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Abstract

Natural disasters pose a negative impact not only on human lives but also on infrastructures
such as healthcare systems, supply chains, logistics, manufacturing, and service industries.
The frequency of such calamities has grown over time, which not only poses a threat to
human survival and the living environment but is also detrimental to the economic growth
and sustainable development of society. Earthquakes cause the most destruction compared
to other natural disasters, especially in developing countries where the conventional reac-
tive approach to dealing with disasters gives less chance for the appropriate utilization of
already limited resources. Additionally, mismanagement of the resources and the lack of
a unified action plan hinder the purpose of helping the grieving population. Considering
the foregoing, this study presents a methodology for identifying hotspots and helping pri-
oritize pre- and post-disaster management action by conducting a thorough seismic risk
assessment while taking into consideration the case of a developing country as its focus.
This methodology allows for rapid risk assessment against any given scenario by pro-
viding quantitative estimates of the repercussions such as physical damage to the build-
ings, casualties including injuries, economic losses, displaced households, debris, shel-
ter requirements, and hospital functionality. In short, it could help prioritize actions with
greater impacts and serve as a foundation for the formulation of policies and plans intended
to increase the resilience of a resource-constrained community. Thus, the findings can be
utilized by government agencies, emergency management organizations, non-government
organizations, and aiding countries as a decision support tool.
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Natural Hazards

1 Introduction

Hazards like earthquakes, landslides, tsunamis, floods, etc. pose an adverse risk to the com-
munity. However, the mere fact of their existence does not guarantee a catastrophe. The
vulnerability and exposure of the community to the hazard are two major components that
significantly contribute to the occurrence of any disaster (Peters 2021; Di Ludovico and Di
Lodovico 2020). Hazards can transform into disasters solely when they intersect with the
vulnerability of a community, and the results can be devastating (Blaikie et al. 1994; Smyth
and Hai 2012). On average, 368 natural disaster events occurred from 2000 to 2019 world-
wide, and this number is rising. Leaving aside the COVID-19 pandemic, 389 natural disas-
ters were reported in 2020, resulting in the loss of around 15,000 human lives, 98 million
affected, and approximately US $171.3 billion worth of economic losses. Asia alone shares
the grief of 40% of fatalities and around 64% of those affected (EM-DAT 2021).

Earthquakes are one of the worst and most devastating natural disasters. Despite inten-
sive efforts, its deterministic prediction is still a question mark. The center for research
on the epidemiology of disasters (CRED) presented natural disaster damage statistics
(2000-2019) demonstrating that earthquakes caused the most devastation compared to
other natural calamities, accounting for 58% of fatalities. In addition, earthquakes are sec-
ond only to storms in terms of economic losses. Seismic incidents have caused an aver-
age economic loss of US $ 32.7 billion each year (EM-DAT 2021). The extent of these
losses depends heavily on the structural integrity of the buildings (e.g., building repair and
replacement cost, building content and inventory cost, relocation expenses, rental income
loss, etc.). In addition to structural damage, economic losses, and human casualties, an
earthquake may generate enormous amounts of debris depending on the earthquake inten-
sity and structural vulnerability of the affected region (Habib 2017). Unmanaged disaster
waste can disrupt response and recovery operations and pose serious health and environ-
mental risks (Habib et al. 2022; Muhammad Salman 2018).

Disaster management strategies may vary from country to country depending upon
their economic development and technological advancement. Developed countries spend
a substantial amount of time and resources on pre-disaster preparedness and disaster risk
reduction. The US Department of Energy has received more than $5 billion for disaster
mitigation by reinforcing the infrastructure. Major grants are available to help with debris
removal, emergency preparedness, and infrastructure restoration. Over $474 million has
been allocated to six states in just 1 year (2021), with building back better (BBB) remain-
ing the primary strategy (Criswell 2022). In the immediate aftermath of a disaster, both
recovery and reconstruction are taking place simultaneously. Adherence to the BBB princi-
ple may slow down the recovery process; however, it lessens the community’s susceptibil-
ity to the forthcoming disaster (Neeraj et al. 2021). Despite all the efforts, certain commu-
nities are unable to manage large-scale disasters on their own, even in developed countries.

On the other hand, the disaster management approach in developing and technologi-
cally constrained countries is often limited to addressing only the immediate repercussions
in the aftermath of an incident. This reactive approach reduces the likelihood of effective
and efficient utilization of already limited resources. Countries with low economic devel-
opment have a higher disaster mortality rate compared to counties with higher economic
development (Li et al. 2021b). In short, the purpose of providing assistance to those
impacted by the disaster in developing countries is not optimally served and the associated
socioeconomic impact is detrimental for years to come (Khan et al. 2019; Marulanda et al.
2022). Moreover, such events not only adversely impact the region itself but can seriously
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influence the international order and economics by damaging environmental and social sta-
bility, as these disasters may trigger the compound disaster effect which may expand the
affected area and create a chain reaction throughout the world (Gissing et al. 2021). As the
world strives to make cities and human settlements inclusive, safe, resilient, and sustain-
able' (IAEG-SDGs 2022), earthquakes pose a substantial threat that requires preventative
measures. Seismic risk reduction is a multifaceted process, but the initial step is always
an accurate risk assessment, which is essential for societal security and sustained eco-
nomic growth (Hosseinpour et al. 2021). Estimating seismic risk and losses is a tedious but
extremely important pursuit. Seismic hazards, local site effects, inventory at risk, and infra-
structure vulnerability are never fully comprehended, particularly in developing countries.

In light of the foregoing, the purpose of this study is to present a methodology for a reli-
able seismic risk assessment considering the case of a developing country as its focus. To
better prioritize and lay the groundwork for an efficient risk reduction strategy, this study
intends to conduct a consolidated risk assessment covering multiple risks, including physi-
cal damage to the buildings, fatalities, economic loss, etc. The results will provide a gener-
alized description of the scale and extent of the risks posed by the deterministic earthquake
scenario. The deliverables are:

1. Quantitative estimates of (a) physically damaged buildings, (b) casualties and injuries,
(c) debris (tonnes), (d) displaced households, (e) economic losses such as repair and
replacement costs of the structural damage, relocation expenses, wage loss, rental losses.

2. Functionality losses of healthcare facilities.

Comparative spatial distribution of the losses at two levels i.e., county and census tract.

4. A unified risk coverage map indicating the most vulnerable areas (hotspots) of the study
region.

b

This paper is organized as follows: Sect. 2 provides a disaster-specific (i.e., earthquake)
bibliographical review of previous research in this domain. Based on the literature review,
the research gaps in this area are identified. Section 3 illustrates the integrated method-
ology to address the identified gaps. Section 4 describes the preparation, preprocessing,
and collection of the required data. Section 5 contains a discussion of the results and their
implications. Finally, Sect. 6 concludes the research, highlighting study limitations and
suggestions for future research.

2 Literature review

The terms seismic hazard and seismic risk are related but utterly separate concepts. Seis-
mic hazard refers to a natural phenomenon involving ground shaking caused by an earth-
quake (Ademovic et al. 2021), whereas seismic risk is the likelihood of negative repercus-
sions on humans, built structures, and the environment (Altindal et al. 2021). Numerous
studies have been conducted in the domain of seismic risk assessment, with an emphasis
on estimation of physical damage, casualties (including injuries), socioeconomic losses,
and other types of losses (Table 1). To highlight the extent and limitations of earlier work,
it is deemed appropriate to organize the literature into distinct sections for each risk.

' SDGs (11.5): 11.5.1, 11.5.2, 11.5.3.
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2.1 Physical damage

The physical vulnerability of any structure can be defined as the chance of a specific
damage level being caused by seismic activity. Structural vulnerability analysis and the
development of its functions count on three approaches: empirical, analytical & hybrid.
Empirical methods employ previous earthquake field measurements and observations, and
building performances, to anticipate future damage. Giovinazzi (2009) introduced a range
of risk metrics for assessing damage in relation to seismic hazard intensity. To estimate
the probability of being in or exceeding a particular damage state, they employed semi-
empirical vulnerability functions for empirical methods and fragility curves for analytical
methods. Vulnerability assessments of numerous built infrastructures have been performed
using empirically based approaches for reinforced concrete buildings (e.g., da Silva et al.
2021), low to mid-rise RC buildings (e.g., Chandra Dutta et al. 2021), brick and wood
structures (e.g., Li et al. 2021a), masonry structures (e.g., Li and Liu 2022), bridges (e.g.,
Shao et al. 2021), tunnels (e.g., Huang et al. 2020), etc. On the other hand, analytical vul-
nerability assessment procedures analyze the dynamic response of a specific structure to
earthquake loading by employing modeling techniques (Mina et al. 2020; Derakhshan et al.
2020). Hancilar et al. (2020) estimated losses in high-code buildings. While research on
masonry (e.g., Halder et al. 2020) and hillside (e.g., Surana et al. 2020) structures has also
been carried out, the outcome of the studies may be valuable for enhancing the design
technique and may at least provide a quantitative notion of the susceptibility of various
buildings. Numerous assumptions and idealizations were used to achieve the results. For
instance, to understand the behavior and, consequently, the vulnerability of RC buildings
of three and five floors, da Silva et al. (2021) conducted a nonlinear static analysis. In addi-
tion, Mirrashid and Naderpour (2021) employed an approach based on computational intel-
ligence (CI) to determine the seismic vulnerability of RC frames. The hybrid approach to
structural vulnerability assessment was first proposed by Morfidis et al. (1995), which inte-
grated both empirical and analytical methodologies. In situations where complex systems
have numerous interdependent components or there is limited data to model the system, the
hybrid approach is a valuable option. One example is the work of Chen et al. (2010). They
devised a hybrid model to parse the structural vulnerability of power networks. Cavaleri
et al. (2016) proposed a hybrid method for assessing seismic vulnerability, which com-
bines multiple approaches and is claimed to be more expeditious and adaptable to exten-
sive areas. Estimating other socioeconomic losses (e.g., casualties, shelter needs, direct
economic losses) and induced physical damage (e.g., debris) relies heavily on an accurate
assessment of structural damage. For this reason, it has become a topic of study for a great
number of scholars.

2.2 Casualties

Earthquakes inflict widespread devastation on the built environment, specifically residential
buildings that may result in significant life losses (Farahani et al. 2020; Zhao et al. 2021).
Zhao et al. (2021) devised a method for estimating the number of individuals who will
perish in an earthquake by considering the following parameters: the earthquake’s magni-
tude and depth, aftershocks, population density, and distance from the epicenter. However,
neither the structural dynamics nor the occupancy of the structures was taken into con-
sideration. Abeling and Ingham (2020) then proposed a loss fatality model for a specific
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type of earthquake-damaged building, namely retrofitting clay brick unreinforced masonry
structures. Only commercial buildings were analyzed using empirical data in this study.
Lazar Sinkovi¢ and DolSek (2020) computed mortality risk and its application to a build-
ing’s seismic performance evaluation. Zhang et al. (2022) calculated the number of casual-
ties derived from the damage state and basic information about the buildings. Acquiring
building data for the study region is a prerequisite. Moreover, the study does not account
for the variation in ground motion input for evaluating building deterioration, which may
introduce uncertainty in estimating fatalities. While numerous factors contribute to death,
the literature reveals that rescue and response timing as well as capacity is associated with
survivability (Zhu et al. 2018; Farahani et al. 2020). Thus, apart from forecasting casual-
ties, identifying healthcare infrastructure capability and vulnerabilities is vital to enhancing
response in the aftermath of a disaster.

2.3 Hospital functionality

Stumpf et al. (2019) evaluated the functionality of healthcare facilities by calculating their
surge capacity in Illinois, USA. Zhai et al. (2021) conducted an assessment of hospital
functionality and identified treatment capacity and patient demand gaps. Functionality is
often described in comparison with normal and emergency situations using patient waiting
time as a response metric. To examine the preparedness capabilities of a hospital emer-
gency department of a hospital in Tuscany (Italy), Pianigiani and Viti (2021) indicated
that adding beds is more effective than adding staff (personnel). Oksuz and Satoglu (2020)
evaluated the existing hospital functionality considering the casualty capacities and dis-
tances between catastrophe zones and medical facilities. The number of interim medical
facilities required for a better response was also determined. These studies demonstrate that
hospitals are neither sufficiently equipped nor prepared to cope with disasters like earth-
quakes, even though the extent of the damage to the hospital building and other related
infrastructure was not considered. Loss of hospital functionality is also related to ground
motion, fault line distance, and seismic intensity. Thus, building damage and critical equip-
ment damage may prompt initial hospital evacuations (Achour and Miyajima 2020). Has-
san and Mahmoud (2019) estimated hospital seismic resilience. They established that the
functionality of the hospital is contingent on damage to the hospital building. However, the
scope was limited to one hospital only. High interaction between healthcare system com-
ponents and appropriate allocation and deployment of restoration resources are crucial to
hospital functionality. Using the case of Centerville, USA, Hassan and Mahmoud (2020)
estimated how long it would take to fully restore the healthcare system.

2.4 Economic losses

In addition to direct physical and social losses, economic losses are of immense signifi-
cance. Dabbeek et al. (2020) calculated the average annual loss to examine the direct
economic effects of floods and earthquakes in the Middle East at a significantly broader
level, i.e., national and sub-national levels. However, the analysis was based on exposure
information made available from local census data. For some regions (e.g., Syria), data are
more than 15 years old, which might not reflect the current conditions. That demonstrates
one of the research limitations pertaining to developing countries. Another important
aspect is the economic losses incurred by the collapse, demolition, and restoration of struc-
tural and non-structural components. Yazdanpanah et al. (2021), and Fang et al. (2021)
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calculated economic losses incurred by the building damage of eccentrically braced frame
buildings and steel-framed buildings, respectively, while Wei et al. (2022) computed the
indirect economic impact of earthquake-induced bridge damage on transportation disrup-
tion. Izquierdo-Horna and Kahhat (2020) conducted an economic and social vulnerability
study for Peru based on national census data. Li et al. (2021b) pointed out that regional
economic development promotes the construction of earthquake-resistant buildings, which
can reduce structural damage, economic losses, and fatalities in a post-earthquake scenario.
Chen and Zhang (2022) conducted an automated machine learning-based prediction study
regarding both economic and life losses. However, the proposed models do not address the
distribution of the losses in the disaster area.

2.5 Temporary housing and shelter

Temporary housing and shelter requirements are necessary for more effective disaster
response and recovery (Opdyke et al. 2021; Ghasemi et al. 2019). The number of tem-
porary housing units required will depend on the extent of the damage and the projected
reconstruction period. If the damage can be rectified quickly, sheltering may be able to
meet the interim housing requirement of the victims. In most developing countries, longer
reconstruction periods are anticipated, necessitating temporary housing. Félix et al. (2020)
estimated the number of temporary housing units required following hypothetical earth-
quake-caused devastation and damage. However, the tool does not account for the potential
number of fatalities. In addition, the likelihood that some individuals may find shelter with
family, and friends, or in a second dwelling is not accounted for in the study. Zhang et al.
(2020) predicted the number of evacuees and estimated the demand for shelter in post-
earthquake scenarios based on daytime and nighttime population estimates and land use
data. However, the structural dynamics of the buildings were not considered, which might
lead to higher variability in the event of a real earthquake.

2.6 Debris

The necessity for prompt debris estimations is a further element crucial to the enhance-
ment of emergency response for decision-makers. Koyama et al. (2016) solved the problem
of debris estimation by calculating the height and volume of the disaster debris pile using
polarimetric stereo synthetic aperture radar. However, no realistic, spatially dispersed post-
disaster debris fields were considered. The safety and accessibility of urban pathways in
the event of an earthquake rely on the earthquake susceptibility of structures and the debris
they produce. Santarelli et al. (2018) determined the probable debris amount on the evacu-
ation course. Using a multi-hazard (i.e., earthquake and tsunami) scenario, Park and Cox
(2019) determined the quantity of construction debris as well as its location. Ishibashi et al.
(2021) estimated disaster waste and its disposal time. Khanal et al. (2021) assessed the
amount of debris and waste generated from the destroyed buildings and measured reusing
status of the material for the reconstruction process. However, a potentially time-consum-
ing visual estimation method was employed to quantify debris.

2.7 Rationale and research gap

This research differs from previous ones in the following ways:
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1. Most of the previous work has only concentrated on one or a few of the losses, as shown
in Table 1. Disaster response, pre-disaster preparedness, and mitigation measures can
be effectively planned by local authorities using scientific methods of estimating and
analyzing possible seismic losses (Liu et al. 2020). On top of that, national as well as
regional disaster management policy and strategies coherence among different adminis-
trative and operations departments is essential for not only an effective disaster manage-
ment maneuver but also for achieving sustainability. Therefore, a consolidated seismic
risk assessment was essential. This study conducts a thorough evaluation of all of the
aforementioned seismic risks/losses.

2. Regional differences in social, demographic, and structural dynamics may necessitate
customized pre-and post-disaster management operations. The most time-consuming,
laborious, and expensive part of the seismic risk assessment process is obtaining
regional building parameters (Hosseinpour et al. 2021). A variety of studies (Félix et al.
2020; Dabbeek et al. 2020; Zhang et al. 2020; Choi and Song 2022) have made use of
pre-existing data from a variety of sources, including national population & housing
census reports, general building database for the US region (FEMA 2021), the PAGER’s
global building database (USGS 2022), and the world housing encyclopedia (EERI),
etc. The lack of comprehensive and current data for every location is a major draw-
back, particularly in developing countries. It raises two primary concerns: (a) Seismic
risk assessment results significantly vary from actual reported losses. (b) Pre-existing
datasets often aggregate data at a lower resolution, such as the world, national, or state
level, which may result in a less viable spatial distribution outcome. Moreover, most
of these studies focused solely on risk quantification. This study constructs a building
inventory dataset based on a thorough field survey of the current structural dynamics
of an earthquake-prone region to address the above-mentioned issues and yield more
reliable results.

3. This study is one of the few studies to use HAZUS outside of the USA to assess seismic
risk. Rozelle (2018) had previously used HAZUS for the Nepal region using pre-existing
datasets but had only taken physical damage and casualties into account. Unfortunately,
the topic of how those losses were dispersed geographically was left unexplored, while
Fallah-Aliabadi et al. (2020) used HAZUS to conduct a risk analysis of the hospitals in
Yazd County, Iran.

3 Methodology

An earthquake loss estimation procedure adapted in the current work is depicted in Fig. 1.
It includes the following steps: As the initial step, a study area, such as a city or county, is
specified. Further inventory databases were developed based on field surveys as well as
secondary data. This model involves the establishment of a general building stock (GBS) to
quantify the impact of an earthquake on buildings. It includes general occupancy mapping
and tract-level aggregation of building counts, building square footage, building value, and
content value for different occupancy and building types of the study region. The subse-
quent step is the creation of a database that describes the features and local inventory of the
essential facilities that are needed for response and recovery. Hospitals, dispensaries, basic
health units (BHUs), and rural health centers (RHCs) are included in this category.

A region is created in HAZUS using an inventory database. The next step is to specify
an earthquake scenario and fault locations using an authoritative seismic source. Then,
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Fig. 1 Earthquake loss assessment methodology, schematic chart

different HAZUS modules are utilized to estimate losses. When estimating losses, occu-
pancy classes (e.g., commercial, industrial, residential, etc.) in the region are not contem-
plated separately. Buildings are grouped and categorized for every single census tract. The
damage probability is calculated for each group concerning the building structural type and
occupancy class. Fragility, as well as capacity curves, is used to analyze the relationship
between earthquake hazard, structure type, and damage severity.

Estimates of direct physical damage are based on the distribution of damage probabili-
ties for distinct types of buildings. This analysis is conducted using building deformation
response as a continuous function, which allows for the prediction of the damage state to
be classified into five distinct categories: None, Slight, Moderate, Extensive, and Com-
plete. The conditional probability of being in, or exceeding, a particular damage state is
defined by the function Eq. (1) (FEMA 2020):

1 Sq
Pld|S,| =®P|—In| —
[ ! d] lﬂds n<Sd,ds>] @
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where Ed’ds is the mean value of spectral displacement at which the building reaches the
threshold of damage state, ds; f,, is the standard deviation of the natural logarithm of spec-
tral displacement for damage state, ds; and @ is the standard normal cumulative distribu-
tion function.

However, combined structural damage to the building class is determined with the help
of Eq. (2) (FEMA 2020):

36 FAZ‘]
POSTRy,; = 2 PMBTSTR g 1= )
j=1 !

where POSTR;; is the probability of occupancy class, i, being in damage state, ds;
PMBTSTR,; is the probability of the specific building type, j, being in damage state, ds;
FA, ; is the floor area of specific building type, j, in occupancy class, i; FA, is the total floor
area of the occupancy class, i.

Healthcare facilities are categorized based on the number of beds they have. To better
understand the categorization, please see “Appendix 1.” The only difference in comput-
ing damage probabilities for healthcare facilities (e.g., hospitals) is that for GBS, damage
probabilities are computed for the set of buildings, while for healthcare facilities, damage
and functionality losses are assessed on a building-by-building basis. The conditional prob-
ability of falling into or exceeding a specific damage state for the hospitals is also defined
by Eq. (1). The functionality estimates for the healthcare facilities are determined exclu-
sively by the extent of physical damage sustained by the facility. These estimates, ranging
from O to 100%, indicate the probable level of functionality of the facility. An estimate of
0-25% functionality implies that the building or facility is unlikely to be functional, while
25-75% functionality indicates that some limited operations may be feasible. Functionality
estimates of 75-100% imply that the facility is expected to be functional.

Building damage and casualties are strongly correlated, the casualty module estimates
casualties inflicted only by building damage. The module’s output provides a classification
of casualties based on the severity of their injuries, using a four-level injury severity scale
established by Coburn et al. (1992) (for details, see “Appendix 2”). Damage-state prob-
abilities are transformed into economic loss equivalents based on four parameters: (1) sce-
nario time, (2) general occupancy, (3) population distribution (i.e., residential, industrial,
educational, commercial, etc.), and (4) casualty rate. Another module is used to estimate
the displaced household count because of the functionality loss or habitability of the build-
ing and the number of people seeking temporary shelters. Uninhabitable single- and mul-
tiple-family dwelling percentages (i.e., %SF and %MF, respectively) are calculated based
on damage state probabilities using Eqgs. (3) and (4). Then, these data are converted to the
displaced house (#DH) estimates (Eq. (5)) that are further used to calculate shelter needs
(FEMA 2020).

%SF = Wgpy % %SFM + Wepg # %SFE + Wepe * %SFC 3)
%MEF = Wy * %MEM + Wy * %MFE + Wyype % %MFC @)
#HH
#DH = (#SFU * %SF + #MFU % %MF) = <—> )
#SFU + #MFU
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Total estimated economic losses are a summation of building repair costs, content
damage costs, business interruption costs, relocation expenses, wages loss, income, and
rental losses. All the respective model details can be found here (FEMA 2020).

The debris module estimates the likely amount of debris produced from build-
ing damage. Three input parameters are required: (a) probabilities of structural and/or
nonstructural damage state of the building, (b) area (ft?) for occupancy class, and (c)
occupancy to building type ratio. The amount of debris (DB) is estimated using Eq. (6)
(FEMA 2020).

36
DB(i) = )" [EDF,(i, k) * W,(i, k) + EDFy(i, k) * Wy (i, k)] * SQ(K) (6)
k=1

whereas W, W, are the weight of debris for structural and nonstructural elements of the
building, SQ is square footage, k is specific building type, i is debris type, and EDF is the
expected debris fraction. The weight of debris utilized for a specific building type against a
damage state is based on a similar empirical approach used by Rogers et al. (1976).

Default baseline probabilities were used in this research. However, to ensure that the
use of default probabilities was relevant and feasible for our research, the building types
in our study region were carefully compared to those in HAZUS based on their construc-
tion materials, height range, and the number of stories to find the best-fit HAZUS building
types for each building type in the study region. Out of the 36 building types specified by
HAZUS, 11 building types were identified (for details, please see “Appendix 47).

3.1 Study region

Abbottabad is a district in Pakistan’s Khyber Pakhtunkhwa (KPK) Province. It represents
a classic case of a region that is highly vulnerable yet important with respect to its geo-
graphical and strategic position (Fig. 2). The China—Pakistan economic corridor (CPEC) is
aregional connectivity framework that is anticipated to benefit not only China and Pakistan
but also Iran, Afghanistan, the Central Asian Republic, and the region. Under the CPEC,
Abbottabad-centric projects such as the Karakoram highway upgrade (Havelian to Tha-
kot), the Havelian dry port project, and the Havelian-Kashi railway project demonstrate its
regional importance. In addition, the Pakistan Military Academy and the Pakistan Ordi-
nance Factory are located here, demonstrating its strategic significance. Apart from that,
Abbottabad is a tourist hub and gateway to several locations in the Karakoram Hindukush
Himalayan Range. There have been several moderate to massive earthquakes in this area in
the past. An earthquake of substantial magnitude during the peak tourist season might be
catastrophic. Abbottabad encompasses an area of 5095 km? and is located between 33°—50
and 34°-23' north latitudes and 72°-35' to 73°-32’ east longitudes. It is a portion of the
KPK province’s geological structure. The Main Mantle Thrust (MMT), the Main Bound-
ary Thrust (MBT), and the Oghi Shear Zone Fault Lines in Mansehra, Jhelum Boundary
Thrust, and Darband Tarbela, Khairabad Fault, Kalabagh Fault, and other minor faults
prevalent in this region may influence district Abbottabad (UNDP 2007). In its assessment
of the severity of various hazards, the National Disaster Management Authority (NDMA)
states that Abbottabad is at very high risk of earthquakes, landslides, and avalanches
(NDMA 2012). Figure 2 also shows historical earthquake events (mag>4) in the close
vicinity of this region in the past 20 years.
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Fig.2 Geographical location of the study region, fault lines positions, and historical earthquake events
(mag >4) in that region

3.2 Hazard: earthquake scenario

Most of the damage and loss resulting from earthquakes are induced directly or indi-
rectly by ground shaking. Ground shaking is expressed using factors such as peak
ground acceleration (PGA), spectral acceleration (SA), etc. Fault rupture, liquefaction,
and landslides are the three key earthquake characteristics that can result in permanent
ground displacement which has a detrimental impact on buildings as well as infrastruc-
ture systems. In addition, soil type has a significant impact on the intensity of ground
motion at a given location. Inadequate consideration of soil amplification compromises
the accuracy of the analysis. There are two methods for assessing seismic hazards: prob-
abilistic (PSHA) (e.g., Kazantzidou-Firtinidou et al. 2022; Alpyiiriir and Lav 2022) and
deterministic (DSHA) (e.g., Sinha and Sarkar 2020). The probabilistic approach is more
complex and necessitates extensive knowledge of the seismic history and geotechnical
conditions of the study area. In contrast, the deterministic approach is better suited for
developing preparedness maps and raising risk awareness (Kazantzidou-Firtinidou et al.
2017). Using this method, specific earthquake scenarios are chosen based on their mag-
nitude and distance from the study area. After assessing the severity and impact of the
potential hazards, the Maximum Credible Earthquake hazard scenario is selected.

Table 2 contains a list of earthquakes (magnitude >4) that have occurred within
a 75-km radius of the region under study over the past 20 years. The most damaging
earthquake ever recorded here was the M 7.6 Pakistan earthquake on October 8, 2005,
produced by shallow reverse faulting near the India-Eurasia plate boundary. Conse-
quently, this deterministic seismic event was selected for further investigation (Fig. 3).
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Fig.3 Earthquake scenario. a Peak ground acceleration (PGA), b Spectral acceleration at 0.3 s, ¢ Spectral
acceleration at 1.0 s

For this hazard scenario, inputs for our study included ground motion parameters such
as Peak Ground Acceleration (PGA), Spectral Acceleration (SA) at 0.3 s, and SA at
1.0 s. To obtain these data, we acquired the shake map of the selected historical earth-
quake event from the USGS database. The USGS shake map also incorporates site soil
amplification data to enable an accurate assessment of building damage.

4 Inventory management: data collection and preprocessing
4.1 Building exposure dataset

Building parameters such as type of structure, building count, building value, number of
stories, area (sq ft), occupancy type, and occupancy class were examined in this study. The
flowchart of the subsequent steps involved in this section is shown in Fig. 4. In Pakistan,
building constructions are often classified into six primary groups: (a) adobe, (b) wood,
(c) brick masonry, (d) concrete block masonry, (e) stone masonry, and (f) reinforced con-
crete structures. According to the 2017 Census, the population of Abbottabad is 1,333,089,
with a 2.2% annual growth rate. Using the Yamane method (Yamane 1967) (Eq. 7), the reli-
able sample size (n) for the survey was calculated based on the projected total population
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project (GRUMP), and (c) global exposure database (GED/GAR15), GED was shown to
have the best robust properties of the three datasets shown at a resolution of 5-km grid
cells or census tract. Figure 5 shows the population distribution in each tract. Population
information from the GED was used to split the study area into five different zones (Fig. 6).
ArcMap was used to generate randomly distributed location points based on the popula-
tion ratio for each zone (see Fig. 7). Instead of 2500 random points, a total of 3200 random
points were generated, providing 30% more points in each zone to develop better survey
area coverage and lower sampling uncertainty. The Thiessen polygons were then created
for these randomly distributed points in all five zones (Fig. 8) to create the field survey area
coverage polygon map (Fig. 9) so that at least one representative survey sample could be
collected from each coverage polygon.

4.1.1 Survey

Using the ArcGIS Survey123 tool, a field survey (Asad 2021) was done to collect the
building structural and geographical information required for the construction of GBS.
Figure 10 illustrates the classification of the surveyed buildings based on their occupancy
type, whereas Fig. 11 demonstrates the structure’s type with respect to its construction (for
additional information on occupancy type and building or construction type classification,
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Fig.7 Create random points (output)

please see “Appendices 3 and 4,” respectively). Single-family homes make up 71% of all
structures in the area’s-built environment. It was found that around 14% of buildings are
still made of adobe, but the most prevalent type of structure in the region is one that is
made of brick masonry. The survey results were subsequently structured to conform to
the software’s (FEMA) specifications (“Appendix 5”: Survey Summary (Building type vs
Occupancy class).

4.2 Demographics, economics, and healthcare dataset

Parameters such as population count by gender, age, time (day, night), occupation (com-
mercial, industrial), educational population, and the number of households were also
examined in this study because, in addition to the damaged state of the structure, hazard
scenario time and relevant population distribution are essential for estimating casualties.
To estimate economic losses, economic data such as building repair and replacement costs,
content values for different occupancies, household income, and housing rent were also
considered. Data from multiple resources are deduced for these parameters, for example,
the Pakistan bureau of statistics (PBS), i.e., population census of Pakistan year (1998), 6th
population and housing census of Pakistan (2017), Pakistan Social and Living standard
Measurement survey, PSLM (2019-20), Household Integrated Economic Survey, HIES
(2018-19), World Housing Encyclopedia (EERI 2023) reports for Pakistan, United Nations
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Fig. 11 Building type (survey results)

(UN) office for the Coordination of Humanitarian Affairs (OCHA) i.e., Global Exposure
Dataset, GED/GARI1S5 (2015), Department of elementary and secondary education KPK,
i.e., Annual statistical report (2017-18). Essential facilities data comprise healthcare facil-
ity categorization, structure location, capacity, and vulnerability attributes, which were
provided by the District Health Office (DHO), Abbottabad. Data were then formatted
according to HAZUS requirements (FEMA), and eventually, a HAZUS-ready database
(DB1) was developed for the year 2022. For details on regional parameters, methods of
calculation, and their sources, please see “Appendix 6.”

5 Results and discussions

Firstly, the model outcomes were compared with observed data to determine if this model
produces credible loss estimates that are consistent with historical observations and exist-
ing literature reports. For that purpose, another database (DB2) was developed based on
our developed database (DB1), considering the year 2005 demographics. Another impor-
tant thing to be discussed here is that when the geomean option is enabled in the soft-
ware before executing the scenario, the input ShakeMap standard peak ground motions are
reduced by 15%. To provide the most reliable insight, both choices were evaluated sepa-
rately, i.e., with and without the geomean option enabled.

5.1 Model validation
A thorough evaluation of the earthquake’s damage was carried out with assistance from the

Asian Development Bank (ADB) and the World Bank (NDMA 2012). The report consists
of structural damage, fatalities, and injury-related losses. The HAZUS geomean and peak
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Table 3 Model outcomes versus reported losses in the year 2005

Loss parameters Loss estimates Reported losses  Difference (%)

Peak ground motion ~ Geomean

Casualties 545-729 414-562 515

Injured persons 1979-2690 1507-2070 1730 -
Completely damaged houses 42,240 31,781 27,051 14.881
Partially damaged houses 10,009 7115 6961 2217

ground motion losses are compared to the documented losses in Table 3. Over seven thou-
sand households were destroyed and another 27,000 were partially damaged because of
the said calamity. It also resulted in the deaths of around five hundred people, and approxi-
mately 1700 people were reported injured. As can be seen in Table 3, the geomean values
of loss estimates (i.e., casualties, injured people, and partially damaged buildings count)
correspond more closely to the recorded losses. Rozelle (2018) in their HAZUS-based
study stated a significant difference of 24.6% in estimating destroyed buildings for Nepal,
while in this study, completely damaged building results are overestimated to the extent
of approximately 15%. HAZUS earthquake model applies four levels of seismic design to
input buildings according to the US building codes: (1) pre-code, (2) low code, (3) mod-
erate code, and (4) high code. In Pakistan, the building codes were introduced in the late
1980s, and the construction design standards seismic provision (GOP 2007) was published
in the year 2007, which is compatible with the uniform building code 1997 (USA), the
American concrete institute ACI 318-05, American institute of steel construction ANSI/
AISC 341-05, American society of civil engineers SEI/ASCE 7-05 and ANSI/ASCE
7-93. Based on this timeline, buildings constructed after its implementation might result
in moderate and high-code building constructions. It is important to acknowledge that if
more regional information about building codes could be incorporated, it would potentially
enhance the accuracy of damage assessment results. However, due to the lack of data avail-
able for certain regions in underdeveloped countries such as Pakistan, this is not always
possible. Due to a lack of such data, all buildings’ seismic design input was assumed to
be low code for this study, which may be the reason for this overestimation. Moreover, the
potential for overestimation of losses has been highlighted in the research of Neighbors
et al. (2013) and Kircher et al. (2006), even when examining a region of the United States
using HAZUS.

5.2 Current case scenario

After validating the model, it is deemed appropriate to run the scenario for the DB1 (the
year 2022) database to see the repercussions of a similar seismic event if it happens again
in the year 2022. There are 131 census tracts in the region, which cover an area of 679.84
square miles. There are an estimated 244,000 buildings in a population of 1,486,756 in a
region with a total building replacement value of 13,065 (millions of dollars). Residential
housing accounts for about 83% of all buildings and 71% of their total value.
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Fig. 13 Expected building damage by building type

5.2.1 Physical damage

Approximately 130,280 buildings (or 53% of all buildings) are expected to undergo
damage to some extent. More than 13,000 structures, representing about 5% of all the
buildings, are expected to be completely destroyed as a result of the disaster. This wide-
spread devastation will undoubtedly cause significant disruption to the affected commu-
nities and the local economy. Figure 12 depicts the breakdown of the projected damage
to various buildings with respect to their occupancy type. Figure 13 provides a summary
of projected damage by building type. 87 percent of the buildings that are expected to be
destroyed are made of unreinforced masonry, such as brick or concrete block masonry.

5.2.2 Estimated casualties and healthcare functionality

The region’s hospitals have a combined capacity of only 212 beds. The model predicts
that on the day of the earthquake, just forty-five hospital beds (21%) will be available for
usage by hospitalized patients and those injured by the earthquake (see Fig. 14). The esti-
mated number of casualties is indicated for three (3) time periods: 2:00 AM, 2:00 PM, and
5:00 PM (Fig. 15). These times correspond to the period of the day when certain sections
of the community experience the highest occupancy. The estimate at 2:00 AM assumes
maximum residential occupancy, the estimate at 2:00 PM assumes maximum educational,
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Fig. 15 Casualty estimates

commercial, and industrial sector loads, and 5:00 PM reflects peak commuting hour. Esti-
mates depict that the death toll could rise by more than 37% (level 4) and injuries by almost
50% (level 2) as compared to the losses in the year 2005. Here, level 3 casualty estimates
could play a vital role. If injured people in this category are not treated in time, it could be
devastating that the death toll rises to 108% as compared to the year 2005.

5.2.3 Debris estimates and shelter requirements

The model classifies the debris into two broad groups: (a) brick/wood and (b) reinforced
concrete/steel. Distinct equipment is required for managing debris, thus prompting the
need for such differentiation. The model indicates that there will be 45,094,000 tonnes of
debris (Fig. 16). Brick and wood account for 59% of the total, while reinforced concrete
and steel account for 40%. The debris from the earthquake will require 1,803,760 truck-
loads (25 tonnes per truck) to be removed. It is estimated that the earthquake will displace
5,873 households.

There will be 18,671 persons seeking temporary housing in public shelters among the
population of 1,486,756 individuals.
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Fig. 17 Economic losses of building damage and business disruption by occupancy type ($ Million)

5.2.4 Economic losses

The total economic loss attributed to the earthquake is projected to be $2,270,981 mil-
lion. Economic losses here are divided into two categories: (1) direct building damage and
(2) business disruption losses. Direct building losses are the expected expenses to repair
or replace the building and its contents because of the damage. Losses resulting from the
inability to operate a business because of earthquake damage are referred to as "business
interruption losses." The temporary living expenditures of persons displaced by the dis-
aster are also included in the business disruption losses. Approximately 83% of the losses
were attributed to business interruption. Residential occupancies are expected to experi-
ence more than 55% of economic losses, which is by far the greatest proportion. Figure 17
presents a visual representation of the breakdown of losses pertaining to building damage
and business disruption.

5.3 Risk mapping
Quantification of losses is an essential milestone, but risk assessment is incomplete without
knowledge about their spatial distribution. By analyzing these outcomes, it may be possible

to identify the region’s most vulnerable locations. To illustrate the significance of regional
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Fig. 19 Visualizing losses distribution: a comparative analysis of economic losses (a, b) and debris esti-
mates (¢, d) at different aggregation levels
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Fig.20 Visualizing losses distribution: a comparative analysis of displaced households (a, b) and people
seeking shelter (c, d) at different aggregation levels

inventory database development, similar inventory data loss distributions were mapped
regarding both city- (low-resolution) and census tract-level (higher-resolution) aggregation.
The loss distributions shown in the left columns of the preceding figures (Figs. 18, 19, 20)
represent the city level, whereas those shown in the right columns of the figures indicate
the census tract-level distribution. The census tract-level aggregation indicates a region of
substantial seismic loss concentration that is absent at the city-level aggregation. In addi-
tion, it is crucial to distinguish the “vital few” from the “trivial many,” i.e., Pareto analysis,
which is based on the Pareto principle, also known as the 80/20 principle (Smith 2022;
Kent 2016). Utilizing this method, we identified the “vital few” sub-areas of the under-
studied region where intervention can have the most impact. Moreover, this could help bet-
ter utilize the already limited resources available, particularly in the case of a developing
country like Pakistan. In short, a unified risk map is created that depicts the areas of 80% of
all losses, which cover only 240 km?, or 5% of the under-study region’s total area (Fig. 21).

5.4 The implication of the results

It has been established that the population of Abbottabad is at an elevated risk, and prepa-
rations should be made to mitigate the impact of an earthquake. Results indicate that the
recurrence of a similar earthquake would be even more devastating than the first time
around the potential for deaths and structural damage to buildings is high, while the
healthcare infrastructure is insufficient to respond to post-disaster emergencies. The sea-
sonal entry of many tourists into the under-study region makes it even more vulnerable,

@ Springer



Natural Hazards

73°0'0"E 73°10'0"E 73°20'0"E 73°30'0"E
L I 1 1

Vin {LE /M 2 z
Fin Fin i Fin (| &4 RN S
[ [ [ | & Ve » s
[ H = o b3
- L - ‘
k.‘ EEEEEEE -~ ) o&. NN F\ N _\j - i
nl\ fIlL ~ n]\ z| / b z
e s e > e o
a 7 d g = B
) LILdL g
™ ™ ™ 3 L
A AN A . N » .
N N N \ |5 N d |2
§ i { | |5 J g
&K & o 1| ” ’{‘ -
3 )X )| | KL ) st - 7
P 7 ~ J - q )( B
s 7 s bl 7 2 . ¢ 7 51 m:o_ 6 kaO
b 1\5;’ e it;f h 15;’ 21 1 Lf\f - — K
—~ i 73°0"0"E 73"](;‘0"E 73°2(;‘0"E 73°3[;'0"E
™ /M
P Ve Legend:
A i N
Y u| I } [ Physical damage (Complete) [ ] Injured: Casualties (Level 2)
k: ) %:_RH )| [ Physical damage (Extensive & moderate) [l Economic Losses
S e J! M
1w H ;’ f LﬁL—f I Fatalities: Casualties (Level 4) B Debris
C A s
v - Injured: Casualties (Level 3) [ ] Displaced households

Fig.21 Highlighting areas in the study region expected to account for 80% of all losses: a—h show areas of
complete physical damage losses, extensive and moderate physical damage, fatalities (i.e., level 4 casual-
ties), seriously injured (level 3, casualties), injured (level 2), economic losses, debris, displaced households,
respectively, and i depicts unified map showing areas of all losses cumulative

demanding the improvement in healthcare facilities and preparation efforts to avert a catas-
trophe. The most cost-effective approach to minimize the number of casualties in a worst-
case earthquake is to raise the preparedness level (PL), build capacity, and raise seismic
risk awareness among Abbottabad residents. Enforcing building code compliance (seismic
provision 2007) will result in increased performance during earthquakes and may eventu-
ally reduce structural damage and economic and life losses. Effective planning is critical
for mitigating the effects of catastrophic events. Utilizing risk maps is one way to assist in
this planning process. These maps provide critical information by highlighting high-risk
areas. Emergency planners can prioritize the placement of vital resources, such as emer-
gency shelters, temporary medical facilities, ambulances, etc., by using risk maps. Risk
maps can also help manage humanitarian supply chains and evacuation routes. Anticipat-
ing the types of materials and healthcare resources that will be required in the event of an
earthquake is also an important part of effective planning. In high-risk areas, hospitals and
healthcare providers can prepare for earthquake-related injuries and illnesses by ensuring
the availability of critical resources such as beds and medical supplies, life-saving medica-
tions, doctors and paramedics, etc.

In short, these findings and inventory databases can be utilized by government agencies
and emergency management organizations as a decision support tool. In fact, it can aid in
the formulation of policies and plans intended to increase the resilience of the community
with limited resources.

@ Springer



Natural Hazards

6 Conclusion

This study validates the fact that HAZUS can be utilized by developing countries that lack
state-of-the-art technology and software. Moreover, results could be tailored to be more trust-
worthy by employing regional calibration and adjustments. Taiwan adopted an approach simi-
lar to that of HAZUS and developed HAZ-Taiwan by modifying analysis models and param-
eter values to account for Taiwan’s unique environment and engineering practices (Yeh et al.
2006). The development of a platform similar to HAZUS adapted to the regional environment
and engineering practices of developing countries like Pakistan is a promising opportunity.
Such a platform could leverage resource utilization and produce improved loss estimates.
Second, this study illustrates the significance of creating a database at a regional level that
not only enables more accurate pre- and post-disaster loss estimates, but also its distribution
across administrative units that are more manageable. When the most vulnerable areas are
identified, pre-disaster and post-disaster decision-making may be more effective and efficient.
For instance, it was estimated that hospital functionality on day 1 was approximately 21%.
Only six census tracts, which are about 30 km?, account for 80 percent of casualties and inju-
ries (Fig. 21). Despite limited resources, prompt emergency response to these six census tracts
could save more lives. Once the inventory databases have been compiled, it is possible to con-
duct a rapid risk assessment against any scenario. It could help prioritize disaster manage-
ment actions with greater impacts and provide a foundation for pre- and post-disaster optimal
solutions.

Despite its numerous contributions, this research has limitations that might be used as a
starting point for future studies.

1. Building damage and fatality estimation HAZUS models were validated; however,
despite an exhaustive literature search, no region-specific loss data for the additional
parameters shown in Table 1 could be discovered. Consequently, other parameter esti-
mation outcomes could not be supported by empirical evidence. Therefore, future work
may include validating and calibrating other HAZUS models for use in regions outside
of the USA.

2. The acquisition of buildings and infrastructural information of the study region is
of prime importance for this research. In the limited scope of this study, other essential
facilities (e.g., schools) and infrastructure, such as transportation systems, utility system
networks, military installations, etc., could not be included. Moreover, preparing and
interpreting data require significant effort and resources. Therefore, future endeavors
should be aimed toward the construction of a library of loss estimates that considers
various possible earthquake or multi-hazard scenarios anticipated to hit the disaster-
prone region.

3. Probable loss estimation and regional disaster risk mapping could serve as the founda-
tion for optimizing development and operational decision-making, such as resource and
budget allocation, location identification for essential and emergency facilities, etc. This
may be the subject of future investigation.
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Appendix 1: Classification of healthcare facilities

Classification of the healthcare facilities

Label Occupancy class Description

EFHS Small Hospitals Hospitals that have a bed capacity of 50 or less

EFHM Medium Hospitals Hospitals that have a bed capacity between 50 and 150
EFHL Large Hospitals Hospitals that have a bed capacity of more than 150 Beds
EFMC Medical Clinics Clinics, Laboratories, Blood Banks

Appendix 2: Casualty classification scale

HAZUS estimates how many persons the earthquake will harm or kill. The severity of the
injuries is split down into four (4) distinct categories.

Level 1: Medical attention is required, but hospitalization is not necessary in the case of
minor injuries.
Level 2: Hospitalization will be required, although the injuries are not life-threatening.
Level 3: If not treated early it may even be fatal, injuries at this level will necessitate
hospitalization.
Level 4: The earthquake has resulted in the deaths of its victims.

Appendix 3: Occupancy type classification (FEMA)

No Category Label Occupancy class Description

1 Residential RESI1 Single-family dwelling Detached house

2 Residential RES2 Mobile home Mobile home

38 Residential RES3A-F Multi-family dwelling Apartment

9  Residential RES4 Temporary lodging Hotel/motel

10 Residential RES5 Institutional dormitory Group housing (military, college),
jails

11 Residential RES6 Nursing home

12 Commercial COM1 Retail trade Store

13 Commercial COM2 Wholesale trade Warehouse

14 Commercial COM3 Personal and repair services Service station/shop

15 Commercial COM4 Professional/technical services Offices

16 Commercial COMS5 Banks/financial institutions

17 Commercial COM6 Hospital

18 Commercial COM7 Medical office/clinic Offices

19 Commercial COM8 Entertainment and recreation ~ Restaurants

20 Commercial COM9 Theaters Theaters
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No Category Label Occupancy class Description

21 Commercial COM10  Parking Garages

22 Industrial IND1 Heavy Factory

23 Industrial IND2 Light Factory

24 Industrial IND3 Food/drugs/chemicals Factory

25 Industrial IND4 Metals/minerals processing Factory

26 Industrial INDS High technology Factory

27 Industrial IND6 Construction Office

28  Agriculture AGRI1 Agriculture

29 Religion/ Non-Profit RELI Church

30 Government GOV1 General services Office

31 Government GOV2 Emergency response Police/fire station
32 Education EDU1 Schools

33 Education EDU2 Colleges/universities Does not include group housing

Appendix 4: Building type classification and replacement costs:
a comparison of survey versus HAZUS descriptions

Building type
(construction)

Description Construction

cost/replace-
ment cost ($/
mz)

No of stories

HAZUS cat- HAZUS category
egory description

Brick masonry

Concrete block
masonry

Adobe

Unreinforced 50-70 1-2

masonry
walls, brick
masonry in
mud/lime

Unreinforced
masonry
walls, brick
masonry in
lime/cement
mortar

Unreinforced 50-70 1-2

masonry
walls, con-
crete block
masonry
in cement
mortar

Masonry: 10
earthen/
mud/adobe/
rammed

Earth walls:
adobe block
walls

3+

URML Unreinforced
URMM masonry bear-
ing walls

URML Unreinforced
URMM masonry bear-
ing walls

URML Unreinforced
masonry bear-
ing walls
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Building type ~ Description Construction No of stories HAZUS cat- HAZUS category
(construction) cost/replace- egory description

ment cost ($/

m?)

RC moment Structural con-  180-200 1-3 C3L Concrete frame
frame build- crete: moment 4-7 C3M with unrein-
ing with URM  resisting 8+ C3H forced masonry

frame, with infill walls
URM infill
walls

Stone masonry ~ Masonry: stone 40-90 1 URML Unreinforced
or rubble masonry masonry bear-
stone walls, rubble ing walls

stone (field
stone) in mud/
lime mortar
or without
mortar (usu-
ally with
timber roof),
massive stone
masonry (in
lime/cement
mortar)

Wood/light Wood frame, 20 1 W1 Wood, light
frame wood stud, <5000 square frame (<5000

wood, stucco, feet sq. ft.)
or brick
veneer
Steel moment Steel columns 200 1-3 SIL Steel moment

frame

and beams

frame

Appendix 5: Survey summary (building type versus occupancy class)

Con- Concrete Concrete Concrete Steel URM URM Wood,  Summary
struction  frame frame frame moment bearing bearing light
type with with with frame walls walls frame
URM*  URM URM
infill infill infill
walls walls walls
No of 8+ 1-3 4-7 1-3 12 3+ 1
stories
Building C3H C3L C3M SIL URML URMM WI1 Total Percent-
type count age
Occupancy class
Residential
RES1 130 6 2356 2492 71.28
RES3A 7 2 61 70 2.00
RES3B 9 12 25 6 1 53 1.52

@ Springer



Natural Hazards

Con- Concrete Concrete Concrete Steel URM URM Wood, Summary
struction  frame frame frame moment bearing bearing light
type with with with frame walls walls frame

URM*  URM URM
infill infill infill

walls walls walls
No of 8+ 1-3 4-7 1-3 1-2 3+ 1
stories
Building C3H C3L C3M SIL URML URMM WI Total Percent-
type count age
RES3C 1 1 1 3 0.09
RES3D 2 1 3 0.09
RES4 4 8 10 4 26 0.74
RES5 1 3 4 0.11
Commercial
COM1 68 20 148 8 1 245 7.01
COoM2 6 2 8 0.23
COM3 4 1 25 1 2 33 0.94
COM4 3 4 17 1 25 0.72
COMS5 3 2 2 15 0.43
COM6 1 2 1 7 0.20
COM7 1 1 2 4 0.11
COM8 8 3 33 3 47 1.34
Industrial
INDI1 3 3 0.09
IND2 2 5 1 8 0.23
IND3 6 6 29 1 42 1.20
IND4 1 8 9 0.26
IND6 10 10 0.29
Agricultural
AGRI1 3 16 1 20 0.57
Religious
REL1 43 1 44 2 90 2.57
Government
GOV1 4 48 52 1.49
GOV2 7 2 9 0.26
Educational
EDU1 15 1 175 4 195 5.58
EDU2 7 1 14 1 23 0.66
Total 1 327 71 2 3051 35 9
(count)
Percent-  0.03 9.35 2.03 0.06 87.27 1.00 0.26
age

*URM Unreinforced masonry
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Appendix 6: An overview of regional parameters, methods

of calculation, and sources

Year 1988* 2017° 2005°¢ 2022¢

Population (pop)

Count 880,666 1,333,087 1,025,993 1,486,755

Population growth® 2.2059%

Total® Less than 16 years® 16-65 years® Over 65

years®

Population age and gender distribution

Male (%) 50.8 38.4 57.9 3.7

Female (%) 49.2 36.5 59.8 3.6

Other regional parameters

Average household (HH) size®

Owner occupied houses

Renter occupied houses
Vacant houses

Average house rent

Average HH income per month

School enrolled student
College/university-enrolled students

6.08 Persons

70.98%
26.44%
2.58%
30-53 $
278-431$

78%
22%

Source: 6th Population and hous-
ing census, Pakistan®

Source:

Pakistan Social and Living stand-
ard Measurement survey, PSLM
(2019-20), Pakistan bureau of
statistics (PBS)

Household Integrated Economic
Survey, HIES (2018-19), PBS

Source: Department of elementary
and secondary education KPK,
i.e., Annual statistical report
(2017-18)

Census tract calculations

Pop (%) per census tract

Pop in each census tract

Male pop per census tract
Less than 16 years

16-65 years

Over 65 years

Female pop per census tract
Less than 16 years

16-65 years

Over 65 years

Student pop per census tract

School enrolled student
College/university-enrolled students
No of HH per census tract

Owner occupied houses

Source: United Nations (UN) office for the Coor-
dination of Humanitarian Affairs (OCHA) i.e.,
Global Exposure Dataset, GED/GAR15 (2015)

(Pop (%) per census tract) * (Total pop in a respec-
tive year i.e., 2005 & 2022)

0.508 * Pop in each census tract

0.384 * Male pop

0.579 * Male pop

0.037 * Male pop

0.492 * Population in each census tract
0.365 * Female pop

0.598 * Female pop

0.036 * Female pop

Source: OCHA i.e., Global Exposure Dataset,
GED/GARI1S5 (2015)

0.78 * Student pop per census tract

0.22 * Student pop per census tract

Pop in each census tract / 6.08
0.7098 * No of HH per census tract
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Census tract calculations

Renter occupied houses 0.2644 * No of HH per census tract

Average rent per census tract Renter-occupied houses * Average house rent
Area of the house (Square foot) Source: Parcel mapping using ArcMap

Building occupancy type aggregation Source: Field survey conducted

Building construction type aggregation Source: Field survey conducted

Building exposure or replacement cost Source: World Housing Encyclopedia reports for

Pakistan, (EERI)

?Source: 5th Population census of Pakistan year (1998)
®Source: population and housing census of Pakistan (2017), PBS
¢Calculated (population growth=2.2059%)
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