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Abstract
As rape and forced indecent act crimes are increasing in Korea, fears of this are also
growing. Urban experts have long recognized crime and its fear as a major challenge
for sustainable cities because such things degrade the quality of life by threatening
the safety of citizens. So, this research analyzes rape and forced indecent act data
occurred in Seoul from 2015 to 2018 using the spatio-temporal model. For the spatiotemporal model, three types of models are considered: classical parametric, dynamic
nonparametric trend, and space-time interaction nonparametric trend models. To find
out how factors considered affect rape and forced indecent act crimes, the integrated
nested Laplace approximation (INLA) technique based on R software is applied. This
approach proposes efficient strategies to sustain women’s safe everyday living, analyzing
important risk factors affecting rape and forced indecent act crimes and the relative
risk of each region.
Keywords: Forced indecent act, INLA, risk factor, spatio-temporal model.

1. Introduction
As the population was concentrated in the city due to the industrial revolution, housing
shortages, traffic congestion, and environmental pollution were highlighted as major issues,
and over time, urban crimes led citizens to become cities no longer for citizens. In the
information age of the 21st century, with the development of social media such as SNS,
crime news can be easily accessed. In addition, the amount is enormous, because countless
crimes occur in our society such as the rape of a drunken woman late at night, the murder
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or assault of someone for alcohol or drugs, and the peeping of a single person’s home. In
fact, according to the Korean National Police Agency, the total number of crimes occurred
in Korea was 1,611,906 in 2019, with 1,753,330 crimes occurring annually between 2010 and
2019.
These crimes are closely related to fear of crimes. The fear that you may be a victim
naturally increases as the occurrence of crimes increases. Crime and fear of crime have long
been recognized as dominant challenges to sustainable cities by urban experts. It threatens
the city’s growth in various aspects, including individual safety as well as its economy. The
cities in which crime often occurs are impeded their economic growth by not only reducing
the number of tourists due to fear of crimes but also producing enormous social costs. In
particular, it should be noted that crime and fear of crime threaten individual safety. Due
to it, the quality of life of city residents is lowered because the health of city residents
can deteriorate by decreasing outdoor activities and the vitality of residents can reduce by
creating distrust among neighbors and having psychological anxiety that they are likely to
be victimized by crimes in their daily lives. For this reason, residents crave migration to
cities where crime is rare and sustainable.
As such, many studies have been done to prevent crime and reduce fear of crime because
crime and its fear are one of the important factors in urban sustainability (Lim et al., 2020;
Lee et al., 2016). According to a social survey report released by Statistics Korea in 2018,
people said the occurrence of crimes was the biggest source of anxiety in society. Women were
more anxious about the occurrence of crimes than men. It is well known that women have
a high fear of crimes (Cha, 2008; Chang et al., 2011). However, it is contradictory because
actual crime victims are that women are lower than men. This contradictory phenomenon
can be explained by Kim (2012). Kim (2012) showed that the ‘shadow of sexual assault
hypothesis’ developed by Ferraro (1995, 1996) can be applied to Korean women. The ‘shadow
of sexual assault hypothesis’ explains that high fear of crime in women is a phenomenon
in which women’s fear of sexual assault crime has been extended to fear of other types of
crimes. In addition, Warr (1984) found that women did not think separately of rape and
other types of crime and noted that “for younger women in particular, fear of crime is fear of
rape” (p. 700). Warr (1985) found that for women residing in Seattle, the fear of rape crime
damage had a high correlation with the fear of other kinds of criminal damage and was the
most important factor affecting the fear of other crimes. Ferraro (1995, 1996) claimed that
the crime of rape plays a shadow reminiscent of the fear of other crimes for younger women,
in particular, noting that the crime of rape is mainly crimes that occur in women. Based
on these studies, it can find out that women’s fear of other crimes increases as fear of rape
crime increases. So, reducing women’s fear of rape crime is very important and it can be
started with reducing the risk of rape crime.
Since crime occurrence is well known to be related to spatial characteristics, spatial models
need to be considered to analyze it. In addition, it is appropriate to look at it from a longterm perspective rather than relying on a specific point in time, considering the variable
nature of space. For this reason, this research studies the characteristics of rape and forced
indecent act crimes occurred in Seoul from 2015 to 2018 using spatio-temporal models.
To find a model that explains the data well, the three types of spatio-temporal models
are applied: classical parametric, dynamic nonparametric trend, and space-time interaction
nonparametric trend models, considering various risk factors that could affect the risk of
rape and forced indecent act.
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The rest of this paper is organized as follows. In Section 2, the data to be used for analysis
are introduced and the characteristics of the analysis method are described. The analysis
based on three types of spatio-temporal models introduced in Section 2 is conducted in
Section 3. In Section 4, the overall flow is briefly described and the counterplan is proposed
to prevent rape and forced indecent act based on the analysis results.

2. Data and model
2.1. Data
This study considers rape and forced indecent act data occurred between 2015 and 2018
in Seoul which is most populated with 9.7 million people and has the highest crime rate
in South Korea. Figure 2.1 maps the number of rape and forced indecent act each year in
Seoul, which presents that the crimes in 2017 occurred more than those for the other years.
It can see that there is a significant spatial pattern, which varies over time.
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Figure 2.1 The number of rape and forced indecent act from 2015 to 2018 in Seoul

The districts where rape and forced indecent act occurred the most is Gangnam-gu over
all years in Figure 2.1. However, it does not mean that Gangnam-gu is the most dangerous
area for crimes because Gangnam-gu has such a large population. It is necessary to compare
the incidences by taking into account the population at risk. In addition, various risk factors
can be considered because they are used to assess and remove their effect. The risk factors
are collected and combined with the public data of the ‘Seoul Open Data Plaza’ provided
by the Seoul Metropolitan Government and the Korean Statistical Information Service.
Several potential risk factors are considered in this study. As demographic characteristics,
the female population rate (FPR) is taken into account because most of the victims of
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rape and forced indecent act are women. The single female household rate (SFHR) is also
considered because women who live alone are more likely to be subject to crime due to
their physical weakness. In addition, Jang (2018) found that the number of five crimes
(homicide, robbery, rape, burglary, violence) is strongly related to the number of singleperson households.
The number of entertainment establishments (EE) and the number of public security
facilities (SF) are used to characterize the surrounding environment. The EE includes entertainment bars and karaoke bars, and the SF encompasses a broad range of law enforcement
agencies, such as the national police agency, police stations, district police, and security
centers. In addition, the number of closed-circuit television (CCTV) is also considered to
find out the effectiveness of CCTV, which is currently widely used as a measure to prevent
crimes. The government increases the installation of CCTV to prevent crimes every year but
the number of crimes committed by women who return home is increasing, and by releasing
CCTV footage through the media, women’s crime fears are growing day by day.
Interest in safe return home has increased due to the steadily increasing number of crimes
(Park et al., 2015). Seoul has been offering the safe return scout that accompanies women
who return home late at night to prevent crimes against women since 2013. Although the
satisfaction of women who use this service is high, there is a disadvantage that it is difficult
to use if the reservation is filled quickly because the safe return scout staff is in a very
insufficient situation compared to the user. As such, Seoul prepared various measures to
prevent crime, but rape and forced indecent act crimes in Seoul increased, and women living
in Seoul are still feeling anxious about the crime. This indirectly reveals that CCTV and safe
return scout services are not actually preventing crime. Therefore, in this study, we would
like to examine how CCTV and safe return scouts actually affect rape and forced indecent
act in Seoul, and propose improvements based on the analysis results.
Table 2.1 presents the descriptive statistics for the considered risk factors used in this
study, such as min, mean, max, and standard deviation (SD). The descriptive statistics are
calculated from data that incorporated all districts from 2015 to 2018. Due to the large
scale, the following risk factors are log-transformed: the number of CCTV, the number of
EE, the number of SF, and the number of safe return scout staff (SRSS). The FPR is
the female population divided by the total population, and the SFHR is the single female
household divided by the total number of households. In addition, the safe return scout use
rate (SRSUR) is the number of safe return scout use divided into the number of women
because only women can use them.
Table 2.1 Descriptive statistics for the risk factors
Risk factors
log(CCTV)
log(EE)
log(SF)
FPR
SFHR
SRSUR
log(SRSS)

Min
6.24
4.16
2.30
0.49
0.10
0.01
1.95

Mean
7.35
5.10
2.88
0.51
0.16
0.06
2.80

Max
8.56
6.37
3.26
0.53
0.23
0.22
3.33

SD
0.47
0.59
0.24
0.01
0.03
0.04
0.35
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2.2. Spatio-temporal model
Spatial risk mapping is a common tool for capturing spatial pattern, detecting hot or cold
spots, and identifying potential risk factors. A simple approach is to construct the map based
on a naive estimate such as the standardized mortality ratio (SMR). To incorporate spatial
and temporal variation in risk mapping, model-based approaches have been commonly used
in a wide range of application areas. Poisson regression is often used for modeling count
data,
yit ∼ P oisson(µit ),
where µit is the mean of yit observed at area i and time t, i = 1, · · · , N and t = 1, · · · , T .
The mean is modeled as µit = Eit λit , where Eit is an offset and λit is a relative risk rate.
When the number of covariates is p, the rate is typically specified using the log link function,
log(λit ) = β0 +

p
X

βk xitk + φi + δt ,

(2.1)

k=1

where β0 is the intercept, xitk are covariates, βk are regression coefficients, φi is a spatial
random effect, and δt is a temporal effect. In this study, we consider three spatio-temporal
models for analyzing the dataset. Besag-York-Mollie (BYM) model is utilized to model
spatial variation φi , while three types of temporal components are adopted to account for
temporal variation, parametric trend, nonparametric dynamic trend, and space-time interaction. Bayesian inference is carried out with the integrated nested Laplace approximation
(INLA), which is a method for approximate Bayesian inference using the Laplace approximation (Rue et al., 2009).
BYM model has been commonly utilized in modeling spatial variation in a wide range of
applications, including two random effects, φi = ηi + ei , where ηi is a structured random
effect and ei is an unstructured random effect. Intrinsic conditional autoregressive (ICAR)
model is commonly used to account for the spatial variation, with conditional distribution
specification
!
P
2
j∈Ci ηj ση
,
∼ ICAR(ση2 ),
ηi |η−i ∼ N
ni
ni
where η−i represents all η except ηi , Ci is a set of neighbors of area i, ni is the number
of the neighbors, and ση2 is the spatial variance parameter. Normal distribution is typically
assumed for the unstructured random effects, ei ∼ N (0, σe2 ).
The first approach to modeling temporal variation is to incorporate the linear time-trend
into the model (2.1),
log(λit ) = β0 +

p
X

βk xitk + ηi + ei + (α + γi )t,

(2.2)

k=1

where α and γi represent the overall time trend and the area-specific spatially structured
differential time trends, respectively. We assume that η = (η1 , · · · , ηN )T ∼ ICAR(ση2 ),
ei ∼ N (0, σe2 ), and γi ∼ N (0, σγ2 ).
In the previous model (2.2), a linear time trend is assumed. However, this assumption
may be too restrictive or unrealistic in the real world. To relax the assumption, we consider
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a dynamic nonparametric trend using a random walk γt and an unstructured random effect
φt in order to model temporal variation,
log(λit ) = β0 +

p
X

βk xitk + ηi + ei + γt + φt ,

(2.3)

k=1

where φt ∼ N (0, σφ2 ). γt can be defined with an appropriate order. For instance, the random
walk of order one is γt |γt−1 ∼ N (γt−1 , σγ2 ).
Spatial-temporal interaction often arises when data are collected across space as well as
time. For instance, the temporal trend may vary for different spatial locations. To model
spatial-temporal interaction, Knorr-Held (2000) proposed several formulations using combinations of spatial and temporal random effects. In this paper, one of the formulations is
applied to address spatial-temporal interaction,
log(λit ) = β0 +

p
X

βk xitk + ηi + ei + γt + φt + δit ,

(2.4)

k=1

where δ = (δ11 , · · · , δN T )T is a vector of interaction parameters. The interaction considered
in this paper assumes that the two unstructured random effects e and φ interact and δit
follows a Gaussian distribution with zero mean and variance σδ2 . This implies that there is
no spatial and/or temporal structure on the interaction. Hereafter, the models (2.2)-(2.4)
are referred to as Model 1-3, respectively.
For Bayesian inference, we specify the following priors on the parameters. For the regression coefficients βk , normal priors are assigned. As following the default prior in INLA, we
adopted log-gamma priors on the log-precision parameters (Blangiardo et al., 2013).

3. Results of analysis
In this section, we analyzed the application data using the spatio-temporal models in
Section 2.2. For the log-precision parameter on the random effects, the log-gamma prior
distribution is specified with the parameters 1 and 0.0005. The normal prior with zero mean
and the precision 0.001 is placed on the fixed effect, the regression coefficients, except for
the intercept which is assigned a normal prior with the mean and precision 0 (Default). The
spatio-temporal models are compared in terms of the deviance information criteria (DIC,
Spiegelhalter et al. (2002)) and the results are reported in Table 3.1. It is found that the
space-time interaction nonparametric trend model is the best with the smallest value of the
DIC. Hereafter, we perform further analysis with the best model.
Table 3.1 DIC comparison, spatio-temporal models for rape and forced indecent act data
Classical parametric
981.91

Dynamic nonparametric trend
976.47

Space-time interaction nonparametric trend
901.35

Based on the best model, the summary statistics such as mean, SD, quantiles calculated
from the posterior distribution of each estimated parameter are reported in Table 3.2. Note
that 2.5% and 97.5% quantiles correspond to the lower and upper limits of the 95% credible
interval, respectively, giving an indication of the range in which lies at a probability of 95%.
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From Table 3.2, it can be seen that the risk of rape and forced indecent act increases with the
increase in the number of EE, SFHR, and SRSUR, while it decreases as SRSS increases. For
example, if the SFHR rises 0.01 unit, then the relative risk increases about 10% because the
relative influence of the risk factors based on the best model can be expressed as exp(β ·∆x).
Effect

Fixed

Random

Table 3.2 Posterior summaries for the best model
Parameter
Mean
SD
2.5%
β0
−1.252
3.440
−7.921
βlog(CCT V )
−0.035
0.097
−0.227
βlog(EE)
0.209
0.123
−0.043
βlog(SF )
−0.041
0.249
−0.530
βF P R
−1.537
6.886
−15.289
βSF HR
9.891
2.358
5.206
βSRSU R
1.000
0.622
−0.206
βlog(SRSS)
−0.123
0.067
−0.256
1800.06
1811.20
112.92
1/ση2
1/σe2
9.87
3.16
4.93
1/σγ2
1577.56
1761.60
55.56
2
1/σφ
1046.69
1293.59
128.56
1/σδ2
140.57
39.74
79.32

50%
−1.291
−0.035
0.212
−0.042
−1.475
9.900
0.994
−0.123
1258.62
9.46
1009.58
659.70
134.93

97.5%
5.636
0.154
0.442
0.449
11.862
14.517
2.244
0.009
6634.43
17.20
6268.01
4346.43
234.01

To determine the relevance of the risk factor on rape and forced indecent act, the posterior
probability of the coefficients being different from zero is computed. The corresponding
risk factor is considered as relevant to the crime if the posterior probability being either
positive or negative is greater than 90% (Gracia et al., 2017; Persad, 2019). If the posterior
mean is positive, then P (β > 0|Yit ) is calculated, and if the posterior mean is negative,
then P (β < 0|Yit ) is calculated. These results are visualized in Figure 3.1, which indicates
log(EE) and SRSUR have a positive association with the posterior probabilities of 95.1%
and 94.8%, respectively. In particular, SFHR has the highest probability of having a positive
association near 100%. On the other hand, log(SRSS) has a negative association at the
posterior probability of 96.7%. That is, the risk of rape and forced indecent act increases
with the increase in the number of EE, SFHR, and SRSUR, while the risk decreases as SRSS
increases.
The posterior mean of exp(ηi + ei ) as the overall spatial pattern for rape and forced
indecent act risk is mapped in panel (a) of Figure 3.2, representing the average risk of each
district compared to the overall risk for whole districts over the considered study period.
This map shows that nearby districts have similar colors and Seocho-gu has the highest
average risk. The posterior mean of exp(γt + φt ) as the overall temporal pattern for rape
and forced indecent act risk is drawn in panel (b) of Figure 3.2, indicating the average risk
of each year across all districts compared to overall risk for whole districts over the study
period. The average risk across all districts overall increases and especially, the average risk
of 2017 is higher than other years. However, all districts do not follow this time trend.
To study local temporal trends, Figure 3.3 illustrates the temporal trend of risk of each
district. Songpa-gu and Yongsan-gu exhibit that the risk for rape and forced indecent act
increases steadily due to darker color. However, some districts such as Guro-gu, Geumcheongu, and Dongjak-gu exhibit decreasing temporal trends compared to 2017.
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Figure 3.1 Posterior distribution of fixed effects in the model
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Figure 3.2 (a) Map for overall spatial pattern for rape and forced indecent act risk (b) Map for overall
temporal pattern for rape and forced indecent act risk

The relative risks estimated with the best model are shown in Figure 3.4. Jongno-gu and
Jung-gu have generally higher risks compared to other districts every year. In particular,
Jung-gu in 2017 has three times more risk than the overall risk of the whole district. In
addition, north districts such as Dobong-gu and Nowon-gu have lower risk than central
districts such as Yongsan-gu and Jung-gu over all four years.
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Figure 3.3 Map for the space-time interaction for rape and forced indecent act risk
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Figure 3.4 Map of estimated relative risk for rape and forced indecent act risk

Figure 3.5 shows the exceedance probability P (λit > 1|Yit ), which is the posterior probability of the relative risk being above 1. The closer P (λit > 1|Yit ) to 1, the stronger the
evidence that a district is higher risk than the overall risk of the whole district. From Figure
3.5, central and south districts have generally high risk compared to north districts.

4. Discussion and conclusion
The purpose of this study is to find out which factors affect rape and forced indecent act
crimes. It started with the idea of decreasing women’s fear of rape since it is the important
factor influencing the fear of other crimes. For analysis, the data used the number of rape and
forced indecent act occurred in Seoul from 2015 to 2018 and various risk factors such as FPR,
SFHR and the number of CCTV and so on were considered. To determine the relationship
between the considered risk factors and rape and forced indecent act, the three types of
spatio-temporal models (classical parametric, dynamic nonparametric trend, and space-time
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Figure 3.5 Map of the exceedance probabilities

interaction nonparametric trend) were applied to the data and the INLA technique was used
to implement the analysis. In terms of the DIC, the best model is the space-time interaction
nonparametric trend, which has characteristics that the relative risk of rape and forced
indecent act increases as the number of EE, SFHR and SRSUR increase or SRSS decreases.
In addition, it was shown that the relative risk of rape and forced indecent act overall
increases. By district, Jongno-gu, Jung-gu have generally high risk regardless of time. In
particular, Jung-gu was found to have the highest relative risk, which is more than three
times the overall risk of the whole district and can be considered a priority district for crime
prevention, such as rape and forced indecent act crimes.
An interesting point is that CCTV that is the government’s crime prevention policy does
not affect rape and forced indecent act, while safe return scout that is another crime prevention policy does affect rape and forced indecent act, which provides the need to review
the policy again. For this reason, we propose some ideas based on this study to decrease
rape and forced indecent act. First, it needs to review the location of CCTV. In order to
increase the effectiveness of CCTV, it is necessary to install it in an appropriate place where
many crimes occur or there are many single female households. Second, the safe return scout
staff should be increased. Rape and forced indecent act decreases as safe return scout staff
increases. However, the safe return scout staff is currently too small, which causes that it is
difficult to use this service. For this reason, it is necessary to increase the safe return scout
staff, especially in Jongno-gu and Jung-gu that are the highest relative risk.
There are some limitations in this study: the risk factors affecting rape and forced indecent
act crimes cannot generalize due to employing the data for Seoul. In particular, the safe
return scout service is conducted only in Seoul. In addition, we analyzed using the default
prior and parameter for the fixed effect since it is difficult to find out the appropriate prior
and parameter.
In the future, we will expand our research by solving the above limitations and adding
risk factors considered by Kwon and Jeon (2016). Furthermore, the risk of crime can also
be extended to analyzing by gender as Park et al. (2016) studied the mortality risk of
tuberculosis by gender using the spatio-temporal model.
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