
Abstract
The occurrence of earthquakes can cause psychiatric problems

expressed as unpleasant and uncontrollable memories of the event
termed post-traumatic stress disorder (PTSD). Mapping the loca-
tion of people and identifying their exposure and reactions to an
earthquake can be extremely valuable from a public, mental health
point of view. The main objective of this study was to examine
people with respect to PTSD and healthy post-traumatic growth
(PTG) after an earthquake searching for expression of geographic
clustering that could be useful for a better understanding of mental
health conditions. Geographic information systems analyses were
performed to detect global and local geographic clustering.
Investigating 171 randomly selected adults from Cauquenes,
Chile, we demonstrated spatially clustered variables related to
PTSD and PTG in Cauquenes six years after an earthquake. Urban
and peri-urban areas had clear differences (hotspots/coldspots).
The spatial identifications found should facilitate exploring the
impact of mental health programmes in communities exposed to
disasters like earthquakes, thereby improving their quality of life
as well as reducing overall costs.

Introduction
Mental health after earthquakes has generally been measured in

terms of disruptive responses in those exposed, mainly post-trau-
matic stress disorder (PTSD) expressed as unpleasant and uncon-
trollable memories of the event, a tendency to avoiding stimuli asso-
ciated with the event, mood swings or hyper activation (American
Psychiatric Association, 2013). Shortly after an earthquake, it is
expected that 29% of people show PTSD (Leiva-Bianchi, 2011; Dai
et al., 2016), a percentage that decreases only slowly and can persist
for many years (Smid et al., 2009), particularly in the absence of
effective treatment (Bradley et al., 2005; Ehring et al., 2014; Leiva-
Bianchi et al., 2018a). Likewise, there are also studies of healthy
responses after earthquakes such as post-traumatic growth (PTG)
allowing people to adapt positively (Xu and Liao, 2011; Andrades
et al., 2018). PTG generally includes positive changes with regard
to self-image and self-confidence as well as improvement of inter-
personal relationships, spirituality and view of life (Tedeschi et al.,
2018). Although it is known that PTSD increases with the degree of
physical exposure to an earthquake (e.g., distance to the epicentre,
damage to housing (Leiva, 2010; Abeldaño et al., 2013), similar
studies were not found regarding healthy responses such as PTG.
Since destruction within urban centres is not homogeneous, it can
be expected that the occurrence and degree of PTSD and PTG fol-
low suit. This is particularly common in Chile, where earthquake-
resistant building construction was introduced after the Valdivia
earthquake in 1960; still the largest recorded. However, this earth-
quake was not so destructive in the cities at the centre of the country,
where the old adobe homes maintained their structural integrity
until the earthquake of February 27, 2010 (F-27), the ninth most
intense in the world so far. Cauquenes then suffered loss of numer-
ous homes located in its historical centre with old downtown neigh-
bourhoods, whose adobe buildings did not resist F-27. This indi-
cates that both the PTSD and the PTG could have a different distri-
bution according to the geographic location of the dwellings. In
general, three theories explain the different distributions of disrup-
tive and healthy responses.

First theory
The resource-conservation model, which holds that when a

disaster occurs, resources available to the community decrease,
which causes the community to try to conserve the pre-disaster sit-
uation (Hobfoll, 2014). This produces a stress situation, which is
greater in communities with lower income and higher unemploy-
ment. Post-disaster assistance helps protect people, especially dur-
ing the first months after the emergency, but once the supportive
activities cease, the final level of stress may be even greater
(Hobfoll, 2014).
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Second theory
The support-deterioration deterrence model (Kaniasty and

Norris, 2009), which is not entirely different, but stresses the fact
that people might act disruptively, e.g., PTSD, if support is not
maintained over time. Although the model agrees that initial help
is useful, the very presence of support produces a paradoxical neg-
ative effect on mental health by not being continuous. This leads to
a situation where survivors continue to be exposed to stress after a
disaster, since their social support decreases and that, in turn,
increases the risk of psychological disorders.

Third theory
The psychosocial impact model (Leiva-Bianchi et al., 2018b),

which maintains that disruptive responses are based on the level of
exposure to the disaster, which in the case of earthquakes is related
to the degree of damage to housing in various sectors of the city
(e.g., neighbourhood, village). According to the exposure level and
the response given, this model classifies people according to four
types of impact: i) traumatic, i.e. exposed people who respond in a
disruptive manner (e.g., PTSD); ii) resilient, i.e. exposed people
who respond in a healthy way (e.g., PTG); iii) bystanders, i.e.
unhurt people who respond healthily; and iv) paradoxical, i.e.
unhurt people who respond disruptively. 

Since geographic clustering can be of interest in relation to dis-
asters, such as earthquakes, it should be of interest to apply statis-
tical approaches capable of revealing such developments. Usually,
global statistics provide an autocorrelation parameter that reveals
the spatial pattern whereas local statistics identify the specific
locations of clusters, whether they are hotspots or coldspots (Singh
et al., 2016). For example, Global Moran’s I can be applied to

identify spatial association in a large group of values of spatially
dispersed individuals (Fotheringham and Brunsdon, 1999).
Moreover, local indicators of spatial association (LISA) statistics,
like Getis-Ord, can be applied to detect clusters where there is a
local spatial association between a value registered for one individ-
ual and his or her neighbours within a specified distance (Roger et
al., 2012). Mena et al. (2017) applied this methodology to detect
geographic clustering of elderly people with above-norm anthro-
pometric measurements and blood chemistry. In the mental health
field, Ruiz-Grosso et al. (2016) studied the spatial distribution of
individuals with symptoms of depression in a peri-urban area in
Lima, Peru, applying geographical information systems (GIS) that
enables the identification of spatial patterns of cases with depres-
sive symptoms, contributing to an understanding of underlying
mechanisms supporting the identification of high- and low-risk
populations. The objective of this study was to examine the PTSD
and PTG of people after an earthquake, searching for the presence
of geographic clustering that could be useful for a better under-
standing of mental health conditions. Although the scientific liter-
ature has reported studies on geo-spatial variables and mental
health after disasters, e.g., a hurricane (Lowe et al., 2016), our aim
was to link PTSD and PTG with geo-spatial variables, which has
not been done previously.

Materials and Methods

Study site
The study was conducted in the urban centre of Cauquenes,

Maule Region, Chile (Figure 1). The city is made up of the follow-
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Figure 1. Localisation of the study area.
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ing sectors and villages: the city centre (downtown) which consists
of commercial activities in combination with the oldest residential
sectors; in the Northwest, the Los Poetas and Bombero Venegas
villages, which are working-class residential sectors that receive
state contributions to improve its urban environment; in the
Northeast, the Fernández Village, which is a residential sector with
high poverty rates and less urban development; and in the South,
the Estación Village, which is a residential sector characterised by
people with higher income and where there is greater urban devel-
opment.

Participants
A sample of dwellings from different city blocks was randomly

obtained from the city considering a total of 7,321 dwellings dis-
tributed between 306 blocks. The participation of a key informant
was requested from each dwelling, that is a person over 18 who
was the head of the household. Instituting a 5% confidence level
and a power of 80%, a total of 171 (65.5% women) inhabitants of
Cauquenes were sampled for the study, considering one inhabitant
per dwelling (Table 1). Thus, a two-stage cluster sampling was
made from blocks and dwellings in the urban area of Cauquenes.
The age group with the highest frequency was those over 65 years
of age (33.3%).

Assessment of severity of symptoms
After voluntarily agreeing to participate, a properly trained

interviewer applied the Short Post-Traumatic Stress Disorder
Rating Interview (SPRINT-E) and Post-traumatic Growth
Inventory (PTGI) scales. SPRINT-E is composed of 12 measures
of PTSD expected after a disaster (e.g., adjustment to daily life,
alcohol use, drug use, suicidal inclination, etc. Each measure is
scored on a scale ranging from 0 up to 4, which means a possible
maximum of 48 points. A total of 9 points or more, including 3
measures with at least 3 points, is considered a case of PTSD
(Norris et al., 2008; Leiva-Bianchi and Gallardo, 2013).
Specifically, the first 3 measures are added to obtain the PTSD
symptoms variable and the sum of the others allows the PTSD
reactions to be obtained. The PTGI scale, on the other hand, is
composed of 21 measures that gauge the mental growth and per-
sonal development of those who have experienced a potentially
traumatic event such as a disaster (relating to others; new possibil-
ities; personal strength; spiritual change; and appreciation of life).
Each measure is assessed using a scale from 0 up to 5, which
means a possible maximum of 105 points. Depending on the num-
ber of points from the level can vary from little change (0 to 50
points); over moderate change (51-74 points) to big change (>75
points) when used (Tedeschi and Calhoun, 1996; Leiva-Bianchi
and Araneda, 2015). 

The mental health geodata base
A geo-referenced database of Cauquenes was built in ArcGIS

software v. 10 (ESRI, Redlands, CA, USA). This database contains
all relevant geo-information (roads, urban blocks and green areas
obtained from the Military Geographic Institute of Chile cartogra-
phy and satellite images from the Worldview satellites
(https://www.maxar.com/) for supporting the georeferencing of
post-traumatic data acquired by surveying. All information collect-
ed was stored and organised as independent information layers
conforming a base map where every single individual was geo-
located (i.e. the home address recorded during the psychological
evaluation). Thus, a GIS coverage was created using georeferenced

points as representative element for individuals and all the psycho-
logical evaluation data linked as a thematic table (Mena et al.,
2016). This GIS coverage was the main input data for the calcula-
tion of post-traumatic indices and the spatial autocorrelation anal-
yses.

The Moran’s I statistic values, which can range between −1 to
+1, was calculated according to Zhao et al. (2013) and Chen et al.
(2015). A value near +1 indicates that values tend to cluster, while
a value near -1 indicates that higher and lower measurement values
are heterogeneously distributed in the analysed area. This approach
was used to analyse the correlation among post-traumatic indices
of neighbouring individuals in order to detect whether the spatial
distribution was clustered, dispersed or random. The threshold dis-
tance used in the analyses for the searching ratio was 700 m, a dis-
tance that represent a mean size of a village sector of the city.
Importantly, Moran’s I values recorded for the psychological
indices of an individual at one location do not depend on the neigh-
bourhood conditions. 

Local cluster detection of post-traumatic effects
The Gi* local statistic (Ord and Getis, 1995) was used to anal-

yse the spatial correlation among post-traumatic indices of neigh-
bouring individuals in order to detect statistically significant spa-
tial clusters of high (hotspots) or low value (coldspots). The anal-
yses were completed for those psychological evaluation variables
that showed a clustered condition according to Moran’s I. In this
case, the Gi* statistic itself is a z-score, so no further calculations
were needed. Thus, the z-score and P-value were used to identify
where individuals with either high or low values were clustered
spatially. A hotspot or coldspot was identified when an individual
had a high (or low) value surrounded by other individuals with
similar (high or low) values. Therefore, individuals with a positive
z-score correspond to a spatial clustering of high values and indi-
viduals with a negative z-score correspond to a one with low val-
ues. The higher (or lower) the z-score is, the more intense the clus-
tering, while the z-scores close to zero do not indicate any apparent
clustering (Getis and Aldstadt, 2004).

Results
In total, the prevalence of PTSD associated with the impact of

the F-27 earthquake was 24.6% (76.2% women), while the per-
centage of people with high PTG was 55% (69.1% women).

The results of the Moran’s I analyses is shown in Table 2,
where it can be seen that seven of the variables under analysis

                                                                                                                                Article

Table 1. The study population.

Variable                                                      N                            %

Women                                                                        112                                65.5
Men                                                                               59                                 34.5
Age >65                                                                        57                                 33.3
High school completed                                            52                                 30.4
Living alone                                                                 20                                 11.7
Income level: 281-563 USD                                      78                                 45.6
USD, United States dollars.

                                                                              [Geospatial Health 2019; 14:789]                                                           [page 277]

gh-2019_2.qxp_Hrev_master  12/11/19  13:44  Pagina 277

Non
-co

mmerc
ial

 us
e o

nly



(total PTG; spiritual change, change in interests or activities with
some people undertaking new vital projects; appreciation of life;
total PTSD; and symptoms/reactions) were spatially clustered.
Table 3 shows the mean values that came into view when these
clustered variables were subjected to local Gi* statistic in order to
detect the location of hotspots and coldspots. For the summary
variables (total PTG and total PTSD), two maps were elaborated in
order to visualise geographically the spots detected in the city con-
text. Figures 2 and 3 show that both the PTG and PTSD hotspots
were located at city’s old centre (downtown), while their coldspots
were seen in the peri-urban areas. 

Discussion
The non-random distribution of disruptive and healthy

responses according to the degree of damage experienced by
Cauquenes in the F-27 (which has persisted for 6 years after the
event) can be explained by the three theories in mental health of
disasters explained in the Introduction of this paper.

First theory
Even if temporary help is provided, the final level of stress

may indeed increase (the resource-conservation model - Hobfoll,
2014) This is precisely what happened to Cauquenes, which
received aid that diminished over time after the F-27 earthquake.

Second theory
The risk of psychological disorders increased the added stres-

sors (according to the support deterioration deterrence model -
Kaniasty and Norris, 2009), such as unemployment and the low
income of Cauquenes, which bases its economy on the fruit har-
vests during the summer (INE, 2015). This kind of increased, long-
term post-disaster mental stress due to distribution of disruptive
responses such as PTSD and depression, depending on the neigh-
bourhood and their exposure to those events, is borne out by stud-
ies of people exposed to a hurricane, e.g., the recent one in New
York-USA (Lowe et al., 2016) or migration, such as what was
experienced in Lima-Perú (Ruiz-Grosso et al., 2016).

                   Article

Table 2. Global Moran’s I results.

Variable                       Index        Z-score       P-value       Pattern

Total PTG                              0.1212              3.1211             0.0018*          Clustered
Relating to others               0.0478              1.3189              0.1872            Random
Personal strength               0.0678              1.8076              0.0707            Random
Spiritual change                  0.1050              2.7080             0.0068*          Clustered
New possibilities                0.1797              4.5326             0.0000*          Clustered
Appreciation of life            0.0856              2.2385             0.0252*          Clustered
Total PTSD                            0.1772              4.4712             0.0000*          Clustered
PTSD symptoms                  0.1314              3.3441             0.0008*          Clustered
PTSD reactions                   0.1698              4.2913             0.0000*          Clustered
Suicidal inclination             0.0274              0.8481              0.3964            Random
PTG, post-traumatic growth; PTSD, post-traumatic stress disorder. *Statistically significant at the P<0.05
level.

Figure 2. Variation of the total post-traumatic growth (PTG) variable.
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Third theory
The psychosocial impact model (Leiva-Bianchi et al., 2018b)

explains the findings in Cauquenes according to the degree of
exposure and the response given as explained in the Introduction.
The centre of the city where there the greatest amount of damage
was produced by the earthquake, and where people had greatest
exposure to disasters (e.g., damaged homes) presented the com-
bined responses of trauma and resilience as proposed by the model.

There are differences within the city. sectors with anti-seismic
houses constructed after 1960 were more protected, and the north-
western Los Poetas and Bombero Venegas villages sectors tend to
respond with average levels of PTG and low levels of PTSD
(Figures 2 and 3). Thus, they were witnesses of the event, which
did not affect them directly. Indeed, they did not react with typical
disaster-related symptoms and their lives developed normally from
a mental point of view.

In contrast, the north-eastern Fernández Village and the south-
ern Estación Village sectors, which were also less exposed to the
earthquake, showed a lower level of PTG and average levels of
PTSD. They should have been more sensitive to the effects of the
earthquake, show a slightly greater disruption and greater
resilience. Interestingly, they are socioeconomically opposed sec-
tors with Fernández Village characterised by less income and high-
er unemployment compared to Estación Village, one of the sectors
of the city with the highest income. Despite this, the response was
similar. For this reason, it is worth asking how unemployment with
emphasis on location affected the psychosocial impact of the dis-
aster. It’s important to consider that the combined effect of both
stressors is cumulative over time (Lowe et al., 2016). Performing

longitudinal studies combined with georeferencing could provide
answers this question.

Conclusions
The results presented here support the potential for developing a

GIS-related health care approach in tasks where the impact of cluster
evaluation of human health issues can be enabled by map analysis. In
this context, it is very important to create geo-databases associated
with health care providers at the local, even micro, level, as this
would consider variables of health (PTG) and disruption (PTSD) and
thus provide a more complete perspective of complex phenomena.
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Figure 3. Variation of the total post-traumatic stress disorder (PTSD) variable.

Table 3. Mean value for clustered variables at high and low clus-
ter areas.

Variable                              High cluster                 Low cluster

Total PTG                                             73.4±18.6                               64.5±17.0
Spiritual change                                  8.1±3.1                                   6.0±2.8
New possibilities                               15.2±4.8                                 11.5±4.3
Appreciation of life                            10.5±3.4                                  8.7±3.6
Total PTSD                                           19.7±7.4                                 6.7 ±10.7
PTSD symptoms                                  8.5±2.6                                   3.2±4.2
PTSD reactions                                   11.5±5.5                                  3.6±6.5
PTG, post-traumatic growth; PTSD, post-traumatic stress disorder.
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The spatial identifications found would facilitate exploring the
impact of mental health programmes in communities exposed to
disasters like earthquakes, thereby improving their quality of life
as well as reducing the overall cost.
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