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Abstract The effects of risk perception and sense of place
on disaster preparedness have been widely reported.
However, most studies have only demonstrated weak
relationships and it is unknown whether these are appli-
cable to China. This study investigated such relationships
in hazard-threatened areas of the Three Gorges Reservoir
area in southwestern China. Data were collected from 348
farming households in landslide-prone areas. Binary
logistic and Tobit regression models were constructed to
determine whether risk perception and sense of place
influence landslide preparedness. The results show that: (1)
Farming households’ awareness of the need to prepare for
disasters was relatively low, and disaster preparedness
behaviors were mainly based on self-learning. Among the
348 sampled households, 67% exhibited no disaster pre-
paredness behavior, and only 2% adopted four of the five
types of disaster preparedness behaviors. About a quarter
of farming households consciously learned disaster-related
knowledge. (2) Risk perception and sense of place had
important influences on disaster preparedness. Respondents
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who received higher scores on the perception of the
probability of a landslide, the threat of a landslide, and the
place dependence variables were more likely to adopt a
greater number of disaster preparedness behaviors.
Respondents with higher scores on the perception of con-
trollability in the case of a landslide were less likely to
adopt a greater number of disaster preparedness behaviors.
Additionally, individual and household socioeconomic
characteristics—education, loss, distance from hazard site,
information acquisition channel, and housing material—
were all related to household disaster preparedness
behavior. This study contributes to the current literature by
improving the understanding of the relationships of risk
perception and sense of place to disaster preparedness in
farming households threatened by geological disasters in
southwestern China.

Keywords China - Disaster preparedness - Risk
perception - Sense of place - Three Gorges Reservoir
area

1 Introduction

The Rural Revitalization Strategy' was put forward at the
19th National Congress of the Communist Party of China
(CPC) in October 2017 as a general policy for building
rural areas with thriving businesses, pleasant living envi-
ronments, social etiquette and civility, effective gover-
nance, and prosperity, with the immediate primary task of
alleviating poverty. By the end of 2017, there were
30 million impoverished rural people in China who mainly

' http://dcz-china.org/news/china-is-pursuing-a-new-rural-vitaliza
tion-strategy.
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live in some concentrated contiguous poor areas. Affected
by geology and topography, geological disasters are fre-
quent in some rural communities in these areas, seriously
threatening people’s lives and property (Xu et al. 2017a).
Unlike other factors leading to poverty, geological disasters
are characterized by their infrequent occurrence, their
abrupt occurrence, and their high degree of severity. These
factors can instantly deplete the wealth of farming house-
holds that may have been accumulated over decades (Xu
et al. 2017b). In 2016, China recorded 9710 cases of geo-
logical disasters, with landslides accounting for 76.2% of
the total. These disasters caused 370 deaths, 35 missing
people, 209 injured people, and a direct economic loss of
USD 460 million (Geological Disaster Emergency
Response Directing Center of Ministry of Land and
Resources 2016). Moreover, disasters are becoming more
numerous and widely distributed, increasingly leading to
longer-term fears of disaster compared to before (Xu et al.
2017a). Research on geological disasters is urgently needed
to achieve the central government’s poverty eradication
target by 2020.

Many scholars have given great attention to the impact
of disasters on households and their responses (including
relocation, disaster preparedness, and so on) (Lindell and
Perry 2000; Han and Nigg 2011; Tobin et al. 2011; Lindell
2013; Hernandez-Moreno and Alcantara-Ayala 2017; Xu
et al. 2017a). But many existing empirical studies have
focused more on floods (Lindell and Hwang 2008; Lawr-
ence et al. 2014), earthquakes (Guo et al. 2014; McClure
et al. 2015; Han et al. 2017; Cui et al. 2018), hurricanes
(Peacock et al. 2005), and volcanos (Guo 2008; Jones et al.
2013), with little attention directed at landslides. Most
studies that have focused on landslides in recent years were
conducted in urban regions. Few studies have dealt with
rural populations located in landslide-threatened areas
(Butler and DeChano 2012; Calvello et al. 2016), espe-
cially areas exposed to disasters as well as poverty in
developing countries (Xu et al. 2017a).

Disaster preparedness is a common behavioral response
of households to natural hazard-induced disasters. Gener-
ally, households with adequate disaster preparedness can
effectively reduce the impacts of disasters (Lindell and
Perry 2000; Lindell 2013; Han et al. 2017). Some empirical
studies from the United States have demonstrated that USD
1 of investment in mitigation and preparedness could save
society USD 4 in losses (Godschalk et al. 2009; Han et al.
2017). However, the general conclusion from the existing
literature is that although it varies, the level of household
preparedness is generally not very high (Mishra et al. 2010;
Kohn et al. 2012; Adiyoso and Kanegae 2014; Roder et al.
2016; Hoffmann and Muttarak 2017). The mainland of
China, especially regions where geological disasters and
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poverty are intertwined, urgently needs relevant research to
investigate this issue.

To be able to promote household disaster resilience, it is
also crucial to understand the underlying factors that affect
household preparedness. However, there are relatively few
empirical studies on the determinants of disaster pre-
paredness in developing countries (Hoffmann and Muttarak
2017), and little is known about this issue in China.
Although risk perception is often regarded as an important
factor affecting disaster preparedness in farming house-
holds, due to the inconsistency of measurement standards,
the results of different studies are not consistent. Most
studies suggest that there is only a weak correlation or no
significant correlation between risk perception and disaster
preparedness (Lindell and Whitney 2000; Siegrist and
Gutscher 2006). The effects of sense of place on farming
households’ disaster preparedness are also unclear. Thus,
for China’s geological disaster areas the question remains:
What is the relationship between risk perception, sense of
place, and farming households’ disaster preparedness?

The Three Gorges Reservoir area in China is a moun-
tainous region with high poverty and return-to-poverty
rates, and subject to frequent geological disasters (Xu et al.
2017b). This study is based on a survey of farming
households and explores the relationship between house-
hold risk perception, sense of place, and the disaster pre-
paredness behavior of farming households, so as to inform
disaster prevention policies. It attempts to answer two
questions:

(1) What percentage of farming households in south-
western China’s geological disaster zone is prepared
for landslide disasters? and

(2) What are the specific impacts of risk perception and
sense of place on the disaster preparedness of farming
households?*

2 Literature Review

Household disaster preparedness and its influencing factors
have been a topic of geography and one of the central
focuses of disaster studies. Lindell and Perry (2000), Kohn
et al. (2012), and Lindell (2013) have systematically

2 This study is a continuation of Xu et al. (2017a) on “Influences of
Sense of Place on Farming Households’ Relocation Willingness in
Areas Threatened by Geological Disasters: Evidence from China”
published in this journal. In that article, we explored the relationship
of risk perception and sense of place to the relocation willingness of
farming households. The core variables of this study (risk perception
and sense of place) are referenced to that article, while the core theme
of this study is to analyze the characteristics of disaster preparedness
of farming households and explore the relationship of risk perception
and sense of place to the disaster preparedness of farming households.



Int J Disaster Risk Sci

169

reviewed household responses to environmental hazards.
Lindell (2013) clustered the factors that influence house-
hold protective behaviors into three categories—risk per-
ception, hazard adjustment attributes, and stakeholder
characteristics. In this study, the factors that affect house-
hold disaster preparedness are often divided into individual
and household socioeconomic characteristics, risk percep-
tion, and sense of place.

The results of many empirical studies indicate that res-
idents’ disaster preparedness and its drivers are closely
related to respondents’ individual and household socioe-
conomic characteristics, their own disaster experiences,
and so on. But Lindell’s (2013) review pointed out that
demographic variables continue to be unreliable predictors
of hazard adjustment adoption, and the specific mechanism
of how these factors influence residents’ disaster pre-
paredness behaviors is not uniform, but mainly depends on
their respective environment (Miceli et al. 2008; Hoffmann
and Muttarak 2017). Some studies have found that
respondents with stable housing tenure, higher income,
longer years of education, more children, longer residence
time, and who are older, married, and/or are women, are
more likely to be prepared for a disaster (Edwards 1993;
Russell et al. 1995; Beringer 2000; Collins 2008; Basolo
et al. 2009; Fischer 2011; Brenkert-Smith et al. 2012;
Reininger et al. 2013). Other studies have obtained dif-
ferent results. Edwards (1993) could find no significant
correlation between age and earthquake prevention pre-
paredness, and Fischer (2011) concluded that older elderly
people are less likely to be prepared for a disaster. Lindell
and Hwang (2008) and Miceli et al. (2008) found no
association between education and preparedness. However,
preparedness was significantly correlated with disaster
experience, escape experience, the distance between home
and the disaster point, and risk perception (Lindell and
Hwang 2008; Baker 2011). Residents who had suffered
disasters more recently (Perry 1979) and directly (Tierney
1993) and had suffered severe losses (Weinstein 1992;
Hoffmann and Muttarak 2017) were more likely to be
prepared for a disaster (Riad and Norris 1998).

Households make corresponding behavioral decisions
only when they perceive the threat of a disaster (Lazo et al.
2015; Xu et al. 2017b). Thus, household risk perception
also affects their behavioral decisions, such as relocation
and disaster preparedness (Xu et al. 2017a). Lindell’s
(2013) review concluded that risk perception has a mixture
of significant and insignificant correlations with hazard
adjustment adoption. The empirical results of studies on
risk perception and disaster preparedness are not consistent
due to the different measures used to assess risk perception
(Xu et al. 2016, 2017a; Peng et al. 2017). Some studies
have found a weak or insignificant correlation between risk
perception and disaster preparedness (Lindell and Whitney

2000; Siegrist and Gutscher 2006), others have reported
that higher levels of perceived risk are associated with
increased preparedness behavior (Miceli et al. 2008; Martin
et al. 2009; Paul and Bhuiyan 2010; McNeill et al. 2013).
Siegrist and Gutscher (2006) demonstrated that perceived
risk did not influence prevention behaviors in coping with
flood disasters. Miceli et al. (2008) found no significant
relationship between likelihood of disaster judgments and
adoption of protective behaviors, but feelings of worry
were associated with disaster preparedness. McNeill et al.
(2013) found that the perceived threat severity was posi-
tively associated with disaster preparedness, while the
relationship between perceived threat likelihood and dis-
aster preparedness was not robust.

Besides risk perception and individual and household
characteristics, the relationship between disaster pre-
paredness and the emotional connection between the indi-
vidual and the environment (for example, community ties,
place attachment, and sense of place) is also one of the
focuses of research (Mishra et al. 2010; Harvatt et al. 2011;
Anton and Lawrence 2016). Bachrach and Zautra (1985),
Tierney et al. (2001), Mishra et al. (2010), and Anton and
Lawrence (2016) found that households with stronger
attachment to a place or community were more likely to be
prepared for disasters. Duncan and Newman (1975), Kie-
colt and Nigg (1982), and Riad and Norris (1998) claimed
that individuals who intended to move were less embedded
in the community. Brenkert-Smith et al. (2006) suggested
that residents weigh the relationship between the need for
disaster prevention behavior and sense of place, that is their
attachment to place, as well as their true feelings of living
in a threat area, and unless they are directly threatened by
disaster, they are unwilling to prepare for one.

The literature review shows that studies often explore
disaster preparedness and its influencing factors in terms of
individual and household characteristics, risk perception,
and sense of place. However, the results of different
empirical studies are not consistent. Using survey data
from rural farming households in the Three Gorges
Reservoir area, this study constructs econometric models to
explore the specific impacts of risk perception and sense of
place on disaster preparedness.

3 Data Source and Methods

The Three Gorges Reservoir area is an important part of the
upper reach of the Yangtze River economic zone. The per
capita net income of the rural residents was RMB 8441
Yuan (USD 1379) in 2014, about 15% lower than the
national average for China’s rural population (Chongqing
Municipal Bureau of Statistics 2015; CNSB 2015). Eight of
the area’s counties (Wuxi County, Wushan County, Fengjie

@ Springer



170

Xu et al. Influences of Risk Perception and Sense of Place on Landslide Disaster Preparedness

Table 1 Summary statistics for households facing disaster threats in the sample villages in the Three Gorges Reservoir study area

Sample county Sample town Sample village

Number of households facing disaster threats

Sampled households

Wanzhou district Xikou Qilin 46
Yuzu 148

Xinxiang Longquan 154

Zhihua 174

Yanshan Wanshun 47

Quanshui 128

Fengjie county Zuyuan Chahe 306
Wushan 364

Caoping 438

Dashu Guanshan 50

Shiyan 200

Total 2055

20
30
35
35
20
35
38
40
40
20
35
348

County, Kai County, Wanzhou District, Shizhu County,
Wulong County, and Fengdu County) are listed as key
national poverty-alleviation counties (Peng et al. 2017).
Due to the limitations of the terrain, many settlements in
the Three Gorges Reservoir area are located in geological
hazard-threatened areas, and some settlements are located
at sites—for example, on debris flow fans—where geo-
logical hazards have occurred before.

3.1 Data Source

This study mainly used data from a survey conducted in
August 2015 in the Three Gorges Reservoir area. The
investigation largely focused on the situation of farming
households in 2014 regarding disaster preparedness, indi-
vidual characteristics, household characteristics, risk per-
ception, and sense of place. Each survey questionnaire took
approximately 1 h to complete for an average respondent.
The survey sample was selected using a combination of
stratified sampling and equal-probability random sampling.

The focus of this research was to explore the influences
of risk perception and sense of place on the disaster pre-
paredness of farming households. Considering the varia-
tions in geology, populations at risk, and economic
development levels, the study randomly classified the 19
counties into two categories: those with more threatened
people and low economic development (11 counties); and
those with fewer threatened people and high economic
development (8 counties). One county was selected from
each category, resulting in two sample counties: Wanzhou
(fewer threatened people and high economic development)
and Fengjie (more threatened people and low economic
development), which included 48 townships in both
counties. Considering the number of farming households
threatened, as well as the economic development level in
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the geological disaster-threatened area, we selected three
townships from Wanzhou and two townships from Fengjie.
According to the number of farming households threatened
by geological disasters as provided by the village cadres,’
we divided the 37 villages in the five selected townships
into two groups: high geological disaster threat villages and
low geological disaster threat villages. Then one village
was selected from each group in each of the five townships.
Considering the overall representativeness of the sample,
we selected one more high geological disaster threat village
from this sample of townships. In total, we obtained 11
sample villages. In the 11 sample villages, according to the
geological disaster threat list provided by the village
cadres, 2055 farming households were threatened by geo-
logical disasters. We selected 2040 threatened households
from each village for the survey. Finally, we used a con-
venience sampling method to select the sample respon-
dents; each household selected a respondent who was
familiar with the basic situation of the family to answer the
survey questionnaire. Ten investigators with prior training®
each conducted household questionnaire surveys in 2—4
households per sample village. Eventually, 348 wvalid
questionnaires were generated with a completion rate of
100%. Summary statistics for households facing disaster
threats in the sample villages are shown in Table 1.

3 Village cadre is the leader of the community, who knows the
community well and has all the statistics of the community. We
obtained the statistical data through face to face interview with the
village cadres.

4 Before the formal investigation, the 10 investigators received
professional training from experienced teachers of the College of
Management at Sichuan Agricultural University, and the training
content included basic interview etiquette, basic skills for asking
questions, the logical consistency of the questionnaire, and so on.
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3.2 Methods

Considering the distribution characteristics of the depen-
dent variables, this study constructed five binary logistic
regression models and a Tobit regression model to explore
the impacts of risk perception and sense of place on
behaviors Y1-Y5 and Y6.

3.2.1 Selection and Definition of Model Variables

The dependent variables of this study concern farming
households’ disaster preparedness behaviors and whether
the farming households have adopted five disaster pre-
paredness behaviors: (1) prepare some necessary items to
avoid disaster impact; (2) learn knowledge of disaster
prevention and mitigation; (3) participate in government
organized disaster-related training and drills; (4) make
some changes to home; and (5) purchase any kind of
insurance against natural hazard-induced disasters. The
final variable is the total number of adopted disaster pre-
paredness behaviors. These variables were selected based
on previous research on the measurement of farming
households’ disaster preparedness (Mulilis et al. 1990;
Russell et al. 1995; Miceli et al. 2008; Basolo et al. 2009;
McNeill et al. 2013; Anton and Lawrence 2016; Hoffmann
and Muttarak 2017), in combination with the actual situa-
tion of the study area. For the first five preparedness vari-
ables, where a household is prepared in a particular way, a
code of 1 was assigned, otherwise, O was assigned
(Table 2). The total number of the five types of prepared-
ness behaviors that a farming household adopted was then
counted, resulting in a value of 0-5.

Risk perception is one of the core independent variables
investigated by this study. Although there is already a large
number of studies that have measured household risk per-
ception via the psychometric paradigm method, different
scholars still hold different views about household risk
perception (Xu et al. 2016). Some scholars choose to
measure risk perception based on a single dimension, such
as the intensity of residents’ overall feeling (He and Zhai
2015), the degree of threat to family assets and personal

security (Lindell and Hwang 2008; Calvello et al. 2016), or
the future possibility of a hazard occurring (Butler and
DeChano 2012). Others hold that disaster risk perception is
a multidimensional concept (Lindell and Perry 2003;
Armag and Avram 2008; Xu et al. 2016). Slovic (1987)
indicated that risk perception is mainly composed of
unknown risk and dread risk. The former is highly related
to the degree of uncontrollability and the potential for
dread; while the latter is closely related to curiosity, sci-
entific knowledge, and impacts. The measurement of risk
perception in this study draws from the psychometric
paradigm of Slovic (1987) that measures the dimensions of
risk perception using ratings. Xu et al. (2016) proposed five
dimensions: probability, worry, unknown, controllability,
and threat. Table 3 shows the specific measurement of risk
perception. Using Cronbach’s alpha to test the reliability of
Probability, Worry, Unknown, Controllability, Threat, and
risk perception measurements, the total scales are 0.70,
0.76, 0.71, 0.68, 0.67 and 0.67 respectively, which are
within the acceptable range and indicate that these mea-
surements are applicable for subsequent analysis.

Sense of place is another focus variable of this study,
and the measurement draws from Jorgensen and Stedman’s
(2001) classic study. Sense of place is divided into three
dimensions: place dependence, place attachment, and place
identity. On this basis, specific measurements were
designed to measure the various dimensions of sense of
place (Table 4). Using Cronbach’s alpha to test the relia-
bility of Place dependence, Place attachment, Place
identity, and sense of place measurements, the total scales
are 0.82, 0.74, 0.75, and 0.86, respectively, which are
within the acceptable range and indicate that these mea-
surements are applicable for subsequent analysis.

The control variables that affect the disaster prepared-
ness behavior of farming households draw from the
research of Edwards (1993), Russell et al. (1995), Beringer
(2000), Collins (2008), Miceli et al. (2008), Basolo et al.
(2009), Fischer (2011), Brenkert-Smith et al. (2012),
McNeill et al. (2013), Anton and Lawrence (2016), Han
et al. (2017), and Hoffmann and Muttarak (2017). The
variables include years of education of the respondent

Table 2 Frequency of households who adopted each disaster preparedness behavior in the Three Gorges Reservoir study area (n = 348)

Preparedness Behavior

Frequency Percent

Household prepared some necessary items to avoid disaster impact, such as store emergency food and water supplies, 42 12.07
keep a working flashlight (0 = no, 1 = yes)

Household learned knowledge of disaster prevention and mitigation in private (0 = no, 1 = yes) 90 25.86

Household participated in government organized disaster-related training and drills, such as escape drills (0 = no, 29 8.33
1 = yes)

Household made some changes to home, such as reinforcing buildings (0 = no, 1 = yes) 24 6.90

Household purchased any kind of insurance against natural hazard-induced disasters (0 = no, 1 = yes) 5 1.44
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Table 3 Risk perception measurement in the Three Gorges Reservoir study area

Code Risk perception Description® Mean SD°
dimension
Al Probability In the next decade, there is a great possibility that a landslide will occur around your house.  3.39  1.03
A2 You have the constant feeling that a landslide will happen one day. 353  1.05
A3 Compared to others’, there is a higher possibility that a landslide will attack your house. 341  1.05
A4 There are more and more obvious signals of landslides in recent years. 3.80 1.08
AS Worry Upon thinking about landslides, you will feel scared 439  0.89
A6 You are worried about the influence of landslides to your household and the village 445 0.5
A7 Unknown Once a landslide occurs, you have to resign yourself to fate 350  1.19
A8 You think that a landslide is determined by fate 373 1.13
A9 Once a landslide comes, you feel everything is ruined 343 125
A10  Controllability Landslides are controllable through proper methods (like structural projects). 278 1.16
All With the mass monitoring and prevention system, you are not scared of the landslide at all 3.67 099
Al12 Despite of the uncontrollability of disaster occurrence, you still can reduce loss via proper 332 1.10
preventions.
Al13  Threat In the next decade, your house and land will be subject to disaster upon the occurrence of a  3.99  0.96
landslide
Al4 In the next decade, the safety of you and your families will be threatened upon the occurrence of 3.98  0.90
a landslide

1 = totally agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = totally disagree

®SD = Standard deviation

Table 4 Sense of place measurement in the Three Gorges Reservoir study area

Code Sense of place Description® Mean SD°
dimension
Bl Place identity I do not want to move from here, because I am used to the lifestyle here 397 098
B2 I am afraid of the disaster, but I still do not want to move away from here, because my roots are 3.90  1.12
here
B3 I do not think I can be separated from the village and the people in the village 372  1.08
B4 I never thought that I would move out of the village and live in other places 333 131
BS5 Place dependence I feel proud of living in this village 359 1.10
B6 Compared with other places, living in this village makes me feel more satisfied 372 1.03
B7 My love for this village is deeper than that for anywhere else 374  1.01
B8 Place attachment When going out, I always think of the village where I live 432  0.73
B9 Unless going out to do some errands, I usually prefer to stay in the village 4.06  0.79
B10 I feel that I can really be myself in the village 427 0.75

1 = totally agree, 2 = agree, 3 = neutral, 4 = disagree, 5 = totally disagree

®SD = Standard deviation

(years); whether a landslide has been experienced by the
household (0 = no, 1 =yes); gender of the respondent
(0 = male, 1 = female); age of the respondent (years);
family cash income (Yuan per year); number of persons
available for assistance when in urgent need of money;
whether there is economic loss from a landslide (0 = no,
1 = yes); distance to the hazard site (< 10 m = 1, other-
wise = (0); communication channels to obtain landslide
information (1 = only from oneself or relatives and friends,
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2 = only from the government or media, 3 = from both 1
and 2); number of family members; whether the household
has children below 18 (0 =no, 1 = yes); whether the
household has older people above 65 (0 = no, 1 = yes);
and housing material (1 = concrete, other = (). Descriptive
statistics for each variable are shown in Sect. 4.
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3.2.2 The Models

This study contains six dependent variables: five dichoto-
mous variables on whether the farming households had
adopted the five disaster preparedness behaviors (Y1-Y5),
and a count variable—the total number of adopted disaster
preparedness behaviors (Y6, with value range 0-5). Con-
sidering the distribution characteristics of the dependent
variables, this study constructed a binary logistic regression
model and a Tobit regression model to explore the impacts
of risk perception and sense of place on behaviors Y1-Y5
and Y6. To avoid the influence of heteroscedasticity of the
independent variables on the results, robust standard errors
were used. The expressions are:

LOgit (Y]) = o9+ oy; X RP; + 0p; x SOP; + o3;
x Control; + &;

Tobit (YZ) =bo+by; X RP;+ by x SOP; + by
x Control; + p;

where o, by refer to constant term; oy;, oy, 035, b1y, Dajy b3;
are parameters need to be estimated; ¢;, y; refer to model
residuals; RP refers to risk perception, SOP refers to sense
of place, and Control refers to the control variables.
Modeling was achieved using Stata 15.0.

3.2.3 Research Hypotheses

Based on the existing literature and a comprehensive
consideration of the actual situation of the Three Gorges
Reservoir area, this study put forward three research
hypotheses:

H1 Risk perception has a significant relationship with
disaster preparedness. Respondents with a higher percep-
tion of Probability, Threat, Worry, and fear of the Un-
known are more likely to show disaster preparedness and
adopt more types of disaster preparedness behavior;
respondents with a higher perception of Controllability are
less likely to show disaster preparedness and adopt fewer
types of disaster preparedness behavior.

H2 Respondents with higher scores on sense of place
(Place dependence, Place attachment, and Place identity)
are more likely to show disaster preparedness, and adopt
more types of disaster preparedness behavior.

H3 Individual and household characteristics are all sig-
nificantly correlated with disaster preparedness, but the
directions of the influences are unknown.

4 Results

This section presents a simple descriptive statistical anal-
ysis of the variables involved in the models then builds
empirical econometric models to explore the mechanism of
influence of risk perception and sense of place in the dis-
aster preparedness decision making of farming households.

4.1 Descriptive Statistics of the Variables

Table 2 shows the frequency of households who adopted
each disaster preparedness behavior. It indicates that
among the five types of disaster preparedness behaviors, 90
farming households consciously learned disaster-related
knowledge, accounting for 25.86% (the largest proportion)
of the total sample. Next, 42 households prepared some
necessary items to avoid disaster impact, accounting for
12.07% (the second-largest proportion) of the total sample,
while only 5 households purchased disaster-related insur-
ance, accounting for 1.44% (the smallest proportion) of the
total sample. Tables 3 and 4 present raw data on risk per-
ception and sense of place.

Table 5 shows the descriptive statistics for the variables
involved in the modeling. To enable modeling using the
binary logistic regression model and the Tobit regression
model, the mean and standard deviation of the dependent
variables were calculated; and the raw scores of risk per-
ception and sense of place in Tables 3 and 4 were nor-
malized through factor analysis for dimensionality
reduction. In order to facilitate the interpretation of the
results, we used the efficiency coefficient method to con-
vert the scores of each dimension factor to achieve the
present results. For risk perception, the mean score of
Worry ranks first and that of Probability ranks last; for
sense of place, the mean scores of the three variables—
Place dependence, Place identity, and Place attachment—
are 59.68, 67.81, and 69.88, respectively. For individual
and household characteristics, 36% of the interviewees
were female, the average age of all interviewees was
57.66 years, and the average number of years of education
was 4.98 years. Some 88% of interviewees had experi-
enced landslides, 26% of households were located within
the red zones (< 10 m) of landslide threat areas, and 68%
had experienced economic loss due to landslides. The
average family cash income was RMB 44,224 Yuan per
annum. Moreover, 59 and 44% of households included
children and older people, respectively. The major infor-
mation channels for landslide warnings were relatives,
friends, and the government. About 77% of houses were
built from concrete (Table 5).

Table 6 shows the frequency distribution of farming
households’ total number of adopted disaster preparedness
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Table 5 Definition and descriptive statistics of the variables in the models used in the Three Gorges Reservoir area study”

Category Variable Measure Mean SD
Dependent variables Y1 Household prepared some necessary items (0 = no, 1 = yes) 0.12 0.33
Y2 Household learned knowledge of disaster prevention and mitigation (0 = no, 0.26 0.44
I = yes)
Y3 Household participated in government organized disaster-related training 0.08 0.28
and drills (0 = no, 1 = yes).
Y4 Household made some changes to home (0 = no, 1 = yes). 0.07 0.25
Y5 Household purchased any kind of insurance against natural hazard-induced 0.01 0.12
disasters (0 = no, 1 = yes)
Y6 Total number of adopted disaster preparedness behaviors 0.54 0.93
Risk perception Probability Score for perception of the possibility of a landslide (1-100) 51.62 17.36
Worry Score for worry about landslides (1-100) 73.12  15.39
Unknown Score for perception of the unknown of a landslide (1-100) 58.67 17.70
Controllability ~Score for perception of controllability in a landslide (1-100) 5226 18.19
Threat Score for perception of threat of a landslide (1-100) 62.14  14.96
Sense of place Place Score for place dependence (1-100) 59.68 17.53
dependence
Place identity ~ Score for place identity (1-100) 67.81 1527
Place Score for place attachment (1-100) 69.88  16.52
attachment
Individual and household Education Years of education (years) 4.98 3.26
characteristics Experience Landslide has been experienced (0 = no, 1 = yes) 0.88 0.33
Gender Gender (0 = male,]1 = female) 0.36 0.48
Age Age (years) 57.66  10.82
Income Family cash income (Yuanb) 44224 55,542
Financial help Number of persons available for assistance when in urgent need of money 4.63 3.28
Loss Economic loss from a landslide (0 = no, 1 = yes) 0.68 0.47
Distance Distance to the hazard site (< 10 m = 1, else = 0) 0.26 0.44
Information Communication channels to obtain landslide information® 1.59 0.78
Member Number of family members 4.21 1.67
Child Children < 18 (0 = no, 1 = yes) 0.59 0.49
Old Older people > 65 (0 = no, 1 = yes) 0.44 0.50
Housing Housing material (1 = concrete, else = 0) 0.77 0.42
material

Risk perception, sense of place, and individual and household characteristics are mainly drawn from the research of Xu et al. (2017a)

®] USD = 6.19 Yuan (at the time of the study)

1 = only from oneself or relatives and friends, 2 = only from the government or media, 3 = from both 1 and 2

behaviors. Among the 348 sampled households, 234
(67.24%) were not prepared at all with regard to the five
behaviors, and only 7 (2.01%) adopted four types of dis-
aster preparedness behaviors. In addition, 62, 35, and 10
households adopted 1, 2, and 3 types of disaster pre-
paredness behaviors, accounting for 17.82, 10.06, and
2.87% of the total sample, respectively.

4.2 Model Results
Table 7 shows the results of the logistic and Tobit models.

Models 1-5 regressed the presence of the five types of
disaster preparedness behaviors in households against their

@ Springer

potential influencing factors, whereas Model 6 regressed
the total number of farming households’ adopted disaster
preparedness behaviors against its potential influencing
factors. Before constructing the models, we examined
whether there was multi-collinearity among the indepen-
dent variables. We found that all variance inflation factors
(VIFs) were less than 10, indicating that there was no
serious multi-collinearity and that model construction
could progress.

The results of Models 1-6 show that household risk
perception had a significant relationship with disaster pre-
paredness. However, the significance of the correlations
between the different dimensions of disaster risk
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Table 6 Frequency distribution of farming households’ total number of adopted disaster preparedness behaviors in the Three Gorges Reservoir

study area (n = 348)

Number Frequency Percent Cumulative frequency
0 234 67.24 67.24

1 62 17.82 85.06

2 35 10.06 95.11

3 10 2.87 97.99

4 2.01 100

Total 348 100

perception and whether rural households adopted the five
disaster prevention preparedness behaviors were not the
same.

Based on Model 1, Probability and Unknown both have
significantly positive regression coefficients, while Worry
has a significantly negative regression coefficient. When
everything else remains constant, every one unit increase in
Probability and Unknown corresponds to the odds of a
“prepared some necessary items” (Y1, versus not prepared)
increase by a factor of 0.03 and 0.02, respectively; every
one unit increase in Worry corresponds to the odds of a
“prepared some necessary items” decrease by a factor of
0.03. Based on Model 2, Probability and Threat both have
significant positive regression coefficients, while Unknown
and Controllability have significant negative regression
coefficients. Every one unit increase in Probability and
Threat corresponds to the odds of a “learned knowledge of
disaster prevention and mitigation” (Y2, versus not
learned) increase by a factor of 0.03 and 0.03, respectively;
every one unit increase in Unknown and Controllability
corresponds to the odds of a “learned knowledge of dis-
aster prevention and mitigation” (versus not learned)
decrease by a factor of 0.02 and 0.03, respectively. Prob-
ability was significantly positively correlated with “par-
ticipated in government organized disaster-related training
and drills” (Y3, Model 3) and “made some changes to
home” (Y4, Model 4). Unknown and Threat both have
positive regression coefficients, while Controllability has a
negative regression coefficient with “purchased any kind of
insurance against natural hazard-induced disasters” (Y5,
Model 5).

Based on Model 6, inconsistent with research hypothesis
H1, Worry and Unknown were unrelated to the total
number of disaster preparedness behaviors adopted by
farming households (Y6). A possible reason is that farming
households believe in their luck, thinking that the possi-
bility of a risk affecting them is very small. Hence, they are
reluctant to conduct any disaster preparedness, even though
they have concerns about disasters. As one respondent in
the survey said, “Our village is designated by the gov-
ernment as a landslide threat area, and if a landslide occurs,

we will inevitably suffer from the losses, such as the
destruction of land, the damage of cob walls and houses by
the rush of waters, and so on, but I have lived here for a
lifetime (for decades), and a landslide has not occurred and
may still not occur. Even if it occurs, it is still some dis-
tance away from my home, and my home is less likely to
be affected by the disaster, so we don’t need to have dis-
aster preparedness.”

Table 7 shows that sense of place is an important factor
that affects the disaster preparedness of farming house-
holds. When everything else remains constant, every one
unit increase in Place dependence corresponds to the odds
of a “household prepared some necessary items,”
“household learned knowledge of disaster prevention and
mitigation,” and “household made some changes to home”
increase by a factor of 0.02, 0.02, and 0.04, respectively
(Y1, Model 1; Y2, Model 2, and Y4, Model 4). Every one
unit increase in Place attachment corresponds to the odds
of a “household purchased any kind of insurance against
natural hazard-induced disasters” increase by a factor of
0.24 (Y5, Model 5). In Model 6, Place dependence was
positively related to the total number of disaster pre-
paredness behaviors (Y6). Inconsistent with research
hypothesis H2, no matter which model was used, the
relationship between households’ Place identity and any
household disaster preparedness behavior was not
significant.

Consistent with research hypothesis H3, individual and
household characteristics were all significantly correlated
with household disaster preparedness behaviors. However,
the significance of the correlations between different
characteristics and rural households’ five disaster pre-
paredness behaviors were not the same. In Model 1, for
example, households prepared some necessary items (Y1)
was only significantly related to Distance; in Model 6, the
total number of disaster preparedness behaviors (Y6) was
only significantly related to Education, Distance, Official
information, and All information.
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Table 7 Results of regression estimates of household disaster preparedness variables and their potential influencing variables® in the Three

Gorges Reservoir study area

Variable Logit Models Tobit model
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Probability 0.03 %% 0.03%%* 0.05%%* 0.02%* 0.11 0.03***
(0.01) (0.01) (0.01) (0.01) (0.08) (0.01)
Worry — 0.03%* — 0.00 0.01 —0.02 —0.05 — 0.01
(0.01) (0.01) (0.02) (0.02) (0.05) (0.01)
Unknown 0.02* — 0.02%%* — 0.00 0.00 0.31%** — 0.01
(0.01) (0.01) (0.01) (0.01) (0.11) (0.01)
Controllability — 0.01 — 0.03%** — 0.01 0.00 — 0.31%* — 0.02%%*
(0.01) (0.01) (0.01) (0.02) (0.13) (0.01)
Threat 0.02 0.03%%* 0.02 0.01 0.327%%* 0.03%**
(0.02) (0.01) (0.02) 0.02) (0.12) (0.01)
Place dependence 0.02%** 0.02%* 0.02 0.04%** 0.04 0.02%**
(0.01) (0.01) (0.01) (0.02) (0.03) (0.01)
Place identity 0.00 0.01 0.01 — 0.01 0.07 0.01
(0.01) (0.01) (0.01) (0.01) (0.06) (0.01)
Place attachment 0.01 0.02 0.02 — 0.00 0.24%%* 0.02
(0.01) (0.01) (0.02) (0.02) (0.09) (0.01)
Education 0.03 0.10%* 0.20%** 0.12 0.14 0.09%*
(0.06) (0.05) (0.08) (0.08) (0.31) (0.04)
Experience® —0.15 0.44 0.41 1.85% 0.00 0.74
(0.61) (0.50) 0.61) (1.12) (0.00) (0.52)
Gender® — 049 —0.20 —0.28 —0.17 5.43%%** — 031
(0.38) (0.32) (0.44) (0.59) (1.95) (0.29)
Age —0.02 0.00 0.01 —0.03 —0.15 0.01
(0.02) (0.02) (0.02) 0.02) (0.15) (0.02)
In (income) 0.00 0.02 —0.03 — 0.31* 3.25%* — 0.09
(0.19) (0.13) (0.20) (0.18) (1.46) (0.12)
Financial help 0.05 0.04 0.03 — 0.09 — 2.27%** 0.03
(0.07) (0.04) (0.07) (0.08) (0.84) (0.05)
Loss® 0.39 0.75%%* — 024 —0.26 —0.58 0.51
(0.47) (0.38) 0.51) (0.54) (1.41) (0.36)
Distance® 1.04%%* 0.75%* 0.40 0.66 6.44 0.73%%*
(0.38) (0.30) (0.38) (0.50) (4.04) (0.30)
Official information® —0.22 0.89%%* 0.42 2.05%%%* 3.01%* 0.87%*
(0.52) (0.35) 0.47) (0.59) (1.80) (0.36)
All information® 0.45 0.36 0.57 1.48%* 0.00 0.84%*
(0.48) (0.40) (0.58) (0.69) (0.00) (0.37)
Member —0.13 0.14 0.27 0.41* — 3.16%* 0.16
(0.15) 0.12) 0.21) 0.21) (1.51) 0.12)
Child® 0.72 0.11 — 041 — 047 9.90%* 0.18
(0.52) (0.37) (0.65) (0.69) (4.14) (0.37)
O1d° 0.02 0.18 — 0.42 — 0.94* 0.87 - 021
(0.44) (0.33) (0.49) (0.53) (3.67) (0.32)
Housing material® 0.85 — 0.62% 0.10 1.67* 0.00 — 0.04
(0.61) (0.35) (0.52) (0.87) (0.00) (0.32)
Constant — 5.78% — 7.00%%* — 12.40%** — 7.07*% — 77.36%%* — 7.39%%*
(3.11) (2.45) (3.37) (3.63) (28.16) (2.28)
LR chi®(%) 41.85 57.09 34.64 60.58 0.11 3.71
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Table 7 continued

Variable Logit Models Tobit model
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Prob > chi*(y%) 0.01 0.00 0.04 0.00 0.11 0.00

Pseudo R? 0.16 0.19 0.16 0.27 0.49 0.09

“Robust standard errors are in parentheses, Odds ratios are reported in the regression results; *** #* and * refer to p < 0.01, p < 0.05, and

p < 0.1, respectively

"Matched with coding in Table 5, Official information refers to information only from the government; All information refers to information
either from relatives, friends, and the media or from the government. They both take 1 = information only from oneself or relatives and friends as

the reference group

“Binary variables take O corresponding category as the reference group

5 Discussion

Based on survey data from farming households in landslide
threat areas of southwestern China, and under the guidance
of the psychological measurement paradigm, this study
measured multiple dimensions of risk perception and sense
of place. Econometric regression models were constructed
to explore the impacts of farming households’ risk per-
ception and sense of place on their preparedness for dis-
asters (whether the households adopted any of the five
types of disaster preparedness behaviors, and the total
number of behaviors adopted). Like the empirical research
results reported from most countries, only a relatively small
proportion of the surveyed households were prepared for
disasters in these disaster-threatened areas. Among the
sampled households, 67% were not prepared for disasters
at all, and only 2% adopted four types of disaster pre-
paredness behaviors out of five.

Risk perception is often regarded as an important factor
affecting farming households’ disaster preparedness, but
different studies have obtained different results regarding
this relationship. Under the guidance of the psychological
measurement paradigm, combined with the actual situation
of the study area, this study broadens the examination of
risk perception by constructing logistic and Tobit regres-
sion models to explore the correlations between the various
dimensions of disaster risk perception and farming house-
holds’ disaster preparedness behaviors. There are similar-
ities and differences between the results of this study and
other similar studies. The results are inconsistent with those
of Lindell and Whitney (2000), Siegrist and Gutscher
(2006), Miceli et al. (2008), and McNeill et al. (2013).
Lindell and Whitney (2000) and Siegrist and Gutscher
(2006) found that there was no significant correlation
between risk perception and disaster preparedness. Miceli
et al. (2008) found no relationship between likelihood
judgments and the adoption of protective behaviors, while
feelings of worry were associated with disaster prepared-
ness. McNeill et al. (2013) found that perceived threat

severity was associated with disaster preparedness, while
the relationship between perceived threat likelihood and
disaster preparedness was weak. Han et al. (2017) found
that the perceived consequences and worry were relatively
significantly correlated with adopting more kinds of pre-
paredness activities. Cui et al. (2018) found that respon-
dents who volunteered for disaster risk reduction activities
received geological disaster education and participated in
evacuation drills, leading to a perception of higher com-
munity resilience. This study found that households with
higher scores on Probability and Threat were more likely
to adopt a greater number of disaster preparedness behav-
iors (such as preparing necessary items), while households
with higher scores on Controllability were less likely to
adopt a high total number of disaster preparedness
behaviors.

Sense of place, place attachment, and community ties
are also often regarded as important factors that affect
farming households’ disaster preparedness, although the
results are inconsistent. Bachrach and Zautra (1985),
Tierney et al. (2001), Mishra et al. (2010), and Anton and
Lawrence (2016) found that the stronger the place attach-
ment or community ties of households, the more likely they
were to be prepared for a disaster. This is consistent with
this study, which found that households with higher scores
for Place dependence were more likely to show disaster
preparedness. This study is also consistent with those of
Duncan and Newman (1975), Kiecolt and Nigg (1982),
Riad and Norris (1998), and Brenkert-Smith et al. (2006),
who found that individuals who intended to move were less
embedded in the community. Residents would weigh the
relationship between the need for disaster prevention, sense
of place (that is their attachment to place), and their true
feelings of living in a threat area, and unless they were
directly threatened by a disaster, they were unwilling to
prepare for one.

In addition to risk perception, sense of place, and other
psychological factors, the individual and household
socioeconomic characteristics of the interviewees were
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also important influences on their disaster preparedness.
Consistent with most studies (Edwards 1993; Russell et al.
1995; Beringer 2000; Collins 2008; Basolo et al. 2009;
Fischer 2011; Brenkert-Smith et al. 2012; Reininger et al.
2013; Hoffmann and Muttarak 2017), in this study, farming
households’ various disaster preparedness behaviors were
related to the different socioeconomic characteristics of the
respondents. The total number of disaster preparedness
behaviors (Y6) was related to Education, Distance, and
information access channels, for example.

Compared to previous studies, the multidimensional
measurement of risk perception and sense of place, and the
use of multiple regression methods, provide some new
ideas that can be a reference for similar research and
enhance our understanding of farming households’ disaster
preparedness behaviors and their influencing factors in
disaster threat areas. However, there are still some defi-
ciencies in this study: it only focused on the disaster pre-
paredness of residents in landslide-threatened areas, for
example. Whether the conclusions and policy implications
of this study apply to other types of mountain hazard threat
areas (such as mudslides, earthquakes, and so on) still
requires further exploration. It is necessary to conduct
further comparative research on disaster preparedness of
rural households in different types of mountain hazard
threat areas. These deficiencies can be accounted for in
future studies.

6 Conclusion

Using survey data obtained from farming households in a
landslide-threatened area, this study established binary
logistic regression models and a Tobit model to explore the
relationship between farming household risk perception
and sense of place and disaster preparedness behaviors.
The results show that: (1) Farming households’ disaster
preparedness awareness was relatively low, and their dis-
aster preparedness behaviors were mainly based on their
own learning. (2) Risk perception and sense of place are
important factors that affect the disaster preparedness
behavior of farming households. Probability, Threat, and
Controllability were significantly related to the total
number of adopted disaster preparedness behaviors.
Farming households with higher scores on Place depen-
dence were more likely to adopt greater numbers of dis-
aster preparedness behaviors; individual and household
characteristics also had significant relationships with
household disaster preparedness behavior.
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