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ABSTRACT 
 
The purpose of this study is to explore whether or not variables adopted by the Social 
Vulnerability Index (SVI) constructed by Li, Yang, Liao, Shaw (2008) are able to 
appropriately evaluate social vulnerability. This is an empirical study that utilizes data from 
the National Science and Technology Center for Disaster Reduction (NCDR) gathered after 
typhoon Krosa in 2008, hoping to verify the appropriateness of variables adopted by Li et al. 
via statistical analysis. Li et al., (2008) divided the framework for measuring social 
vulnerability into three concepts, including: degree of loss, susceptibility/resistance ability 
and recovery/resilience ability. This study verifies factors for the later two concepts, in which 
susceptibility/resistance ability includes: gender, elders living alone, risk perception and 
impaired mobility; recovery/resilience ability includes: disposable income, low income 
households and social support. Study results have found that elders living alone are in fact 
more vulnerable to disasters, and their situation is aggravated when also affected by the 
variables gender and imparied mobility. In addition, households that receive informal social 
support recover faster than those receiving formal social support and those receiving both. 
The researchers believes that households receiving formal social support recover relatively 
slower because more time is required to acquire benefits or compensation, compared with 
support (human resources or cash) from private networks that are free and immediate. In 
conclusion, elders living alone and social support are significant factors in the evaluation of 
social vulnerability, and should  be carefully included into the framework of social 
vulnerability indicators. Although other variable do not have significant affect on social 
vulnerability, they are important population characteristics that influence elders living alone 
and social support and can be used as reference indicators. 
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INTRODUCTION 
 
In our present age, weather changes have become so violent that even the most naive child 
can clearly feel fluctuations in temperature, forcing us to consider the climate’s long-term 
effects to the human society. Scholars have been discussing the impact of disasters on the 
society since the mid twentieth century and even earlier. Although development of this field 
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has not been flourishing in Taiwan, many researchers have been devoted to it. This study 
hopes to analyze the underlying factors of social vulnerability via survey data collected after 
typhoon Krosa, and provide them to future risk management and evaluation studies for 
reference, especially when social vulnerability has been considered an important link to risk 
evaluation. If we can more thoroughly understand social vulnerability, for example, 
understand social circumstances or characteristics of disaster victims, we will be able to 
explain why some systems are more at risk to disasters than others, and by extracting factors 
affected by social structure, we will be able to find a treatment to enhance our society’s ability 
to resist disasters, controlling risk from disasters by reducing social vulnerability. 

 
Social vulnerability 
 
Discussions on the meaning and concept of social vulnerability began in the mid twentieth 
century (Bankoff, 2003). Cutter (2006) reviewed definitions of vulnerability by studies 
between 1980 and 1995 and found 18 different definitions, showing that studies carried out 
from different perspectives viewed vulnerability differently. However, common views in these 
studies were not hard to find: most researchers believe that vulnerability not only involves 
discussions on the physical environment (magnitude, intensity and frequency), but also social, 
economic and political circumstances, which is the social vulnerability discussed in this study. 
The concept of social vulnerability in these studies includes the following focuses: 
 
1. Degree of (potential for) loss. 
2. Susceptibility/resistance ability, sensitivity/coping ability and recovery/resilience ability 

of an individual or region to hazard. 
3. Factors that affect risk and hazard probability.  
4. Variation of different time and region. 
 
Vulnerability is further discussed from two aspects, one is the external side of vulnerability, 
which includes shocks, pressure or risk to individuals or households, and the other is the 
internal side of vulnerability, such as lack of defense and response tools to mitigate losses 
(Chambers, 2006). The Flood Hazard Research Centre (FHRC) in a multi-annual flood 
analysis report based on social vulnerability of individuals or households indicated that 
definitions of vulnerability all have their blind spots. Early scholars believed that vulnerability 
was the characteristics of systems susceptible to damage, but the definition lacked 
consideration of human behavior and the temporal dimension of the disaster. Later on, social 
and geographical perspectives were included, viewing vulnerability as the result of interaction 
between political, economic and social systems (Steinführer et al., 2007). Social inequality, 
therefore, became an important social background factor of vulnerability (Steinführer et al., 
2007; Chambers, 2006). Blakie et al., (1994) defined vulnerability as: characteristics of an 
individual or group that allows them to participate, cope, resist and recover when impacted by 
a natural disaster. Social inequality manifests the individual’s ability to resist and recover 
from disasters. This definition embraces the social and time aspects of disasters, and does not 
merely describe exposure and characteristics of natural disasters. Although its definition is 
still incomplete, it responds to the emphasis of social science researchers on social 
vulnerability. 

 
The importance of social Vulnerability in Risk Assessment 
 
The Australian government in a technical report on quantification of social vulnerability and 
risk evaluation pointed out that risk=exposure × Hazard × Vulnerability; these three aspects 
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are as the three sides of a triangle, and risk is the probability of loss. Therefore, risk 
probability can only be determined via evaluation of these three aspects (Dwyer, A., Zoppou, 
C., Nielsen, O., Day, S., & Roberts, S., 2004). England’s Tyndall Centre for Climate Change 
Research in a report on vulnerability and coping ability reviewed literature between 1966 and 
2003 that defined risk, in which three defined the relationship between risk and vulnerability 
(Crichton, 1999; Stenchion, 1997; UNDHA, 1992). The report pointed out that (outcome) 
risk=probability × consequence and (outcome) risk=Hazard × social vulnerability are 
compatiable and complement one another; when risk is viewed as outcome risk and not event 
risk, disaster probability will no longer be specific to hazards, but encompass influence of the 
system’s social vulnerability in the evaluation of possible consequences from hazards (Adger, 
N. W., Brooks, N., Graham, B., Agnew, M., & Eriksen, S., 2004). Although the two reports 
have somewhat different definitions of risk, it is not hard to see the significance of 
vulnerability under the definition of loss (consequence) risk. 
 
Bankoff (2003) in a discussion on the concepts of hazards and vulnerability emphasized that 
their relationship was a kind of convolution and concomitance, in other words, vulnerability 
can not be established without hazard and hazard impact does not exist without vulnerability. 
Together they are the best combination for risk evaluation. However, hazard can not be 
changed by human technology. Therefore, in order to reduce (consequence) risk, we must 
direct our efforts to reducing social vulnerability, which is why more and more importance is 
being attached to social vulnerability. 

 
Social vulnerability factors review 
 
This study reviewed 15 studies on quantified evaluation of social vulnerability to understand 
quantified evaluation, including indicator selection, method and results. The operation process 
is extremely important and affects the quality of evaluation results because social 
vulnerability is an abstract concept. Below is a review of social vulnerability factors: 
 
Population characteristics (see Table1) 

 
1. Age: Ten out of twelve studies considerd age to be a major variable, but only four 

explained why. The studies emphasized that elders above the age of 65 are more 
vulnerable because of their health and social status (Ngo, 2001; Rygel et al., 2005). 
Furthermore, elders often lack material and economic support in disasters (Rygel et al., 
2005). In addition, some studies directly use elders living alone as an indicator (Chiang 
I-Chin, 2007; Steinfϋhrer, 2007; Li et al., 2008). Besides the elderly population, children 
are also considered a vulnerable group (Cutter, 2003; Dwyer et al., 2004). 

2. Gender: Among these studies gender is another widely adopted indicator for evaluating 
vulnerability (Chang Chang-I, 2008, Chang I-Chin, 2007, Ngo, 2001; Cutter, 2000; 
Messner and Meyer,2005; Steinführer, 2007; Schneiderbauer and Ehrlich, 2004; Cutter et 
al., 2003; Dwyer et al., 2004; Li et al., 2008). Other studies have further explained that 
divorced females or single mothers are more prone to economic difficulties, especially 
with unemployment aggravated by hazards (morrow, 1999). In addition, females are more 
easily trapped by their responsibility towards children and elders when trying to preserve 
their own safety (Fothergill, 1998). 

3. Race and ethnicity: Ethnic minorities in a country are often relatively poor and less 
capable of acquiring resources. Discrimination issues caused by cultural differences, 
living in areas with higher risk to hazard and language barrier often cause ethnic 
minorities be more vulnerable in disasters(Rygel, 2005; Cutter et al., 2003). 
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4. Mental or physical disabilities: Those with mental or physical disabilities or impaired 
mobility due to other illnesses are unable to effectively respond to disasters, and require 
the assistance of others during or after disasters (Rygel, 2005; Chiang I-Chin, 2007; 
Chang Chang-I, 2008; Dwyer et al., 2004; Li et al., 2008). 

 
Table 1 Factors/Indicators review 

Factors/Indicators source 

Population characteristics  

Age, Gender, race, ethnicity, disabilities, living alone 
elderly, immigrants 

Chang Chang-I, 2008; Messner and Meyer, 
2005; Cutter, Mitchell, Scott, 2000; Steinführer, 
2007; Cutter, Boruff, Shirley, 2003; Rygel et al., 
2005; Chiang I-Chin, 2007; Dwyer et al., 2004; 
Ngo, 2001.; Li et al., 2008 

Social construction 

Economy 
related  

insurance, education (includes illiterate), 
GDP, property value (vehicles, furniture, 
electric equipment etc.), house types, 
occupation, debt, low income household, 
house prices, government expenditure, 

Schneiderbauer and Ehrlich, 2004; Cutter, 
Mitchell, Scott, 2000; Dwyer et al., 2004; 
Pelling, 1997; Messner and Meyer, 2005; 
Steinführer, 2007; Adger et al., 2004; Chang 
Chang-I, 2008; Li et al., 2008 

Social 
Psychology 
related 

risk perception, sense of community, trust, 
beliefs and values 

Dwyer et al., 2004; Chang Chang-I, 2008; Li et 
al., 2008 

Social system 
related 

Language proficiency, social relationship, 
religion, social support, disaster mitigation 
measures, preparedness, population density, 
public infrastructure, the level of 
urbanization, NGO support 

Adger et al., 2004; Cutter, Mitchell, Scott, 2000; 
Cutter, Boruff, Shirley, 2003; c; Pelling, 1997; 
Messner and Meyer, 2005; Li et al., 2008 

 
Social construction (see Table1) 
 
When past studies discussed social vulnerability factors, besides emphasizing on the influence 
of population characteristics to vulnerability, they also focused on how the overall social 
structure affected social vulnerability. Variables adopted by these studies can initially be 
divided into three dimensions: economy, social psychology and social system (see Table1). 
Different variables may be adopted according to the purpose of each study, e.g. in economy 
related variables, evaluation of social vulnerability at the government level may adopt the 
variables government expenditure and GDP, but at the region or household level, variables 
adopted may include income and property value. Descriptions of each dimension are as 
follows: 
1. Economy: The definition of social vulnerability above has already stated that there is a 

deep connection between social vulnerability and social inequality, and that social 
inequality often occurs in economic minorities, causing groups with relatively poor 
economic capacity to be more vulnerable. Therefore, researchers tend to select operational 
variables related to poverty or economic well-being, including: poverty, SES, income, 
savings, low income households, GDP, etc. (Pelling, 1997; Rygel, 2005; Schneiderbauer 
and Ehrlich, 2004; Messner and Meyer, 2005; Adger et al., 2004; Li et al., 2008). Some 
studies not only adopt economy related variables, but also evaluate the relationship of 
education level (illiterate population, low education level) (Ngo, 2001; Messner and Meyer, 
2005; Steinfϋhrer, 2007) and occupation type (Cutter, Boruff, Shirley, 2003) with social 
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vulnerability. These two variables are not only closely related to economy related variables, 
but also may affect an individual’s risk perception and knowledge towards hazard. 

2. Social psychology: Risk perception affects whether or not an individual will take 
appropriate disaster prevention actions. Studies have therefore viewed risk perception as a 
factor that affects an individual’s vulnerability. An investigation on tornados by Weinstein 
et al., (2000) found that people with disaster experience show more fear towards risk and 
are more worried about the safety of their lives and property, which increases their risk 
perception. This tells that disaster experiences affects people’s perception of flood risk, 
residents who have been victims to floods are more aware than those who haven’t and 
more willing to make preparations (Steinführer et al., 2007; Messener & Meyer, 2005; 
Werritty et al., 2007). Lo (2003) in a survey on Sijhih residents found that children under 
the age of 14 and elders above the age of 65 had the highest risk perception to flood than 
other ages, showing the possible connection between age and risk perception. Variables 
emphasized by other studies include: sense of community and trust, especially trust in the 
government (Dwyer et al., 2004; Chang C. I., 2008). 

3. Social system: In the social system dimension, the amount of social capital influences 
vulnerability. Social capital is in fact related to social network, and when individuals face 
disasters, support from social networks often provide material and psychological assistance 
(Steinführer et al., 2007). Formal social support refers to support provided by professional 
social systems, e.g. medical systems, non-profit organizations (NPO) or the government. 
Informal social support refers to support provided by social networks, including family, 
friends, neighbors and colleagues (Lu P-C., 2000). Other social system related variables 
include religion, urbanization level and disaster mitigation measures, all of which have 
been considered as variables that affect social vulnerability by past studies (Adger et al., 
2004; Cutter et al., 2000; Cutter et al., 2003; ; Pelling, 1997; Messner and Meyer, 2005). 

 
Social Vulnerability Framework (SVF) of Flood Disaster 
 
Main idea to estimate social vulnerability is to find the most efficient variables to operate this 
process, and those operational variables must as presentable the concept of social 
vulnerability as possible. Therefore, Li et al., (2008) proposed a framework of social 
vulnerability concept based on research factors review (similar as table1 shows) and 
definition synthesis of social vulnerability. This framework of SVI (see table 2), includes 
three dimensions: (1) Maximum loss of households Property (2) household resistance to flood 
disaster (self-protection of individual/households), (3) household self-recovery ability 
(resilience and adjustment). Each dimension includes many variables which were been used to 
estimate the vulnerability in different research (see table 2: reference factors), and Li et al., 
selected variables depending on three dimensions of the framework (see table 2: research 
variables). This study tried to use empirical survey data to verify this framework, and to adjust 
the variables Li et al. selected. Because of the empirical loss data are hardly to collect and 
calculate (cutter et al., 2006), therefore, this study emphasizes on verifying variables of 
household’s resistance and recovery ability through 2008 typhoon Krosa survey database. 
 
Table 2 Social Vulnerability Framework (SVF) and variables (Li et al., 2008) 

Reference factors Research variables 

(1) Maximum loss of household’s property (potentially)  
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House value 
Tax 
Property value (Electronic equipment, DVD, 
radio, vehicle etc.)  

Household property calculation (using government 
statistical value and NCDR survey data to estimate) 

(2) Household resistance to flood disaster          

gender 
Handicapped person 
Living alone elderly 
Single-parent household 
Risk perception 
Disaster experience 
Disaster Mitigation measures 

Percent of female population  
Percent of disabled people 
Percent of living alone elderly  
Risk perception (percent of  people over age 65 & 
under age 14, frequency of flood, percent of females)  
 

(3) Household recovery ability (resilience and adaptation)  

Income or savings 
Social networks 
Community organization 
Flood and typhoon insurance 

Percent of low income households 
Percent of disposable income  
Percent of joined community activities 

 
Analyzing Krosa Database 
 
Typhoon Krosa struck Taiwan on Oct. 2007, many places were flooded, and causing lots of 
damage. National Science and Technology Center (NCDR) investigated 497 interviewees who 
were head of households and living in the flood disaster area of Krosa in June 2008. Survey 
sampling error is between ± 3%. In order to verify those variables of SVF, this study selected 
254 samples from the database that were actually damaged by Krosa. In this subsample the 
Gender percentage is pretty equal (male=51%, female=49%), over half of flood victims were 
low education (below 6 years). Most of victims are workers of Primary Industry (farmer, 
fisher etc., 27%) and housewives (21.3%), and average age is approximately 61 years old. The 
household income average is 40,964 NT per month (SD=32314). Verification of variables 
selected by Li et al. was carried out in two parts. The first part verifies SVF (1) (see table 3), 
determining whether or not household resistance ability variables selected by Li et al. were 
appropriate. The second part verifies SVF (2), seeing if variables were able to effectively 
represent household recovery ability. Verification and clarification of relationships between 
dependent and independent variables were completed via ANOVA, simple main effect tests 
and Post Hoc tests. 
 
Table 3 is a comparison of variables adopted by this study with variables adopted by Li et al. 
(2008). For SVF (1), according survey data on typhoon Krosa, “gender” refers to the gender 
of the head of household, “disable01” indicates the household has family member(s) with 
impaired mobility, such as children, mental or physical disabilities, severe illness and elders; 
“aglivalo” refers to elders above the age of 65 that live alone or couples in which both 
spouses are above age 65; “riskperct” means risk perception, represented by the question of 
Krosa survey (Q80: Risk consciousness and awareness to typhoons), higher scores indicate 
higher risk perception (0-3). The explanatory variable (dependent variable) is Loss Rate (LR), 
which is the ratio of total loss sustained by each household in typhoon Krosa to the 
household’s monthly income; higher ratios represent larger impact of the household. 
Household loss is estimated from survey data, which includes human resource capital and 
man-made capital. This study did not directly adopt the value of loss as a variable because it 
is an absolute value and can not sensitively represent the actual impact to a household; 
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households that are better off can endure higher values of loss than low income households, 
therefore severe impact to such families mean extremely high loss values. In order to 
accurately represent impact to households with different economic capacity, this study uses a 
relative ratio to represent loss impact. 
 
For the analysis of SVF (1), this study assumes that different household characteristics, 
including gender, elders living alone, impaired mobility and risk perception, cause households 
to suffer different degrees of loss. This study further assumes that females, elders living alone, 
households with members that have impaired mobility and those with low risk perception are 
relatively more vulnerable, and uses ANOVA to understand whether or not the variables 
interact with others. 
 
For the analysis of SVF (2), low income households are defined as households with a monthly 
income under NT$30,000, disposable income is represented with Q12 financial resources for 
recovery, and hierarchical cluster analysis is employed to divide the households into three 
level groups of disposable income (low, middle, high). Social support is represented by Q72 
(see table 3). The explanatory variable here is Recovery Rate (RR), which is the average 
amount of loss that can be recovered each day; a larger number indicates faster recovery rate 
(Unit: NT$ Thousand). 

 
Table 3 Analyzing SVF variables of Krosa (compare to Li et al., 2008) 

Research variables of Li et al.(2008) Analyzing variables of Krosa 

(1) Household resistance to flood disaster                                  DV: Loss Rate(LR)4 

Percent of female population  
Percent of handicapped people 
Percent of living alone elderly 
Risk perception (percent of people over age 65 & 
under age 14, frequency of flood, percent of 
females) 

(gender) Gender of householder 
(disable01) Family member with impaired mobility 
(aglivalo) Elders (ages 65 and up) living alone 
(riskperct) Consciousness and awareness of risk from 
typhoons 

(2) Household recovery ability (resilience and adaptation)                DV: Recovery Rate (RR)5 

Percent of low income households 
 
Percent of disposable income  
Percent of joined community activities 

(lowinco) Q92 Family monthly income under 
NT$30,000 
(dispoinco01) Q12 Disposable income for recovery 
(sosupport) Q72 Accept aid (Family, friends, 
neighbors/village head, community organizations, 
government subsidies) 

 
RESULTS 
 
Through analyzing Krosa survey data, this study found some indicators are significantly 
influence those disaster affected people who can or can’t resist or recovery from flood disaster. 
Analysis results of the two parts are described below: 
 
Verifying indicators of household‘s resistence factors 
 
Analysis results of SVF(1) (shown in Table4) indicate that among the four variables, gender 

                                                 
4 Loss Rate (LR) = total loss/total income per month (per household). 
5 Recovery Rate (RR) = Loss ratio/recovery time (per day). 
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and elders living alone reached level of significance in main effects. In 2×2 interaction, 
gender and impaired mobility, gender and elder living alone, and elder living alone and risk 
perception reached level of significance. In 2×2×2 interaction, the groups gender, impaired 
mobility and elders living alone, and gender, impaired mobility and risk perception reached 
level of significance. Discussions are based on the effect of interaction on LR because main 
effects could be the result of multiple interactions between independent variables. 
 
Table 4 shows the effect of four factors on LR, including main effects and interaction effects 
(two-way/three-way/four-way). In which two-way interaction between gender and disabled01 
or aglivalo both reached level of significance. Therefore, we can find that  interaction 
between gender, disabled01 and aglivalo also reached level of significance. However, 
interaction between disabled01 and aglivalo were insignificant (p=.914 > .05). In addition, 
two-way interaction between aglivalo and riskperct also reached level of significance (p=.006 
< .05). To clarify the interaction between variables and change, simple main effect tests are 
applied to groups that reached level of significance, including 1. aglivalo and riskperct; 2. 
Gender, aglivalo and disabled01; 3. Gender, disable01 and riskperct. Analysis results are as 
follows: 

 
Table 4 Four-way ANOVA (between-subjects effects) 

Dependent Variable: LR 

Source Type III Sum of 
Squares

df Mean Square F Sig.

Corrected Model 7946.514a 26 305.635 3.462 .000

Intercept 5204.996 1 5204.996 58.964 .000

Gender 525.848 1 525.848 5.957 .015*

Aglivalo 1168.419 1 1168.419 13.236 .000***

disable01 28.275 1 28.275 .320 .572

Riskperct 381.458 3 127.153 1.440 .232

gender * aglivalo 818.278 1 818.278 9.270 .003**

gender * disable01 1241.975 1 1241.975 14.069 .000***

gender * riskperct 304.703 3 101.568 1.151 .330

aglivalo * disable01 1.041 1 1.041 .012 .914

aglivalo * riskperct 1122.456 3 374.152 4.239 .006**

disable01 * riskperct 384.688 2 192.344 2.179 .116

gender * aglivalo * disable01 592.905 1 592.905 6.717 .010**

gender * aglivalo * riskperct 213.327 3 71.109 .806 .492

gender * disable01 * riskperct 583.283 2 291.641 3.304 .039*

aglivalo * disable01 * riskperct 204.262 2 102.131 1.157 .316

gender * aglivalo * disable01 * riskperct 78.432 1 78.432 .889 .347

Error 19508.618 221 88.274  
Total 36640.728 248  
Corrected Total 27455.132 247  
a. R Squared = .289 (Adjusted R Squared = .206) 

 
1. Aglivalo and riskperct 
 
From Table 5 we can see that when riskperct is controlled under aglivalo, the simple main 
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effect of two groups reached level of significance. Fig. 1 clearly shows that when riskperct=2, 
elders living alone are impacted significantly more than others. When riskperct=3 (possesses 
high risk perception), elders living alone are still impacted significantly more than others. 
Which means that in groups with high risk perception (riskperct = 2 or 3), elders living alone 
are still impacted significantly more than others. In the simple main effect of risk perception, 
not one group reached level of significance. From Fig. 2 we can see that no significant 
differences could be observed in elders living alone with different risk perception, showing 
that risk perception does not have significant influence on loss. Regarding the influence of 
risk perception on loss, loss can be affected by the intervening variable disaster mitigation 
measures, which is adopted as a result of risk perception. This part is left for future studies to 
further explore. 

 
Table 5 Simple main effect of aglivalo and riskperct 

Varables Sum of Squares df Mean Square F Sig.

Aglivalo  
Riskperct=0 667.635 1 667.635 3.108 .153
Riskperct=1 52.382 1 52.382 .176 .687
Riskperct=2 1270.010 1 1271.010 32.606 .000***

Riskpercr=3 1914.019 1 1914.019 21.629 .000***

Riskperct  

Living alone elderly 235.764 1 78.588 .239 .868
others 299.942 1 99.981 1.773 .154

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1：aglivalo simple main effect Fig. 2：riskperct simple main effect 

2. Gender, aglivalo and disabled01:  
 
Simple main effects of gender and disabled01 didn’t reach level of significance and therefore 
do not affect LR. As for aglivalo, when disabled01 and gender are controlled, three groups 
reached level of significance (see Table 6). Male elders living alone (M=13.8) are 
significanlty more vulnerable compared with other households (M=5.53) that do not have 
members with imparied mobility (F=5.685, p=.02<.05). Family members have impaired 
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mobility, female elders living alone6(M=25.75) are significantly more vulnerable than others 
(M=5.04) (F=11.620, p=11.620<.05; F=21.194, p=.000<.05), and the situation pretty the same 
when Family members have no impaired mobility (elders living alone: M=11.73; others: 
M=4). This shows that among variables selected by Li et al. in SVF (2), elders living alone is 
an important variable to social vulnerability, whereas gender and disabled01 only affect the 
impact of hazard when interacted with aglivalo. Fig. 3 shows the effect of aglivalo, the dotted 
lines and solid lines represents elders living alone and others, respectively. We can clearly see 
that both lines in the two graphs are not parallel, indicating interaction. The dotted line and 
solid line becomes further away from each other in the right graph, indicating growing 
interaction. This shows that elders living alone are more susceuptible to loss than others. 

 
Table 6 Simple main effect of aglivalo 

Variables Sum of Squares df Mean Square F Sig. 

Aglivalo   
Male  live without disabled 1003.452 1 1003.452 5.685 .02*

Male  live with disabled .751 1 .751 .045 .833
Female  live without disabled 427.898 1 427.898 11.620 .001**

Female  live with disabled 2820.988 1 2820.988 21.194 .000***

 
 

 
Fig. 3: aglivalo simple main effects 

 

1. Gender, disabled01 and riskperct: 
 
Gender, disable01 and riskperct all show significant interaction with LR (p=0.39<.05). 
Results of the simple main effects test are as shown in Table 7, in which only the simple main 
effect of gender reached level of significance. Females (M=7.76) sustained significantly more 
loss than males (M=1.74) in only one group: households with low risk perception (riskperct=1) 
and members with impaired mobility (F(1,11)=7.510, p=.019<.05), showing that females are 
more vulnerable than males when they have low risk perception and live with family that have 
imparied mobility. Simple main effects of riskperct and disabled01 both did not reach level of 
significance and therefore do not have significant effect on loss rate. From Fig. 4 we can 

                                                 
6 According to the definition of aglivalo variable, elders living alone include two situations, (1) An elder who 
living alone. (2) Two elders who both aged above 65 live together. An elder lives wtih a disabled family member 
indicates that the family member who is above age 65 and impaired mobility, Usually is spouse, sister or brother 
of the elder.  
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clearly see that when gender changed and the other two variables were fixed, males sustained 
more loss than females when they had low risk perception (riskperct=1) and no family 
members had impaired mobility, but not significantly. The right graph shows that when living 
with family members that have impaired mobility, females sustain more loss than males under 
all levels of risk perception, but the amount of loss only reached level of significance for 
riskperct=1. This was caused by the large sum of squares, which was the result of 
inhomogeneity of female within-group of different risk perception levels; coupled with 
insufficient samples for riskperct=0, the result was insignificant. 

 
Table 7 Simple main effect of riskperct 

Varables Sum of Squares df Mean Square F Sig. 
gender  

Riskperct=0  live without disabled 313.376 1 313.376 1.033 .367
Riskperct=1  live without disabled 826.559 1 826.559 1.696 .215
Riskperct=1  live with disabled 94.808 1 94.808 7.510 .019*

Riskperct=2  live without disabled 34.559 1 34.559 .639 .428
Riskperct=2  live with disabled 210.528 1 210.528 3.991 .054
Riskperct=3  live without disabled 30.351 1 30.351 .368 .546
Riskperct=3  live with disabled 225.462 1 225.462 1.557 .219

 

 
Fig. 4: gender simple main effects 

 
Risk perception is an abstract concept that is difficult to measure and continuously changes 
along with time and experiences, making it hard to control. Even though this analysis has 
found that gender difference has significant incluence when risk perception low, it is hard to 
find a group with low risk perception in the actual evaluation of vulnerability; past studies 
used replacements to present this concept, such as disaster experience, age and gender. 
However, according to survey data of typhoon Krosa, gender and risk perception are not 
significantly related. Furthermore, number of disaster experiences is positively related to risk 
perception and reaches level of significance (R=0.14, p=.034<.05), meaning that people with 
more disaster experiences have higher risk perception, but this study has found that risk 
perception does not reduce loss rate (riskperct did not reach level of significance). In which 
disaster mitigation measures could be the intervening factor resulting from risk perception 
that has an actual effect on loss rate and is worth discussing in future studies. 

 
Verifying indicators of household recovery ability 
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For SVF (2), this study assumes that the variables disposable income, low income household 
and social support affect the rate at which households recover. More specifically, households 
with more disposable income recover faster, low income households recover slower and more 
social support accelerates the recovery rate of households. In which social support is divided 
into two types, including informal social support (family, friends, colleagues, neighbors and 
head of village) and formal social support (community organizations and government aid), 
and households receiving both types of support are separated into a third group (both 
support). 
 
Analysis results (see Table 8) show that the main effects of sosupport and dispoinco reached 
level of significance, meaning that the two variables affect the recovery rate of households. 
However, both variables produce effects in 3×3 interaction. Therefore we further apply the 
simple main effect test and post hoc test to the two variables: 

 
Table 8 Three-way ANOVA (between-subjects effects) 

Dependent Variable:RR

Source Type III Sum of 
Squares 

df Mean Square F Sig. 

Corrected Model 133380.322a 15 8892.021 4.694 .000
Intercept 233743.422 1 233743.422 123.401 .000
lowinco 27.594 1 27.594 .015 .904
sosupport 66118.580 2 33059.290 17.453 .000
dispoinco 31454.821 2 15727.410 8.303 .000
lowinco * sosupport 3419.986 2 1709.993 .903 .408
lowinco * dispoinco 5570.064 2 2785.032 1.470 .234
sosupport * dispoinco 20597.441 4 5149.360 2.719 .033

lowinco * sosupport * dispoinco 1383.236 2 691.618 .365 .695
Error 236772.167 125 1894.177   
Total 672998.448 141    
Corrected Total 370152.489 140    

a. R Squared = .360 (Adjusted R Squared = .284) 
 

1. sosupport * dispoinco: 
 
Analysis of the two variables shows that only the simple main effect of social support 
(sosupport) reached level of significance. Social support type has significant effect on 
households with different disposable income (dispoinco) (as shown in table 9). In other words, 
acquisition of different types of social support affects the speed households recover from 
disasters. As shown in Fig. 5, households with low dispoinco recover faster when only 
receiving informal social support (M=71.28) compared with when receiving formal social 
support (M=55.14) and both types of support at the same time (M=34.61). After applying the 
post hoc test, we find that households receiving informal social support recover significantly 
faster than housholds receiving formal support (Mean diff.=42.28, p=.003<.05); disaster 
victims with relatively low savings that receive aid from family, colleagues, peers, neighbors 
or the village head recover faster than those who only receive aid from the government or 
community organizations, and also recover significantly faster than those who receive aid 
from both (Mean diff.36.68, p=.005<.05). Households with middle disposable income also 
recover significantly faster when only receiving informal social support (M=162.3) than when 
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receiving formal social support (M=55.65) or both (M=39.38) (Mean diff.=106.65, p=.01<.05; 
Mean diff.=122.92, p=.001<.05). Households with high disposable income receiving only 
informal social support (M=135.53) also recover significanlty faster than those receiving only 
formal social support (Mean diff.=80.39, p=.012<.05). 
 
Fig. 5 also shows that disposable income does not significantly affect the recovery rates of 
households receiving formal social support and both support. Households receiving both types 
of social support not having a higher recovery rate than households receiving only informal 
social support is inconsistent with our assumption. To find the reason for characteristics of 
this group, this study further explored the composition of households receiving both support, 
and found that 38.1% of households mainly required support to clean their homes, followed 
by 31.9% that required economic support. The majority of households required manpower 
after disasters, requiring an average of 2.7 people per household, but manpower provided by 
informal social support could not match the number of households receiving informal social 
support (M=3.04). We can therefore reason that their recovery rate was delayed by high 
demand but insufficient manpower. In addition, analysis results show that the recovery rates 
of households receiving both support and households receiving only formal social support 
were similar, and could be the result of receiving formal social support. Formal social support 
discussed in surveys after typhoon Krosa included government subsidies and aid from 
community organization. Among households receiving both support, only 10.5% received aid 
from private organizations, whereas 89.5% received government subsidies. Therefore, the key 
to the slow recovery rate of households receiving both support could be the result of long 
waiting time for government subsidies. This can be explained as households with low 
disposable income are almost equally slow in recovery when receiving formal social support 
or both support, because they are highly dependent on government subsidies, but are slowed 
down by the government’s long processing time. Comparatively, households that only receive 
informal social support face less problems with waiting because their aid is all from the 
private sector, and the aid required is not financial rather in the form of manpower. This result 
clearly shows that aid from informal social networks are more efficient than formal social 
support after disasters. In contrast, evidence and processing procedures required to acquire 
government subsidies may slow down recovery rates. Therefore, any condition that involves 
government subsidies result in relatively slow recovery rates. 
 
Table 9 Simple main effect of social support and disposable income 

Varables Sum of 
Squares 

df Mean Square F Sig. 

Sosupport  
Low disposable income 18734.816 2 9637.408 5.078 .008**

Medium disposable income 45998.034 2 22999.017 8.423 .003**

High disposable income 13617.751 2 6808.876 5.115 .033*

Dispoinco  

Informal social support 32116.974 2 16058.487 2.667 .095
Formal social support 4428.242 2 2214.121 2.533 .094
Both support 7537.699 2 3768.849 2.696 .074
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   Fig. 5 sosupport simple main effect                  Fig. 6 dispoinco simple main effect 
 
Additionally, disposable income (dispoinco) does not have significant affect on recovery rate 
when the type of social support is controlled. We can also tell from Fig. 6 that the distance 
between the tips of the three lines were not far from each other under different types of social 
support, which indicates that disposable income does not have significant effect on recovery 
rate. 

 
 

CONCLUSION 
 
This study set out to verify the appropriateness of social vulnerability factors constructed by 
preceding studies via survey data on typhoon Krosa. Although results do not fully support the 
factors that were selected, e.g. gender and risk perception are not important factors that affect 
vulnerability, especially true for gender, which has been an emphasis of other studies, this 
study has still made several valuable findings that can revise and improve future selections of 
social vulnerability factors. First, this study found that elders living alone are the key to 
whether or not households have resistance ability, which is as other studies claim that elders 
living alone are more vulnerable to hazard because they lack material and economic support 
(Rygel et al., 2005). Lo (2003) indicated that elders have higher risk perception, but results 
show that even with high awareness, elders living alone are unable to avoid sustaining the 
same amount of loss as other households. Furthermore, females are impacted more when the 
household has members that are disabled or have impaired mobility. This responds to 
Fothergill (1998), who proposed that females shoulder the responsibility to care for family 
members; living alone forces them to undertake all family operations, and increases their 
vulnerability in hazards. Therefore, in future resistance ability evaluations, although elders 
living alone is a necessary indicator, gender and disabled members in the household still have 
reference value. If the government devotes more effort to population statistics, researchers 
will be able to find groups with the vulnerability factors above via cross reference, and 
propose policies and measures to reduce vulerability. This way social vulnerability 
evaluations may possess effectiveness. 
 
Second, this study has also found that social support plays an important role in recovery rate, 
especially informal social support. Regardless of economic status, households that receive 
informal social support, or help from family, friends and neighbors, have high recovery rates. 
This shows that an extensive social network allows households to gain the manpower they 
need to rapidly recover after disasters. Comparatively, households receiving formal social 
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support recover at much slower rates. This not only reflects on the households’ lack of social 
network, but also the inadequacy of formal social support, mainly government subsidies, 
which includes inadequate quantity and efficiency. This study hopes that results will drive the 
government to not only consider the diversity of aid provided to disaster victims to 
compensate for their weak social networks, but also to simplify its unnecessary and 
overelaborate process of granting subsidies to help disaster victims recover as fast as possible. 
In addition, whether or not a household has sufficient disposable income does not affects its 
recovery rate, indicating that recovery after disasters is not an issue of how much money a 
household has, rather, how much manpower it has. To victims of typhoon Krosa, they 
believed that the most urgent need they had was people to help clean up their homes (40%). 
This supports that although financial strength is the foundation of recovery, recovery rate is a 
matter of manpower, and manpower is most rapidly provided by informal social networks, 
which is the reason why households rich with social capital recover the fastest. Although 
study results show the importance of informal social support, it is a factor that is very hard to 
quantify for evaluation of social vulnerability, and even impossible to acquire from official 
data. Therefore, not a great number of studies adopt social support as a factor for evaluating 
social vulnerability. To evaluate social support, other variables must be considered, e.g. 
community interaction or number of family members and relatives. Finally, this study faced 
numerous limitations in its process, including difficulty with variable operation, limited 
survey samples and insufficient accuracy of statistical analysis. In fact, the survey database of 
tyhpoon Krosa has other factors that can represent social vulnerability, but were not included 
in this study because they were not selected by the SVF. Nevertheless, these factors are 
valuable to be discussed by further analysis in future research. 
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