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Abstract. The Indian Himalayan region (IHR) is prone to
multiple hazards and suffers great loss of life and damage
to infrastructure and property every year. Poor engineering
construction, unplanned and unregulated development, and
relatively low awareness and capacity in communities for
supporting disaster risk mitigation are directly and indirectly
contributing to the risk and severity of disasters.

A comprehensive review of various existing survey forms
for risk assessment has found that the survey questionnaires
themselves have not been designed or optimised, specifically,
for hill communities. Hill communities are distinctly differ-
ent from low-land communities, with distinct characteristics
and susceptibility to specific hazard and risk scenarios. Previ-
ous studies have, on the whole, underrepresented the specific
characteristics of hill communities, and the increasing threat
of natural disasters in the IHR creates an imperative to design
hill-specific questionnaires for multi-hazard risk assessment.

The main objective of this study is to design and apply a
hill-specific risk assessment survey form that contains more
accurate information for hill communities and hill-based in-
frastructure and allows for the surveys to be completed ef-
ficiently and in less time. The proposed survey form is de-
scribed herein and is validated through a pilot survey at sev-
eral locations in the hills of Uttarakhand, India. The sur-
vey form covers data related to vulnerability to earthquake
(rapid visual screening), flood, high wind, landslide, indus-
trial, non-structural falling hazards and fire hazards in the
building, and climate change.

SWOT (strengths, weaknesses, opportunities and threats)
analysis of this study states that the proposed form has the
advantages of being self-explanatory and pictorial, includes
easy terminology, and is divided into various sections for
better understanding by surveyors. This survey form has the

weakness of being limited to specific hazards. There are op-
portunities for the form to be applied to other Himalayan
countries like Bhutan, Nepal and Pakistan. When it is ap-
plied internationally, the options available in the questions
may differ. The application process confirmed that the sur-
vey questionnaire performed well and met expectations in
its application. The form is readily transferrable to other lo-
cations in the IHR and could be internationalised and used
throughout the Himalayas.

1 Introduction

The Indian Himalayas are considered a significant part of the
world’s mountain ecosystems (Singh, 2005). The Himalayas
are geologically active, delicate, and vulnerable to both nat-
ural and human-made processes due to their structural in-
stability and maturity (Kala, 2014). Numerous hazards in-
teract at most locations, resulting in cascading or synergetic
effects (Aksha et al., 2020). The Indian Himalayan region
(IHR), being prone to multiple hazards, suffers great loss of
life and damage to infrastructure and properties every year
(Chouhan et al., 2022a). Multi-hazard frequency has risen in
recent decades, resulting in massive socio-economic losses.
There has been a constant rise in the number of deaths, prop-
erty losses, and damage to infrastructure and facilities (Chan-
del and Brar, 2010). According to UNDRR (UNDRR, 2022),
the multi-hazard concept refers to “(1) the selection of multi-
ple major hazards that the country faces, and (2) the specific
contexts where hazardous events may occur simultaneously,
cascading or cumulatively over time, and taking into account
the potential interrelated effects.”
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Poor engineering and construction, reckless development,
human intervention, unrecognised practices, irresponsible
development initiatives, and a lack of knowledge are directly
and indirectly contributing to the risk and severity of dis-
asters (Chouhan et al., 2022b). Many natural disasters have
become human-made phenomena as a result of the spread
of irresponsible construction practices. Such disasters have
a devastating socio-economic impact on the country’s econ-
omy, putting even more strain on an already stressed econ-
omy (Disasters, 2007).

Various research work, disaster risk assessment studies,
and implementation projects are being executed by national
and international organisations for disaster risk reduction in
the Himalayas. The data collection for any risk assessment
in this difficult terrain is a crucial task, as correct informa-
tion documentation has played a significant role that directly
or indirectly leads to an influence on the correct assessment
of the risk factor (Chouhan et al., 2022b).

Surveys using a well-crafted questionnaire are a proven
method in the research fraternity. Questionnaires are the
backbone of every survey when it comes to data collection.
Using data, one can gain a detailed understanding of a com-
munity’s hazard profile, vulnerability interactions, and con-
tribution to risk reduction (Buck and Summers, 2020). The
survey information is required to be coherent for data anal-
ysis since it leads to critical decisions at many levels and
represents the site’s vital characters and society’s expecta-
tions and requirements too. All of these outcomes hinge, of
course, on the creation of a robust site-specific survey form.
A well-designed and executed multi-hazard risk assessment
(MHRA) can lead to more robust strategies for disaster risk
reduction (Kala, 2014; Sekhri et al., 2020) and can facilitate
these by prioritising development planning decisions.

After studying existing survey forms and practical field
surveys at various locations in the Indian Himalayas, the au-
thors found that the existing MHRA survey forms used in
India have some lacuna from point of view of the hills, as the
Himalayas have different geography, cultural and develop-
ment practices, hazard profiles, etc. (Chouhan et al., 2022b).
A close evaluation of the existing survey questionnaires re-
veals that there is a need for an IHR-specific survey ques-
tionnaire form to facilitate a MHRA, which should be easy
to understand, pictorial, and create a two-way disaster sensi-
tisation of giving and getting information from the commu-
nity.

In this research paper, the journey to design and applica-
tion of the proposed hill-specific MHRA survey form has
been described. The pilot survey using the proposed survey
form has been conducted at 10 schools in the Uttarakhand
state of India, and its results identify various risk indicators
in individual buildings as well as the school campus.
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2  Background
2.1 Defining the Indian Himalayan region

The Indian Himalayan region (IHR) straddles the northern
latitudes of 26 20" and 35 40’ and the eastern latitudes of
74 50’ and 95 40’ (Sekhri et al., 2020). In India, it com-
prises 16.2 % of all the geographical land and is home to
76 million people. Natural resources, biodiversity, and eth-
nic variety are abundant in the IHR (Goodrich et al., 2018;
Sekhri et al., 2020). It stretches from the Indus River to the
Brahmaputra River in the east (Srivastava et al., 2015). There
are a total of 11 Indian Himalayan states and two union
territories, as shown in Fig. 1, which have 109 administra-
tive districts (Kala, 2014). The region is socially and eco-
nomically underprivileged, with 171 schedule tribes account-
ing for almost 30 % of India’s total tribal population and
a high literacy rate of 79 percent. The population is grow-
ing exponentially, putting a strain on the region’s resources
(COI, 2011). Tourism is a lucrative business in IHR (NITI
Aayog, 2018), and it contributes to the support of a lot of
construction projects like hotels, restaurants, road construc-
tion, etc. across the region (Kala, 2014). Agriculture is a prof-
itable venture for Himalayan people, and it is mainly rain-
nourished. Furthermore, climate change is hazardous to the
region’s progress and hinders socio-economic development
(Sekhri et al., 2020).

The IHR represents a significant role in the world’s moun-
tain ecosystems (Singh, 2005). The IHR attracts tourists
worldwide because of its natural richness, unique biodiver-
sity, and cultural diversity (NITI Aayog, 2018; Gaur and
Kotru, 2018). The number of pilgrims has risen dramatically
in prominent pilgrim centres across the Himalayas over the
ages (Kala, 2014), putting extra stress on these resources and
posing a danger of socio-economic loss.

2.2 Multi-hazards in the IHR

Being geologically young and expanding (Wester et al.,
2019), the IHR is vulnerable to natural disasters (Gautam
et al., 2013). The Himalayas, the world’s highest mountain
range, is geologically active, fragile, and susceptible to natu-
ral and man-made processes (Kala, 2014). Indian geography,
climate, topography, and population growth all contribute to
its high risk and vulnerability (Sharma et al., 2017). Moun-
tain hazards are widespread, and the hills’ characteristics of
fragility, restricted accessibility, marginality, and heterogene-
ity (Gerlitz et al., 2016) may turn a hazard into a catastro-
phe, transforming mountains into high-risk zones. Further-
more, mountains need a long time to recover from disrup-
tions (Sekhri et al., 2020).

Multi-hazard frequency has risen in recent decades, re-
sulting in massive socio-economic losses (Rehman et al.,
2022). Unrecognised practices, irresponsible development
initiatives, and a lack of knowledge contribute to disasters
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Figure 1. Study area: Indian Himalayan region; source: adapted from NMHS (2019) and Siddique et al. (2019).

having a more significant effect. One of the most challenging
aspects of multi-hazard risk assessment is determining how
to estimate the risk of several hazards in the same region and

how they interact (Hackl et at., 2015).

In the recent decades, severe earthquakes, floods, and land-

by floods between 1985 and 2003 (Mouri et al., 2013). There
is an increase in forest fire frequency globally, especially in
Asia. There are major environmental and ecological impacts
caused by wildfires, which can result in the fatalities of tens
of thousands of people and massive property losses (Parajuli
et al., 2020).

slides have devastated the IHR, including the M7.6 Kash-
mir earthquake in 2005, the Malpa landslide in 2009, the
M 6.8 Sikkim earthquake in 2011, the 2013 Uttarakhand flash
flood, and others, causing approximately thousands of deaths
and property losses (MHA, 2011; BMTPC, 2019; Kumar et
al., 2016). Table 1 illustrates and describes the major haz-
ard events that have occurred historically in the Indian Hi-

2.3 Need of study

Without a comprehensive evaluation of multi-hazards, it is
impossible to develop any concrete policy measures to com-
bat the potential risk posed by multiple hazards (Sekhri et

malayan region.

The Himalayan region is among the most seismically ac-
tive in the world due to the collision of the Indian and
Eurasian plates. A series of four major earthquakes has oc-
curred within a short span of 53 years (Srivastava et al.,
2015), namely Shillong (1897), Kangra (1905), Bihar—Nepal
(1934), and Assam-Tibet (1950). Tectonic activity in the
mountains constantly threatens the stability of the mountains,
with it being an active region. One of the most frequent nat-
ural disasters in the Himalayas occurs when large landslides
occur, destroying infrastructure, destroying trees, and killing
people. Landslides cause huge social and economic losses to
mountain-dwelling populations (Sarkar et al., 2015). The ar-
eas which are close to the river valley has witnessed a large
number of mass movements during recent years (Srivastava
et al., 2010). A recent flash flood, along with a debris flow at
Kedarnath on 16-17 June 2013, which claimed over a thou-
sand lives, was caused by cloudbursts and landslides breach-
ing temporary dams along river valleys (Allen, 2015). More
than 82 % of the world’s population lived on land affected
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al., 2020). With the IHR being prone to multi-hazards (Kala,
2014), risk-resilient development planning is the only way to
prepare the Himalayan community from upcoming disasters.

It is well known that the Himalayas are a high-risk area
for multi-hazards (Pathak et al., 2019), although fewer risk
assessments have been conducted in the IHR region. An as-
sessment of hazards generally focuses on a single threat, such
as landslides, earthquakes, or flooding. As a result, physical
processes are considered in isolation. In most areas of the
Himalayas, hazards are interrelated and generate cascading
effects or synergies which make the entire region vulnera-
ble (Sekhri et al., 2020). Probabilistic risk frameworks have
been proposed, but as a result of a lack of quality and quan-
tity of data, these approaches are seldom feasible in develop-
ing countries (Sanam et al., 2020). Furthermore, the existing
risk assessment models and/or tools for a specific hazard in
the region have limited application and effectiveness from a
policy standpoint (Sekhri et al., 2020).

Researchers are involved in a number of research projects
in the IHR in the field of assessing the risk of disasters in In-
dia, though there have been very few assessments of hazards
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Table 1. Major disaster events in the IHR; source: adapted from BMTPC (2019) and Kumar et al. (2016).

SN Date Location (latitude, Place Indian Himalayan state  Hazard/magnitude Casualties ~ Source

longitude)
1 10 Jan 1869, (25.00, 93.00) Near Cachar Assam Earthquake 7.5 My,  Unknown  Kumar et al. (2016)
2 30 May 1885 (34.10, 74.60) Sopor Jammu & Kashmir Earthquake 7.0 My,  Unknown  Kumar et al. (2017)
3 12 Jun 1897 (26.00, 91.00) Shillong plateau Meghalaya Earthquake 8.7 My, 1500 Kumar et al. (2018)
4 4 Apr 1905 (32.30, 76.30) Kangra Himachal Pradesh Earthquake 8.0 My, 19000 Kumar et al. (2019)
5 8 Jul 1918 (24.50, 91.00) Srimangal Assam Earthquake 7.6 My,  Unknown  Kumar et al. (2020)
6 2 Jul 1930 (25.80, 90.20) Dhubri Assam Earthquake 7.1 My,  Unknown  Kumar et al. (2021)
7 23 Oct 1943 (26.80, 94.00) Assam Assam Earthquake 7.2 My,  Unknown  Kumar et al. (2022)
8 15 Aug 1950 (28.50, 96.70) Arunachal Pradesh— Arunachal Pradesh Earthquake 8.5 My, 1526 Kumar et al. (2023)

China border

9 19 Jan 1975 (32.38, 78.49) Kinnaur Himachal Pradesh Earthquake 6.2 My,  Unknown  Kumar et al. (2024)
10 6 Aug 1988 (25.13, 95.15) Manipur—-Myanmar border ~ Manipur Earthquake 6.6 My, 1000 Kumar et al. (2025)
11 20 Oct 1991 (30.75, 78.86) Uttarkashi, UP Uttarakhand (now) Earthquake 6.6 My, 2000 Kumar et al. (2026)
12 18 Aug 1998 (30.01, 80.04) Malpa, Pithoragarh district ~ Uttarakhand (now) Landslide 380 Kumar et al. (2027)
13 29 Mar 1999 (30.41, 79.42) Chamoli district, UP Uttarakhand (now) Earthquake 6.8 My 100 Kumar et al. (2028)
14 8 Oct 2005 (34.48, 73.61) Kashmir Jammu & Kashmir Earthquake 7.6 My, 74 500 Kumar et al. (2029)
15 14 Feb 2006 (27.37, 88.36) Sikkim Sikkim Earthquake 5.7 My, 0O BMTPC (2019)
16 6 Aug 2010 (34.15,77.57) Leh Ladakh (now) Cloudburst 257 BMTPC (2019)
17 18 Sep 2011 (27.7, 88.2) Sikkim Nepal border Sikkim Earthquake 6.8 My, 60 Kumar et al. (2016)
18  Jul-Aug 2012 (26.20, 92.93) Assam Assam Flood 91 BMTPC (2019)
19  Aug-Sep 2012 (30.72, 78.43), Uttarkashi, Rudraprayag Uttarakhand Flood 52 BMTPC (2019)

(30.28, 78.98), & Bageshwar

(29.84, 79.76)
20 16 June 2013 (30.06, 79.01) Uttaranchal Uttarakhand (now) Flood, landslide, 5748 Kumar et al. (2016)

cloudburst

21 Sep 2014 (33.27,75.34) Jammu & Kashmir Jammu & Kashmir Flood, cloudburst 277 Kumar et al. (2016)
22 4Jan 2016 (24.81, 93.93) Imphal, Manipur Manipur Earthquake 6.7 My, 8 BMTPC (2019)
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associated with the IHR region, none of which incorporate
multi-hazards (Wester et al., 2019). In addition, risk result-
ing from a single hazard is not applicable and cannot be con-
sidered effectively in policy analysis in the region (Sekhri et
al., 2020).

The comparative study of some of the most used survey
forms to assess risk in India is shown in the Table 2. Every
survey form has its own unique features. In some cases, the
focus is largely on one particular hazard, and the other haz-
ards are minor. The details of all the mentioned survey forms
will be explained later in Table 4 of this paper. It has been ob-
served from Table 2 that none of the forms (SN 1 to 6) are fo-
cusing on multi-hazard risk calculation/identification as per
scenarios in the THR, which is not only prone to earthquakes,
but also to floods, landslides, high winds, industrial hazards,
falling hazards at a building level (non-structural hazards),
fire and electrical hazards, etc.

Furthermore, while working with data collection teams on
the ground during disaster risk reduction (DRR) projects, the
authors have observed that surveyors face several problems,
such as the technically advanced language of the existing
survey form, which requires trained technical personnel to
fill out, and this leads to costly human resources. Secondly,
no graphical explanation of the form leads to a lack of un-
derstanding, which further leads to incorrect data collection.
Thirdly, most of the above-mentioned forms (Table 2 and
Sect. 3.3) are not hill-specific. Fourthly, surveyors are not
able to convey the correct objective to the respondent, which
creates no interest in the respondent to reply further. MHRA
survey forms need to be made easy, simple, informative, and
with simple language and/or visual explanation for survey-
ors as well as respondents to connect to it in order to give
and receive information.

The Indian Himalayan region is also a point of attraction
for tourists and pilgrims globally, and tourism plays an im-
perative role in enhancing the economy of the Himalayan
state. Thus, safety is an immense need of the government
at various levels.

There is no such survey form for comprehensive database
for the IHR region for informed decision-making related to
multi-hazards and other aspects of sustainable hill develop-
ment. Considering the IHR scenarios, there is immense need
for a hill-specific survey form that can help to gather impor-
tant information from the field and help in risk assessment
for further decision making to prepare the hill community
for future disasters.

3 Multi-hazard survey framework
3.1 Survey form design methodology
The survey methodologies start with a few recommendations

for designing a good survey, such as (1) the survey form
should satisfy the objectives of the research, (2) there should

https://doi.org/10.5194/nhess-23-1267-2023

be an appropriate (but not very long) length of questionnaires
coving all essential parts, (3) questions should convey a sin-
gle thought at a time, (4) language should be simple and easy
to understand by the surveyors as well as the respondents,
(5) multiple choice questions are mostly preferred to increase
response rate, reduce time, and pattern the responses, (6) the
survey should be concrete and conform to the respondent’s
perspective, (7) the use of unclear words should be avoided,
and (8) it should meet the survey logic, i.e. there is no further
progress or possibility of further correspondence from the re-
spondent if the logic is flawed. It takes practice and verifica-
tion to ensure that when considering an option only the next
logical question comes to mind (Roopa and Rani, 2012).

3.2 Methodology adopted

To gather beneficial and appropriate information related to
multi-hazards in the Himalayan region, careful attention
must be given to the design of the questionnaire that cov-
ers all the important contributing factors from various identi-
fied hazards and fulfils all the gaps identified from the exist-
ing survey form and field experience. Designing an effective
questionnaire takes time, effort, and a variety of stages. The
methodology to prepare the multi-hazard survey form for the
Indian Himalayan region is shown in Fig. 2.

A number of disaster risk reduction projects conducted in
the Indian Himalayan region provided Author 1 with a rare
opportunity to be part of a data collection team. As a re-
sult of these projects, the author has been able to interact
on the ground with hill communities and surveyors and has
learnt that there are several gaps in the existing survey forms
(Sect. 3.4) from both a Himalayan and surveyor perspective.
The MHRA survey form contains all the gist of the data col-
lection experience. This research paper is based on a com-
prehensive literature review (Sect. 3.3) as well as field expe-
rience.

To ensure that the survey form was designed in accordance
with disaster risk assessment requirements, hill-specific haz-
ards, important components, question sequence and layout,
simple language, disaster sensitisation, and two-way infor-
mation sharing (giving and receiving), some initial consider-
ations were taken into account.

We have designed a draft MHRA survey form (Sect. 4.1)
and applied it to some of the buildings in five villages in Ut-
tarakhand (Fig. 5). An initial pilot survey has been conducted
at 10 schools (Sect. 4.2) using the proposed survey form with
content and graphical inputs. The results and observations re-
lating to the pilot survey are discussed in Sect. 4.2 and 4.5 of
this paper.

3.3 Existing multi-hazard risk assessment (MHRA)
survey forms

The spread of non-engineering construction, unrecognised
construction and planning practices, and reckless develop-

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023
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Table 2. Comparison between survey forms used in India to assess risk.

SN 1 2 3 4 5 6 7
Developed by/for ARYA FEMA NDMA IT-B HPSDMA BMTPC MH-RVS
(Proposed)
Source: adapted from Arya FEMA NDMA Sinha and Goyal Kumaretal. BMTPC Author
(2006a,b)  (2015)  (2020) (2001) (2016) (2019)

Understanding ~ Pictorial X X
Earthquake X X X X X X X
Flood X X X X
High wind X X
IHR is prone to  Landslide X X X X X X
multi-hazard Fire and electrical X X
Industrial X
Climate change X
Non-structural/ X X X X X X

falling hazard
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Figure 2. Methodology adopted by the author.

mental activities, as well as a lack of awareness, increase
the impact of disasters. The IHR being seismically active,
as shown in the seismic zonation map of India, creates the
importance of risk assessment of existing buildings. Earth-

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023

quakes are feared because they are so unpredictable. Yet, as
we often hear, “Earthquakes don’t kill, Buildings do” (at-
tributed to Francesca Valli, Change Management Thought-
Leader), and as the detailed assessment is limited by the
number of homes and the cost, one of the considering ap-
proaches is rapid visual screening (RVS), which is used for
seismic vulnerability assessment. Using this methodology, a
risk assessment has been conducted for areas subjected to
earthquakes (Kumar et al., 2016).

3.3.1 Seismic zonation map of India

The first seismic zoning map of India was published in 1935
by the Geological Survey of India (GSI) (Fig. 3) (Mohap-
atra and Mohanty, 2010). Based on the damage that earth-
quakes caused in various parts of India, this map has under-
gone numerous modifications (IS-code1893-1, 2002) (Mar-
cussen, 2017; Khattri et al., 1984) since its original creation.
As per the Seismic zonation map, India is divided into four
distinct seismic risk zones shown here by colour (Dunbar et
al., 2003) in Fig. 3.

3.3.2 About RVS

The Applied Technology Council (ATC) developed the RVS
method in the late 1980s and published it in the FEMA: 154
in 1988. In later versions it was revised in FEMA: 178-1989,
1992 (revised), FEMA: 310-1998, and FEMA: 154-1988,
2002 (revised) for rapid visual screening of buildings (Kumar
et al., 2016).

Rapid visual screening (RVS) avoids the need for struc-
tural calculations by using a visual method. An evaluator de-
termines the damageability grade by identifying (a) the pri-
mary structural lateral load resisting system and (b) the struc-
tural features of the building that can impact seismic perfor-

https://doi.org/10.5194/nhess-23-1267-2023
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Figure 3. Seismic zonation map of India; source: adapted from © Maps of India (https://www.mapsofindia.com/maps/india/seismiczone.htm,

last access: 1 April 2023).

mance in combination with that system. The process of in-
specting, gathering data, and deciding on the next course of
action occurs on site and may last several hours, depending
on the size of the building (Arya, 2006a, b).

Uses of RVS results

The foremost uses of this technique concerning seismic ad-
vancement of existing buildings are to assess a building’s
seismic vulnerability to categorise it further. It is used to de-
termine the structural vulnerability (damageability) of build-
ings and determine the seismic rehabilitation requirements.
In cases where further assessments are not considered neces-
sary or are not feasible, retrofitting requirements are simpli-
fied (to a collapse prevention level) (Arya, 20064, b).

3.3.3 Multi-hazard risk assessment used in India

RVS methodology proposed by Anand S. Arya for
masonry buildings

This RVS procedure that was designed for the Indian context
follows a grading system where the screener identifies the
primary load-resisting system of the building and determines
parameters that may be modified to improve the seismic per-
formance of the structure (NDMA, 2020).

The rapid visual screening form of masonry buildings de-
veloped by Anand S. Arya consists of zoning according to
Indian conditions, and buildings with importance are given

https://doi.org/10.5194/nhess-23-1267-2023

consideration. Also, special hazards (liquefiable area, land-
slide prone area, plan irregularities, and vertical irregulari-
ties) and falling hazards are taken into account. Finally, a
grading system was performed in the buildings. Refer to
Arya (2006a) for the detailed RVS survey forms for masonry
buildings.

RVS methodology proposed by Anand S. Arya for
reinforced concrete frame or steel frame

The rapid visual screening form of reinforced concrete (RC)
frame and steel frame for seismic hazards developed by
Anand S. Arya has six components: (i) general information;
(ii) building typology based on foundation type, roof, floor,
etc.; (iii) structural frame type; (iv) special hazard; (v) non-
structural building components; and (vi) damageable grades
(Arya, 2006b).

Seismic safety features of RC frame buildings consist of
parameters like frame action, presence of soft storey, short
column effect, concept of weak beam strong column, pound-
ing of buildings, building distress and other important fea-
tures, water seepage, corrosion of reinforcement, quality of
construction, quality of concrete, and non-structural falling
hazards. Refer to Arya (2006a, b) for the detailed RVS sur-
vey form for RC and steel buildings.

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023
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RVS procedure developed by Sudhir K. Jain

In this method, a checklist for pre-screened buildings is
prepared based on Indian conditions. It is one of the first
methodologies in India featuring a points system. Per-
formance scores are calculated based on factors such as
zone, architectural considerations, structural parameters, and
geotechnical characteristics. In India, this method is used in
many locations, with the first applications being in Gujarat
after the Bhuj earthquake (Jain et al., 2010).

RVS form developed by NDMA 2020

In the Disaster Management Act of 2005, a paradigm
shift from a relief-centric approach to mitigation- and
preparedness-centric approaches is sought, with continued
emphasis on proactive, holistic, and integrated response.
With this act in mind, NDMA initiated a series of discrete,
comprehensive, and integrated initiatives. Among the recom-
mended actions was assessing earthquake risk within the ex-
isting built environment.

NDMA developed this report to make end users aware
of RVS’s outcomes by presenting RVS in clear and tangi-
ble terms. On the basis of discussions with the relevant do-
main experts, NDMA have developed recommended forms
for pre-earthquake and post-earthquake level 1 assessments
of seven building typologies (i. reinforced concrete building,
ii. burnt clay bricks building, iii. confined masonry build-
ing, iv. random rubble masonry building, v. mud house, vi.
dhajji dewari, vii. ekra house). A form is developed to cate-
gorise the different building attributes into three categories:
red (high risk), yellow (moderate risk), and green (low risk)
(NDMA, 2020).

Seismic vulnerability assessment by Ravi Sinha and
Alok Goyal

Ravi Sinha and Alok Goyal from the Indian Institute of Tech-
nology Bombay (II'T-B) prepared a “National Policy for Seis-
mic Vulnerability Assessment of Buildings and Procedure
for Rapid Visual Screening of Buildings for Potential Seis-
mic Vulnerability”. A key feature of this procedure is that
it allows a trained evaluator to conduct a walk-through of
the building to determine vulnerability. It is compatible with
GIS-based (geographic information system) city databases
and can also be used for a variety of other planning and mit-
igation tasks (Sinha and Goyal, 2001).

RVS analysed 10 different types of buildings, based on the
materials and construction types most commonly found in
urban areas. There were both engineered and non-engineered
constructions (built according to specifications) in this cate-
gory (Sinha and Goyal, 2001).

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023

Building vulnerability form developed by HPSDMA &
TARU

A form originally prepared by TARU consultancy and the Hi-
machal Pradesh State Disaster Management Authority (HPS-
DMA) is shown in (Kumar et al., 2016). A building is vi-
sually examined by an experienced screener as part of RVS
to identify features that contribute to seismic performance.
This method is known as a “sidewalk survey”. In this side-
walk survey, checklists are provided for each of the five types
of buildings, i.e. RC frames, brick masonry, stone masonry,
rammed earth, and hybrid (Kumar et al., 2016).

Vulnerability Atlas of India developed by BMTPC

The Building Materials and Technology Promotion Council
(BMTPC) published the Vulnerability Atlas of India as its
first edition in 1997 (BMTPC, 2019). It was hailed as a “use-
ful tool for policy planning on natural disaster prevention and
preparedness, especially for housing and related infrastruc-
tures”. The first of its kind, it provided a means for assessing
not only district-level hazards, but also the vulnerability and
risks of housing stock. It was greatly utilised by state gov-
ernments and their agencies in order to develop micro-level
action plans on how to reduce the impact of natural disasters,
since buildings and housing are commonly damaged or de-
stroyed due to natural disasters, resulting in life losses and
disruptions to socio-economic activities.

The revised Atlas published in 2019 reflects advances
in scientific and technical knowledge; the addition of new
datasets; the results of disasters caused by earthquakes and
cyclones; possible damage from landslides, floods, and thun-
derstorms; the failures of roads and trains during disasters;
changes in the political map of the country; and new statis-
tics on walling and roofing data of houses (BMTPC, 2019).
Table 3 and Fig. 4 show different housing typologies used
in BMTPC based on wall and roof type and material identi-
fied in India and also their damage risk under various hazard
intensities.

3.3.4 Multi-hazard risk assessment used globally

FEMA 154

The FEMA handbook demonstrates how to rapidly identify,
inventory, and rank buildings that are at high risk of causing
death, injury, or severe damage in the event of an earthquake.
Rapid visual screening (RVS) can be carried out with a short
exterior inspection, lasting 15 to 30 min, by trained personnel
using the data collection form in the handbook. The guide
is targeted at building officials, engineers, architects, build-
ing owners, emergency managers, and citizens who are inter-
ested in the topic.

Its purpose was to provide an evaluation of the seismic
safety of a large inventory of buildings quickly and inexpen-
sively, with minimal access to the buildings, and to identify
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Table 3. Damage risk to various housing categories identified by BMTPC under various hazard intensities (BMTPC, 2019).

MSK: Medvedev—Sponheuer—Karnik.

Category (Type of wall and roof)

Earthquake intensity MSK ‘

1

Wind velocity ms™ Flood-prone

>IX VII VII <VI ‘ 55&50 47 44 & 39 33
A1l. Mud wall (all roofs) VH H M L VH H M L VH
A2.a. Unburned brick wall (sloping roofs) VH H M L VH H M L VH
A2.b. Unburned brick wall (flat roofs) VH H M L VH H M L VH
A3.a. Stone wall (sloping roofs) VH H M L VH H M L VH
A3.b. Stone wall (flat roofs) VH H M L H M L L VH
B.a. Burned brick wall (sloping roofs) H M L VL H M M L H
B.b. Burned brick wall (flat roofs) H M L VL M L L VL H
Cl.a. Concrete wall (sloping roofs) M L VL NIL | H M M L L
C1.b. Concrete wall (flat roofs) M L VL NIL | L VL VL VL L
C2. Wood wall (all roofs) M L VL NIL | VH H M L H
C3. Ekra wall (all roofs) M L VL NIL | VH H M L H
X1. GI (galvanised iron) and other metal sheets (all roofs) M VL NIL NIL | VH H M L H
X2. Bamboo, thatch, grass, leaves, etc. (all roofs) M VL NIL NIL VH VH H L VH

VH: very high risk; H: high risk; M: moderate risk; L: low risk; VL: very low risk.

Housing Category : Wall Types

Category — A : Buildings m field-stone, rural structures,
unburnt brick houses, clay houses

Category — B : Ordinary brick building: buildings of the
large block & prefabricated type, half-timbered structures,
building in natural hewn stone

Category — C : Reinforced building, well built wooden
structures

Category — X : Other materials not covered in A, B, C.
These are generally light.

Notes:
1. Flood prone area includes that protected area which may
have more severe damage under failure of protection works.
In some other areas the local damage may be severe under
heany rains and chocked drainage.
2. Damage Risk for wall types is indicated assuming heavy
flat roof in categories A, B and C (Reinforced Concrete)
building.
3. Source of Housing Data : Census of Housing, GOI, 2011

Housing Category : Roof Types

Category — R1 : Light Weight (Grass, Thatch, Bamboo,
Wood, Mud, Plastic, Polythene, GI Metal, Asbestos Sheets,
Other Materials)

Category — R2 : Heavy Weight (Tiles, Stone/Slate)
Category — R3 : Flat Roof (Brick, Concrete)

EQ Zone V : Very High Damage Risk Zone (MSK > IX)

EQ Zone IV : High Damage Risk Zone (MSK > VIII)

EQ Zone III : Moderate Damage Risk Zone (MSK > VII)

EQ Zone II : Low Damage Risk Zone (MSK > VI)

Level of Risk : VH — Very High;, H— High; M— Moderate; L — Low;

VL — Very Low
*Total No. of Houses excluding Vacant/Locked Houses

Figure 4. Damage risk and housing category identified by BMTPC (BMTPC, 2019).

those that require more detailed examination. FEMA 154
was developed by ATC under contract to FEMA (ATC-21
Project) in 1988. As with its predecessors, the third edition
aims to identify, inventory, and screen buildings that present
a potential risk. This latest version includes major improve-
ments, such as updating the data collection form and includ-
ing an optional more detailed page, preparing additional ref-
erence guides, and including additional building types that
are common, and considerations such as existing retrofits,
additions to existing buildings, adjacency, and many others
(FEMA, 2015).

Flood vulnerability assessment survey
The flood vulnerability assessment survey form prepared by

the Asian Institute of Technology (AIT), Bangkok, and the
Climate Technology Centre and Network (CTCN) (Peiris,

https://doi.org/10.5194/nhess-23-1267-2023

2015) has five sections, (i) general information, (ii) type of
building, (iii) flood damage and cost, (iv) flood emergency
response, and (v) effect on livelihood and income, and was
designed for residential, institutional, commercial/industrial,
and infrastructure damages. Refer to Singh (2005) for the de-
tailed survey form.

Landslide vulnerability assessment survey

Scientists and researchers focus more on researching land-
slide susceptibility and the hazard component rather than
assessing the vulnerability of buildings to landslides. Even
when the same construction material is used, construction
practices vary across the country. Currently, there is no stan-
dard method for determining building vulnerability by using
indicators.

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023
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The parts covered by landslide risk assessment survey
forms are (i) general information, (ii) building function, and
(iii) vulnerability indicators like architectural features, mate-
rial characteristics, structural features, geographical features,
and quality of workmanship, construction and maintenance,
etc., which are also covered during RVS and have been cov-
ered in the proposed survey from CitSci, the GIS-based data
collection app for landslides (Singh et al., 2019).

3.4 Features required for a multi-hazard survey form
for IHR

3.4.1 Gaps identified in existing survey forms

Existing survey forms have their strengths and weaknesses.
After studying various survey forms for risk assessment pre-
pared by various national and international authorities, it is
observed that hill-specific survey forms that can take care
of multiple aspects of risk and sustainability assessment to-
gether do not exist. Available forms are complicated, are not
very user friendly, consist of terminologies difficult to com-
municate and comprehend, have no pictorial clues for under-
standing, involve several rounds of calculations for coherent
multi-hazard risk evaluation using the data, and most impor-
tantly they are not hill site-specific or designed for the Indian
Himalayan region.

Hills have their own situation, condition, geography, cli-
mate, development trends, construction practices, culture,
etc., and they are distinctly different from other regions. RVS
is mostly used in India to assess the visual structural vulner-
ability of the building, as it involves no structural calcula-
tions. On the other hand, SVA (simplified vulnerability as-
sessment) and DVA (detailed vulnerability assessment) are
for the detailed structural survey of a building and therefore
are more precise and use engineering information along with
more explicit data on ground motion. Data filling is not easy
enough for the surveyor and requires a very high level of
engineering knowledge, skills, and experience. Pictorial ex-
planations from a surveyor point of view can ease the com-
munication. Most of the survey forms are focused on single
hazards (mostly for seismic evaluation of a building), irrele-
vant of multi-hazard from Himalayan point of view, and how
prone a building’s location is to other hazards. Integration be-
tween risk understanding and sustainable development is too
limited or non-existent. Thus, it has been observed that there
is an immense need to design hill-specific questionnaires for
multi-hazard risk assessment for the Indian Himalayan re-
gion.

3.4.2 Comparative study of some risk assessment
survey forms mostly used in India

Table 4 shows the comparative analysis of risk assessment

survey forms developed by various organisations and mostly
used in India with the proposed multi-hazard RVS. Forms

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023

have been compared on various sections like typology, gen-
eral information, history of disasters, site conditions, build-
ing geometry, structural and non-structural component of a
building, etc.

4 TIHR-specific MHRA survey form preparation
4.1 Survey form preparation

The proposed survey form is a modification of the rapid vi-
sual screening (RVS) survey questionnaire, i.e. a form used
for structural and non-structural components of a building
that performs during an earthquake. In the original RVS
questionnaire no other hazards are considered. A building’s
location on a vulnerable site, its structural condition, and its
performance can lead to disastrous situations. The other hill-
specific hazards are also incorporated into the proposed form
to identify the risk components from multi-hazards. Whilst
the Himalayan region is prone to earthquakes as per India’s
Seismic Zonation Map (Fig. 3), the proposed survey form
also covers other hazards like landslide, flood, industrial ex-
plosion/emissions, fire vulnerability, hydro-climatic factors,
etc., which will be addressed one by one in this paper.

4.2 Preliminary survey

Before conducting the pilot survey, a preliminary survey was
conducted to test the proposed form, research methodology,
and identifying gaps in the existing survey form.

This small assessment also evaluated the RVS form with
minor enhancements to evaluate its performance and confirm
gaps and to see if it can meet the requirement for risk assess-
ment in other areas with similar geographical characteristics
and conditions as experienced in the Indian Himalayan re-
gion.

The preliminary survey was conducted at five Gram Pan-
chayats of the Chinyalisaur sub-district in Uttarkashi, Ut-
tarakhand, namely Chinyalisaur, Dhanpur, Dharasu, Hidhara,
and Bagi, in October and November 2019, using the draft
MHRA survey form. Some of the pictures of the visit are
provided in Fig. 5.

The preliminary survey was conducted to determine
whether (1) the questions are clearly framed, (2) it covers
all the requirements as per hill communities, (3) the wording
of the questions are correct enough to lead to the desired out-
comes, (4) the questions as well as options for answers sug-
gested are hill-specific or not, (5) the questions are positioned
in the most satisfactory order, (6) surveyors and respondents
of all classes understand the questions, (7) the questions and
their options are self-explanatory or not, (8) the sections in
the survey form cover risk-assessment-related questions for
all identified hazards or not, (9) the questions as per con-
struction practices and construction materials are available
on hills or not, (10) there is any need to add some questions
or do some need to be eliminated so as to improve the flow

https://doi.org/10.5194/nhess-23-1267-2023
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Table 4. Continued.
1 2 3 4 5 6 7
Developed by/for ARYA FEMA NDMA IIT-B HPSDMA BMTPC MH-RVS (proposed)
Source Arya (2006) FEMA (2015) NDMA (2020)  Sinha and Goyal (2004)  Kumar et al. (2016) BMTPC (2019) Author
Pounding effect Height of building X X X
Distance from closest building X
Quality of adjacent building X X X X
Heavy weight Type and positioning of heavy weights X X
on top Intact status with structure X
Parapet Parapet material X X X
Parapet intact with structure X X
Overhang Type of overhangs X X X X X X
Length and intact status X X
Staircase Staircase details X X X X
Lift status X
Column and beam Column beam details X X X
Beam with infill wall X X
Connection and continuity X X X
Basement No. of basements X X
Column and retaining wall X
Soft storey Soft storey details X X X X
High wind Potential threat from wind X
Landslide Position of potential landslide X X X X
Stabilised slope status X X X
Barriers to rockfall X X
Industrial Potential threat from industrial hazard X
Fire Fire safety status X X
Location of potential fire threats X
Climate change Understanding & concern X
Non-structural elements  Cantilever availability (chimneys, balconies, X X X X X X
parapet, sunshades, cladding)
Other non-structural elements X X X X X

>

No. of unattached non-structural elements

X: concern (major/minor).

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023
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£ Ajay Verma, 2017

Figure 5. View of the site selected for the pilot survey.

of the survey session, and (11) the surveyor and respondent
understand the importance of this survey or the objective be-
hind this survey and have responded in that way.

4.2.1 Observations during preliminary survey

Feedback from the preliminary study proved very helpful in
determining the key gaps and shortcomings of the form de-
sign and in informing improvements to the proposed form
design. Specifically, (1) the preliminary study showed that
a surveyor’s observations of a project site, their understand-
ing of each question, and their strategy for convincing the
residents to provide accurate data played a significant role
in risk assessment. (2) In some questions, the use of techni-
cal terms or difficult words, or questions designed to gather
too much data at once, discourage respondent interest in re-
sponding further and made the surveyor uncomfortable to
proceed. (3) The questionnaire may not be self-explanatory
and requires someone with civil engineering training to fill it
out. (4) Building geometry, construction practices, construc-
tion materials, and development trends play an essential role
during any hazard; thus, existing building-related questions
and options must be incorporated. (5) Survey questions are
developed primarily from observations made by survey and
engineers as opposed to responses from residents. (6) If the
surveyor is not familiar with the terminologies and the aims
behind filling out the questionnaire, it leads to no response
or the respondents sometimes loosing interest in answering
further. (7) An unclear survey vision, an unclear study pur-
pose, and inadequate training of the surveyor will make it
difficult to explain the importance of data collection to the

https://doi.org/10.5194/nhess-23-1267-2023
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Village Bagi

respondent, leading to unclear questions and less accurate re-
sponses. (8) Surveyors should be trained enough to pick out
the correct option from respondents’ lengthy responses. (9)
There is a need for pictorial representation of answers/op-
tions for better understanding of the surveyor. (10) Different
answers are obtained when questions are arranged inappro-
priately or answers are arranged incorrectly. (11) Observing
the interaction between multiple hazard types in the same
area is a challenging aspect of multi-hazard risk assessment.

4.3 Proposed MHRA form

After the preliminary survey conducted at the Chinyalisaur
sub-district, significant points were identified/observed that
have been incorporated in the proposed survey form of multi-
hazard at hill locations, with all the simple content and graph-
ical inputs for better understanding. Hence, the modifications
from a multi-hazard risk point of view and surveyor’s point
of view can be seen in the proposed form. The proposed sur-
vey form can be found in the supplement.

4.4 Risk score computation

After all the parametric studies from various Indian standard
codes and reports (URDPFI (2015), IS-13828 (1993), IS-
4326 (1993), 1S-1893-1 (2016), IS-13935, 2009, IS-15988
(2013)) on ideal building parameters and weak components
of a building from the design, construction, site condition,
surrounding condition, location, and hazard points of view,
risk scores were decided on an average basis on 24 compo-
nents separately (refer section 4.5 of this paper) for better

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023
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Table 5. Risk score computation; source: adapted from Chouhan et al. (2022b).

Risk score Oto2 21t04 41t06 6.1t08 8.1to 10

Risk status Very low Low Moderate High Very high

Building status Very safe Safe Moderately safe ~ Unsafe Very unsafe

Recommendation = Need Need attention Need attention Required DVA  Required retrofitting
maintenance  and maintenance and SVA and retrofitting  urgently

Under the supervision of experts

SVA: Simplified vulnerability assessment, DVA: detailed vulnerability assessment

judgement and understanding. Risk scores were derived from
the proposed survey form by appropriately weighing the data
points against a risk number chart, with higher weightage
given to higher risk (Chouhan et al., 2022b). The data were
then aggregated on a scale of 10 (Table 5). For example, if
a building answers all weighted MCQs with the highest risk
option, it will be scored 10/10, and similarly for low risk and
moderate risk. All questions in the questionnaire were not
weighted; those with ambiguous risk consequences were left
un-weighted to be studied objectively. The risk scores intend
to give a relative idea of where the risk lies within a build-
ing and among buildings to enable prioritisation during risk-
mitigation planning.

4.5 Pilot survey

After finalisation of the proposed MHRA Survey form, a pi-
lot survey was conducted at 10 schools of the Uttarakhand
state. The results of the building level survey and campus
level survey are shown below in Sect. 4.5.1. and 4.5.2.

4.5.1 Result of the rapid visual screening survey

As per IS Code 13935 (2009), the key goal of seismic re-
inforcement is to improve a weakened building’s seismic re-
silience as it is being repaired, making it stronger in the event
of potential earthquakes. The individual results of 17 compo-
nents of RVS are elaborated (Table 6), which highlights the
weaker part that needs attention in a building.

4.5.2 Result of the multi-hazard survey

The survey was conducted by considering the campus of the
school as one unit. It primarily focuses on the location of the
school premises under a vulnerable zone or not and, if yes, to
which kind of hazard. It solves the question of how the school
campus is prepared. The result of the multi-hazard survey is
shown in the Table 7.

The photos of the 10 schools where pilot survey was con-
ducted is shown in the Fig. 6.

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023

5 Discussion
5.1 Pilot survey

The IHR requires effective and standardised multi-hazard
risk assessment, and for that purpose a custom-designed sur-
vey form has been designed to capture the unique charac-
teristics of hill communities and assets. The proposed form
performed reasonably well. Effectiveness and data collection
is comfortable from both ends, i.e. respondents and surveyor.
The questions are properly framed in various sections, the
language is simple, and it is easy to interpret. The pictorial
explanation makes it easy for surveyors to correct input data,
as its explanation is self-explanatory. The objective behind
the data collection is well clear to the respondents and the
Surveyor.

5.2 Key features of the proposed MHRA survey form

The key features of the proposed form are that it is specially
designed for data collection in the Indian Himalayan region
regarding risk of earthquake, flood risk, high wind risk, in-
dustrial hazard, non-structural risk, fire vulnerability, and cli-
mate change awareness. As the value addition, the proposed
survey form consists of questions related to climate change,
as the promotion of self-mobilisation and action is enhanced
by awareness; it increases enthusiasm and support. It is there-
fore crucial to raise awareness about climate change adapta-
tion in order to manage the impacts of climate change, in-
crease adaptive capacity, and reduce overall vulnerability.
The proposed survey form is very useful for any type of
study related to hazard risk assessment in hills. Time taken
to complete the questionnaire, i.e. the length of the question-
naire, is good enough, i.e. 10 min for the trained civil engi-
neer and 17 min for the trained non-engineering background
surveyor. With practice, the surveyor can reduce time. The
language of the form is simple and specific, i.e. one answer
on one dimension is required, it considers all possible contin-
gencies when determining a response, and it is designed in a
way that it collects more and more accurate information in
less time. Questionnaires permit the collection and analysis
of quantitative data in a standardised manner, ensuring their
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Table 6. Result of RVS of 10 schools through proposed form.

1281

SN  Risk status Very low risk  Low risk  Moderate risk ~ High risk ~ Very highrisk  Total
1 Site condition 54 % 13% 29 % 2% 2% 100 %
32 8 17 1 1 59 blocks
2 Building geometry 34 % 27 % 14 % 20 % 5% 100 %
20 16 8 12 3 59 blocks
3 Foundation 27 % 22 % 51% 0% 0% 100 %
16 13 30 0 0 59 blocks
4 Wall 36 % 37 % 27 % 0% 0% 100 %
21 22 16 0 0 59 blocks
5 Earthquake bands 0% 0% 7 % 10 % 83% 100 %
0 0 4 6 49 59 blocks
6 Cracks 2% 83 % 0% 0% 15% 100 %
1 49 0 0 9 59 blocks
7 Openings 63 % 17 % 19 % 1% 0% 100 %
37 10 11 1 0 59 blocks
8 Roof 7 % 3% 10 % 78 % 2% 100 %
4 2 6 46 1 59 blocks
9 Pounding effect 25 % 0% 5% 39 % 31% 100 %
15 0 3 23 18 59 blocks
10 Heavy weight on top 95 % 0% 2% 0% 3% 100 %
56 0 1 0 2 59 blocks
11 Parapet 93 % 0% 7 % 0% 0% 100 %
45 0 4 0 0 59 blocks
12 Overhang 53 % 0% 15% 0% 32% 100 %
31 0 9 0 19 59 blocks
13 Staircase 80 % 0% 3% 12 % 5% 100 %
47 0 2 7 3 59 blocks
14 Column 51% 0% 12 % 0% 37% 100 %
30 0 7 0 22 59 blocks
15 Beam 32 % 2% 7 % 7 % 52% 100 %
19 1 4 4 31 59 blocks
16 ~ Basement 100 % 0% 0% 0% 0% 100 %
59 0 0 0 0 59 blocks
17 Soft storey 100 % 0% 0% 0% 0% 100 %
59 0 0 0 0 59 blocks

internal consistency and coherence. The question sequence
is clear and smooth-moving. By sequencing questions prop-
erly, the chances of misinterpreting individual questions are
greatly reduced. The pictorial options make it comfortable
for the surveyor to fill in the answer by looking at the build-
ing.

The survey form is divided into sections so that only one
thought can be conveyed at a time. It includes the advanced
version of RVS that covers risk status for foundation, wall,
roof, openings, beam, column, site conditions, etc. of a build-
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ing. It is covering all the points required for building analysis
in RVS. It covers questions related to all identified hazards
that are directly or indirectly contributing to risk factors. It
covers all the required questions as per hill condition, situ-
ation, climate, geography, construction practices, construc-
tion materials, etc. The format, including the font and lay-
out, is good enough to be read by the surveyor. Before go-
ing into the field, the surveyor must require a reading of the
full survey form carefully with all terminologies clear. It in-
cludes non-structural risk survey questions. The safety of oc-
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Table 7. Result of multi-hazards of 10 schools through the proposed form.

SN Risk status Very low risk ~ Low risk ~ Moderate risk ~ High risk ~ Very high risk ~ Total
1 Flood risk 10 % 50 % 30 % 0% 10% 100 %
1 5 3 0 1 10 Schools
2 High wind risk 70 % 20 % 10 % 0% 0% 100%
7 2 1 0 0 10 Schools
3 Landslide risk 100 % 0% 0% 0% 0% 100 %
10 0 0 0 0 10 Schools
4 Industrial risk 100 % 0% 0% 0% 0% 100 %
10 0 0 0 0 10 Schools
5 Fire risk 0% 20 % 60 % 20 % 0% 100%
0 2 6 2 0 10 Schools
6 Non-structural risk 0% 0% 0% 80 % 20% 100 %
0 0 0 8 2 10 Schools

Figure 6. Photo of the 10 schools.

cupants in a building following an incident can be at risk due
to reduced capacity of structural components or damage to
non-structural components. This hill-specific MHRA ques-
tionnaire survey may act as a risk sensitisation tool.

5.3 Result of the pilot survey

It can be seen that the detailed multi-hazard risk assessment
will help the schools to identify the potential threats pre-
sented in the building as well as the premises and the steps to
retrofit the structure.

Due to the region’s strong earthquake zonation, RVS and
NSRA (non-structural risk assessment) data suggest high
structural and non-structural vulnerability in almost all the
10 schools (Fig. 6), which assumes greater significance. On
the other hand, schools need to improve their fire safety mea-
surement and training. High wind and floods pose a promi-
nent moderate to high risk. Industry and landslides, on the
other hand, pose no risk. The risk of fire arises from a short-
age of fire safety equipment and structural issues such as the
absence of an alternate staircase, the incorrect placement of
fire-risk properties, etc. Fire disasters have the potential to be

Nat. Hazards Earth Syst. Sci., 23, 1267-1286, 2023

catastrophic, but this should be a top priority as we advance.
The wind is a significant concern in this region because it is
vulnerable to frequent windstorms. High-speed winds pose a
risk in the form of hazardous trees/towers, flying objects, and
weakly latched doors/windows.

Heavy furniture (tables, cabinets) and hanging electrical
items/wire products face a considerable risk of falling in the
case of a tragedy in different rooms and labs. Falling hazards
can obstruct escape routes and injure people as they collide
with them during minor seismic shaking/earthquakes. When
a disaster strikes, it is crucial for students and workers to
have as little disruption as possible during the critical reac-
tion time. Mitigation measures primarily involve simple fixes
of non-structural elements with the structural element (wall
and floor) and are hence, for the most part, low-cost solu-
tions.

Overall, the total risk is rated moderate on the risk scale,
considered by the authors after structural and non-structural
factors.
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6 Conclusions

The Indian Himalayan region is facing disaster every year
with significant loss of life and property, as it is very prone
to multi-hazards. Thousands of studies and projects and large
amounts of research are funded nationally and internationally
to minimise the loss and prepare the community to face the
upcoming disaster.

A questionnaire is the backbone for any survey, which
is the base for all types of research work for better accu-
racy. This article describes why there is a need for a hill-
specific survey form that focuses on the multi-hazards in hills
and hill’s existing scenarios. It then described the steps of
how a hill-specific multi-hazard risk assessment survey form
was developed, validated through pilot survey, and tailored
specifically for hill communities.

This article identifies gaps in the existing survey form used
in India for risk assessment and highlights the problem faced
by the surveyors on the ground while filling out these survey
forms. The proposed form is self-explanatory, pictorial, sim-
ple, easy to understand, covers hill-specific important com-
ponents, and addresses several hazards such as earthquakes,
floods, high wind, landslides, industrial hazard, fire vulnera-
bility, and non-structural risk in the building.

The proposed survey form designed and applied under this
study will help all the stakeholders to collect better infor-
mation from the field and make it easy for the surveyors to
understand, even for a non-technical person. This form will
also identify the weak components of a building, construc-
tion practices, the development trend, and the vulnerability
of the location, so that future construction can be planned
considering the risk factors and vulnerable zones. Most of
the assessment criteria for multi-hazard risks are met by the
proposed survey form. The more accurate the data, the better
its results will be.

The preliminary survey conducted at the Chinyalisaur dis-
trict of Uttarakhand validated the questionnaire and survey
form and provided invaluable feedback now incorporated
into the final survey form design. Through preliminary and
pilot surveys, it has been observed that the proposed form
is designed in a way that it can collect more accurate in-
formation in less time. Questionnaires permit the collec-
tion and analysis of quantitative data in a standardised man-
ner, ensuring their internal consistency and coherence. The
language and sequence of questions is designed for clear
and easy communication. Pictorial explanations of questions,
the unique feature, provides easy flow of information be-
tween the respondents and surveyors. Thus, this hill-specific
MHRA questionnaire survey may act as a risk sensitisa-
tion tool.

The survey form is divided into various sections that cover
firstly building-specific questions, as buildings play crucial
roles during any hazard, and secondly location specific ques-
tions that cover the vulnerability of buildings towards other
hazards. The result of the pilot survey highlights the risk sta-

https://doi.org/10.5194/nhess-23-1267-2023

1283

tus for various components of a building, which will help
further in utilising the retrofitting and renovation budget in
a fruitful and planned way. On the other hand, the result of
the pilot survey also shows location-wise vulnerability, i.e.
vulnerability of the building towards other hazards that can
help further in decision making related to disaster reduction,
preparedness, and planning strategies at that location for that
particular identified hazard. It will also help us to understand
the development trend in that particular location and take ac-
tion for future development strategies.

The suggested form is a proposed version of rapid visual
screening (RVS), which can assess the risk of any structure
and includes all structural and non-structural components
that respond during a seismic event. It also includes informa-
tion about the building’s sensitivity to possible danger zones
such as landslides, floods, wind, and industrial hazards.

This study has the scope of application in other Asian
countries within Himalayas like Nepal, Bhutan, China, and
Pakistan. Its international application will enhance the sur-
vey form and scope for future research. The proposed survey
form will not only act as self-sensitisation for the building
owners at a micro level, but also have good scope at a re-
gional level, i.e. macro level, when results of all the build-
ings will be on a single screen. The data collected using this
form can be used in any study related to multi-hazard risk as-
sessment. It can be used by civil engineers as well as people
with a non-civil engineering background. People can self-
assess their building. To do this effectively, it is crucial to
reinforce the networks of science, technology, and decision-
makers and create a sustainable technological outcome for
disaster risk reduction.
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