No.1.3. Ward Wise Population Growth Over the Decades

I Number of High-Rise Buildings built

Figure No.1.4. No of High Rises in Burdwan Municipality from 2005 to 2019
Source: Census of India and Data provided by Burdwan Municipality, compiled

From Figure No.1.2 to 1.4, the population in Burdwan Town has experienced a sharp
growth in terms of population since the last many decades but the last one of 2011-2021
has shown the highest hike in population even if the wards population counts. The number
of high-rises even tripled from 2005 to 2019. Same applies for the slum population also-
either they have emerged as a new entity in the many wards like 20,28 or they have

increased manifold like in the wards 17,26.

11
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Satisfying Selection Criterion 1B Improper urban drainage system including sewage and

sanitation system and ill maintenance of them.
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Figure No.1.5. Type of Urban Open Surface Drains in Burdwan Municipality where

it confirms that in most of the places Kutcha Drains (non-concretized drains) prevail.

Source: Base Drainage map provided by the Burdwan Municipality, 2020
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While conducting the pilot
survey in the beginning of the
study, random respondents
shared their situation regarding
irregular cleaning of the drains-
Hardly there are people who
could report a strict
maintenance of cleaning of the
drains from the Municipality.

Figure No.1.6. The Opinion of The Respondents Regarding Cleaning of the Drains

(Source: Pilot Survey,2019)
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REVIEW OF LITERATURE

2.0. Foreground:

A huge number of accounts related to the various facets of urban flooding have been carried
out probably from the time when people are not even aware of the term itself. To give it a
convenient understanding, the review of the available literature is being carried out,
broadly in the following manner. The database used here is —Web of Science (WoS), Scopus
and Google Scholar. According to the Cambridge English Dictionary, the word Genesis
stands for origin. As title of my research work is concerned, it demands tracing back to the
historical accounts of floods in the selected area of study. In this regard, some of the

Mythological and Historical accounts are put here in details for their exemplary nature.

2.1. Mythological Archives:
2.1.1. In the Manasa-Mangal (Part of Mangal Kavya):

In this famous folklore of Bengalis, by Ketaki Das Kshemananda, there are several times
where the mention of the area of the Burdwan District (on its ancient nomenclatures) are
found. Hasanhati, Baidyapur, Udaypur - these are the few places crossed when Behula
was sailing in the wooden boat with the dead body of Lakhinder. All these stations were
reported to have been situated on the banks of the Damodar River. The house of Chand
Saudagar, Champak Nagar is assumed to be in the present-day position of Kasba, under
Galsi Block. It has become a tourist spot also. Even there is a decaying river named Behula
which was supposedly navigable at that point of time (Kshemananda, 1316).

Manga\kot
fMangalKot
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Google Earth Image: 2.1. The Puranic places of Mangal-Kavya plotted in the proximity of

Burdwan Municipal Area in Purba Bardhaman District (Retrieved on Feb,2020)
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2.1.2. In the ‘Kalpa Sutra’:

According to Kalpa Sutra, the great Jain prophet Mahavira 42 monsoons of his ascetic life

in a few places among those he spent one monsoon in Astikagram (Balbir, 2009) .

Grand Trunk Rd

Khosbagan &
Bardhaman, West Bengal [Rgierl
713103 2

dhaman:gBurdwan: "N ©

Google Earth Image: 2.2. Though there is not much mention about Astikagrama in the

other literature, Google Earth Pro (Version 7.3.1) locates this place somewhere in the
Burdwan Municipal Area. (Retrieved on Feb,2020)

2.2. Historical Accounts:

A report on Midnapore and Burdwan cyclone 15"-16th October 1874 by W.G.
Wilson published by Bengal Secretariat Press,1875 gives a very scientific and
climatological description including hourly wind speed, rainfall, the progression of the
eye of the cyclone and finally the losses. It also shows how this cyclone starting from
the Bay of Bengal showed its destructive nature toward North Bengal. This book also
gives an impression of the extracts of the writings of other eyewitnesses like District
Superintendent of Police, Deputy Magistrate. It is an absolute treat to read such a
marvelous account of disaster taken place in 1870s (Willson, 1875)

The Causes Symptoms and Treatment of Burdwan Fever’ or the epidemic fever of
Bengal by Dr. Gopal Chunder Roy published by J. A. Churchill, New Burlington
Street, Calcutta: Thacker, Spink and Co. 1876, is basically consisted of eight chapter
where in second chapter named ‘Causes’ and ‘Symptoms’ the author has given a vivid

geographical description of the rivers, floods and reservoirs and
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shown that how polluted muddy water of the river stood as one the causes for the

epidemic.““...Several causes present themselves to our observation: (a) Naturally heavy

and sometimes unnaturally heavy and unequal rain-falls (b) Inundation (c)Peculiarity of

soil and its property of retaining moisture (d) Existence of tanks and unclaimed marshes

and rice-fields, (e) Naturally defective drainage(f) obstructed drainage, either artificial,

as by bending up the course of water channels by dams, weirs, rail roads, &c., or natural,

as by the alteration in the course of rivers and silting up of their beds.”

This book is an incredibly sad narration of how once a prosperous region has gone into

vain under the influence of epidemic fever (G. C. Roy, 1876).

Burdwan District Gazette, Statistics 1901-02 published by Bengal Secretariat Book
Depot in the year 1905-this basically served as a data repository of late 19" century of
the district Burdwan, covering from rainfall to population to wages, legislation of
Municipalities to police administration, finance, stamps etc. The chapters like Climate
and Population have really sited a scenario of the then climate and population in the
district (Gazetter, 1905).

Bengal District Gazette of Burdwan ,1910 published by Bengal Secretariat Book
Depot by J.C.H. Peterson covers an all the aspects of the district like a gazette does
starting from its history, people to its education, local self-government. The sixth
chapter named ‘natural Calamities’ is of the utmost importance to my work as it
describes the floods of 1770,1787,1855,1909 and its devastating nature with the
accounts of the losses they made in the district. This is considered as a valuable resource
of the Burdwan District as it was in the 19" century (Peterson, 1910).

Burdwan Samagra Vol 111 by the famous historian Gopikanta Konar is a collected
edition by various eminent authors of their field who talked about the growth of
Burdwan from the era of Jain to Mughal, its heritage to the implementation of its
planned industrial town, its freedom fighters to its Democratic women Society, its
development as a district of culture and heritage and some lost rivers in the lower
Damodar region. There is other two volumes of these books which also strictly deal

with the culture, folk history, and archaeological aspects. This book is a highly
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informative and detailed one and most importantly, the story telling way of writing has
made it more lucid to the readers (Konar, 2000).

Barddhaman Jelar Itihash O Lok-o-sanskriti (Vol.1) By Akkori Chattopadhyay
gives a narration of the district’s history in terms of archaeological site, sites of
importance where many facts are hidden as gems regarding the oldest parts of Burdwan
district. Moreover, it has got old pictures which not only added some aesthetics but also
are of immense help to any reader (Chattopadhyay, 2000).

Notes on the physical geography of Bengal, from the writings and the maps of Major
James Renell by F.C Hirst published by Calcutta Secretariat Book Depot 1926-
this is an exquisite collection of Renell’s Diary 1764-1767, Renell’s description on the
road in Bengal and Bihar,1778, Renell’s Tables and distances from Calcutta etc.
Through the principal inland navigation 1781, Renell’s memoir of a map of Hindoostan
or the Mogul Empire, 1788 (1st Edition) and some unpublished map work of Renell
which are later published by the author in 1918. The pages 79-80 give a description of
the river ‘Dammoodaah’ and the town Burdwan which is situated 15 miles away from
this river. But as far as the navigation routes are concerned it was navigable up to
Burdwan and it also described ‘Bonkah River’ as a rainfed river. This book is a treasure
when it comes to the find the literatures of Bengal rivers, but it was mostly concentrated
on the river Ganges and its courses, tributaries (O. et al., 1928).

Lectures on the Ancient System of Irrigation in Bengal and its application to modern
problems by Sir William Willcocks, published by University of Calcutta,1930- it is a
masterpiece describing the various ways of irrigation system existed in Bengal at that
point of time and its evolution also-over flow irrigation, Zamindari irrigation
system(embankment) and reclaiming the ancient irrigation system of Bengal both
practically and theoretically etc. It compares the irrigation system approach with the
civilization of Egypt and Babylon. It gives measurement and depth regarding ‘Kana
Damodar’ ‘Kana Nudde’, the possible ways of irrigation and budgets to make these. It
gives an emphasis on the river Damodar and channelizing its excess flood water. It also
stated that the Burdwan Raj was the first among the productive state of India when
there the old irrigation system was adopted. This book is very scientific in its nature

and of course ahead of its time, but it would have been more attractive if the amount of
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crop or property damages by the floods were mentioned so that it could show the
loopholes of the irrigation system in a much strong way(Willcocks, 1930).

= The Changing Face of Bengal: A study in Riverine Economy by Prof. Radha
Kamal Mukherjee, published by the university of Calcutta,1938 is a repository for the
accounts of nature of economy specially agriculture (the then district wise), impact of
flood or famine, break out of malaria, increasing population in Eastern part and decline
of waterways and siltation. In the chapter’ Changes in rivers and ports’ he talks about
the navigation and the annual discharge of the river Damodar and Saraswati and the
deterioration of river Damodar and consequent decreased flow of water in the Ganges.
On the top of it, it provides some old maps of Bengal since the time of 1660 by Van
Dan Broucek and Asia since 1561 by Gastaldi (Mukherjee,R.K, 1939) .

= Bengal Rivers and our economic Welfare by Maharaja Shri Srischandra Nandy,
published by the book company limited 1948-he shares his experience as a Minister of
Irrigation of Bengal (1937-1940). in this book, there is a whole dedicated chapter on
the river Damodar as ‘Damodar- the river of sorrow’ where he mentioned the ill effects
of the previous embankments and how the floods caught the eyes of the committee
where afforestation and water diversion was taken measures. He has also published the
irrigation budget for the year 1936-37. He also mentioned the multipurpose river valley
project for the Damodar river. (Nandy, 1948).

= The Book ‘Rivers of Bengal Delta’ (1942) by S.C. Majumdar gives a vivid
description of the rivers of North, central and South along with the tidal rivers and
discusses the problems related to navigation and erosion. It also mentions the role of
Ganges River Commission and inter-provincial aspects of the river problems like
floods (Majumdar, 1942).

Table.2.1: Showing the Old Maps those Have Been Studied During Literature Study

Name of the Maps (With Links) Published by Scale

1. The Travelogue ‘Indica’ of India at time of Chandra | Megasthenes | NA
Gupta Mourya (Schwanbeck
(http://www.payer.de/quellenkunde/quellen1102.htm) | et al., 1825)
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Name of the Maps (With Links) Published by | Scale
2. An actual survey, of the provinces of Bengal, Bihar | Renell, James, | 1:750,000
&c. (South half).1794 1742-1830
(https://rb.gy/mkpcag ) Author: Robert
Laurie &
James Whittle
(Rennell et al.,
1794)
3. Composite: Map of India. List N0:6732.004 Series | Arrowsmith, 1:1,759,575
No:4 (https://rb.gy/vbréxf ) Aaron(Arrows
mith, 1804)
4. Section VIII. (Bengal). Plate 29. The Edinburgh | Bartholomew, | 1:5,500,000
Geographical Institute. (1893). ListN0:11794.034 |J. G. (John
Series No:34(https://rb.gy/uomcfp) George)
Archibald
Constable &
Co.
(Burtholomew,
1893)
5. US Army Survey Map (Prepared by the Army Map | US Army (US | 1:250,000

Service (NSS & H), Corps. of Engineers, U.S. Army,
Washington, D.C. Compiled in 1954 and 1955 from
Half-Inch Series, 1: 126,720, Survey of India, 1922-43
NF45-3Series U502)

Army  Service
& Survey of
India, 1922)

(http://legacy.|
ib.utexas.edu/
maps/ams/indi
a/nf-45-03.jpg
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2.3. Concepts and factors affecting Urban Flood:

2.3.1 Concepts of Urban Flooding:

‘Urban flooding is significantly different from rural flooding as urbanization leads to
developed catchments, which increases the flood peaks from 1.8 to 8 times and flood
volumes by up to 6 times. Consequently, flooding occurs very quickly due to faster flow
times (in a matter of minutes)’(National Disaster Management Authority, 2017).
‘Urban flooding is not just “flooding that happens in an urban area.” This isn’t what
happens when a river overflows its banks or when a hurricane drives a storm surge
across a coastal neighborhood. Instead, it’s caused by excessive runoff in developed
areas where the water doesn’t have anywhere to go. Urban flooding can be linked to a
major disaster, like Hurricane Harvey and its 33 trillion gallons of rainfall. But more
often it happens during more routine circumstances, appearing in the form of wet
basements and sewer backups. Even small amounts of rain can overwhelm the
deteriorated or inadequate infrastructure found in many neighborhoods, especially in
Impoverished, neglected, and/or  socioeconomically  isolated  urban
communities ’(Weber, 2019).

‘Urban flooding is defined as the inundation of land or property in the built
environment when storm water management systems, like storm sewers, fail. Climate
change is bringing increasingly heavy rains. Combining this with the increase in runoff
from continued development, we find that outdated municipal drainage systems are
unable to keep up. The result is more frequent and intense local flooding, destroying
homes and personal property and forcing businesses to close’(FEMA (Federal
Emergency Managing Authority), 2020).

2.3.2. Factors of Urban Flooding:

If the reasons are studied it could be found that in the developing countries like India, in

case of population influx, migration plays a huge role within the cities. This Increase in

Population which results into more inappropriate urbanization, impermeable area, and

generates very little infiltration and greater surface flow (N & Kumar, 2020). Urban

flooding doesn’t only occur in the urban areas but also the prime cause to it is the faulty

urbanization in the flood plain cities (R. Samal et al., 2014). Like Sarmah and Das have

mentioned urban floods are more manmade in character, with fast and uncontrolled

23



CHAPTER TWO: REVIEW OF LITERATURE

urbanization filling up water bodies, blocking water courses, causing deforestation, and
so on. Indeed, urbanization exacerbates floods by reducing flood-water flow, covering
enormous areas of land with buildings, roads, and pavement, blocking channels, and
constructing drains to guarantee that water flows into rivers quicker than it would under
natural conditions. This urban expansion can lead to both local climate change and the
formation of urban heat islands, which are some other important factors for flooding in
the cities. The quantification of urban expansion through land Use and Land Cover
Dynamics, Gradient analysis and urban spatial metrics can be done. Based on the result,
and with the input of Digital Elevation Model, a proper flood zonation map can be figured
out, like has shown in the case study of Delhi (Gaurav et al., 2018). The degree of Urban
Sprawl can also be equated with the various entropy indices and parametric and non-
parametric tests too (Jain et al., 2016). These measures would help to manage this irrational
growth calling for a proper and scientific urban planning is needed which would take
account into the design of urban growth, its causes and solutions (Rojas et al., 2017).
Hydrometeorological implications of urbanization are always an overly complex factor.
Extreme rainfall, on the other hand, can increase the risk and size of floods in small and
urban catchments, wreaking havoc on citizens and infrastructure. The nature of the
flooding is also dependent whether it is a flash flooding or pluvial flooding, or riverine or
coastal floods that inundate the cities. Flooding is directly related to high precipitation;
however, climate change, fast urbanization, and uncontrolled urban growth function as
catalysts by altering the catchment's hydrological response (P. Singh et al., 2018).Climate
change has increased the likelihood of higher precipitation both in terms of higher
proportion, intensity and occurrences in the twenty-first century by more than 90 percent
(Ramachandraiah, 2011).The exact forecasting of rainfall, be it high intensity or moderate
intensity is needed to deal with the city’s vulnerability. The accurate modeling and
prediction of rainfall can also point out the altered-flow phenomenon which is usually
found in the urban areas due to heavy storm (Wang et al., 2019). Non-stop precipitation (as
in Mumbai in 2005 and the Gujarat flood disasters of 2005 and 2006) is projected to
increase significantly over a vast region of the West and central India. This will necessitate
a considerable overhaul of urban design techniques in order to incorporate flood mitigation

and adaptation strategies as well as climate change mitigation and adaptation measures
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(Ramachandraiah, 2011) .The design of urban drainage holds a pivotal role like the
presence and the layout of the major drainage system (Open nallah, natural surface drains)
and minor (network of underground pipes and canals) drainage system and also their
competence to channelize the excess storm water(Butler & Davies, 2020). In Burdwan
Municipality urban drainage systems generally perform poorly, mostly because of
increased population and haphazard urbanization. Solid garbage (such as plastic, packages,
and aluminum cans) clogs many open surface drains. Therefore, regular flow is severely
hindered. In the monsoon season, this stagnant liquid waste causes foul odors, pathogens,
and urban floods (Dutta & Mistri, 2013).Another important factor is - Conservancy
services, by a Municipal body or a Town means conservation of urban environment in a
sustainable clean manner by including the services like rubbish pickup and removal, road
cleaning and sweeping, tree trimming and cutting, dead animal lifting, and so on. In one
simple sentence, it is the services that make city garbage free (K. N. Kumar & Goel, 2009).
The major portion of this city’s conservancy services is performed by the removal and
treatment of Municipal Solid Waste (MSW). On the other hand, towns and cities in the
developing nations are acting as hubs of solid waste generation as an outcome of immense
population growth and haphazard urbanization. Poor solid waste management (SWM) has
become a burden for governments in developing Asia and Africa, as it is critical to public
health, safety, and the environment. Uncollected rubbish piles in the streets, obstructed
drainage channels, or deposited in watercourses constitute a significant public health risk,
and unmanaged disposal of waste can harm water supplies and pose serious environmental
health risks to people who live nearby. Workers in solid waste and rubbish collection
confront severe occupational health and safety risks (Ferronato & Torretta, 2019).Thus,
solid waste must be handled in a way that minimizes environmental and human health
concerns, which has consequences for its storage, collection, and safe disposal. The
National Action Plan for Municipal Solid Waste Management Act 2000 and Solid waste
management rules,2016 (India) both put an emphasis the duty of an Urban local body to
deal with the municipal solid waste management including its generation to its recycling
processes (Ministry of Environment Forest and Climate Change, 2016). The void between
disaster occurrence and precaution is always filled with casualties (Oyediran &

Wahab, 2023). While numerous climate change prevention and adaptation methods have
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been implemented in recent years, many have progressively concluded that developing
community resilience is critical when responding to climate change, particularly urban
flooding. There has been a paucity of research on community preparedness to urban
floods, particularly among transient people, therefore more empirical investigations are

needed to increase our understanding and find effective treatments (Xu et al., 2020).
2.4. Urban Flood Disaster Risk Reduction:

The attempts to solve the problem brought to us by the urban flooding, might date back to
the time of very first civilization (APFM, 2008).However, other than building the
traditional checks (dams, reservoirs and levees), the approach has been shifted towards
building the resilience towards flooding which scientifically would hold the capacity of
tackling the storm water and as well as maintaining the functionality of urban life (S6rensen
et al., 2016). If the proposal given by is followed, there are certain strategies those can be
adopted for Asian Cities like- proper management of Land Use, normalizing the concept
of disaster reduction among people, building and Maintaining the structural interventions,
outlining the scheme for disaster recovery programs emphasizing on the urban poor,
developing a proper warning system and quick response team etc. (Arambepola & Iglesias,
2009). Similarly, has given stressed upon 1)Preparedness before the onset of the flood
though warning system activation 2) readiness on the arrival of the flood; 3) Quick and
emergency feedback; 4) Lastly, Rescue, and rehabilitation of the flood victims
(Tingsanchali, 2012). But it seemed that Urban Flood management often emphasis on
Engineering and Hydraulic Component so very much that it forgets to include other
important dimensions like socio-economical risks (Liu, 2012). The Literature Survey for
Urban Flood Management or Risk reduction has been carried out in the following manner.

2.4.1. Global Scenario (Across Continents):

A huge number of populations is at stake concerning the rising flood events and this is due
to the urban development which necessitates bigger flood management as well as smaller-
level adaptation measures to reduce socio- economic risk and vulnerability. This is
resulting in more people emigrating, and lower-income groups are put at risk. To facilitate
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urban flood resilience, inclusive strategies that combine ‘bottom-up drivers of individual

climate adaptation’ are required (Koning et al., 2019).

Urban Elood Risk Reduction
Urban Flood Management
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Figure No.2.2. Showing the shift the paradigm from ‘Urban Flood Management’ to ‘Urban
Flood Risk Reduction’ as the number of documents containing the latter is increasing over
the time.[Google Books Ngram Viewer where X-axis shows the year and Y-axis shows the
percentages of the occurrences of the books comprising the key word ‘urban flood

management’ more than 40 times in a specified corpus(Josund, 2017).]

On the other hand, for the lake cities , regular lake level regulation can be a way to
channelize flood water (Chen et al., 2019). The Greater Toronto Area has been studied
using hydrological model using Digital elevation models , the census data, the streams,
land use have been used as inputs to divide the area in flood zones (Levy et al., 2007). The
STAR flood project which includes flood risks in 18 vulnerable urban areas in six European
countries of England, Scotland, Belgium, France, The Netherlands, Poland, and Sweden
talks about delivering the sustainable flood Management and judging the competence about
the urban local bodies. Again, some categories in Structural Measures like Intensive and
extensive ones, some important parts of urban drainage management, such as control
strategies and principles, as well as long-term control procedures for a variety of situations
in the case studies of Brazil, Argentina and Central America is discussed with the linkages
and interface with the urban setups (Tucci, 2018). For the Nyamwamba watershed in

Western Uganda ,GI1S-based flood hazard index (FHI) has been formulated with the help
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of Analytical Hierarchy Method that takes specially that took “slope, flow accumulation,
drainage network density, drainage channel, geology, land use/cover” (Kabenge et al.,
2017) .For the Eldoret Municipality of Kenya, UFRI(Urban Flood Risk Index) is created
using the degree of exposure and susceptibility, obtained from mapping(Ouma & Tateishi,
2014).

2.4.2. Asia:

Most of the population lives in the flood prone areas and the low-lying cities and there is
no sign that this trend would ever decrease, particularly in South -East Asia the rise is even
steep. An increase in urban storage and managing the urban water discharge can be a way
to lessen the impact of inundation (Schultz, 2006). In the Tsunami affected Asia-pacific
Region, the cities of Ansung of the Republic of Korea, Shanghai of China, and Yokohoma
of Japan were studied as model cities where ‘Appropriate and feasible flood control
standards were established together with flood prevention schemes and flood regulation
plans’ established, thus advocating a comprehensive approach (Liu, 2012). But this article
has also emphasized the need for a community based early warning system which is
considered as a challenge yet. The Information technology makes an important role in
disseminating the education and alerts while forecasting. (Koay et al., 2016)The
importance of the structural measures of flood and maintaining their standards like flood
wall, flood storage areas like lakes, reservoir, underwater drainage system -are assessed in
the cases of old and new urban areas of Wuhan and Ganzhou cities of China (UNDP
Project, 2017).

Taking a case-study of a busy tourist street of Singapore, has emphasized the importance
of adaptive management to deal with flooding. In terms of Flood Risk Prediction, the IPCC
projections play an important role like in case of Yangtze River Basin(Abdullah, 2020;
Zhang et al., 2020).In case of Risk management, the actual and perceived risk can be
different, as shown in case of Rawalpindi, Sialkot and Muzaffargarh, Pakistan, but in the
absence of the actual risk data, perceived risk ones can be an alternative for assessment
(Rana & Routray, 2016).
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2.4.3. Indian Scenario:

The comprehensive hydrological and hydraulic modelling can be a useful prop to control
the current and future flooding scenario as it was proved to be helpful in case of Chennai
Floods (Andimuthu et al., 2019). According to this article, probably the best statistical
practice is to generate an Intensity-Duration-frequency (IDF) Curve, which might be able
to foresee the next occurrence of extreme events. The major feature of the Indian cities are
they are incredibly populated given the lesser physical space, that is why even a little abrupt
rainfall floods the city as shown by in case of Bangalore and Hyderabad Cities (Gupta &
Nair, 2011).

In two significant Indian metropolises, Bangalore and Chennai, the difficulties associated
with drainage and flood mitigation—including both structural and non-structural
approaches—as well as the core issues of urban ecology have been examined. Risk
management issues have been considered in the context of land use, city and population
growth, wetland deterioration, and garbage disposal. The study employs remote sensing
and GIS techniques to assess flood-inundated areas in the study area using a flood hazard
map, the impact of flooding on people, infrastructure, and vegetation using a flood
vulnerability map, and flood zones in the study area using a flood zoning map to show
hazards and classify them as low, medium, and high magnitude hazards. The study area of
Kottarachowki, Mangalore taluk, Dakshina Kannada district, Karnataka state, has also
indicated the same (AshwathaNarayanaM et al., 2019).The rapid urbanization has proven
fatal in case of Yamuna River basin, Delhi and therefore, flooding with greater intensity
are occurring at a higher magnitude. Even with a mediocre velocity the flood can be proved
fatal for a sizeable population. A proper oversight and upkeep of the old structural measures
and strengthening non-structural measure can alleviate the number and the loss of flood
affected people (M. Kumar et al., 2019). Floods in Guwahati impose a serious threat to
socio-economic aspects including urban livelihood insecurity , that is why a socio-
economic indicator based approach on social infrastructure and urban amenities and
associated modelling of the incidents of the past events can be proven as helpful in case of
further damage(Kashyap & Mahanta, 2021).

29



CHAPTER TWO: REVIEW OF LITERATURE

2.4.4. Case Studies from West Bengal:

Among other states, West Bengal happens to receive maximum precipitation in the months
of September and October coupled with depressions in bay of Bengal has shown the
extreme rainfall events till 2000 and has shown how the failure of structural measures
associated with heavy rainfall can cause prolonged fatalities for the State(R. Samal et al.,
2014). Developing a neuro-genetic model, the paper has identified the relationship between
return period and rainfall events. The unplanned urbanization in the hazardous low-lying
areas , destruction of wetlands and inadequate drainage conditions have led water logging
condition of English-Bazar Municipality of Malda Town to its worst. Chattaraj et al., 2021
has proposed a well drafted drainage plan for the town. Flood Risk Index, Flood
Vulnerability Index and Flood hazard Index developed by in case of Cooch Behar basin
can help towards a better management of the casualties(Chakraborty & Mukhopadhyay,
2019). The application of Real-Time data in flood monitoring is proposed and shown by
but the data and associated processing chainage are not always available at all scales (D.
Sen, 2013).

2.5. Flood Modelling as an Important part of Flood Risk Reduction:

... ‘Flood forecasting is one of the important flood mitigation methods and is widely used
in catchment flood mitigation (Zhang, 2002). Flood forecasting relies on flood forecasting
models, and lots of flood forecasting models have been proposed, such as the Stanford
model (Crawford et al., 1966), the Xinanjiang model (Zhao, 1977), the ARNO model
(Todini, 1996), the SHE model (Abbott et al., 1986a, b), and the Liuxihe model (Chen et
al., 2011), among others. The models used in catchments cannot be used directly in urban
areas as there is a high density of buildings and underground pipelines that are not treated
by catchment models. There are urban hydrological models which can deal with
underground pipeline flow and even surface runoff flow, and determine inundation
conditions, such as ILLUDAS model (Terstriep et al., 1974), SWMM model (Cole et al.,
1976), TR-55 model (USDA, 1986), Inforworks model (Koudelak et al., 2008), and the
STORM model (Wiles et al., 2002). These models have been widely used in urban flood
planning and management, but not used so much in urban flood forecasting.’...(Jiang et
al., 2015).
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Table No.2.2 The Usage of Various Models Combatting The Risk For Urban Flooding

Names Category Usage Case Authors
Studies

The Dynamic | CA  (Cellular | Used In Urban | USA (Barredo Et Al.,

Spatial Model | Automata) Growth Mapping 2005)

for Urban | MOLAND

Simulations Model

Hydrodynami | SWMM  And | Importance of | Japan (Gebreegziabher
C Flood Manhole in Urban & Demissie,
Inundation and | Flooding 2020)
Recession Simulation
Mode
Multi-Criteria | MCDA (Multi- | Value judgements | Italy (Levy Et Al,
Decision Criteria and technical data 2007)
Support Decision combined in a
Systems Analysis) structured
(MCDSS) Models and | decision
Techniques, framework  can

With Emphasis | help manage this

on The Analytic | complexity  and

Network decision load.
Process (ANP)
SWMM SWMM Helps To Forecast | China (Jiang et al,
Urban Flood, But 2015)
Not Precisely.
MIKE 1D  Drainage | urban storm, flood | Germany | (Basnet & Bhola,
URBAN System model | events and urban 2017)
coupled with 2D | runoff,
Hydraulic drainage
Model infrastructure and
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urban  drainage

modelling
SWMM- A coupled 1D- | finds overflowing | India (V. A. Rangari et
PCSWMM 2D flood | drainage  nodes | (Hyderab | al., 2018)
modelling and prepares risk | ad City)
approach and flood

inundation maps
(HEC-HMS) | Rainfall-runoff | Flood concerns | India (Vinay Ashok
(HEC-RAS model are modelled in | (Hyderab | Rangari et al.,
two dimensions in | ad City) | 2019)

order to create
management plans

that use flood risk

reduction
techniques to
address the
likelihood of
future
occurrences.

Source: Compiled by Author from Various Sources
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Figure No.2.3(a). Showing the Google Registered Books on Urban Flood Modelling
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Figure No.2.3(b) showing the Usage of The Models on Urban Flood Management

For Fig. 2.3 (a) and (b)[Google Books Ngram Viewer where X-axis shows the year and Y-

axis shows the percentages of the occurrences of the books comprising the key word ‘urban

flood management’ and ‘Urban Flood software’ more than 40 times in a specified

corpus.(Josund, 2017) ]
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3.0. Foreground:

A research gap refers to a question or area in knowledge that has not been adequately
addressed or answered through previous research studies. It is a discrepancy between the
current understanding or available evidence and the knowledge or information that is still
needed to advance the field. Identifying research gaps is important in guiding further
research efforts and helps researchers identify topics or areas that require further
investigation. On the other hand, objectives of research can explore, explain, describe,

evaluate, compare and validate these research gaps (Kothari,2004).
3.1. Research Gap:

1. The research regarding urban floods in cities other than the metros is quite negligible
in numbers.

2. There are very few area-specific publications regarding the negative impact of
urbanization on the town, but a detailed mention or analysis of such problems is hard
to find.

3. Consequently, the study on the impact of such problems as water logging, and flooding

on the citizen’s daily lives is also neglected.
3.2. Objectives:

1. To assess the multifaceted temporal changes in the urban landscape of Burdwan
municipality since 1991.

2. To analyze historical records of rainfall occurrence and its control on surface run-

off generation and urban flooding in the study area.

3. To recognize the impact of urban flooding on the various socio-economic groups in

the municipality.

4. To formulate some applied solutions to mitigate and manage the flooding issue in the

study area.
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3.3. Research Questions:

Research Objectives are further subdivided into research questions for better

understanding.
3.3.1. Objective.1:

How has Land use changed over the decades with special reference to urban
encroachment?

What kinds of spatial distribution urban areas have been portraying in the last few
decades along with the increase in population?

What are its facets?

How does the urban drainage impact the flooding situation?

Does the temporal fluctuation of urban water bodies stress this flooding condition?
What is the status of urban solid waste management, and does it influence the flooding
scenario?

Is there any other network for urban sewage water?

What is the causative factor/factors among so many aspects of urbanization that is most
responsible?

3.3.2. Objective.2:

Where does the town of Burdwan stand in terms of rainfall in the district?
What is the existing trend and pattern of rainfall?

Is it short or long lived?

How much run-off is generated against a certain amount of rain?

Do the river floods (Damodar and Banka) inundate the town?

3.3.3. Objective.3:

Which are the wards that get most affected?
What is their general perception about urban services?
According to them, what are the probable causes?

How does their livelihood get hindered?
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3.3.4. Objective.4:
Can it be combatted without hampering the present urban setup?

What could be the possible role for all the stakeholders?

3.4. Scope and Limitation of the Study:

This study might be considered as a first attempt to analyze the urban flooding scenario of
the town. Unlike previous studies, it has tried to cover all the facets of urbanization that
cause flood using an integrated methodology of Remote Sensing, GIS Techniques, Primary
Survey, and Secondary data. Next, The Urban Run-off is calculated for the town via
Integrated Valuation of Ecosystem Services and Tradeoffs-Urban Flood Risk Mitigation
(INVEST-UFRM) Model, which is completely a new approach ever applied to the
Municipality. The findings of the study can be of further use for any micro-level detailed
analysis of the Municipality.

However, this work had got some restrictions also-The satellite data sets are all from the
LANDSAT ranges, though for the year 2021 sentinel data is available, but to avoid the
process of downscaling the data, all images are compiled from the LANDSAT data range
thereby making the resolution coarse. The LULC Classification could be more accurate if
the historical images from Google Earth Pro were still made available or if satellite images
of better resolution were available on open platforms. Again, while conducting surveys
some people in a particular area seem to be politically biased and also there was a temporal
lag in the survey schedule due to Covid-19. The Concerned Municipality does not have any
idea of the concept of urban flooding, therefore a lack in the temporal database in many
urban sectors like rainfall, water logging, solid waste management, water bodies etc. is

found.
3.5. Expected Deliverables:

This study will perform as an extension and improvement of pilot study in terms of
identifying factors governing urban floods like urbanization and its other facets, analyzing
past events of rainfall to aid the scenario through generating run-off and flood modeling,

together with suggestion of alleviation scenarios to relieve flood problems. The outcome
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of this study will also emphasize on the sustainable urban development by flood prone
areas identification based on relief and tendency of the water inundation, precipitation
intensity, developing flood resilient measures and assessing the role of stakeholders
including the ULBs. (Urban Local Body).
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1. Kothari, C. (2004). Research methodology: Methods and techniques (2nd revised
edition). New Delhi: New Age International (P) Limited, Publishers
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4.0. Foreground:

In order to study a research problem or subject in an organised and methodical manner, a
technique is required. It is essential because it offers direction and a framework for the
entire research process, which eventually improves the validity, correctness, and reliability
of the results.. This chapter deals with a thorough scheme of finding the answers to the
objectives by examining the spatio-temporal changes in the land use landcover identifying
the facets of urban flooding along with the impact of urbanization, analysis of rainfall trend,
analyzing the responses of the surveyed people and developing location-specific
management recommendations. To achieve these research goals, acknowledged geospatial
procedures and proven quantitative approaches were used. A comprehensive objective-
specific methodological framework (Figure No.4.1) has been developed after reviewing
considerable amount of literature including various published journal articles, book
chapters, previously delivered thesis, Government Reports, Statistical Handbook, District
Human Development Reports, State Annual Flood Reports, District Disaster Reduction

Plan on the core concepts of urban flooding and study area both, to name a few.

4.1. Methodology opted for Objective.1 (To assess the multifaceted temporal changes in
the urban landscape of Burdwan municipality since 1991)

4.1.1. Image Classification:

To study the temporal changes in the urban setup, the classification of LANDSAT Images
has been performed since the year 1991 up to 2021 keeping the census years of India in
mind. The reason for selecting 1991 as a base year is that since 1991, notable shifts have
been noted in the characteristics and trends of urban expansion in India. Space in our cities
is currently being reorganized in terms of both shape and function from that time, especially
the middle and the small-sized towns (Chadchan and Shankar 2012). The LULC change
detection has followed the scheme of 2" Cycle of LULC Classification combining
Description Order-1 and Il given by the NRSC (National Remote Sensing Centre, India)
(Sudhakar and Rao 2010)
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Table No.4.1. Integrated Sources of Data along with their Links

Multi-temporal LANDSAT DATA from 1991 to 2021 (MSS to

ETM+)

i)Data provided by the Burdwan Municipality
ii)Field Survey,2022-2023

i)Field Survey,2023

ii)Data provided by the Burdwan Municipality

i) Google Earth Pro 7.3.3
ii)Field survey,2022

iii) Sol (Survey of India)’ metric topographical sheets (1:50,000) 73
M/15 and 73 M/16 for Burdwan Municipality. The open series map
(2:50000) is freely available on (Survey of India (Digital), 2017)

iv) Urbanization and its Facets for Principal Component Analysis

CFSR-SWAT Data (1979-2014) (2001-2019)

i)Field Survey (2022-2023)
ii)Irrigation and Waterways Department, Govt of West Bengal

Retrieving information from the layers of Boundary, LULC, Rainfall

Depth, and Relief.

Field Survey (2018, 2022,2023) and Statistical Analysis

Data Used

45

Links

https://earthexplorer.us
gs.gov/)

i)https://earth.google.co
m/web/

iii)https://onlinemaps.su
rveyofindia.gov.in/

iv) https://spss-
64bits.en.download.it/

https://swat.tamu.edu/d
ata/cfsr

https://naturalcapitalpr
oject.stanford.edu/softw
are/invest-
models/urban-flood-
risk-mitigation
https://www.originlab.
com/origin

Software Used

ERDAS_Imagine
9.2, ArcGIS 10.4

ArcGIS 10.4
ArcGIS 10.4

ArcGIS 10.4
ArcGIS 10.4

SPSS 28.0.1

ArcGIS 10.4

INVEST-UFRM
3.13.0
ArcGIS 10.4

MS-Excel 2017
and Origin
Pro,2023


https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://onlinemaps.surveyofindia.gov.in/
https://onlinemaps.surveyofindia.gov.in/
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According to the scheme of classification, five classes have been generated (Table No0.4.2)
where:

Table No.4.2. The LULC Classes Taken from NRSC 2" Cycle Scheme of
Classification

Description Order-1 Description Order-2
Built Up Area Urban
Agricultural Land Crop land, fallow
Forest
Wetland/ Waterbodies River/ canal and Water Bodies

Source:(NRSC National Remote Sensing Centre 2014)

Table No.4.3. The Details of the Satellite Images (LANDSAT) Used

Year Date of Path | Row Sensors Used
Retrieving the
Image
1991 30.04.91 139 044 TM (Thematic Mapper)
2001 25.04.01 139 044 ETM+ (Enhanced Thematic Mapper Plus)
2011 18.04.11 139 044 | ETM+ (Enhanced Thematic Mapper Plus)
2021 18.05.21 139 044 OLI (Operational Land Imager)

Source: Information gathered from LANDSAT Data (https://www.usgs.gov/landsat-missions/landsat-

data-access)
Land use Landcover Map preparation in ERDAS is done following the steps.

Import the image — Create training samples — Draw polygons— Training  data

manager — Perform supervised classification —» Refine classification results —»

Accuracy assessment— Export the classified image— Validate and edit the classification

(Razafinimaro et al. 2021).

4.1.2. Accuracy Assessment of the Classified Images: Accuracy assessment of land
use/land cover classification is a crucial step in evaluating the reliability and quality of the

classification results. It involves comparing the classified land cover map with reference
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data to determine the level of agreement or disagreement between them. Here, Kappa’s co-
efficient matrix is used to assess the accuracy or agreement between two or more raters or
classifiers. To calculate Cohen's kappa’s co-efficient matrix, the observed agreement

between raters is compared to the expected agreement. The formula for Cohen's kappa is:
K=(Po-Pe)/(1-P€) .eeviriiiiiiii (1)

Where « represents Cohen's kappa coefficient, Pe is the predicted agreement by chance,
and Po is the observed agreement between raters. The range of Cohen's kappa coefficient
is -1 to 1. A value of one denotes perfect agreement, a value of zero denotes coincidental
agreement, and a value of one denotes total disagreement. (McHugh 2012;Arumugam,
Yadav, and Kinattinkar 2021).

4.1.3.The Normalized Differential Built Up Index (NDBI):

It is a commonly used remote sensing index that quantifies the ratio of built-up (urban)
areas to non-built-up (non-urban) areas in an image. It is often used to study urbanization
and assess the extent of urban development within a region. The formula to calculate NDBI

is as follows:
NDBI = (NIR - SWIR) / (NIR + SWIR)..................... (ii)

Where: NDBI = Normalized Differential Built-up Index NIR = Near-Infrared band
reflectance value SWIR = Short-Wave Infrared band reflectance value.The NIR and SWIR
bands are commonly obtained from satellite or aerial imagery. By subtracting the SWIR
band from the NIR band and normalizing the result, the NDBI value provides an indication
of the urban land cover proportion within a given area. Higher positive numbers imply
more built-up areas, whereas lower negative values indicate non-built-up areas. The NDBI
values can range from -1 to 1. A value that is almost equal to zero denotes a balanced

distribution of both developed and undeveloped regions(Yasin et al. 2020).
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Figure No. 4.2. Methodological Framework for Objective 1

4.1.4. The Other Facets Related to Urbanization those are responsible for Urban

Flooding Situation:

Now, only Urbanization cannot be held responsible only for the Urban Flooding condition.
The status of urban waste, urban drainage, water bodies in the anthropogenic factors and
the rainfall as a natural factor should also been investigated.(National Disaster
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Management Authority 2017) After giving inputs of all the literature regarding the causes
of urban flooding into making a word cloud the other aspects also surfaced. A word cloud
IS a graphic representation of text data in which the prominence or frequency of a word
within the text is indicated by its size. More commonly occurring words in a word cloud
are exhibited in higher letter sizes, while less often occurring words are shown in lower
font sizes. (Kalmukov 2021). Apart from the major fact urbanization, the other responsible
factors are-urban drainage, urban waste, community perceptions, extreme event and

rainfall, waterbodies- which would be highlighted in the subsequent chapters.

encroac I'}{:J!t)an WaSte

ground water table

urban drainage
community perception

Figure No.4.3: Word Cloud on Various Facets of Urbanization

(Source: https://classic.wordclouds.com/)
4.1.5. Urban Solid Waste:

For appraising the current scenario of urban solid waste, the data provided by the
Municipality regarding its generation, collection and compactors are consulted. After that
they are processed in MS-Excel (2017) and ArcGIS 10.4 for network analysis.

4.1.6. Urban Drainage:

Urban Drainage includes a huge range of spectrum starting from natural to man-made.
Coming first to Urban Open Surface Drainage, from the field observations, it was clear
that whichever type of surface drain it might be they have amounted major mass of silts

into them which has prohibited the water to flow properly. To assess the working
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conditions of different types of drainages, some samples from each category have been

selected based on certain parameters (Google Earth Image No: 4.1.)

* Ubiquity in the distribution of the variety of drainages so that all four types can be
included.
* Proximity to Banka River or water bodies as some of the drains are supposed to be

linked with them

* Vicinity to the busiest places as at times clogging of the drainages might bring up a

local flood.

Google Earth Image No: 4.1. The Selected Drains from Each Category of
Drainages (Source: Google Earth Pro, March,2023) [The index is given in table 4.4]
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Table No.4.4: The No of samples Taken for Urban Open Surface Drains

SL No Type of Drains Index Total Number of No of Drainage
Drainages Surveyed
1 25 4
High Drain
2 303 15
Boro Pucca Drain
3 1226 23
Choto Pucca Drain
4 56 3
Kutcha Drain

Source: Calculated from the Base Map of Drainage provided by Burdwan Municipality,

2022

The Process follows:

» A measuring stick was made (a firm
stick where a measuring tape was fixed)

» First, it was drowned till it touched the
the level of
watermark, the depth of water was

bottom. W.ith

calculated.

» After wiping, it was inserted in water till
the point where sedimentation started,
or the stick was blocked by the silts.
With the mark of the deposition, the

amount of siltation can be assumed.

» Subtracting step 3 from step 2- the

actual water depth can be calculated.

Photo: 4.1. Measuring the Drainage Depth (As a result of the survey, the cross-sections

of each kind of surface drain have been drawn to show the level of water, level of

deposition and amount of freeboard mainly.)
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4.1.6.1. Sedimentation Aspect Ratio:

In this study, the high sedimentation of the channel capacity at present was compared to
determine the function value (%) sedimentation rate. The greatest cross-sectional area of
the channel determines the channel capacity, and the height of the water (h) determines the
channel height (H). Considering the shape of the drainage channel as rectangular, (as in

most of the cities in India).

Sedimentation
Aspect Rate:

A=bH, A_, bH

sed= sed

Thus, Sedimentation rate can be measured by:
Sed= (100- A_, /A*100) %

Where, A= Max Cross Sectional Area, A__,_ Sectional

arca due to sedimentation, b = Baseline Width, H= total
channel height in m, H_, Height due to Sedimentation

4.1.6.2. Calculation of Flow and Discharge of each type of Drainage:

The flow of water in an open channel is influenced by multiple elements that can cause
complexity, such as the roughness of the surface, gradient inclination, and the hydraulic
radius. Almost a century ago, the Manning equation was developed in an effort to simplify
the key components of these elements (Djajadi 2009). The channel velocity, flow area, and
slope all affect the Mannings equation, an empirical formula that describes uniform flow

in open channels. It is equally applied for man-made channels also (Bengtson 2017).
Q=VA= (1.00/n) AR %NS (STURNIt)........ooovmiiiiiiiieieeeeeeeei, (iii).(A.Merry 2017)

Where Q= flow rate, V= velocity, A= flow area, n = the friction provided by channel
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lining, Manning coefficient of roughness, R the hydraulic radius, and S the channel

gradient.

For calculation, the standard value for n=0.015 for concrete, (here applied for high drain,
large concretized drain, small concretized drains) and 0.025 for soil (here applied for small
concretized drain)(Djajadi 2009).Again, to make it easier for water to flow towards the
drain, basement flooring often has a slope of around 1:200 towards the drainage channel

close to the wall (Bureau of Indian Standards 1988).

4.1.6.3. Calculation of the Number and the Approximate Water VVolume of the Water

Bodies:

Next coming to Urban Water Bodies, to demarcate the increase or decrease in the number
the Google Earth Pro Images of 2010 and 2013 was compared and analyzed in ArcGIS
10.4. Thereafter, a map showing the density of water bodies is also prepared for the year
2023. For the calculation of the water volume, field works were conducted with the help
of local people where the depth, length and width of the selected ponds were collected.
Here, Basically the water bodies are selected based on the shape for the ease of calculations.

Photo No.4.2. A Local Brother Helping Me Out with the Field Work of the Water
Bodies (Source: Primary Survey, 2023)
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Table No. 4.5. The Samples Taken for Water Bodies

SL No Shape of Index No of Water Bodies
Water Bodies Surveyed
1 18
Rectangular
2 12
Oval
3 17
Square

Google Earth Image No.4.2. The Selected Ponds Which Have Been Surveyed.
(Retrieved on October, 2023)
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After selection of the water bodies, the length and width were measured by the measuring
tape and verified with Google earth later. For the depth, the stuff reading was taken at the
four ends of a water bodies for rectangular and square shaped ones, but the depth of the
midpoint was averaged out from those numerical values. For oval shaped ones, four exact
corners were presumed and then proceeded for the next steps. Now. After calculating water
volume (in cubic meters) for each water body under each category, the results for water

volume are averaged out.

4.1.6.4. Measurement of Water Depth of Banka River:

Coming to the Measurement of Water Depth of Banka River, there are 8 bridges built over
Banka to connect its right and left banks within the Municipality jurisdiction. As the river
water is turbid and in most of the parts it is not navigable these bridges are chosen to
measure the water depth from the heights. Almost all the bridges were used for surveying
except those very closely built (like the twin bridges at Birhata Clock Tower) and, because
its base is concrete, causing the same amount of uniform flow everywhere at the station.
Two other bridges from the Eastern and Western portions outside the Municipal boundary
area have been chosen to witness if there is any discrepancy of water volume in urban and
nonurban areas. Due to the height of the bridges, while measuring, a crude method of
submerging brick/stone in the water with the measuring tape attached to it, is followed.

Since the creation of the dams along the left bank of the river Damodar, there is hardly
any incident of water entering the town of Burdwan from the river unless and until there is
a breaching- the records, the secondary data and the local people perceptions have

confirmed this.
4.1.7. Principal Component Analysis:

To point out the most responsible factors those have taken part mostly among the
urbanization and its facets, a Factor Analysis with the extraction method Principal
Component has been run in SPSS version 28.0.1 Trial Pack. PCA in SPSS involves some

major steps and principles:
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The Major Steps in a PCA calculation include-

A correlation matrix is produced by calculating the inter-correlations between the
components.

The correlation matrix's inter-correlated items, or "factors,” are removed to produce
"principal components.”

For the sake of analysis and interpretation, these "factors" are flipped around(UCLA
2021).

The associations between the variables are displayed in the correlation matrix. These
coefficients are ranging from -1 to 1, where O denotes no connection, -1 denotes perfect
negative correlation, and 1 denotes perfect positive correlation. Once the correlation matrix
is obtained, it is used to determine the principal components (UCLA 2021). The eigenvalues
and eigenvectors of the correlation matrix are calculated, and the eigenvectors represent
the directions of the principal components. The eigenvalues indicate the amount of variance
explained by each principal component. Prior research has accepted an arbitrary criterion
of 1.0 or higher for determining whether a factor warrants further interpretation. The
rationale for the 1.0 criterion stems from the idea that a "factor” should, at minimum,
account for the same proportion of common variance as it does unique variance within the
construct (IDRE Statistical Consulting 2018). A visual tool for determining the number of
"factors” to be interpreted from the extraction of the main components is a scree plot. The
eigenvalues are shown against the sequence of "factors" that were taken out of the data to
create a scree plot. Because the initial "factors” derived from the principal components
analysis frequently exhibit the strongest inter-correlations between their respective survey
item (IDRE Statistical Consulting 2018;Beaumont 2012).

These inter-correlated item "factors” that have been extracted are "rotated.” This "rotation”
happens because of the common occurrence of certain items having a strong correlation
with other items on many "factors.” This complicates the interpretation of the initial factor
extraction. These problematic items are "rotated" onto the "factor” that has the strongest
link with the "factor's” items. This mathematical "rotation™ improves the interpretability of
the extracted "factors,” but it eliminates the interpretation of the shared variance associated
with the "factor."(UCLA 2021)
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4.2. Methodology opted for Objective.2 (To analyze historical records of rainfall

occurrence and its control on surface run-off generation and urban flooding)
4.2.1. The Data Used for Analysis:

While opting for a rainfall analysis, we often lack the continuousness of daily acquired
data of a particular station over a larger period. Even if sometimes the data is available
either it is of restrictive usage or financially not feasible. In such scenario, for the analysis
of the District Rainfall, the National Centers for Environmental Prediction (NCEP) Climate
Forecast System Reanalysis (CFSR) has offered a “designed and executed as a global, high
resolution, coupled atmosphere-ocean-land surface-sea ice system to provide the best
estimate of the state of these coupled domains over this period” (Daniel R. Fuka, 2013). It
was researched that this dataset would be the best fit for small or medium-sized watershed
as it is developed on the basis of ‘Reanalysis’ which is integrating climatic observations
into the same climate model during the whole reanalysis time period aiming to help
mitigate the impact of model changes on climatological figures (ECMWF, 2020) .On top
of that, it is an open ware, easily available and downloadable (directly in .CSV/.XLS)
format and very easy to work with. It has a resolution of 30 km, and it covers enough
historical data to function climatic modeling. The results of this evidence of concept study
showed that CFSR data may be successfully used in watershed models under a wide range
of hydro climatic settings (Daniel R. Fuka, 2013).Accordingly, the district of Purba
Burdwan has got 6 points in and around the district. The extent of 87.125 m to 22.6366

m box was drawn to locate the points and here is the outcome.

Table.No.4.6: The Points of Data Accessibility in and Around the District of Purba

Bardhaman

SL No. | Longitude (in m) | Latitude (in m) Points of Data Accessibility
1 87.8125 22.9487 Near Raina-11 Block Border
2 88.125 23.2609 Memari-I
3 87.8125 23.26099 Burdwan-I
4 88.125 23.885 Katwa
5 87.8125 23.8855 Near Mangalkot Block Border
6 87.8125 22.6366 Near Ausgram Il Block Border

Source: Official website of SWAT Model (https://swat.tamu.edu/data/cfsr), 2021
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The station lying at SL No.3 of Table 4.6.is selected for analysis of the rainfall at the
Municipality level. The study is carried out in two steps: a) District rainfall scenario
estimation as a part of broader analysis of rainfall and b) Municipality / town rainfall profile

estimation to understand the trend and pattern at the minutes level.

Google Earth Image.4.3. The Points of Data Accessibility in and around the District
of Purba Bardhaman (Source: Google Earth Pro,2021)
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Figure No.4.4 The Methodolgical Framework for Objective.2

4.2.2. For District Rainfall Profile of Purba Bardhaman District:

4.2.2.1. Generating Spatial Distribution of Rainfall in The District:

From the six major existing data points, an interpolated surface of rainfall was generated

through the method The Inverse Distance Method (IDW) makes the assumption that items

that are closer together are more comparable than those that are farther apart. To forecast

a value for any unmeasured site, IDW employs the measured values surrounding the

prediction location (ESRI, 2021). When applying inverse distance weighting (IDW), the

output value for a cell is constrained by the interpolation range of values. IDW is a

weighted distance average; therefore, neither the greatest nor lowest input can be bigger
than the average (PRO, 2021).With the help of IDW method, an Isohyet Map of Purba

Bardhaman is generated, which is a type of thematic map that displays lines connecting

points of equal precipitation or rainfall. These lines represent areas with the same amount

of rainfall (Jayasree and Venkatesh 2015).
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4.2.2.2. Creation of Thiessen Polygons:

It is a technique for figuring out how important point rainfall readings are in space. Every
measurement station has a perpendicular bisector erected along the lines connecting it to
the surrounding stations. By joining these bisectors, a sequence of polygons with one
station each are formed. The amount of precipitation measured at a station is allocated to
the entire area included by the polygon (AMS, 2012). The average rainfall can be calculated
from this equation:

Payg= Agupy oo s s (iv)
Where, P;= Precipitation recorded at the various stations
A;= area of Thiessen polygon i
Following the generation of IDW, the rainfall values were known all over the district from

that the centroids are created, based on which the block wise polygons are generated.

4.2 3. For Rainfall Profile of Town Burdwan:

For analyzing the rainfall scenario within the Municipality a few statistical tests have been

performed.

4.2.3.1. Autocorrelation Test with Durbin Watson (DW) Static Test:

Autocorrelation testing in rainfall data is a statistical analysis technique used to examine
the presence of correlation or patterns within the time series of rainfall measurements. This
refers to the correlation between a variable and its lagged values at different time intervals.
It helps in identifying temporal dependencies and patterns in rainfall data, which can be
useful for climate analysis, forecasting, and understanding the underlying processes driving
rainfall variability (Huitema and Laraway 2015). The Durbin-Watson test is a commonly
used measure for autocorrelation for its simplicity, universality, and range of applicability.
This statistical test is used to find out if autocorrelation exists in a regression analysis's
residuals. When the Durbin-Watson test statistic is near 2, it indicates no autocorrelation.
The range of values for this statistic is 0 to 4. Positive autocorrelation, or a positive
correlation between the residuals, is indicated by a value less than 2. On the other hand, a
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value greater than 2 indicates negative autocorrelation, implying that the residuals are
correlated in a negative manner (King 1995). The formula for Durbin Watson (DW) test is:
d =\frac{\sum_{i=2} {n} (e_i - e_{i-1}) "2} {\sum_{i=1} "{n}e "2} .................. (V)
where:

e_i represents the residuals (or errors) from the regression model, n is the number of
observations in the data set. [simplified after(Champion, Lenard, and Mills 1998)]Here, it
has been done using the software R Studio (version 4.3.2) and with the package /mtest and

with the command dwtest (ProgrammingR 2023).

4.2.3.2. Change Point Detection in the Rainfall Pattern:

Change point detection models in rainfall analysis are used to identify significant changes
in the pattern or behavior of rainfall data over time. Rainfall data often exhibits variability,
and detecting change points helps in understanding shifts in precipitation patterns, which
could be due to various factors like climate change, local environmental alterations, or
other external influences. Several approaches exist for change point detection in rainfall
data that involves models involves statistical analysis, time series analysis, or machine
learning techniques on historical rainfall data to pinpoint significant shifts (Arif et al.
2017).The Statistical Models use statistical measures to identify changes in the mean,
variance, or other statistical properties of rainfall data like Pettitt's test, Buishand range
test, and Standard Normal Homogeneity Test (SNHT). Here, for detecting the changes in

the rainfall data these three tests have been performed (Dhorde and Zarenistanak 2013).

= Pettitt’s Test: (Pettitt,1979)

The Pettitt test is a statistical test used to detect abrupt changes or shifts in a time series
data. It is commonly used in environmental and climate studies to identify significant
changes in variables such as temperature, rainfall, or pollutant levels. The test calculates a
test statistic based on the ranks of the data and compares it to a critical value to determine
if there is evidence of a change point (Hakuba et al. 2013). The Pettitt test can be useful in

analyzing trends and detecting sudden shifts in data over time. The Pettitt’s Test acts on

Uk=2 ¥k ri—k(n+1), k=1, - - -, n..ooeeeiiiiiiinn, (Vi)
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Where, ri is the rank in ascending order of the nth element of the series. The most probable

change point T will be the one that satisfies the following equation:
Kr =U,T=max[Uyr], 1<t <T..cooooviinnn.. (vii)(Salarijazi 2012)

Thus, given a significance level a if p < «a, the null hypothesis, that the two distribution
Ho that the two distributors are equal is rejected. Here, it has been done using the software
R Studio (version 4.3.2) and with the package Trend and with the command pettitt.test.
(ProgrammingR 2023).Now, In the Pettitt test, the U value represents the test statistic that
is used to assess the presence of a change or discontinuity in a time series data. The
magnitude of the U value is compared to critical values derived from the distribution under
the null hypothesis of no change to determine whether the U value is statistically significant
(Hakuba et al. 2013).

= Buishand Range Test: (Buishand,1982)
The Buishand range test, also known as the Buishand U test, is a statistical method used to

detect changes in the location and/or scale of a time series data. The test is based on the
calculation of the range of consecutive data points within a moving window. By comparing
the observed range with the expected range under the assumption of no change, the
Buishand range test determines if there is evidence of a change point in the data. This test
is valuable in detecting abrupt shifts in any environmental variables.(Saifuddin 2007)The

formula for this test is -
U=max (|R1-R|,|R2-R|) .ccevriririiiinn.n. (viii)(Dhorde and Zarenistanak 2013)

where: U is the test statistic, R1 is the range of the first part of the time series, R2 is the
range of the second part of the time series, R is the range of the entire time series. Here, it
has been done using the software R Studio (version 4.3.2) and with the package Trend and
with the command buishand.test (ProgrammingR 2023). In the Buishand range test, the
expression R/sqrt(n) represents the standardized range statistic, where R is the range of the
observations and n is the sample size. A P value greater than the chosen significance level
(often 0.05) indicates that there is not enough evidence to reject the null hypothesis,

suggesting that there has been no significant change.
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= The Standard Normal Homogeneity (SNHT) Test: (Alexandersson 1986)

The Standard Normal Homogeneity Test (SNHT) is a statistical test used to detect
inhomogeneities or changes in the mean of a time series data. The SNHT assesses whether
the mean of a series of observations significantly deviates from a standard normal
distribution. By comparing the observed data to the expected distribution, the test
determines if there are any significant changes in the mean value over time.(Toreti et al.
2011)

SNHT statistic =max [Z(1)]......cooeieriiiiiiiiieeea, (ix)

where Z(i) is the standardized anomaly at each time point i. The standardized anomaly is
calculated as:

Z() = (XA) = K) /S, (x)

where X(i) is the value of the time series at time point i, X is the mean of the time series,

and S is the standard deviation of the time series.

Here, it has been done using the software R Studio (version 4.3.2) and with the package
Climtrend and with the command snht.test. In the context of the Standard Normal
Homogeneity Test (SNHT), the T value refers to the test statistic that is calculated to
assess whether a shift in the mean of a time series is statistically significant.
(Tuomenvirta 2002)

4.2.3.3. Identification of Monotonic Trend in Rainfall Data Via Mann Kendall’s Test

The Mann-Kendall (MK) test (Mann 1945, Kendall 1975, Gilbert 1987) is a statistical tool
used to determine whether an interest variable has been trending upward or downward over
time. A continuous increase (down) in the variable over time is shown by a monotonic
upward (downward) trend, which may or may not be linear. The MK test can be used to
ascertain whether the slope of the anticipated linear regression line deviates from zero
rather than performing a parametric linear regression analysis. Regression analysis requires
that the residuals of the fitted regression line be regularly distributed; however, the MK
test, a non-parametric (distribution-free) test, does not depend on this assumption.(Wang
et al. 2020).
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The first step in the Mann-Kendall test for a time series x, x5, X3 .. veo oo ... X, Of length

n is to compute the indicator function sgn(x; — x;) such that (Kamal and Pachauri 2018):

1, X; — x] >0
sgn(x; —x) ={0, x—x=0_ ... (xi)
—1, X; — .X'j <0

which tells us whether the difference between the measurements at time \(i\) and \(j\) are
positive, negative or zero. Next, the mean and variance of the above quantity are computed.
The mean \(E[S]\) is given by:

E[S] =21 Xoipasgn(Xi — %) ooooiiiiiiiiiii (xii)

and the variance VAR(S) is given by:
VAR(S) = 11—8(n(n —DCn+5 - @k (@ — D2 +5)) e (xiii)

where (p) is the total number of tie groups in the data, and g is the number of data points
contained in the k-th tie group (Reshu Yadav et al. 2014).Here, it has been done using the
software R Studio (version 4.3.2) and with the package Trend and with the command
mannkendall (ProgrammingR 2023). Sen's slope, on the different hand, is a non-parametric
technique for estimating the slope of a linear trend in a dataset. It is often referred to as the
Sen’'s estimator or the Sen's slope estimator. The MK test establishes whether or not the
observed trend is statistically significant, whereas the Sen slope measures the trend's
amplitude. They are often used together to analyze and interpret trends in a time series data
set. Also, the values of Kendall’s Tau have been calculated for the fact that Kendall's tau
measures the association or dependence between two variables (Roy and Chakravarty
2021). These are two important parameters while analyzing the outcome of Mann-Kendall

test.

4.2.3.4. Intensity-Duration-Frequency (IDF)Curve:

Intensity-duration-frequency (IDF) curves, or its inverse, likelihood of exceedance, depict
the connection between rainfall intensity, time frame, and return period. IDF curves are

widely used in the conception of hydrologic, hydraulic, and water resource systems.. IDF
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are obtained from the examination of the frequency of rainfall observations. Based on
rainfall intensity data from 1979 to 2019, the important frequency analysis technique
(Gumbel  distribution) ~was used to develop this relationship  of
5min,10min,15min,30min,60min,120min,720min,1440 min with 2, 5, 10, 25, 50,75 and

100 years return periods.

For simulating an annual rainfall series, the Gumbel distribution (GD) approach is the most
often used distribution technique (Bharali 2015; Sasireka, Suribabu, and Neelakantan
2019; Mayank B 2020; Gulap 2019; Osei et al. 2021; Mujumdar, 2012).The type 1 extreme
value distribution, also referred to as the Gumbel distribution, is a widely used statistical
technique for analysing rainfall extreme values. (Gumbel, Koutsoyiannis,). It is used in
hydrologic research to estimate flood peak, maximum rainfall, and other parameters using
the probability distribution of extreme quantities. The following equation gives the
precipitation frequency P 1 (in mm) for every duration with a certain return period T r (in

a year)
Xr= X + K1S
Or
Log X 1=L0og X + KtSiogx...eevevvenianinnannnnn. (xiV)

where X T represents the rainfall frequency (in mm) for each duration, S represents the
standard deviation of precipitation data, Xis the average of annual precipitation data,

and K T is the Gumbel frequency factor given by equation
Kr=—v6/m{0.5772 + In[In(T /5 _ 1| TSR (XV)

where, TR is the return period (2, 5, 10, 25, 50, 75 and 100) years. Then, the rainfall
intensity I+ (in mm/h) for return period Tr is obtained by equation.

It=P1/ Tq
where T 4 represents the time duration in hour.
But,First to get the data of 5min,10min,15min,30min,60min,120min,720min,1440 min

which means of a shorter duration, the 49 years old daily rainfall data has been split with
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the help of the formula originally propounded by Ramaseshan of the Indian Meteorological
Department (IMD)(Sam et al. 2023). Where:

E=Ryy(ty, e (xvi)
I_Rt/t ..................... (XV”)
t
Ri—g,, (Z) n +C............. (xviii)

R is the daily rainfall depth (mm), t is duration (hours), n is an exponential constant =1/3

and | = rainfall intensity (mm/hr.).

4.2.3.5. Rainfall Indices:

Rainfall indices are statistical measures used to analyze and quantify various aspects of
rainfall patterns and characteristics. These metrics help with agricultural planning, water
resource management, and the assessment of the implications of climate change by offering
insightful information on precipitation trends, variability, and extremes. The total yearly
rainfall, mean monthly rainfall, seasonal distribution of rainfall, and frequency of extreme
rainfall events are examples of common rainfall indicators.These indices help identify
drought or flood-prone regions, assess the duration and intensity of dry or wet spells, and
evaluate the overall climatic conditions of a particular area. By analyzing rainfall indices,
researchers and policymakers can make informed decisions regarding water allocation,
infrastructure development, and disaster preparedness, ultimately contributing to

sustainable resource management and climate resilience(Silva et al. 2022).

= Rainfall Anomaly Index (RAI) (Van Rooy,1960)

The rainfall anomaly index is a measure used to assess deviations or anomalies in rainfall
patterns from a long-term average. It helps in identifying periods of unusually high or low
rainfall compared to the expected or normal conditions. The calculation of the rainfall
anomaly index involves comparing the observed rainfall data for a specific time with the
long-term average or historical data for the same period. The difference between the
observed rainfall and the average rainfall is calculated, and this difference is then
standardized using statistical methods such as z-scores or percentiles. The resulting rainfall
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anomaly index provides a quantitative measure of how much the observed rainfall deviates
from the expected or normal conditions. Positive values indicate above-average rainfall
(wet anomalies), while negative values indicate below-average rainfall (dry anomalies)
(Silva et al. 2022).

For a positive anomaly when P > P,RAI = 3 [%

For a negative anomaly when P < P,RAl = —3 [%]

The terms of the equations are denoted as P is the present monthly rainfall, P indicates the
average of the past monthly rainfall data, M points out the mean of 10 of the maximum
monthly rainfall values and x denotes the mean of 10 of the minimum monthly rainfall

values.
= Precipitation Concentration Index (Oliver 1980)

The Precipitation Concentration Index (PCI) is a measure used to assess the distribution of
precipitation over a given period. It quantifies the degree to which precipitation is
concentrated or dispersed within that time frame. The PCI is estimated by dividing the sum
of the squared daily precipitation values by the square of the sum of the daily precipitation

values (Silva et al. 2022).The formula for estimating the PCI is as follows:
PCI= (Z(Pi"2))/ (ZPi) "2............. (xx)

Where: Pi represents the daily precipitation value for each day in the given period,

denotes the sum of the values.

Table No. 4.7. Standardized Table for PCI as proposed by IMD

Values Details
<10 Low Precipitation Occurrence
10-15 Moderate Precipitation Occurrence
16-20 Irregular Precipitation Occurrence
>20 Very Much Irregular Precipitation Occurrence
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= Rainfall Seasonality Index (RSI) (Walsh and Lawler 1981)

The Rainfall Seasonality Index (RSI) is a metric used to quantify the seasonality of rainfall
patterns in a particular region. It provides a measure of the concentration or distribution of
rainfall throughout the year. RSI value represents the degree of seasonality in the rainfall
pattern. Higher RSI values indicate greater seasonality, meaning that rainfall is more
concentrated in certain months or seasons, while lower RSI values indicate more evenly
distributed rainfall throughout the year (Shamarti 2017).

n=i
Sli = i.E
Rl fn=1

Where Ri is the total yearly precipitation for the particular year under study and Xin is

. Ri .
Xin— | (xxi)

the actual monthly precipitation for month (n). This index can vary from 0 (if all the

months share equal rainfall) to 1.83 (if all the rainfall takes place in a single month).

= Rainfall Deviation Index (RDI):

The rainfall deviation index is a measure used to measure the deviation or departure of
observed rainfall from a reference or long-term average. It provides a quantitative
understanding of whether the rainfall in a particular period is above or below the expected
or normal rainfall. The Rainfall Deviation (Rfdev) which is denoted in percentage terms is
calculated as below (Saini, Singh, and Bhardwaj 2022):

Rf dev = {(Rfi — Rf)/Rf}*100................ (xxii)

where, Rfl is present rainfall for a comparable period (in mm) and Rfn is the normal rainfall
(at least 30 years average) for the same time frame (in mm). The IMD demarcation of

rainfall deviation is given in table

Table No. 4.8. Standardized Table for RDI as proposed by IMD

Normal (%) Category
60 to 100 Large Surplus
20 to 59 Surplus

+19 10 -19 Normal

-20 to -59 Deficient

-60 to -99 Large Deficient
-100 No Rain
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4.3. To Calculate the Run-Off through InVEST (Integrated Valuation of Ecosystem
Services and Trade-offs)-UFRM (Urban Flood Risk Mitigation) Model

Flood modeling is an important technique for understanding and forecasting flood behavior
and consequences. Mathematical models that replicate the hydrologic and hydraulic
processes that create floods must be developed in order to forecast the temporal and
geographical distribution of flood waters as well as the hazards and damage they bring with
them. Risk evaluation for flood prediction Flood models can be used for crisis
management, planning, and prevention, among other things. (Kumar et al. 2023). The risk
of flooding in urban areas is influenced by factors such as the makeup of watersheds,
climate variations, and the availability and state of flood mitigation and control
technologies. (Sandink and Binns 2021). A variety of flood models, such as those based on
hydraulics and hydrology, numerical modelling (HEC-RAS, MIKE, TUFLOW), rainfall-
runoff modelling (WATFLOOD), remote sensing and GIS-based models (SRTM Flood,
ArcGIS Flood), multiple-criteria decision analysis-based flood management, heuristic and
metaheuristic methods used in flood management, and more, have also proven helpful in

clarifying urban floods. (Kumar et al. 2023).

Natural Capital Project, a Stanford University endeavor, has created a relatively innovative
and comprehensive model to mimic urban food risk. The model is known as the Urban
Flood Risk Mitigation (UFRM) model, and it forms a component of the INVEST
(Integrated Valuation of Ecosystem Services and Tradeoffs) project (Bose and Mazumdar
2023).This is a newly dated robust approach, and it is frequently utilized in NASA
DEVELOP programmes for disaster preparedness, urban planning, environmental justice
concerns and for Nature Based Solutions (NBS). While the InVEST UFRM model
produced sufficient surface water runoff and retention maps for previous project scopes,
the model's accuracy and geographic variability require improvement(Do 2023).The model
runs as an open-source software and can explain the run-off retention capacity in various
places of an area with different value of rainfall occurrences within a specific period of time, the
potential economic damages considering the watershed as per its built infrastructure. This
model employs the basic SCS-CN (Soil Conservation Service-Curve Number)

methodology to comprehend the quantity of surface runoff and employs a straightforward

69



CHAPTER FOUR: METHODOLOGY

method for estimating the value associated with risk associated with food retention. This
form is ideal for doing a city-specific food risk reduction study. (Bose and Mazumdar
2023).

4.3. 1.Introduction to the software:

In this work, the INVEST version 10.3.2 was employed. This software requires specific

essential inputs to get a result. The steps and the data sources are given below:

INVEST,

integrated valuation of |
ecosystem services
and tradeoffs
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Annual V t Yield

Carbon Storage and Sequestration

Coastal Blue Carbon Preprocessor

Coastal Blue Carbon
Coastal Vulnerability
Crop Pollination
Crop Pre ction: Peecentile
Crop Production: Regression
Delineat

Forest Carbon Edge Effect
Habutat Quality

Habatat Risk Assessment

Nutnent Delivery Ratio

(2)

RouteDEM

Scenano Generator: Proximity Based

Scenic Quality

Seasonal Water Yield

Sediment Delivery Ratio

Urban

Urban Stotnywater Re
Visitation: Recreation and Tourism
W

Wave Enetgy Production

Wind Energy Preduction

Biophysical Table

Soil Hydrologic Group

Built Infrastructure (optional)

Damage Loss Table

invest-workbench = o
Edt View Window About

A INnVEST Urban Flood Risk Mitigation o

Setup > File Suffix (optional) [ ] t v

Log >

© Load parameters from file Area Of Interest (i ] ()} ‘

B Save as.., L J
Rainfall Depth (mm) o v
Land Use/Land Cover (i ] 1 (4) I lul tif v ‘

(3) Figure No.4.4. Step-1 to 3 for Running INVEST UFRM Model
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SL Name of the Data Sources Links Purpose
No Layers
1. Land Use Land | LANDSAT Data | (https://www.usgs | To delineate
Cover .gov/landsat- impermeable and
Classification missions/landsat- | permeable area
data-access)
2. Hydrological Soil | Earth Data EARTH DATA | Basic  attribute  for
Groups (HSG) (CMR Search) _https://cmr.earth | estimating USDA CN
data.nasa.gov/sear | (Curve Number) as a
ch/concepts/C221 | measure of calculating
6864285- run-off
ORNL_CLOUD.
html
3. The  Watershed/ | The Official | https://burdwanm | To demarcate the Aol
The administrative | Website of | unicipality.gov.in/ | (Area of Interest)
boundary Burdwan gis-map.php
whichever is | Municipality
applicable  (Here
the boundary)
4. Analysis of Daily | CFSR_SWAT https://swat.tamu. | For calculating the depth
Rainfall Data Data edu/data/cfsr/ of rainfall for different
time periods
5. Biophysical ~ table | HEC_HMS https://www.hec.u | Indicate
covering the data of | Technical sace.army.mil/con | the hydrological soil
different land covers | Reference fluence/hmsdocs/ | condition
and associated curve Manual hmstrm/cn-tables

number

The inputs like Built-Infrastructure and damage-loss are optional

Source: Compiled from various sources.
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The model runs on some specific algorithms based on python programming language. The

predefined formula which the model relies on are listed below:

4.3.1.1. For Run-off Generation and Run-off Retention:

The curve number approach is used to predict the runoff Q for every pixel I, which is
predetermined by a land use type and soil properties.

Qi {(P-ASmar)
pi={ l}/P (L= 2) Sy (xxiii)

If P> A. Smax; isO
Where Q= Run-off
where P is the design storm depth in mm,

Smax; 1S the prospective retention in mm
A. Smax ;1 the rainfall depth needed to onset runoff, (A = 0.2 for simplification)

Smax (calculated in mm) is a function of the curve number, CN, an empirical indicator that

depends on land use and soil traits
Smax,i = (25400/ CNi) —254.................. (Xxiv)
The model then estimates runoff retention for every pixel R; as:
Ri=1-Qp,i/P............. (xXxV)
And runoff retention volume for each pixel R_m3; as:
R_m3i=Ri-P-pixel.area-1073......... (xxvi)

with pixel. area in m2. Runoff volume (also referred to as “food volume”) for each pixel

Q_ma3i is also estimated as: Q_m3i = Qp, i - pixel.area - 103(Bose and Mazumdar 2023).

73



CHAPTER FOUR: METHODOLOGY

4.4. Methodology Opted for Objective.3(7o recognize the impact of urban flooding on

the various socio-economic groups in the municipality.)

4.4.1. Selecting the Wards for Primary Survey:

To estimate the effect of urban flooding on the citizens, first it needs to be understood
which are the wards those get most affected by the flooding, which one are the least
affected and which wards are moderately impacted. For the selection of the wards the

following aspects are considered:

Consulted with the report named ‘Land Use and Development Control Plan 2017’
published by Burdwan Development Authority where the areas of probable inundations
are mentioned based on past events.

The pilot survey (January,2019), that was done with the toto/auto driver (because they
must travel the whole municipality as a part of their job) and local passing by people
to gauge the preliminary concept of the wards those suffer from water logging or
flooding issue.

Generation of probable water inundation zone map based on the relief map to ascertain

the locations of water depressions.

4.4.1.1 Inferences from the relief map of Burdwan Municipality:

Keeping relief map of Burdwan town as a base, five cross sections have been drawn from
West to East direction (as the slope follows the same inclination) namely, AB, CD, EF, GH
and 1J. (Figure No.4.5) From the cross sections, the height of lowlands or depressions
could be easily identified and taking those heights, a map is generated where there are four
stages of inundation has been portrayed which would help understanding that which are
the zones those have a probability of being flooded first and fast.
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Figure No.4.5. Relief Map with Cross-Sections of Burdwan Municipality (Source: Source: GSI Provided Map of Burdwan Urban
Agglomeration,1987 along with 33 collected GPS Point
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With the help of the highest(35m) and lowest(28m) heights of break of slope, the zones of
inundation have been generated. (Figure No.4.7.) It is clearly seen that the central part of
the Municipality area is the last to get drowned where the peripheral region is more prone
to inundation even with a little amount of rainfall.
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Figure No. 4.7. Probable Stages of Inundation (Less than 29 m being Zone-1 to above
35 being Zone-4) (Source: taken Relief map as the base map)

4.4.2. Sampling Technique and information related to Sampling:

The Sample method followed here is Purposive Sampling. This kind of non-probability
sampling involves the deliberate selection of particular subjects or cases for a study by the
researchers on the basis of their applicability or significance to the goals of the
investigation. Making ensuring the selected participants have the traits or attributes that are
relevant to the research subject is the main goal of purpose sampling. Researchers use their
judgment and expertise to select individuals or cases that can provide relevant and valuable

77



CHAPTER FOUR: METHODOLOGY

information to address the research questions or objectives. This sampling method is
commonly used in qualitative research or in situations where the focus is on specific
subgroups or unique cases. Here the group for the survey is made based on the economic
activities they are engaged in, and a special group of Municipal waste workers have been
formed as they are one of the key players of urban flooding in the Municipal area.(Thomas
2022) ( Table No.4.10.)

Table No.4.10. The Targeted Groups for Questionnaire Survey

Characteristics Strata Groups Places to
Survey
Economic groups Daily Wage | People who sell perishable | Local
Earner commodities like | Vegetable
vegetables, milk, etc. Market
Toto/Auto Driver Roadside
survey
Municipal Waste and  Drainage | At the local
Workers Workers vat site
Service or | Resident of Burdwan | Household
Businessmen Municipality survey

4.4.2.1. Some Particulars Related to the Survey:

For the Daily wage earner and Municipal Waste workers groups,

e There are 4500 to 5000 Toto/Rickshaws that run every day in Burdwan including the
totos that commute from outside the boundary. (As per the pilot survey, January 2019)

e About 5-6 waste workers are appointed in each ward of the Municipality, amounting
to 175-210 people. (As per conversation with the Municipal Officer in Solid Waste
Management, September 2022).
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e Tetul Tala Bazar (vegetable market) and Nilpur Bazar at Chowmatha (vegetable

market) which are usually affected by the water inundation have 60-70 vendors and 40-

45 vendors, respectively. (As per field visits,2022-23)

e For estimating the impact of urban flooding on the permanent citizens, the household

survey is done categorizing the wards into most to least affected. Table 4.11 shows the

actual population of the wards and the surveyed individual.

Table No.4.11. The Size of Surveyed Population within Burdwan Municipality

Ward No. Population Ideal Sample Size Actual Sample
Taken

13(Highly affected) 13612 374 28
11 13842 374 25
6 18420 376 30
19 8460 368 32
10(Moderately affected) 9820 370 25
13 13612 370 27
21(Least affected) 8406 367 25
23 10054 370 20
Total 212

The total people surveyed combining these three categories-At 95% Confidence Level and

5 % Confidence Interval,

1. Out of 5000 toto drivers- 33 people

2. Out of 200 waste workers- 132 people (taking almost 10% of them 15 people

almost)

3. Total Persons Surveyed =

212+33+14 =259
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Obijective 4 is formulated based on the outcome of the previous objectives.
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CHAPTER FIVE:
RESULTS AND DISCUSSIONS
(Section-5.1. Analysis of Multi-Decadal Urban Landscapes)

5.1.0. Foreground:

Urbanization, by definition, is the process through which rural areas are transformed into
urban areas because of industrialization and economic growth(Peng, Chen, and Cheng
2012). Given that urbanization is a complicated phenomenon involving social, ecological,
and administrative aspects, it stands to reason that the developmental challenges it presents
will be much more intricate (Khayrullin, Yakovlev, and Nenilina 1993). Because over half
of the world's population lives in cities, there is an extreme increase in the density of
people, crowding, resource imbalances, urban poverty, unplanned slums and shanty
settlements, pollution, etc. One of the main countries contributing to the enormous urban
population is India. 31% of Indians live in large cities, according to the 2011 census; by
2025, 46% of the population would reside in cities with a population of one million or
more. By 2050, there will be 814 million people living in urban areas in India, up from 410
million in 2014 (Sridhar 2019). Based on growth in population trends and size of the
population, West Bengal is ranked fourth and is expected to stay there until at least 2101,
according to projections made by the Population Reference Bureau in 2007 (PRB
2007).Although it has always been greater than the national average, the level of
urbanization is relatively low when compared to the other developed states in the nation.
unexpectedly up to the 2011 census, a few centers in the state had drawn a population that
represented unscientific urbanization.(Das and Kar 2022). The present study area,
Burdwan Municipality, is among one of those. Urbanization can contribute to urban
flooding through various mechanisms. Natural ground surfaces are frequently replaced by
impermeable surfaces like concrete and asphalt as cities grow and develop. Rainwater
cannot seep through these surfaces into the ground, increasing surface runoff. (Konrad
2003). Additionally, the construction of buildings, roads, and other infrastructure can alter
natural drainage patterns, causing water to accumulate in certain areas. Urbanization often
involves the removal of vegetation and the destruction of natural water storage areas such
as wetlands. These natural features help absorb and store excess water during heavy rainfall
events. Without them, there is a higher likelihood of water accumulating and overwhelming

drainage system inadequate or poorly designed urban drainage systems can also
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contribute to urban flooding. If the infrastructure is not able to handle the increased volume
of water, it can impact in water backing up and flooding streets, buildings, and other urban
areas(Tucci 2018).

5.1.1. Land Use and Land Cover Classification and Change Detection:

Even though the terms "land use" and "land cover" are occasionally used in the same
sentence, they have rather different meanings. The word "land cover" refers to the surface
of the earth, and "land usage" talks about how that area is used. (Sudhakar and Rao 2010).
Land use and land cover classification refers to the categorization of different types of land
use and land cover in each area using remote sensing and geographic information system
(GIS) technologies. It involves identifying and mapping different land use categories such
as agriculture, urban areas, forests, wetlands, water bodies, and more. Now, Change
detection in land use and land cover has become a very important procedure for regulating
and keeping an eye on urban development and natural resources (Hassan et al. 2016). So,
to study the temporal changes in the urban setup, the classification of LANDSAT Images
has been executed following section following the 4.1.1. Image Classification of
Chapter-Four (Methodology).

5.1.1.1. Analysis of LULC Classified Image:

To study the temporal and spatial dynamics in urban landscapes the satellite images of the
year 1991,2001,2011 and 2021 were selected, processed, and classified (Figure No. 5.1.1
to 5.1.4) which would help to the ways of identifying and categorizing changes that have

occurred in the land use patterns over

. the given period of decades.

WELCOME [fO BARDHAMAN
o S : i
2oz, AfSTa T TETITH AP IO |

Photo.5.1.1. The Entry Gate to
Burdwan Municipality from the Alisha
Bus stand

Source: Primary Survey,2022
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Figure No. 5.1.1. The LULC Classified Image of 1991

(Source: LANDSAT Data (https://www.usgs.gov/landsat-missions/landsat-data-access)

In the year 1991, it is seen that the fallow was the pre-dominant land use type (12.10 sq km) followed by the urban area (7.08 sq km),

which was quite centralized in nature covering the areas like Subhaspally, Khosbagan, Babur Bagan, Railway colony, Alamgan;j etc.

mostly due to the accumulation of the medical facilities firstly and for the administrative advantages in this area.

85



CHAPTER FIVE: RESULTS AND DISCUSSIONS

87°49'36"E 87°52'15"E
| L
N
o ‘ \
z 43‘7 g
2 o
z <
7 : E
a i~ a
k 7 )
z
(@]
X
[6) h
-
(’)‘b 3
4
<
L
A
» “F
& > e
<
LEGEND LI)
= (LAND USE LAND COVER (2001) ) = Z
;3 I URrBAN :-: -§
0] CROP LAND Ex
‘r’n FALLOW = S
I FOREST er
[ RIVER / CANAL ©
I WATER BODIES
-~ RAILWAY LINE BAJKUNTHAV\) \
[ ] waRD BOUNDARY 0 0.5 1 2KM
T 1]
87°49'36"E 87°52'15"E

Figure No0.5.1.2. The LULC Classified Image of 2001
(Source: LANDSAT Data (https://www.usgs.gov/landsat-missions/landsat-data-access)
The urban area at the central of the Municipality got more intensified and stretched over the North-Eastern, Western and Southern

portions of the Municipality owing its spread toward Kalna Road, Railway Lines, Mirchoba, Nilpur, ichlabad probably due to the spread
of educational facilities. (9.23 sq km) On the other hand, the area under fallow and waterbodies are decreasing (9.97 and 1.94 sq km).
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Figure No.5.1.3. The LULC Classified Image of 2011
(Source: LANDSAT Data (https://www.usgs.gov/landsat-missions/landsat-data-access)
The Urban expansion adjacent to Delhi-Kolkata Road, is profound (10.79 sq km) and to the areas like Becharhat of South or Southeastern

part took place in fragmentation. On the other hand, the green cover is diminishing significantly with time.
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Figure No.5.1.4. The LULC Classified Image of 2021

(Source: LANDSAT Data (https://www.usgs.gov/landsat-missions/landsat-data-access)

Leaving some of the Western part adjacent to Katrapota, Cyphon Dam, all other parts of the Municipality got highly urbanized. (16.09
sg km.
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5.1.1.2. Accuracy Checking of the Classified Images:

Here all four classified images have been checked for accuracy with kappa’s co-efficient
matrix and they exhibited the values of 0.83,0.84,0.80,0.85, for the years 1991,2002,2011
and 2021 which signify that the classified outputs are much closer to the point of perfection.

(Detailed table showing the calculation in given in Appendix-2)

5.1.1.3. Change in the proportion of Land uses:

After the image classification has been performed, the share of each LULC class over the

decades can easily be calculated and put in Table No:5.1.3. and Figure No 5.1.5.

Table: 5.1.1. The Proportions of Land Use Over the Years (1991-2021)

Name of The Classes of Area (in sq km)

LULC

1991 2001 2011 2021

Cropland 1.93 1.37 0.94 0.64

Fallow 12.10 9.97 7.48 2.76

Forest 2.65 2.67 2.84 2.52

Urban 7.082 9.23 10.79 16.09

Water Bodies 2.16 1.94 1.65 1.46
20

m Area (in sq km) 1991 = Area (in sq km) 2001
m Area (in sq km) 2011 m Area (in sq km) 2021

| Ham— |III [ III‘ T

Urban Water Bodies

Area in Sq Km
= o

ol

Cropland Fallow

LU LC? ré asses

Figure No.5.1.5. Year Wise Land Use Proportion (1991-2021)
(Source for both Table and Figure in this page: Computed from LANDSAT Data
(https://www.usgs.gov/landsat-missions/landsat-data-access)
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According to NRSC, an urban area is designated as “non-linear built-up areas covered
by impervious structures adjacent to or connected by streets. This cover is related to
centers of population. This class usually occurs in combination with vegetated areas that
are connected to buildings that show a regular pattern, such as vegetated areas, gardens
etc. and industrial and/or other areas. (FAO, 2005).1t includes residential areas, mixed
built-up, recreational places, public / semi-public utilities, communications, public
utilizes/facility, commercial areas, reclaimed areas, vegetated areas, transportation,
industrial areas and their dumps, and ash/cooling ponds. ”(NRSC National Remote Sensing
Centre 2014) from the table above Table No. 5.1.1. The proportion of urban surface has
gone almost double (16.09 sq km) in 2021 than it was in 1991 (7.08 sq km) (Figure No.
5.1.5.) and if the rate becomes persistent by the year 2050, the whole geographical area of
the town will be urbanized. This figure represented the significant shift in land cover inside
the built-up area category, which was placing tremendous pressure on non-built-up areas,
especially on the fallow land. The rapid construction of residential, commercial buildings,
as well as road networks, pavements, and recreation areas, and other impermeable surfaces,
all contributed to the expansion of the city's built-up areas, which are now found in all its
corners. Initially, this town originated as an agricultural market, as well as agro-based
industry such as rice mills, for the neighboring lush rural region. The service sector has
grown in importance in this town’s economy throughout time as educational, healthcare,
transport, and marketing facilities have developed. The number of wards has increased
from 5 (at the time of inception) to 25 in 1960. There are now 29 wards, up from 25
previously. There is also an increase in the number of wards from 29 to 35 because of
redistribution and new area extension (Laha 2019). Since 2000, the town has been growing
vertically to cater to these migrators (Laha 2019).There are now 203 multistory residential
units, with an average density of 8 multistory residences per km2 area, up from fewer than
10 in 2000 which aggravates furthermore population density and less urban expansion to a
physical extent (Ganai and Sarkar 2018)The research area’s urbanization pattern is
unplanned and thus unscientific, resulting in various socio-environmental problems like

traffic congestion, water logging, and pollution (Laha 2019).
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Source: Computed from LANDSAT Data (https://www.usgs.gov/landsat-missions/landsat-data-
access)

All the wards received their highest growth in terms of urban expansion in the last decade
of 2011 to 2021 (Figure No.5.1.6) probably due to migration from the surrounding areas
like Galsi, Budbud from the West of the Municipality. The wards towards Western and
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South-western part of the Municipality have experienced the maximum growth (Ward
No0.22,23,24) as the wards which are centrally located (Wards like 33,34) or situated in the
North-Eastern parts, were already built up heavily. (Figure No.5.1.7) Not only that, but
the urban expansion is also reinforced in the Eastern and South-Eastern part of
Municipality as the new high-rises appeared in the scenario. Some informal settlements
emerged at both sides of River Banka hiking the newly generated slums there. (Figure
No.5.1.8) The Result of the classified maps indicate the growth of urban area at the cost of
fallow land mostly followed by agricultural land and forest lands and it happened along the
major axial lines like railway, Delhi- Kolkata Bypass Road, DVC Canal and by both banks
of River Banka. The Wards which were prominently characterized by fallow like Ward no.
s 12,13,14 in the South-Eastern Part of the Municipality in the decades of 1991 and before.
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Figure No. 5.1.8. Decade Wise Expanded Urban Area in Burdwan Municipality
Source: Computed from LANDSAT Data
(https://www.usgs.qov/landsat-missions/landsat-data-access)
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Source: Computed LANDSAT Data (https://www.usgs.gov/landsat-missions/landsat-data-access)

5.1.1.4 Directional Growth of the Urban Area (1991-2021)

Direction analysis is a method used to analyze the spatial patterns and directionality of
phenomena in urban expansion. In the context of urban sprawl, gradient direction analysis
can provide insights into the expansion and direction of urban development over time
(Woldesemayat and Genovese 2021). Here, the town of Burdwan is subdivided into (in
clockwise order): North-North East (NNE) or 0° to 45°, East-North East (ENE) or 45° to
90°, East-South East,(ESE) or 90° to 135°, south-south East (SSE) or 135° to 180°, South-
South-West(SSW)180°t0225°, West-South  West  (WSW) or 225° to 270°
, West-North-West (WNW)or 270° to 315°, and North-North-West or 315° to 360° (Zhao
et al. 2019). Keeping the Urban area of 1991 as its base, in the year 2001 it is seen that the
segments of NNE, SSE, SSW and WNW have recorded the highest growth in a centrifugal
manner. In the year of 2011, all the directional fragments have experienced approximately

a fair expansion, but the decade of 2021 has observed almost doubling growth in the
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directions of NNW and WSW a moderate expansion in ESE, SSE side and lowest
expansion in NNE, SSW and WSW because there was very minimum place left to expand

further.
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Table No.5.1.3. Extra Added Area in Each Decade Direction Wise

PUUUNNET | 1.274798 0.554321 0.058763 0.215577
PENETY 1474531 0.327446 0.224965 0.476751
[ ESE | 0.708544 0.56936 0.356712 1.182334
PSSER 0.579082 0.784296 0.177135 0.919133
fssw 0.397859 0.26098 0.170643 0.273354
PWSWER 0414312 0.147949 0.177487 1.037168
PWNWETT 0.664405 0.466287 0.270511 0.755451
PN 0.375764 0.234034 0.127618 0.433319

NNE

NNW Figure No. 5.1.15. The Directional

Growth in Burdwan Municipality

(1991-2021)

WNW ESE

Source: Figure No. 5.1.10.-14 and Table
No0..5.1.5: Computed from LANDSAT

1991 ) (001
WSW SSE Data (https://www.usgs.gov/landsat-

s 2011 —2021

missions/landsat-data-access)

5.1.1.5. Mean Centre of Urbanization and its Shift over Time (1991-2021)

The mean center of urbanization refers to the average geographic location of urban
development within a specific area. It is a statistical measure used to determine the central
tendency of urbanization patterns. The mean center provides valuable information about
the spatial distribution and concentration of urbanization within a region. It can aid to
identify areas of high urban development and understand the overall pattern of urban
growth(Mohan et al. 2011). The gradual revolving of mean center in the central part of the
Municipality from 1991 to 2021 proves that the concentration of urbanization lies in the
core of the municipality since last 30 years but the influence of the sphere of urbanization

is shifting towards the Western part of the municipality which resonates with the outcome
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of the previous LULC classifications- the urban area is expanding towards the periphery

of the town.
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Figure N0.5.1.16. The Mean Centre and its Shift along with its Sphere of Influences
in Burdwan Municipality (1991-2021)

5.1.1.6. The Normalized Differential Built Up Index (NDBI)

A built-up area is a region where people live that was created for non-agricultural purposes

and includes structures, utilities related to water, vegetation, and open space, as well as

transportation and communication infrastructure. (NRSC National Remote Sensing Centre
2014) Following the 4.1.3.The Normalized Differential Built Up Index NDBI)of Chapter-
Four(Methodology) the NDBI is calculated which again confirmed the pattern and the

spread of urban areas in the Municipality- that is from the central part of the town it diffused

toward the North-Eastern, Eastern and Western Part at the last and still there is some small

portions left in the Western side of the Municipality. The values closer to 1 or near about

1 denotes the area highly built up and if it is closer to 0O, it is less likely to be concreted.
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5.1.2. Population Density:

The estimation of the number of people residing in a particular location is known as
population density, and it is commonly stated as the number of people per unit of land area.
It is determined by dividing the area's entire population by its land area. (Malik, Suparta,
And Dewancker 2016). Population density is an important demographic indicator that
provides insights into the concentration of people within a given region and usually it is
aligned with the growth of urban areas in a particular place (Guo and Wang 2022).
Burdwan Municipality is also no exception. In the case of mapping of population density,
the year 2001(Figure No.5.1.18A) is considered as the base year to keep the similarity in
the number of wards. The year 2001 is showing highest population density (more than
28,000 persons/Sq Km) in the wards like 33,31 and 3 and a moderate concentration in the
wards like 1,2,21,29 which is at per with the LULC map of 2001 where urbanization was

still concentrated in the central part. (Figure No. 5.1.2) On the contrary when the map of
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Figure No.5.1.18A: Population Density of Burdwan Municipality,2001
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Figure No.5.1.18B: Population Density of Burdwan Municipality,2021
Source: Office of Burdwan Municipality,2020

2021 is prepared, it is seen that there is no such change in the values of the population
density, but the wards have undergone a major shift in terms of classes. The wards like
22,23,24 which were at the class of below 7000 persons/sq km in the year of 2001 has
emerged in the group of 14000-21000 persons/sq km and the wards like 19 has come
upward in the section having population density of 28000 persons/sq km, thereby
reassuring the path of urban expansion in the last decade of 2011-2021. (Figure No. 5.1.4)
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CHAPTER FIVE:
RESULTS AND DISCUSSIONS
(Section-5.2. Status of Municipal Solid Waste Management)

5.2.0. Foreground:

Trash from human or animal activity that is thrown away because it is unwanted and useless
is known as solid waste. It can be controlled in a number of ways and is generally produced
by industrial, commercial, and residential activity within a certain area. Comprehensive
solid waste disposal management is necessary to provide optimal environmental standards
(Pulp and Paper Technology 2023). There are several types of solid wastes, like municipal,
medical, industrial electronic, etc. (Pulp and Paper Technology 2023)Removal and
management of Municipal Solid Waste (MSW) comes under the conservancy services of
a Municipal body or a Town by which a city gets itself garbage free (Kumar and Goel
2009). The towns and cities in developing nations are breeding grounds for solid waste
creation due to immense population growth and haphazard urbanization. Uncollected
rubbish piles in the streets, obstructed drainage channels, or deposited in watercourses
constitute a significant public health risk, and unmanaged disposal of waste can harm water
supplies and pose serious environmental health risks to people who live nearby. Solid waste
and rubbish collection workers confront severe occupational health and safety risks
(Ferronato and Torretta 2019).Every year, the world produces 2.01 billion tons of
municipal solid garbage, at least 33 percent of which, to put it very conservatively, is not
managed in a way that is safe for the environment. (World Bank 2017). As a result of its
rapid urbanization, robust economic growth, and higher rates of urban consumption, India
ranks among the top 10 countries in the world in terms of MSW production. According to
the Energy and Resources Institute (TERI), India produces about 62 million tons (MT) of
garbage each year. (International Trade Administration 2023).The National Action Plan
for Municipal Solid Waste Management Act 2000 and Solid Waste Management
Rules,2016 (India) both emphasized the duty of an Urban local body to deal with the
municipal solid waste management starting from its generation to its recycling processes

(Ministry of EnvironmentForest and Climate Change 2016).
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5.2.1. History of Solid Waste Management Services in Burdwan Town:

Burdwan town was a lovely residence under the reign of the Jamindars because it was
clean, quiet, and pollution-free. The Jamindars took considerable care in making Burdwan
a modern metropolis, notably Sir B.C. Mahatab and his son Sir U.C. Mahatab. The group
of individuals created a sewage system using science. They built the first water purifying
system in Lakurdi. Burdwan residents never experienced water logging during their
existence in the town, at any location. But in today’s life, people frequently had to walk
through or wade through muddy water since the majority of the drains had clogged and the

whole sewer system was in disrepair, even if it drizzles at some part of the Municipality.

Burdwan Municipality didn't have a distinct conservatory department at the beginning or
area since there weren't many people there and most of them lived near Raj palace in
Burdwan. The locals were used to using traditional earthen pots, sal leaves, and other
materials for sewage disposal, as we described at the beginning. Paper bags (or "Thonga").
Because the clay pots, sal leaves, and paper packages were biodegradable, there was no
such thing as solid garbage. The early beginnings of the Burdwan Municipality, the
majority of the rubbish is on the road or on the side. It also spreads bed odors and infections.
The sanitation facilities were deplorable. In Burdwan, there were several unclean latrines.
People used to carry feces and urine on their heads. Most of the roads are unpaved and
narrow. The locals have a drinking water shortage. The current municipal board has taken
the required steps to address the previous issue. Since 1981, the municipality has been
carrying out several development projects to enhance Burdwan town. There were just a
few metallic roadways nearby at the time. There were just a few metallic roads near
Burdwan town at the time, and the remaining roads are non-metallic. There was a paucity
of water and no electricity. People were not aware of the waste management system at the
time. People's awareness grows throughout time, as does the growth of municipal
conservation services. The number of technical service professionals, trucks, equipment,
and infrastructure is growing. The labor union's responsibility, the State Government's
grant for trash management, and the municipality's portion of waste management income
all rose (Mondal 2015).
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5.2.2 Present-Day Scenario of Solid Waste Management in Burdwan Town:

The majority of urban local authorities' municipal solid waste management services fall
significantly short of expectations due to poor organizational frameworks and insufficient
resources. There is demand in India for constructive changes to the municipal solid waste
management system as a result of the Municipal Solid Waste (Management and Handling)
Rules, 2000. (Singh and Kalamdhad 2016).In present days, the municipal officials of the
Town seem quite hopeful regarding the progress they are making in the solid waste sector
as per the Administrative Report of Burdwan Municipality,2021:
As per Municipal Solid waste Rule 2016, the Municipal administration has taken
different measures for up gradation of Solid Waste Management work time to time.
Collection of garbage from house to house has already been implemented and in the
meantime 70 % of the wards have been covered under this system. This Municipality
has got its own land where the collected garbage is transported and stored by dumping.
The method of Segregation of biodegradable and non-bio-degradable waste at source
level on and from 22/03/2020 as per order of State Govt. and the process is going on.
Municipality is looking for a partner after the contract of TAAS agency got over, who
has got experience and resourceful persons in disposal of Solid, and bio-medical Waste
and can work using the Municipal manpower, vehicle etc. with reasonable charge to be
paid by this Municipality. Medicare, a non-Govt. organization (approved by
W.B.P.C.B.- West Bengal Pollution Control Board) tendering the service of collection
and disposal of Biomedical waste in all Nursing Homes, hospital, and pathological
centers within Burdwan Municipal area.
A Mechanical Sweeper has since been introduced on a trial run for impactful and
efficient management of solid waste in the Municipal Area.
Besides, measures are being adopted for handling and disposal of solid and bio-medical
waste scientifically and hygienically as per guidelines of the Act and Rules. 3 no.s
Movable compactor , 5 no.s stationary compactor with 1 no Hook Loader, 1 No
Hydraulic Dumper, 2 no.s 2.2 cum fuel operated Tipper, 7 no.s Battery operated Tipper
and 1nos Tractor with trolley are engaged for collection & disposal of solid waste
through department directly.
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vi.  Private agencies are also engaged for accumulation and disposal of solid waste from
the rest part of the Municipal area daily(Burdwan Municipallity 2021).

@

BajeprotappurkatwaRoad

N ‘DubraJ‘Dighi(Harardanga)

Misti:Sukh :
: : D.M.Banglow.

£ : : v‘KalnaRoa»dSaradapally

Lakua'blal Chandi‘tela 1 7 SBI- F 3
‘Borfyat(RotaryClub) ‘® rT‘etultaIa
Kotalhat: ¢Venkhana iy

i uratanChawktlhal D|gh| Petrol Pum
alamganj bank ¥V 1@\

‘Kalpataru Math 5” Bar}aram ' Marwarl Thakurba

Bhatchala Nar| colon C
Sahachetan(Balibagan) & Y
_ ff I cchebad: Transformer
Rlce Vil ' , O icer Colony LV Q

R|ce Mill 1 o : ’bOFO nil@r.more 'Bidhan Pally Purba Para
i -
Olai Chandl Tala ‘Tejganj ¥ “boro ml ur more ) GhoshPara
Sadarghat ration shop ' = chhebad Police.Giound.

pf tugpallyd
na ugpa
2PN KalnaRoadKalitala

QSadarghat‘r_Jear Basti'

Google Earth Image.5.2.1 Showing the Routes of Land Vat and Trolley Vat (Route-
ENEIRNE (dotted with black), (SR (Retrieved in the month of April,2023)
The above image shows how extensively the Municipality tries to cater for the maximum
area by dividing the whole area into some routes of collections, namely from route-A to
route-H. The no of Land Vats (LV) and Trolley Vats (TV) those were engaged in these
routes are shown in Figure No. 5.2.1. The Number of Land Vats are more in number and
open to air. As far as the composition of municipal solid waste is concerned, it forms mainly
due to the household wastes which included large number of plastics and other non-
biodegradable stuffs. (Figure No. 5.2.2) The waste from the market areas are the second
highest proportion followed by the waste from trade and commerce or industries. During
the field study, the wastes from the vegetable markets were found to be left here and there
open on the streets and a few drainages from the industries situated on the bank of River
Banka happened to be linked in Banka, but most of them have become clogged due to
unfiltered wastes. While the profile of the waste generation/day and consequent collection
is analyzed, it might be inferred that at least 1/3™ of the waste, (1/2 in some wards) go
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under the section of ‘not collected’ and dumped here and there.( Figure No. 5.2.3) It is
also seen that the wards which generate the more waste than the average value, some of
them are situated in the adjacent to the river Banka. This on the other hand, might signify
that they have a greater chance of littering the river than the rest of the wards. Even the
proportion of non-degradable wastes such as plastic, artificial polymer, electronic waste
and the hazardous wastes like batteries, pesticides, motor oils released by these wards are
much higher than its average value of all the wards. (Table.5.2.1) As the Municipal
Officials informed that the ward no 28 has been put as a role model for waste collection
and management since the very beginning due to the efficiency of its workers. Each word
has 3-4 people engaged in the cleaning of drains and roads and 2 people for sweeping of
the roads. The Municipality has taken its baby steps towards recycling the products through
an agency recruited by KMDA (Kolkata Metropolitan Development Authority), namely
TAAS for the project ‘Legacy’ which is currently on going in the wards for solid waste
management as conversed with the chief-handling officer of Municipal Solid Waste of

Burdwan Municipality.
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Figure No. 5.2.1 Number of Land Vats and Trolley Vats along with the Route
Divisions (Left)

Figure No. 5.2.2 Composition of Solid Waste Management in the Burdwan Municipal
Area (Right) Source: Burdwan Municipality,2021
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Figure No. 5.2.3 The Amount of Waste Generated and Collected, 2021
Source: Burdwan Municipality,2021
Table No.5.2.1: Proportions and Types of Municipal Solid Waste Generation, 2022

Biodegradable Non- Hazardous
Ward No Biodegradable
waste (g/day) Waste(g/day)
Waste(g/day)
1 2295000 378000 27000
2 2352000 529200 58800
3 3320000 602250 15450
4 4083600 846600 49800
5 2473500 407400 29100
6 5680000 1374506 68681
7 6145645 1483245 65565
8 3076840 667898 53260
9 3553256 608464 38000
10 1680000 404250 15000
11 4125767 882696 15750
12 7154399 1617000 37303
13 2722900 556200 98597
14 3373392 664480 30900
15 3184924 628151 92328
16 2378000 493000 66924

109



CHAPTER FIVE: RESULTS AND DISCUSSIONS

Ward No Biodegradable Non-Biodegradable Hazardous
waste (g/day) Waste(g/day) Waste(g/day)

17 3215577 569628 29000
18 6840540 1398288 140172
19 2805000 478000 16000
20 6657000 1466000 34100
21 5546000 1236100 117900
22 2025000 419100 24700
23 6232000 1593950 67550
24 5422605 1215329 63365
25 2082000 431800 25400
26 1768550 390600 10850
27 1888000 448400 23600
28 3212100 638550 19350
29 1680000 315000 105000
30 2290247 443712 251734
31 7078000 1320000 400985
32 2436000 319000 145000
33 1968000 408000 24000
34 2158000 364000 78000
35 7520300 1459100 151000

Total = 130424142 27057897 2490164

118 T 280 kg 518 ¢ 27 T 77 kg 9979 2 T490 kg 164 g
Average= 3726404.057 773082.7714 71147.54286

Source: Burdwan Municipality, 2023 (the highlighted values are above average values)

5.2.2.1. The Status of the Waste Compactors:

Following the decision of the National Green Tribunal in the year 2016, the usages of
compactors as a mean to reduce the municipal solid waste in the cities have been restricted
(Bandyopadhyay 2022). Burdwan Municipality has already got five compactor stations,
which are used to reduce the size of waste material before dumping them into the landfill

sites, thus helping in better processing of trash. The Stations are at Good Shade Road,
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Powerhouse Para, Boro Nilpur Balidanga, Sarkhana Goli Municipal Store, Shyamlal near
Student Health Home. To analyze the current working influence of the compactors, a
network analysis is performed through ArcGIS with the option Location-allocation —which
assists in determining the optimal impact area for the installed facilities generating the
buffers of 1500m,2000m,2500m and 5000m based on the distance to boundary of one
station. If the results are discussed, it seems that the peripheral wards of the Northwest and
Western parts are getting deprived of this facility, rather some added pressures of
performance are being given to the station of Boronilpur Balidanga. So, it can be said that

from the very beginning of its installation, all the wards were not prioritized equally.
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Figure No. 5.2.4 The Existing Compactors and their Service Areas of Specified
Buffers (Source: Computed after the data provided by the Office of Burdwan
Municipality,2022)
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Figure No. 5.2.5 The Routes of Access towards the Compactors (Source: Computed
after the data provided by the Office of Burdwan Municipality,2022)

Photo.5.2.1. The Solid Waste Compactor Station (Unit-2)
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The Municipal Solid Waste Management System in Burdwan Municipality

Photo.5.2.2 The Drain Cleaning Workers

Photo.5.2.4 The Land-fill Site outside the Municipal Boundary (Left)
Photo 5.2.5. The Trolley Vat in Ward No.28 (The Model Ward for Waste Management)

Notice

o 0305/ 2022

Photo.5.2.6. The Awareness Campaign for segregating Waste at Sources (Left); Photo
5.2.7. The Notice on Plastic-Ban issued in March,2022 (Source: Field Survey,2022-23)
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Unscientific solid waste management not only poses problems to cities’ infrastructure and

amenities, but causes air pollution, water, and soil contamination. Open and unsanitary

landfills contribute to contamination of drinking water and can cause infection and transmit

diseases. Solid garbage (such as plastic, packages, and aluminum cans) clogs most open

surface drains. Therefore, regular flow is severely hindered. In the monsoon season, this

stagnant liquid waste causes foul odors, pathogens, and urban floods.(Dutta and Mistri

2016). There is a huge discrepancy found between the paper-policies and the ground

scenario and a complete absence of monitoring system from the authorities.
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CHAPTER FIVE:
RESULTS AND DISCUSSIONS
(5.3. Urban Drainage-Natural and Man-made)

5.3.0. Foreground:

The proliferation of paved and impervious surfaces in the cities breaks the natural
ecosystem by restricting the rain from being absorbed by the soil and thereby increasing
flood dangers, particularly in low-lying regions. Urban water management systems,
especially in Indian cities, encounter four problems- A) Generally built on traditional
engineering procedures that try to evacuate the runoff as rapidly as possible rather than
storing and reusing it. B) Many of the old cities do not even have the provision of building
urban stormwater drainage lines separately. C) The drainage system is very poorly
managed. D) Drainage system design frequently relies on past precipitation figures for a
specific period, without considering potential variations in precipitation extremes for the
specified return periods (Singh 2022). Floods in an urban area caused by the dearth of
natural or man-made drainage capacity have become a key issue in urban water
management. To achieve better adaptations, it is vital to review the operation of drainage
systems on a regular basis in a changing environment and analyse the risk for urban floods
under various scenarios.. Rivers, streams, surface and subsurface drains, and manholes are
all part of urban drainage. Speaking categorically, there are two types of drainage in an
urban area, namely artificial and natural drainage. There are some natural drainages like
wetlands, lakes, and rivers found in and around a city where the extra rainwater or runoff
usually goes. However, man-made or artificial drainage is needed because natural drainage
is frequently insufficient. In Man-made drainage, there are two types of divisions- surface
drains and sub-surface drainages. The process of eliminating extra water from the land's
surface is known as surface drainage and draining water from the root zone is known as

subsurface drainage (Brouwer, Goffeau, and Heibloem 1985).
5.3.1. Urban Drainage (Natural):

In Burdwan Municipality, there are a few small rivulets that seem to exist, such as the
Banka River, Sapjala, Bhalluka, and Gangur. (Figure No.5.3.1) [But only Banka River is
prominent now, Sapjala could be traced back from the Toposheet No.73 M/15 and 73 M/16

among all others] These rivulets remain as paleo-channels within the municipality
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boundary and reappear as prominent channels after the railway station (Ghosh and Maji
2011). Since ancient times, Burdwan town's urban effluents have been carried by the Banka
and Sapjala rivers. Damodar River had changed its course a few times in the direction of
the left or North bank during monsoonal flooding. Those streams and marshes remain as
relics of spill routes and floodways (Ghosh and Maji 2011).The town of Burdwan has
distinct topography about the Damodar River; this is due to the ground's slope (West- East)
which restricts the surface runoff from meeting the Damodar River (Ghosh 2020). Hence
the majority of surface run-off meets Banka Rivers and open surface drains, with ponds

capturing the residual amount and marshes.
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Figure No.5.3.1. The Canal, Rivers in and around Burdwan Municipality
Source: The map was combined from the base map is provided by the Burdwan
Municipality,2022, and Toposheet No.73 M/15 and 73 M/16
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5.3.2. Urban Drainage (Man-made):

According to tare available data from the Municipality it is found that there are four types
of urban surface drainages available in the study area which are mostly open in nature -
namely, High Drain, Boro Pucca Drain, Choto Pucca Drain and Kutcha Drain which in
generic terms is known as High Drain, Large Concertized Drain, Small Concretized Drain,
Earthen Drains respectively. The ward-wise distribution of these varieties of open surface

drains are shown in Figure No. 5.3.2. The sub-surface drainage is found to be completely
absent in the Municipality.
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Figure No.5.3.2. The Variation of the Urban Open Surface Drainage in Burdwan
Municipality (Source: The base map is provided by the Burdwan Municipality,2022.)
As far as the maps and the field observations are concerned, it is seen that only the wards
which are on the either banks of the River Banka or in the central part of the Municipality
like the Wards No. 20,32,33,34 have some high drain lines linked to the river Banka, but
few of them are also found to have lost their connection to river or have become so much

silted that they cannot pass the water trouble-free. (Figure No: 5.3.2)
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Most of the wards are dominated by choto pucca drains (small, concertized drains) while
the peripheral wards towards the Western boundary of the Municipality have some kutcha
drains (earthen drains) which are curved out straight from the soil and with no
concretization at all. But kutcha drains are also rare to find. The boro pucca drains (large,
concertized drains) are quite less in number in terms of drainage hierarchy but present in
all the wards mostly. (Figure No: 5.3.3) As far as the density of the different type of
drainages count, the highest concentration of boro pucca drain and choto pucca drain are
concentrated in the wards of most Eastern boundaries like Ward no 3(along the Burdwan
railways station), 11,13, the kutcha drains in the Western wards like 25 and the wards
20,32,33 have the highest density of high drains. (Figure No: 5.3.4.)
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Figure No: 5.3.3. Ward-wise Distribution of The Urban Open Surface Drains (in
number)

Source: Burdwan Municipality,2022
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Burdwan Municipality,2022
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5.3.2.1. Drawing Cross-Sectional Profile of Various Types of Drainage:
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Figure No. 5.3.5. Cross-Section of a High-Drain

Photo: 5.3.2. The Long Drainage Line ~ Photo: 5.3.3. Dump of Waste in the Same
Drain Adjacent to the Ground of Ichlabad Club, Ward No.11
Source: For Figure No. F5.3.5 and Photo P5.3.2 and P5.3.3: Primary Survey, July,2023
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Figure No. 5.3.6. Cross Section of a Boro Pucca Drain (Large Concretized Drain)

Photo: 5.3.4. (Left) Drain adjacent to the ground at Kali Bazar Para Ward No.9
Photo: 5.3.5. (Right)Condition (Trash)of Boro Pucca Drain at Bidhanpalli Ward No.11
Source: For Figure No.5.3.7 and Photo 5.3.4 and 5.3.5: Primary Survey, July,2023
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Figure No: 5.3.7. Cross Section of a Choto Pucca Drain (Small Concretized Drain)

Photo: 5.3.6. Drain adjacent to the Adi Kali Bari adjacent to Kather Pool, Ward No.8
Source: For Figure No.5.3.8 and Photo 5.3.6: Primary Survey, July,2023
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 EXISTING LEVEL OF SEDIMENTATION|
AND WATER ARE ALMOST SAME

ROAD

| WALLS ARE NOT
CONCRETISED

Photo: 5.3.7. Drain adjacent to Ananda Pally Road (Pond) Ward No.10
The broken Infrastructure of a Choto Pucca Drain Turned into a Kutcha Drain

Source: For Figure No. 5.3.8 and Photo 5.3.7: Primary Survey, July,2023
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5.3.2.2. Analysis of the Cross-Sectional Profile of the Various Types of Drainage-

Conditions pertaining to the drainage network have a significant impact on performance,
particularly those elements that influence the drainage channel's capacity. Aspects like the
sedimentation rate, building material and construction process that complement drainage
channels also influence the drainage channel's dimensions. The pace at which
sedimentation occurs in the channel decreases its potential, which lowers its serviceability.
Additionally, if the channel is not equipped with sufficient measures to remove trash, this
could further reduce the channel's drainage capacity and clogs the drainage lines. Following
the study of Agrianto, Hadiani, and Purwana 2016, two kinds of method have been
implemented to understand the condition (Physical), sedimentation and functionability of
the urban drainage system.- a) Observational b)Empirical (Agrianto, Hadiani, and
Purwana 2016). The observational assessment of the drainage is done based on the
physical appearance and built structure. (Table No: 5.3.2)

Table No: 5.3.1. Overall Conditions of Drainage by Observational Analysis

Built of Water Amount of Trash | Functionality

Infrastructure | Velocity

High Drain Good Moderate Huge on the Functioning

sidewalls and

floating
Boro Pucca Good Moderate Fair amount Not properly
Drain in every place
Choto Pucca Good Very low considerate Not properly
Drain almost static functioning in
every place
Kutcha Drain | Very poor No flow Full of silt No

Source: Primary Survey, July,2023

With the aid of mapping software ArcGIS 10.4, the total length of each type of drainage
was easily calculated and after generating buffer the width has been computed. The

information regarding depth of the drainage lines was averaged out from the data acquired
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from the field study. To generate the water volume, the formula of [Length (converted into
meter)* Depth * Width ] is applied (Minke, Westbrook, and Van Der Kamp 2010). From
Table 5.3.1 it is clearly evident that the highest length of the drainage line is consumed by
choto pucca drains but the highest amount of water volume is seen to be passed through
the channels of boro pucca drain due to its width and lesser amount of trash into it in
comparison with the other type of drains. The higher width-depth ratio indicates

shallowness of the drainage channels.

Table 5.3.2. Fundamental Characteristics of Drainage

SL | Type of Length (Total Width (in m) | Depth | Water Width-
No | Drains Length in Km) (in m) | Volume Depth Ratio
(cubic m)

1 | High Drain 4.31 1 1.4 6039.6 14

2 | Boro Pucca 35.64 8 91 25663.7 .879
Drain

3 | Choto 95.42 4 Sl 19084.4 784
Pucca Drain
Kutcha 7.29 2 2-.25 291.88 8
Drain

Source: Calculated from the data provided by the Burdwan Municipality,2022

5.3.2.3. Analysis of Sedimentation Aspect Ratio:

Taking instance of High Drain, following the method mentioned in Chapter-4

(Methodology), The calculation shows
Cross Sectional Area =1 m X 1.4 m= 1.4 m?
B=1m, H=0.9 m, Ased=0.6m, bHseg=1X0.6m= 0.6m
Sedimentation rate (Sed)= (100- Aseds/A*100)
= (100- .6m?2/ 1.4 m2*100) %
= (100-43) % or 57%
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Table No.5.3.3. Condition of the Drainages Based on Standard Sedimentation Rate

Index Sedimentation rate (%) Functionality Condition
1 76-100 76-100 Good
2 51-75 51-75 Enough
3 26-50 26-50 Mildly Damaged
4 1-25 1-25 Heavy Damage
5 O(while sedimentation covers the 0 Dysfunction
whole cross section)

Source:(Agrianto et al. 2016)

Table N0.5.3.4. Assessment of the Functionability of the Drainages

High Drain Boro Pucca Choto Pucca | Kuccha Drain
Drain Drain
Sedimentation rate 57 45 76 0
Condition Enough Mildly Good Dysfunction
damaged

Source: Calculated from the Primary Survey, July,2023

From Table: 5.3.4 it was quite visible that except the kutcha drain (earthen one) which are
least in numbers, rest of the types are performing quite good. Still the question remains
why did the flood occur? The probable reason for this situation is that the drains which
are supposed to drain larger amounts of water, they are less in number or completely absent
in the hierarchical drainage layout and also they are not ubiquitously distributed, like the
presence of high drains. Though the overall assessment of performance appeared to be
moderately satisfactory but the areas which are succeptible to flooding, the urban drainage

condition is overly silted, which is being shown in the photo no. from 5.3.7 to 5.3.24.

5.3.2.3. Calculation of Flow and Discharge of each type of Drainage:

Taking instance of High Drain,

Q= V*A, which means Q= V*B (width of the base). Y (depth of the water)
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V= (R#3~S)/n and R=A/P

So, calculating A and P first,

A= B. Y=1m*0.9m= 0.9m?;
P=B+2Y=1m+(0.9m*2) =2.8m,
R=0.9m?%/2.8m=0.321m

V= (0.3212% 1/200)/0.015 = (0.0247*.0707)/0.015 = 2.209m/s; Q= 2.209m/s*0.9m?
=2.455 md/s

Table No.5.3.5 Potential Flow and Discharge of each type of drains by Manning’s

Equation
Type of Drains V (Velocity in m/s) Q (Discharge in m3/s)
High Drain 2.209 2.455
Large concretized drains 2.059 3.961
Small concretized drains 1.015 12.693
Earthen Drain 0.464 11.624

Source: Calculated from the data retrieved through field survey, 2023

Table No0.5.3.5 shows the potential velocity and the discharge of each type of drain. The
Velocity decreases as we go towards the lower section of the drainage hierarchy. The high
drain has got the highest velocity whereas the earthen drain shows the IEast. The small
concretized drains, which are also the highest in number in the municipality, have the
highest amount of discharge. The earthen drain which are IEast in numbers has also a
potentiality of higher figure of discharge but as these drain are tagged as the dysfunctional
one with zero velocity (in reality), it does not yield any help to the flooding situation. That

is why the actual or the observed velocity and discharge is also calculated.(Table No.5.3.5)
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Table: 5.3.6. Actual Flow and Discharge of each type of drains by Manning’s

Equation
Type of Drains V (Velocity in m/s) Q (Discharge in m3/s)
High Drain 1.698 1.945
Large concretized drains 1.712 2.567
Small concretized drains 0.954 9.325
Earthen Drain 0.265 8.625

Source: Calculated from the data retrieved through field survey, 2023

Situation of Drainage at Ashram Para, Ward No 11

Photo.5.3.8. No Drainage on either side of the road
Photo.5.3.9. Chemical paint mixing in the drain

Phot0.5.3.10 and 11. Dump of Waste on the bank of River Banka
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No Open Surface Drains at Various Places in Burdwan Municipal Area

Photo.5.3.14. Chotonilpur Ward No.14
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Situation of Drainage at Becharhat, Ward No. 13

Photo.5.3.15 and 16 where the roads
level off the drainages

Photo.5.2.17. Waste Dumps alongside the drainage
Source: Photo.5.3.8-5.3.11: Primary Survey, 2022-23
Photo 5.3.12-5.2.14: Primary Survey, 2022-23

Photo 5.3.15-17: Primary Survey, 2022-23
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Condition of Drainages at different parts of the Town

Photo.5.3.19. Condition of Nala (local canal) near Bajepratappur adjacent to

Municipality Photo.5.3.20. Waste dump scenario almost everywhere in the Municipality

=N

Photo.5.3.21.Condition of a High Drain near Sudarshan Setu, Ward No.25
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Photo.5.3.22 A and B Construction of High Drain at Bypass Road and Condition of
Adjacent Drains adjacent to Ward No. 13

Photo. 5.3.23 and 24 The Daily Condition at Kalna Gate and the nearby dewatering
pump, Ward No 12

Source: Primary Survey, 2022-23
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5.3.3. Urban Water Bodies:

In India, urban water bodies have been a victim of unplanned urbanisation, which has
resulted in a number of problems including as encroachment, sewage disposal,
groundwater decrease leading to a drop in water level, unplanned tourism, and a lack of
administrative framework. Lakes and wetlands play an important part in the urban
ecosystem. They serve vital environmental, social, and economic reasons, such as
providing drinking water, recharging groundwater, sustaining biodiversity, and creating
livelihoods. (DTE Staff 2018). The open spaces that have vanished to make place for
concrete constructions are predominantly water bodies that behave as sponges, soaking up
rainwater. As the population grew, so did waste, and the cities' aquatic bodies became

dumping grounds for municipal solid waste(Samuel 2016) .

A body of water is an important component of the urban landscape. Rainwater harvesting
structures such as tanks and ponds are built to collect rainwater for local consumption.
These bodies of water perform a variety of environmental purposes, including flood
management and soil erosion control, as well as irrigation, drinking water supply, and
groundwater replenishment. Anthropogenic activities have recently resulted in the loss of
a huge number of water bodies, and the remaining water bodies are under threat of

deterioration.(Neelakantan and Ramakrishnan 2017) .

On the other hand, in the Municipality area, urban drainage systems tend to perform poorly,
mostly as a result increased population and haphazard urbanization. Solid garbage (such as
plastic, packages, and aluminum cans) clogs most open surface drains. Therefore, regular
flow is severely hindered. In the monsoon season, this stagnant liquid waste causes foul

odors, pathogens, and urban floods (Dutta and Mistri 2016).
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Figure No. 5.3.9. The Existing Water Bodies in Burdwan Municipality (2023) and
the Lost Water Bodies since 2010 (Source: Google Earth Pro, September, 2023)
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(Source: Google Earth Pro, September, 2023)
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Figure No. 5.3.11. The number of Water bodies present in the year 2010 and 2023
Source: Calculated after Google Earth Pro, September, 2023)
A comparison between the existing number of water bodies of the year 2010 and 2023 is
shown in the Figure No. 5.3.9 and Figure No. 5.3.11, which evidently points towards a
declining status. Over 60 number of water bodies got lost in the last 13 years and apart
from a very few Wards like 17,18,19,31,32,33,34,35 all the other wards have undergone
the disappearance of water bodies. The highest number of concentrations of water bodies
is seen in Ward No. 26, followed by 24 and 25. The Water body density is also reported
higher in these wards due to presence of many important water bodies like Krishna Sayer,
Rani Sayer, Nazi Pukur, Ponds of the Burdwan University campus etc. (Figure No. 5.3.10)
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A comparison of Water bodies of the same location between the year 2010 and 2023

Google Earth Image.5.3.4A and B Near Aludanga Free Primary Crossing, Ward No.5

Source: Google Earth Pro, September,2023
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Condition of the Water Bodies at Different Corners of the Town

Photo No. 5.3.25 Pond in Bidhanpally Road, Ward no.11
Photo.5.3.26 Rani Sayer, Ward No.30

Photo.5.3.28 and 29Pond at Kanainatshal, Ward No.12 and behind Abasarika Ground,
Ward No.10( where it is clearly written not to litter the pond but hardly any existence of
pond is being noticed) Source: Primary Survey,2022-23
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5.3.3.2 Measuring the Water Holding Capacity of the Water Bodies:

Mostly, the Municipality is dominated by square and rectangular shaped water bodies- a
few is there in complete oval shape and in irregular shapes. But majorly all the important
water bodies are of rectangular shape. Following the methodology described in chapter-4,
the average volume of water bodies are calculated below. Taking the instance of Jora
Pukur,

The area is 6402 sq m and the depth recorded in four corners are 113 cm,138 ¢cm,128 cm
and 118 cm. so the average depth of the midpoint can be denoted as
(113+138+128+118)cm/4=124.25 cm or 1.24 m. As the water is static in a water body, the
volume of water will be (1.24m*6402 sq m) Cubic m or 7954.485 Cubic m. Following the

same method all the volumes of the water of the surveyed water bodies are given here.

Table No.5.3.7. The Approximate Water volume of the Surveyed Water Bodies

Nature of Water Bodies Average Water No of Water Cumulated
Volume (Cubic m) Bodies present Volume

Approximately in (Cubic M)
the Municipality

Rectangular Water Bodies 27402 210 5754420
Square Water Bodies 22196 200 4433800
Oval Water Bodies 18632 103 1919096

Source: Field Survey,2023

Summing up the water volume in the three different shaped water bodies, one can generate
a rough idea about the water holding capacity of water bodies in the Municipality, which

could facilitate further the understanding of water carrying capacity of the study area.
5.3.4. Only River of the Municipality (Banka River) and Its Degeneration Over Time:

The Banka River almost cutting the Burdwan Municipal Jurisdiction into two halves of
North and South, is the smallest non-perennial river originating from the Western part of
the Purba Burdwan District with a length of 96 miles and a catchment of 253 sq. km, which
used to be a very prominent drainage until 1960 (Sen 1976). This river originates from the

agricultural land of Ramgopalpur village in the Galsi Police Station, Burdwan. This river
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is classified as a third-order stream in the town of Burdwan (Roy and Sahu 2013). This
river is not deep enough in many spots within the town. It flows through the unconsolidated
sandy loam soil with medium to fine textural characteristics in general. The river's bank
materials here are made up of loose, incoherent, and fine to medium sand (Roy and Sahu
2013). This river flows East parallel to the Damodar River after its origin and thus enters
Burdwan town. Based on the Map of Rennell, it can be concluded that it originated as a
branch of the Damodar River from the south-West section of Burdwan town (Roy and Sahu
2013). While this river could have been the best way out to channelize excess rain water,
the excessive rate of urbanization along the riversides is hastening the degeneration of
channel banks thus lessening river discharge, especially from the influx of urban waste
water During the field visits, it was clearly evident that there are a thousands of migrators
who have illegally (not having their papers of land) came from surrounding areas like Galsi,
Budbud for jobs or other income sources and even from far beyond the border from
Bangladesh many decades ago, settled at both the banks of Banka which actually are the
land parcels of either Government or Eastern Railway and have been living there for
generations and now refuse to vacate the land. By throwing their waste directly into the
river, washing clothes and doing daily chores in the river has not only impacted the quantity
and the quality of the river but it has also contributed to the river erosion very much on a
local scale. Not only that, people from other wards which are not adjacent to the river come
and throw the bulk of solid or liquid waste in the river water. A research work on the river,
incidentally, had revealed that Banka has recorded sudden increases in its channel width
upto 21 per cent against an increase in its depth by 17 per cent within the Burdwan urban
area (Siddiqui 2023).

In this context, an attempt has been taken to measure the water depth of Banka River in
three seasons namely Pre-Monsoon (March to May), Monsoon (June to September) and
Post-Monsoon (October to November) to -Compare the volume of water in different
seasons, especially in the monsoon which part of the rivers exceeds the mean volume of
water, Guess which portions of the bank tend to get inundated first in comparison with

other stations.
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5.3.4.1. The of Measurement of Water Depth of Banka River
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Figure No. 5.3.13A.Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at

Roy Nagar Bridge (1)
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Figure No. 5.3. 13B.Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at
Ichlabbad Banka Bridge (2)
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Figure No. 5.3.13.C. Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at
Banka Bridge (Amtala) (3)
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Figure No. 5.3. 13D.Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at
Sailesh Setu (4)

Index (level of Water Depth)
Monsoon

Pre-Monsoon

Post-Monsoon

143



CHAPTER FIVE: RESULTS AND DISCUSSIONS
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Figure No. 5.3 13E.Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at
Sudarshan Setu (5)
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Figure No. 5.3. 13F.Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at
Alamganj Bridge (6)
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Figure No.5.3. 13G.Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at
Akhilesh Setu (7)
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Figure No. 5.3. 13H.Pre-Monsoon, Monsoon and Post-Monsoonal Water Depth at
Cyphon Dam (8)
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Table No. 5.3.8: Summary of the Water Volume at Various Stations of Banka

Pre-Monsoon Water Monsoon Water Post Monsoon
Volume/Running M | Volume/ Running M | Volume/ Running M
Cyphon Dam 17.2 98 38.4
Akhilesh Setu 19.24 92.04 28.6
Alamganj 13 109.45 34.5
Bridge
Sudarshan 9.54 77.7 21.06
Bridge
Sailesh Setu 9.2 93 22
Banka Pool 25912 121.376 50.84
(Near Amtala)
Ichlabad 10.85 76.1 254
Banka Bridge
Roy Nagar 20.46 94.14 39.9
Bridge
Average 14.42525 96.47575 32.5875
Total 115.402 771.806 260.7

Source for Figure No. 5.3.13A -13H and Table. 5.3.8.

Post- Monsoon survey was conducted in the month of Nov, 2022
Monsoon Survey was conducted in the month of April 2023
Monsoonal Survey was conducted in the month of August 2022

In the Pre-monsoon season, the water volume in all the surveyed stations seemed quite low
in comparison to Monsoon and Post-Monsoon Season except Akhilesh Setu, Banka pool
(Near Amtala) and Roy Nagar bridge has crossed the mean value of water volume (14.42
vol/running m). Alamgannj Bridge and Banka Pool (Near Amtala) has recorded the highest
volume of water in the Monsoon period and the water is very turbulent at these stations
also. These two stations can be regarded as at the bank full stages. The potential reason for
this can be- might these stretches has higher cross-sectional area than others, the local slope
of the river, the sudden change in the shape in the riverbed, the size and type of particles in
the riverbed or the presence of obstacles or constrictions in the river. Roy Nagar Bridge,
being situated outside the municipality jurisdiction holds a lesser amount of garbage into

the river -this might increase the water volume in monsoon and post monsoon seasons.
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The Waste Dumps Within And Around Banka Banks

Photo.P5.3.34 At Birhata, Ward No.10  Photo.P5.3.35 At Sapjola Khal (River turned Canal)
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5.3.5. Impact of River Damodar on the Municipality

On the left side of Damodar river’s flood plain, there are five embankments built-the main
Damodar left side embankment, the Eden Canal, the Bypass and G.T. road, National
Highway (NH) 2 and the Eastern Railway Line. Though it has made the city safe by
protecting it from frequent and disastrous floods, the embankments have an ambiguous role

when it comes to the town.

The flood plain fluvial process has been impeded by the embankments. The river Thalweg
steadily rose from its flood plain due to sedimentation, and when the overall volume of
flow increased, the river Damodar destroyed the embankment with its destructive attitude.
Floods from the preceding century in 1913, 1916, 1935, 1956, 1978, 1995, and 2000
changed Banka was separated from Damodar by its left side embankment, which became
Banka Nala or drain, but the river Bahula-Gangur was fractured at multiple spots and
continued as water bodies.(Ghosh and Guchhait 2014)

The excess water from the Damodar River usually do not contribute in the city flooding,
but, upon asking the residents of the town whether they have any flood memories of
Damodar water jeopardizing their lives, they could recall the years of 1978 and 2000 when
the water submerged a huge area in the town upto Lord Curzon gate which is a land mark
situated in almost the central part of the Municipality. The above-mentioned years had
phenomenal rainfall resulting in huge discharge and coupled with anthropogenic activities
and siltation— led to embankment breaching and inundation of the city (Banerjee 2001).
The year 1978 and 2000 has recorded the highest discharge of 10,916 m®/s and 6387 m%/s
which is far above than the average value of 3449.767442 m?>/s if the discharge from 1975
to 2017 is taken into account.( Table.5.3.9) The maximum number of discharges are seen
to take place in the month of September and October (Late-Monsoon) which aggravates
the chances of raising the water le vel and consequent inundation of the bank even more.
(Figure No. 5.3.14) The discharge data of Rhondia station has been considered because it
is only discharge measuring station of lower Damodar valley and nearest to the Burdwan

Town.(Ghosh and Mistri 2013)
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Table No. 5.2.9: Highest Discharge (m3/s) from Rhondia Station (1975 -2017)

Year Highest Discharge (M>/S) Date
1975 3855 27/09/75
1976 5297 19/09/76
1977 4156 30/07/77
1978 10,919 27/09/78
1979 413 8/8/1979
1980 4210 28/08/80
1981 1635 24/07/81
1982 666 10/10/1983
1983 2098 26/06/84
1984 4518 18/10/85
1985 3317 8/7/1986
1986 3455 13/09/87
1987 4567 6/8/1988
1988 1632 5/9/1991
1989 1933 28/09/92
1990 3146 15/09/93
1991 2184 1/7/1994
1992 1443 28/09/95
1993 3816 15/09/93
1994 3298 1/7/1994
1995 6522 28/09/95
1996 3627 9/8/1996
1997 2407 15/08/97
1998 4249 13/09/98
1999 5690 25/09/99
2000 6387 23/09/00
2001 1859 2/9/2001
2002 1858 28/09/02
2003 2496 27/10/03
2004 2058 20/09/04
2005 1139 20/10/05
2006 7035 24/09/06
2007 8883 26/09/07
2008 1882 20/07/08
2009 6232 8/9/2009
2010 172 23/09/10
2011 2861 13/08/11
2012 1715 17/08/12
2013 3265 15/10/13
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Year Highest Discharge (M3/S) Date

2014 1480 16/08/14
2015 2565 3/8/2015
2016 2410 22/08/16
2017 4990 27/07/17

The Average is 3449.767442 (The marked cells are above the average values)
Source: (Bhattacharyya 2011) and Office of Irrigation and waterways Department, WB at
Kanainatshal,2019
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Photo.5.3.36. The Highest Flood Level Marked at the Kalna Gate Sub-Way (Source:
Field Survey,2023)
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5.3.6. Is There Any Contribution of Water that is Coming from Outside of The

Municipal Boundary?

To find the answer of this question, a map showing Digital Elevation Model (DEM)
derived from LANDSAT imagery of a broader region( that is taking 3 kilometers buffer
from the Municipality boundary on each side)is drawn, which is further confirmed by the
Bench Mark heights of a few railway stations around the Municipality-namely, Kshetia in
the North, Galsi in the West and Shaktigarh in the Southern portion of the Municipality.
The values do not actually incorporate with the DEM data , somewhere it is less or more
by 1-2 m but the trend gets confirmed by checking with the actual heights of the region. So
the answer is, there is almost no chance of water entering from the outside of Burdwan
Municipality.(Figure No.5.3.15)-Page.152
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CHAPTER FIVE:
RESULTS AND DISCUSSIONS
(Section-5.4. Determining the Principal Component for Urban Flooding)

5.4.0. Foreground:

Principal Component Analysis (PCA) is a statistical technique that finds patterns and
relationships in a dataset. It is widely utilized in many domains, including urban planning
and flood control, to analyze and comprehend the elements that contribute to urban
flooding. In the context of urban flooding, PCA can be used on a dataset including a variety
of characteristics that may contribute to flooding, including rainfall intensity, land use
patterns, drainage infrastructure, topography, and population density. By applying PCA to
this dataset, we may find the most relevant components that lead to urban flooding and
understand their relative relevance. PCA produces a set of principal components, which
are linear combinations of the original variables. These components capture the greatest
amount of variance in the dataset. By examining the loadings of each variable on these
components, we may identify which factors have the most impact on urban flooding. Urban
planners and flood management authorities can use PCA to prioritize actions and establish
successful flood mitigation methods. By understanding the key factors contributing to
urban flooding through PCA, decision-makers can make informed decisions and allocate
resources efficiently to reduce the vulnerability of urban areas to flooding events(Bucherie
et al. 2022).

5.4.1. Principal Component Analysis of the Criteria Related to Urbanization in Burdwan

Municipality:

From the already discussed factors related to urbanization and its facets in Chapter 5,
(sections 5.1 up to 5.3) all probably responsible factors have been taken into consideration-
1.Population (in numbers) 2. Population Density (persons/sq km) 3. Urban Area (in sq
km)4. Water Bodies (in number) 5. Boro Pucca Drain (in number) 6. Choto Pucca Drain
(in number)7. High Drain (in numbers) 8. Kutcha Drains (in number) 9. Waste Generation
(gm/day) 10. Waste Collection (gm/day). For equalizing the values, removing the bias, and
emphasizing the relative importance the factors are standardized by removing the units
attached to them. (Table No. 5.4.1.)
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Populat Population
ion(in Density
number Populat (persoms/sq Population
) ion Kkm)
17687 | 1.707291 27439.6
11432 | 0.159466 22851.7
17574 | 1.679328 319229
12126 | 0331199 255513
8692 | -0.518557 17996.3
18420 1.588674 14524.1
14846 1.004274 20913.1
8010 -0.687321 17204.1
7099 | -0.912751 13761.9
9820 -0.239429 154243
13842 0.75583 15684.4
19260 | 2.086336 14850.3
13612 | 0.688%16 14858.3
9044 | -0431454 17595.8
12850 | 0.510356 20642.7
13745 | 0.731827 7378
12244 | 0.3603%9 16087.6
8036 -0.680887 19047.6
§460 -0.575967 313426
6222 -1.128768 212512
8406 | -0.589329 18869
10656 | -0.032558 7536.17
10054 | -0.181525 10962.3
15924 1.271028 7101.83
11860 | 0.263377 10304.8
160537 1.303941 6731.37
11233 | 0.110223 130283
5323 | 135223 8859.23
7274 -0.865447 211023
5432 -1.325257 155309
5082 -1.411866 35837.1
5335 | -1.34926 29691.8
7649 | -0.776652 433511
6194 | -1.136697 20130.2
8065 | -0.673711 228145
10787.57 18808.54571
4041.157 §354.968677
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Table No. 5.4.1. Considered Factors and Standardization of Them by Unit-Removal

Density
1.033044482
0483922136
1.569647331
0.807035256
-0.097217087
-0.512802128

025189254
-0.192034817
-0.60402928
-0.405057858
-0.373526682
-0.473735554
-0.47277804
-0.145152634
0219528565
-1.368113533
-0.325667573

0.02861223
1.500191655
0.292359479
0.007235729
-1.349182283
-0.935111326
-1.401168115
-1.017807013
-1.445508198
-0.69183331%
-1.190826214
0.274537748
-0.352258583
2

2497735
1.302608628
2937480107
0.158187821
0.479469695

Urban
Area(in
sq km)
0.64458
0.50027
0.550514
0474574
0.482987
1.26824
0.7098%1
0.465588
0.515845
0.63665%
0.882534
1.25693
0.916108
0.513986
0.622497
1.86297
0.761084
042189
0.26992
0.292784
0445492
1.41398
0.817142
224224
1.15082
23854
0862201
0.600842
0.344701
0.349755
0.141335
0.17967%
0.176443
0.307697
0.353504
0.7417481
0.540884%

Urban Body(in
number) Water Body

Area

-0.179646

-0_44
-0.353558
-0.493957
-0.478403
0.8733901
-0.058898
-0.510571
-0.417655
-0.194251
0.2602882
1.0264328
0.3223606
-0.421092
-0.220474
2.0729402
0.0357487
-0.591361
-0.872326
-0.830052
-0.547725
1.2428374
0.3242722
2.774143
0.7564862
3.0385204
0.2226861

-0.26051
-0.734069
-0.724726
-1.110057
-1.039166
-1.045149
-0.802483
-0.717794

45

Water

4
11

16
14

~

20
19

2

15.257143
15.635752

-0.719961726
-0.27226979
-0.208313789%
-0.528093753
-0.336225781
0483202101
-0.528093733
0.175422146
-0.144357808
0.111466156
0.047510165
-0.080401817
-0.783817717
-0.528093753
0.303334128
0.239378137
-0.400181771
-0.592049744
-0.783917717
-0.592049744
-0.336225781
043124611
-0.400181771
1.83827730%
1.966189831
4.524429525
0.559158092
0.175422146
-0.016445826
-0.656005735
-0.911829698
-0.592049744
-0.592049744
-0.400181771
-0.464137762

Boro Pucca

Drain(in
number)
13
6
11

-

w o =

[

4
11
28
8.657142857
7.324880719

Boro Pucca
Drain
0.592891176
-0.362755783
0.319849187
-0.089713796
-1.045360757
0.865533165
3.050269076
0.72941217
1138975154
-0.908839763
-0.635797774
-1.045360757
-0.908839763
-0.49527678
0.183328193
1.275496148
1.275496148
-0.635797774
0.592891176
0.183328193
0456370181
-0.226234791
-1.045360757
-1.181881752
-0.089713796
-0.49927678
0.046807198
-0.226234791
-0.635797774
-0.508839763
-1.045360757
-1.045360757
-0.635797774
0.319849187
2.640706093

Choto Pucca
Drain(in
number)

48
21
80
31
51
76
108
46
50

17

1
35.02857143
24 46628668

High

choto Pucca Drain(in

Drain
0.530175614
-0.573383759
1.838097835
-0.164658065
0.652793323
1.674607558
2.982529778
0.448430476
0.611920753
0.039704782
-0.818619176
-0.696001467
-0.409853482
-0.53251119
1.347627002
-0.696001467
-1.145589731
-0.328148343
-0.082912926
-0.655128898
1.225009294
-0.941236884
-0.450766051
-1.145589731
0.734538461
0.611920753
1.633734988
-0.696001467
-0.614256329
-0.001167788
-0.777746606
-0.696001467
-0.777746606
-0.736874037
-1.390835147

number)

0.71428571
1.36426702

High
Drain
-0.523567
-0.523567
-0.523567
-0.523567
-0.523567
-0.523567
-0.523567
0.209427

-0.
-0.523567
-0.523567
-0.523567
-0.523567
0.209427
-0.523567
-0.523567
0.20%427
1.6754156
4.607393
0.209427
-0.523567
-0.523567
-0.523567
0.208427
0.209427
-0.523567
1.6754156
0.20%427
0.5424213
-0.523567
-0.523567
0.209427
0.9424213
-0.523567

Kutcha
Drain(in = Kutcha
number)  Drain

12 1.486148654
-0.36054494
0562801857
-0.206653807
-0.36054494
-0.36054494
-0.052762674
-0.36054494
-0.36054494
-0.36054454
-0.36054454
0.10112845%
-0.36054484
-0.36054494
-0.36054494
-0.36054494
-0.36054454
-0.36054454
-0.36054494
-0.36054494
-0.36054494
-0.36054494
-0.206653807
2.87116885
0.10112845%
4.563971311
-0.206653807
-0.36054494
-0.36054454
-0.36054454
-0.360544%4
-0.36054494
-0.36054494
-0.36054494
-0.36054494

-~ 0 0 0 0 O 0 0 0 0 0 WO o0 0NOo - o o

w b2
[Tt

o o o0 o o o ~

=}

234285714
6.49810019

Waste
Generation(
gm/day)
2700000
2940000
3937700
4980000
2910000
7123187
7694435
3797998
4199720
2089250
5024213
8808702
3377697
4068772
3905403
2937924
3814205
8375000
3299000
8157100
6900000
2468800
7893300
6701299
2539200
2170000
2360000
3870000
2100000
2585653
8798985
2900000
2400000
2600000
9130400
4570634371
2295778.465

‘Waste
Generation
-0.814814844
-0.71027514
-0.275694881
0.17831233%
-0.723342603
1.11184622%
1.360680343
-0.336546572
-0.16156366
-1.07645078%
0.187570731
1.84602638%
-0.519622163
-0.218602265
-0.289762876
-0.71117940%
-0.329487093
1.65885589
-0.553901167
1.562200223
1.014629967
-0.915521425
1.447380782
0.928079369
-0.884856445
-1.045673356
-0.962812757
-0.30518378%
-1.076164103
-0.690372088
1.841793838
-0.727698424
-0.945489473
-0.858373054
1.986152279

The Red Columns are the standardized values, and the last two rows of the table show the total and the average respectively.
Source: Data provided by the Municipality and Computed from ARC_GIS
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‘Waste

collection(g Waste

m/day)
1350000
1470000
1968850
2490000
1455000
35615935
38472275
189899%
2099860
839700
2009685.2
35234808
1351078.8
1627508.8
1562161.2
1175169.6
1525682
3351600
1319600
3262840
2760000
822933.3333
2631166.667
2233766.333
846400
1446666.667
786666.6667
2981369
1200000
1706110.286
5027991.429
1657142.857
1371428.571
1485714.286
5217371428
2110421.826
1113637.41

collection
-0.6828271
-0.5750721
-0.1271256
0.34084539
-0.5885415
130309171
1.55957914
-0.189848%
-0.0094841
-1.1410553
-0.0904573
1.26886809
-0.6818584
-0.4336358
-0.4923152
-0.8398175
-0.525072
1.11452629
-0.7101251
1.03482351
0.58329414
-1.156111
0.46760717
0.11075823
-1.135038%
-0.5960245
-1.188677
0.78207428
-0.817520%
-0.363054%
2.61983596
-0.4070256
-0.6635852
-0.5609613
278991131



Table no. 5.4.2. Correlation Matrix

CHAPTER FIVE: RESULTS AND DISCUSSIONS

Population | Population | Urban | Water | Boro | Choto | High | Kutcha Waste Waste
Density Area Body | Pucca | Pucca | Drain | Drain | Generation | Collection
Drain | Drain
Population 1.000 .236 .650 373 135 354 422 476 .076 -.059
Population Density .236 1.000 .700 -.553 .028 .007 .069 .258 .053 190
Urban Area .650 .700 1.000 .7185 .064 .018 -.253 .688 .042 -.178
Water Body 373 -.553 .7185 1.000 -.110 149 -.056 781 -.229 -.245
Boro Pucca Drain 135 .028 -.064 -.110 1.000 .365 .001 -.132 187 .289
Choto Pucca Drain 354 .007 .018 149 .365 1.000 121 .088 -.043 -.035
High Drain 422 .069 253 -.056 .001 -121 1.000 -.076 .070 071
Kutcha Drain 476 .258 .688 781 -.132 .088 -.076 1.000 -.084 -.099
Waste Generation .076 .053 .042 -.229 187 -.043 .070 -.084 1.000 907
Waste Collection .059 190 -.178 -.245 .289 -.035 071 -.099 .907 1.000
KMO and Bartlett's Test Table no. 5.4.3. KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 733 A value of at least 0.6 is required for the Kaiser-
Bartlett’s Test of Sphericity Approx. Chi-Square 211.310 Meyer-Olkin Measure of Sampling Adequacy
df 45 (KMO), with values closer to 1.0 being preferable.
Sig. .000

157




CHAPTER FIVE: RESULTS AND DISCUSSIONS

Scree Plot
th_j'
1 2 3 4 5 5} 7 =] 9 10
Component Number
Figure No. 5.4.1 Scree Plot
Table no. 5.4.4. Rotated Component Matrix
Component
1 2 3 4

Urban Area 919
Water Body .908
Kutcha Drain .811
Population Density 713
Woaste Generation 972
Waste Collection .956
Choto Pucca Drain .847
Boro Pucca Drain .785
High Drain -.929
Population 510 .639

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 5 iterations.

Source: Calculation retrieved from SPSS 29.0.10 Version Trial Pack
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CHAPTER TWO: REVIEW OF LITERATURE

There are four factors that showed up the value 1 in the scree plot for this particular analysis

(Figure No. 5.4.1) and these four factors (urban area, water body, kutcha drain, and

population density) clubbed under component-1 explain more than 70% of the data

variance hence can be considered as the principal component for the urban flooding

scenario in Burdwan Municipality.
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CHAPTER FIVE:
RESULTS AND DISCUSSIONS
(Section-5.5. Analysis of Rainfall Pattern)

5.5.0. Foreground:

One of the key elements influencing climate change will be shifts of rainfall or other forms
of precipitation. A numerical value or graphical depiction of a particular social or
environmental condition over time and space that has a significant influence on the entire
system, namely the climatic system, is now a crucial component or indicator.
(Balasubramanian, 2017) . Analyzing rainfall patterns and trends is very important as it
aids the policymakers to make the decisions about cultivation schedules, building roads,
and water distribution in urban and rural areas (S, 2017) . Also, excess rainfall is a prime
reason for flooding and the increased concentration of people and property in urban areas
gets more fatal (Hammond et al. 2015). The worldwide alteration in the pattern of rainfall
may be attributed more to unplanned urbanization, excessive concretization, and the
ensuing sudden shifts in land use and cover. The threats to Asian cities regarding rainfall-
related disasters are even higher (Svensson and Whitehead 2021). Several studies have been
made on the rainfall pattern of megacities are concerned but the number of research made
on the municipalities, or the towns is less in numbers yet they are suffering a severe
magnitude of the same problems like drainage, waterlogging, and flooding. Same goes for
Burdwan Town as some parts of it get completely inundated even if it drizzles, some other
places take a little longer time, but it affects every individual in the Municipal area as they
must commute to school, offices, etc. The life of daily wage earners like fruit sellers, flower
sellers, people related to fish and dairy distribution, Auto and Toto drivers, face a severe
economic loss due to the flooding conditions. Not only the financial breakdown, it has also
caused no or less access to the civic amenities like water and electricity. In some parts of

the Municipality life almost stops for a few days and others struggle.
5.5.1. For Rainfall Profile of Purba Bardhaman District:

The district of Purba Bardhhaman experiences 80 % of its rainfall between June and
September and every year, floods might occur because of the highly intensified South-
Western monsoon's seasonal rainfall. This district categorically falls in to a tropical
climatic zone followed by conditions of a moderate climate, with cold and dry winters, hot
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and humid summers, and an extended period of rainy season.(Pal, Mazumdar, and
Chakraborty 2015)

5.5.1.1. Analysis of the Spatial Distribution of Rainfall in The District:

Following the 4.2.2.1 section of Chapter — Four (Methodology) the isohyet map is created.
(Figure No. 5.5.1) It is evident that a significant portion of the central and Northwestern
part of the map is falling under the lowest rainfall zone if the annual average rainfall counts
(in mm). The study area of Burdwan Municipality also comes under this zone of less than
200 mm rainfall but if the monthly average rainfall (in mm) is considered (Figure No.
5.5.2) it is directing towards a higher value (more than 400 mm) from the month of May to
October. The stations of Katwa and Mangalkot experience the least amount of rainfall

whereas Ausgram-I1 has received the highest proportion of rainfall. (closer to 500 mm).
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Figure No. 5.5.1. Isohyet Map of Annual Average Rainfall of District Purba
Bardhaman from the years of 1979-2019(in mm)
Source: Computed with the data retrieved from the official website of SWAT Model

(https://swat.tamu.edu/data/cfsr)
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Figure No. 5.5.2. The Average Monthly Rainfall of the SWAT Stations (in mm) from
the years of 1979-2019

Source: Computed with the data retrieved from the official website of SWAT Model (:

https://swat.tamu.edu/data/cfsr)

5.5.1.2. Analysis of Thiessen Polygons:

Following the section of 4.2.2.2 in Chapter-Four (Methodology)Figure No. 5.5.3 and
5.5.4 depict that the Municipalities of Burdwan fall under the Thiessen polygon
surrounding Burdwan-1 block, meaning there by it is not getting influenced by rainfall of
any other stations nor it is sharing its rainfall to any other stations. So, it is evident that the
station near Burdwan-I which is also considered for analyzing the trend of rainfall for
Burdwan Municipality, is free of any kind of rainfall influences from outside.

162



CHAPTER FIVE: RESULTS AND DISCUSSIONS

87°36'0"E 88°13'10"E
1 1

o

.
S

23°45'0"N

=
/DASP‘

T

23°45'0"N
1

(e
T
23°10'0"N

23°10'0"N
1

LEGEND

«  WARD CENTROID
[—] voronoI POLYGON .
| WARD BOUNDARY i P A i

" N "
F + T y T T 1

T T
87°36'0"E 88°13'10"E

Figure No. 5.5.3. Thiessen polygons for Each Block of the District Purba Bardhaman
Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)/
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Figure No. 5.5.4. Difference in Thiessen Polygons and the Actual Block Area
Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)
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5.5.2. Analysis of Rainfall of Burdwan Municipality:

The analysis of rainfall involves studying various aspects of precipitation patterns,
including its distribution, intensity, frequency, and duration. There are many methods of
examining rainfall data, currently the statistical method is given importance for temporal
analysis of the data. First, summary statistics are computed that provides a summarized
result of central tendency, spread, and distribution of a dataset, allowing for a better
understanding and comparison of the data, thereby describing the main characteristics and
properties of the data. Measures of central tendency (such as mean, median, and mode) and
measures of dispersion (such as range, variance, and standard deviation) are examples of

common summary statistics. (Yellapu 2018).
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Figure No. 5.5.5. Monthly Rainfall Distribution of Burdwan Town from 1979-2019
Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)
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Figure No. 5.5.5. shows that apart from the rainfall of the monsoonal months, which tend
to be higher always, it is also noteworthy that the amount of rainfall received in the late
Monsoonal month of September and October is increasing over the years. The month of
July has received the highest proportion of rainfall in the monsoonal months as far as the
mean is concerned (Table.5.5.2) while the lowest is recorded in the month of June. The
standard deviation of rainfall is a statistical measure that quantifies the variability or
dispersion of rainfall data around the mean. It provides insights into how much individual
rainfall measurements deviate from the average value. The higher the deviation, the greater
is the significant fluctuation in precipitation amounts and higher degree of uncertainty and
unpredictability in rainfall (Ayeni 2014). The standard deviation value for all the
monsoonal months records more than 150 and it is increasing as the months pass signifying

an erratic nature of rainfall.

Table.5.5.1: Summary Statistics of the Monsoonal Months of Burdwan Town from

1979-2019
June July August September

Mean 294.7677 516.3211 485.9344 395.3595
Standard Error 23.81022 24.45026 24.53605 24.90449
Median 300.1534 486.3905 492.4784 409.1875

Mode #N/A #N/A #N/A #N/A
Standard Deviation 152.4598 156.558 157.1074 159.4665
Sample Variance 23244 24510.42 24682.73 25429.57
Kurtosis -0.05865 -0.72228 -0.1849 0.454276
Skewness 0.359437 0.069371 0.31302 0.100273
Range 620.786 610.5112 656.5766 784.1457
Minimum 9.443094 195.5318 217.0596 1.198195
Maximum 630.2291 806.043 873.6363 785.3439
Sum 12085.47 21169.17 19923.31 16209.74

Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)
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Figure No. 5.5.6. No of Days Having 2.5 mm Rainfall (Month Wise) (1979-2019)
Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)

According to India Meteorological Department (IMD), a rainy day has been designated as
a day with rainfall of 2.5 mm or more than that (Nandargi and Mulye 2012).1t is always
expected in any monsoonal scenario that the month of June, July and August which are of
proper months of monsoon, will have much more rainy days than the other months. But
surprisingly, the month of September is also having its fair and increasing portion of rainy
days and the only rainy days the years like 1997, 2011, 2012 and 2013 has in the month of
September. (Figure No. 5.5.6)

5.5.2.1. The Durbin Watson Static Test

In Table.5.5.2, the months of July, August, September indicate the values from 0 to 2 there
by signifying a positive autocorrelation but the month of August having a close value
towards 2 indicates no autocorrelation between the variables. But now if we consider the

P value, only the month of July has a significant mark as the value is less than 0.05.
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Table.5.5.2: The Durbin Watson Static Test for the Monsoonal Months of Burdwan

Municipality
T I
June 2.4898 0.924
July 1.3325 0.008
Aug 1.8555 0.262
Sept 1.553 0.052
Oct 2.4017 0.873

5.5.2.2. Change Point Detection in the Rainfall Pattern:

Inthe Table 5.5.3 considering the P-Value for the month of June, July, August, September-
it is noteworthy that besides the month of July, there is no evidence of change-point in the
rest of the months. Only the month of July has a borderline value to the level of
significance. But for other months, as the P value (0.05) is greater than the chosen
significance level, there are no signs of any abrupt change in the data.

Table.5.5.3: The Pettitt’s Test for the Monsoonal Months of Burdwan Municipality

U Value P-Value K(CP)
June 138 3964 11
July 206 .0543 9
August 168 1817 14
September 188 .0992 32
October 184 0.1126 10
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Table.5.5.4: The Buishand Range Test for the Monsoonal Months of Burdwan

Municipality
 Rsgrt(n)  PValle  K(CP)
June 91078 7478 11
July 1.2724 2293 9
August 1.0215 5757 9
September 1.236 2659 32
October 1.092 4628 14

Table.5.5.5: The Standard Normal Homogeneity (SNHT) Test for the Monsoonal
Months of Burdwan Municipality

June 3.2144 6124 9
July 9.9449 0.025 9
August 5.662 0.2112 9
September 8.9175 .0357 32
October 6.0718 0.1746 10

Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)

= Buishand Range Test: (Buishand,1982)

In Table.5.5.4 as all the P values are greater than the chosen level of significance, it might
be concluded that no prominent change point is detected.

= The Standard Normal Homogeneity (SNHT) Test: (Alexandersson 1986)

In Table.5.5.5 lower p-values (e.g., 0.025, 0.0357) of July and September indicate stronger
records against the null hypothesis, while higher p-values (e.g., 0.6124, 0.2112, 0.1746) of
June, August and October suggest weaker evidence against the null hypothesis.
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Considering the results of three tests of change detection, the final change point has
been decided based on the number of the year those came out because of more than one

test or supported by two tests among three.

Table.5.5.6. The final year of Change Points of the Monsoonal Months

- _

June 11 (Backed by Pettitt and Buishand Range Test)
July 9 (Backed by three of the above-mentioned tests)
August 9((Backed by Buishand Range and SNH tests)
September 32(Backed by three of the above-mentioned tests)
October 10(Backed by Pettitt and SNH tests)

Dividing the monthly data into two halves based on the year of the change has been plotted
in Figure No. 5.5.7. where for the month of June, both the halves are showing the declining
trend where the trend is insignificant in nature. (as far as the R? is concerned) the first half
of the month July shows an increasing trend but in the second half of the year 1987 it shows
a linear trend. The trend of the second half from the year 1987 of the month August also
shows a linear trend which is also insignificant in nature. The first 32 years of September
show an upward pattern while the last 9 years shows a steep downward trend.in case of
October, the first 10 years show a negative trend while the latter half exhibits a mild upward
notion. But from the R2values, it is evident that all the trends of all the halves (before and

after change point) are insignificant.
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Figure No. 5.5.7. The Trend of Rainfall Aater Detection of Changepoint
Source: Computed with the data retrieved from the official website of SWAT Model

(https://swat.tamu.edu/data/cfsr)

Similarly, a basic method of trend analysis using the scatter plot in MS-Excel 2017 has

been done to analyze the direction of annual average rainfall before and after the

homogenization of the data is done. Now, considering the outcome of Table.5.5.7. the

lowest number of years that has come up in change detection is number 9, that is the year

of 1987 and the majority of the number of years where the shifts have taken place is

revolving 9 only, that is 10 and 11. So, in the Figure No. 5.5.8(i) portrays the before

homogenization scenario where there is an upward trend but insignificant in terms of R?
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value and in the Figure No. 5.5.8(ii)the trend gets much linear with an even more

insignificant nature.
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Figure No. 5.5.8. Trend of Average Monsoonal Rainfall (1979-2019)
Source: Computed with the data retrieved from the official website of SWAT Model

(https://swat.tamu.edu/data/cfsr)

172


https://swat.tamu.edu/data/cfsr

CHAPTER FIVE: RESULTS AND DISCUSSIONS

5.5.2.3. Identification of Monotonic Trend in Rainfall Data Via Mann Kendall’s Test

In Table. T5.5.8 I apart from the month of September all other values run negative meaning
thereby a negative association between the variables, suggesting that as the x-values
increase, the y-values tend to decrease but in the Table.5.5.7 Il apart from the month of
June and September, all the month portray a positive value of Sen’s slope but as far as the
P value is concerned as all the values in Table Il is much above the level of significance
that is 0.05, that is why must be tagged as statistically insignificant. The magnitude of
Kendall's tau also provides information about the strength of the relationship. The closer
the absolute value of Kendall's tau is to 1, the stronger the correlation. Conversely, if the
value is closer to 0, the weaker the correlation. Here also If the values of Kendall’s Tau
count, then also half of the values are showing negative trend of association between the

ranked variables.

Table.5.5.7. Identification of Monotonic Trend in Rainfall Pattern Via Mann
Kendall’s Test
I-Pre-Change Point MK Test

June July Aug Sept Oct
Z-Value - -0.3711537 -2.35064038 0.20395700 | -0.3127716
0.3577709
Sen’s - -4.2780438 | -24.23457878 0.46556662 = -8.4717230
Slope 12.096340
7
P Value 0.7205148 @ 0.7105230 0.01874114 0.83838710 0.7544542
S - -4.0000000 & -20.00000000 = 13.00000000 @ -4.0000000
5.0000000
VAR(S) 125.00000 = 65.3333333 = 65.33333333 = 3461.666666 = 92.0000000
00 67
Kendal’s - 0.1428571 -0.71428571 0.02795699 -0.1111111
Tau 0.1111111
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June July Aug Sept Oct
Z- -0.24385480 0.10197850 0.06798567 0.12371791 0.07136412
Value
Sen’s -0.61520789 | 0.79841272 0.49222644 -5.99095224 = 0.55131092
Slope
P Value @ 0.80734327 0.91877374 0.94579704 0.90153863 | 0.94310796
S 14.0000000 7.00000000 5.00000000 -2.00000000 & 5.00000000
0
VAR(S) | 2842.00000 @ 3461.666666 3461.666666 = 65.33333333 = 3141.66666
000 67 67 667
Kendal - 0.01505376 0.01075269 -0.07142857 = 0.01149425
’s Tau 0.03448276

Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)

5.5.2.4. Intensity-Duration-Frequency (IDF)Curve:

A usual IDF Curve implies: Intensity (The vertical axis of the curve represents rainfall
intensity, typically measured in millimeters per hour (mm/hr.). In general, Higher intensity
indicates heavier rainfall.)Duration (The horizontal axis represents rainfall duration,
usually measured in minutes, hours, or days. Duration indicates the length of time for which
rainfall occurs) Frequency (IDF curves provide rainfall information for different return
periods or frequencies, such as 2-year, 10-year, or 100-year events. Higher return periods
indicate rarer and more extreme rainfall events.)With the help of the above-mentioned
steps, the IDF Curves of the months of June, July, August, September for 49 years has been
developed with the return periods of 2, 5, 10, 25, 50, 75 and 100 years. All the graphs
[Figure No. 5.5.9 (i-iv)] exhibit the same patterns that-1f the duration is fixed, with the
rainfall increase from 2 years to 5 years to 100 years, the intensity increases. On the other
hand, if the intensity is fixed, the duration of the rainfall increases from 2 years to 5 years

to 100 years. And if the return period is fixed say for the 2-year return period as duration
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of rainfall increases, the intensity of the rainfall decreases. So, Longer rainfall events are

not very intense as there is a progression in the time of return periods.
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Figure No. F5.5.9. Intensity-Duration-Frequency (IDF) Curve (Source: Computed with
the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)
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5.5.2.5 Rainfall Indices:

= Rainfall Anomaly Index (RAI) (Van Rooy,1960)

Figure No. F5.5.10 shows both the positive and negative anomalous years in terms of
rainfall, but the negative anomaly hit much bottom (up to near about -15) than the positive
ones (up to 8) has gone up like the years 2011,2012,2013 have really seen worst kind of

negative rainfall anomaly.
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Figure No. 5.5.10. Rainfall Anomaly Index (RAI)

= Precipitation Concentration Index (Oliver 1980)
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Figure No. 5.5.11. Precipitation Concentration Index (PCI)
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The calculated value for PCI is 21.06, signifying a strongly irregular concentration of

precipitation.
» Rainfall Seasonality Index (RSI) (Walsh and Lawler 1981)

The calculated average value for RSl is 0.18 which somehow is close to having a moderate

distribution of rainfall.
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Figure No. 5.5.12. Rainfall Seasonality Index (RSI)

= Rainfall Deviation Index (RDI):
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Figure No. 5.5.13. Rainfall Seasonality Index (RSI)

Source: Computed with the data retrieved from the official website of SWAT Model
(https://swat.tamu.edu/data/cfsr)

178


https://swat.tamu.edu/data/cfsr

CHAPTER FIVE: RESULTS AND DISCUSSIONS

The calculated value for RDI is -0.2, which falls under the normal category of rainfall

according the category specified by IMD mentioned in the Methodology(Chapter-Four).
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CHAPTER FIVE:
RESULTS AND DISCUSSIONS
(Section-5.6. Estimating Urban Run-off Using INVEST UFRM Model)

Following the steps and methods stated in Chapter Four (Methodology) the layers of the
input data have been prosecuted in the model INVEST-UFRM.

5.6.1. The Particular Inputs for the Model:

a) The Land Use Land Cover Classification of the year 1991 and 2021:

The LULC Classification of Burdwan Municipality has already been previously discussed
in chapter 5 Section- 5.1. The two years of apart 30 years have been chosen to find the

differences between the run-off generation and retention as there is huge change in urban

area.

T ATSTISTE

WISON
o

AN
20
20N

BT STSYISL

Figure No0.5.6.1. The LULC Classified Images of 1991 and 2021
Source: LANDSAT Data ((https://www.usgs.gov/landsat-missions/landsat-data-access)
b) The Hydro-Soil Groups:

The hydrological soil group is made to classify soil based on its runoff potential. The
United States Department of Agriculture (USDA) classified soil into four major textures,
denoted by the letters A, B, C, and D, where A denotes sand, B defines sandy loam and
loamy sand, C implies clayey loam and silty clayey loam, and D denotes primarily clayey
soil. The classification is mostly identified by the availability of sand, loam, and clay. From
lowest to highest, these four groups describe the potentiality of runoff. Burdwan
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Municipality seemed to have been dominated with the HSG-D which represents high
runoff potential as it is made of clay, silty clay, and sandy clay texture. with some major
patches of HSG-C representing moderately high runoff potential as it is made of clay loam,
sandy clay loam, loam, silty loam in Eastern, Northeastern, and Western part. In the
extreme North-West and south-East corner the dual hydro soil group -C/D Prevails
(Cornell University Cooperative Extensoin 2021).
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Figure No.5.6.2. The Hydro-Soil Map pf Burdwan Municipality

Source: Ear5th Data CMR Search (EARTH DATA
_https://cmr.earthdata.nasa.gov/search/concepts/C2216864285-ORNL_CLOUD.html)

C)The Bio-physical Table:

The Soil Conservation Services and Curve Number (SCS- CN) technique is one of the
basic and straightforward methods for predicting rainfall runoff. Land cover data is used
in hydrologic modelling to predict the value of surface irregularity or friction, which
impacts the velocity of water flowing overland (Ara and Zakwan 2018). The runoff
potential of the land is represented by CN, which is denoted by soil antecedent moisture

condition (AMC), soil type, land use, and treatment value spans between 0 and 100. Higher
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levels indicate a greater likelihood of runoff (Bose and Mazumdar 2023). A table was
constructed, and the values connected with the table were merged with specific knowledge

about the study region, as well as appraising the land use categories and HSG data.

Table No.5.6.1 The Bio-Physical Properties of the LULC Classes

A B C D E F
LUCODE CLASSES CN_A CN_B CN_C CN_D
8 AGRICULTURE 51 57 76 86
15 FALLOW 77 86 91 94
19 FOREST 43 65 76 82
21 URBAN 98 98 98 98
42 WATER BODIES 1 1 1 1

Source: HEC_HMS Technical Reference Manual
d)Area of Interest:
The Municipal Boundary has been selected as an input for area of interest.
e) Calculation of Rainfall Depth:

Rainfall depth is taken from previously calculated Intensity-Duration-Frequency Curve
(chapter no -5, Section-5.5)

5.6.2. The Results:

5.6.2.1. Run-off generation related to Rainfall:

In the year of 1991, it has been witnessed that central part or the most urbanized area of
Burdwan Municipality has the runoff potentiality between 5.6 mm to 11.1 mm with some
even higher runoff of 11.2 mm to 16.1mm along with the railway lines, and many places
on the either side of river Banka and Damodar, after 2 hrs hours of rainfall. After
experiencing 32-mm rainfall, except waterbodies and green spaces, all the other areas
generate Omm to 8 mm Potential run-off, mostly the vegetative cover and fallow. The
second scenario of 1991with 46 mm describes Burdwan Municipality as a flood-prone area
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and there are very few scopes of recharge except some green patches situated on the fringe
of the study area, with an increased runoff up to 30.2 mm (Figure No.5.6.3-i &ii). In the
year 2021, the pre-dominant land use is urban area covering almost all the municipal area
leaving some of the Western part with 32mm rainfall it records upto 24.2 mm run-off and

with 46 mm rainfall the generation of runoff increases upto 39.2 mm.
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Figure.5.6.3. (i) and (ii) The Run-off VValues (in Cubic metre/2hrs) with a rainfall
depth of 32 mm and 46 mm in the backdrop of the year 1991

(i) is on the next page.
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Figure.5.6.4. (i) and (ii) The Run-off Values (in Cubic metre/2hrs) with a rainfall
depth of 32 mm and 46 mm in the backdrop of the year 2021

5.6.2.2. Run-Off Retention in relation to Rainfall

Overall runoff retention scope has been reported to be very modest for Burdwan
Municipality in the year of 1991; but it is extremely low in in the year of 2021 due to
extreme extent of urbanization. The graphic illustration (Figure No.) shows that urban areas
have a low capacity for runoff retention, but open green spaces have a higher capacity. For
the year of 1991 as fallow was the pronounced type of landuse, recorded higher volume of
run-off retentions upto 30.2 mm whereas the built up area has retained only upto 10 mm to
some extent when the rainfall is recorded at 32 mm and with increasing rainfall the amount
of run-off retention was marked up to 45.2mm. with the increasing urbanization in the year
of 2021 it seems that only the water bodies and some patches on the bank of Damodar is
holding the highest amount of run-off, that is upto 54.2 mm. majority of the municipal area
has stored run-off less than 10 mm due to extensive coverage of impervious surfaces.
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5.6.2.3. Generated Flood Volume with Varied Rainfall Depth

The volume of flood increases with the increasing amount of rainfall and ever-expanding
impervious surface due to urbanization. The flood volume almost got doubled from
163948.6563 cubic m in the year 1991to 3240470.625 cubic m in the year of 2021 if the
32mm rainfall counts. And the same amount of increase in flood volume witnessed when

the rainfall increased from 32 mm to 46 mm in case of both the years.
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RESULTS AND DISCUSSIONS
(Section-5.7. Impact of Flooding on Various Socio-Economic Groups)

5.7.0. Foreground:

Local People or the community is the first group of people that gets affected by urban
floods or say any kind of floods to the highest extent (Wolff 2021). A perception survey
could have been a helpful tool in determining how the flood affected the residents in the
area. A perception survey is a research tool used in social science that gauges people's
subjective views, attitudes, beliefs, or opinions on subjects. It seeks to capture people's
understanding, interpretations, and evaluations of various social phenomena. Perception
surveys can be conducted through questionnaires, interviews, focus groups, or other
methods to collect data from a sample of individuals. The data collected through perception
surveys can contribute to a deeper apprehension of human behavior, and societal dynamics,
and inform decision-making processes in various fields (Siddiqui, Elahi, and Bajwa 2017).
While there is no single "better” method for conducting perception surveys, questionnaire
surveys have several advantages that make them a popular choice due to their standardized
procedures, efficiency, cost-effectiveness, anonymity, and confidentiality (Roopa and Rani
2012).

5.7.1. Perception of People regarding Urban Amenities like Drainage, Water Bodies and

Waste Management:

Citizen or the community is the backbone of any civic system-without their existence and
cooperation, no programmes can achieve their goals. It is always desirable to consider
one’s perception, improve individuals' participation in tasks regarding betterment of urban
amenities and their sense of responsibility towards it. (Alipour, Rahmati, and Akbarbeyki
2015)

5.7.1.1. Regarding Urban Drainage:

Majority of the most affected areas have only choto pucca drains thereby enhancing the
chance of water logging and flooding. (Figure No. 5.7.1.) In the case of Ward 13, near

Becharhat, the roads here are very low-lying and in height almost parallel to the drains.
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The water clogging starts even with the discharge of the daily household water- bathing,
washing clothes etc. and as the days pass till the evening the water level rises and enters
the ground floor. The local people are elevating the roads by dumping rubbish which they
are buying at a cost of 15 Rs. Everyday. Despite several complaints the Municipality did
not pay any attention. In addition, extremely bad odors and continuous spread of diseases
by mosquitoes are alarming threats to the kids. If the drains get blocked in one ward or the
dump sites get filled the adjacent wards find it difficult mostly to accommodate the troubled
Ward. Plastic and glass bottles are the main components that clog the drainage lines.
(Figure No. 5.7.2.) The frequency of cleaning these silts in the affected areas are also
irregular mostly. People residing in ward No.6, Railway Loco Colony, they have said the
drains get cleaned when the higher official of railway visits. There are no workers who
clean the drains and waste regularly. The drains overflow in the rainy season. (Figure No.
5.7.3.) A respondent woman of 60-62 years who has seen the era of coal engine railways
was telling how the wastewater was put used efficiently at that point of time. The last 10
to 12 years have witnessed a huge population rise and with that the water inundation
problem has risen. But there are some low-lying areas like Ward No.10, Khosbagan is a
low-lying area but as the drainage condition is better means the cleaning of the drainage is
done regularly, even if the water accumulates but also recedes in 10-15 minutes. The same
condition is witnessed in GT Road, Mehedibagan, Punjabi bagan, Curzon gate, DM office.
In many areas, the drainage lines seem to be covered to broaden the roads but as it prohibits

further percolation to the excess and creates a rush of overland flow.
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5.7.1.2. Regarding Urban Water Bodies:

Burdwan Municipality is blessed with nearly 500 water bodies. So, most of the respondents
have been living close to one or another water bodies (Figure No. 5.7.5.) But they have
reported that they have witnessed many waterbodies to be encroached primarily to build
high rises in their wards or the adjacent wards. (Figure No. 5.7.8) Neither the local citizens
nor the Municipal authority has taken any steps against these incidents. Not only that, but
the water bodies also which come under the legal properties of the Municipal Authority,
do not get cleaned regularly. There are no restrictions on such restrictions on not littering
the water- that is why the famous water bodies, around which parks or playgrounds are
built like Krishna Sayer, they are found to accumulate trash into them. This is the scenario
we are talking about the developed wards which are centrally located, so one can imagine
the scenario of the peripheral wards. At times, the small ponds are so silted or covered with
water plants, that it gets hard to make a difference between a water body and a field from

a distance.
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Figure No. 5.7.5. Whether the Respondents Have Water Bodies Nearby Their Place

(Source: Primary Survey,2022-23)
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5.7.1.3: Regarding Urban Solid Waste Management:

Urban solid waste has been also a menance for maintaing a healthy environment in the
Municipal Area. One can easily find heap of waste lying on both side of the roads open
and along drainage line, even in the nearest water bodies while paying a visit in any wards.
While conversing with the citizens, it was clearly appeared that cleaning of the wards do
not take place regularly, mostly in the wards which seem to be flood prone, there the waste
removal happens at an irregular intervals. (Figure No. 5.7.8) Even if they sweep the main
roads regularly, they do not do it for the side lanes. Very unfortunately, the fellow citizens
lack the basic civic senses, at times they dump larger wastes like mattresses, chairs coming
from farway wards. The people who live nearby the water bodies or river Banka, they
throw the wastes directly intothe water, compleely avioding the Vats or dustbins.( Figure
No. 5.7.9) On the other hand,there are several parcel of lands owned by individuals, who
do not stay in the Municipality area anymore, eventually those lands has become
dumpyards. And as they are personal propertiies there is a continuos tiff goes on between
the local people and waste workers that who would be the cleaning authority in absence of
owner. The wet silts are picked up from the drains and is left as it is at the side of the drains
for much longer period of time than it should have been. The dumped wastes spread
pungent odur and are breeding grounds for mosquitoes- thereby causing threats to the
children especially. Despite several complaints to the Municipal authority, Nobody paid
the attention to this severely threatened scanrio.The situation of Khosbagan (Ward No 10)
and Rath Tala (Ward No.23) is a little bit better —possibly there might be two reasons:
firstly, Khosbagan being the medical centre of the Municipality area (all well-equipped
nursing homes, clinics, pathological labs are located)it needs to be cleaned regularly and
secondly, both the areas are being locationally famous and geographically centralized.
There is a sharp contrast distribution of conservancy facilities in the centrally positioned
wards and the peripheral ones, which can be easily interpreted with the variation of the

existing open and haphazard garbage dumps.
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5.7.2. The Causes behind the Urban Flooding Scenario According to the Citizens:

For the cause analysis scenario, the economic groups have been given priority as the
objective was to find out the impact that urban flooding poses on the citizens. But before
that, the causes should be understood. From the pilot survey done at the beginning of the
study, some causes were identified and later developed while surveying with
questionnaires. The options are given codes like 1,2,3 up to 11 and then they have been put
in important order as responded by the surveyed people based on their experience of where

they live and what they do for a living. (Table No0.5.7.1)

Table No.5.7.1: The Causes of Urban Flooding as per the Citizens (Codes Given)

Seie Causes
1 Poor Condition of Drainage network (Silted / Blocked)
2 Absence of regular drainage maintenance
£ Not Cleaning Banka River and dumping waste
. Dumping of Waste here and there
> Water Release by DVC
$ Lesser number of Waste workers
Y Low lying area
£ Low road heights in respect to drainage heights
® Conflict and non-cooperative attitude from the citizens
= No/less monitoring from municipality regarding drainage and waste
11

less number of campaigns/ awareness programs

Most of the respondents, who are permanent inhabitants of the municipality, agreed
primarily on the poor condition of the drainage network, which is the result of a lack of
regular drainage maintenance. Similar opinions have been given by the vegetable vendors
of the surveyed markets also. On the contrary, the Municipal waste workers have focused
on the carelessness and the non-cooperation of the citizens as they dump garbage here and
there without following the basic civic guidelines of dumping wastes in the designated
areas. (Table No.5.7.2)
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Table No.5.7.2: The Causes of Urban Flooding as per the Citizens (as per importance

order)
Importance Order
Respondents 1 2 3 4 5 6 7 8§19 |10 11
Service/Businessman of the
Household (Ward No.11) 1 5 2 |10 4 3
Ward No.13 7 8 1 P 4 110 | 11
Ward No.6 2 4 1 |10
Ward No.19 3 110] 1 2 1 4
Waste Workers (Ward No.13)[ 6 4 9 |10 | 11
Ward No.29 4 1 6
Daily Wage Earners (Ward
No.13) 2 4 7 8 1
Ward No.31 1 2 4 6

Sources: Primary Survey,2022-23

Photo. 5.7.1 and 5.7.2 (Left and Right) Conversation with the Municipal Waste Workers

at the Ward No.13, Burdwan Municipality (Source: Primary Survey,2023)
5.7.3. The Impact of the Urban Flooding Scenario According to the Citizens:

The impact of the flooding is also analyzed like the causes have been studied. It seems that
the daily wage earners and the Municipal waste worker gets impacted to a greater extent

than the servicemen sectors. The vegetable vendors and the fish sellers talked about how
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they need to stop to do their shops or how they face difficulties collecting the products they

sell. Even if they have some things left from the previous days, those get perished, and the

economic loss gets double for them. Their shops get closed for a consecutive 2-3 days if

the situation persists. The permanent residents of ward no.13 in the Municipality talked

about how even an untimely short-lived rain make the school closed where their children

go. The Municipal On the contrary, there is a problem of transport for commuting jobs and

even if they are available, they charge an extreme price for availing them. Some roads got

closed, so it is not always that a diversion of roads could be possible which makes the

traffic scenario the worst. (Table No0.5.7.4)

Table N0.5.7.3: The Impacts of Urban Flooding as per the Citizens (Codes Given)

According to their Socio-Economic Condition

Impact

Impact (Service Men)

Can not get out of home

Delay in commuting

Unavailability of the transport

extreme hike in toto/rickshaw fare

shortage of urban amenities

water pollution (tap water gets polluted)

Shifted to School buildings

Impact (Waste Workers)

Stop working during rain

gets sick as the municipality does not provide measures

Impact (Daily wager)

Daily in flowing of goods

Temporary Price hike

Uncertainty of the sale

shutter-down state of the shop

Perishing of the goods due to damp
(Source: Primary Survey, 2023)
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Table No.5.7.4: The Impact of Urban Flooding as per the Citizens (as per importance

order)

Respondents Importance Order
th

Ist | 2nd | 3rd | 4th | 5th | 6th 7
Service/Businessman of the Household

(Ward No.11) 1 3 5 4

Ward No.13 3 1 2 4 5
Ward No.6 1 2 3
Ward No.19 1 2 3
Waste Workers (Ward No.13) 2 3 4
Ward No.29 1 2 5

Daily Wage Earners (Ward No.13) 4 5 6 3 2
Ward No.31 3 5 6

(Source: Primary Survey,2023)

When an overall assessment on the Municipal Services is prepared based a 5 Point Scale,
it is seen that the group of daily wage earners are extremely dissatisfied with the current
performance of the Municipality regarding drainage maintenance, followed by their
hopeless attitude towards the basic facilities provided by the authorities. Same goes for the
Waste Workers also as they think that the work, they are doing needs more manpower and
equipment and a proper training of the dwellers. They said that they are trying their level
best to provide the services timely, but it is also true that everything is not in their hands.
On the contrary, the common people express their griefs about waste management as the

wastes clog both the drainage and the roads. (Table N0.5.7.5)
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Table No.5.7.5. Assessment of the Municipal Service on 5 Point Scale by the Respondent’s Groups

Statements Strongly Agree Agree Neutral Disagree |Strongly Disagre By the D aily
1 am not satisfied with the drainage maintenace
1 am not satisfied with the Waste management
I am not satisfied with the Overall Urban Amenties

1 doubt the Role of Municipal Authority I

1 doubt the Role of neighbours

Wagers

Statements Strongly Agree Disagree |Strongly Disagre By the
I am not satisfied with the dramage mamtenace Municipal
1 am not satisfied with the Waste management unicipa
I am not satisfied with the Overall Urban Amenties Workers
1 doubt the Role of Municipal Authoritv
1 doubt the Role of neighbours
— : Statemlents : Strongly Agree Agree Neutral Disagree |Strongly Disagre By the Service
I am not satisfied with the drainage maintenace
I am not satisfied with the Waste management Men
I am not satisfied with the Overall Urban Amenties
1 doubt the Role of Municipal Authority
1 doubt the Role of neighbours
CHY .
INDEX (in %) Source: Primary Survey, 2022-23
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CHAPTER SIX:
MAJOR FINDINGS

6.0. Foreground:

The major findings of the current research study are the key results or outcomes discovered

through the investigation. These findings hopefully would be capable of answering the

research questions mentioned in Chapter Three and the Objectives also. Let us have a look

at the important outcomes objective wise.

6.1. Findings related to Objective.1:

Urban areas are expanding, and the highest rise has been recorded in the decade of 2011
to 2021. If the same rate continues till 2051, each decade will be adding some 2 to 3 sq
km urban area.

The central part of the Municipality is mostly urbanized.

Mostly the fallow part followed by the greeneries is mainly occupied by the
encroaching urban area.

The mean center of urbanization is shifting towards the southwestern part of the
Municipality so is the sphere of influence.

The directional growth of the urban area is also pointing toward the same inferences
that the Western front of urban areas is expanding, and the South-Eastern part is being
intensified.

The previously discussed four types of drains are found in the Municipality-which is
dominated by choto pucca drains and high drains are the least in the numbers.

The primary survey says that the condition of the drainages is not that functional in
every part of the Municipal Area.

There are 61 water bodies lost in the last 13 years.

There is a huge difference between waste accumulation and collection in most of the
wards creating excess waste.

All the facilities tend to be amassed in the central part of the municipality and the
Western Part especially seems to be deprived of development.
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There are four factors -expanding urban area, diminishing water body, presence of
kutcha drain, and increasing population density, which could be held responsible for

the current situation of urban flood.

6.2. Findings related to Objective.2:

The town of Burdwan lies in the low rainfall zone, and it does not share any influence
with other stations or blocks.

The annual rainfall is increasing but in an insignificant manner.

The month of September has rainy days almost like July and August have.

With the change point model, it is found that no halves of rainfall show any trend of
increase.

The trend of rainfall (increase or decrease) is statistically insignificant.

Rainfall indices show a fluctuating pattern of rainfall.

The pattern of short-lived high intensity rainfall is found in the months of July, August,
and September.

After running INVEST-UFRM model for generating the run-off volume, it is found
that the run-off value and the flood volume both have increased in 2021 since 1991
while the run-off retention has significantly decreased.

As far as the impact of the Damodar River is concerned the water entered to a greater
extent in the town in the years 1978 and 2000 as the peak discharge was higher(much
above the average value).

The Monsoon water volume is usually higher than the usual days, as DVC has released
water 2/3 days prior to the survey.

In the monsoon season, the bridges near Amtala and Alamganj tend to show water

volume above the average, may be due to higher cross-sectional area.

6.3. Findings related to Objective.3:

Upon asking about the general conditions of Urban Drainage, Water Body, and waste
management, mostly they have opined that they live in the vicinity of Choto Pucca
drains, which might be incapacitated for flood management.
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CHAPTER SIX: MAJOR FINDINGS

= Plastics and non-degradable items are mostly the components that have contributed to
the bottle-neck situation of the drainages.

= The Wards which are on either bank of Banka River, have complained about the
drainages not getting cleaned by the waste workers.

= The composition of the waste is quite like drainage as far as the plastic material is
concerned.

= The discussion about the causes and impacts was very much ward-specific, so no
general inferences could have been drawn.

= As far as the assessment of the Municipal services counts, people showed their

dissatisfaction with the drainage and waste management activities.

These profound outcomes will help to formulate some regular and practical guidelines for

the management of the urban flooding in Burdwan Town.
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CHAPTER SEVEN:
RECOMMENDED MAJOR GUIDELINES AND CONCLUSION

7.0. Foreground:

As far as the urban surface drains are concerned, the Indian Government has stringent
schemes on regular drainage cleaning with heavy machinery, its inspection and monitoring
where it is lucidly written about the frequencies of drainage cleaning and maintenance
procedures (CPHEEO, 1999) .To support municipal solid waste management, the Central
Government granted the 12th and 13th Finance Commission Grants and Funds for
Municipal Solid Waste Management. From 2005 onwards, programmes such as UIDSSMT
(Urban Infrastructure Development Scheme for Small and Medium Towns) and INNURM
(Jawaharlal Nehru National Urban Renewal Mission), as well as the most recent Swachh
Bharat Mission called SBM, were implemented. (Mani and Singh 2016) We discovered
that, except for the Segregation of Wastes at the Source and Plastic-Ban policies (which
are not effectively checked regularly), no additional efforts have been implemented in
Burdwan Municipality. There is a significant discrepancy between the regulations on paper
and the reality on the ground. Experiencing some consecutive days in the field area, some
of the suggestions can be incorporated into already implemented plans to make the urban

management practices sustainable.

7.1. Site-Specific Recommended Urban Flood Management Measures:

Mostly any kind of disaster comes with two kinds of management strategies- Structural
and Non-Structural. Structural measures of disaster management refer to physical
interventions and measures designed to lessen the impact of a disaster and Non-structural
measures of disaster management focus on planning, policies, and practices that aim to

mitigate the impact of disasters. Here also, the suggestions are formulated likewise.
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7.1.1. Structural Measures:

= As it is very hard or next to impossible to cease the growth of urban areas, the first
thing that needs to be done is to build drainage systems at par with the population and
urbanization growth in terms of numbers, infrastructure, and capacity.

= The Existing drainage should be cleaned regularly so that it stops the huge amount of
siltation from occurring and functions the drainage system properly in the wards like
6,11,13,14, and Banka River adjacent wards like 18,19,21 so that no waste can be
floated to the river.

= The broken drains or the kutcha drains found in wards like 24,10 should be concretized
immediately otherwise, there is a chance of being washed out in the rainy seasons
causing further drainage blockages.

= The Municipality is dominated by choto pucca drains. Wherever possible, the depth
and the width should be increased to transform it into a boro pucca drain to retain more
water, especially in the flood prone zones of 6,7,10,11,13,14,16,19.

= The municipality should install covered manholes finding suitable bedding material
and pipeline connections at least at the road junctions of the inundated roads at a nearer
interval of distance especially in the low-lying areas of ward no 13,14. This way it
would not consume any extra place and will serve the purpose. Manhole is quite absent
in the Municipality area.

= There are long stretches of road even in the central wards of the municipality (where
the growth is the highest) like in the ward like 18,35,15,28,29 almost everywhere-
where the drains on both sides are covered by concretes. It is time to get introduced
with the percolative drainage blocks which will keep the broadened road intact yet
again give the water to flow downward.

= The town has no separate drainage system for collecting wastewater and stormwater
like most other old Indian cities. Efforts should be made to make some underground
drainages at least in the affected areas and designate them as wastewater collecting
channels, especially needed in ward no 11 and 13.

= Resurrection of the Banka River by cleaning and dredging is of paramount urgency.
Also, the dumping of waste on the Banka banks, under the bridges over Banka should

be strictly prohibited and imposed on the citizens with a monetary fine.

210



CHAPTER SEVEN: RECOMMENDED MAJOR GUIDELINES AND CONCLUSION

There are many drains (boro pacca drains) in the wards like 11,21,23 those once were
connected to Banka but now due to siltation and broken sidewalls they get detached.
The links should be immediately established to avoid flooding situations.

Though the people dwelling on the banks of Banka demand the concretization of the
banks, in the monsoon, this even does not help. Rather shaping the banks with
percolative tiles or small grasses could have been installed to avoid the flood-like
situation and as well as for beautification.

Nature-based solutions (NBS) should be introduced at a community level like Rain-
Water Harvesting, green roofing, green corridors around residential buildings,
converting open spaces into parks or recreational places, etc. Introduced.

The concept of ° Reuse, Reduce, and Recycle’ should be endorsed even at the minute
level as plastic is a complete menace and somewhat responsible for the current
situation. Though the Municipal Authority informed that plastics are being sent to
nearby cement factories, but the impact is yet to be known.

A proper waste water collection system and a waste -water treatment/ sewage treatment
plant (STP) following the Indian Governmental standards, covering the need of the
town should be installed immediately in somewhere near the municipality as it needs a
huge space for materialization and also dependent on the size of the city and its
population.

More bigger and frequent dustbins should be permanently installed on the roadsides
and in public places especially in the busiest places of the town- like the localities of
universities, government colony, Birhata etc.

There is no such significant dewatering flood pump station to carry out the excess water
into the nearest water body or river except a mini pump near the Kalna Gate sub-way.
At least one major pump should be installed keeping the parameters like distance from
the flood areas, flood severity, elevation, power consumptions, and debris handling
capabilities in mind.

City Master Plans including Drainage Master Plan should be framed with a proper time-
bound vision to manage the flooding situation. Proper Planning of Land Use is needed
to keep the water bodies and the open spaces intact in terms of quantity and quality
both.
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7.1.2. Non-Structural Measures:

= Risk Mapping- the areas with strong chances of inundation should be demarcated
officially to mark the current situation and also to predict the future scenario. Right
now, no such data is available in this regard.

= Awareness missions are expected to be held on the issue of flooding along with the
training of aspects like waste management, and drainage maintenance for both the
Municipal workers and the citizens.

= C(Citizen’s Health campaigns, especially prior to the rainy seasons, seem to be
mandatory.

=  Community involvement within the flood management framework and their
relationship with the Governing body should be strong so that the monitoring processes
can be regular and easier.

= The citizens’ willingness and the Municipal official’s readiness to live in a sustainable

environment is of the utmost importance to consider.
7.2. The Immediate Stake Holders and Their Duties:

There is no general consideration of the stake holders in terms of urban flood management
as it depends on the location and context. Here, the most active responsible parties are seen
to be the local people and their government- where Government is responsible for quick
response to the alarming water logging or flooding and the local people can strengthen their

stand to overcome.

Table No. 7.1. The Role of Stakeholders in the Flooding Situation

Stake Level of The Roles and Responsibilities
holders Stake Responsible
holders Authorities

Govern | Immediate Burdwan 1. Building knowledge of the Risk
mental Tier Municipality 2. Hydrological Monitoring and Risk
Bodies assessment
Burdwan 3. Communication to the next tier and
Developmen

Dissemination of knowledge to the
public
4. Awareness and capacity building

t Authority
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Next Tier State and Taking proper financial and planning
National measures
Government
Citizens | Immediate Drainage Performing their duties to the town and its
Tier and Waste denizens
Workers
Next Tier All other Collaboration toward fellow citizens and
residents environmental consciousness toward the city

Source: Compiled by author.
7.3. Conclusion:

Since prehistoric times, urbanization has been a part of Burdwan's evolution as a center of
attention. The city's development began during the time of the Burdwan Raj and continued
under the Municipal Authority after that. This town has always had an advantage over the
other planned communities in the District in terms of administration, education, and
medical facilities, even if it was never able to compete with them. However, the urban
amenities did not grow at par with the population and urban growth. Consequently, the

problems of unplanned urbanization like water logging, and flooding emerged.

It is a common scenario and a perennial phenomenon whenever it rains due to the
infrastructural drawback, degeneration of river and water bodies, inefficient planning and
policy action, and negligence from the citizens and the municipal drainage/waste workers,
etc. Flood Management does not only call for its management alone but rather a holistic
sustainable approach which will include a strategy to achieve ecologically sustainable land
use in coming years that would create a balance between the two seemingly opposing aims
of increasing land demand brought on by urbanization and the protection of natural
resources. and centralized decision-making. However, changing patterns of risk
probabilities have led to a shift in the way floods are managed, with a greater emphasis on
flood mitigation, preparedness, and resilience. The town of Burdwan should adopt this kind

of decentralized framework to give the citizens a fair chance to be vocal about their issues.
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Questionnaire
For
The Perception Study of the People in the Flood Affected Wards of Burdwan
Town

Questionnaire No:

Ward No:

Sample Size:

Sampling Method:

A. Respondent’s Identity:
1. Name:

2. Age: 3. Sex: oMale oFemale oOthers

Age Group No. of Persons
4. Religion:o Hindu oMuslim oOthers

0-14
15-29
30-45
46-60
Above 60

5. Educational Qualification: o Up to Primary o up to secondary o up to higher
osecondary o Graduate opostgraduate o higher than PG
6. Are you a permanent dweller of this block? Yes No
A) If yes, since how many years have you or your family is living here?
oLess than 10years o 10-20 years ©20-50 years omore than 50 years
B) If No, where are you from? (specify the ward or block)
C) Why did you come here? o For work oothers(specify)
D) Since when you are commuting to this place?
o Less than 2 years 02-5 years o more than 5 years

7A). The material of your house built: .............

8. Is the house owned by you or rented? (Specify the years)
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9. Occupational Status :( Salary if possible) oService- Government/Private
oBusiness- Own/Work for other

10. Are you an employee or by anyhow linked to the Burdwan Municipality or
Burdwan Development Authority? o Yes o No.  If Yes: How?

B. Questionnaire:
I. Regarding Flooding and Water logging Conditions

11. How many times do you experience rainfall annually?
o Only in rainy Season ~ oPost rainy season o Prior to rainy season
oDRainy and post-rainy orainy and prior to-rainy season o All of them

12. What is the duration? (in terms of hours-days)

oln case of Monsoon-

oln case of Pre-Monsoon-

oln case of post-monsoon-

13. How is the intensity? (High/Medium/Low)

oln case of Monsoon-

oln case of Pre-Monsoon-

oln case of post-monsoon-

14. Is there any way out so that the water can get an outlet?

oYes oONo

If yes where and how?

If not, when exactly does it starts to get accumulated or rise?

oAfter raining of one hour cone-three hours othree-five hours more than five hours

15. Can you provide the height of rise?

oJust topples over the drains o half of one story o one story omore than that

16. What do you do when it inundates a few portions of your house?

oMove to other portions of the house cmove to relatives’ house 0 others

17. How long does it takes the water to go back its previous stage if the rain stops?
oAn hour o One-two Hours o More than two hours ~ Or

A) If the rain does not stop for how many days will the water stay at the same level?
oOne day o One-two days o More than two days

18.1s it the scenario of only rainy season or whenever the rain occurs?

o Rainy Season  oWhenever the rain occurs
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19.Have you ever faced any consequences regarding the release of the Dam or Barrage
water in your town? o Yes oNo
A) How frequent is that?
oOnce a year O once in three years o once in five years
20.Whenever rainwater gets accumulated there is a high chance of getting affected by
rainwater borne diseases. Have you faced any?
If yes. Please mention:
If not, what precautions do you take for wellness?
23. Does the municipality take any actions regarding this?
oYes oNo

A) If yes, When/How many times and how?

I1. Urban Drainage and Sanitation
24. What is the condition of the drainage nearby?
oPucca oKaccha oSemi-pucca oothers
25. Does it get cleaned up regularly? oYes o No
A) If yes, how? (Mention the process or instruments)
B) How many people are engaged in this job at a time according to you?
oOne  oOne-two omore than two
26. How many times you have seen cleaning a person underground drainage system?
oOnce inamonth  conce in three months cMore frequent than this
28. Do you have any idea about the sub-surface drainage system in your area?
oYes o No
29. Does your place have separate outlets for storm water and wastewater drainage?
oYes oNo
30. Do you think that this categorization is needed? oYes oNo
31. You have any pumping station here? oYes o No
32. Is there any plan of doing so by the Municipality that you have heard of?
o Yes oNo
A) If Yes, Specify the location:
33. Do you see waste materials also in the water? oYes ©No
33. What are they? oGarbage oExcreta oOthers
34. Do they also enter your house when inundated? oYes o©No

35. What is the status of the waste collection by the municipality?
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oVery Good oGood oModerate oPoor
36. How frequently does it get cleaned up?
o Everyday oOnce in three days oonce in a week oless frequent than that
37. What is the method of your in-house waste collection? How do you deal with non-
degradable stuff?
38. Can you show me a dump yard nearby? o Yes oNo
A) If Yes, Specify the location:
39.Where do they usually accumulate the garbage?
40. Have you ever lodged any complaint against this condition to the Municipality?
oYes o©No
A) If yes, what was their reply?
41. What do you think as the possible causes for this situation?
o Heavy Rainfall o Faulty Drainage oUnplanned Growth of urban area
oConcretization o Others
42. Have you ever thought of moving to higher areas in terms of altitudes or out of
town? oYes oNo
44. Do you think that there is a discrepancy of distribution of benefits between the ward
near Municipality and Peripheral Wards? oYes o No

A) If yes, why so?

I11. Regarding Urban Amenities:

45. During the heavy consecutive rains, how do you go to work?
A) Do you use public transport? oYes oNo
B) If yes, which mode? o State Bus oPrivate Bus oAuto oShuttle cars o Others
46. Do you have your personal vehicle? oYes oNo
A) If Yes, Specify: oTwo-Wheeler o Four Wheeler
B) Do you feel safe to take your vehicle out when the area is heavily waterlogged? oYes
o No
47. What is your normal time taken for going to work?

oLess than 30 minutes 030 Minutes to 1 hour omore than 1 hour
48. How many extra hours does it take at time of rain?

oLess than 30 minutes ©30 Minutes to 1 hour omore than 1 hour
49. What is the condition of the local flower or vegetable market?

50. Does the supply get affected? oYes oNo
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51. Does the price get affected? oYes oNo: if yes, how much?
52. What is the condition of electricity at that point of time?
aFully shut down o intermittent supply ogood condition of supply
53. How do you manage the water for daily household work at that time?
54. Have you noticed the condition of the street vendors or pavement dwellers?
A) If Yes, where do they shift?
55. Any difficulties you face regarding medical service:
A) if yes, Specify:
56. Any difficulties you face regarding banking service:
A) If yes, Specify:
57. What are the assets you have in your household?
oTV oFridge oAC owashing machine oPersonal Vehicle Others
A) Have they got damaged ever? oYes oNo

58. Any other difficulties you want to mention:

59. Do you have any suggestions for the Municipal Authority?

60. Do you have any suggestions to local people or your neighbor for the betterment of

this area?

61.Have you heard about any control room or shelter during the extreme events by the

Municipality? oYes oNo

D 1=

Place: Signature of the Surveyor
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Questionnaire
For
Interviewing the Municipal Workers related to Urban Drainage Cleaning and
Waste Collection

Questionnaire No:

Ward No:

Sample Size:

Sampling Method:

A. Respondent’s Identity:

1. Name:
2. Age: 3. Sex: oMale oFemale oOthers
Age Group | No. of Persons
4. Religion: oHindu oMuslim oOthers
0-14
15-29
30-45
46-60
Above 60 5.Are you a permanent dweller of this block? o
Yes oNo

E) If yes, since how many years have you or your family is living here?
oLess than 10years 010-20 years o 20-50 years o more than 50 years
F) If No, where are you from? (specify the ward or block)
G) Why did you come here? o Forwork o others(specify)
H) Since when you are commuting to this place?
o Lessthan2years o 2-5years o more than 5 years
B. Questionnaire:
6. How many times do you clean the urban drainage channel in a month or at the

nearest interval to one month?

oLess than two times o 2-4 times omore than 4 times
7. How many times do you think that it should be cleaned?

oLess than 4 times ©4-6 times omore than 6 times
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8. Kindly specify the nature of your employment: opermanent o contractual
9. What are the usual stuffs or garbage you get while cleaning the drains:
oDegradable waste o non-degradable waste
10. Could you please highlight the process afterwards: like where you dump or how
YOU PrOCESS?..uvvieiiiieiiieeiieesiee e
11. What are the precautions you take before the monsoon arrives?
12. Are there any monitoring services for the work done by the workers?
13. Do you know about the existence of sewage canals separately? If yes where?
14. What extra care do you perform during Monsoon or rainy season?
ONo means of care Ochange the shoe ogloves Dothers
15. What is the condition of the drains in the post monsoon time?
16. Have you ever engaged yourself in the cleaning of ‘Banka’Khal?
17. Do you think that if the canal had existed in a better condition, it could worsen the
situation of the town less?
25. What is the status of the waste collection by the municipality?
o Very Good 0oGood oModerate oPoor
26. How frequently you do this clean up?
oEveryday o Once in three days 0 once in a week oless frequent than that
27. What is the method of the in-house waste collection as per your experience?
28. Do you have a dump yard nearby? o Yes oNo
A) If Yes, Specify the location:
29. Where do you usually accumulate garbage? Could you please specify the method?
30. Any Suggestions you want to give to the Authority:
31.Any suggestion you want to give to citizen:

Date:
Place: Signature of the Surveyor
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Questionnaire
For
Interviewing the Daily Wage Earners
Questionnaire No:
Ward No:
Sample Size:
Sampling Method:

A. Respondent’s Identity:

1.Name:
2. Age: 3. Sex: o Male oFemale oOthers
Age Group No. of Persons
4. Religion: o Hindu oMuslim o Others
0-14
15-29
30-45
46-60
Above 60 5.Are you a permanent dweller of this block? o
Yes oNo

A) If yes, since how many years have you or your family is living here?

OLess than 10years o 10-20 years o 20-50 years o more than 50 years
B) If No, where are you from? (specify the ward or block)
C) Why did you come here? o For work o others(specify)
D) Since when you are commuting to this place?
o Lessthan2years o 2-5years o more than 5 years
B. Questionnaire:

6. What do you sell?
oFish  oDairy Products oFlowers oNewspaper oOthers
7. What is the condition of the local flower or vegetable market?

oPoor o Very Poor ogets closed o Some of the shops remains opens
8. Kindly specify the nature of your shop: opermanent otemporary

9. Does the supply get affected? oYes oNo
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10. Does the price get affected? Yes No: if yes, how much

11. How is your living getting affected?

OSupply gets reduced 0 need to increase the price oNo sale oOthers
12. What is the prime cause you think is responsible for this situation?
oHeavy Rainfall oDrainage Condition oHeap of waste  oothers
13. Is it already a low-lying area? o Yes oNo

14. Have you ever thought about shifting to some other places to sell?
oYes oNo If no, Why?

15. Do you see cleaning of waste/ drains here regularly?

oYes oNo

If not, then what is the frequency of cleaning?

oLess than two times o 2-4 times o more than 4 times in week

16. To combat this situation what steps do you think should be taken?
17. What extra measure do you perform during Monsoon or rainy season?
OPurchase waterproof sheet Otry not to invest more  Tothers

18. Any Suggestions you want to give to the Authority:

19.  Any suggestion you want to give to citizen:

Date:

Place: Signature of the Surveyor
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Annexure.2.1. Kappa’s Co-efficient Classification for the Satellite Images of 1991,2001,2011,2021

Classified Row |Commission| User | Producer | Overall | Observed | Change anna
Data  |Water|Forest|Urban|Fallow|Agriculture| Total Error  |Accuracy| Accuracy | Accuracy | Accuracy |Agreement pp
Water | 603 0 48 0 10 661 58 0.91225416 | 0.990147783
Forest 1185 5 0 442 1632 447 0.726102941| 0.905963303
Urban 0 1496 0 222 1723 227 0.868253047| 0.823335168 0.875056724 38244635 11113157 | 0.83
Fallow 35 20 563 231 849 286 0.663133098| 0.992945326
. 1 88 248 4 1938 1746 341 1.109965636| 0.681674288

Agriculture

Column |05 | 1308 | 1817 | 567 2843 (

Total

Omission 6 123 321 4 905
Error

Classified Row |[Commission| User | Producer | Overall | Observed | Change Kapba
Data  [Forest/Agriculture{Water{Urban|Fallow| Total Error  |Accuracy| Accuracy | Accuracy| Accuracy [Agreement pp
Forest 13 14 0 0 0 27 14 0.481481481  0.325

18 0.942122186| 0.74744898

Agriculture| 12 293 0 0 6 311
Water 0 0 350, 265 0 615 265 0.569105691 0.956284153 0929843433 - 65095260 40120403 | 0.84
Urban 0 0 13] 5946 2| 5961 15 0.997483644) 0.931536895
Fallow 15 85 3] 172 1178 1453 275 0.810736407| 0.993254637

Column
Total 40 392 366| 6383 1186

Ol ot | 99 16 | 437 | 8
Error
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Classified Row [Commission| User | Producer | Overall | Observed | Change Kapba
Data  |Water| Forest |AgricultureFallow|Urban| Total|  Error  |Accuracy| Accuracy | Accuracy | Accuracy |Agreement pp
Water | 625 0 0 0 350, 975 350 0.641025641| 0.920471281

72 15.30357143) 0.567174057

Agriculture 0 857 10 6| 56 929
Forest 0 17 282 43 Of 342 60 0.824561404] 0.918566775 | 01094034 83668780 60354416 0.80
Fallow 14 617 15| 1333] 1373] 3352 2019 0.397673031 0.904341927
Urban | 40 20 0 92| 5838 6990 152 0.835193133] 0.766443482

Column |
Total 679 1511 307| 1474 7617

Climissilon: | . 654 25 141 | 1779
Error

Classified Row [Commission| User | Producer | Overall | Observed | Change Kanba
Data  |Water]AgriculturelForestFallow|Urban| Total Error  |Accuracy| Accuracy | Accuracy | Accuracy |Agreement pp
Water | 468 0 0 of 77 545 77 0.858715596) 0.930417495

44 0.712418301 0.990909091

Agriculture 0 109 0 2 42 153
Forest | 10 1 83 0f 45 139 56  |o597122302 1 0933373818 | 124018993 | 72450526 | 0.85
Fallow 10 0 0 299 537 846 547 0.353427896) 0.906060606
Urban 15 0 0 29| 9800, 6844 44 1.431911163 0.933244453

Column
Total 503 1100 83 33010501

Cliovissilon’ | 1 0 31 | 701
Error
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Annexure.2.2. Calculation of Intensity-Duration- Frequency Curve (For June)

YEAR | JUNE 5min | 10min | 15min | 30min | 60min 120min | 720min 1440 min
1 1979 49.81 7.54 9.50 10.88 13.71 17.27 21.76 39.54 49.81
2 1980 30.39 4.60 5.80 6.64 8.36 10.53 13.27 24.12 30.39
3 1981 28.91 4.38 5.52 6.31 7.96 10.02 12.63 22.95 28.91
4 1982 24.52 3.71 4.68 5.35 6.75 8.50 10.71 19.46 24.52
5 1983 | 102.32 15.49 19.52 22.35 | 28.15 35.47 44.69 81.21 102.32
6 1984 12.73 1.93 2.43 2.78 3.50 4.41 5.56 10.10 12.73
7 1985 49.08 7.43 9.36 10.72 13.50 17.01 21.44 38.95 49.08
8 1986 2.46 0.37 0.47 0.54 0.68 0.85 1.07 1.95 2.46
9 1987 34.17 5.17 6.52 7.46 9.40 11.85 14.93 27.12 34.17
10 1988 45.62 6.91 8.70 9.96 12.55 15.82 19.93 36.21 45.62
11 1989 87.42 13.24 16.68 19.09 | 24.05 30.31 38.18 69.38 87.42
12 1990 66.25 10.03 12.64 14.47 18.23 22.97 28.94 52.59 66.25
13 1991 75.24 11.39 14.35 16.43 | 20.70 26.08 32.86 59.72 75.24
14 1992 38.89 5.89 7.42 8.49 10.70 13.48 16.99 30.87 38.89
15 1993 50.63 7.67 9.66 11.06 13.93 17.55 22.12 40.19 50.63
16 1994 38.71 5.86 7.39 8.45 10.65 13.42 16.91 30.73 38.71
17 1995 83.78 12.69 15.98 18.30 | 23.05 29.04 36.59 66.49 83.78
18 1996 34.13 5.17 6.51 7.45 9.39 11.83 14.91 27.09 34.13
19 1997 37.37 5.66 7.13 8.16 10.28 12.95 16.32 29.66 37.37
20 1998 78.99 11.96 15.07 17.25| 21.74 27.39 34.50 62.70 78.99
21 1999 31.62 4.79 6.03 6.91 8.70 10.96 13.81 25.10 31.62
22 2000 61.16 9.26 11.67 13.36 16.83 21.20 26.72 48.55 61.16
23 2001 52.09 7.89 9.94 11.38 14.33 18.06 22.75 41.35 52.09
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YEAR SEPT 5min 10min | 15min | 30min | 60min 120min | 720min | 1440 min
24 2002 36.06 5.46 6.88 7.88 9.92 12.50 15.75 28.62 36.06
25 2003 28.49 4.31 5.44 6.22 7.84 9.88 12.45 22.61 28.49
26 2004 27.00 4.09 5.15 5.90 7.43 9.36 11.79 21.43 27.00
27 2005 47.58 7.21 9.08 10.39 13.09 16.50 20.78 37.77 47.58
28 2006 | 145.93 22.10 27.84 31.87 40.15 50.59 63.74 115.82 145.93
29 2007 48.74 7.38 9.30 10.64 13.41 16.90 21.29 38.68 48.74
30 2008 35.59 5.39 6.79 7.77 9.79 12.34 15.54 28.24 35.59
31 2009 32.91 4.98 6.28 7.19 9.06 11.41 14.38 26.12 32.91
32 2010 | 188.28 28.51 35.92 41.12 51.81 65.27 82.24 149.44 188.28
33 2011 59.03 8.94 11.26 12.89 16.24 20.46 25.78 46.85 59.03
34 2012 43.77 6.63 8.35 9.56 12.04 15.17 19.12 34.74 43.77
35 2013 28.91 4.38 5.52 6.31 7.96 10.02 12.63 22.95 28.91
36 2014 24.52 3.71 4.68 5.35 6.75 8.50 10.71 19.46 24.52
37 2015 38.71 5.86 7.39 8.45 10.65 13.42 16.91 30.73 38.71
38 2016 13.50 2.04 2.58 2.95 3.71 4.68 5.90 10.71 13.50
39 2017 61.16 9.26 11.67 13.36 16.83 21.20 26.72 48.55 61.16
40 2018 52.09 7.89 9.94 11.38 14.33 18.06 22.75 41.35 52.09
41 2019 56.64 8.58 10.81 12.37 15.59 19.64 24.74 44,95 56.64
Mean 7.70 9.70 11.11 13.99 17.63 22.21 40.37 50.86
STD DEV 5.16 6.50 7.44 9.37 11.81 14.87 27.03 34.05
2 yrs 5yrs 10 yrs 25yrs 50 yrs 75 yrs 100 yrs
YT 0.366512921 | 1.499939987 | 2.250367 | 3.198534261 | 3.901938658 | 4.310784 | 4.600149 Sn 1.1364
KT 0.154775677 | 0.842608225 | 1.502963 | 2.337323356 | 2.956299417 | 3.316072 | 3.570705 adl oo
Contd...
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2 yrs 5yrs 10yrs
time (hr) | time(min) | Mean | STD | Rainfall(mm) | rainfall(mm/hr) | Rainfall(mm) | rainfall(mm/hr) | Rainfall(mm) | rainfall(mm/hr)
0.08333 5| 7.70 | 5.16 6.90 82.82 10.84 130.04 15.46 185.47
0.1666 10| 9.70 | 6.50 8.69 52.18 13.65 81.93 19.47 116.86
0.25 151111 | 7.44 9.96 39.83 15.63 62.52 22.29 89.17
0.5 30| 13.99 | 9.37 12.54 25.08 19.68 39.37 28.07 56.15
1 60| 17.63 | 11.81 15.80 15.80 24.81 24.81 35.38 35.38
2 120 | 22.21 | 14.87 19.91 9.95 31.24 15.62 44.56 22.28
12 720 | 40.37 | 27.03 27.98 2.33 56.79 4.73 81.00 6.75
24 1440 | 50.86 | 34.05 35.25 1.47 71.55 2.98 102.04 4.25

25 50

time (hr) | time(min) | Mean | STD | Rainfall(mm) | Rainfall(mm) | rainfall(mm/hr) | Rainfall(mm) | rainfall(mm/hr) | Rainfall(mm)
0.08333 5| 770 | 5.16 6.90 19.76 237.14 22.95 275.47 24.81
0.1666 10| 9.70 | 6.50 8.69 24.89 149.42 28.92 173.57 31.25
0.25 15| 11.11 | 7.44 9.96 28.50 114.00 33.10 132.42 35.78
0.5 30| 13.99 | 9.37 12.54 35.89 71.78 41.69 83.38 45.06
1 60| 17.63 | 11.81 15.80 45.23 45.23 52.54 52.54 56.79
2 120 | 22.21 | 14.87 19.91 56.97 28.48 66.17 33.09 71.52
12 720 | 40.37 | 27.03 27.98 103.55 8.63 120.28 10.02 130.00
24 1440 | 50.86 | 34.05 35.25 130.45 5.44 151.52 6.31 163.77

The Calculation Process is same for the other monsoonal months also.
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For the Month of July:

2 yrs 5yrs 10yrs 20yrs 50Yrs 75YTrs 100 Yrs
82.8196 130.0365 185.4709 237.1365 275.4651 297.7431 313.5106
52.18462 81.93429 116.8623 149.4154 173.5651 187.6018 197.5365
39.83388 62.52153 89.16818 113.9987 132.4195 143.1263 150.7042

25.0795 39.36666 56.14553 71.78144 83.38105 90.12319 94.89501

15.8021 24.80639 35.37999 45.23379 52.5439 56.79281 59.80003
9.954243 15.62196 22.27953 28.483 33.08509 35.75999 37.65319
2.331443 4.73265 6.749591 8.628988 10.02323 10.83362 11.40718
1.468717 2.981078 4.251496 5.435244 6.313416 6.823844 7.185104

For the Month of August:

2 yrs 5yrs 10yrs 20yrs 50YTrs 75Y'rs 100 Yrs
90.47156 138.5587 196.6574 250.1021 289.7503 312.7954 329.1059
57.01404 87.31798 123.931 157.6112 182.597 197.1197 207.3984
43.49245 66.60943 94.53924 120.2317 139.2919 150.3704 158.2113
27.39853 41.96131 59.55599 75.74124 87.74838 94.72738 99.66686
17.25999 26.43397 37.51792 47.71399 55.27801 59.67451 62.78619
10.87311 16.65236 23.63481 30.05793 34.82297 37.59259 39.55282
2.331443 4.113393 5.499342 6.523876 7.283935 7.72571 8.038381
1.468717 2.591275 3.464368 4.109785 4.588591 4.866892 5.063863

For the month of September:

2 yrs 5yrs 10yrs 20yrs 50Yrs 75YTrs 100 Yrs
105.3206 170.6639 244.8874 315.133 367.2452 397.5349 418.9727
66.37172 107.5502 154.3249 198.5928 231.4333 250.5215 264.0313
50.63084 82.04335 117.7249 151.4941 176.546 191.1072 201.413
31.89543 51.68407 74.16201 95.43529 111.217 120.39 126.8822
20.09286 32.55892 46.71914 60.12047 70.06234 75.84093 79.9308
12.65771 20.51084 29.43121 37.87352 44.13651 47.77679 50.35325
2.331443 6.211777 8.913344 11.47013 13.36689 14.46937 15.24965
1.468717 3.913174 5.615055 7.225727 8.420615 9.11513 9.60668
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Annexure 2.3. Rainfall Indices

Year RAI PCI RSI RDI
1979 5.483083 24.01142 0.213574 -36.6505
1980 -0.09927 20.01938 0.166447 0.663541
1981 0.996489 18.5478 0.276993 -6.66082
1982 7.090948 25.16574 0.17078 -47.398
1983 7.127795 26.46808 0.200497 -47.6443
1984 1.357035 23.00383 0.220954 -9.07081
1985 6.253001 23.1035 0.166667 -41.7969
1986 2.802344 19.19016 0.14826 -18.7317
1987 5.585042 23.52338 0.165835 -37.332
1988 -0.91153 21.6697 0.253988 6.092906
1989 -2.68494 21.1384 0.17961 17.94693
1990 -7.86036 19.35036 0.160063 52.54092
1991 1.189099 19.03479 0.166554 -7.94828
1992 5.743212 18.23411 0.229327 -38.3893
1993 -2.87442 18.0763 0.166667 19.21346
1994 -1.31877 21.42307 0.19838 8.815013
1995 -3.43482 17.29626 0.166335 22.95936
1996 -2.40165 21.28474 0.166667 16.05333
1997 -0.49937 25.23371 0.309144 3.337906
1998 -3.82962 17.49675 0.166667 25.59831
1999 -2.43222 20.25895 0.185298 16.25765
2000 2.708542 22.42841 0.22105 -18.1047
2001 -1.35614 21.81674 0.218103 7.212364
2002 1.389413 22.67179 0.186699 -7.38931
2003 -4.50834 18.71521 0.164443 23.97669
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Annexure 2.4. No. the Rainy Days in the Monsoonal Months from 1979-2019

Year June July August Sept

1979 18 24 24 17
1980 24 30 26 27
1981 22 28 30 28
1982 8 14 12
1983 18 24

1984 1 30 18
1985 24 30 28 24
1986 20 26 23 18
1987 20 26 23 21
1988 23 29 30 25
1989 5 30 28
1990 18 24 29 26
1991 13 19 28 24
1992 20 26 17 17
1993 24 30 28
1994 24 30 30 15
1995 23 29 26
1996 24 30 30 24
1997 0 28
1998 19 25 22
1999 20 26 25
2000 23 29 28 20
2001 13 19 30 24
2002 24 30 24
2003 20 26 30 26
2004 17 23 29 23
2005 24 30 25 23
2006 23 29 29 25
2007 24 30 24 29
2008 23 29 29 22
2009 18 24 27 23
2010 17 23 26 25
2011 23
2012 23
2013 2 26
2014 22 28 27 16
2015 20 26 20 18
2016 21 27 25 14
2017 22 28 24 16
2018 19 25 28 17
2019 19 25 28 29
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Annexure.2.5. Seasonal Water Depth in River Banka

Roy Nagar Banka Bridge: Ichlabad Banka Bridge:
Pre- Post Pre- Monsoon | Post
Monsoon | Monsoon | Monsoon Monsoon Water Monsoon
Water Water Water Water Depth | Depth (in | Water Depth
Depth (in | Depth (in | Depth (in Points | (inm) m) (inm)
Points | ™) m) m st 0.3 3.04 1.06
Lst 0.3 2.7 121 Fong 0.3 3.04 1.06
2nd 0.7 3.35 1.21
4th 0.91 24 15 4th 0.3 2.74 0.69
5th 0.3 3.04 0.91 5th 0.21 2.74 1.06
Banka Pool (Near Amtala): Burdwan Clock Tower Bridge:
Pre- Post Pre-
Monsoon | Monsoon | Monsoon Monsoon Monsoon Post
Water Water Water Water Water Monsoon
Depth (in | Depth (in | Depth (in Depth (in Depth (in | Water
Points | M) m) m) Points | M) m) Depth (in m)
1st 0.3 3.66 1.2 1st 0.12 0.24 0.03
2nd 0.45 4.26 1 2nd 0.12 0.24 0.03
3rd 1.21 4.8 1.8 3rd 0.12 0.24 0.03
4th 0.6 3.66 1 4th 0.12 0.24 0.03
5th 0.6 3.3 1.2 5th 0.12 0.24 0.03
Sailesh Setu: Sudarshan Bridge:
Pre- Post Pre-
Monsoon | Monsoon | Monsoon Monsoon Monsoon Post
Water Water Water Water Water Monsoon
Depth (in | Depth (in | Depth (in Depth (in Depth (in | Water Depth
Points | M) m) m) Points | M) m) (in m)
1st 0.03 24 0.3 1st 0.15 1.8 0.3
2nd 0.15 3.6 1.1 2nd 0.15 2.4 1
3rd 0.45 54 15 3rd 0.45 3.65 1.21
4th 0.91 45 1.2 4th 0.54 2.7 0.7
5th 0.3 2.7 0.3 5th 0.3 2.4 0.3
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Alamganj Bridge:

Kalpataru Ground Bridge:

Post Post
Pre- Monsoon | Monsoon Pre- Monsoon | Monsoon
Monsoon Water Water Monsoon Water Water
Water Depth | Depth (in | Depth (in Water Depth | Depth (in | Depth (in
Points | (in m) m) m) Points | (in m) m) m)
1st 0.3 3.5 0.6 1st 0.1 2.7 0.9
2nd 0.7 4.2 15 2nd 0.3 3.6 1
3rd 0.9 6.09 2.2 3rd 0.3 5.7 15
4th 0.4 4.5 2 4th 0.9 4.2 0.6
5th 0.3 3.6 0.6 5th 0.45 3.04 0.3
Akhilesh Setu: Cyphon Dam:
Pre- Post Pre-
Monsoon Monsoon | Monsoon Monsoon | Monsoon | Post
Water Water Water Water Water Monsoon
Depth (in Depth (in | Depth (in Depth (in | Depth (in | Water Depth
Points | m) m) m) Points | m) m) (in m)
1st 0.3 2.4 0.6 1st 0.1 3.3 1.2
2nd 0.6 4.2 1 2nd 0.45 3.6 15
3rd 1.8 5.1 1.8 3rd 0.36 4.5 1.8
4th 0.7 3.3 15 4th 0.36 3.3 1
5th 0.3 2.7 0.6 5th 0.24 3.3 0.9

Annexure.2.6. The Type of Drainages the Respondents Have in their Vicinity in

%
Ward No.
6 | 10 | 11 13 19 | 21 | 23
Choto
Pucca | 88 | 56 | 100 | 92 62 | 32 | 56
Drain
Kutcha | Boro
Drain | Pucca | 12 | 44 - 8 30 | 38 | 44
Drain
High
Drain | | = ) ) 8 140 -
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Annexure.2.7. The Composition of Wastes in the Respondents’ Localities in %

Ward No.
6 10 11 13 19 21 23
Plastic 45 70 69 96 54 47 55
Types of Non- | Glass 38 22 30 - 16 9 15
degradable —
Strong Liquid
Wastes Affluents 15 - - 1 30 23 24
Others 2 8 1 4 - 21 6
Annexure.2.8. Regularity of Cleaning Drains in %
Ward No.
6 10 11 13 19 21 23
Never - - 54 - 74 - -
At an uncertain 67 ) 16 38 26 i i
interval
Response L_ess than 2 33 - - - - - 34
times weekly
2-4 times ) 35 . 62 - 64 43
weekly
Regularly - 65 - - - 34 23
Annexure.2.9. Issues in Drainage Network in %
Ward No.
6 10 11 13 19 21 23
Less in Number /
Width S I A I R B
Problem in Velocity
Attainment 21120 1 45 ) ) ) )
Issues in
Drainage Slitted / Clogged 39 - - 92 10 10 -
Network
Broken Infrastructure - - 33 8 - - -
Plastic / Other Non-
degradable Materials 40 | 30 | 22 i % | 90 | 42
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Annexure.2.10. Whether They Have Witnessed Any Encroachment of Water
Bodies in %

Ward No.
6 (10 |11 |13 |19 (21| 23
Yes |58 | 94 | 80 |90 | 95| 12 | 18
No | 2 6 | 3 3 519 1|10

Response

Annexure.2.11. The Number of Waterbodies the Respondents Seen to Disappear

in %
Ward No.
6 10 11 13 19
2-4 69 78 58 36 26

Response Less

than 2 1 4 2 3 4

Annexure.2.12. The Frequency of Cleaning the Wastes in the Locality in %

Ward No.
6 |10 | 11 [ 13 | 19 | 21 | 23
Never - - - - - - -
At an
uncertain | 36 - |40 | 20 | 35 - -
interval
Less than
2 times 2 - 5 - 5 - -
weekly
2-4tmes || 56 | 39 | gg | 50 | 30 | 25
weekly
Regularly | - | 44 | - - - |70 | 75

Response

Annexure.2.13. Places to Dump the Regular Waste in %

Ward No.
6 10 11 13 19 21 23

Nearest
river /

waterbody 45 - 58 28 35 - -
Places | / drain

to Nearest

dump | roadside
the | Municipal
waste | waste - 68 15 47 32 57 75
collectors
Nearest
Vats

20 27 6 5 12 11 35
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