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Abstract
Cities are exposed to different types of threats. They also consist of densely populated assets. Such asset
is likely to get affected in any hazardous consequences resulting in huge loss in socio-economic values.
Biratnagar metropolitan city is one of the rapidly urbanizing cities in the country and major economic center in
the province 1. The increasing development activities have improved the city governance but also increased
the number of urban assets that could be subjected to potential damage or loss during hazards. This research
has presented the vulnerability of urban assets to multi-hazards scenario of Biratnagar metropolitan city.
The research has looked into four types of vulnerabilities- physical, social, economic, and environmental
vulnerability which can have significance contribution to increasing vulnerabilities of assets to different types
of hazards. 19 variables for four types of vulnerabilities were identified for the study. Spatial information of
such variables was collected on the field, analyzed using the GIS, and presented in the form of maps. The
building features were distributed within vector grids and relative vulnerabilities of such grids was calculated
using the standard normal distribution of observed data. The overall vulnerability of a city was calculated and
categorized into different level of vulnerabilities using standard deviation approach. The overall vulnerability
was presented in the form of map and chart.
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1. Introduction

Development works in urban cities play a vital role in
exposing urban assets to hazardous events which can
result a huge loss in the economy and physical
environment [1]. The vulnerability of such assets is
likely to increase with their conditions over time.
Vulnerability has been defined as a concept as well as
a phenomenon by [2]. Vulnerability of infrastructures
is hazard-dependent and a function of the
susceptibility to damage [3], while the vulnerability of
people is the function of coping capacity [4],
depending upon the time, types, and intensity of
events [5]. [6] has illustrated that the vulnerability is
also dependent on the exposure, hazard, resilience,
susceptibility and recovery.

Various types of vulnerability were identified and
presented in three sides of a Rubik’s cube [5]. One of
the sides included physical, economic, environmental,
and social factors. Vulnerabilities were defined as

their existing condition which is a function of their
characteristics like, age, strength, materials used, etc.
Physical vulnerability is referred to as a degree of
susceptibility of a built environment [7]. [8] has
defined physical vulnerability as a potential damage to
physical assets including built-up areas and
infrastructures due to hazard. Similarly, the economic
vulnerability is defined as a potential damage in
economic sectors or obstruction of economic activities
as an impact of hazard [9]. Same factors are also
being used to determine the disaster resiliency of the
city. Thus, [10] has conceptualized a dynamic but a
complex relationship between vulnerability and
resilience. The study of the vulnerability of urban
assets can provide a basis for increasing resilience of
a city by strengthening the vulnerable assets.

Study area: Biratnagar metropolitan city is one of
the rapidly urbanizing cities in the country.During the
preliminary study it was found that the indigenous
settlements still exist in the city. There is also a high
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number of in-migration of people. Such in-migration
have increased the number of urban assets like
settlement areas and infrastructures. This might have
contributed to the rapid urbanization in the city. Since
the city is located in the region which is hit by
different types of annual hazards, such assets are
likely to be exposed to multi-hazards. With the null
hypothesis that the vulnerabilities in indigenous and
urbanizing areas are relative high, the following
research objectives were set for the research:

• to identify the contextual hazards in the city, and

• to calculate the level of different types of
vulnerabilities.

2. Methodology

2.1 Research method and variables:

The primary data has been used on the research. The
data related to the indicators and variables were
collected on the field by researchers. The collected
information were analyzed and validated through
another field visit. The findings were elaborated and
described within the scope of the research. Thus, the
research have adopted the exploratory research
followed by the descriptive analysis. Four types of
vulnerabilities- physical, economic, environmental,
and social were assessed during the research. A total
of 19 variables were selected from the literature
review which has been frequently used in
multi-hazards study. Vulnerabilities between housing
grids were obtained and presented in the five-point
scale of relative vulnerability.

2.2 Indicators and variables:

The selected 19 variables were related to 4 indicators.
Such indicators and variables were related through
their significance during contextual hazards.

Table 1: Indicator 1- Physical vulnerability

Variables Significant hazards
House density Seismic, flood, fire, epidemics
House types Seismic, flood, fire
House storey Seismic
Roof types Seismic, fire
Wall types Seismic, flood, fire

Ground slope Seismic, flood
House compound Seismic, flood
Foundation types Seismic

Table 2: Indicator 2: Economic vulnerability

Variables Significant hazards
Retail shop Fire

Dealers Fire
Institutions Fire

Manufacturing Fire
Agriculture Fire

Table 3: Indicator 3: Environmental vulnerability

Variables Significant hazards
Parks/recreation Flood, epidemics
Protected areas Flood

Table 4: Indicator 4: Social vulnerability

Variables Significant hazards
Urban poor Seismic, flood, fire, epidemics

Indigenous areas Seismic, flood, fire, epidemics
Heritages Fire, epidemics

Low education Fire, epidemics

3. Data collection and processing

3.1 Data collection:

Spatial information of all variables was collected from
the field visit to the Biratnagar metropolitan city as
geo-referenced point data using KoBo Collect platform
in android device. The field value noted on a point
was considered to represent its surrounding. Thus,
the value noted was based on the observation of its
surrounding as a whole. In case of missing data in
some points, the site was studied contextually and data
were interpolated to the such points.

Figure 1: Sample of data collection tool used in the
research.
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Representative survey points are shown in the map
below:

Figure 2: Field survey points displayed in the KoBo
platform

3.2 Data processing and analysis:

The surveyed data were processed in the KoBo
platform and Microsoft Excel to ensure the
information related to each variables were collected
from the field. Processed data were imported to the
QGIS and the point data were assigned to the polygon
dataset of building features. The values for the
missing grids were calculated using the inverse
distance weighted interpolation method.

Figure 3: Inverse distance weighted interpolation
process

The interpolation process was expressed as follows
[11]:

Hunknown =
∑

n
i=1 Hi/di

2

∑
n
i=1 1/di

2 (1)

Where, Hunknown is the interpolated value, Hi is the
value of known points, di is the distance between
known points and unknown points, and n is the
number of points used in the interpolation procedure
for estimating the unknown point.

The value of each variables was standardized using
z-scores. Z score allows researchers to compare scores
from different variables by normalizing the distribution
to common scale [12]. Z-score was calculated by using
the following equation:

zi =
ui −µ

σ
(2)

Where, zi is the z-score of a grid for specific variable,
ui is the observed value of a grid, µ is the overall mean
value, and σ is the standard deviation of observed
values.

Normalized scores and total vulnerability are
calculated using the following equation [10]:

Normalized score, Ni =
Value of a variable
Maximum value

(3)

Total vulnerability =
19

∑
i=1

Ni (4)

Based on the calculated values, vulnerability maps
were developed in the GIS. Vulnerabilities were
categorized in five different classes using the standard
deviation approach [13].

Table 5: Categorization of vulnerability classes

Range value Level of vulnerability
>1.5σ Very high

>0.5 to 1.5σ High
>-0.5 to 0.5σ Moderate
>-1.5 to -0.5σ Low

<-1.5σ Very low

4. Results and Discussions

After the processing and analysis of data the result was
obtained in the form of a chart and maps.

Figure 4: Percentage of area under different classes
of vulnerabilities
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The chart showed that only small areas were at very
low vulnerabilities while most of areas were between
low to high vulnerabilities and nearly 10 percentage
of areas were at very high vulnerabilities classes. The
indicator-wise maps were able to provide the spatial
scenario of different types of vulnerabilities.

Physical vulnerability: Since, the city is one of the
oldest urban cities in the country, it was found that old
settlement areas still existed in the city. Such area
consisted of older buildings and technology which
have very high physical vulnerability. Similarly, core
market areas also seem to have high physical
vulnerability because of densely populated urban
assets which are likely to be highly affected during
hazards like earthquake and fire. Such areas are also
likely to be affected by the urban flood and epidemics
as a cascading hazard. Around 7.41 percentage of
areas were found to be at very high physical
vulnerability to multi-hazards.

Economic vulnerability: The city is considered to
be one of the industrial capitals in the country and
hence annually have high economic contribution to
national economy. The areas like core market areas
and areas having manufacture industries in the north
have high economic vulnerability while the areas
around the border checkpoint have medium economic
vulnerability. The transition regions were found to
have lower economic vulnerability. Around 5.96
percentage of areas were found to be at very high
economic vulnerability to multi-hazards.

Environmental vulnerability: The areas in the west
of the cities and some old settlement areas are found
to have high environmental vulnerability. Such areas
were abundant of vegetation, forest, and agriculture.
Around 5.08 percentage of areas were found to be at
very high environmental vulnerability to
multi-hazards.

Social vulnerability: During the field visit, it was
observed that still there was an existence of highly
vulnerable communities such as settlements of
indigenous ethnic groups, low-income communities,
older settlement areas, communities of daily
wage-based working groups, etc. in the city.
Existence of such communities have resulted the
higher social vulnerability at particular areas in the
city. The study showed the higher social vulnerability
across the areas where vulnerable communities have
existed. Around 6.73 percentage of areas were found
to be at very high social vulnerability to

multi-hazards.

Figure 5: Indicator-wise vulnerability map

Figure 6: Overall vulnerability map
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Overall vulnerability: The overall vulnerability map
showed level of impact areas in the city can have
during multiple hazards. Either of the aforementioned
sectors or all sectors (mentioned earlier as indicators)
are likely to be affected. Overall vulnerability was
found to be high at either old settlements, core market
areas, or areas consisting of manufacturing industries.

The value of overall vulnerability calculated as a
whole as well as calculated as a cluster by dividing the
city into parts was averaged around 6.58 percentage of
total areas at very high level of vulnerability.
Similarly, nearly 18 percentage of total area were
highly vulnerable, 45.87 percent of total area were
moderately vulnerable, 26.50 percent of area has low
vulnerability, and 3.05 percent area has very low
vulnerability. However, their level of vulnerability
also depends upon the origin, frequency, intensity, and
extent, and hence, the probabilistic level of impact due
to any type of hazards was calculated and presented in
the form of multi-hazards vulnerability curve.

Vulnerability curve:

Figure 7: Multi-hazards vulnerability curve

The curve shows that the overall vulnerability of the
city was over 0.6 even when the extent of hazard is
very small. Such vulnerability gradually increased
when the extent of hazard increases, and maximum
when the extent of hazard is maximum i.e., when the
hazard is affecting the whole city by regional level
hazards like earthquake and flood.

5. Conclusions and Recommendations

Old, indigenous, and traditional settlements have
higher vulnerability towards multi-hazards. The core
market areas and newer settlements have lower
physical vulnerability but their economic and
environmental sector can be affected by hazards. The
vulnerability curve shows that the whole city is highly
vulnerable during the occurrence of large extent
hazards which could affect the whole city. Thus, the

city seems to have high vulnerability towards regional
hazards. Thus, it is concluded that the higher
vulnerability of vulnerable areas have contributed to
higher overall vulnerability of the city. Similarly, the
higher economic activities and unplanned
environmental management at urban core might have
contributed to higher economic and environmental
vulnerabilities in such areas.

The method adopted in this research seems effective
to identifying different levels of vulnerability within a
city. Since not all the hazards affect all the sectors, the
use of all four indicators is useful in identifying the
indicator-specific vulnerability as well as the
vulnerability to multi-hazard. The curve developed in
this research can be useful in comparing the
vulnerability level of different cities.

It is recommended that the city conducts an
assessment to identify gaps and needs to decrease a
vulnerability of vulnerable areas. Similarly, to reduce
the vulnerabilities of new settlement, urban cores and
developed ares, mainstreaming of disaster risk
reduction activities is recommended in every
development activities in such areas. Along with the
strengthening activities, the city is recommended to
develop and use the resiliency scorecard in real time
to assess the resiliency achieved in the process.

6. Limitations and Justifications

The multi-hazards vulnerability is a complex process
which depends on many variables and indicators from
the multi-disciplinary fields. However, researchers
have tried to use as many available variables whose
first-hand information was collected, processed and
analyzed on the field. Researchers have followed
theoretical statistical processes for processing and
analyzing data which might not be fully satisfiable on
the real field scenario on some circumstances.
However, the field validation was conducted multiple
times for doubtful information. Vulnerability related
values calculated through this research is not an
absolute values but the relative values which is useful
to comparing the scenario between two different
areas.
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