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Abstract

This paper aims to examine the relationships between social participation astdrdisa
reduction actionsA survey of 557 households in tsungmone areas in Phang Nga
Thailand was conducted following the 2012 Indian Ocean earthquakes. W& use
multivariate probit model to jointly estimate the likelihood ¢firee responses to
earthquake hazardsncluding keepingclose watch of news, preparing survival kits
andbr having a family evacuation plarhaving anintention to migrateand community
participation. We find that those who experienced losses from the 2004 tsunami are
more likely to participate in community activities and respond to earthqualkedsaz
Compared to men, women are more likely to prepare survival kits and/eranav
emergency plan as well as havgraater intention to migrate. Individuals living in a
community with a higher proportion of women with tertiary education also have
greater propensity to engage in community activities and carry out disahietioa
measuresThe conditional probabilis of carrying outall three risk reduction actions
for individuals who have participated in villappased activitiesare 5.2% higher
compared to thoseot engaging in community activities. This implies tleatouraging
participation in community activities can have externalities in disaster mitigation
providing opportunities for community members to exchange information and
experiences that may impact disa responses at the individual level.
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Social Participation and Disaster Risk Reduction Behavious:
Case Study of Tsunami-risk Areas in Southern Thailand

Nopphol Witvorapong
Raya Muttarak
WirapornPothisiri

1 Introduction

Following the Indian Ocean Tsunami of December 2004, there has been an thcrease
awareness dhe potentially destructive impacts of tsunamis and other extreme natural
events. Coastal communities are becommgeasinglyvulnerable to natural hazards
partially due to an increase in extreme natural events, global envirohiciesntge and

in part due to population growth and development in coastal areas. Accordisgbed

risk reduction has become a central theme afymiaternational development agencies.

Minimising dsaster damagesan be done on a variety of scales. At the level of
the national or local government, examples of disaster mitigation measures include
improving forecasting and warning systeng)hancingcommunity resilience through
promoting awarenes®f potential disaster riskand disseminating knowledge about
disaster preparedne@duppert & Sparks 2006). Other measures inclombee sensible
management of environmental and natural ressurak of which are noexcludable
public goods. At the individual level, protective aseres are important, particularly
when one lives in highisk zones. Common protective measures range #tmring
emergency food and water suppliasd attending a firskid courseto purchasing
insurance against natural disasters and preparing a household emergency plan
Emergency preparedness allows households to carry out appropriate regpohsesa
disaster strikegTierney et al. 20013nd strengthens thegapabilitiesto cope with the
aftermath(Henry et al. 2004).

Disaster risk reduction is notc@mpletelyindividuaistic effort asit canalsobe
fostered by social networks. Efforts to promote disaster risk reductiam @fiphase
the importance of community involvement. While external agencies such as
governmerdl or nongovernmenrdl organigitions may initiate disaster management and
risk reduction programmeshe sustainability of such activities primarily depends on
partnership, participatigrand ownership of local communities (Shaw 2012). At the
same time, community involvement in hazard mitigatioso ainclude community
empowerment in negotiatingith and engaging supt#acal actors such as local and
central government agencies to support commidritsen processes. This suggests that
local resilience to natural hazards can be promoted through toalemction that
supportseffective responses.

Accordingly, recent literature has introduced social capital as a key element i
disaster risk reduction. Social capital, when seen as embeddedness in socidsnetwor



(Lin 2008) or the social structure composed of individuals and osgtans, can be

useful in prevention, preparatioand coping with disasters in many ways. Social
networks have a diversity of functigrisom sharing of expertise and resow(€rabbé

& Robin 2006)andtransmission of inforntaon to supportingoolicies and practices that
contribute to greater preparedness and effective responses (Ford et al. 2006; Tompkins
2005).In this sense, social capital can be deemealpaslic resource thaénhances the
well-being of he community.

The degree of social capital can also be considered as an individual level
attribute There is a quagirivate component of social capital that can be invested in,
exchanged and inheritgddger 2003) Similar to human capital, social capitalan
important determinant of human wékking amnotedby Dasguptg1999, p.325)social
capital is a private good that is nonetheless pervaded by externalities, botre @ositi
negative”. It has been shown across diffemegional contexts that social capital can
contribute to disaster prevention and risk reduction. For example, it was reported that
residentsin Charleston,North Carolina who hadtronger social support were more
likely to evacuate before Hurricanes HugalaAndrew than those with weaker social
support(Riad et al. 1999)Likewise, membership ia social orgargation is found to
increase support received following a hazard event (Beggs et al. 1996; Nakagawa
Shaw 2004) On the other hand, isolataddividuals are less likely to be rescued,
evacuate or receive assistancéDynes 2005) and havea greater mortality risk
(Klinenberg 2002) It can be expected that welbnnected individuals should benefit
from their social ties in preparatidor and response to emergencies

Regardless of the definition or the level of social capital in consideration, it is
clearthatsocial capital is positively related with disaster preparedi@samleeWright
2010; Reininger et al. 2013; Yamamura 2018)cial networksprovide channels
through which a perception of risk and motivations to take preventative action can be
transferredCohesive communitieare generally more prepared for hazard events since
members are more willing to collaborate on solving common prob(@msawal &
Monroe 2006) At the individual level, those who participate regularlyn social
activities can benefit fromn exchangef useful information and warningespecially
in times of emergency.

2 Determinants of Risk Reduction Ations

Preparedness actions vary considerably with personal characteristics anstanes.
Sociedemographic characteristics including age, gender, marital status, number of
children and education are reported to be associated with disaster prepafEchmsg

et al. 1992; Heller et al. 2005; Lindell & Whitney 2000; Muttarak & Pothisiri 2013;
Russell et al. 1995; Turner et al. 1986). The level of preparedness is also found to
increase with economic circumstances such as income and home owxedstgpds

1993; Mulilis et al. 2000; Russell et al. 1995).

Disaster experience, as an important psychological factor, can changeseesp
activities. It may alter the understanding and perception of risk and encabhetge
precautionary measures be undertaken. The extent to which disaster experieante has
impacton seltprotective behaviour varies accordingdifferent components such as
the number of disasters experienq@issell et al. 1995how recent the experience



was (Mileti & Fitzpatrick 1992) and whether losses were incurred from the disaster
(Jackson 1981; O’'Brian & Mileti 1992).

Disaster experience may also influence social capital. Social capital may be
eroded following a disaster, as network members beayislocated or lost through
injury or death and network resource capacity can be overwhékaaibsty & Norris
1993; Varda et al. 2009However, disaster experience may renew or enhance social
capital in a community during the disaster period. In “normal” times, citizenship
obligations are modest; whesgan times of natural disasters, as community members
share the same experience, they may feel more attached to each other, in which case a
sense of belonging is generated and gains from cooperation are better (Eajrsex
2002) In high risk areas, being regularly exposed to natural disasters induces
communities to diffuse information concerning preventive measures antk®tiadm
to cope with risks through collective learning (Yamamura 20I®e experience
reinforces social trust andommunity participation(Yamamura 2010; Yamamura
2013), which in turn becomes useful in risk reduction.

The abovementioned literature suggests that disaster risk reduction actions are
determined by several factors. Figuresdimmarise determinants of risk reduction
behaviours and relationships among them. &ocapital is associated with risk
reduction actions. At the same time, both social capital and risk reduction behaviours
are determined by individual characteristics and previous disaster expewaiateare
observable. However, there could be unobserved characteristics of an individual such as
risk aversion, attitudes or beliefs that influence both social capital investarah
undertaking risk reduction actions. If this is the case, social capithrisk reduction
actions are jointly determined and should be estimated simultaneously.

Individual Social capital \
characteristic

Unobserved
characteristic

Community A

characteristic Disaster risk
reduction
behaviours

Figure 1 Relationships among individual and community characteristics, social capital
and disaster reduction behaviours

While previous studies have investigated the role of social capital on disaster
prevention, preparednesmd recovery (Aldrich 2011a; Aldrich 2011b; Bih&iRyan
2012; Reininger et al. 2013jew studies have considered the possibility that the
investment in social capital and risk reduction behavioarsbe jointly influenced by
the same underlying characteristics. This paper aims to explore deternohdisisster
risk reduction behaviour@neasured as disaster preparedness and migration intention)
and social capital (measured as social participgtiand examine the relationships



between the two action#. usesa survey of 557 households located along the western
coastline of Southern Thailand in Phang Nga pragjiconducted immediatelgfter the

11 April 2012 Indian Ocearearthquakes. Controlling for individual and community
characteristicsand accounting for unobserved heterogeneity, we hypoghdiset
disaster experiendafluences both social participation aadundertaking ofactions to
reduce disaster risland that social participation pbtigely influences the level of
disaster preparedness.

3 Study Area and Context of Disaster ks

Phang Nga province was chosen fbe study because the province was the worst
affected area of the six tsunaaffected provinces in Thailand in 2004. Thepnce
suffered the greatest human loss andurred amassive economic impact due to
damags to buildingsandbasicinfrastructure(Nidhiprabha 201Q)Relying on its own
resourcedor reconstruction, ive years later, the affected areas were seen as having
fully recovered(Willroth et al. 2011) Following the 2004 Indian Ocean tsunami,
tsunami warning systems were installed and regular drills were introdusedarhi
experience together with various campaigns for disaster risk redwati@nexpected to
have raised awareness and encouwtagsk reduction actions among Phang Nga
residents.

The 2012 Indian Ocean earthquake provides a unique opportunity to investigate
risk reduction behaviours of households residingsimamirisk areas in Phang Nga.
On 11 April 2012, a powerful magnitude 8.6 undersea earthquake struck 434km
southwest of the Indonesian province of Banda Aceh in northern Sumatra. It was
followed by another major shock (M8.2) as well as numerous aftershocks (USGS 2012)
This triggeredatsunami warning for countries along the Indian Ocean rim including six
provinces located aloritpe western coastline of Southern Thailand. Althoaighassive
tsunami did not occubecausethe tectonic plates shifted horizontally rather than
vertically like in 2004, theeventwas seen an actudest of the warning system and
evacuation proceduréBlatural Sciences Sector 2012; Singh 2012).

The April 2012 Indian Ocean quake triggered numerous earthquakes of M4.5
and greater worldwide (Pollitz et al. 2012). In particular, on 16 April 2@,
earthquake 04.3 magnitude struck Phuket with its epicentre at Thalang district, 22km
away from Phang Nga. This quake was followed by a series of more thaer2éadks
between 16and 22 April 2012. During that period, both the 11 April Indian Ocean
quake and Phukeuakes sparked fear among locals and tourists especially in the areas
previously damaged by the 2004 tsunami. Rumours were spread that Phuket could be
submerged due to the quakes. Residents in the region were put on high alert for fear of a
disastersimilar to that 02004.

4 Data

The analysis is based on two data sources. The data at the individualkrétaiained
from a survey of households located artsunami higkrisks areahat was conducted
immediately after the Indian Ocean earthquakes andgland just after the period of
the minor earthquakes between 17 Apritd13 May 2012 by the College of Population
Studies, Chulalongkorn University. The period of the survey was tiraslyisk



reduction behavioursould be observeth the moment when pparedness was being
tested byealevents.

The process of collecting the individdalvel data can be described as follows.
First, €ven sukldistricts thathad beenssued tsunami warnings on 11 April 2012 by the
Department of the Disaster Preventiord aflitigation (DDPM) were selected. Then,
nine villageswithin the seven suMistricts were randomly selected as interview sites.
Interviews wereaceto-face andcarried out in the Thai language by trained interview
staff and local researchens each vilage, 30% of the households were selected for
interview through systematic random sampling. The interviewers first ajpfgahe
head of household; in the head of household’s absence, the spouse or a household
member aged 15 years or older was asked tiicjpate. The questianasked ranged
from basic demographic and so@conomic characteristics of the respondent and the
householdto awareness of, response to, and preparedness for the 2012 Indian Ocean
earthquakesQuestions regarding experience witte threvious2004 tsunami, social
activities engaged in, and channels of information receiverk also included The
final sample consists of 557 households with valid responses to all questions used in the
analysis.

The other source of data comes frim 2010 Population and Housing Census,
supplied in an aggregated form by the National Statistical Office, Thaltaswhtainsa
basic demographic profile and educatatrthe villagdevel.

4.1 Outcome Variables

The outcomes of interest are disaster reduction behaviours and social capitath&ince
survey was carried out during the period of aftershocks, we treat the Indian Ocean
earthquake as a trigger that prosgpindividuals to react to potential disasterkas
Three actionsof disaster reduction are considered: 1) close viagcbf the news; 2)
preparation of survival kits a household evacuation plan; and 3) migration intention.
The first two activities are derived from a specific question in the surteshvasks:
“Have you or your family taken any preparedness actions after the 11 April 2012 Indian
Ocean earthquake?”. Migration intention is derived feoquestion which asks: “Have

you or your family thought about moving to other areas after the 201&nl@@tean
earthquake?”. Moving away from disasfgone areas is one way to reduce exposure to
disaster risks. Migration intention is shown to be a powerful predictor of actimlity
(Bradley et al. 2008; Lu 1998Here intention to migrate is considered to be one
indicator of risk reduction behaviou

Social capital is measured in terms of social participation. Participation in
community activities such as volunteering, religious involvemmaninembership in an
association allowpeople to interact and provisla venue to create trust among group
members(Putnam 1995a; Putnam 1995t8ocial participation creates networks
disseminate informatioand allows social trust toossify. There is evidence that risky
health behaviours is lower among those who engage in social and club activities
(Hyyppa & Méaki 2003). We thusypothesis¢hat social participatiomay promote risk
reduction behaviours likewise. Social participation is derived from the questiomgaski
how often the respondent participates in community activities in the past 12 months.
Individuals who participate in community activities sometimes or regularlycate t;
those who do not are coded 0.



Determinants of Risk Reduction Behaviours and Socigid®pation
Individual Characteristics

Individual characteristics that can influence risk reduction behaviours and social
participation include age, gender, marital status, employment status, hedlgtatus in
household. Experience of the 2004 tsunami is also considered. Experience is measured
as the degree of impacts received from the 2004 tsumamiwvhether the individual
experienced loss of life, injury, or loss/damage of property.

Household Characteristics

Risk reduction actions and social participation can be associated with household
characteristics including number of household members, proportion of dependent
members (those aged <5 years and those aged >60 years and over), whetredraddhous
has a disabled member, household incoamel years of household settlement in the
community. We also consider household locatian whether the house is situated on a
coastline.

Village Characteristics

Given that risk reduction and social partatipn oftentake the form ofcollective
action, demographic characteristics of the village, namely, the number of households
percentage of female populaticand percentage of women with tertiary education are
considered.

Table 1. Dependent Variables

Disaster Preparedness Measures Percentage
Whether the person followed news about the earthquake

Yes 59.78%

No 40.22%
Whether the person had prepared evacuation kits or formed an evacuation plan

Yes 36.80%

No 63.20%
Whether, after the earthquake, the individual expressed desire to move

Yes 19.21%

No 80.79%
Whether the individual participated in villap@ased social events

Yes 74.15%

No 25.85%
Number of observations 557

Table 1 shows the distribution of the four dependent variaBliesost two
thirds of the respondents reported having keptose watcbf the news while about
onethird mentioned that their households had prepared emergency kits and/or formed
an evacuatiomplan.Onefifth of the respondents expressadintention to migratéom
tsunamirisk areasFor a given individual, keeping close watch of news presumably
takes the least effort, followed by stockpiling emergency supplies or formmng a
evacuation planwhile migrating out of the area requires the most effort. The
frequencies seem to reflect the effort level involved in each disaster reductmm act



74.15% of the sample reported having participated in social events at the vielge le
suggesting a ckeknitted network, consistent with what is usually observed in disaster
prone areas.

Table 2 Descriptive Statistics of the Sample

. Mean Staf.‘d"?“d
Variables Deviation
Personal Characteristics
Head of household = 1 0.603 0.489
Female =1 0.549 0.498
Age between 15-29=1 0.126 0.332
Age between 30-39=1 0.190 0.393
Age between 40 -49 =1 0.242 0.429
Age between 50 -59 =1 0.219 0.414
Married = 1 0.702 0.458
Having primary education = 1 0.345 0.476
Having secondary education = 1 0.242 0.429
Having tertiary education = 1 0.092 0.289
Economically inactive = 1 0.203 0.402
Bad subjective health =1 0.099 0.299

Having lost a family member or had an injured family memnr
in the 2004 tsunami = 1

Household Characteristics

0.458 0.498

Number of household members 3.865 1.984
Percentage of members with more than secondary educatic 28.659 0.293
Percentage of dependent members 35.337 0.308
Having a disabled family member = 1 0.043 0.203
Monthly income between 10,0009,000 THB =1 0.400 0.490
Monthly income more than 20,000 THB =1 0.244 0.429

Length of settlement in the area of the family relative to

respondent's age 0.563 0.342

Whether théhouseholdsits on a coastline = 1 0.126 0.332
Village Characteristics

Percentagef female population 45.193 2.499
Percentage of female population with tertiary education 4.067 1.535
Number of households 623.011 459.047
Number of Observations 557

Table 2 contains summary statistics of explanatory variables. At the individual
level, 60% of the 557 responses came from the head of the household. Most respondents
were female (54.9%) and almost 70% were middjed (aged between 3060 years).

The majority was married (approximately 70%) and had only primary edncatio

(34.5%). The reference education group was no formal education, accounting for over
30% of the sample. Approximately 80% of the sample was engaged in some form of
work and about 90% reported having good or average subjective health. 45.8% had



experienced a loss in the 2004 tsunami. The average household size of the sample was
3.9 members, of which about 29% had more than secondary education (as the younger
generations have been subjectedcémnpulsory secondary education (9 years) since
2003). The combination of young children (under 5) and elderly individuals made up
approximately 35% for an average household while only 4.3% of the sampled
households had a disabled family member. About 40% of the households had an income
between 10,000 and 19,000 THB (approximately-3860 USD) per month and 24.4%

had more than 20,000 THB per month. The rest earned less than 10,000 THB. An
average respondent reported that their families had lived in #aefar over half of
his/her life. Only 12.6% of the households lived in a house that was on the coastline.
For an average village in the sample, the number of households was around 623 and
there were more males than females (55% versus 45%), with onlyf &Yofemales

having tertiary education.

5 Empirical Model

Four binary outcomes of intereate jointly estimatedwhether or notan individuali
followed news about the earthquak@EWS;), prepared any survival kitandbr
formed any evacuatioplans(EVAC;), expressed the desire to move from the area after
the earthquake@Z0OVE;), and participated in villagbased social even{§0C;). Given

that the four outcomes may not be independent to one another, we estimate a
multivariate pobit model with four dependent variablddnder ths framework, the
following latent variable models are assumed:

NEWS] = X{Bn + €n; (1)
EVAC; = X|Br + €g; (2)
MOVE]! = X{By + &ui (3)
SOC] = XiBs + &si (4)

The observed outcome takes the value of 1 when its associated latent variable
exceeds the value of Zero. In other words, where
Yid € {NEWSL,EVACL,MOVEL,SOCL},yld =1 if yl*d >0 and Yida = 0 OtherWise.,B
represents a vectmf coefficients to be estimated amdis the error term for each
equation.

The four error terms arassumed to be correlated according to a multivariate
normal distribution such that

ENi pNE PNm  Pns
EEi PNE PEM  PEs

~N = N(0,Q
Emi PNM PEM 1 Pus 0.0)
Esi PEs  Pus 1

where Q is the variance-covariance matrix of the error terms. The variaoceariance
matrix is notably symmetric. Each rho (p) represents the conditional tetrachoric
correlation for each pair of outcomes, measuring the extent to which the two ogitcome
would covary if unobserved characteristics of an individual were indeed observed.

The cumulative distribution function of the above model is given by



Pr(NEWS; = 1,EVAC; = 1, MOVE; = 1,50C; = 1)

ENi €Ei €Mi E€si

=f ] f j¢4(Xi’.3N'Xi’:8E'Xi’ﬁM1XiIﬁS; PNE» PNM> PNS» PEM PES» Pus)d Enid Egid ey deg;

—00 —00 —00 —O00

= (D4(Xi,ﬁN' XL",BE' Xi’:BM' Xi'ﬁs; PNEs PNM» PNS» PEM> PES» PMs)

whereg, is the joint probability density function of the fourth order. Conditional upon
the empirical significance of thes above, the log likehood function becomes

N
InL = Z NEWS; = EVAC; x MOVE; x SOC;

=1

* In @4 (X; By, X{ B, X{ Br, Xi Bs; PnE» PNM» PNS» PEM) PES) PMs)-

The fact that the regular maximum likelihood method would require four
integrals makes the method computationally burdensome. Instead, when the number of
integrals is higher than two, following Cappellari and JenKRG03) the model is
estimated using the simulated maximum likelihood (SML) method based on the
GewekeHajivassiliouKeane recursive simulatofhe use of a multivariate probit here
mirrors the conceptual framework wherel a@utcomes of interest take place

simultaneously.

6 Results
Table 3 Coefficient Estimates from Multivariate Probit Regression Model
Variables Close Watch E\_/acuation Intention to S_o_cial _
of News Kits/ Plans Move Participation
Personal Characteristics
Head of household -0.101 0.017 -0.228 0.055
(0.145) (0.150) (0.183) (0.168)
Female -0.076 0.345* 0.417* -0.057
(0.135) (0.141) (0.166) (0.152)
Age between 15 - 29 0.282 0.095 -0.628+ 0.056
(0.274) (0.270) (0.354) (0.279)
Age between 30 - 39 0.229 -0.184 0.129 0.261
(0.222) (0.232) (0.283) (0.244)
Age between 40 - 49 0.153 -0.287 0.135 0.283
(0.210) (0.226) (0.258) (0.218)
Age between 50 - 59 0.173 0.067 0.0312 0.430+
(0.205) (0.223) (0.264) (0.222)
Married 0.227+ 0.234 -0.042 0.018
(0.136) (0.143) (0.165) (0.151)
Having primary education -0.319* 0.133 0.267 -0.173
(0.153) (0.158) (0.179) (0.162)
Having secondary education -0.307 0.228 0.203 0.197
(0.211) (0.207) (0.276) (0.210)
Having tertiary education -0.230 0.543* 0.412 -0.0068



Variables Close Watch E\_/acuation Intention to S_o_cial _
of News Kits/ Plans Move Participation
(0.268) (0.276) (0.352) (0.276)
Economically inactive -0.003 0.141 0.099 0.193
(0.162) (0.163) (0.191) (0.164)
Bad subjective health 0.175 0.364 0.258 -0.264
(0.190) (0.222) (0.253) (0.206)
Bad experience in the 20( 0.296* -0.017 0.393** 0.517***
tsunami (0.123) (0.130) (0.151) (0.130)
Household Characteristics
Number of household members -0.014 -0.011 0.050 -0.004
(0.031) (0.032) (0.038) (0.034)
% with > secondary education 0.480+ 0.169 0.258 -0.212
(0.250) (0.268) (0.344) (0.269)
% of dependents -0.304 0.106 0.119 0.219
(0.243) (0.253) (0.295) (0.253)
Presence of disabledember 0.446 0.675* 0.312 0.561
(0.322) (0.288) (0.312) (0.381)
Income 10,000 19,000 THB -0.205 0.203 -0.061 -0.214
(0.138) (0.146) (0.165) (0.149)
Income >20,000 THB -0.119 0.068 -0.348 -0.070
(0.164) (0.172) (0.219) (0.179)
Length of settlement 0.128 -0.126 0.109 0.002
(0.188) (0.190) (0.246) (0.204)
Houseon a coastline -0.084 0.195 0.716*** -0.114
(0.177) (0.173) (0.193) (0.184)
Village Characteristics
% female population -0.106*** -0.165*** -0.183*** -0.058+
(0.032) (0.032) (0.047) (0.032)
% females with tertiary educatior  0.167*** 0.216*** 0.369*** 0.115**
(0.039) (0.042) (0.056) (0.041)
Number of households -0.0006*** 0.0002 -0.0004** -0.0001
(0.0002) (0.0001) (0.0002) (0.0002)
Constant 4.603** 5.410*** 5.025* 2.537
(1.514) (1.481) (2.117) (1.553)
p (Evacution & News) 0.094
(0.075)
p (Evacuation &love Intentior) 0.130
(0.091)
p (News & Movelntention) 0.061
(0.088)
p (News & Social Participation) 0.418***
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Close Watch Evacuation Intention to Social

Variables of News Kits/ Plans Move Participation
(0.079)

p (Evacuation &  Socia 0.135+

Participation) (0.081)

p (Move Intention & Social 0.183+

Participation) (0.103)

LR Joint Test of p’s 33.258***

Wald Test: Overall Significance 87.810***

Log Psuedolikelihood -1125.59

Observations 557

Notes: Coefficient estimates are based on 25 GHK draws with the (default) seedb¥a23456789.
Robust standardersare in @rentheses.
** n<0.001, ** p<0.01, * p<0.05, + g0.1

Coefficient estimates from a multivariate probit model are provided in Table 3.
The four binary outcomes are jointly estimated using the simulated maximum likklihoo
approach that is based on the seed value of 123456789 and the fact that eaate@®imul
error term is drawn 25 times. It should be noted that the number of draws here is larger

than the recommended value of the square root of the sample size/54.8)
(Cappellari & Jenkins 2003)Not all pairwise p’s are statistically significant
individually. In particular, the correlation between the error term of eachethree
disaster responses i.e. 1) keeping close watch of (ew8.418),2) preparing survival

kits or having family evacuation plap =0.135),0r 3) having intention to migrat
=0.183),and that of social participation is statistically significant, but among the three
disaster responses themselves, it is not. Nevertheless, the use of the ateltraiit
model is justified by the joint significance % at the 0.1% level under thigelihood

ratio test.

Table 4 Marginal Effects from Multivariate Probit Model

Variables Close Watch Eyacuation Intention to S_o_cial_
of News  Kits/ Plans Move Participation
Personal Characteristics
Head of household -0.035 0.005 -0.047 0.016
(0.051) (0.048) (0.037) (0.050)
Female -0.026 0.109*** 0.086** -0.017
(0.047) (0.044) (0.034) (0.045)
Age between 15 - 29 0.098 0.030 -0.129+ 0.017
(0.095) (0.086) (0.072) (0.082)
Age between 30 - 39 0.080 -0.058 0.026 0.077
(0.077) (0.074) (0.058) (0.072)
Age between 40 - 49 0.053 -0.091 0.028 0.084
(0.073) (0.071) (0.053) (0.064)
Age between 50 - 59 0.060 0.021 0.006 0.127**
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Close Watch Evacuation Intention to Social

Variables of News Kits/ Plans Move Participation
(0.071) (0.071) (0.054) (0.065)
Married 0.079+ 0.074+ -0.009 0.005
(0.047) (0.045) (0.034) (0.045)
Primaryeducation -0.111** 0.042 0.055 -0.051
(0.053) (0.050) (0.036) (0.048)
Secondary education -0.107 0.072 0.042 0.058
(0.073) (0.065) (0.056) (0.062)
Tertiary education -0.080 0.172* 0.084 -0.002
(0.093) (0.087) (0.072) (0.081)
Economically inactive -0.001 0.045 0.020 0.057
(0.056) (0.052) (0.039) (0.048)
Bad subjective health 0.061 0.115+ 0.053 -0.078
(0.066) (0.070) (0.052) (0.061)
Bad experience in the 200 0.103** -0.005 0.081*** 0.153***
tsunami (0.042) (0.041) (0.030) (0.037)
Household Characteristics
Household members -0.005 -0.004 0.010 -0.001
(0.011) (0.010) (0.008) (0.010)
% with > secondary education 0.167* 0.054 0.053 -0.063
(0.087) (0.085) (0.071) (0.079)
% of dependents -0.106 0.034 0.024 0.065
(0.084) (0.080) (0.061) (0.075)
Presence ofidabled member 0.156 0.214* 0.064 0.166
(0.112) (0.090) (0.064) (0.112)
Income 10,000 19,000 THB -0.071 0.064 -0.012 -0.063
(0.048) (0.046) (0.034) (0.044)
Income> 20,000 THB -0.041 0.021 -0.071 -0.021
(0.057) (0.054) (0.044) (0.053)
Length of settlement 0.045 -0.040 0.022 0.001
(0.065) (0.060) (0.050) (0.060)
House on a coastline -0.029 0.062 0.147*** -0.034
(0.062) (0.055) (0.038) (0.054)
Village Characteristics
% female population -0.037***  -0.052***  -0.038*** -0.017*
(0.011) (0.009) (0.009) (0.009)
% females with tertiary educatiol  0.058*** 0.068*** 0.076*** 0.034***
(0.013) (0.012) (0.010) (0.012)
Number of households -0.0002*** 0.00007 -0.0001*** -0.00004

(0.00005)  (0.00005) (0.00003)  (0.00005)

Notes: Standard errors are in parentheses and they are calculated using the delta method.
*** p<0.001, ** p<0.01, * p<0.05, + p<0.1
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To be able to interpret the results in terms of the probability, for each equation,
marginal effects of all explanatorynables are given in Table 4. At the individaad
householdevel, being female is associated with 10.9% and 8.6% higher probabilities of
having evacuation kits and/an emergency planand having an intention to migrate.
Older individuals, especially those between 50 and 59 years of age, are morelikely
participate in social events. Being married is linked with a 7.9% and a 7.4% ingrease i
the probabilities of keeping close watch of news and forming an evacuation plan.
Respondents with tertiary education and those having a disabled pershe in
household have greater propensity to prepare for survival katsdbr establishing a
family evacuation planThe most important predictor is, as hypothesised, whether the
individual wasaffected by the 20Dtsunami in terms of loss of property or Jithis
characteristias a key driver of the likelihood of keeping close watch of news (10.3%),
intention to migrat€8.1%) andsocial participatior{15.3%).

Some village characteristics are also associated the four outcomes. In
general, anncrease in the proportion of women in the village leads to a reduction in
both disaster respors@nd social participation. However, the opposite is true with
respect to the proportion of women with tertiary education. The greater the proportion
of women with tertiary education in the village, the greater the likelihood gfirkgpe
close watch of newgreparing survival kitendbr initiating a family evacuation plan
and intending to migrate as well as participating in vilbgsed actiities.

Table 5 Fit of the Model: Prediction of Univariate and Joint Probabilities

Events Predicted Actual Difference

News =1 0.594 0.598 -0.004
(0.171)

Evac=1 0.370 0.368 0.002
(0.207)

Move = 1 0.192 0.192 -0.001
(0.192)

Soc=1 0.740 0.741 -0.001
(0.135)

News = 0, Evac = 0, Move =0, Soc = 0.116 0.127 -0.011
(0.103)

News =1, Evac = 0, Move =0, Soc = 0.058 0.052 0.005
(0.039)

News = 0, Evac = 1, Move =0, Soc = 0.036 0.029 0.007
(0.032)

News = 0, Evac = 0, Move =1, Soc = 0.008 0.002 0.006
(0.009)

News = 0, Evac = 0, Move =0, Soc = 0.138 0.135 0.003
(0.092)

News =1, Evac = 1, Move =0, Soc = 0.025 0.025 0.000
(0.022)

News =1, Evac = 0, Move =1, Soc = 0.006 0.007 -0.001
(0.008)

News =1, Evac = 0, Move =0, Soc = 0.230 0.230 0.000
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Events Predicted Actual Difference

(0.105)

News =0, Evac = 1, Move =1, Soc = 0.006 0.007 -0.001
(0.009)

News = 0, Evac = 1, Move =0, Soc = 0.062 0.056 0.007
(0.048)

News = 0, Evac = 0, Move =1, Soc = 0.020 0.016 0.003
(0.020)

News =1, Evac = 1, Move =1, Soc = 0.006 0.009 -0.003
(0.009)

News =1, Evae 1, Move =0, Soc =1 0.144 0.154 -0.010
(0.089)

News =1, Evac = 0, Move =1, Soc = 0.056 0.063 -0.007
(0.062)

News =0, Evac = 1, Move =1, Soc = 0.021 0.031 -0.010
(0.025)

News =1, Evac = 1, Move =1, Soc = 0.070 0.057 0.012
(0.085)

Notes: Predicted probabilities are calculated based on 25 pseudorandems and the (default) seed
value of 123456789. An actual proportion of a given event is equal taaheehcy of such
event occuringdivided by the total number of observations (i.e. 557). Both predicted joint
probabilities and actual proportions add up to 1.

Standard deviations are in parentheses.

Predictedsinglevariable and joint probabilities of the four binary outcomes are
shown in Table 5. The first column represents the four binary outcomes and all their
possible combinations (i.e* 2 16). The second column contains predicted probabilities
and the third column actual frequencies of the events. The final column shows the
difference between predicted and actual probabilities, indicating, albeiniaifyg, the
fit of the model. The actual frequency of a given event is calculated aztjueiicy of
suchanevent divided by the total number of observations (557). The predictgid
variable probabilities are calculated by substituting the linear prediction feamin e
latent variable equation into the standard normal cumulative distribution function.
Following Capellari and Jenking2006) the calculationof joint (multivariate)
probabilities is based on a simulation method with 25 pseudorandom draws from the
standarduniform density, using linear predictions and Cholesky factorisation of the
variancecovariance matrix of the error terms obtained from rindtivariate probit
regression. Since the table comprises all possible joint events, in each column, all
probabilities from the fifth row onwards add up to 1. Overall, the model provides quite a
good fit. The largest difference between the predicted amdattual probabilities is
around 1.2 percentage point and most differences are less than a 0.5 percentage point.
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Table 6 Conditional Probabilities of Risk Reduction Behaviours

Conditional Conditional Paired T-Test

Events onSoc=1 onSoc=0 Difference Statistics

News =1 0.660 0.401 0.259 195.119***
(0.151) (0.153) (0.001)

Evac=1 0.388 0.308 0.079 72.043***
(0.207) (0.191) (0.001)

Move = 1 0.204 0.139 0.065 31.475%**
(0.197) (0.155) (0.002)

News = 0, Evac = 0, Move = ( 0.203 0.386 -0.183 -61.235%**
(0.152) (0.204) (0.003)

News =1, Evac = 1, Move =1 0.085 0.033 0.052 22.398***
(0.099) (0.047) (0.002)

Notes: a) Under the second and third columns (i.e. conditional probabilitiesidard deviations are
given in parentheses. Under the fourth column (i.e. paired difference), standard are
provided in parentheses and they are equal to standard deviations dividedsigyahe root of
the number of observations (557).

b) SOC refers to social participation. NEBVefers to keeping close watch of news. EVAC refers
to preparation of emergency kits or having family emergency plan. M@¥éEsrto intention to
migrate.

*** n<0.001, ** p<0.01, * p<0.05, + p<0.1

In order to determine the pathway in which social participation affects dhtfere
types of disaster responses, drawing on the predicted joint probabilities explaine
earlier, conditional probabilities are provided in TableThe first three rows show
condtional probabilities of undertaking each disaster response measure estintated w
bivariate probit models using the same vector of independent variables as in the
multivariate probit model. They are providedarder to show the relationshijetween
sccia participation and a given disaster response more clearly, illustratimgpiaet of
social participation on one disaster respomg@spective of the others. The last two
rows display conditional probabilities estimated with the multivariate probitemod
containing possible joint events of carrying out three disaster reduction behaviours
altogether. The firstwo columns illustrate the probabilities of carrying out disaster
reduction measuresonditional on having some social participation and having no
social participation respectively. The subsequent column shows the pairedndéfer
between the two conditional probabilities and the final column shows results ef the t
test performed on the paired difference.

It can be seen in Table 6 thaith the abence of social participation, the
propensiies of undertaking each of the preparatory meastureskeeping close watch
of news, preparing survival kisndbr havinga family evacuation planand intending
to migrateare 40%, 30% and14% respectively. Y& conditional on social participation,
the likelihood of each evenincreass to 66%, 39% and 20% respectively.ikewise,
the probability of pursuing three disaster reduction actions altogethesasheaher
(5.2% higher) given social participation. While the probability of not undertakingfa
the risk reduction measures is almost 40% given no social participation, conditional on
social participation, the likelihood of not doing anything reduces to only 20%.
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7 Discussion

This paper examines thieteminants of disaster risk reduction behaviours and social
capital and the relationships between the two actimnsg the case study of disaster
response during the Indian Ocean earthquakes in 2012 in Phang Nga province,
Thailand We investigate three digas reduction behaviours, namely, keeping close
watch of news, having emergency kits and/or a family evacuation plan, and aavin
intention to migrate. It is found that being badly affected by the 2004 Indian Ocean
tsunami is the main driver of preverdgiactionsespecially keeping close watch of news
and having an intention to migrate. However, tsunami experience is not sigtiyfic
associated with the likelihood of preparing emergency kits or having a family
evacuation plan. Consistent with previous studies, while prior disaster expesence i
positively correlated with increased general preparedéster et al. 2005; Mishra &
Suar 2007) not all types of preparedness actions naturally increase with experience
(Kohn et al. 2012).

Indeed some disaster preparedniesks are easier to implement than others.
Keeping close watch of news only requires an individual to turn on their teleast
or update the situation with their neighbours, whereas assembling an emergemcly ki
having a family evacuation plan require stockpiling of necessary supplies and
coordination among family members respectively. The latter entails moms edfod
strategic planning. This is consistent with the fact that we observe that indiwdtrals
tertiary education are more likely totgar supplies and/or implement a family plan
while prior disaster experience does not contribute to such action.

Likewise, while pevious empigal studies from the US repartixed evidence
regarding disability tatus and disaster preparedn@sthel et al. 2011; Eisenman et al.
2009; UschePines et al. 2009), we find that the presence of household membegs with
disability increases the likelihood of having disaster supplies or an emergkmcy
Preparedness items can mitigate aseampacts especially for persons with disability
who are most vulnerable during the time of disasters. Our finding underlines the
importance of promoting preparedness among vulnerable groups.

It is also found that women are both more likely to have stockpiled supplies or
formed a family evacuation plan and have a higher intention to move away from
tsunamirisk zones. One explanation for such gender difference is that women perceive
disaster evats or threats as more serious and hazardous compared {€uitar et al.
1992; Fothergill 1996)and this consequently translates into greater risk reduction
actions. Nevertheless, at the commuiatyel, we find that the propensities of
undertaking preparedness measures and intention to migrate increase silpsiahti
in a community witha greater proportion of womaewith tertiary education. Living in a
community witha largeproportion of highly educated womékely increases personal
disaster preparedness because educattreass access to disasteelated informatia
and socioeconomic resourc&ncewomen are more likely to have denser social ties
comprising a higher proportioof kin and neighbours than men (Renzulli et al. 2000)
having hghly educatedvomenin a community could result in a spillover effect gk
reduction behaviours.

Turning to the role of social capital in disaster mitigation, it is found that the
likelihood of undertaking risk reduction actions is highly correlatedh vaocial
participation. The propensity of keeping close watch of news, preparing foresmagrg

1€



supplies or having a family evacuation plaand having an intention to migrate
significantly increases for individuals who have engaged in community aegid@ocial
participation may broaden one’s social connections, facilitate exchangmwhation

and increase encouragement/peer pressure. As evident in previous literatute, socia
participation brings about positive externality such as increasing ldisugephysical
activity (Lindstrom et al. 2001), smoking cessat{emdstromet al. 2000)and survival

in old age (Maier & Klumb 2005). This suggests that promoting civic and social
engagement can also be beneficial to disaster mitigation.

Jointly estimating outcomes of interest, we are able to account for the
interdependence of the decision to undertake disaster preparedness measuties, int
to migrate and social participation. In this study, which is based onsgosenal data,
we have to rgl on the assumption that individuals make decisions on these actions
simultaneously. A different timing assumption is plausible. Given that the survey was
collected after the 2012 earthquakes, it is not unreasonable to think that disaster
reduction measures were employed after the incident while engagement in communit
based activitiesdd previouslybeen pursued. In this case, social participation should be
modelled as an endogenous independent variable that explains disaster preparedness
outcomes. Such modelling technique is probably more appropriate with panel data,
nevertheless.

8 Conclusion

Without doubt, preparing for a natural disaster is an efficient way to minimize its
adverse impact. It is therefore important to understand not only factors thatmday hi

risk reduction behaviours but also ones that promote them. While it is not possible or
difficult to alter demographic characteristics associated with disaster dsictien

actions such as age and gender, certain social characteristics can be improved. Our
finding that engagement in communligsed activities increases disagigparedness

and intention to move away from disastisk areas suggests that promoting social
participation may have a positive externality in reducing vulnerability asastdr risk.
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