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Abstract

The "area of a town near an area of water, such as a river or the sea" and "the interface between land and
water" were two ways to define the urban waterfront. This study aimed to shed light on the pressing issue of
management service deficits within canal environments, emphasizing the detrimental consequences of canal
encroachment, such as heightened flood vulnerability, dwindling groundwater recharge, and the loss of
ecosystems and biodiversity. Based on these issues, the study identified suitable sites for sustainable
waterfront development by conducting an in-depth analysis and employing geospatial mapping techniques.
The criteria included proximity to water bodies, flora and fauna, urban green space, urban built-up areas,
urban fellow land, and road access, and utilized GIS, KII, and community people consultations. The study
addressed the practical challenges that the capital cities of Bangladesh and similar cities worldwide face in
reconciling the demands of urban development with ecological conservation. The study’s aims, new findings,
and contributions to the current literature are integral to advancing the discourse on sustainable urban
development. Among the 4,316 evaluated locations, 50% were deemed entirely suitable, 37% predominantly
suitable, and the remaining locations had lower suitability levels, including 10% slightly acceptable and none
moderately suitable. This research provides actionable insights to inform urban planners, policymakers, and
researchers on the creation of resilient and competitive urban regions by addressing the urgent need for
holistic solutions that balance environmental preservation, social equity, and economic viability.
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INTRODUCTION

Sustainability increases business practice by balancing present and future stakeholder
requirements in three dimensions: economic, social, and environmental (Sahani, 2023).
Waterfronts are the most compelling water features for human development. The waterfront is
where the needs of the city and its inhabitants intersect, where urban expansion and the water
meet. Waterfront development has encountered various social, economic, and environmental
problems due to significant changes in the built environment (Keyvanfar et al., 2018). According to
Baumgart et al. (2022), urban waterfronts are shaped by physical, functional, social, economic,
cultural, and political factors. Urban waterfronts are crucial to a city’s vibrant civic life, economic
development, and physical transformation. Physically reified between land and water, regions of
temporary gathering and continual dispersion occur. These are the dynamic edges at which people,
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goods, services, and the economy interact (Yocom et al,, 2016). The urban waterfront can be
considered an essential resource for the community and the environment (Siddika, 2020). The
waterfront represents the water’s edge in cities and towns. Therefore, it is a place that naturally
attracts people because it merges land and water (Ali et al., 2020). An urban waterfront is a town
area close to a body of water, such as a river or ocean (Hussein, 2014). According to the notion of
sustainable development (Mnini & Ramoroka, 2020; Gu & Liu, 2013), which states that an activity
must be socially acceptable, environmentally suitable, and commercially viable, ecotourism has
developed into a significant and growing sector (Sahani, 2019a; Mondino & Berry, 2019).
Ecosystem activities that benefit people together constitute ecosystem services. The outcomes of
auxiliary activities are various spatial and temporal dimensions (Farber et al., 2006). Urban areas
benefit significantly from the ecosystem services that marine and freshwater ecosystems offer, such
as recreational opportunities, protection from severe storms and coastal hazards, and biodiversity
support (Dyson & Yocom, 2014). An integrated and coordinated strategy for waterfront
development that prioritizes resiliency, cultural preservation, and social equality (Zaki & Hegazy,
2023).

The riverside must be repaired and rehabilitated using sensible methods to enhance its quality
to safeguard the waterfront development process. It would not have been possible to finish the
repair and rehabilitation without following these guidelines: Use I general, II planning, III design,
and IV execution to identify and achieve the optimal solution for anything. Aim to re-establish
connections with the riverfront community while letting nature do its thing (Humaira et al., 2019).

For waterfront development to be sustainable, environmental factors must be considered.
Unfortunately, this problem is consistently disregarded in developing countries like Bangladesh. In
addition, among the four elements—socioeconomic, urban, environmental, and intelligent—the
ecological approach receives the most significant disregard. Nonetheless, the study's primary focus
will be on ecological conservation-related issues, leading to environmentally sustainable
waterfront development (Saraf & Dobariya, 2020; Siddika, 2020). This research attempts to study
the construction of the Sutibhola Canal to resolve its primary issues. There is a substantial amount
of habitation all around this waterway. In addition, it is bordered by ecologically significant areas,
such as water bodies, flora and fauna, urban fellow land, and green space. There are few lakes in a
megacity like Dhaka. Lakes are being destroyed as urbanization progresses. Given these facts, the
Sutibhola Canal was chosen as the research region for this study. This study will end the city’s
ongoing flooding problem, improve communication among waterways, and restore the ecology of
the canal.

This paper addressed the management service deficit within canal environments, specifically
focusing on the severe consequences of canal encroachment. These consequences encompass
heightened flood vulnerability, declining groundwater recharge areas, lowering groundwater
levels, failure of natural drainage systems, and loss of local ecology and biodiversity. This research
aims to bridge the current gap in sustainable waterfront development by proposing practical
solutions by introducing ecosystem services. The existing problem revolves around the neglect of
environmental factors, particularly in developing countries like Bangladesh. Waterfront
development often overlooks ecological conservation, with the environmental approach receiving
the least attention among the four key elements: socioeconomic, urban, environmental, and
innovative. By identifying suitable development sites while considering essential criteria such as
proximity to water bodies, flora and fauna, green spaces, urban infrastructure, fellow land, and road
access, the findings offer valuable insights for policymakers and urban planners. These insights will
facilitate the establishment of water-based urban ecotourism, address pollution concerns, and
inspire future sustainable developments in Bangladesh and beyond. Urban waterfronts, which were
formerly highly prized for development, are now facing issues such as increased flood hazards,
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reduced groundwater recharge, and biodiversity loss due to unmanaged urbanization. Previous
development initiatives prioritized economic and social expansion over environmental
sustainability, resulting in infrastructural damage and ecological deterioration. A balanced
conservation-focused strategy is needed to guarantee that waterfront development improves
urban resilience while protecting natural resources. To bridge the existing gap in sustainable
development approaches, this study investigates the following research question: How can
sustainable waterfront development practices be designed to prioritize ecological conservation and
biodiversity enhancement in Dhaka’s Sutibhola Canal region? The research objective of this study
is to minimize this gap by focusing on ecological conservation-related issues, ultimately promoting
environmentally sustainable waterfront development.

LITERATURE REVIEW

The classic literature review approach was chosen to fulfill the objectives because it allowed
for the exploration of concepts, thoughts, and insights from a wide range of relevant literature in
numerous disciplines (Gunardi & Meilasari-Sugiana, 2024; Ayu & Agustini, 2024; Thoo et al., 2024).
Waterfronts initially received little public interest, but successful revitalizations have refocused
attention to these regions (Syahrir, 2021).

By incorporating a Geographic Information System (GIS)-based Multiple-criteria decision
analysis (MCDA) approach into a web-based platform, allocating a certain number of urban
development zones within a selected perimeter was feasible based on ecosystem services and
locational attributes (Grét-Regamey et al., 2017; Ragheb & EL-Ashmawy, 2020). There are 12 theme
layers (Sahani, 2019a), including slope, topographic roughness, vegetation, accessibility to surface
and groundwater, elevation, visibility of snow peaks, proximity to settlements, hiking route,
climatic compatibility, ecosystem appropriateness, and lake proximity. The weights of several
themes were determined using the analytical hierarchy process (AHP) among various MCDA
methodologies to identify separate eco-tourism potential zones. Analytic Hierarchical Process
(AHP) method geographical evaluation of land is suitable for ecotourism activities on Masirah
Island (Mansour et al., 2019). Thirteen criteria were devised to evaluate a site’s suitability for
ecotourism operations based on literature searches, on-the-ground observations, and fieldwork.
This study establishes the requirements to help identify the ecological parameters necessary to
build a waterfront using AHP approaches.

Ecotourism management via appropriate zoning should be prioritized in land-use planning.
Ecology-based ecotourism includes sustainable waterfront practices. Water is necessary for life and
every human activity, so urban areas have constantly developed near water. Towns have
sometimes been isolated from water because of the expanding capacity of water sources and
changes in social and economic systems. These riparian zones, formerly the boundary between
cities and the countryside, have been abandoned in both core and peripheral locations. This is a
consequence of the expansion of city waterfronts, which were once in the countryside but are now
part of the urban periphery. To control such occurrences, several communities have undertaken
initiatives to revitalize vacant land by constructing waterfronts (Fumagalli et al., 2014). Bangladesh
is a country with the broadest range of lifestyles. Ecosystem services are the operations of natural
systems that, either directly or indirectly, benefit humans or enhance social welfare. Ecosystem
services benefit people in several ways, either directly or by being used as materials for producing
other goods and services. The benefits that ecosystems provide that make it possible and
advantageous for people to survive are known as ecosystem services. Providing goods like food and
water, preventing floods, soil erosion, and disease outbreaks, delivering non-material benefits like
spiritual and recreational opportunities in natural settings, and enhancing the environment
through natural resources are examples of ecosystem services (Turner et al., 2021).
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Some of the criteria used in the analysis were: flat landscape slope, high population change of
children per block group (standardized), low density of existing parks/recreational facilities,
proximity to a water body, small cost-distance to the nearest existing water-based park or splash
pads, and proximity to a water body. The resulting raster map was produced for each criterion using
ArcMap software. The analytical hierarchy process (AHP) and geographic information system (GIS)
were used to identify potential ecotourism spots in the Kullu District of Himachal Pradesh, India.
Slope, topographic roughness, vegetation, accessibility to surface water, height, protected area,
climate, visibility, road closeness, village proximity, soil, groundwater, and geology are just a few of
the 13 variables considered for this research. (Ahmadi et al., 2015) set aside suitable areas in the
province of western Iran for the growth of ecotourism. Digital elevation, slope, land cover and
usage, mineral springs, and water resource maps were created to perform the necessary initial
preparations. While existing studies have employed various methods like MCDA and AHP, this
approach combines GIS and F-AHP, providing a more comprehensive assessment of physical,
natural, environmental, and socioeconomic factors for ecotourism suitability. In contrast, this
study’s application of the GIS-based F-AHP approach can be adapted to diverse geographical
contexts, making it a versatile tool for identifying suitable ecotourism sites globally. This research
bridges the gap between theoretical concepts and practical implementation by addressing the
growing demand for ecotourism and sustainable waterfront development. It also emphasizes the
importance of prioritizing ecotourism management through land-use planning zoning, offering
valuable insights for urban development in various regions worldwide.

Geographic Information Systems theory also provides the foundation for spatial analyses and
mapping intrinsic to any sustainable waterfront development process by integrating spatial data
layers to assess environmental, social, and economic factors in urban planning (Tobler, 1970;
Burrough & McDonnell, 1998). A key concept that GIS purports in general is Tobler’s First Law of
Geography, which says, "everything is related to everything else, but near things are more related
than distant things"; by their nature, GIS is an effective tool for analyzing localized spatial
relationships in urban ecosystems (Tobler, 1970). This study also uses systems theory because
urban ecosystems are perceived here as interdependent systems where any change in one
constituent eventually affects others (Bertalanffy, 1969). Applying this approach within a systems
framework of GIS can analyze the interplay of these factors in depth to identify how ecological and
urban elements combine to form suitable development zones.

In this respect, the conceptual framework is underlined by ecological conservation principles,
which are integrated within sustainable development goals, using GIS as a core analytical tool.
These include key environmental, social, and infrastructural variables, including proximity to
bodies of water, flora, fauna, and urban infrastructure, which identify sites suitable for waterfront
development that balance urban growth with biodiversity conservation (Farber et al., 2006; Dyson
& Yocom, 2014). By mapping the spatial relationship between the factors, the framework can
provide planners and policymakers with visual insight into development areas where conservation
and urban amenity coexist and support a holistic approach in waterfront planning (Zabihi et al,,
2020; Sahani, 2019b). This study’s framework integrates ecological conservation with the
principles of sustainable development, with GIS as the core tool. Based on the analytical framework,
the factors of proximity to water bodies, biodiversity, and urban infrastructure pinpoint locations
where the growth of urban areas could coexist with ecological preservation. Therefore, it ensures
that waterfront planning for biodiversity, sustainability, and community needs goes hand in hand.
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RESEARCH METHOD
Study Area

Between 1960 and 2005, Dhaka rapidly expanded, with urban land rising from 11% to 34% by
2005 (Dewan et al, 2006). Bottom-up, demand-driven urbanization modifies the present
environment without considering the possible repercussions or the need for environmental
sustainability (Ishtiaque et al., 2014). Canals throughout the city formerly connected the rivers that
ringed Greater Dhaka (Ahmed, 1986). Nevertheless, the neighboring canals, marshes, and
depressions have been filled up as development has increased (Kamal & Midorikawa, 2004; JICA,
1991). The Sutivola Canal located in Badda Thanda Wards 37, 38, and 41, which are part of the
Dhaka North City Corporation. The location and the nearby significant buildings led to the selection
of this waterway as the research area. This location can be used as an essential recreational center
that is open to everyone and is environmentally beneficial.

Land Use Map among 500M buffer of Sutivola Canel

Sufivola Kani With Word Boundory

= v
) 038 f 041
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Figure 1. Study Area Map
(Source: Author, 2024)

Methodology

The AHP has not changed because of the use of numbers and numbers derived from numbers
to display priorities, the AHP has not changed (Saaty, 1977). To create a list of priorities, we must
compare items and create a numerical scale that indicates how essential one item is to another,
based on the same criteria or quality. The AHP method evaluates items by contrasting them with
one another. A scale of absolute judgments illustrates how much each item is superior to another
when comparing two things using a particular method. The derived priority scales were created by
dividing them by the priority of their parent nodes and adding all such nodes (Parry et al., 2018).
The following steps include integrating the datasets and producing the derived data for further
analysis. The data preparation and geographic analysis were performed with the help of ArcMap’s
spatial analysis extension. The distance to the water edge was calculated using the Euclidean
distance computation feature (Ilhamdaniah, 2018). To identify appropriate areas, several
investigations have been conducted in the literature (Njiru & Siriba, 2018; Mokarram & Hojati,
2017; Parry et al., 2018; Madurika & Hemakumara, 2017; Zabihi et al., 2020). OWA is a tool to
implement these diverse combination concepts. The conditions under which the specific criteria
are relevant provide further evidence for this method. MCDA and GIS provide decision-makers with
more precise alternatives when assessing the actual components of environmental research
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(Parvez, 2020). One of the most thorough techniques used in multi-criteria analysis is ordered
weighted averaging (OWA) (Mokarram & Hojati, 2017). This study integrates a geographic
information system (GIS) with a fuzzy-analytic hierarchy process (F-AHP) to evaluate the relative
value of physical, natural, environmental, and socioeconomic variables for determining the
suitability of ecotourism areas (Zabihi et al., 2020). [lhamdaniah (2018) used a GIS-based suitability
study to choose potential locations for building a waterfront park and recreational facility in
Buffalo, New York. The final aim of this study was to identify suitable sites for a new waterfront
leisure complex using various parameters from a GIS-based suitability analysis. Sridharan (2017)
highlighted the significance of leveraging waterfronts for early trade and transportation in
developing countries. This article examines the evolution of a notable waterfront region and
analyzes the role of water in urban design, offering valuable insights into waterfront development.

Table 1. Arithmetical appearance and corresponding appropriateness scales

Order of importance Suitability Arithmetical appearance

Very lower significance Very little suitable 1

Partial significance of one

Partly suitable 3
over another
Mediocre importance or .
L Moderately suitable 5
sturdy significance
High Level of significance Mostly suitable 7
Very High Level of
ery TR Levero Optimally suitable 9
significance
Intermediate values 2,4,6,8

Source: Zabihi et al. (2020)
The consistency of the pairwise comparison matrix is evaluated using a mathematical metric
called the consistency ratio (CR).

cI
CR = - (D
The Cl is calculated as follows:

Cl=

Here, n represents the number of impacts, max denotes the maximum value, and RI is the mean
average consistency index (CI). The relevant index should be less than 0.10 to indicate that the AHP
is suitable and that consistent results are being produced (Zabihi et al., 2020). The pairwise
comparison provided as part of the AHP is employed to apply all the criteria on the fundamental
scale. When criteria [ and j are combined, criteria I is given the intensity of importance, and criteria
j is given the joint value as the passion of rank. Equation (3) is used to calculate the weight of
criterion I, which is used in the subsequent analysis for appropriateness analysis after comparing
all possible criterion pairs (Parvez & Islam, 2020).

BR =X PijAR=1/Z @ EE=12Z P @@=1 (3)

Here, in a pairwise comparison, comparative rank is shown. Comparing norms and criteria

Connected to standards (Parry et al., 2018)

The RI cast-off pivots on the sum of the values (Njiru & Siriba, 2018). Here, the total number of
variables is 6, which means n=6. From

Table 2, the result was calculated as RI=1.24.

Table 2. Values of the RI mean average consistency index

n 12 3 4 5 6 7 8 9 10 11 12 13 14 15
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(RO 0 0 058 090 1.12 1.24 132 141 145 149 151 148 156 157 1.59

Source: Saaty (1977)

For this research, the literature was initially reviewed based on purpose and six criteria were
determined. The six criteria and their weighting were finalized with the consultation of
environmental and ecological experts (subject matter experts) to identify a suitable site for a
sustainable waterfront that would conserve ecology. The GIS data were created by digitalizing the
layers using Google Earth and ArcGIS and finalizing by visiting the site. Satellite image data were
collected in August of 2024. Waterbodies, Flora and Fauna, Urban Green Space, Urban Build-up
area, Urban Fellow Land, and Roads were determined. Both ecology and human perspectives were
considered when considering these criteria. Waterbodies, green space, flora, and fauna were
considered to conserve ecology. Fellow land was considered because land acquisition and land
development are vital factors for any implementing agencies during the implementation stage. In
this urban area, fellow land was considered, and this criterion will prevent the ecology from being
disturbed during the construction phase. Finally, urban development and proximity to the road
were taken for better communication and access, as the waterfront also has significant value in eco-
friendly tourism. Error! Reference source not found. presents the criteria and justification for
this study.

Table 3. Criteria identification with Justification

Criteria Justification of the standards Raw data Derived data

To accommodate the waterfront, Polygon data of Sutivora
the placement of the Waterfront  Lake, Ponds, and Lakes Euclidean distance
should ideally be near the water Around 500 m Buffer = from Waterbodies
(Sutivora lakefront) Around the Lake
The waterfront should preferably Polygon data of Flora and
Floraand  Dbelocated close to the Flora and
. . Fauna Around 500 m
Fauna Fauna to accommodate it (Sutivora from Flora and Fauna
Buffer Around the Lake
Lakefront).
The waterfront should ideally be
Urban Green near the Green Space (Sutivora
Space lakefront) to accommodate the
waterfront.

Waterbodies

Euclidean distance

Polygon data of Green
Space Around 500 m
Buffer Around the Lake

Euclidean distance
from Green Space

To accommodate the waterfront,
Urban the placement of the Waterfront
Buildup area should ideally be near the Buildup
area (Sutivora

Human Settlement data Euclidean distance
Around 500 m Buffer from the Buildup
Around the Lake area

The waterfront should ideally be
Urban the Urban Fellow Land Polygon data of Fellow
fiear the Trban Fetfow Lan Land Around 500 m

Fellow Land (Sutivora lakefront) to Buffer Around the Lake from Fellow Land

Euclidean distance

accommodate it.
The Waterfront should ideally be ~ Polyline Road Data is
Road near the Roads (Sutivora lakefront) located 500 m around
to accommodate the waterfront. Sutivora Khal.

Euclidean distance
from Road

Source: (Author, 2024)

The following Source: (Author, 2024)
illustrates the Methodological Framework of the Study. In the first stage of this research, data

were sourced from data.humdata.org and then updated and corrected for accuracy and relevance.
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Stage-1 Stage-2 Stage-3
[ Data Source:data.humdata.org‘ Projecting All Layers into the
Literature Review «Existing data of Sutivola Khal Same Coordinate System: WGS-
8 ) 1984
«Waterbodies
eUrban Road
. \ +Urban Buildup areas y
Defining Methodology Expert (Qrban Plan'ners) a}nd
ommunity people’s opinion
[ Updated Data )
Source:Digitization using ARC
GIS Analytical Hierarchy Process

Selection of suitable criteria (AHP) for Weighted Calculation

eUpdated data of Sutibhola Khal Ranking of each criteria

eWaterbodies
eLocal Urban Road
\ eFlora and Fauna y

Analysis of Weighted Overlay

Data Correctionand

Topographicerror
eField Data Validation Suitable Site Selection of Urban
e Concern with community Waterfront
eRelevant Experts
\ Y

Figure 2. Methodological Framework of the Study
Source: (Author, 2024)

This involved digitizing the data using ARC GIS and addressing the topological errors to ensure
the reliability of the information. The data categories included Sutibhola Khal, waterbodies, urban
roads, urban build-up, flora and fauna, fellow land, and urban green spaces. The data were validated
by field experts and the local community to confirm its accuracy. In the second stage, all data layers
were projected into the same coordinate system, WGS-1984, to ensure consistency and
compatibility. This stage also involved gathering opinions from urban planners and community
members to understand their perspectives. The Analytical Hierarchy Process (AHP) was employed
to calculate weighted rankings for each criterion considering the input from experts and the
community. This process allowed for a comprehensive weighted overlay analysis that considered
various factors and stakeholders. Finally, in the third stage, the research aimed to identify suitable
sites for urban waterfront development. Combining the insights gained from data correction, expert
and community input, and AHP rankings, this study aimed to provide a robust framework for
selecting the most suitable sites for urban waterfront projects. This multi-stage approach ensures
that site selection is based on a thorough and inclusive assessment, contributing to more informed
urban planning and development decision-making.

FINDINGS AND DISCUSSION

A recent analysis revealed that several training locations are low-lying, somewhat favorable for
urban growth, or very suitable. The linear aggregate technique's final suitability map displayed
areas with distinct potential for urban expansion scored from one to five (Mohammed et al., 2016).
As shown in Table 1, all layers are inputs to overlay, standardizing them into a scale of one to 5,
with 5 being the most advantageous. Using the helpful arc-GIS weighted
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Table 2, each input raster was improved by applying a distinct weight. After categorizing all
input raster layers into five suitability categories, all input raster layers were combined to form a
suitability map in Table 4. The following are the projected weights for the study of

Table 5, which is based on several weight calculations.

Table 4. Pair-wise assessment matrixes for considered standards weights for the study

Proximit Proximit Urban Urban ..
Standards ] Proximit )
y y to . Build- Fello Weigh
for Waterbodie y
Suitabili tourban Floraand s up w to Road t
ty Green Fauna area Land Value
Space
Proximity to
0.181
Urban 0.4730 0.8050 0.6110 0 0.2150 0.1670 0.4080
Green Space
Proximity to
0.303
Flora and 0.0531 0.0891 0.2620 ) 0.1280 0.1670 0.1670
Fauna
Wate‘;bOd‘e 0.0670  0.0292 0.0880 0'4123 03860 02770  0.2110
Urban 0.061
Build-up 0.1572 0.0183 0.0130 '2 0.2140 0.1670 0.1060
area
Urban 0.013
Fellow 0.0940 0.0294 0.0090 '0 0.0430 0.1670 0.0590
Land
Proximityto 1 ce1 0.0292 0.0170 0019 0140 00550  0.0490
Road 0
Sum 1 1 1 1 1 1 1

Source: Author, 2024.

Table 5. Projected weights for the study

Proximity Proximity Urban Urban Proxim
Criteria of to urban to Waterb  Build-up Fellow ity
Suitability Green Flora and odies area Land toRoad
Space Fauna
Proximity to 1 09 07 03 05 03
urban
Green Space
Proximity to 0.11 1 03 05 03 03
Flora and
Fauna
Waterbodies 0.14 0.33 01 07 09 05
Urban Build-up 0.33 0.2 0.14 1 05 03
area
Urban Fellow 0.2 0.33 0.11 0.2 1 3
Land
Proximity to 0.33 0.33 0.2 0.33 0.33 1
Road
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Sum 2.11 11.19 11.45 16.53 23.33 018

Source: (Author, 2024)
Table 6. Projected calculated AHP weighted effect

Standards for Suitability Impact of weight on AHP (%)
Urban Green Space 41
Proximity Flora and Fauna 17
Waterbodies 22
Urban Build-up area 10
Urban Fellow Land 5
Proximity to Road 5

Source: Author, 2024

The map of site suitability for. Error! Reference source not found. shows the proximity to
roads, water bodies, urban green space, urban build-up areas, urban fellow land, and proximity to
flora and fauna. The Euclidean distance is determined for each example after a 500-m buffer, and
the site is then categorized as the most appropriate or least suitable spot. A few areas on the map
are considered acceptable for a potential sustainable waterfront, with most locations deemed
unsuitable.

After integrating all maps, the entire coverage was published. The most significant places are those
where a sustainable waterfront can readily grow and have all the amenities needed, including open
enterprises and genuine land use. Some utilities, such as water supply, drainage, road networks,
and changes in land use, are absent from less perfect and highly suited areas. There were 123 very
few acceptable locations, 433 somewhat suitable sites, none moderately suitable, 1638 generally
suitable sites, and 2122 very suitable sites in that order in Table 6 and

Table 7. 10% of the 4316 places evaluated were considered just slightly acceptable, 10%
somewhat appropriate, 0% moderately suitable, 37% predominantly suitable, and 50% entirely

suitable.

Table 7. Sustainable Location Summary

Suitability levels Number %
Very Little Suitability 123 3
Partly Suitability 433 10
Mostly Suitability 1638 37
Optimally Suitability 2122 50

Source: Author, 2024

Creating a vision for an area, using skills and resources to make that vision a reality, and
involving local consumers are all components of sustainable waterfront development. Creating
places with distinctive identities and esthetic appeal also incorporates several policymaking
strands, such as environmental responsibility, social equity, economic viability, planning,
transportation, and architectural design. Waterfront development shapes the communities
surrounding water bodies and demonstrates how effectively a city can adapt to shifting economic
and social situations. To appropriately integrate human activities and agglomerations into the
area's deteriorating and increasingly dangerous environment, it is imperative to enhance
waterfront areas. Sustainable waterfront development may also improve local cities and regions’
chances of competing globally.
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Standaraized Layer: Site Suitibility for Ecology-basedUrban Waterfront

Sutivola Kahl With Ward Boundary
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- Very little Suitable

Figure 3. Standardized Layers for the Study
Source: (Author, 2024)

The results and discussion of this study on the Sutibhola Canal in Dhaka provide deep insights
into the dynamics of urban waterfront development and its challenges. The results reveal a complex
picture of potential and caution. Approximately 50% of the evaluated areas are highly suitable for
sustainable waterfront development, offering a substantial opportunity to create environmentally
harmonious and beneficial urban spaces. These findings suggest the strong potential for developing
these areas in a way that balances urban growth with ecological sensitivity. However, the study also
highlights areas of concern. Notably, approximately 3% of the regions are deficient in
developmental suitability, highlighting the need for stringent conservation efforts in these regions.
This is a crucial insight, underscoring the importance of preserving natural habitats and
biodiversity in urban planning. Additionally, 37% of the areas are moderately suitable for
development, indicating that they could be viable for sustainable projects with appropriate
planning and interventions. The remaining 10% of partly suitable areas require more intensive
management and strategic foresight to ensure that development does not compromise ecological
integrity. Figure 4 shows urban build-up suitability in Sulibhola Khal, with color-coded zones
ranging from highly suitable (green) to very unsuitable (red). The main map depicts urban areas in
pink surrounded by varying suitability zones, while the inset map outlines specific wards. The
Euclidean distance from urban areas affects suitability. Figure 5 shows the suitability of fallow land
in Sulibhola Khal, with zones labeled from suitable (dark blue, value 1) to not suitable (light colors,
value 5). The main map indicates fallow land areas with varying suitability, while the inset displays
specific ward boundaries. The Euclidean distance from fallow land affects the suitability level.
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Figure 5. Standardization layer: Sustainability of Fellow Lands

Figure 6 represents the suitability of areas for flora and fauna in Sulibhola Khal, with zones
ranging from optimally suitable (dark green) to mostly unsuitable (red). The main map highlights
areas with different suitability levels, while the inset map outlines specific ward boundaries. The
Euclidean distance from flora and fauna areas influences suitability. Figure 7 illustrates the
suitability of areas for the road network in Sulivote Kaiti, with zones ranging from optimally
suitable (dark green) to very little suitable (red). The main map shows roads and their surrounding
suitability zones, while the inset shows specific ward boundaries. The Euclidean distance from the
road network affects the suitability of each area.
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Figure 8. Standardization layer: Sustainable Road Network

Figure 8 illustrates the suitability of water bodies within the Sutibhola Khal area using a color
gradient to denote suitability levels, where darker shades indicate areas that are optimally suitable
based on proximity to water bodies. This visual representation helps identify regions in which
development could best integrate with existing water resources. Figure 9 displays the suitability of
urban green land, also within the Sutibhola Khal area, with warm colors like red and orange
highlighting optimal suitability zones, which decrease in suitability as distance from green spaces
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In the discussion section, the study emphasizes the crucial role of the Sutibhola Canal
restoration in addressing various urban challenges, particularly flooding, which is a frequent and
significant problem in Dhaka. The proposed sustainable canal development is a critical initiative
that could serve as a model for other urban areas. This development is related to mitigating flood
risks, enhancing waterway communication, and rejuvenating local ecosystems. Furthermore, the

30




Humanities, Society and Community

study sheds light on the importance of integrating a range of environmental and urban factors in
the planning process, such as Urban Green Space, Proximity to Flora and Fauna, Waterbodies, Urban
Build-up Areas, Urban Fellow Land, and Proximity to Roads. These factors are essential for
balancing urban development needs and ecological preservation. This study provides critical
scientific insights using GIS and AHP to investigate sustainable waterfront development, indicating
that 50% of the 4,316 evaluated locations are appropriate. This method differs from prior research
in that it focuses more on urban demands and highlights the benefits of incorporating ecological
factors into a more balanced, resilient design framework. Compared with traditional site studies,
this method’s accuracy and adaptability highlight its importance in developing sustainable urban
development.

The discussion also extends to the broader implications of the study. The insights and
methodologies used in this research can be applied to other urban areas facing similar challenges.
This study advocates water-based urban ecotourism as a sustainable approach that can enhance
urban ecology without harming the environment, providing a template for urban planners and
policymakers worldwide. Finally, the results and discussion offer a nuanced view of urban
waterfront development. They highlight the potential to create sustainable, ecologically balanced
urban spaces while also drawing attention to areas that require careful conservation and planning.
This study provides a comprehensive framework for understanding and addressing the complex
interplay between urban development and environmental conservation, making it a valuable
resource for sustainable urban planning,.

CONCLUSIONS

The study of the Sutibhola Canal in Dhaka offers a vital perspective on the challenges and
opportunities in urban waterfront development. The study highlights the dire consequences of
canal encroachment, such as increased flooding, declining groundwater levels, and biodiversity
loss. These issues significantly impact the environment and the social and economic aspects of life
in urban areas, particularly despite frequent peak flow and storm water runoff events. By
employing advanced methods like the Analytic Hierarchy Process (AHP) and Ordered Weighted
Averaging (OWA), along with Geographic Information System (GIS) technologies, this study delves
into various critical factors needed for sustainable landscape development. This analytical
approach provides a detailed and nuanced understanding of the balance between urban
development and ecological preservation.

One of the study’s most striking findings is the considerable potential for sustainable
waterfront development, with about half of the evaluated areas being highly suitable for such
projects. These findings indicate a promising pathway for developing waterfronts in harmony with
the environment. However, the study also highlights areas of concern. Approximately 3% of the
areas are deemed very low in developmental suitability, underscoring the need for focused
ecological conservation efforts. Meanwhile, 37% of the areas were moderately suitable, suggesting
that they could be developed with thoughtful planning and appropriate interventions. The
remaining 10% are partly suitable and require more intensive management and strategic
approaches to balance development and ecological care.

This study emphasizes the crucial role of restoring the Sutibhola Canal in addressing the city’s
flooding problems, enhancing waterway communications, and restoring environmental balance.
The proposed canal development can continue to be a beacon for sustainable urban planning,
offering opportunities for water-based urban ecotourism while reducing environmental pollution.
Moreover, the research highlights the importance of considering a range of factors like Urban Green
Space, Proximity to Flora and Fauna, Waterbodies, Urban Build-up Area, Urban Fellow Land, and
Proximity to Roads in planning. These criteria are crucial for balancing urban development needs
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with ecological conservation.

The implications of this study are far-reaching and offer a blueprint for other cities facing
similar challenges. This study presents a strategic framework for policymakers and urban planners,
promoting the idea of water-based urban ecotourism as a means to enhance urban ecology without
compromising the environment. Finally, this study presents a compelling case for a balanced,
thoughtful urban development approach. The study integrates the need for environmental
conservation with urban expansion, providing valuable insights and guidelines for sustainable
urban planning relevant to Dhaka and any urban area facing similar ecological and developmental
challenges. The research has effectively met its objectives by providing valuable insights into
waterfront development and sustainable approaches. Practical implications based on the findings
include suggestions for city planners to further extend waterfront projects to incorporate future
priorities on environmental conservation, especially integrating ecological elements like proximity
to green spaces, water bodies, and biodiversity. This could be further validated and widened to
multisite analysis and community engagement in future research, strengthening sustainable urban
planning and ecological balance in diverse city settings.

LIMITATION AND FURTHER RESEARCH

The research is limited in several ways, so this is probably the case for the results. Because this
was a single-case study, the findings may not be generalizable to all sites. This study has some
limitations. This study focused on only one case; thus, the findings might only fit some situations.
In addition, the study used computer data, which might have missed some real-life details. In the
future, researchers can use this research better by looking at more cases, talking to people to learn
more about their experiences, and finding ways to apply our theories in real-life situations for
sustainable waterfronts. Additionally, the data generated through a computer may have lost some
crucial real-life factors that make the site unsuitable for sustainable waterfront development. In
this regard, future research on a multi-site basis is recommended to broaden the insights and
validate findings across different types of urban settings. The direct inclusion of local communities
through feedback mechanisms in future studies would also provide a more detailed insight into the
needs and concerns. In addition, practical application of the theoretical framework in various
geographical and environmental conditions would be helpful for further refinement of
methodologies for sustainable waterfront development, and it would ensure that the strategies are
applicable in different contexts. Thus, it is conceivable that any holistic appreciation of ecological
conservation and sustainable urban planning can be achieved through this approach, which can be
applied to further global urban development practices.
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