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Abstract: Risk-Sensitive Land-Use Planning (RSLUP) is a critical process for integrating disaster-
risk management (DRM) considerations into land-use planning, for which first it is necessary to
understand the existing risk sensitivity. This study aims to develop a GIS-based multi-criteria
zoning approach to mapping earthquake-risk sensitivity of land use at local level. The methodology
comprises two main steps. Firstly, the spatial earthquake-risk sensitivity of land use is evaluated based
on some risk themes related to development, land use, and emergency facilities. Secondly, earthquake-
risk sensitivity is mapped by overlaying the spatial risk-theme maps, using weights determined
through the Analytical Hierarchical Process (AHP). Overall, four earthquake-risk-sensitive zones
were identified in the study area, ranging from high-risk-sensitive zones to low-risk-sensitive zones.
This research contributes to the theory and practice of DRM by proposing a multi-criteria risk-
sensitivity assessment and mapping methodology. The findings demonstrate that the risk-sensitivity
map provides policymakers with a guide to identify “where” and “why” RSLUP interventions are
necessary. This will serve as a decision-support system to formulate the “what” and “how” of the
RSLUP at the local level, reflecting the risk sensitivity accordingly and thereby ensuring sustainability.

Keywords: earthquake; risk sensitivity; zoning; Risk-Sensitive Land-Use Planning (RSLUP); sustainability;
resilience; analytical hierarchical process (AHP); Bangladesh

1. Introduction

Catastrophic earthquakes can affect large areas, with long-lasting economic, social,
and political effects [1]. Such an effect is exaggerated in urban centers due to unplanned
urbanization and development in high-risk zones [2]. This can be combated through
proper risk-management measures, which have been proven effective from historical
earthquakes in different countries [3–5]. Among different approaches to achieving resilience
against earthquakes, Risk-Sensitive Land-Use Planning (RSLUP) is significant, and is the
process of mainstreaming disaster-risk reduction and management parameters in land-use
planning [6]. It is an effective approach to ensure sustainable hazard mitigation and thereby
to ensure resilience by reducing disaster losses (human life and physical, environmental,
and institutional assets) [7–9]. According to Saunders and Becker [10], to achieve long-term
sustainability and greater resilience, visionary land-use-planning solutions are necessary.
Such planning is much more effective at the local level because it ensures micro-level risk
management [11].

According to Villacis [12], for appropriate disaster-risk management, appropriate ur-
ban and regional planning strategies and their effective implementation is a must. However,
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the sustainability of planning appropriate strategies requires identifying and understand-
ing the existing risk as well as the underlying reasons for such risks, along with their
magnitude [10,13]. Hence, to ensure the successful application of RSLUP, it is necessary to
understand the risk sensitivity of the existing land use through prior assessment [14–16].
Based on the findings from the assessment, a risk-sensitivity zoning map can be produced,
from which the existing spatial risk sensitivity of the land use of an area can be observed
promptly [17–19]. Based on the findings from the risk-sensitivity assessment of the land
use and the risk-sensitivity zoning map, RSLUP can be carried out. This would ensure
the appropriate adoption of strategies in the land-use planning, reflecting the existing risk
sensitivity accordingly. Thus, the plan would be more effective and sustainable [10,13],
contributing to the resilience of the built environment in the long run by addressing the
existing risk sensitivity.

Although a large and growing body of literature has investigated RSLUP, the research
to date has tended to focus on RSLUP approaches [8,20,21], the effectiveness of integrat-
ing risk sensitivity into urban master plans to limit future development in disaster-prone
areas [22,23], the integration of earthquake hazards into land-use plans and policy state-
ments at the national level [7,24], the integration of earthquake-risk sensitivity in land-use
planning at the city level [17,25,26], and the implementation of RSLUP through policy
initiatives by local, federal, and state governments [16,27].

Realizing the importance, several studies have focused on RSLUP at the local level.
Sharma, Donovan, Krishnamurthy and Creed [21] explored the scope of public participation
in RSLUP at the local level in Nepal. Barua, et al. [28] proposed a methodology to integrate
earthquake-risk sensitivity into land-use planning for a local-level area in Bangladesh.
Motamed, et al. [29] presented a model to find an optimal spatial land-use allocation pattern
for a defined urban environment to assist the urban planners with a hazard-informed land-
use allocation in planning new urban settlements or in improving existing urban areas in
Iran. Bendimerad and von Einsiedel [11] intended to reduce earthquake risk of a highly
vulnerable urban area in the Philippines by means of urban redevelopment through RSLUP.
Fat-Helbary, et al. [30] studied earthquake-risk sensitivity of a proposed city area in Egypt
and anticipated some land-use-planning strategies to integrate risk sensitivity into the
proposed plan. Several local-level projects were undertaken in Istanbul for RSLUP, e.g., the
Zeytinburnu urban-transformation project for redevelopment and the Marmara Earthquake
Emergency Reconstruction (MEER) project [24]. However, none of them emphasized the
importance or application of assessment and mapping of existing land use at the local level
to facilitate effective and sustainable local-level RSLUP. Aggregating different aspects to
obtain an overall picture of the risk sensitivity was also not considered.

In this background, this research aims to introduce a GIS-based multi-criteria zoning
approach for the assessment and mapping of spatial earthquake-risk sensitivity of the
land use of a local-level area to fill one of the gaps in RSLUP, particularly at the local level.
Thus, the objectives of this research are twofold: firstly, to assess spatial earthquake-risk
sensitivity of a land use at the local level, and secondly, to prepare a multi-criteria risk-
sensitivity zoning map for the area combining the assessed risk. Here, a local level area in
Dhaka, Bangladesh, was considered as the case-study area.

2. Literature Review
2.1. Risk Themes for Earthquake-Risk-Sensitivity Assessment of the Land-Use Plan

Risk themes are distinctly manageable clusters of probabilities and vulnerabilities,
which are required to be considered for RSLUP [31]. Therefore, relevant risk themes should
be considered a basis for earthquake-risk-sensitivity assessment of the land-use plan. The
World Bank and Earthquakes and Megacities Initiative (EMI) [18] (p. 42) proposed some
risk themes and their corresponding risk factors in the Risk-Sensitive Land-Use Planning
Guidebook for Dhaka city under the Bangladesh Urban Earthquake Resilience Project. The
risk themes are related to:
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• Governance: planning process and plan formulation, legal environment and institu-
tional arrangements, implementation process (development-permit process, building-
code enforcement, zoning enforcement, etc.), risks in administrative incapacities (defi-
ciencies in terms of infrastructure/hardware, experts, training programs, etc., of the
municipalities and governorate), risks of alienation of citizens (avoidance of participa-
tion efforts and involvement);

• Development: risks in macro form and growth tendencies in the metropolitan area
(hazard assessment and analyses of alternatives in settlement configuration), urban-
fabric risks, as related to the location and nature of physical development (building
height/proximity, plots, density, roads, carparks, etc.);

• Built environment: risks in the building stock, risks in lifelines;
• Land use: incompatible land-use risks of neighboring units (in buildings and adja-

cent land uses), risks of hazardous uses (liquefied petroleum-gas and petrol stations,
chemicals, explosives, etc.), special risk areas/special buildings (areas subject to land-
slide/flooding/tsunami, etc., as well as historic buildings and their environs);

• Emergency facilities: risks in emergency facilities (locational, organizational, struc-
tural attributes of hospitals, schools, etc.), open-space-deficiency risks (open-space
requirements of emergency access and storage and/or temporary shelters);

• Economic factor: risks of productivity loss (industrial plants, businesses, etc.);
• External factor: external vulnerabilities and risks (climatic extremes, accidents, public

unrest, terrorism, etc.).

Although the World Bank and EMI [18] provided a guideline for RSLUP, it does not
propose a methodology for the assessment of earthquake-risk sensitivity of land-use plans
based on these risk themes.

2.2. Ground Shaking

An earthquake with one magnitude at one epicenter produces a range of levels of
ground shaking at sites throughout the region depending on the distance from the epicenter.
It is represented in terms of Peak Ground Acceleration (PGA), which is the peak horizontal
acceleration as a percentage of acceleration due to the force of gravity, or “g”. After the
assessment of ground shaking due to an earthquake in an area, it is represented by a
“ShakeMap”, which is a representation of ground-shaking distribution in an area produced
by an earthquake [32]. There are several modeling tools available for the assessment of
ground shaking, such as HAZUS (HAZards United States), GIS-based RADIUS (Risk-
Assessment tools for DIagnosis of Urban areas against Seismic disasters), SELENA (SEismic
Loss EstimatioN using a logic-tree approach), ShakeMap, and KHM (Karmania Hazard
Model). Table 1 shows a comparison of them. Although the parameters are same for all the
methods, differences in the detailing of the analysis leads to variation in the accuracy of
the outputs.

Table 1. Comparison among earthquake ground-shaking-assessment tools.

Tools Developer
Country of

Origin
(Application)

Base Parameters Accuracy Environment
Possibility
of Use in

Developing
Countries

Reference

HAZUS

National
Institute of
Building

Science (NIBS),
1997

USA GIS
Epicenter
location,

magnitude
of the

earthquake,
fault-plane
attributes

(dimensions,
depth to the

top of the
fault,

High Complex–
Interactive Yes [33]

GIS-based
RADIUS

GeoHazards
International
(GHI), 1996

Developing
countries Excel-GIS Medium–

high
Simple–

Static Yes [34]

SELENA
International

Centre for
Geohazards
(ICG), 2004

Norway MATLAB Medium Moderate–
Static No [35]
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Table 1. Cont.

Tools Developer
Country of

Origin
(Application)

Base Parameters Accuracy Environment
Possibility
of Use in

Developing
Countries

Reference

ShakeMap
U.S. Geological
Survey (USGS),

2004
USA GIS- Web orientation,

and dip),
and distance

of the
epicenter
from the

study area

High Complex–
Static No [36]

KMH

Kerman
Disaster

Management
Center

(KDMC), 2008

Iran GIS Medium Moderate–
Interactive No [37]

Source: Adapted from [38,39].

2.3. Ground Response or Soil Amplification

Ground shaking is the primary cause of earthquake damage to manmade structures.
However, some places in the same area may experience stronger seismic shaking than
others during such events. The main reason behind such phenomena is the complexities
and variation in the rock and soil conditions. During an earthquake, the propagation of
seismic waves through the soil columns alters the amplitude, frequency, and duration of
ground shaking differently depending on the rock and soil conditions (in some places it is
reduced, whereas in some places it is intensified). Such influence of the underlying rock
and soil conditions on the local amplification of earthquake shaking is called the site effect.
The analysis to determine the site effect is called the assessment of ground response or
soil amplification [40]. There are several methods for evaluating the effect of local soil
conditions on ground response during earthquakes. Some of the commonly used tools for
analysis of ground response or soil amplification are SHAKE, DEEPSOIL, and PLAXIS.
Table 2 shows a comparison of them.

Table 2. Comparison of ground-response or soil-amplification tools.

Tools System Utilized Applicability References

SHAKE

One-dimensional system that implements
an equivalent linear analysis based on
continuous layer discretization in the

frequency domain

Widely used due to its simplicity, flexibility,
and low computational requirements [32,41]

DEEPSOIL

One-dimensional system that can perform
linear, equivalent linear, and non-linear

approaches of analysis that uses the
strain-dependent shear modulus and

damping ratio in the time domain

In cases of high seismic intensities at the
rock base and/or high strain levels in the
soil layers, an equivalent soil stiffness and
damping for each layer cannot represent
the behavior of the soil column over the

entire duration of a seismic event. In such
cases, ground-motion propagation through

deep soil deposits can be simulated
using this tool.

[42]

PLAXIS

PLAXIS 2D is a two-dimensional and
PLAXIS 3D is a three-dimensional
finite-element program that uses a

non-linear approach of analysis
in the time domain.

It is used for the simulation of the
anisotropic behavior of soils or rock to deal

with various aspects of complex
geotechnical structures.

[43,44]

2.4. Soil-Liquefaction Susceptibility

Soil liquefaction is when saturated sand and silt behave like a liquid during an earth-
quake, and it occurs mostly in regions of manmade landfill. Factors that influence liquefac-
tion include the geologic history of the deposit, groundwater depth, grain-size distribution,
soil density, and ground slope. During an earthquake, excess pore-water pressure develops
due to ground shaking, which causes the soil to lose strength and stiffness. If the pore-
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water pressure builds up to the point where it is equal to the overburden pressure, the sand
loses its strength completely and it develops a liquefied state. This can cause buildings to
sink or tilt, lightweight structures to float upwards, and foundations to displace laterally.
The physical characteristics of the soil determine liquefaction susceptibility, and there are
four methods for evaluating the liquefaction potential of sandy soil due to earthquake
motion [45–47]. Table 3 shows a comparison of them. All of these methods produce reliable
outcomes and are widely used. However, the choice of method depends on the complexity
and usefulness, considering the scale.

Table 3. Comparison among soil-liquefaction susceptibility-assessment methods.

Evaluation Method Data Requirement Complexity
Usefulness for Mapping

Liquefaction
Susceptibility

Related
Literature

Topographical- and
geological-feature

analysis

Topographical and
geological data Simple Useful for wide areas [48,49]

Penetration test

Direct use of geotechnical data:
N-value and

grain-size-distribution data,
and estimates of peak-surface

acceleration through a
penetration test

Simple Useful for wide areas [50,51]

Laboratory cyclic-shear
testing of undisturbed

sample

Geotechnical data: laboratory
cyclic-shear testing of

undisturbed samples in light
of dynamic-response analyses

Complex: too tedious
and costly

Rigorous examination at a
single site [52,53]

In-situ blasting or
laboratory shake-table

testing

Geotechnical data: in-situ
cyclic or blasting tests, or

laboratory shaketable tests

Complex: too tedious
and costly

Rigorous examination at a
single site [54,55]

2.5. Fuzzy Overlay

“Fuzzy overlay” is a raster-overlaying method that follows fuzzy logic. It is applicable
in such cases where it may become necessary to overlay raster data with different scales and
units and have inaccuracies in the attributes and geometry of spatial data. It specifically
addresses situations in which the boundaries between classes are not clear [56]. The
concept is rooted in set theory and pertains to the likelihood of a phenomenon being a
member of a set or class, rather than probabilities [56,57]. Considering its applicability,
several researchers utilized the fuzzy-overlay tool for raster-overlay analysis. It was used
for hazard assessment for earthquakes [58,59], fire [60], drought [61], landslides [62,63],
land subsidence [64], and floods [65]. Some researchers have utilized fuzzy overlay for
suitability analysis in the fields of port development and evaluation [66], sustainable urban
development [67], and agriculture [68,69].

The fuzzy-overlay method involves two steps: (i) fuzzification and (ii) fuzzy overlay.
Fuzzification is necessary to reclassify or transform the raster datasets to be overlaid on a
0 (no membership) to 1 (full membership) scale, identifying the possibility of belonging to
a specified set [56,57]. In ArcGIS 10.3.1, it can be done using the Fuzzy Membership tool.
To aid this transformation process, there are several membership functions in the Fuzzy
Membership tool, i.e., fuzzy Gaussian, fuzzy large, fuzzy mean and standard-deviation-
based large, fuzzy linear, fuzzy near, fuzzy small, and fuzzy mean and standard-deviation-
based small [70]. The fuzzy-large approach is used when larger input values are more
likely to be a member of the set. The midpoint is used to identify the crossover point, with
values greater than the midpoint having a higher possibility of being a member of the
set. This approach is consistent with soil-amplification and soil-liquefaction susceptibility.
After fuzzification of the raster data, several techniques are available for fuzzy overlaying,
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including fuzzy and, fuzzy or, fuzzy product, fuzzy sum, and fuzzy gamma. Fuzzy or
returns the maximum value of the sets the cell location belongs to, which is useful in
seismic-hazard assessment to identify the highest membership values for any of the input
criteria. If an area is susceptible to either criterion, it is considered vulnerable. [71]

3. Methodology
3.1. Selection of the Study Area and Study-Area Profile

Bangladesh has a high probability of earthquake occurrence due to its geographical
location and historical trend of seismicity. The country is located in the northeastern part
of the Indian sub-continent at the junction of three moving plates (i.e., the Indian plate,
the Eurasian plate, and the Burmese micro-plate), which results in the generation of active
faults [72]. According to Akhter [72] (p. 402), “ . . . The Indian plate is moving ~6 cm/yr in
a north-east direction and subducting under the Eurasian (@45 mm/yr) and the Burmese (@35
mm/yr) plates in the north and east, respectively. This continuous motion is taken up by active
faults . . . ” Thus, the movement of the plates in and near Bangladesh are generating active
faults. The five main active faults lying in and near Bangladesh are the Madhupur fault
(MF), Dauki Fault (DF), Plate Boundary Fault-1 (PBF-1), Plate Boundary Fault-2 (PBF-2),
and Plate Boundary Fault-3 (PBF-3) [73]. The map showing the regional tectonic setup of
Bangladesh with respect to the plate configuration can be found in Akhter [72] (p. 402),
and the map showing the earthquake-fault zones in and near Bangladesh can be found in
CDMP [73] (p. 5-1).

Among other cities in the country, Dhaka, the capital city of Bangladesh, is at high
risk for exposure to potential earthquakes, where the vulnerability is high due to un-
planned land use without disaster-risk consideration and violation of building codes and
by-laws [18,74]. Small tremors are felt in and around the country every year from time
to time. However, in the past few hundred years, several catastrophic earthquakes have
happened in Bangladesh, and Dhaka city was greatly affected. The most significant among
them were the Cachar Earthquake of 1869 (from the PBF-3 fault at Modified Mercalli In-
tensity MMI VI in Dhaka city), the Bengal Earthquake of 1885 (from the Madhupur Fault
at MMI VII+ in Dhaka city),the Great Indian Earthquake of 1897 (from the Dauki Fault at
MMI VIII+ in Dhaka city), the Sri-Mangal Earthquake of 1918 (from the PBF-2 Fault at MMI
VI+ in Dhaka city), and the Dhubri Earthquake of 1930 (from the Dhubri Fault at MMI V+
in Dhaka city) [75,76]. A powerful earthquake needs at least 100–150 years to originate
for a particular region, and thus is overdue for Bangladesh, as it last experienced a large
earthquake in 1897 [77]. Hence, the occurrences of historical earthquakes and long-term
silences of a potential earthquake happening (seismic gap) across the region indicates that
the active faults are gaining energy [72,78,79]. Consequently, the possibility of a strong
earthquake occurring and affecting Dhaka city is increasing over the time period. There-
fore, different national and international studies have identified Dhaka as being highly
vulnerable to earthquakes [79,80].

Considering the earthquake vulnerability of Dhaka city, several studies have been
carried out focusing on earthquake-risk assessment and management [81–83]. Barua,
Islam and Ansary [28] focused on the integration of earthquake-risk sensitivity in land-use
planning. Several initiatives have been undertaken by the Government of the Republic of
Bangladesh (GoB) to integrate risk sensitivity into the land-use-planning process [19,84,85].
Nevertheless, none of the research focused on the assessment and mapping of earthquake-
risk sensitivity of the land use at the local level before the RSLUP.

Uttara Residential Model Town (URMT) (3rd phase), Dhaka, Bangladesh, was selected
as the study area in this research. It is one of the township projects initiated by the
Capital Development Authority (RAJUK) [86]. It is located in the northern part of the
Dhaka Metropolitan area, which has been identified as a highly earthquake-prone area [87].
Figure 1 shows a satellite image of the study area (URMT 3rd phase), along with its location
in Dhaka city in the inset.
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Figure 1. Satellite image and location of the study area (URMT 3rd phase, Dhaka, Bangladesh).
Source: Adapted from Google Satellite Image (2016) and RAJUK [86].

The study area includes around 9.11 km2 of land. The proposed density of the study
area is 300 persons per acre and the projected total population to be accommodated within
its area is around 0.65 million people [88]. The area is divided into four sectors (i.e.,
15–18) and a central plaza (commercial zone). The four sectors are further divided into
40 neighborhoods. The land use in the study area was planned considering the grid
pattern. Here, different uses were allocated by RAJUK based on the Private Housing Land
Development Rule, 2004 [89], considering the projected population to ensure minimum
land for urban community facilities and improve the living quality [88]. Among different
uses, the most significant uses of the total area are road network (33.73%), residential
(33.39%), and commercial (11.81%). The rest of the uses include hazardous uses, critical
facilities (educational, health, and public service), utility services, water bodies, and open
space. Figure 2 shows the land-use map of the study area.

At the time of conducting this research (2016 to 2018), the study area was under a
development process. About 92% of the site-development work was completed. About
70% of the road-construction work was completed. Electric poles were partially installed.
Water-supply and gas-line installation works were yet to be started. The remaining works
were in progress.

3.2. Data Collection and Processing

The necessary data required for this research were collected from secondary sources
and key informant interviews from 2016 to 2018. A land-use map of the study area
was collected from RAJUK [86,90]. Borehole-test data at 10 different points of the study
area were collected from the Department of Civil Engineering, Bangladesh University
of Engineering and Technology (BUET). The GIS shapefiles of the geomorphology and
suitability of the structures considering the geomorphic unit of the Dhaka Metropolitan
Area were collected from the Geological Survey of Bangladesh (GSB) [91]. From these
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collected resources, data from the study area were extracted for this research. All the spatial
analysis and mapping in this research were done in the Arc GIS 10.3.1 platform. Therefore,
to ensure consistency of scale, all of the collected maps and spatial data of the study area
were converted into GIS shapefiles considering the Bangladesh Transverse Mercator (BTM)
projection system.
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development phase”, International Journal of Disaster Risk Reduction, published by Elsevier, 2020 [28]).

3.3. Selection of Risk Themes for Assessment of Earthquake-Risk Sensitivity of the Land Use

Among the risk themes mentioned in Section 2.1, some themes were selected as the
criteria for earthquake-risk-sensitivity assessment of the land use of the study area in this
research considering the context of this research and the scale and development status of the
study area. These are related to development, land use, and emergency facilities, including
macro-form risks (seismic hazard), risks in transportation, risks in hazardous uses, special
risk areas (geomorphic suitability and distance from a water body), open-space-scarcity
risk, and risks in critical facilities (distance from potential temporary shelters and distance
from health facilities).

3.4. Seismic-Hazard Assessment of the Study Area

Among the risk themes, macro-form risks include understanding and evaluating
the earthquake hazard in an area to ensure increased resiliency through the successful
adoption of appropriate measures in land-use planning [12,39,92]. It helps to identify
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and avoid potential problems associated with development in hazard-prone areas [14,93].
In this research, for the assessment of earthquake hazard in the study area, first, the
scenario earthquake was selected based on the study of the GoB on earthquake scenarios
for Dhaka city under the Comprehensive Disaster Management Program (CDMP) [73]. The
detailed discussion and findings from the scenario selection are discussed in Section 4.1.
Based on the selected scenario earthquake, the earthquake hazard in the study area was
assessed through assessment of ground shaking, ground response or soil amplification,
and soil-liquefaction susceptibility. After that, the seismic-hazard map of the study area
was prepared. The assessment steps and methods are discussed in the following sections:

3.4.1. Assessment of Ground Shaking

Among the different methods discussed in Section 2.2 (Table 1), GIS-based RADIUS
is more convenient to use for its simple methodology and because it does not require
detailed technical knowledge of earthquake engineering to ensure a medium–high level of
accuracy [39]. Though it is not sufficient in terms of detailing, it is good enough for decision-
making, considering the financial and temporal aspects [94]. Some studies in Bangladesh
also utilized the RADIUS tool [95,96]. Therefore, to prepare the ground-shaking map of the
study area in terms of PGA, the GIS-based RADIUS tool was used in this research. For this
purpose, first, the study area was divided into square grids with a dimension of 0.25 km
by 0.25 km using the Fishnet tool in ArcGIS 10.3.1 considering the dimension of the study
area. After that, the grids were inputted into the RADIUS tool. Then, the parameters from
the selected scenario earthquake were inputted, e.g., epicenter location, magnitude of the
earthquake, fault-plane attributes (dimensions, depth to the top of the fault, orientation,
and dip), and distance of the epicenter from the study area. After running the tool using
the inputted data, a ShakeMap of the study area was produced. After that, the grid-wise
values of ground shaking were inputted in ArcGIS 10.3.1. Thus, the spatial distribution of
ground shaking in the study area was computed for the scenario earthquakes.

3.4.2. Assessment of Ground Response or Soil Amplification

Among the different methods discussed in Section 2.3 (Table 2), DEEPSOIL can sim-
ulate ground-motion propagation through deep soil deposits in cases of high seismic
intensities at the rock base. Therefore, in this research, DEEPSOIL software was used to
analyze the ground response and soil amplification of the study area by integrating it with
GIS. To study the soil amplification, first, the borehole-test data (soil composition) and
corresponding ground-shaking results (obtained from Section 3.4.1) were inputted into
DEEPSOIL. After running the software, soil-amplification factors for each of the points
were generated. Then, these data points of the soil-amplification factors were inputted
into ArcGIS 10.3.1. Then, using the Kriging interpolation tool in ArcGIS 10.3.1, the data
points were converted into two-dimensional plane data, which is the ground-response
or soil-amplification map of the study area. Kriging interpolation is one of the most
suitable methods for geological and geotechnical predictions in space, and is known as
the optimal-interpolation method and is less arbitrary than others [97,98]. In this way, a
soil-amplification map of the study area was prepared for this research.

3.4.3. Assessment of Soil-Liquefaction Susceptibility

Of different methods discussed in Section 2.4 (Table 3), the penetration-test method
was utilized in this research due to its simplicity and usefulness for mapping liquefaction
susceptibility in large areas [50,51]. Based on the evaluation of the borehole-test data,
including groundwater level, soil composition and subsoil investigation (Standard Pen-
etration Test SPT-N value), and corresponding ground-shaking results (obtained from
Section 3.4.1), the soil-liquefaction susceptibility at each of the points was generated. Then,
these data points were inputted into ArcGIS 10.3.1. Using the Kriging interpolation tool in
ArcGIS 10.3.1, the data points were converted into two-dimensional plane data, producing
the soil-liquefaction-susceptibility map of the study area.
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3.4.4. Mapping the Seismic Hazard of the Study Area

In this research, the soil-amplification- and soil-liquefaction-susceptibility maps of
the study area were developed based on the ground-shaking attributes developed in GIS-
based RADIUS. Overlaying these maps, the seismic-hazard map was prepared for the
study area in ArcGIS 10.3.1. Here, liquefaction susceptibility and soil amplification are
different phenomena and are represented in different units. Moreover, it is very difficult to
classify these phenomena into distinct classes, e.g., high, moderate, and low. Considering
the consistency of assumptions with the characteristics of the soil-amplification and soil-
liquefaction susceptibility, the fuzzy-overlay technique was applied here (discussed in
Section 2.5). Reclassification of the raster maps was done through fuzzification by applying
the fuzzy-large function of the Fuzzy Membership tool in ArcGIS 10.3.1. After that, the
fuzzy-or function of the fuzzy-overlay tool was applied to overlay the reclassified raster
maps of soil-amplification and soil-liquefaction susceptibility. Thus, the seismic-hazard
map of the study area was prepared.

3.5. Preparation of Individual Risk-Theme-Based Risk-Sensitivity Maps

To translate the risk themes into the spatial aspect, the risk themes were further
defined and classified into risk-sensitivity scales (1 to 5, where 1 represents low risk
sensitivity and 5 represents high risk sensitivity) based on the review of different works of
literature [85,93,99–101]. Table 4 shows the risk themes, their corresponding attributes, and
the risk-sensitivity scales for the preparation of individual risk-theme-based risk-sensitivity
maps of the study area. Risk-sensitivity maps were created for the land use of the study area
using ArcGIS 10.3.1 based on the conditions and scales defined in Table 4. The prepared
seismic-hazard map was reclassified into five classes for macro-form risk, whereas the
Create Buffer tool was utilized for distance-based risk themes and corresponding attributes
such as risks in urban texture, hazardous uses, special risk areas, open-space-scarcity risk,
and risks in critical facilities. Shapefiles of land use such as primary road, hazardous use,
water body, open space, educational and public facility, and health facility were used for
this purpose. The soil-suitability data of GSB was reclassified into five classes for special
risk areas (geomorphic suitability) using the Raster Reclassification tool according to the
GSB classification shown in Table 4 [91].

Table 4. Risk themes, corresponding attributes, and risk-sensitivity scales for the preparation of
individual risk-theme-based risk-sensitivity maps.

Risk Themes Risk
Attributes

Explanation
Risk Sensitivity (From Low to High)

1 (Low) 2 3 4 5 (High)

Macro-form risks Seismic-hazard
mapping

The more prone the
area is to

earthquakes, the
higher the risk

sensitivity and the
higher the possibility
of being affected by

an earthquake.

Very low Low Moderate High Very high

Risks in
transportation:
interconnected-
ness in the area
as a means of

escape and
access to rescue

and relief

Distance from
primary roads

The farther the area
is from primary

roads, the higher the
risk sensitivity and
the greater the time
needed to reach out
for rescue and relief.

<100 m 100–500 m 500–1000 m 1000–1500 m >1500 m
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Table 4. Cont.

Risk Themes Risk
Attributes

Explanation
Risk Sensitivity (From Low to High)

1 (Low) 2 3 4 5 (High)
Risks in

hazardous uses
(LPG and petrol

stations,
chemicals,
explosives,

power plants,
etc.)

Distance from
hazardous use

The nearer the area
is to hazardous use,
the higher the risk
sensitivity and the

higher the possibility
of being affected by
secondary disasters

>200 m 150–200 m 100–150 m 50–100 m <50 m

Special risk areas

Geomorphic
suitability

The weaker the soil
condition, the higher

the risk sensitivity
and the higher the
possibility of being

affected by
amplification and

liquefaction.

Very
suitable Suitable Moderate

suitable Weak Very weak

Distance from
a water body

The nearer the area
is to a water body,
the higher the risk
sensitivity and the

higher the possibility
of being affected by

liquefaction.

>200 m 150–200 m 100–150 m 50–100 m <50 m

Open-space-
scarcity risk

(open spaces are
the priority to be

used as
evacuation space
during and after
an earthquake)

Distance from
open space
(walking
distance)

The farther the area
is from open spaces,
the higher the risk
sensitivity and the

greater the time
needed to reach out

for evacuation.

<400 m
(<5 min)

400–800 m
(5 to

10 min)

800–1200 m
(10 to

15 min)

1200–1600 m
(15 to

20 min)

>1600 m
(>20 min)

Risks in critical
facilities

Distance from
potential

temporary
shelters

(walking
distance):

educational
and public

services

The farther the area
is from potential

temporary shelters,
the higher the risk
sensitivity and the

greater the time
needed to reach out

for temporary
shelter.

<400 m
(<5 min)

400–800 m
(5 to

10 min)

800–1200 m
(10 to

15 min)

1200–1600 m
(15 to

20 min)

>1600 m
(>20 min)

Distance from
health facilities

(walking
distance)

The farther the area
is from health

facilities, the higher
the risk sensitivity
and the greater the

time needed to reach
out to health

facilities.

<400 m
(<5 min)

400–800 m
(5 to

10 min)

800–1200 m
(10 to

15 min)

1200–1600 m
(15 to

20 min)

>1600 m
(>20 min)

Source: Prepared by authors based on review of [85,93,99–101].

3.6. Mapping Earthquake-Risk Sensitivity of Land-Use Plan

The prepared risk-theme-based risk-sensitivity maps needed to be aggregated to
obtain a cumulative multi-criteria risk-sensitivity zoning map of the study area. For this
purpose, first, the comparative weights of the risk themes were determined through the
Analytical Hierarchical Process (AHP) [102]. In this regard, key informant interviews were
carried out. First, a list of experts was developed considering the relevance of their expertise
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to this research, which was further verified by each interviewee. Thus, seven experts were
interviewed to carry out the pairwise comparison of the attributes. The affiliations of the
seven experts interviewed were:

• Director (Relief), Department of Disaster Management (DDM), the Government of the
People’s Republic of Bangladesh (GoB);

• Professor, Department of Urban and Regional Planning, BUET, Bangladesh;
• Professor, Department of Civil Engineering, and Director, BUET-Japan Institute of

Disaster Prevention and Urban Safety (BUET-JIDPUS), BUET, Bangladesh;
• Urban Planning Officer, Asian Disaster Preparedness Center (ADPC), Bangladesh;
• Executive Engineer (Civil), Capital Development Authority (RAJUK), Bangladesh;
• Project Director, Urban Resilience Project, Capital Development Authority (RAJUK),

Bangladesh;
• Shelter specialist, Early Recovery Facility (ERF), United Nations Development Pro-

gramme (UNDP), Bangladesh.

The face-to-face interviews were carried out from March 2018 to June 2018 by schedul-
ing individual interview dates and places based on the expert’s permission and convenience.
While interviewing the experts, the confidentiality of the interview was explained to them
and their permission was duly requested. After that, the experts were informed about the
purpose of this research and the procedure of the interview. Following that, the interviews
were carried out. Here, responses with a Consistency Index (CI) less than or equal to 10%
was considered a valid response.

Based on the comparative weights of different risk themes derived through the AHP
method, the corresponding risk-theme-based risk-sensitivity maps were overlaid using
the Weighted Overlay tool in ArcGIS 10.3.1. Finally, this overlaid map showed the spatial
multi-criteria earthquake-risk-sensitivity zoning map of the land use of the study area.

4. Results and Discussion
4.1. Macro-Form Risk

Earthquake scenarios were selected based on a seismic-hazard-assessment study in
Dhaka city carried out by OYO International Corporation (OIC) [73]. Table 5 shows the
earthquake scenarios for Dhaka city. Among them, the first case was selected as the scenario
earthquake for seismic-hazard assessment in the study area considering that the scenario
would produce the highest-level ground motion in the city. Figure 3a shows the ground-
shaking map of the study area for the selected scenario earthquake. From the map, it was
visible that the northeastern portion of the study area is more prone to earthquake shaking.

Table 5. Earthquake scenarios for Dhaka city.

Case
Coordinate of Epicenter

Mw
Depth to Top
of Fault (km)

Dip Angle Fault Type Description
Latitude Longitude

1 24.3 90.1 7.5 10 45◦ Reverse Madhupur Fault

2 23.8 91.1 8.0 3 20◦ Reverse Plate Boundary
Fault-2

3 23.8 90.4 6.0 8 90◦ Reverse Mw6.0 beneath city

4 23.8 90.5 8.5 3 20◦ Reverse Plate Boundary
Fault-2

Source: CDMP [73].
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Based on the ground-shaking map (Figure 3a) and borehole-test data (Figure 3b), the
soil-amplification factor (Figure 3c) and soil-liquefaction susceptibility (Figure 3d) in the
study area were analyzed. To analyze the earthquake hazard in the study area, the maps
were converted into the same base through fuzzy membership. Figure 3e,f show the fuzzy
membership of the amplification factor and soil-liquefaction susceptibility in the study area,
respectively. Figure 3g shows the seismic-hazard map of the study area that was developed
by overlaying the fuzzy-membership maps of the amplification factor and soil-liquefaction
susceptibility. Here a low earthquake hazard represents low-risk sensitivity and a high
earthquake hazard represents high risk sensitivity from a macro-form risk perspective.
Based on Figure 3, it was observed that the western portion of the study area is most prone
to seismic hazard and therefore most sensitive to earthquake risk from a macro-form risk
perspective.

4.2. Risks in Transportation

Risks in transportation were assessed based on the road network in the study area as
means of escape and access to rescue and relief. According to the land-use plan of the study
area, the roads are arranged in a grid pattern. The road width varies from 20 ft to 210 ft.
From the analysis of the road network and its width, it can be said that the proposed road
network ensures interconnectedness within the study area, which is suitable for emergency
movement, rescue, and relief activities after an earthquake [103]. Along with roads for
vehicular movement, there are interconnected lakes and walkways along them, which can
also be utilized as an alternative to road transport.

The primary road network also reflects the connectedness of the study area with other
parts of the city. This is crucial for receiving support from surrounding areas for response,
rescue, and relief. Thus, areas nearer to the primary roads are less risk sensitive, and vice
versa, from the perspective of risks in transportation. Figure 4b shows the risk sensitivity
of the study area to the distance from primary roads, representing risks in transportation.
From the Figure 4b, it was observed that a major portion of the study area is covered within
500 m of the primary roads, signifying lower risk sensitivity from the perspective of risks
in transportation.

4.3. Risks in Hazardous Uses

Risk in hazardous land uses in the study area was assessed based on proximity to
hazardous uses. In the study area, hazardous land use comprises 2.25% of the total area.
There are altogether nine proposed gas stations and petrol pumps, collectively six power
substations, a Metro Rail Transit (MRT) depot, provision for a waste-management and
recycling area in 0.13 square km of land, and a water-treatment plant with an area of
0.03 km2. The areas nearer to hazardous uses are highly sensitive to risks in hazardous uses
due to the higher possibility of being affected by secondary hazards (e.g., fire, explosion,
pollution, etc.). Figure 4c shows the risk sensitivity of the study area to the distance from
hazardous uses.
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4.4. Special Risk Areas
4.4.1. Geomorphic Suitability

The geomorphology of Dhaka city, including its geomorphologic composition and
suitability for construction, were analyzed based on a geomorphologic composition by
GSB [91]. From the geomorphological composition of the study area, it was observed that
a major portion of the study area (about 67.1%) consists of the floodplain, marshy land
and depression, and Madhupur terrace (low). Therefore, about 71.21% of the study area
comprises very weak foundation conditions, for which a specialized foundation design is
required; 17.58% is in a weak foundation condition, for which a pile foundation is required;
and 11.21% is suitable for all kinds of infrastructure. Thus, grounded on the suitability for
construction analyzed based on a geomorphologic composition by GSB, the weaker the soil
condition, the higher the risk sensitivity due to the higher possibility of being affected by
amplification and liquefaction. Figure 4d shows the risk sensitivity of the study area to the
geomorphic suitability. Figure 4d shows that most of the area is highly risk sensitive, with
very low geomorphic suitability for land development and built-environment construction.

4.4.2. Distance from a Water Body

From the analysis of water bodies in the land-use plan of the study area, it was ob-
served that there are interconnected lakes proposed to be preserved by RAJUK comprising
about 7.67% of the total study area. Here, the nearer the area is to a water body, the higher
the risk sensitivity due to the higher possibility of being affected by liquefaction. Figure 4e
shows the risk sensitivity of the study area to the distance from a water body, and the area
close to the riverbanks are risk sensitive to development and construction.

4.5. Open-Space-Scarcity Risk

During and after an earthquake, the priority for evacuation spaces should be given to
open areas. The land-use plan designates 7.69% of the study area as open spaces, including
parks, playfields, graveyards, green belts, and other open areas. Playfields are evenly
distributed near educational facilities, whereas parks are mainly located along lakes. The
green belt is located on the southeastern side of Sector 18 to separate waste- and water-
treatment plants from neighborhoods and the water-retention area. Open spaces are well
connected by road networks and walkways, making them suitable for emergency response
after an earthquake. The greater the distance from open spaces, the more sensitive the risk
becomes because it takes more time to reach them for evacuation. In Figure 4f, the risk
sensitivity of the study area to the distance from open spaces is shown. The figure indicates
that the area is within 800 m of primary roads, indicating a lower risk sensitivity regarding
proximity to open spaces.

4.6. Risks in Critical Facilities
4.6.1. Potential Temporary Shelters

Educational and religious facilities are suitable to be used for temporary shelter.
The educational facilities proposed in the study area comprise 2.47% of the total area and
include schools, educational institutions, and special institutions. There are three additional
religious facilities. All of these facilities in the study area can be utilized as temporary shelter.
The farther the area is from the potential temporary shelters, the higher the risk sensitivity
due to the greater time needed to reach out for shelter after an earthquake. Figure 4g shows
the risk sensitivity of the study area to the distance from potential temporary shelters.

4.6.2. Health Facilities

Health facilities are crucial to providing immediate treatment to injured people after
an earthquake. The health facilities proposed in the study area include one hospital block
and three health clubs, with a total area of 0.03 km2. Nevertheless, the health facilities are
located in three corners of the study area, which may not be accessible by all residents of
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the study area after an earthquake. The farther the area is from the health facilities, the
higher the risk sensitivity due to the greater time needed to reach out for treatment after
an earthquake. Figure 4h shows the risk sensitivity of the study area to the distance from
health facilities. Based on Figure 4h, it was observed that the southwestern part of the
study area is most risk sensitive from the perspective of risks in health facilities.

4.7. Spatial Earthquake-Risk Sensitivity of Land Use

Table 6 shows the findings from the AHP, including the comparative weight and rank
of the risk themes. From the analysis, it was observed that the highest preference was
given to geomorphic suitability, distance from hazardous use, and distance from the health
facility. The experts thought that the damage due to the earthquake would be greater if the
soil condition is not considered during building construction. Moreover, hazardous uses
will increase the risk of secondary hazards (fire, explosion, environmental pollution, etc.).
Again, having few health facilities will cause the death of injured people due to a lack of
emergency-treatment facilities.

Table 6. Comparative weight and rank of the risk attributes through the AHP.

Risk Themes Risk Attributes Weight Rank

Macro-form risks Earthquake hazard 13.38% 4

Risks in transportation Distance from primary roads 5.37% 8

Risks in hazardous uses Distance from hazardous use 14.71% 2

Special risk areas
Geomorphic suitability 22.31% 1

Distance from the water body 10.42% 6

Open-space-scarcity risk Distance from open space 13.01% 5

Risks in critical facilities
Distance from potential temporary shelters 7.39% 7

Distance from health facilities 13.40% 3

Figure 4i shows the multi-criteria earthquake-risk-sensitivity zoning map of the study
area at the local level, depicting the spatial earthquake-risk sensitivity of the land-use plan. It
was prepared by overlaying the risk-theme-based risk-sensitivity maps (Figure 4a–h) using
the weights determined in Table 6 through the AHP method (as discussed in Section 3.6).

Overall, four earthquake-risk-sensitive zones were identified, ranging from high risk-
sensitive zones (red zone) to low risk-sensitive zones (dark-green zone).

• The low earthquake-risk-sensitive zone is the relatively safest area. The area is in
the northeastern part of the study area in sector 15. This zone is relatively less risk
sensitive with respect to all individual risk themes (Figure 4).

• The moderate–low earthquake-risk-sensitive zone is a relatively safer area. The area
is located mostly in the eastern part of the study area. Some parts of this zone are
highly at risk from the perspective of geomorphic suitability. Otherwise, this zone is
relatively less risk sensitive with respect to all other individual risk themes (Figure 4).

• The moderate–high earthquake-risk-sensitive zone is at lower risk than the red zone.
The area is located mostly in the western part of the study area. This zone is highly at
risk from the perspective of the seismic hazard, geomorphic suitability, distance from
a water body, and distance from a health facility (Figure 4).

• The high earthquake-risk-sensitive zone is the highest-risk zone. The area is located
in southwestern part of the study area in sector 18. This zone is at high risk due
to the seismic hazard, distance from hazardous uses, geomorphic suitability, and
distance from a health facility (Figure 4). All of these risk themes contribute to the
high earthquake-risk sensitivity of this zone.
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4.8. Discussion

From the above findings and analysis, it can be observed that the methodology pro-
posed in this research led to the identification of different earthquake-risk-sensitive zones
in a local-level area by aggregating different risks. This enables an understanding of where
and why RSLUP interventions are necessary for the local-level area. Although few previous
studies have focused on RSLUP at the local level, the approach proposed in this research
to assess and map risk sensitivity to facilitate RSLUP is more effective than the previous
approaches. Specifically, in the study by Barua, Islam and Ansary [28], research was con-
ducted in the same study area and a methodology was proposed to integrate earthquake
RSLUP. The authors assessed the earthquake risk of the study area with respect to risk
themes and suggested earthquake RSLUP strategies based on their findings. Although
the proposed RSLUP strategies were detailed and appropriately addressed the risk-theme-
based analysis, they were the same for the entire study area. However, our study identified
that earthquake-risk sensitivity varies across different parts of the study area. In another
study, Fat-Helbary, El Faragawy and Motaal [30] proposed RSLUP strategies for a local
area in Egypt based only on seismic-hazard assessment, which is applicable in raw-land
situations. Other studies have proposed RSLUP strategies without analyzing and mapping
the existing risk sensitivity of the land use [11,29].

Thus, the findings from applying the methodology proposed in this research will
further facilitate the what and how of the RSLUP strategies as a decision-support system,
reflecting the risk sensitivity accordingly and effectively and thereby fostering its sustain-
ability [10,13]. Some examples of RSLUP strategies reflecting earthquake-risk-sensitivity
zoning of the study area are:

• The low risk-sensitive zone is suitable for promoting growth. However, care should
be taken to conserve the low-risk sensitivity of this zone, e.g., open-space, temporary-
shelter, and health-facility conservation and maintenance.

• In the moderate–low earthquake-risk-sensitive zone, growth should be promoted
by ensuring consideration of the soil condition and foundation requirements for
construction. Conservation of the emergency facilities should be ensured.

• The moderate–high earthquake-risk-sensitive zone should be considered a moderate-
alert zone. In this zone, development should be controlled with building-height
restrictions. Here, construction should be carried out by considering soil conditions
and foundation requirements. For risk transfer, mandatory building insurance can be
promoted. Additional health facilities should be allocated to enhance coverage, along
with conservation of the existing emergency facilities.

• The high earthquake-risk-sensitive zone should be considered a high-alert zone. De-
velopment control, construction safety, risk transfer, allocation of additional health
facilities, and conservation of the emergency facilities should be more strictly applied.
Additionally, the location of the hazardous uses in this zone can be reconsidered.
Alternatively, more emphasis should be given on the safety of the hazardous uses, e.g.,
safe construction, safety measures, and buffer zone.

5. Conclusions

In conclusion, it can be said that the multi-criteria assessment and mapping of the
risk sensitivity of the land use at the local level is of utmost importance. This will further
pave the way for developing effective and sustainable RSLUP strategies reflecting the risk
sensitivity accordingly and thereby increase the disaster resiliency of the area. This research
brings out a methodology to assess the spatial earthquake-risk sensitivity of the land use at
the local level and to prepare a multi-criteria risk-sensitivity zoning map. From the spatial
earthquake-risk-sensitivity assessment of the land-use plan of the study area, positive
features can be observed in the case of risks in urban texture and open-space-scarcity
risk. The proposed grid-patterned road network and width ensure interconnectedness
within the study area for emergency movement facilitating means of escape and access
to rescue and relief after an earthquake. The open spaces are evenly located and well
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connected, which are effective and sufficient to serve the area in the time of emergency after
an earthquake. However, major earthquake risks in the study area lie in macro-form risks,
risks in hazardous uses, special risk areas, and risks in critical facilities. The study area is
highly earthquake-hazard prone. The geomorphic condition increases the risk sensitivity of
land use in the study area. There is no health facility in the southwestern side of the study
area. From the multi-criteria risk-sensitivity zoning map of the study area, overall, four
earthquake-risk-sensitive zones were identified, ranging from high risk-sensitive zones
to low risk-sensitive zones. Sector 18 is more risk sensitive, but sector 16 is also highly
earthquake-hazard prone. Thus, risk factors related to land use resulted in the increased
risk sensitivity of sector 18 in the study area.

This research contributes to the theory of disaster-risk reduction and management by
bringing out the importance of assessing and mapping the multi-criteria risk sensitivity of
the land use of a local-level area and a methodology to do so. This research will contribute
to practices by enabling the application of the methodology as a decision-support system
for RSLUP. Thus, this method can be mainstreamed and institutionalized in planning
policies and practices. It will enable policymakers to understand where and why RSLUP
interventions are necessary for land use at the local level. The findings regarding applying
this methodology will further guide the what and how of the RSLUP measures. This will
further foster the sustainability of the RSLUP by reflecting the risk sensitivity accordingly
and effectively. Consequently, this will lead to the development of a resilient and sustainable
built environment.

The local-level analysis brings out a detailed and actual scenario of risk sensitivity
more accurately, which will foster RSLUP strategies with more relevance and effectiveness.
While doing so, the development status of an area should be considered because flexibility
of the corrective RSLUP measures will depend on it. As such, drastic changes in land
use may not be possible to accommodate in developed areas, areas under development
may have some flexibility, and areas in the planning stage may have the most flexibility.
This research can be replicated in other areas of Bangladesh, as well as in other countries,
with necessary modifications considering local perspectives, development status, and
hazard scenarios.

This research has some limitations, and there is scope for further research in these
areas:

(a) In this research, the study area considered was in the development phase. Due to the
development status, some relevant development and built-environment-related risk
themes could not be considered. Thus, the consideration of risk themes varies with the
development status of the study area. Therefore, further research should be carried out
for risk-sensitivity assessment and mapping of areas at other levels of development.
While doing so, relevant risk themes and attributes should be considered based on
the development status of the areas.

(b) In this research, a risk-sensitivity assessment and mapping method is proposed for
earthquakes. However, the context changes with the hazards. Moreover, an area
may be at risk of numerous hazards (simultaneously or not). Therefore, in future
research, a risk-sensitivity assessment and mapping method considering multiple
hazards should be developed to enable the development of multi-hazard RSLUP.

(c) Even though this research encourages local-level risk-sensitivity assessment, map-
ping, and RSLUP, a holistic approach also needs to be introduced and adopted by
accumulating the local level findings and initiatives at the city, regional, and na-
tional levels to ensure cohesion among them. While doing so, additional appropri-
ate risk themes should be considered (e.g., governance, economic factors, external
factors, etc.).

(d) Further research should be carried out to propose a methodology for RSLUP based
on the application of the proposed methodology in this research (risk sensitivity and
zoning map). While doing so, the scale and development status of the study area
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should be considered to define the scope for integrating RSLUP. This will lead to more
realistic and thereby sustainable RSLUP.
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