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Abstract
This study finds that the Wenchuan earthquake in 2008, one of China’s most catastrophic 
earthquakes, substantially decreased victims’ subjective well-being even after incorporat-
ing the offsetting effects of post-disaster relief programs. This net well-being impact lasted 
for nearly 10 years and was on average equivalent to a loss of 67% of the average equiv-
alized household income. Although the post-disaster measures largely restored income, 
health, and employment, they failed to prevent well-being losses due to family dissolution, 
as reflected in the higher rates of divorce and widowhood after the earthquake. We find 
that rural populations, older adults, the less educated, and residents without social insur-
ance were more vulnerable to the earthquake shock. This study uses six waves of a nation-
ally representative dataset of China and a difference-in-differences approach to identify the 
short- and long-term causal well-being effects of the Wenchuan earthquake. Deeper analy-
ses on mechanisms and heterogeneity suggest that post-disaster policies should focus more 
on aspects beyond economic factors and on the well-being of disadvantaged populations in 
particular.

Keywords  Subjective well-being · Natural disasters · Wenchuan earthquake · Difference-
in-differences

1  Introduction

Natural disasters, including meteorological, geological, and biological disasters, often 
induce threats to economic development (Gignoux & Menéndez, 2016; Strobl, 2012), 
human capital (Caruso, 2017; Caruso & Miller, 2015), and subjective well-being (SWB; 
Carroll et al., 2009; Luechinger & Raschky, 2009). The well-being cost of natural disasters 
could even be comparable to the financial losses caused by disasters (Carroll et al., 2009; 
Luechinger & Raschky, 2009; Ohtake, et al., 2016; Rehdanz et al., 2015). This study quan-
tifies the well-being effect of the 2008 Wenchuan earthquake, China’s most devastating 
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natural disaster in decades, and deciphers the mechanisms through which the disaster 
impacted victims’ well-being. This study’s findings can help policymakers evaluate the 
welfare losses associated with natural disasters and develop targeted measures to mitigate 
damage to public well-being, particularly in the developing world, where disasters may be 
more destructive and disaster relief is relatively insufficient.

A branch of research has focused on the well-being impact of natural disasters, such 
as droughts (Carroll et  al., 2009), floods (Luechinger & Raschky, 2009), and hurricanes 
(Kimball et al., 2006; LaJoie et al., 2010). People facing these disasters could be prepared 
based on available forecasts and seasonal experience, or may have enough time to conduct 
urgent adjustments (Berlemann, 2016). In contrast, an earthquake shock is unpredictable 
and random, and may lead to greater hardship. Some studies have focused on Japan, where 
earthquakes occur frequently. Yamamura (2012) examines changes in victims’ SWB over 
time after the 1995 Hanshin-Awaji earthquake. Rehdanz et al. (2015) estimate the loss in 
SWB caused by the 2011 Fukushima disaster, which included an earthquake, a tsunami, 
and a nuclear accident. A few studies examine the short-term impact of the Wenchuan 
earthquake on well-being. Xin et  al. (2009) and Tao et  al. (2009) assess local victims’ 
SWB 1 to 3 months after the Wenchuan earthquake. Li et al. (2009) measure the SWB of 
local residents periodically in the 4th, 6th and 8th month after the Wenchuan earthquake. 
All the studies confirm the considerable negative effects of earthquakes on SWB, at least in 
the short term.

Studies usually track victims’ SWB over time (Li et  al., 2009; Tao et  al., 2009; Xin 
et al., 2009) or compare victims and non-victims’ SWB at a certain point in time (Yama-
mura, 2012) to estimate the well-being effect of earthquakes. Despite the randomness of 
earthquakes, the time-series change or cross-sectional comparison of SWB may have gen-
erated biased estimates. On the one hand, temporal changes in victims’ SWB may have 
resulted from sources other than earthquakes. On the other hand, people choosing to reside 
in an earthquake-prone region may have different SWB-related characteristics from those 
living in other areas. Rehdanz et al. (2015) handle this issue by using a difference-in-differ-
ences (DID) strategy to identify the causal effects of the 2011 Fukushima disaster on SWB 
based on variations in pre- and post-disaster data and distance from the epicenter. As their 
dataset contains only one wave before the disaster, the critical parallel-trend assumption of 
DID is not formally tested.

A mechanism analysis is crucial as it could enrich our understanding of the channels 
through which disasters impact well-being and direct policymakers to take effective pre-
ventive and remedial measures toward disasters; however, the literature contains very few 
analyses and discussions on the mechanisms. Carroll et al. (2009) indirectly conclude that 
an Australian drought may affect SWB through agricultural production and related eco-
nomic factors because only a spring drought has a significant impact on the SWB of rural 
residents. By comparing the results with potential channel variables being controlled to 
those not being controlled, Rehdanz et al. (2015) indirectly infer that disasters do not seem 
to affect SWB through health, income, or employment.

To fill these gaps in the literature, our study makes two contributions. First, we employ 
a DID approach to identify the causal effects of the Wenchuan earthquake on SWB. This 
approach is widely used to estimate the impact of a shock that affects some people over a 
period of time but not others. The causal effect can be estimated by specifying the multiple 
dimensions of the shock, provided that SWB in the affected areas shares the same trend 
as SWB in the unaffected areas had the shock never happened. One dimension of the DID 
strategy is timing—before versus after the year of the earthquake (2008); the other dimen-
sion is location—unaffected provinces versus Sichuan province, that is, the location of the 
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earthquake’s epicenter in Wenchuan county. The strategy is implemented with a pooled 
individual-level cross-sectional dataset that is nationally representative and covers two 
waves before the earthquake and four waves after the earthquake in 2008. The rich dataset 
allows us to test the parallel-trend assumption formally and explore the long-run well-being 
effect, which has been largely ignored by other studies on the Wenchuan earthquake. Next, 
we delve into a concrete mechanism analysis. Following the paradigm of Cantril (1965) 
and Easterlin (2010), we investigate five likely channels through which disasters impact 
SWB, including income, health, family, jobs, and social capital.

We find that, compared to residents in the unaffected areas, Sichuan residents, specifi-
cally rural populations, have experienced a significant decline in SWB since the Wenchuan 
earthquake and that this negative effect was maintained for nearly 10 years. The quanti-
fied compensation variation of well-being loss is 67% of the average equivalized house-
hold income—similar to the amount estimated in the Fukushima earthquake. Regarding 
the mechanisms, economic status (income and jobs) and physical health may not play criti-
cal roles, probably due to the offsetting effect of the post-disaster relief and recovery plans. 
Family destruction caused by the earthquake, which cannot be mitigated through outside 
help, appears to be a major channel through which SWB is reduced.

This paper is structured as follows. Section 2 offers an overall review of the Wenchuan 
earthquake, the damage caused by the earthquake, and the reconstruction process. Our the-
oretical framework is also included in this section. Section 3 introduces the data and the 
empirical strategy. Section 4 presents the results. Section 5 reports the quantified income 
equivalence of well-being losses. Section 6 provides concluding observations.

2 � Background and Theory

2.1 � Wenchuan Earthquake

A catastrophic M8 earthquake hit Sichuan Province in China on May 12, 2008. It is named 
after its epicenter, Wenchuan county (Fig. 1). China’s National Earthquake Relief Head-
quarter (2008) reported that 46 million residents were affected and approximately 1.5 
million victims were housed in temporary settlements until September 2008. Wenchuan 
earthquake ultimately left 87,476 people either dead or missing, and 374,643 injured 
(International Disaster Database, 2008).

In addition to the numerous casualties, livelihoods were severely impacted, particu-
larly in the rural areas. Many towns and villages, such as Beichuan county, were almost 
razed to the ground. An estimated 200 million square meters of rural housing was seri-
ously damaged (State Council of China, 2008). The destruction of agricultural infrastruc-
ture impacted over one million farmers and destroyed their source of income. Thousands 
of mu1 of farmland were destroyed, more than 50,000 greenhouses collapsed, and over 
20,000 units of agricultural machinery were damaged (China’s Ministry of Agriculture and 
Rural Affairs, 2008). According to Chen and Hu (2009), an additional 370,000 individuals 
were left unemployed and 51,000 families were left with no source of income. Non-agri-
cultural residents temporarily lost their jobs. Farmers who had been deprived of their land 

1  Mu is a commonly used area unit for measuring agricultural land in China: 1000 mu is approximately 
0.67 km2.
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accounted for the greatest proportion of the unemployed, and agricultural activity could 
only be resumed once production infrastructure had been restored.

An emergency aid program was launched immediately. The Chinese government 
promptly established an earthquake relief command center and initiated a first-level natural 
disaster response to link emergency systems at a national, provincial, city, and county level, 
which avoided potential deficiencies and inappropriate use of local resources due to unclear 
rescue tasks and fragmented management (Deng et al., 2010). Medical staff immediately 
began to rescue the injured, and 85% of the medical institutions in the affected areas started 
to accept victims within 30 min of the earthquake (Zhang et al., 2012). On day one, local 
health workers from Sichuan and around 16,000 health workers nationwide were deployed 
to 21 heavily affected counties, 446 towns, and 4185 village health units (Wu et al., 2008); 
this was accompanied by the joint rescue forces of the army and non-governmental organi-
zations. Emergency rescue efforts continued for half a month: 94% of the total fatalities 
and 96% of the injured were found during the first two weeks (Zhang et al., 2012).

A grand plan for recovery and reconstruction followed. Governments at all levels had 
invested 67.2 billion yuan in earthquake relief funds by September 2008 (China’s Min-
istry of Finance, 2008). The Overall Plan for Post-Wenchuan Earthquake Recovery and 

Fig. 1   Sichuan province and its neighboring provinces. Source Own representation. Wenchuan earthquake 
mostly impacted the Sichuan province, where the epicenter was located. The provinces indicated by the 
hatched pattern—Shaanxi, Gansu, and Chongqing—were partially affected by the earthquake. The 10 prov-
inces in gray, located in central and western China, are at a similar level of development as Sichuan
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Reconstruction was issued in September for 51 seriously affected counties2 where a 1 tril-
lion yuan fund was allocated for population relocation, housing provision, rural rebuilding, 
industry reconstruction, infrastructure renewal, and ecological restoration. The intensive 
recovery projects also stimulated economic performance. By 2017, the total local gross 
domestic product (GDP), local GDP per capita, and household income of the 39 most seri-
ously hit areas in Sichuan had increased to approximately three times their pre-disaster 
levels (Sichuan Province’s Bureau of Statistics, 2018).

2.2 � Theoretical Framework

Understanding what elements prominently determine well-being is a premise for under-
standing the mechanisms through which earthquakes impact SWB. Cantril (1965) has 
shown that, despite different development levels and cultures, residents from 14 countries 
share similar considerations for happiness, including economic, health, family, work, and 
social aspects. Easterlin (2010, pp. 171–172) proposes a framework where life happiness is 
the net outcome of satisfaction in multiple life domains, reflecting both objective circum-
stances and subjective aspirations, and the four most influential domains are material con-
ditions, family life, health, and work. In accordance with the two frameworks, five essential 
life domains—income, health, family, jobs, and social capital—are treated as the major 
determinants of well-being.

Life domains can be influenced simultaneously by the shock of an earthquake and the 
post-disaster recovery. Earthquakes have a significant impact on victims’ income, work 
situations, health status, and family structure. Life satisfaction may be negatively affected 
by loss of property, deteriorating living conditions, injuries and trauma, and family dis-
solution (Kun et al., 2010). Victims may also experience social disconnection due to the 
loss of acquaintances or social tension due to the competition for scarce resources in the 
reconstruction stage (Li et al., 2015; Okuyama & Inaba, 2017; Wang et al., 2000). Post-dis-
aster relief and restoration measures may to some extent offset the negative consequences 
of earthquakes, and this might be a reason why, for example, Rehdanz et al. (2015) find 
that the Fukushima disaster had not affected SWB through health, income, or employment. 
Nevertheless, recovery policies may not fully mitigate family dissolution caused by a dis-
aster; moreover, post-earthquake social networks may be strengthened because survivors 
need to cooperate to get over difficulties (Zhao, 2013).

Equation (1) summarizes our theoretical framework. H represents a happiness function, 
W is an earthquake indicator, D is the objective outcome of various life domains, and A 
indicates a list of individual attributes. An earthquake, along with individual characteris-
tics, reshapes objective outcomes of life domains and further influences well-being. Con-
currently, individual characteristics appear in the happiness function to approximate sub-
jective aspirations in order to capture that the association between well-being and objective 
outcomes of life domains could vary by individual characteristics.

(1)H(W,A) = H(D(W,A),A)

2  Based on the intensity of the earthquake and the extent of the damage, official assessments classified 237 
counties into three types: severely affected areas (10), strongly affected areas (41), and moderately affected 
areas (186). A full list is available at http://​www.​gov.​cn/​zwgk/​2008-​07/​22/​conte​nt_​10528​35.​htm.

http://www.gov.cn/zwgk/2008-07/22/content_1052835.htm
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The empirical analysis will first spotlight a reduced form equation of well-being on the 
Wenchuan earthquake and individual attributes, and then test, based on Eq.  (1), through 
which life domains the earthquake influenced happiness.

3 � Data and Methodology

3.1 � Data Description

We use data from the China General Social Survey (CGSS), one of China’s earliest nation-
ally representative continuous surveys jointly launched by the Renmin University of China 
and Hong Kong University of Science and Technology. The CGSS has completed 10 waves 
(2003, 2005, 2006, 2008, 2010, 2011, 2012, 2013, 2015 and 2017) that cover at least 100 
counties/districts nationwide and accumulate a rich pooled cross-sectional dataset. Data at 
individual, family, community, and society levels are comprehensively collected to reflect 
social trends.

Our sample comprises two pre-earthquake waves (2005 and 2006) and four post-earth-
quake years (2010, 2012, 2015, and 2017). Data from the years 2003, 2008, 2011, and 
2013 are excluded because the 2003 wave covers only urban areas, the 2008 and 2011 
waves have insufficient observations for Sichuan, and the 2013 wave disproportionally 
oversamples younger birth cohorts in Sichuan. Other than Sichuan, observations from 13 
provinces in central and western China (Fig. 1) are used to construct the comparison group. 
Five provinces in the region (Xinjiang, Tibet, Qinghai, Ningxia, and Hainan) are removed 
because they are not included in all the waves of our sample. The exclusion of the five 
provinces should not affect our sample’s representativeness as they account for a small 
proportion of China’s total population. The CGSS only investigates adults (18 years old 
and above). We also exclude individuals who failed to report SWB and key characteristics, 
including gender, ethnicity, age, education, and location of residence. The full sample size 
for the main analysis is 32,205 adults with about 500–600 observations in Sichuan and 
approximately 4,300–5,000 observations in other provinces for each year.

SWB, the dependent variable, is derived from a self-reported happiness question in 
which respondents were asked “Overall, do you think your life is happy.” Answers are 
based on five response options ranging from “very unhappy” to “very happy.” We measure 
SWB on a 1 to 5 scale with a larger number representing greater happiness. Self-reported 
happiness has been proven as a valid measurement (Helliwell et al., 2012) and been widely 
used in studies, including studies in China (e.g., Morgan & Wang, 2019).

Life domains, the mechanism variables through which the earthquake may have affected 
well-being, are measured as follows. Income is measured by the equivalized household 
income which divides the household annual total income by the equivalent household size. 
The household total income is adjusted to the level in 2005 using annual province-based 
consumer price indices. The equivalent household size assigns 1 to the major respond-
ent, 0.5 to other family members aged 14 and above, and 0.3 to members aged below 14, 
according to the modified OECD equivalence scale. The income variable is in the form 
of natural logarithm. Employment status is a dummy variable with 1 indicating employed 
and 0 unemployed and those not in the labor markets. Health is a self-evaluated perception 
of health rated from 1 (very unhealthy) to 5 (very healthy). Another category, “extremely 
healthy,” appears in the 2005 wave and is merged with “very healthy.” Family dissolution 
is measured by two indicators. The divorce dummy takes 1 for divorcees and 0 otherwise; 
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the widowhood indicator assigns 1 to widows and 0 to others. Bjørnskov (2006) points out 
that social networks, social trust, and social norms are essential facets of social capital. 
Due to limitations in data availability, we only measure social network based on a survey 
question that records “frequency of contact with your friends/relatives,” where responses 
range from 1 (very rare) to 5 (very close). The social capital variable is available for all 
years except 2006.

Some key personal characteristics that may affect SWB are also considered (Dolan 
et al., 2008), including gender, age, ethnicity (Han or non-Han), education level (primary 
school and below, middle school, or high school and above), and location of residence 
(urban or rural). A few additional individual variables (hukou status,3 party membership, 
and household size) and provincial features (population size, gender and age composition, 
and education structure, collected from China Statistical Yearbooks) are included for the 
robustness checks (see Table A1 in the online appendix for variable descriptions). Table 1 
presents the mean, standard deviation, minimum, maximum, and total observations for the 
dependent variable, mechanism variables, and major control variables of our analysis.

3  Hukou is a China-specific household registration and population management system. A person is regis-
tered as either an agricultural or non-agricultural resident.

Table 1   Descriptive statistics of the main variables

a The dependent variable SWB is self-reported happiness ranging from 1–5. For mechanism variables, bIn-
come is the natural logarithm of the equivalized household income adjusted to the level in the year 2005 
based on provinces’ annual consumer price index (CPI); cHealth is a self-evaluated health status (1–5); 
dDivorce is 1 for divorcees and 0 otherwise; eWidow is 1 for widows and 0 otherwise; fJob is 1 for the 
employed and 0 for the unemployed and those not in the labor markets; gSocial refers to the frequency of 
contact with friends and relatives (1–5). For major individual controls, hGender is 1 for male; iAge confirms 
adult respondents in CGSS; jHan ethnicity; kAttainment of secondary-school education level; lEducational 
level of high-school or above; and mLiving in an urban area. All data are from the CGSS

Variables Mean S.D. Min. Max. N

Dependent variable
SWB (1–5)a 3.61 0.86 1 5 32,205
Mechanism variables
Income (natural logarithm of equivalized household 

income, yuan)b
8.92 1.11 1.64 15.80 28,920

Health (1–5, “very unhealthy” to “very healthy”)c 3.51 1.14 1 5 28,800
Divorce (1 = divorced)d 0.02 0.14 0 1 32,201
Widow (1 = widowed)e 0.08 0.27 0 1 32,201
Job (1 = employed)f 0.65 0.48 0 1 32,139
Social (1–5, “very rare” to “very close”)g 2.51 1.11 1 5 27,147
Control variables
Gender (1 = male)h 0.48 0.50 0 1 32,205
Agei 48.00 15.68 18 103 32,205
Han (1 = Han ethnicity)j 0.90 0.30 0 1 32,205
Middle (1 = middle school)k 0.29 0.46 0 1 32,205
High (1 = high school and above)l 0.25 0.43 0 1 32,205
Urban (1 = urban residents)m 0.47 0.50 0 1 32,205
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3.2 � Empirical Strategy

We adopt a DID approach to identify the causal effect of the Wenchuan earthquake on 
well-being. Differentiating post-earthquake and pre-earthquake happiness in Sichuan, the 
affected province (treatment group) yields a combination of the well-being effect of the 
earthquake and the natural evolvement of happiness. Using the same procedure for unaf-
fected provinces (control group), only the natural change in SWB is obtained. If the natural 
shift in happiness in the treatment group is the same as that of the control group when there 
were no earthquakes—often called the parallel-trend assumption—any additional differ-
ence between the two temporal differences would reveal the causal effect of the Wenchuan 
earthquake on SWB. The DID method allows for unobserved determinants of happiness in 
different levels in the two groups, and rules out all unobservables that confound the causal 
effect as long as the parallel-trend assumption holds. The DID approach is implemented 
with a linear model as set out in Eq. (2), which represents a reduced form model of Eq. (1).

SWBipt is an individual i’s happiness in the province p in the year t. Sichuanp is a binary 
variable for Sichuan province, and Postt is a binary variable indicating years after 2008. 
Xipt is a set of control variables for personal characteristics, including gender, age and 
squared age, ethnicity, level of education, and the urban indicator for the baseline model 
and adding more individual and provincial characteristics for the robustness examination. 
The first half of Eq. (2) presents a basic form of DID with covariates, and the coefficient � , 
essentially the (conditional) double-difference of SWB, identifies the well-being effect of 
the earthquake. In the second half of Eq. (2), we define Quakept = Sichuanp × Postt as the 
indicator for the Wenchuan earthquake. We further extend the DID form to a more general 
model of two-way fixed effects (TWFE), where �p and �t are province fixed effects and 
year fixed effects intended to capture location-specific and time-specific characteristics, 
respectively. The TWFE model, usually regarded as a generalized DID setting, is preferred 
to the traditional DID form in our analysis because the former is able to capture unobserva-
bles more comprehensively.4 uipt and �ipt are the error terms in the two forms. For conveni-
ence, we still call the TWFE setting as a DID approach.

Although the DID method allows the treatment and the control groups to have different 
underlying levels of SWB, the control group should be properly selected so that the two 
groups are similar enough to support the parallel-trend assumption. That is why we exclude 
provinces in northeastern, eastern, and southern China as they are far from Sichuan and 
their well-being trends may differ from the treatment group. Thus, the control group 
includes only 13 provinces (Fig.  1). For the main analysis, we regard partially affected 
provinces (Shaanxi, Gansu, and Chongqing, the provinces indicated by the hatched pat-
tern in Fig. 1) as part of the control group. We examine the robustness of the estimates by 

(2)
SWBipt = �Sichuanp × Postt + �Sichuanp + �Postt + Xipt� + uipt = �Quakept + �p + �t + Xipt�+ ∈ipt

4  In a two-group and two-period setting, TWFE is equivalent to DID. When the treatment is binary and 
the design is staggered, as in our case, the TWFE coefficient � is a weighted summation of multiple two-
group two-period DID estimates (De Chaisemartin & d’Haultfoeuille, 2022). Recent studies have found 
that TWFE models may suffer from estimation biases caused by “forbidden comparison.” However, in a 
scenario with binary treatment, staggered design, and unique treatment timing, TWFE is exempt from the 
problem (De Chaisemartin & d’Haultfoeuille, 2022). Our case satisfies all the conditions and therefore 
TWFE is a reasonable choice.
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excluding the three provinces from the sample, or by treating them as a second treatment 
group.

Other than incorporating the partially affected provinces in the control group, there are 
at least two reasons our estimates would tend to be within the lower bounds of the true 
effects. First, changes in population composition and distribution due to the earthquake 
may lead to an underestimation of the well-being effect. Residents with a lower socio-
economic status (SES) are more likely to live in poorly constructed houses in a fragile 
geological environment and are therefore more likely to perish in an earthquake. If so, 
post-earthquake observations in the treatment group tend to indicate higher SES and life 
satisfaction compared to the pre-earthquake population. Moreover, surviving victims may 
migrate to unaffected provinces and shrink the well-being gap between the treatment and 
control groups. During the post-disaster state-led relocation project, most of the 1.5 million 
victims who were resettled, moved to towns and cities adjacent to their own jurisdictions 
in Sichuan (State Council of China, 2008; Ge et al., 2010). Bound by the confidentiality 
rules of the CGSS, we are not able to identify the cities or counties where the interviewees 
reside; however, using the whole Sichuan province as the treatment group to a large extent 
avoids the issue created by population relocation.5

Second, spillover and crowding-out effects from Sichuan to other provinces may under-
estimate the well-being effect of the earthquake. On the one hand, the collapse of Sichuan’s 
economic system may have negatively impacted the lives and well-being of residents in 
provinces with close economic ties to Sichuan. On the other hand, massive relief and 
recovery resources pouring into Sichuan may have crowded out financial support to other 
provinces and consequently impaired residents’ well-being there.

To summarize, given the miscellaneous confounders, what the study actually derives is 
the lower bounds of the well-being effects of the Wenchuan earthquake. All the estimates 
deserve careful interpretation. Nevertheless, as long as we find negative effects, which is 
the case in our study, we can confirm the destructive nature of the earthquake.

Following standard procedures, we test the parallel-trend assumption with Eq. (3).

Wavet is a dummy variable representing whether individuals are in Wavet . 
Wave2006 × Sichuanp is dropped as a reference, and �2005 should be zero if the parallel-trend 
assumption holds. In practice, a statistically insignificant estimate for �2005 would endorse 
the assumption. Moreover, �2010 to �2017 estimate the well-being effects of the earthquake 
in each post-earthquake wave when the parallel-trend assumption is valid, so we are able to 
examine fully how the effects change in the short- and long-term.

(3)
SWBipt =

∑

t = 2005, 10,
12, 15, 17

�tWavet × Sichuanp + �p + �t + Xipt�+ ∈ipt

5  Although 141 out of the 181 counties in Sichuan were affected by the earthquake, there were also a num-
ber of unaffected residents in the western part of Sichuan that could not be ignored. Consequently, regard-
ing the entire Sichuan as the treatment group may still have understated the earthquake’s effect.
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4 � Results

4.1 � Main Results

Based on Eq. (2), Table 2 shows the ordinary least squares (OLS) estimates of the well-
being effects of the Wenchuan earthquake for the full sample and all the rural and urban 
subsamples. Column (1) displays a negative and statistically significant correlation 
between well-being and the earthquake after controlling for the year and province fixed 
effects (FEs).

Individual control variables, including male respondents, age and its square, Han eth-
nicity, middle and high school indicators (primary school and below is the base category), 
and an urban dummy are added to column (2). The earthquake is associated with a 0.096 
reduction in SWB on a scale of 1–5. By turning off the “Quake” indicator in column (2), 
we can predict that, without the earthquake, the average level of happiness in Sichuan prov-
ince after 2008 would have been 3.594, increasing by 0.035 from the predicted level before 
2008 (3.559), while the earthquake diminished happiness by 0.096, nearly three times the 
counterfactual increment of well-being. We will further quantify the loss in well-being at 
an income level in the next section. Our findings on the coefficients of the covariates are 
consistent with the literature: male respondents and the ethnic majority seem less happy; 
higher levels of education contribute to greater happiness; and the SWB–age relationship 
shows a typical U-shaped pattern.

The results summarized in the last four columns imply that rural residents suffered far 
more from the earthquake than urban populations in terms of well-being, and the overall 
decrease in SWB after the earthquake is primarily driven by the rural subsample. This is 
probably because the most stricken areas were in rural counties and because of the greater 
vulnerability of those living in a rural environment due to fragile housing and underdevel-
oped infrastructure. For the rest of the study, we will focus on the analysis of the full sam-
ple and the rural subsample, and use columns (2) and (4) as our baseline models.

A crucial assumption for DID is the parallel-trend assumption of well-being for the 
treatment and the control groups before the earthquake’s shock. Taking 2006 as the refer-
ence year, Fig. 2 shows the estimates for �t , based on Eq. (3), in the other years with 95% 
confidence intervals, for both the full sample and the rural subsample. The regression coef-
ficients are shown in Table A2 of the online appendix.

Fig. 2   Parallel-trend tests for happiness. Both figures plot estimates for �
t
 from Eq. (3) with 95% confidence 

intervals, with the covariates being identical to columns (2) and (4) of Table 2, respectively
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Both subfigures present statistically insignificant coefficients for the year 2005, implying 
that the parallel-trend assumption has not been violated at the 5% level.6 Coefficients for 
2010, 2012, 2015, and 2017 represent the short- and long-term effects of the earthquake on 
well-being. Immediate post-disaster measures were sufficiently effective to offset the well-
being impact of the earthquake so that a relatively smaller net effect could be observed in 
2010. Temporary post-disaster aid gradually faded away while some of the consequences 
of the earthquake either remained or became even worse (e.g., badly injured family mem-
bers passed away after several years.); consequently, the net effects in 2012 and 2015 were 
stronger. Eventually SWB started to recover in 2017. Once again, the well-being net effects 
for rural residents are more salient across all the years, either because of the greater impact 
of the earthquake or due to comparatively inadequate post-earthquake recovery measures.

4.2 � Robustness Analysis

Table 3 shows the robustness of our baseline results. The first set of the robustness anal-
ysis, shown in Panel A, focuses on Sichuan’s adjacent provinces (Shaanxi, Gansu, and 
Chongqing), which were only partially affected by the earthquake. In the baseline models 
of Table 2, Sichuan is the treatment group and the three provinces along with the others 
belong to the control group. In columns (1) and (3), we exclude the three adjacent prov-
inces from the analysis and the estimates remain similar. In columns (2) and (4), Sichuan 
is the first treatment group, the adjacent provinces form a second treatment group, and the 
rest serve as the control group, so that we can separate the treatment effect of the earth-
quake in Sichuan from that in the adjacent provinces.

The two coefficients in column (2) and (4) of Panel A are estimates of �1 and �2 in 
Eq. (4), where Adjacentp is a binary indicator for the three adjacent provinces. The well-
being effects of the earthquake in Sichuan are similar to the baseline estimates, while the 
net impact of the earthquake in Sichuan’s adjacent provinces is statistically insignificant.

Panel B of Table 3 examines how the results vary according to the model’s specifica-
tions. Columns (1) and (3) incorporate additional individual and provincial covariates, 
including hukou status, membership of the Communist Party, household size, provincial 
population size, provincial cohort of high school students, provincial sex ratio, and popu-
lation dependency ratio. The additional covariates are not controlled for in the baseline 
models because they are not sufficiently exogenous, but adding these covariates could help 
to eliminate more confounding effects. The coefficients in columns (1) and (3) are slightly 
weaker but remain robust.

Due to the ordinal nature of SWB, we estimate an ordered probit model and calculate 
the average partial effects of the earthquake on the probability of happiness being at spe-
cific levels, following Puhani’s (2012) framework of DID in non-linear models. Columns 
(2) and (4) show that the earthquake decreases the probability of being happy (4) and very 

(4)SWBipt = �1Postt × Sichuanp + �2Postt × Adjacentp + �p + �t + Xipt�+ ∈ipt

6  The p value for the 2005 coefficient in the rural subsample is 0.072, indicating that the parallel-trend 
assumption is marginally violated. At the 10% level, the upward pre-trend indicates that the rural SWB in 
Sichuan province would have grown faster than that of other provinces had the earthquake not happened. 
As a result, the dynamic effects of the earthquake on happiness in Fig. 2b are likely the lower bounds of the 
true shocks, implying that the earthquake may have impacted the rural SWB more heavily than what the 
subfigure has revealed.
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happy (5), and the estimates are in line with earlier studies (Carroll et al., 2009; Luechinger 
& Raschky, 2009; Rehdanz et al., 2015). Our results therefore remain robust after a series 
of examinations.

4.3 � Mechanism Analysis

Given the detrimental effects of the Wenchuan earthquake on the well-being of victims in 
Sichuan, we further explore through which channels the earthquake exerted these adverse 
shocks. Based on our theoretical framework, we probe five mechanisms: income, health, 
family, jobs, and social capital. By replacing the dependent variable of the baseline models 
with each mechanism variable, we estimate the function D(W,A) in Eq. (1) and determine 
to what extent the earthquake affected various life domains. Panels A and B of Table 4 
summarize the mechanisms analyses for the full sample and the rural subsample, respec-
tively. The dependent variables are measures of life domains whose definition and descrip-
tive statistics are described in the data description section. When divorce and widowhood 
are mechanism variables, we restrict the zero-valued respondents of the two dummies to 
the currently married or those cohabitating with unmarried partners, to highlight life tran-
sitions from being married to divorce or widowhood in the wake of the earthquake. The 
rest of the regressions are based on all individuals with available information on the mech-
anism variables. The independent variables are identical to those in the baseline models of 
Table 2. Table 4 is based on the linear models. The results remain robust if probit models 
are estimated for divorce, widowhood, and employment status, and ordered probit models 
are used for health and social capital.

The parallel-trend assumption also needs to hold for the mechanisms analyses so that 
we are able to interpret all the coefficients in Table 4 as the causal effects of the earthquake 
on the mechanism variables. In Panel A, columns (1), (2), and (5) satisfy the parallel-trend 
assumption with the baseline model setting of Table 2. Pre-earthquake trends of divorce 
and widowhood are not parallel in the baseline setting. We manage to satisfy the assump-
tion by matching each Sichuan individual in a year with similar non-Sichuan residents of 
the same year before implementing the DID regressions, usually called a DID matching 
strategy (Smith & Todd, 2005), and report the results in columns (3) and (4).7 In Panel B, 
columns (1) to (3) and column (5) satisfy the parallel-trend assumption with the baseline 
setting, and the mechanism variable “Widow” is excluded as the assumption is violated 
even with the DID matching strategy. Social capital is unavailable in 2006 so the parallel-
trend assumption cannot be tested. We apply the DID matching strategy to columns (6) of 
Panel A and Panel B to make the coefficients as causal as possible.

4.3.1 � Income and Employment

The statistically insignificant coefficients in columns (1) of Panels A and B imply that, 
despite the earthquake’s substantial negative shocks to income, post-disaster recovery 

7  We calculate the propensity scores of being treated (being in Sichuan province) for each individual in 
each year, using a logit model on gender, age, squared age, ethnicity, education, and place of residence. 
Then we match each Sichuan individual in a year with non-Sichuan residents of the same year having 
similar propensity scores using the method of kernel matching. We further confirm that the parallel-trend 
assumption still holds for happiness with the DID matching strategy, and the post-earthquake dynamics of 
happiness are similar to those presented in Fig. 2.
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policies may have been effective in offsetting these influences. For example, the 18 coun-
ties most damaged were paired with 18 of the richest provinces, where the latter were 
obliged to transfer at least 1% of their previous year’s revenue to the matched counties for 
three consecutive years (2008–2010; Bulte et al., 2018).

Moreover, the Sichuan government swiftly created over 800,000 jobs to mitigate the 
shock to employment. Figure  3a presents the parallel-trend test and post-earthquake 
dynamics of employment based on column (5) of Panel A in Table 4. The statistically insig-
nificant effects in 2010 and 2012 imply the post-disaster policy has essentially undone the 
short-term impact on jobs, but many informal and temporary jobs may have disappeared 
in the long run so that the victims suffer from negative shocks on employment in 2015 
before they could fully recover with formal jobs in 2017. Column (5) of Panel B implies 
post-earthquake aid may be stronger in rural areas so that the net effect on rural employ-
ment is statistically insignificant. The living allowances and housing subsidies (including 
loans) granted directly to rural victims, roughly estimated, exceeded 100 billion yuan (Lu 
et  al., 2014). The whole investment package was designed to have a positive impact on 
employment and income, and limit the depressive effect of the destruction caused by the 
earthquake (Dunford & Li, 2011).

Another factor that played a role in rural areas is strategic behavior adjustment. In a 
study of droughts in Australia, Carroll et  al. (2009) argue that when the situation were 

Fig. 3   Parallel-trend tests for mechanism variables. All figures plot estimates of the year-by-year effects of 
earthquake on mechanism variables, relative to the base year of 2006, with 95% confidence intervals, and 
covariates being identical to columns (2) and (4) of Table 2, respectively



	 Z. Wang, F. Wang 

1 3

to worsen, there would be out-migration from affected regions, and within the affected 
regions both the composition of industries and alternative (agricultural) production meth-
ods would change. This phenomenon was also observed after the Wenchuan earthquake. 
Lu et al. (2014) find that due to the loss of agricultural income after the earthquake, farm-
ers migrated to earn income from non-agricultural jobs, which could, to a large extent, 
offset the income and employment shocks from the earthquake.

The significant employment effect of the earthquake in the full sample could explain 
why happiness declines, while the insignificant coefficient for the rural subsample is incon-
sistent with the fact that rural victims have suffered greater well-being losses from the 
earthquake. Accordingly, we take a cautious attitude towards this result and employment 
status will not be regarded as a crucial mechanism in the study.

4.3.2 � Health

The insignificant effects of the earthquake on health in columns (2) of Panels A and B need 
to be interpreted with caution. It is possible that emergency medical rescue efforts and post-
earthquake treatments (Wu et al., 2008) counteracted the earthquake’s harmful impact on 
health, but their impact may be understated for a number of reasons. First, it is inevitable in 
a huge earthquake that some residents may be omitted from a survey because, for instance, 
they were badly injured, died, or moved to other provinces because of the trauma (Yama-
mura, 2012). Chen et al. (2009) investigate 1,243 victims in five of the worst hit counties, 
where the disabled and incapacitated accounted for about 10% of the victims. Second, the 
health question of the CGSS was changed in the 2010 wave to “How do you experience 
your body’s health” instead of asking respondents to “Evaluate your health status,” which 
may have induced people to focus only on physical rather than mental conditions.

4.3.3 � Divorce and Widowhood

Columns (3) and (4) of Panel A and column (3) of Panel B show that the earthquake sig-
nificantly increased the probability of divorce and of being widowed. Becker et al. (1977) 
indicate that unanticipated events may destabilize marriage. This study, among others (e.g., 
Martin & Bumpass, 1989; White, 1990), also reveals that the likelihood of divorce is nega-
tively associated with SES. It is possible that the earthquake reduced family members’ SES 
and contributed to higher divorce rates before their SES could be substantially restored. In 
addition, the earthquake killed people and resulted in widowed families, and badly injured 
family members were more likely to pass away a few years later, which would have exac-
erbated the problem of widowhood. Figures 3b–d present the parallel-trend tests and post-
earthquake dynamics of divorce and widowhood based on columns (3) and (4) of Panel 
A and column (3) of Panel B in Table  4. The effects of the earthquake on divorce and 
widowhood are most salient in 2012 and 2015, implying that the issues of divorce and 
widowhood may have emerged gradually after the earthquake, and are consistent with the 
happiness dip in Fig. 2.

The significantly higher rates of divorce and widowhood caused by the earthquake 
explain why a loss in well-being could still be detected despite compensation for loss of 
post-earthquake income and employment. As Easterlin (2010) points out, the formation 
and dissolution of unions are essential to determine satisfaction with family life. Losing 
a job or other sources of income could be temporary and repaired by outside forces or 
personal adjustment, while being separated from life partners may cause long-term trauma 
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that public policies can hardly address. Lucas et al. (2003) report that adaptation to widow-
hood may take eight years on average; this is consistent with what Figs. 2 and 3c show in 
the 2017 wave.

4.3.4 � Social Capital

Post-earthquake recovery of social capital could even surpass the damages. The positive 
and significant estimates in columns (6) of Panel A and Panel B indicate that the victims 
in Sichuan had stronger social ties with friends and relatives than they did before the Wen-
chuan earthquake. As a result, social capital is unlikely to be a channel through which the 
earthquake deteriorates happiness.

Not only that, the effect of social capital on SWB remains ambiguous. Yamamura et al. 
(2015) find that the positive relation between social trust and happiness was strengthened 
after the Great East Japan Earthquake, which mitigated the disaster shock. Social capital 
contributes to post-disaster recovery with some evidence from the Wenchuan earthquake 
as well (Zhao, 2013). However, a few empirical studies (Chen & Meng, 2010; Xin et al., 
2009) fail to find significant benefits from social networks, probably because social net-
works are informal and fragile, especially in the case of victims in rural areas. Our sample 
presents positive correlations between social capital and happiness (Table A3).

Classic mediation analysis further compares the coefficient of the earthquake with con-
trolled mediators to the coefficient without mediators, but the estimators are usually incon-
sistent due to the mediators’ endogeneity. We follow the standard procedure of mechanism 
analysis in the literature examining the causal effect of an event, and verify the linkages 
between the earthquake and multiple mechanisms empirically (Table 4) while building the 
bridges between the mechanisms and SWB theoretically (Sect.  2.2). We supplement the 
evidence in Table A3 by showing how the mechanisms relate to SWB in our sample. The 
results confirm that all the mechanisms are significantly connected to SWB at the 1% level 
except that being employed in the rural subsample is significantly correlated with happi-
ness at the 10% level. To summarize, evidence supports that divorce and widowhood may 
be crucial mechanisms through which the earthquake has affected happiness.

4.4 � Heterogeneity Analysis

The well-being of populations with different characteristics may be affected differently by 
the earthquake. We use Eq.  (5) to examine how the effects of the Wenchuan earthquake 
on SWB vary by specific individual characteristics Zipt , which include age, education, 
and having a basic pension or medical insurance. � measures the heterogeneous effects of 
the earthquake on well-being. Xipt contains the baseline covariates as well as Zipt . For the 
model’s completeness, we also include the interactions between each pair of the variables 
among Sichuanp , Postt , and Zipt.

Table 5 summarizes the estimates of � , for both the full sample and the rural subsample. 
Columns (1) and (2) show that older adults and less educated respondents are more vulnerable 
to the shock of the earthquake (statistically insignificant for the rural subsample), which is 
consistent to findings that populations with disadvantaged SES were more vulnerable in terms 
of SWB during China’s economic transitions in the late 1990s and early 2000s (Easterlin et al., 

(5)
SWBipt = �Quakept × Zipt + �Quakept + �Sichuanp × Zipt + �Postt × Zipt + �p + �t + Xipt�+ ∈ipt
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2012, 2017; Morgan & Wang, 2019). In a study on floods, Luechinger and Raschky (2009) 
find that compulsory insurance could significantly mitigate the negative impact on SWB. As 
columns (3) and (4) illustrate, participation in basic pension or medical insurance programs 
could mitigate the well-being damages caused by the earthquake, except that the estimate in 
column (3) of Panel A is only statistically significant at the margin (p value = 0.117).

5 � Quantifying Loss in Well‑Being

When evaluating the total cost of a natural disaster, people tend to gauge it based on the physi-
cal damage and neglect the loss in well-being. A natural disaster could be viewed as “public 
bads” for which there is no tradable market or price, which challenges traditional valuation 
methods (e.g., hedonic or contingent valuation methods). However, we have the option of 
employing a life satisfaction analysis (LSA) to assess the intangible costs with our happiness 
data. Luechinger and Raschky (2009) compare several valuation methods and highlight the 
advantages of LSA.

Under the hypothesis of rational economic agents, maximal utility is maintained when 
|
|MUincΔInc

|
| =

|
|
|
MUquakeΔQuake

|
|
|
 , other determinants of utility being constant. MUinc and 

MUquake are the marginal utilities of income and earthquake, respectively. Empirically, utility 
could be proxied by SWB, as Kahneman et al. (1997) indicate that life satisfaction could be 
regarded as a well-defined form of experienced utility. The two marginal utilities can thus be 
obtained by regressing SWB on income and earthquake, conditional on other covariates. We 
can further acquire the willingness to pay (WTP) or the marginal rate of substitution between 
income and earthquake (Eq. (6)) to suggest how much income a person would be willing to 
sacrifice to avoid an earthquake, or, in another words, how much income would compensate a 
person for experiencing a disaster in terms of SWB.

(6)WTP (MRS) =
|
|
|

ΔInc

ΔQuake

|
|
|
=
|
|
|

MUquake

MUinc

|
|
|

Table 6   Quantifying the well-being loss with income

a Happiness, the dependent variable, is self-reported happiness (1–5); bIncome is the natural logarithm of 
the equivalized household income adjusted to the level in the year 2005 based on provinces’ annual con-
sumer price index (CPI); and cOther covariates are identical to the baseline models of Table 2. N and N1 
represent sample size and the number of observations from Sichuan province, respectively. Standard errors, 
clustered at a province level, are shown in parentheses. *** significance at the 1% level. FE: Fixed effect

Dependent variable: Happiness (1–5)a Full (1) Rural (2)

Quake − 0.105*** (0.028) − 0.140*** (0.037)
Income (natural logarithm of equivalized household 

income, yuan)b
0.156*** (0.008) 0.149*** (0.011)

Baseline covariatesc Y Y
Year FE Y Y
Province FE Y Y
Adjusted R2 0.110 0.113
N1 3,454 1,880
N 28,920 15,414



	 Z. Wang, F. Wang 

1 3

Table  6 estimates marginal utilities with respect to the earthquake and equivalized 
household income for the full sample and the rural subsample. The income variable is 
included in the form of natural logarithm to alleviate the influence of outliers and cap-
ture the nonlinear relations between SWB and income. Coefficients in column (1) imply 
that MUinc = 0.156∕Income . The post-earthquake average equivalized household income 
(adjusted to the year 2005) of Sichuan residents is 17,259 yuan, and then the overall WTP 
is approximately 11,617 yuan (0.105*17,259/0.156), which amounts to 67% of the aver-
age equivalized household income. The post-earthquake average equivalized household 
income (adjusted to the year 2005) of Sichuan rural residents is 10,197 yuan, and similarly, 
the rural WTP is about 9,581 yuan (0.140*10,197/0.149), which is about 94% of the rural 
average equivalized household income.

The WTPs computed for the Wenchuan earthquake are much larger than those for other 
disasters in the literature. Carroll et al. (2009) state that spring droughts in rural Australia 
cause an average loss of 38% in annual household income. In a study on floods in Europe, 
Luechinger and Raschky (2009) conclude that people are willing to spend 24% of their 
average annual household income to avoid a particular flood. For the Fukushima earth-
quake, a similar case to the one covered by our study, Rehdanz et  al. (2015) find that a 
person living within a 150–300 km range of the epicenter experiences a reduction in hap-
piness worth 70% of their household’s average annual income, while for a person living 
within 150 km of the event, it is up to 240%, similar to our estimates.

6 � Conclusions

By utilizing six waves of CGSS data and the DID method, this study is among the first to 
identify the causal well-being effect of China’s 2008 Wenchuan earthquake. We explored 
its long-term influence as well as potential mechanisms to quantify the equivalent mon-
etary loss. We detected a significant reduction in SWB among Sichuan residents compared 
to their neighboring counterparts. This depressive effect was sustained for nearly 10 years, 
despite the finding that SWB tends to return to the pre-earthquake level in the long-term. 
We gauged the integrated net outcome of the earthquake per se along with the relief and 
recovery programs after the disaster, and found that the effect remains robust after a series 
of checks. As for impact channels, losses concerning the economic aspects (income and 
jobs) as well as the health of residents appeared to be largely compensated owing to enor-
mous investment in post-earthquake reconstruction. Social capital was strengthened after 
the earthquake so that SWB benefited from interpersonal connections.

The significantly higher rates for divorce and widowhood could explain why Sichuan 
residents continued to suffer a deterioration in life satisfaction, particularly once the relief 
programs were phased out in the medium term. Catastrophic natural disasters, such as huge 
earthquakes, impact victims’ well-being through more hidden channels, including, but not 
limited to, family structure (e.g., family dissolution and less parenting of children because 
adults have to work outside). While a typical reconstruction program mainly focuses on 
economic recovery, these “forgotten” corners often fail to attract the attention of policy-
makers. Yet this aspect of well-being loss should not be disregarded, for the results of our 
analysis estimate its monetary equivalence to be 67% of the average equivalized house-
hold income. Due to the limitation of our datasets, crucial life domains through which the 
earthquake could affect happiness may not be measured accurately and comprehensively. 
Further research is needed to examine more potential mechanisms.
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Prominent inequality was found in the well-being impact of the earthquake. Rural popu-
lations were more severely hit, such that the income equivalent loss in SWB was as high as 
94% of the rural equivalized household income. Older adults, the less educated, and those 
without social insurance are more vulnerable to earthquake shocks. Post-disaster policies 
should focus on disadvantaged groups to help them recover as much as possible.

In the context of the coronavirus disease 2019 (COVID-19) pandemic, our study con-
cerning the well-being effect of natural disasters sheds some light on the design of practi-
cal programs for disaster prevention and recovery. The content of relief efforts and their 
cost–benefit analyses should not simply concentrate on economic aspects. It is also neces-
sary to deliberate further on what public policies can do for affected populations—often 
permanently scarred—particularly when intensive financial aid is phased out. Variations 
in human welfare due to natural disasters always call for deeper academic research. At a 
grassroots level, long-term assistance with more comprehensive humanitarian features dur-
ing the post-disaster stage should be elaborated, especially for those from a disadvantaged 
socioeconomic background.
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