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Abstract

In countries exposed to natural hazards, population preparedness is an important component of a comprehensive disaster risk
reduction strategy. Recognition of poor preparedness, despite risk acknowledgement, prompted the development of theories for
identifying motivators and barriers to hazard preparedness. While the majority of preparedness theorising and research has been
in culturally individualistic countries, recent years have witnessed growing interest in applying the theories to more collectivistic
settings. However, limited empirical evidence exists concerning the application of these theories in developing countries where
disaster impacts are substantial. This paper assesses population preparedness in the aftermath of a major disaster in a developing
country. Two theories of preparedness Protection Motivation Theory (PMT) and Community Engagement Theory (CET), which
have been previously applied in natural hazard contexts, were integrated to develop a new model of earthquake hazard
preparedness. The validity of the proposed model was explored using 306 household surveys collected from Chainpur and
Jeewanpur Village Development Committees, Dhading, Central Nepal during a field visit in April-May 2016. Structural Equation
Modelling (SEM) in SmartPLS version 3.2.4 revealed that individual risk beliefs (risk appraisal and coping appraisal) and
community and institutional factors could predict hazard preparedness in Nepal. The model was moderately successful (R
41.6%) in predicting that earthquake hazard preparedness occurs at the individual cognition phase and is also influenced by
community and institutional phases.
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1. Introduction

Globally, earthquakes expose populations to increased risk of death and injury, damage to infrastructures and
disruption to those facilities and services people rely on to sustain societal functioning [1]. These impacts are
particularly acute in developing countries. For example, there were 200,000 fatalities in Haiti in 2010, [2], 69,200
fatalities in the Wenchuan, China, [3], 73, 256 fatalities in Pakistan in 2005, [4] and 8510 fatalities in Nepal in 2015
[5]. Even within developing countries, the scenario that unfolded in Nepal was unique due to the specific demands
and characteristics of life in the Himalayan region. Population characteristics such as poverty, poor quality
infrastructure construction and logistic challenges amplified the earthquake risk in Nepal [6-8].

This risk can be managed in two general ways. The first involves enhancing the availability of physical assets
such as retrofitting buildings, applying building codes and regulatory measures, and land use planning for mitigating
seismic hazards risk [9]. Pursuing this requires comprehensive development strategies, financial and human
resources and long time frames for implementation and maintenance [9]. While this should remain a strategic goal in
Nepal, it is important to complement this approach with more cost-effective activities that can be implemented in the
short term. Non-structural measures that implicate developing the knowledge and capabilities of people required to
reduce household and community risk, can complement structural mitigation [9].

Preparing for a disaster at the household level (securing food, water and basic utilities, making household
emergency plan etc) is a cost-effective way of increasing people’s ability to cope with and adapt to the consequences
of hazards [10]. For achieving this goal, educating the public by providing information has been viewed as a
panacea in general. But research has shown that providing information has not necessarily changed people’s
behaviour; even when people acknowledge the risk of a hazard, they still may not change their behaviour [11]. This
issue of adjustment adoption provokes thinking around i) how people interpret their circumstances and risk, and ii)
how they make decisions about how to act when they have to do so in the highly uncertain situation.

Acknowledging the issue of adjustment adoption, several preparedness theories in a pre-disaster context have
been formulated and tested [11-13]. Although theoretical work on preparedness originated in developed countries
predominantly with individualistic cultures (e.g. USA, Australia, New Zealand) [14, 15], several studies have
confirmed the utility of these theories in highly collectivistic cultures (e.g. Indonesia, Taiwan) [16, 17]. These
theories have also proven useful in developing countries such as Ethiopia with a highly marginalised population [17,
18]. Nonetheless, empirical evidence of theorising preparedness and its application in the recovery period are
limited in both developed and developing countries. Preparing to cope with and adapt not only to the severe impacts
of disaster but also to build back better is an urgent need for increasing community resilience in these nations [18].
But in developing countries, preparedness activities are confined to response and survival due to inadequate
resources and skills for contingency planning for the future [19]. This research expands on existing preparedness
theories, by exploring preparedness during the recovery phase of 2015 Nepal earthquake. This offers an opportunity
for exploring how the actual hazard experience of people contribute to their risk beliefs and coping capacity analysis
and how they decide whether to prepare or not.

2. Theoretical framework

This section explains the theoretical foundation of the new model and its variables (dependent and independent).
The proposed model adopts the basic conceptual underpinning of Community Engagement Theory (CET) [20]. It
integrates Protection Motivation Theory (PMT) variables with CET variables to develop a parsimonious model that
provides the insights of earthquake hazard adjustments during the recovery period. Originally, the PMT variables
were designed to predict the volitional behaviour in people facing a known and immediate health issue such as
smoking [21]. These variables are suitable for tracing the behavioural intentions of the population who have
experienced earthquake hazards. In natural hazards, past research has shown that direct experience is important in
motivating people to protect themselves [11]. The CET was designed to examine how people make preparedness
decisions during the periods of high uncertainty that prevail in pre-hazard settings. Its constituent variables are not
well suited to capturing elements of people’s experience when (to some extent, at least) knowledge of hazard
consequences are known. A composite PMT/CET model thus offers a way of modelling preparedness by integrating
variables that capture how people interpret risks present in the recovery environment with social variables in the
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CET that influences how people collectively develop risk management (i.e., preparedness) strategies (Figure 1). The
key elements of the proposed model are discussed in the next section. This discussion commences with factors
implicated in how people evaluate their recent disaster experience; risk appraisal and coping appraisal.

Individual phase Community phase Institutional phase

Probability

Self-efficacy

Response efficacy

Response costs

Community
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Figure 1 Earthquake hazard preparedness model

2.1. Individual phase

In this phase, individual cognition is evaluated using risk appraisal and coping appraisal. Risk appraisal is a
primary cognitive process that motivates people to adopt protective actions. It is a composite of perceived
probability of a threat (susceptibility of people to the current earthquake risk), perceived severity (the severity of the
consequence of the risk) and rewards (perceived benefits) connected to current practices. Risk appraisal involves
weighing the benefits of not adopting protective behaviour against the existing risk. The acceptance of risk is a
primary process to begin coping appraisal. Coping appraisal process begins if people acknowledge the risk of an
earthquake (through direct or indirect experience such as radio, TV, disaster management agencies, etc) and accept
it. Coping appraisal consist of Perceived self-efficacy (the belief that one is capable of performing a protective
action), perceived response efficacy (the belief that protective actions are effective to protect oneself from the
consequences of the threat), and perceived response cost (perceived personal capabilities and resources e.g. time,
skills, physical resources and social network required to take the protective action). A relative balance between risk
appraisal and coping appraisal processes stimulate intentions to prepare/adjust.

2.2. Community phase: Social influences on the construction of risk and its management in the community

People face considerable uncertainty when being asked to prepare for the complex and unfamiliar earthquake
hazards. They turn to family, friends or community members for guidance about how to interpret the event and its
implications for them [20]. In this way, people deal with their novel circumstances by co-constructing their (social)
understanding and imposing local meaning on their situation [22]. The effectiveness of this process is a function of
the quality of people’s relationship with others and their experience of dealing with challenging circumstances with
these others [23]. These processes are assessed using constructs of community participation and collective efficacy
respectively. Community participation includes a sense of community and community involvement. The sense of
belongingness to people and place increases the feeling of community and social cohesion [11]. Social cohesion
contributes to creating a context in which the social construction of risk can emerge, and in which community
members can determine the community preparedness measures appropriate for managing their risk [24, 25].
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Collective efficacy is the capability of the community to self-assess their capacity to coordinate, access resources
and skills required to meet the general and specific needs of the community [16].

2.3. Community-Agency/institutional influence

Given the uncertainty inherent in both pre-event and disaster recovery settings, where people face novel
challenges, key determinants of community action is the degree to which agencies empower community members
and the extent to which community members trust agency sources of information and resources [20]. Two factors
trust and empowerment are considered important to measure community agency relationship. Empowerment is the
ability of the people to deal with an earthquake hazard consequences by generating capabilities and resources
required to manage the issues from emergency agencies [11]. Empowerment derives from the quality of the
relationship between community and agency [11, 26]. Trust is an important parameter that mediates community and
societal factors to intentions (intentions to adjust). Trust is the willingness of people to rely on to others to meet their
needs and expect that others would complement their needs despite acknowledging that there will be some level of
risk in doing so [27]. Shared values, norms, attitudes, beliefs and feelings between two parties in the course of
interactions over a period of time yields trust [28]. The quality of relationship may influence people’s perceptions of
others’ motives, competence, and predictability [11].

2.4. Intentions to prepare: Intention to prepare is an important mediator of actual preparedness [29]. It is used here
as the dependent variable because of a lack of established formal measures of preparedness. The use of proxy
measure minimises the confounding influence that might arise if measures of preparedness were used.

3. Method

On 21 April 2015, a 7.8 magnitude earthquake with epicentre struck Barpak, Gorkha district, adjoining to
Dhading district and 80 km north-west of Kathmandu, Nepal. It affected 31 of the 75 districts in Nepal [5]. Dhading
district was selected for the research following reasons: a) a severely impacted district; b) accessible, c¢) it had
readily available data on direct loss and damage and d) sensitive to secondary hazards such as landslide and
earthquake aftershocks. Chainpur (no casualty) and Jeewanpur (highest casualty) VDCs were selected for the data
collection.

The variables described in the model were compiled into a questionnaire. The questionnaire was distributed
among a random sample of 700 households in the Chainpur and Jeewanpur VDCs. 471 (67%) were returned out of
the 700 questionnaires. The return rate was sufficient to ensure the required sample size recommended for structural
equation modelling. The 471 questionnaires were screened in SPSS version 24 for non-response; responses with less
than 50% of the total responses, and unengaged responses were excluded.

The model tested is a complex model consisting of 38 indicators and two 2" order formative constructs, two 2"
order reflective constructs and three first order reflective constructs which cannot be tested using 1G technique and
CB-SEM [30]. The Partial Least Squares (PLS) technique of structural equation modelling was used for analysing
data. This approach is suitable for validating predictive models especially composite and complex models and is
appropriate to correctly specify model [31]. PLS supports two measurement models: (a) the assessment of the
measurement model and (b) the assessment of the structural model (b) and the R* [32].

4. Results
4.1. Measurement model evaluation

The path model and parameters were estimated in Smart PLS 3.2.4 to assess the measurement model and
evaluating the structural model [33] using recent guidelines for PLS-SEM given by Chin [34] and [33]. In the
model, all the first order variables were reflective. The indicator reliability and validity of the constructs were
assessed using indicator loadings in each variable. The items with factor loading below 0.5 were removed. The
loadings were above 0.70 except for four items (Self-efficacy2, Self-efficacy4, Response cost2, and Empowermet5).
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However, these items were retained although the loadings for these items ranged from 0.585 and 0.684. As these
loadings are higher than the commonly used thresholds of 0.40 or 0.50 in factor analysis [34, 35]. The composite
reliability for all the constructs ranged from 0.76 to 0.90 and was above recommended threshold > 0.70. Thus the
internal consistency reliability of the model was confirmed. All the average variance extracted (AVE) values were
higher than the threshold value of 0.50 providing evidence for the adequate convergent validity of the measurement
model. The discriminant validity of the reflective constructs was established using HTMT criteria and all the values
were below the threshold of 0.85. The variance inflation factor (VIF) provides an indication of multicollinearity and
should be less than 5 [36]. VIF for all of the first order constructs of risk appraisal and coping appraisal were within
the thresholds. The measurement model substantiates that all the constructs measures are reliable and valid. Based
on these findings, the structural model was evaluated for the hypothesised relationships between constructs.

4.2. Structural model evaluation

The R, path coefficients (B) and Q-Stone-Geisser’s Q” are the major criteria to evaluate the predictive relevance
of the structural model [36]. The coefficient of determination (R) value is a measure of the predictive power of the
model. R” values range from 0 -1; with higher levels indicating higher accuracy. However, it depends on the model
complexity and the research discipline [33]. R* values of 0.67, 0.33 and 0.19 are regarded as a substantial, moderate
and weak variance for a model [37]. The intention accounted for 41.6% of the variance explained by the model
indicating the moderate predictive validity of the model (Figure 2).
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Figure 2 Structural model of earthquake hazard preparedness using two-stage approach

Notes: Risk appraisal and coping appraisal are 2™ order formative constructs composed of 1* order reflective constructs of perceived probability
of the threat, perceived severity of the threat, rewards, self-efficacy, response efficacy and response costs. Community participation and trust are
2" order reflective constructs composed of 1* order reflective constructs of a sense of community, community involvement, trust general and
trust specific. Collective efficacy, empowerment and intention are 1* order reflective constructs. *p 0.05,; ***p 0.001 represent bootstrapping of
5000 subsamples.

The next criteria to assess the predictive power of model are path coefficients (). The B values closer to 0.20 and
0.30 or higher represent the good predictive power of the model [34]. The B values were above the recommended
threshold of 0.20 except for paths from empowerment to intention (.191) and trust to intention (0.153). But the
bootstrapping results of 5000 subsamples showed all the path coefficients were significant at p-values < 0.05 and p-
values<0.001which confirms the predictive validity of the model (Figure 2). Stone-Geisser’s Q value criterion
provides the predictive power of the structural model in PLS-SEM besides R and path coefficients [38, 39]. Q*
values larger than zero indicates that the exogenous constructs have predictive relevance for the endogenous
construct under consideration [33]. Q* value for intention (0.396) was obtained by blindfolding procedure. The Q*
values were above zero, indicated the predictive relevance of the PLS path model.
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5. Discussion

A new model of earthquake hazard preparedness was developed by integrating PMT and CET variables.The
model was moderately successful (R* 41.6%) in predicting the proposed theoretical view that earthquake hazard
preparedness process commences at individual cognition level and proceeds through community and institutional
phases in a sequential manner. The analysis supports that individual cognition (risk appraisal and coping appraisal)
and social contextual factors interact to increase the likelihood of preparing in a post-disaster scenario in Nepal.

Individual cognition (risk appraisal and coping appraisal) was assessed using PMT. PMT ascertains that people
elicit intentions to protective actions when they face a threat. They can neither avoid risk nor take precautionary
actions so they will suffice to adjust to the changing circumstances [40]. The strength of relationship from risk
appraisal to intention (J values of 0.3) and from coping appraisal to intention (f values of 0.265) supported the view
that individuals develop the intention to prepare for an earthquake hazard by assessing their risk and coping abilities.

Following risk appraisal and coping appraisal phase, the interaction between individual and community members
begin. The significant relationship between people’s personal experience (belief) of risk and coping appraisal with
community participation and collective efficacy with a variance of 16.8% and 22.4% respectively provide evidence
of individual to community interaction. This implies that in a highly uncertain situation also, people actively seek
information from significant others to reduce the uncertainty [41]. In this way, people deal with their novel
circumstances by co-constructing their social understanding and imposing meaning on their situation [22].

The relationship between community participation to collective efficacy (B values of 0.380 at p < 0.001)
illustrates the role of community in local issues in Nepal and highlights the cultural interdependency, social bonding
and mutual obligations in Nepali society. In a collectivistic society, people are interdependent to their in-group (e.g.
family, clan, tribe, community, and state) and shared norms and values influence their behaviour [42]. Community
response when conducting rescue operation such building temporary shelters and arranging basic supplies with the
available local resources reflected the mutual obligation and social bonding (field discussion, May 2016). However,
the scope of this research is limited to identifying factors of community preparedness. Therefore further qualitative
research that explores the relationship between people’s preparedness and sociocultural beliefs, norms and values
are deemed necessary for articulating the culturally specific responses that underpinned the implicit community
response towards a disaster and its consequences.

Empowerment is an institutional factor that precedes community factors in the model. The relationship between
community participation, collective efficacy and empowerment reveal the strength of community capabilities and
collective efforts for building empowering environment for preparing during recovery in Dhading, Nepal. People as
collectives play a vital role in the response-recovery process as they bear the recurrent challenges earthquake
disasters pose in most parts of the world [43]. In Dhading communities were exposed to multiple challenges such as
loss of lives and property, disruptions to basic services, and a shortage of safe housing structure and much more [7,
8]. Consequently, communities' identified demands were forwarded through Ward Citizen Forum to the government
as the collective efforts to overcome these issues rendered inadequate [8]. However, they received a limited support
in kind and cash from the government. So, a gap between the government service delivery and community
expectations was evident [44].

Another institutional factor that mediates the relationship between empowerment and intention is trust. Trust
explained weak (6.7%) variance although the relationship of trust to intention was significant in the model. The
prevailing gaps between the expectations of communities and government service provision explain the low
variance of trust. Trust represents communities’ level of familiarity to disaster-related information and general trust
developed due to the complementary relationship between relevant agencies and communities in the normal context.
In Nepal also, communities turned towards the public institutions for assistance based on the general trust (around
59% of trust on public institutions) communities have on them [45] to reduce the persistent ambiguity during
recovery[5]. However, more work is needed to further explore the relationship between these variables.

6. Conclusion

This research developed and tested a model of preparedness during the recovery phase of 2015 Nepal earthquake.
Researching disaster preparedness during recovery offered an opportunity to develop an understanding of people’s
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direct experiences and their coping abilities in an unusual situation. It informed people’s motivation to prepare for
the future event as their direct experience of the event stimulates behavioural intention. Prior experience of a hazard
event also promotes the preparedness needs for effective coping in the future; which corroborates with the concept
of Built Back Better.

This research also indicates that the fusion of PMT and CET theories permits a better understanding of
behavioural and social aspect instead of using each of them separately. Researchers investigating hazard
preparedness may consider integrating theoretical perspectives from differing domains as it serves to deepen
research knowledge in preparedness modelling. The model tested is specific to earthquake hazard preparedness in
Nepal. Researchers may consider testing it for all hazard applicability in Nepal and across different countries and
cultures.
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