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Objective: Mental health impact of severe earthquakes on survivors
has attracted considerable attention. Suicide represents a terminal
outcome of the spectrum of potential major mental health issues
spawned by severe earthquakes. This study used time-series analysis to
examine the time trends of increased suicide rates after the Chi–Chi
earthquake of 1999 in Taiwan in the affected counties.
Method: Adult cause of death data were used to study monthly suicide
rates per 100,000 adult population in the study and control counties,
during January 1995 to December 2001. Box and Tiao’s event
intervention analysis was used to examine changes in monthly suicide
rates before and after the Chi–Chi earthquake.
Results: During the post-quake period,October 1999 toDecember 2001,
the mean monthly suicide rate in the affected counties was 1.567 per
100,000, compared with the control counties� rate of 1.297 per 100,000.
Mean monthly suicide rate among the high-exposure group was 42%
higher during the 26 months following the earthquake than the average
for the entire observation period. Examined by time trends, the increased
suicide rate registered in the first month following the quake began a
monthly gradual decline by 0.7/100,000 thereafter, accounting for a total
reduction of 98% in quake-related suicides by the end of 10 months.
Suicide rates fell to the baseline level after 10 months.
Conclusion: We found that the mean monthly suicide rate for
earthquake victims was higher while the low-exposure group remained
stable and consistent throughout the observation period, indicating
that the impact on the high-exposure group was attributable to the
earthquake. This indicates the need for providing strengthened
psychiatric services during the first year following major disasters.
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Significant outcomes

• Significant increase in suicide rates among survivors of the Chi–Chi earthquake of Taiwan.
• Higher suicide rates were observed over a 10-month period following the disaster.
• Possibilities for mobilization of mental health professionals in disaster-affected areas are

recommended for a significant time period following a disaster.

Limitations

• Due to sample size specific age groups or gender particularly vulnerable to suicide among the disaster
survivors could not be identified.

• Inability to link death statistics data with national statistics for health care utilization and mental
health care utilization data.

• Lack of data on the number of attempted but incomplete suicide.
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Introduction

The mental health impact of severe earthquakes
has attracted considerable attention, leading to
several studies on the immediate and long-term
psychological effects on earthquake survivors.
These studies have consistently reported significant
mental health problems, specifically major depres-
sion and post-traumatic stress disorder (PTSD)
following high-intensity earthquakes (1–6). In
addition, some studies have indicated that the 8–
11% of earthquake victims have suicidal ideation
in the aftermath of earthquakes (5, 7, 8) due to
increase in physical or emotional stress, death of
relatives, financial losses, destruction of property,
exposure to threat of injury, or disruption of
personal relationships or social network directly or
indirectly from earthquake. Following the 1999
Taiwan earthquake, Chou et al. reported that
earthquake victims, affected by loss of a close
relative, major property loss, and/or disabling
physical injury were 1.46 times more likely than
non-victims to commit suicide (9).
However, the studies concerning the suicide rates

following earthquakes yield inconsistent findings,
Krug et al. reporting no significant change (10),
and Shioiri et al. reporting significant reduction
(11). In addition, there is no documentation of
population-based longitudinal studies, systematic-
ally examining suicide rate trends among earth-
quake survivors.
Taiwan’s earthquake of September 21, 1999

(also called the �921 earthquake�) of magnitude
7.3 on the Richter scale, struck the central Chi–Chi
region causing 2454 deaths, 11,305 injured, and 50
missing, with the complete destruction of 53,024
houses and buildings, and serious damage to over
100,000 houses and buildings, requiring the evacu-
ation and resettlement of thousands. The estimated
property loss exceeded US$36 billion. During the
first month following the quake, over 10,000
aftershocks were recorded, that continued to
cause fresh damage in many cities and villages.
The major casualties occurred in four prefectures
in central Taiwan (Nan-tou, Tai-chung, Chung-
hua, and Yin-lin). Although minor quake damage
and casualties were recorded in other cities and
regions, the four central Taiwan prefectures were
the most severely affected (12, 13) with severe
casualty rates and heavy personal, financial, and
interpersonal loss experienced by survivors.
Chou et al. summarized the factors mediating

increased suicide risk in earthquake survivors.
They reported increase in physical or emotional
stress, loss of social networks, and loss of basic
material comforts and conveniences as the factors

contributing to suicidal ideation or completed
suicides among PTSD patients (9). Kotler et al.
showed that level of social support was negatively
related to suicide risk among patients with PTSD
(14). While the negative psychological and psycho-
social impacts of earthquakes are well-documen-
ted, no documentation is available on time trends
of suicide rates among survivors.

Aims of the study

We examine the hypothesis that suicide rate
increases among survivors of severe earthquakes,
and report the time trends of its magnitude and
distribution, along with the policy implications.

Material and methods

High- and low-exposure groups

This study applied time-series analysis to a 72-
month mortality database to examine time trends
of suicide rates among survivors of the Chi–Chi
earthquake that struck Taiwan in 1999. In the
affected four central Taiwan prefectures, there are
a total of 88 municipalities. Of these, 26 munici-
palities were severely affected by the earthquake
and were declared quake-affected, eligible for
reconstruction funds from the Chi–Chi Earth-
quake Post-Disaster Reconstruction Commission.
Based on the criteria of loss of co-resident family
members, sustaining severe injury and/or severe
property damage, about 24% of residents of the
quake-affected area were classified as victims,
eligible for co-payments waiver by the National
Health Insurance and other benefits (9). Areas that
were not declared quake-affected had only 1% of
residents classified as victims. The population of
the quake-affected area, 26 municipalities forms
the high-exposure group, and the population of the
remaining 62 municipalities in the same four
prefectures formed the low-exposure group. Demo-
graphic characteristics of the study group and low-
exposure group were comparable, the only differ-
entiating factor being the intensity of earthquake
damage (Table 1).

Data sources and description

We used adult Cause of Death data (aged over
20 years) to study monthly suicide rates per 100,000
adult population in the study and low-exposure
groups, during January 1995 to December 2001.
The total observation period of 72 months spans
45 months prior to the earthquake and 27 months
following, presenting an opportunity to study any
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change in suicide rates over the 6-year period. The
Cause of Death Data File was collected from the
Department of Health and the population data
from the Ministry of Interior (Population by Sex
and Quinquennial Age Group for Counties, Cities,
Township, and Districts of Taiwan-Fuchien Area
File). As it is mandatory to register all births,
deaths, marriages/divorces, and migration,
Taiwan’s population and vital event statistics are
highly accurate and complete. The mean monthly
adult population before and after the earthquake,
among the high-exposure group was 1,359,646 and
1,370,867, respectively, and among the low-expo-
sure group, 1,972,047 and 2,241,640, respectively.
The total number of completed suicides before the
earthquake among the high-exposure group was
673 (1.100 per 100,000 population per month), for
the low-exposure group was 1148 (1.294 per
100,000 per month). After the quake, it was 580
(1.567 per 100,000 per month) and 785 (1.297 per
100,000 per month) among the high- and low-
exposure groups, respectively.

Statistical methods

Repeated measures ANOVA was carried out to
examine the significance of differences between

pre- and post-quake suicide rates in the high-
exposure group compared with the low-exposure
group.
To assess the time trend of the earthquake’s

impact on suicide rates, a single interrupted time-
series design was used. Box and Tiao’s event
intervention analysis was used to examine changes
in monthly suicide rates before and after the Chi–
Chi earthquake (15). In fitting models for a single
time-series data, we assume that the model is stable
over time, in the environment through which the
time series evolves. In other words, if the relevant
environment of a time series of interest has
undergone a discrete change, then a clear change
in trend should be identifiable at a relevant point of
time, indicating that the event impacted the
behavior of the time series. To model the change
in stable behavior of a time series, Box and Tiao’s
approach can be used. Our study hypothesis is that
the trend of suicide rate following the earthquake
among the high-exposure group will show a
significantly increased magnitude and pattern com-
pared with the pre-quake period, and the suicide
rate in the low-exposure group will show a stable
pattern through the pre- and post-quake period.
Box and Tiao’s event intervention model con-

ceptualizes the dependent variable, in this case, the

Table 1. Taiwan's 1999 earthquake: demographic
and suicide characteristics among high- and
low-exposure groups

Variable

High-exposure group Low-exposure group

Pre* Post� Pre* Post�

Total 1,359,646 1,370,867 1,972,047 2,241,640
Mean monthly population
Gender
Male 695,309 (51) 697,873 (51) 1,006,628 (51) 1,143,273 (51)
Female 664,337 (49) 672,994 (49) 965,419 (49) 1,098,367 (49)

Age
20–64 1,204,503 (89) 1,207,921 (88) 1,758,806 (89) 1,987,421 (89)
‡65 155,143 (11) 162,946 (12) 213,241 (11) 254,220 (11)

Total number of suicides 673 580 1148 785
Gender
Male 466 (69) 394 (68) 750 (65) 538 (69)
Female 207 (31) 186 (32) 398 (35) 247 (31)

Age
20–64 535 (80) 455 (79) 844 (74) 581 (74)
‡65 138 (20) 125 (21) 304 (26) 204 (26)

Suicide method
Hanging, strangulation and suffocation 265 (46) 313 (40)
Ingested poisons 210 (36) 275 (35)
Jumping from a height 35 (6) 51 (6)
Poisoning by other gases and vapors 20 (3) 42 (5)
Unspecified means 19 (3) 44 (5)
Cutting and piercing instruments 15 (3) 17 (2)
Submersion (drowning) 14 (2) 36 (4)
Firearms and explosives 2 (0) 3 (0)
Poisoning by gases in domestic use 1 (0) 5 (1)

Mean monthly suicide rate (per 100,000) 1.100 1.567 1.294 1.297

Values are expressed as n (%).
*Pre-earthquake period covers 45 months.
�Post-earthquake period covers 27 months.
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monthly suicide rate, as a linear combination of a
constant, the effect of the intervention (earth-
quake) represented as a parameter estimate, and
the error term or noise level modeled by a
univariate autoregressive integrated moving aver-
age (ARIMA) model. The effect of the earthquake
can reasonably be conceptualized as a pulsed, one-
time, immediate impact, which however will not
fall to baseline levels immediately, but show a
gradual decline with time. The parameter estimate
for the intervention effect models the data incor-
porating an algebraic function to represent a
pulsed increase immediately following the earth-
quake along with a time-dependent decline to
reach zero or near zero levels at some point of time,
after which the monthly suicide rate will return to
the baseline level (i.e. the constant plus the noise
level estimated by the univariate ARIMA model).
The Scientific Computing Associates (SAC: http://
www.scausa.com/) software system was used to
estimate the model.

Results

The monthly suicide rate data series among the
high- and low-exposure groups are shown in
Fig. 1. The mean monthly suicide across the 72-
month period for the high-exposure group was
1.276 per 100,000 (SE ¼ 0.39), compared with
1.295 per 100,000 among the low-exposure group
(SE ¼ 0.345). The mean monthly suicide rate for
the high-exposure group increased 42.3% (from
1.100 to 1.567 per 100,000) after the earthquake
(Table 1). However, the low-exposure group rate
in the post-quake period was almost identical
(from 1.294 to 1.297 per 100,000) to its pre-quake
rate. Overall, the monthly suicide rates of the high-
exposure group show more variation than among

the low-exposure group through the observation
period (Table 2).
Analysis using Box and Taio’s approach showed

that for the high-exposure group, the sample
autocorrelation function (ACF) and periodic auto-
correlation function (PACF) data series were
compatible with a stationary autoregressive
moving average, ARMA(1,1) model (Table 3).
Auto-regression, AR(1) is statistically significant
at 0.01 level and moving average, MA(1) is
significant at the 0.001 level. Among the high-
exposure group, the suicide rate in any given
month can be calculated based on the model
estimates provided in Table 3. Details of the
formula and calculations are provided in the
Appendix. The t-value for omega (disaster
impact) is 1.97, indicating statistical significance
at the 0.05 level. This supports the hypothesis of a
pulsed increase in the monthly suicide rate, follow-
ing the quake.
In contrast, among the low-exposure group, the

autocorrelation function and partial autocorrela-
tion function plots indicated that the monthly data
series are compatible with a moving average,
MA(1) model [MA(1) is significant at the 0.01
level], and the t-value for omega (disaster impact)
is not significant, indicating that there was no
significant change in suicide rate among this group
following the intervention (quake). The MA model
representing monthly suicide rate among the low-
exposure group is provided in the Appendix.
Among this group, the t-value for omega (disaster
impact) is )0.17 (parameter estimate divided by the
standard error or )0.03/0.18). It is statistically
insignificant, indicating that the intervention
(earthquake) was not associated with any change
in monthly suicide rate among the low-exposure
group.

Study group Control group
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Fig. 1. Trend of suicide rates for the
study and low-exposure group between
1996 and 2001.
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Among the high-exposure group, the mean
monthly growth rate of suicide was about 1.79
[0.54/(1–0.7)] per 100,000 following the quake.
Disaggregated by time since the quake, the
increased suicide rate registered in the first
month following the quake began a gradual
decline by 0.7 every month thereafter (delta ¼ 0.7
in Table 3). The declining effect over the first
10 months following the quake accounted for
about 98% of the overall increase in suicides
among the high-exposure group. In other words,
about 98% of the increased suicides among the
severely quake-affected population occurred
during the first 10 months following the earth-
quake, and the suicide rate fell to pre-quake rates
after 10 months. The model results showed that
overall, 68.47% of the variance in suicide rates
were explained by the earthquake.

Discussion

This study used Box and Taio’s intervention
analysis to explore the time trends of suicide
among survivors of severe earthquakes. We

found that the mean monthly suicide rate for the
high-exposure group was about 42% (0.537/1.276)
higher during the 27 months following the earth-
quake than the average for the entire observation
period (72 months). In contrast, the suicide rate
among the low-exposure group remained stable
and consistent throughout the observation period,
indicating that the impact on the study group was
attributable to the degree of exposure to the
earthquake.
Our population-based study extends the find-

ings of Chen et al. who found that 11% of 525
earthquake survivors who sought psychiatric
service have had suicidal ideations (5). Our
finding extends the findings of Chou et al. who
reported that in the 1999 Taiwan earthquake,
victims (affected by loss of a co-resident family
member, or sustained a personal serious injury or
severe property damage) were 1.46 times more
likely to commit suicide than non-victims (9). In
this study, we used Box and Tiao’s intervention
modeling (as a part of the Box and Jenkins
stepwise process of time-series analysis) to evalu-
ate the change in suicide rates with the disaster
event and its gradual decline with time, among
highly affected vs. low to nil affected population.
Our study extents the findings of Chen et al. (5)
by empirically quantifying the increase in com-
pleted suicides, among the total population
rather than among those seeking mental health
services.
Shioiri et al. reported a reduction in suicide

earthquakes after the devastating Kobe earthquake
in Japan in 1995, which measured 7.2 on the
Richter scale, killing 3897 persons and severely
injuring over 13,000, besides massive destruction of
buildings. They attributed suicide reduction to a
massive decrease in access to a commonly used
suicide method, namely jumping off high-rise
buildings. It may be noted that in our data
(Table 1), jumping from a height is one of the
least used suicide methods (accounting for 6% of
all suicides), both in the high- and the low-
exposure group. Therefore, access to locally pre-
ferred suicide methods does not seem to have been
affected in the Taiwan quake. This may explain the
difference between our data and that of the Kobe
earthquake areas.
Our findings emphasize the need for effective

policy responses to address mental health needs
of populations affected by major disasters. Sui-
cide among survivors of large-scale disasters is
attributable to serious disruption of daily life and
social networks due to bereavement, property
loss, and the destruction of interpersonal and
social networks (4). It represents a terminal

Table 2. Repeated measures ANOVA results showing the earthquake's signifi-
cance in post-quake suicide rates among the high-exposure group

Effect Estimate SE P-value

Intercept 17.78 2.02 <0.001
Post-earthquake vs. pre-earthquake 0.96 2.45 0.695
High-exposure vs. low-exposure 3.70 1.95 0.059
Post-earthquake vs. high-exposure 5.27 2.25 0.020
Time trend )0.68 0.77 0.382

Table 3. ARIMA model results showing monthly suicide rate trends before and
after the earthquake

High-exposure group Low-exposure group

Constant value 1.45 (0.06)* 1.08 (0.03)*
Intervention parameter
x: disaster impact 0.54 (0.27)� )0.03 (0.18)
Gradual decrease (fixed)� 0.70 0.70

Nt (ARIMA model)
/: AR(1) 0.71 (0.14)§
h: MA(1) 0.52 (0.19)* )0.33 (0.11)§

Outlier adjustment
January 1998 (AO type) )1.23 (0.03)*
July 2000 (IO type) 0.94 (0.03)§
April 2001 (AO type) 1.35 (0.03)*
October 2001 (IO type) 0.62 (0.20)§

N (effective n) 71 72

Values are expressed as estimate (SE).
*t ¼ 2.74; P < 0.001.
�t ¼ 1.97 (0.54/0.27); P < 0.05.
�The generally used fixed rate at 0.7 level.
§t ¼ 5.07; P < 0.01.
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outcome of the spectrum of major mental prob-
lems observed among survivors including depres-
sion, PTSD, and a sense of hopelessness.
Therefore, apart from the medical, humanitarian
and financial mobilization pursued vigorously in
the wake of a disaster, mental health care
mobilization for a sufficient period of time
following a major disaster should be a key
ingredient of disaster response plans. For this,
policy makers need to take stock of the availab-
ility and accessibility of mental health providers,
as well as financing mechanisms for mental
health care.
The situation in Taiwan holds many lessons for

policymakersfromothercountries.Currentsupplyof
psychiatrists isquite inadequate,bothfromquantita-
tiveanddistributionperspectives. In2003, therewere
4.1 psychiatrists per 100,000 population in Taiwan
compared with 7.5 in the US. Importantly, their
distribution isheavily skewedto theurbanagglomer-
ations, with 43% of all psychiatrists practicing in
Taipei City, Taipei County, and Kaoushung City,
whichtogetherhave30%ofTaiwan’spopulation.The
psychiatrist shortage is acute in rural counties with
populationsof<50,000thatwerepowerfullyhitbythe
quake. In addition, higher suicide rates in rural
comparedwith urban areas amongChinese commu-
nities aggravates the issue of mal-distribution of
psychiatrists in Taiwan (16, 17). Increases in the
number of psychiatrists over time have not been
commensurate with the increases observed in other
specialties.
Mental health care is perhaps perennially under-

funded in most countries. In Taiwan, under
National Health Insurance, reimbursement is on
par with consultations for physical ailments, at the
same fixed rate per out patient visit, although
mental health consultations typically last much
longer, leading to fewer mean office visits per
physicians. Although the form of under-funding
may vary by country, there is a widespread
perception that mental health is a low priority in
most countries� funding priorities. Policy makers
need to sponsor more research on measuring
mental health care outcomes to enable a rational
approach to reimbursing mental health services, to
alleviate the chronic shortages of psychiatrists. In
the meanwhile, every disaster preparedness plan
should incorporate a plan for mobilization of
mental health professionals for a duration that is
adequate to meet the needs of disaster-affected
population. Policy makers should also plan ahead
for appropriate compensation schemes for these
professionals, commensurate with the salience of
their responsibility in situations with heightened
mental health risks.
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Appendix

The general form of Box and Tiao’s event intervention model
can be expressed in the form of the following equation:

yt ¼ Cþ xnt þNt
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where yt is the dependent variable, C the constant, x the
parameter of the intervention variable, nt the intervention
variable, and Nt the noise model determined by an univariate
ARIMA(P, d, q) model.

There are various formats of simple dynamic systems to
represent the change caused by the indicator variable, the
�intervention� or event. The intervention effect may be imme-
diate or delayed, and may also be temporary or event
permanent (18, 19). In the case of an earthquake, its impact
is more likely to be pulsed (i.e. a one-time impact). The pulse
function can be expressed as:

nOct:1999
t ¼ 0 if t 6¼ Oct:1999

1 if t ¼ Oct:1999

n o

Incorporating the pulse function into the general form of Box
and Taio’s event intervention model, the equation stands
modified as:

yt ¼ Cþ x
1� dB

nt þN

where delta represents the monthly decline in suicide rates
following the initial surge after the quake.
Our data showed that for the high-exposure group, the sample
ACF and PACF data series were compatible with a stationary
ARMA(1,1) model. The generally used rate for delta of 0.7 was
used in the model. For the high-exposure group, the model can
be represented as:

yt ¼ Cþ x
1� dB

nt þ
uB
hB

at

Specifically, as per the results presented in Table 1, the model
would be:

yt ¼ 1:446þ 0:5373

1� 0:7B
nt þ

0:7113B

0:5228B
at

As omega is statistically significant at the 0.05 level (Table 3),
our data supports the hypothesis of an increase in the monthly
suicide rate, following the quake. For the low-exposure group,
the autocorrelation function and partial autocorrelation func-
tion plots indicated compatibility with an MA(1) model (MA
estimate of )0.33 is significant at the 0.01 level). In this group,
the estimate for disaster impact, omega is not significant. The
MA model representing the low-exposure group can be
expressed as:

yt ¼ Cþ x
1� dB

nt þ
1

hB
at

Substituting the parameter estimates shown in Table 3, the
model for the low-exposure group is expressed as:

yt ¼ 1:08þ �0:03

1� 0:7B
nt þ

1

�0:33B
at

The t-value for omega (disaster impact) works out to )0.17
(parameter estimate divided by the standard error, or )0.03/
0.18). It is statistically insignificant, indicating that the inter-
vention (earthquake) was not associated with any change in
monthly suicide rate among the low-exposure group.
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