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Abstract 

Background: There are many studies that address the issue of gender‑based violence, but few analyse the police‑
reported cases. It is as important to analyse the temporal and geographic distribution of these incidents as it is the 
sociodemographic profile of the accuser. To this effect, the present study aims to analyse the sociodemographic 
profile of the victims of the particular case of domestic violence that report the incident to the police and to evaluate 
the spatial–temporal distribution of these reports.

Methods: Using the data from a database containing the police‑reported incidents of domestic violence in Girona in 
the period 2012–2018, the risk of a police‑reported incident was estimated by adjusting the two‑part Hurdle model.

Results: The risk of reporting incidents of domestic violence to the police is higher in the less deprived areas of the 
city, and the spatial distribution of these police reports corroborate this finding. Nevertheless, those areas with the 
greatest socio‑economic deprivation were also the ones where there were less police reports filed. Also the prediction 
of less police reports in the census tract with the highest percentage of the population with an insufficient educa‑
tional level coincides with the largest number of police reports made by women with a medium and university level 
education (56.1%) compared with 9.5% of police reports made by women with insufficient schooling.

Conclusions: These results can be useful for social protection services to design policies specifically aimed at 
women residing in those areas with the highest risk. Moreover, the use of spatial statistical techniques together with 
geographic information systems tools is a good strategy to analyse domestic violence and other types of offences 
because they not only allow to graphically identify the spatial distribution, but it is also a good tool to identify prob‑
lems related to this type of offence.
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Introduction
Gender-based violence (GBV) was explicitly recog-
nised in Spain following the official promulgation of a 
comprehensive law against gender violence in 2004 [1]. 
GBV is a global concept defined as violence directed 
towards women due to their being women and therefore 

considered by their aggressors as not having the mini-
mum rights of freedom, respect, and decision-making 
capacity. However, it was not until the Council of Europe 
agreement on preventing and combatting violence 
against women, also known as the Istanbul Convention 
[2], presented in 2011 and in force in Europe since 1 
August 2014 that the concept of the offence was broad-
ened to include all forms of violence against women. That 
is including physical, psychological, and sexual violence, 
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female genital mutilation, forced marriages, stalking, and 
forced abortion and sterilisation.

The offence of GBV is considered as a public offence, 
which can be prosecuted at the request of the victims 
themselves or a third party, or by private or public pros-
ecution, given that according to article 106 of the Code of 
Criminal Procedures (LECRim) [3] “The act of commit-
ting a crime or an offence that gives rise to an ex-officio 
procedure does not expire at the withdrawal of the vic-
tim” in public offences. However, with some exceptions, 
any public offence must be reported to the police (Arti-
cle 259) to be granted integral protection (Article 261). 
These offences are being introduced into the different 
European states that have signed and ratified it. In fact, it 
has currently been signed by 46 countries and ratified by 
34 others, including Spain in 2014 [4].

There are many studies that have addressed the sub-
ject of GBV from different perspectives, mainly from the 
areas of health and education and aimed at determining 
the knowledge and attitudes of health professionals to be 
able to better detect and prevent cases of GBV [5–10], or 
at knowing the relationships between students or adoles-
cents to facilitate and promote positive dynamics in their 
intimate, personal relations [11–13]. Most of these papers 
refer to violence against women, analysing its social and 
psychological impact on health from different perspec-
tives. Regarding to health status point of view, women 
exposed to GBV have a greater likelihood of reporting 
poor self-perceived and mental health and more activity 
limitations [14]. From the origin perspective, inequali-
ties were observed in the prevalence of GBV according 
to country of birth, with high prevalence in immigrant 
women [15]. From socioeconomical view, GBV shows 
variability among Autonomous Communities (CCAA) in 
Spain [16] and higher rates of GBV have been reported 
in CCAA with greater gender inequality [17]. Also, the 
lack of social support increases women’s vulnerability to 
being abused [18]. Some other works explore different 
general aspects of GBV, in a conceptual way. Thus, from 
a methodological perspective, GBV studies should always 
take into account the hierarchical and patriarchal social 
structure. Because this structure generates an unequal 
society that assigns roles to women that involve fewer 
opportunities for access to use of power [19]. However, 
few of them focus on the location and spatial pattern of 
reported crimes.

These latest ones, called “crime at place” studies ana-
lyze street corner, address, building or street segment 
crimes [20] and had contributed to the widespread adop-
tion of place-based crime prevention measures such as 
environmental design, hot-spots policing, closed circuits 
television or surveillance intervention, among others. 
Although consistent findings that place-based prevention 

measures effectively reduce reported crime, little atten-
tion is given to the dark figures of crime, that is, that true 
crime is neither reported nor recorded by law enforce-
ment agencies [21].

The official GBV statistics for Spain [22] show that 
there were 125,936 police reports made in 2019, a 24.5% 
decrease from 2018. Most of these were police state-
ments with the formal status of a complaint made by the 
victim and represent the 69.8% of the total number of 
reported incidents during 2019. This reduction is surpris-
ing if we consider that figures for all police reported inci-
dents have been rising since 2013.

In Catalonia in 2019, there were 16,946 police-reported 
cases of GBV, a 26.6% decrease from 2018. The overall 
trend follows that Spain as a whole, with a rising trend 
of police-reported cases of GBV since 2013. Focusing on 
the province of Girona, a similar pattern emerges. The 
number of reported cases in Girona in 2019 was 1,968, an 
8.93% drop with respect to 2018.

Furthermore, the total number of deaths in Spain in 
2019 due to GBV was 55 women, of which only 11 had 
previously reported the violence to the police, repre-
senting 20% of the total. These percentages, with a vari-
ation of between 19% and 31.8%, have been consistent 
for Spain since 2006, the first year the number of police 
reports were counted. In Catalonia, the number of deaths 
due to GBV in 2019 was 9 women, only one of which had 
previously made a police statement [22].

Regarding police-reported domestic violence, a par-
ticular case of GBV and on which this study is focused 
on, we found that the official data does not appear to 
accurately reflect the real number of cases of women that 
experience this situation. As Gracia E. [23] point out, 
financial dependency, shame, cultural beliefs, and fear 
[15, 19] are just some of the reasons why we are faced 
with an “iceberg” of domestic violence, with official data 
being just its tip and the submerged portion the large 
number of women in this situation who are invisible to 
society.

This means that using official crime statistics has two 
important implications. First, that there is a potential dis-
crepancy between what victims believe to be a crime and 
what the police/office agencies actually record as a crime 
[24]. Second, little is known about dark figures in preva-
lent areas, which have several implications. First, they 
prevent understanding the factors that could inhibit this 
type of violence and, consequently, improve the authori-
ties’ interventions. Second, an unreported gender-based 
violence reduces the likelihood the criminal will ulti-
mately be convicted [25].

It appears that until now, the official police figures 
[22], the research that analyses the temporal and/or geo-
graphical distribution of police reports of gender-based 
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violence, the studies that analyse the particular case of 
the relationship between domestic violence and the fre-
quency of reported incidents and deaths, and other stud-
ies that analyse the association between police-reported 
intimate partner violence and femicide [18, 26, 27] have 
failed to explain the underestimation of the offence rep-
resented by the police reports files, as does the research 
into the sociodemographic profile of the people that suf-
fer from this type of violence [28].

To this effect, Torrado [29] points out that general pro-
tection for women who suffer domestic violence would 
be more viable if the recommendation of the Commit-
tee of Ministers to Member States on the protection of 
women against violence were made effective, determin-
ing that protection will be given “whether or not the vic-
tim formally reports the offence” [30].

In this study, a database of municipal offences com-
mitted in the city of Girona in the period 2012–2018 was 
studied with the aim of knowing the sociodemographic 
profile of the victims of domestic violence that report the 
offence to the police, and to analyse the geographic pat-
terns of these offences in order to contribute to revealing 
the dark figures of domestic violence.

Methods
Design
We used a longitudinal, ecological design where the 
dependent variable was repeatedly observed at different 
moments in time. The study population consisted of the 
population that resided in the different census tracts of 
Girona, Spain, between January 1, 2012 and November 6, 
2018. The design was unbalanced, since the census tracts 
were not observed the same number of times.

The sample used in this study is completely anony-
mous, there is no information about sex, age, or any 
other socioeconomic characteristic that can help identify 
an individual. In fact, all the variables were contextual 
(none individual) observed at the census section level. 
The dependent variable, also contextual, was observed at 
the police section level. Using QGIS (version 2.18) [31], 
we join the attributes by location and assign the observa-
tions of the dependent variable to a census section.

Variables
A description of the variables is given in Table  1. The 
dependent variable is the number of filed police reports 

Table 1 Description of the variables

a data collected from the Spanish Population and Housing Census 2011[32]
b data collected from the INE[32]

Response variable
Cases census tract Number of filed police reports of domestic violence that occurred in the census tracts of Girona in the period of 

study

Explanatory variables
Deprivation The Spanish Epidemiology Association’s deprivation index 2011 corresponding to each of the census tracts 

of Girona [32]. This index combines the information on six socioeconomic indicators (unemployment, manual 
workers, temporary workers, without compulsory schooling, without compulsory schooling young, without 
internet), calculated for each census tract and based on the data collected in the Spanish Population and Hous‑
ing Census 2011 [33, 34]

Unemploymenta Percentage of unemployed population among active workers (above the age of 16) for each census tract of 
Girona

Manual workersa Percentage of manual workers, i.e. employed workers in the building sector, in farming, among the employed or 
unemployed population that has worked previously, aged 16 or over for each census tract of Girona

Temporary workersa Percentage of employed workers aged 16 and over in temporary employment among the employed or unem‑
ployed population that has worked previously, for each census tract

Without compulsory schoolinga Percentage of the population that did not complete compulsory schooling, i.e. people without studies and with 
an incomplete primary education

Without compulsory schooling youngb Percentage of the young population (16–29 years) that did not complete compulsory schooling, i.e. people with 
no qualifications and who had not completed primary education

Without  interneta Percentage of primary residences without access to the Internet

Housing45a Percentage of homes in the municipal census tract of under 45 square meters

Housing4560a Percentage of homes in the municipal census tract of between 45 and 60 square meters

Foreignb Percentage of foreign people in the municipal census tract

ForeignAfrica
b Percentage of Africans in the municipal census tract

ForeignSouthAmerican
b Percentage of South Americans in the municipal census tract

ForeignAsian
b Percentage of Asians in the municipal census tract
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of domestic violence that occurred during the period of 
study in the census tracts of Girona.

Sociodemographic variables at the census tract level 
were considered as explanatory variables. The informa-
tion was obtained from the 2011 census and from the 
National Statistics Institute (INE) [32].

The unemployment was categorized into quintiles, tak-
ing the first quintile (the one corresponding to census 
tract with the least unemployment rate) as the reference 
category. The deprivation index, the percentage of the 
population that did not complete compulsory schooling, 
and the percentage of the young population that did not 
complete compulsory schooling were also categorized 
into quintiles being the first three quintiles grouped in 
one category (which was the reference category for the 
deprivation index and the percentage of the popula-
tion) and the two last quintiles in another (which was 
the reference category for the percentage of the young 
population).

Statistical analysis
There is highly likely to be a selection bias in observa-
tional designs like the one we use in this study. Victims 
of domestic violence who report the offence are more 
likely to be observed and, therefore, to be present in the 
sample than those who are likewise victims but do not 
report the incident. In fact, there could be non-observed 
factors that intervene in the fact of making a police state-
ment which would be correlated with the non-observable 
factors that affect the response variable [32]. In this case 
(known as endogenous selection), the standard weighting 
method (standardising) by age and sex would not correct 
the selection bias [32] and so a two-part model had to 
be used [33]. In the first part, the probability of a person 
being observed was estimated (in other words, having 
made a police report). These probabilities were then used 
as estimations in the second part of the model, with the 
aim of correcting the non-randomness, or in other words 
the selection bias.

These parts can be estimated separately. The problem 
with this approach, and in fact common to all multi-
step approaches, is that the error inherent in the esti-
mation committed in the first part is carried over into 
the second part. If this error is random the estimators 
are not biased, but they are inefficient. In other words, 
the confidence intervals will be very wide and it will 
be difficult to find statistically significant associations. 
However, if the error is not random, for example when 
the first part of the model is not well-specified, the esti-
mators will be biased and their variances wrongly cal-
culated. Therefore, following the approach proposed by 
Saez et  al. [34], we decided to estimate the two parts 
together, specifying a two-part model called the Hurdle 

model. In the first part, we estimated the probability of 
a person being observed (i.e., of filing a police report), 
using a generalised mixed model (GLMM) with a bino-
mial link. We included the variables that could explain 
that a person was observed as the variables associated 
with this probability.

The model for the first part was specified as follows:
Subject to the true risk in location xi , the probability 

of a police report being filed in this location at moment 
t, P(xit) , i = 1, . . . , n; t = 1, . . . ,T  , was distributed as a 
binomial.

n.trialsi is the population at risk of filing a police 
report in location xi at moment t. We used the popula-
tion of the census tract [35].

The link function is as follows,

where the sub-index i indicates the neighborhood in 
the city of Girona where the offence was committed; t 
is the moment in time when the offence happened; and 
β are the coefficients of the explicative variables ( eβ is 
the relative risk associated with each of them). η , τ and 
S are random effects. η contains the non-spatially struc-
tured individual heterogeneity. In other words, it con-
tains the non-observable confounders associated with 
each filed police report that do not vary over time. τ 
is a structured random effect over time containing the 
temporal dependency, and S is a spatially structured 
random effect that is distributed normally with a zero 
mean and a Mátern covariance function:

where Kν is the modified Bessel function of the sec-
ond type and order ν > 0 . ν is a smoothing parameter, 
σ 2 is the variance, and κ > 0 is related to the range 
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( ρ =
√
8ν/κ ), the distance to which the spatial correla-

tion is close to 0.1.
In the second part, we use a GLMM with a Poisson 

link to model the number of police reports filed in a 
census tract. Notably, we use this link and not a trun-
cated Poisson like in Saez et al. [34] because the num-
ber of census tract where no police reports were filed is 
very small. We included the same explanatory variables 
as in the first part of the model.

Regarding the second part, its specification was as 
follows:

Subject to the true risk in location xi , the mathemati-
cal expectation of police reports being filed in the census 
tract, θ(xit) , i = 1, . . . , n ; t = 1,…,T, was distributed as a 
Poisson.

In this case, the link function was as follows,

With the definition of the parameters, the variables, 
and the random effect the same as previously.

Representing relative risks on a map
Geographical Information Systems (GIS) [31] were used 
to map the census tract were each victim lived to iden-
tify hotspots in the study area. Hotspots are areas with 
the highest concentration of domestic violence victims, 
appearing in a dark color on the maps. We represented 
the relative risks (RRs) estimated in the models on a map 
of the region under study (i.e. Catalonia) to evaluate the 
possible existence of a geographical pattern in the distri-
bution of the offences. The maps at the census tract lev-
els were obtained from the INE [32]. We also computed 
exceedance probabilities, which are the probabilities that 
the smoothed relative risks were above 1 [36]. Richard-
son et al. recommend using the cut-off of 80% (and 20%) 
as a specific interpretation rule. To this effect, when the 
exceedance probability is greater than 80% (less than 
20%), a reasonable sensitivity will be achieved. This cut-
off can be used as a measure of statistical significance of 

Yit |θit ∼ Poisson(θit)
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the smoothed risk and as a way of helping to assess the 
existence of agglomerations of excess cases (i.e. clus-
ters). The exceedance probabilities were also represented 
on a map of the study area. Given the complexity of our 
model, we decided to perform inferences using a Bayes-
ian framework. More specifically, we followed the Inte-
grated Nested Laplace Approximation (INLA) approach 
[37], within a (pure) Bayesian framework. All the analyses 
were made using the free software R (version 3.6.2) [38], 
through the INLA package [37, 39]. The maps were rep-
resented in QGIS (version 2.18) [31].

Results
The number of filed police reports of domestic violence 
that occurred in the census tracts of Girona in the period 
of study are showed in Fig.  1. It is shown that the area 
with ore complaints is the central and western part of the 
municipality of Girona.1

The descriptives of the variables used are given in 
Table  2. All the variables are expressed in percentages 
except for the deprivation index. First, we can observe 
the mean percentages for the homes with the least num-
ber of square metres in the set of census tract. The maxi-
mum percentage of homes of 60 square metres or less is 
27.74%. Regarding the percentages of foreigners, some 
figures that stand out are the small mean percentage of 
1.54% of Asian people and the large variability in the 
overall percentage of foreign people, oscillating between 
0 and 53.50% in the various census tracts. Regarding the 
level of schooling of the general population, the mean 
was 30.3%, corresponding to the 40% of the census tract 
with the lowest educational level (Q4 + Q5). When we 
calculated the level of schooling of the young people, we 
saw that in 60% of the census tract with the most school-
ing (Q1 + Q2 + Q3) there was an average value of 13.81% 
of insufficient schooling.

There was also a large variability in terms of the man-
ual workers, with a mean percentage of 52.24% up to 
maximum percentages of up to 90.51%. Regarding cas-
ual employees, the average percentage is much lower, 
with a reported average value of 24.84%. The depriva-
tion index values were not expressed in percentages and 
we showed the values for both the global index and the 
most deprived census tract corresponding to the higher 
quartiles.

Last, there is the average percentage of unemployment 
of 24.46%, oscillating between 2.38 and 44.76%, and the 
values corresponding to the quintiles into which we have 
broken down the index.

The results for the fit of the models are shown in 
Table 3. In the first model, we only show the significance 

1 Annual case maps are available as a supplementary material.
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of the index, which indicates that the more deprivation 
the fewer the police reports filed for domestic violence. 
In the second model, where we adjust for the index vari-
ables and also the rest of the variables individually, as 
specified in the model, we obtained estimates which their 
95% credibility intervals did not contain the unity for the 
homes with the least square metres and for the foreigners 
and their different geographical origins. The direction of 
significance is that in the census tract where the percent-
age of small homes is greater, there are also less reports 
filed. The interpretation in the case of the percentage of 
foreigners is variable. For the census tract with a great-
est percentage of people from Africa and South America 
there are less reports filed, but in the census tract with 
the largest global percentage of foreigners and where 
there are more people from Asia, there are more police 
reports filed.

We also saw estimates which their 90% credibil-
ity intervals did not contain the unity for the variable 
manual workers, representing the census tract with the 
highest insufficient level of education, and indicating 

the percentage of people without Internet. The inter-
pretation of the results obtained is that the greater the 
percentage of manual workers, the larger the number 
of police reports filed, and that in census tracts with 
the highest percentage of people with an insufficient 
level of education and with more people without Inter-
net, there are less police reports of domestic abuse 
filed.

Last, Fig.  2 shows the maps. The relative risk (RR), 
or the probability of a police report of domestic vio-
lence being filed, not explained by the model is shown 
in the left-hand part of the model, while on the right is 
the assigned conditional probability after observing an 
incident, showing the probability of the relative risk 
being more than the unit and, therefore, more than its 
significance.

More specifically, the RR map shows the areas with 
the highest risk of a police report being filed, or in other 
words the areas where there are likely to be problems 
of domestic violence but these incidents have not been 
reported to the police as we can see in the Fig.  1. The 

Fig. 1 Police reports of domestic violence in the census tracts of Girona during 2012–2018
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areas that stand out in the first map are first the area 
in the east where the deprived census tract with a large 
number of immigrants are located; an area in the west 
with two smaller nucleuses; the nucleus in the north-east 
and another small nucleus a little further to the south; a 
nucleus in the southern part; and last, a small area in the 
central part with a more heterogeneous population and 
therefore difficult to classify.

The map that shows the PRP helps to interpret the 
results provided by the map of relative risks, in the sense 
that it gives us geographical patterns that show us the 
areas or groups of areas with the highest risk of there 
being police reports of domestic violence, i.e. hotspots. 
This second map clearly shows the four high-risk areas: 
the area in the north-west with 34.20% of the population 
with an insufficient level of education compared with 
the average of 18.98% for the set of neighbourhoods, a 
percentage of 44% of houses without Internet compared 
with the global average of 33.38%, a percentage of smaller 
houses of 5.59% compared with the 4.25% global average, 
and a foreign population percentage of 26.15% compared 
with the global 21.51%.

The small western area located more towards the 
south also appears in this second map and is charac-
terised by 35.80% of the population being made up 
of foreigners versus a global average of 21.51. The 

Table 2 Descriptives

Mean (standard 
deviation)

Min/Max

Deprivation ‑0.62 (0.73) ‑2.26 / 1.67

Deprivation Q4‑Q5 0.77 (0.014) ‑0.53 /1.67

Unemployment 24.46 (9.47) 2.38 / 44.76

Q1 12.12 (1.91) 2.38 / 14.46

Q2 17.07 (1.80) 14.73 /20.10

Q3 23.36(1.27) 21.65 /25.89

Q4 28.10 (2.43) 26.24 / 33.66

Q5 38.89 (3.75) 34.46 /44.76

Housing45 4.25 (5.82) 0.00 / 16.48

Housing4560 10.68 (5.12) 0.95 / 27.74

Foreign 21.51 (15.46) 0.00 / 53.50

ForeignAfricans 6.73 (7.28) 0.00 / 24.27

ForeignSouthAmerican 12.98 (10.38) 0.00 / 44.63

ForeignAsian 1.54 (3.56) 0.00 / 12.71

Manual workers 52.24 (17.42) 7.32 / 90.51

Temporary workers 24.84 (8.27) 5.26/ 47.14

Without compulsory school‑
ing Q4‑Q5

30.13 (0.35) 20.59 / 63.64

Without compulsory school‑
ing Young Q3 or less

13.81 (0.20) 7.89 / 20.58

Without Internet 33.38 (9.73) 12.90/ 65.96

Table 3 Fit of the models

a The 90% credibility interval did not contain the unity
b The 95% credibility interval did not contain the unity

OR 95% credibility interval

Deprivationa

Q4 and  Q5 0.573 (0.411, 0.798)b

Unemployment
  UnemploymentQ2 1.009 (0.688, 1.484)

  UnemploymentQ3 1.196 (0.675, 2.117)

  UnemploymentQ4 0.846 (0.487, 1.459)

  UnemploymentQ5 0.994 (0.515, 1.884)

 Housing45 (%) 0.894 (0.836, 0.953)b

 Housing4560 (%) 0.995  (0.976, 1.014)

 Foreign (%) 1.028 (1.007,1.050)b

 ForeignAfricans (%) 0.976 (0.938, 0.998)b

 ForeignSouth american (%) 0.978 (0.955, 1.002)b

 ForeignAsian (%) 1.146 (1.060, 1.241)b

 Manual workers 1.007 (0.995, 1.020)a

 Temporary workers 1.000  (0.983, 1.018)

Not completed compulsory schooling
 Q4 and Q5 0.787 (0.528, 1.165)a

Not completed compulsory schooling young
 Q3 or less 0.887  (0.610, 1.273)

 Without Internet (%) 0.991 (0.975, 1.008)a
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percentage of Africans stands out at 7.20% versus a 
global average of 6.73%, in addition to 27.73% with 
an insufficient level of education compared with the 
global 18.98%, and a high percentage of small houses 
of 16.48% versus the global 4.25%. This area is also 
characterised by a high percentage of immigrants from 
Asia, representing 12.71% of the population compared 
with a global average of 1.54%.

The eastern zone is much more clearly depicted in this 
second map, with an obvious south-eastern area char-
acterised by 35.80% of immigrants compared with the 
global average of 6.73%. A total of 61.49% of homes in 
this area are also without Internet compared with the 
33.38% global average, and 42.81% of the population have 
an insufficient level of education, which is way above the 
global average of 18.98%.

The darker area in the south stands out for its high 
percentage of foreigners, at 53.50% compared with the 
global 21.51%. There is also a high percentage of South 
American immigrants, at 40.64% compared with the 
global 12.98%, and a percentage of the population with an 
insufficient level of education of 21.49% compared with a 
global 18.8%.

Last, the small central zone shown on the map also 
has higher than average percentages of foreign immi-
grants (25.54%, compared with a global 21.51%), Afri-
can immigrants (9.64% compared with a global 6.73%), 
and homes without Internet (35.79%, compared with a 
global 33.38%).

Conclusions and discussion
Using a database of police reports of domestic vio-
lence in the city of Girona, a sociodemographic profile 
analysis was made of the victims, enabling us to know 
the main factors that impact on the fact of reporting 
this type of criminal offence. The modelling of the rela-
tive risk of making a police report based on a two-part 
model (which resolved the possible risk of selection 
and the problem of accumulation of errors) together 
with the geographic information systems (GIS) ena-
bled us to affirm that there was a spatial pattern to the 
police reports of domestic violence made in the different 
census tracts in Girona, in the same way as geographic 
variability was found in other previous studies [15, 40] 
depending on the predominant social and demographic 
characteristics of each area.

Generally, and as a main conclusion of this study, we 
observed that the areas with the greatest socio-economic 
deprivation were also the ones where there were less 
police reports filed. This conclusion was supported by 
the fact that in the census tracts with higher percentages 
of small houses, a population with an insufficient level 
of education, homes without Internet, and a population 
of African and South American origin, there were less 
police reports of domestic violence filed. It is known that 
the reluctance of victims of domestic violence to report 
incidents has a strong socioeconomic and cultural com-
ponent that makes the victim unable to make a new life 
away from their aggressor [41].

Fig. 2 Maps Left: relative risk (RR) of a police report of domestic violence being filed. Right: probability (PRP) of the relative risk being more than the 
unit
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Many victims believe that when they report the domes-
tic violence and remove themselves from their aggres-
sor, they will not be able to get by on their income only. 
This situation is further aggravated when the victim has 
no family support or they are women that have never 
worked outside the home, either because they have been 
keeping the house and looking after the children, or 
because their partner did not let them work [42]. Other 
times it is the aggressor that is financially dependent on 
the victim, who often justifies the aggressor’s behaviour 
or feels guilty about the situation, leading them to feel 
unable to abandon their aggressor [43].

In the case of women of immigrant origin, other 
beliefs linked to the legal and political system in this 
country must be added to the mix. While it is true that 
our model shows that the greatest number of police 
reports for domestic violence are made in the census 
tract with the highest percentage of foreign popula-
tion, we also observe that this immigrant population 
does not behave homogenously. Whether it is because 
they believe they will be deported from the country 
or because they perceive more obstacles to accessing 
and making use of legal resources [28, 44], women of 
African and South American origin are less inclined to 
report domestic violence to the police [45–47].

Last, there are family and social pressures that influ-
ence reluctance to file a police report for domestic 
violence, and which are linked to the self-esteem of 
women victims [27, 48, 49]. Sometimes it is the fam-
ily themselves, or the aggressor’s family, who justifies 
the behaviour; other times it is the social environment 
wherein the aggressor is seen as a “good person”, a 
“good father” or a “hard working man”; or it could sim-
ply be that the victim perceives the situation as a per-
sonal failure for not having chosen a better partner. As 
pointed out [50, 51], a persons’ self-esteem is tightly 
related to their educational level and so it comes as no 
surprise that the prediction of less police reports in the 
census tract with the highest percentage of the popu-
lation with an insufficient educational level coincides 
with the largest number of police reports made by 
women with a medium and university level education 
(56.1%) compared with 9.5% of police reports made by 
women with insufficient schooling [52].

Despite one of the limitations of this study being the 
use of data provided by the municipal police in a spe-
cific section, the methodology employed enabled us to 
identify the factors that impact on there being more 
police reports for domestic violence in the hotspots 
where there had been hardly any reported domestic 
violence. To this effect, these results could be useful for 
social protection services to design policies specifically 
aimed at women residing in ‘hotspot’ neighbourhoods. 

This same methodology could also be used to detect 
hotspots of other types of risks. By way of example, it 
could be used as a support for a warning system for 
epidemics to help prevent outbreaks, or even for pan-
demics such as COVID-19. The use of spatial statisti-
cal techniques together with GIS tools could help to 
combat domestic violence and other types of offences 
because they not only help us to create colour maps 
to establish spatial patterns, but they also enable us to 
identify problems related to this type of offence. This 
type of work should help the municipalities to visualize 
the problem and take actions at the city and neighbour-
hood level.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889‑ 022‑ 12916‑4.

Additional file 1: Supplementary Figure 1. Police reports of domestic 
violence in the census tracts of Girona per year (2012‑2018).

Acknowledgements
This study was carried out within the framework of the collaboration agree‑
ment between the Girona Municipal Police (Councillorship of Mobility and 
Public Roads, Girona City Council) and the Research Group on Statistics, 
Econometrics and Health (GRECS) (University of Girona) for GIS Analysis, Mod‑
elling and Space‑Time Prediction of Crimes and Offences in the city of Girona 
(2016‑2020). We are grateful for the support of Subinspector Vicente Ramírez 
of the Girona Municipal Police, without whose help it would not have been 
possible to access the data to develop this work.

Authors’ contributions
GR, CS, and MS designed the study. The bibliographical search was performed 
by CS and LV. The choice of methods and the statistical analysis was carries 
out by MS. DV represented the spatial analysis on the maps. The writing and 
final editing was done by GR, CS, MS, LS, and LV. All the authors contributed to 
the draft of this manuscript and approved the final version.

Funding
This work was partially financed by the University of Girona and by the ’Gen‑
der violence’ subprogram of the CIBER of Epidemiology and Public Health 
(CIBERESP). The funding sources did not participate in the design or develop‑
ment of the study, or the collection, management, analysis, and interpreta‑
tion of the data, or the preparation, review, and approval of the manuscript.

Availability of data and materials
The datasets generated and or analysed during the current study are available 
upon request to the corresponding author.

Declarations

Ethics approval and consent to participate
Ethics approval and consent to participate were not required, as the sample 
used in this study is completely anonymous, there is no information about 
sex, age, or any other socioeconomic characteristic that can help identify an 
individual. In fact, all the variables were contextual (none individual) observed 
at the census section level.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

https://doi.org/10.1186/s12889-022-12916-4
https://doi.org/10.1186/s12889-022-12916-4


Page 10 of 11Serra et al. BMC Public Health          (2022) 22:552 

Author details
1 Research Group On Statistics, Econometrics and Health (GRECS), University 
of Girona, Girona, Spain. 2 CIBER of Epidemiology and Public Health (CIBERESP), 
Madrid, Spain. 3 Landscape Analysis and Management Laboratory, University 
of Girona, Girona, Spain. 

Received: 22 September 2021   Accepted: 28 February 2022

References
 1. Ley orgánica 1/2004 de 28 de diciembre de Medidas de Protección contra 

la violencia de género. Consultada el 27/01/2020. Disponible en https:// 
www. boe. es/ buscar/ pdf/ 2004/ BOE‑A‑ 2004‑ 21760‑ conso lidado. pdf ].

 2. Mc Quigg RJ. The Istanbul convention, domestic violence and human 
rights. Routledge: 2017.

 3. Ley de enjuiciamiento Criminal. Consultada el 24 de 1 de 2020. Disponi‑
ble en. https:// www. boe. es/ eli/ es/ rd/ 1882/ 09/ 14/ (1)]

 4. Ratificación española del Convenio de Consejo de Europa sobre pre‑
vención y lucha contra la mujer y la violencia doméstica. Consultado el 
6/02/2020. Disponible en https:// www. boe. es/ eli/ es/ ai/ 2011/ 05/ 11/ (1)

 5. Briones‑Vozmediano E, Castellanos‑Torres E, Goicolea I, Vives‑Cases 
C. Challenges to detecting and addressing intimate partner violence 
among Roma women in Spain: perspectives of primary care providers. J 
Interpers Violence. 2019;15:886260519872299. https:// doi. org/ 10. 1177/ 
08862 60519 872299.

 6. Gómez‑Fernández MA, Goberna‑Tricas J, Payá‑Sánchez M. The 
experiential expertise of primary care midwives in the detection of 
gender violence during pregnancy. Qualitative study. Enferm Clinica. 
2019;29(6):344–51. https:// doi. org/ 10. 1016/j. enfcli. 2019. 05. 010.

 7. Valdés Sánchez CA, GarcíaFernández C, Síerra Diaz Á. Violencia de 
género: conocimientos y actitudes de las enfermeras en atención 
primaria. Aten Primària. 2016;48(10):623–31. https:// doi. org/ 10. 1016/j. 
aprim. 2016. 01. 003.

 8. Rojas Loría K, Gutiérrez Rosado T, Alvarado R, Fernández Sánchez A. 
Actitud hacia la violencia de género de los profesionales de Atención 
Primaria: estudio comparativo entre Cataluña y Costa Rica. Aten Primària. 
2015;47(8):490–7. https:// doi. org/ 10. 1016/j. aprim. 2014. 10. 008.

 9. Coll‑Vinent B, Echeverría T, Farràs U, Rodríguez D, Millá J, Santiñà M. El 
personal sanitario no percibe la violencia doméstica como un problema 
de salud. Gac Sanit. 2008;22(1):7–10.

 10. Coll‑Vinent B, Echeverría T, Rodríguez D, Santiñà M. Violencia Intrafamil‑
iar y de Género vista por los profesionales de la salud. Med Clin (Barc). 
2007;128(8):317.

 11. Vives‑Cases C, Davo‑Blanes MC, Ferrer‑Cascales R, Sanz‑Barbero B, 
Albaladejo‑Blázquez N, Sánchez‑San Segundo M, Lillo‑Crespo M, Bowes 
N, Neves S, Mocanu V, Carausu EM, Pyżalski J, Forjaz MJ, Chmura‑
Rutkowska I, Vieira CP, Corradi C. Lights4Violence: a quasi‑experimental 
educational intervention in six European countries to promote positive 
relationships among adolescents. BMC Public Health. 2019;19(1):389. 
https:// doi. org/ 10. 1186/ s12889‑ 019‑ 6726‑0.

 12. García‑Díaz V, Fernández‑Feito A, Bringas‑Molleda C, Rodríguez‑Díaz FJ, Lana 
A. Tolerance of intimate partner violence and sexist attitudes among health 
sciences students from three Spanish universities. Gac Sanit. 2019;S0213–
9111(19) 30039–1. https:// doi. org/ 10. 1016/j. gaceta. 2019. 01. 003

 13. Maquibar A, Estalella I, Vives‑Cases C, Hurtig AK, Goicolea I. Analysing 
training in gender‑based violence for undergraduate nursing students in 
Spain: A mixed‑methods study. Nurse Educ Today. 2019;77:71–6. https:// 
doi. org/ 10. 1016/j. nedt. 2019. 01. 017 Most of these papers refer to violence 
against women, analysing its social and psychological impact on health 
from different perspectives.

 14. Sanz‑Barbero B, Barón N, Vives‑Cases C. Prevalence, associated factors and 
health impact of intimate partner violence against women in different life 
stages. PLoS One. 2019;14(10):e0221049. https:// doi. org/ 10. 1371/ journ al. 
pone. 02210 49. eColl ectio n2019.

 15. Vives‑Cases C, Gil‑González D, Plazaola‑Castaño J, Montero‑Piñar MI, 
Ruiz‑Pérez I, Escribà‑Agüir V, Ortiz‑Barreda G, Torrubiano‑Domínguez J. 
Gender‑based violence in immigrant and Spanish women: scale of the 
problema, responses and current policies. Gac Sanit. 2009;23 suplement 
1:100–6. https:// doi. org/ 10. 1016/j. gaceta. 2009. 07. 008.

 16. Ruiz‑Pérez I, Plazaola‑Castaño J, Vives‑Cases C, Montero‑Piñar MI, Escribà‑
Agüir V, Jiménez‑Gutiérrez E, Martín‑Baena D. Geographical variability in 
violence against women in Spain. Gac Sanit. 2010;2(2):128–35. https:// 
doi. org/ 10. 1016/j. gaceta. 2009. 10. 014.

 17. Redding EM, Ruiz‑Cantero MT, Fernández‑Sáez J, Guijarro‑Garvi M. Gen‑
der inequality and violence against women in Spain, 2006–2014: towards 
a civilized society. Gac Sanit. 2017;31(2):82–8. https:// doi. org/ 10. 1016/j. 
gaceta. 2016. 07. 025.

 18. Plazaola‑Castaño J, Ruiz‑Pérez I, Montero‑Piñar MI. The protective role of 
social support and intimate partner violence. Gac Sanit. 2008;6(5):527–33.

 19. del RocioBello‑Urrego A. Sex/gender, violence and human rights: 
conceptual perspectives for approaching gender‑based violence against 
women from the health. Rev Colomb Psiquiatr. 2013;42(1):108–19. 
https:// doi. org/ 10. 1016/ S0034‑ 7450(14) 60091‑3.

 20. Weisburd D. The law of crime concentration and the criminology of 
place. Criminology. 2015;53(2):133–57.

 21. Berlinski C. The dark figure of corruption. Policy Rev. 2009;155:71.
 22. Estadísticas oficiales dobre violencia de Género. http:// estad istic asvio 

lenci agene ro. igual dad. mpr. gob. es/. (s.f.). Consultado el 24 de 01 de 2020. 
Disponible en http:// estad istic asvio lenci agene ro. igual dad. mpr. gob. es

 23. Gracia E. Unreported cases of domestic violence against women: towards 
and empidemiology of social silence, tolerance and inhibition. J Epide‑
miol Community Health. 2004;58(7):536–7.

 24. MacDonald Z. Official crime statistics: their use and interpretation. Econ J. 
2002;112(477):85–106.

 25. Cohn AM, Zinzow HM, Resnik HS, Kilpatrick DG. Correlates of reasons 
for not reporting rape to police: Results from a national telephone 
household probability sample of women with forcible or drug‑or‑alcohol 
facilitated/in‑capacitated rape. J Interpers Violence. 2013;28:455–73.

 26. Vives‑Cases C, Torrubiano‑Dominguez J, Álvarez‑dardet C. La epidemia 
por violencia del compañero íntimo contra las mujeres en España en el 
período 1998‑2006. Rev Esp Salud Pública. 2008;82:91–100.

 27. Sanz‑Barbero B, Heras‑Mosterio J, Otero‑García L, Vives‑Cases C. Perfil 
sociodemográfico del feminicidio en España y su relación con las denun‑
cias por violencia de pareja. Gac Sanit. 2016;30:272–8. https:// doi. org/ 10. 
1016/j. gaceta. 2016. 03. 004.

 28. Fernández‑Fontelo A, Cabaña A, Joe H, Puig P, Moriña D. Untangling seri‑
ally dependent uderreported count data for gender‑based violence. Stat 
Med. 2019;38:4404–22.

 29. Torrado Tarrío C. Violencia doméstica versus violencia de género: tran‑
sitando por el universo psico‑jurídico. En Violencia de género y Justícia. 
Santiago de Compostela: Universidad de Santiago de Compostela; 2013. 
p. 78 Serv de Publ e Intercambio Científico.

 30. «Recommendation Rec(2002)5 of the Committee of Ministers to member 
states on the protection of women against violence». Council of Europe 
Committee of Ministers. Consultado el 6 de febrero de 2020 en de dic‑
iembre de 2012. recuperado el 6/02/20. Disponible en https:// search. coe. 
int/ cm/ Pages/ result_ detai ls. aspx? Objec tID= 09000 01680 5e2612

 31. QGIS. Version 2.18 [Available at: http:// qgis. org/ downl oads/, last accessed 
on 17 Mar 2021].

 32. INE. Instituto Nacional de Estadística. Indicators for census tracts. 2011 
Spanish Census of Population and Housing [in Spanish] [Available at: 
http:// www. ine. es/ censo s2011_ datos/ cen11_ datos_ resul tados_ seccen. 
htm, last accessed on 29 Jun 2020].

 33. Heckman J. Sample selection bias as a specification error. Econometrica. 
1979;47(1):153–62.

 34. Heckman J. The common structure of statistical models of truncation, 
sample selection, and limited dependent variables and a simple estima‑
tor for such models. Ann Econ Soc Meas. 1976;5:475–92.

 35. Saez M, Barceló MA, Coll‑de‑Tuero G. A selection‑bias free method to 
estimate the prevalence of hypertension from an administrative primary 
health care database in the Girona Health Region. Spain Comput Meth‑
ods Programs Biomed. 2009;93(3):228–40.

 36. Richardson S, Thomson A, Best N, Elliott P. Interpreting posterior relative 
risk estimates in disease‑mapping studies. Environ Health Perspect. 
2004;112(9):1016–25.

 37. Rue H, Martino S, Chopin N. Approximate Bayesian inference 
for latent Gaussian models by using integrated nested Laplace 
approximations (with discussion). J R Stat Soc Series B. 2009; 
71:319–392. [Available in: http:// www.r‑ inla. org/ papers, last 
accessed on 25 Feb 2020]

https://www.boe.es/buscar/pdf/2004/BOE-A-2004-21760-consolidado.pdf
https://www.boe.es/buscar/pdf/2004/BOE-A-2004-21760-consolidado.pdf
https://www.boe.es/eli/es/rd/1882/09/14/(1
https://www.boe.es/eli/es/ai/2011/05/11/(1
https://doi.org/10.1177/0886260519872299
https://doi.org/10.1177/0886260519872299
https://doi.org/10.1016/j.enfcli.2019.05.010
https://doi.org/10.1016/j.aprim.2016.01.003
https://doi.org/10.1016/j.aprim.2016.01.003
https://doi.org/10.1016/j.aprim.2014.10.008
https://doi.org/10.1186/s12889-019-6726-0
https://doi.org/10.1016/j.gaceta.2019.01.003
https://doi.org/10.1016/j.nedt.2019.01.017
https://doi.org/10.1016/j.nedt.2019.01.017
https://doi.org/10.1371/journal.pone.0221049.eCollection2019
https://doi.org/10.1371/journal.pone.0221049.eCollection2019
https://doi.org/10.1016/j.gaceta.2009.07.008
https://doi.org/10.1016/j.gaceta.2009.10.014
https://doi.org/10.1016/j.gaceta.2009.10.014
https://doi.org/10.1016/j.gaceta.2016.07.025
https://doi.org/10.1016/j.gaceta.2016.07.025
https://doi.org/10.1016/S0034-7450(14)60091-3
http://estadisticasviolenciagenero.igualdad.mpr.gob.es/
http://estadisticasviolenciagenero.igualdad.mpr.gob.es/
http://estadisticasviolenciagenero.igualdad.mpr.gob.es
https://doi.org/10.1016/j.gaceta.2016.03.004
https://doi.org/10.1016/j.gaceta.2016.03.004
https://search.coe.int/cm/Pages/result_details.aspx?ObjectID=09000016805e2612
https://search.coe.int/cm/Pages/result_details.aspx?ObjectID=09000016805e2612
http://qgis.org/downloads/
http://www.ine.es/censos2011_datos/cen11_datos_resultados_seccen.htm
http://www.ine.es/censos2011_datos/cen11_datos_resultados_seccen.htm
http://www.r-inla.org/papers


Page 11 of 11Serra et al. BMC Public Health          (2022) 22:552  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 38. R Core Team. R: A language and environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, Austria 2020 [Available at: 
https:// www.R‑ proje ct. org/, last accessed on 25 Feb 2020]

 39. R INLA project, 2029 [Available at: http:// www.r‑ inla. org/ home, last 
accessed on 25 Feb 2020]

 40. Domínguez‑Berjón MF, Borrell C, Cano‑Serral G, Esnaola S, Nolasco A, 
Pasarín MI, Ramis R, Saurina C, Escolar‑Pujol A. Constructing a deprivation 
index based on census data in large Spanish cities [in Spanish]. Gac Sanit. 
2020;22(3):179–87.

 41. Coll CVN, Ewerling F, García‑Moreno C, Hellwig F, Barros AJD. Intimate 
partner violence in 46 low‑income and middle‑income countries: an 
appraisal of the most vulnerable groups of women using national health 
surveys. BMJ Glob Health. 2020;26(5):e002208.

 42. Rasool S. Help‑seeking after domestic violence: the critical role of chil‑
dren. J Interpers Violence. 2016;31(9):1661–86.

 43. Kim C, Ferraresso R. Factors Associated With Willingness To Report Intimate 
Partner Violence (IPV) to Police in South Korea. J Interpers Violence. 2021. 
https:// doi. org/ 10. 1177/ 08862 60521 990837

 44. Gracia E, López‑Quílez A, Marco M, Lila M, Lladosa S, Serrano J. Epidemi‑
ología espacial de la Violencia de Género y características de los barrios: 
Un estudio piloto en la ciudad de Valencia. Gobierno de España; 2014.

 45. Reina AS, Lohman BJ, Maldonado MM. “He sais they’d deport me”: factors 
influencing domestic violence hels seeking practices among Latina 
immigrants. J Interpers Violence. 2014;29:593–615.

 46. Decker MR, Holliday CN, Hameeduddin Z, Shah R, Miller J, Dantzler J, 
Goodmark L. “You do not think of me as a human being”: race and gen‑
der inequities intersect to discourage police reporting of violence against 
women. J Urban Health. 2019;96(5):772–83.

 47. Femi‑Ajao O, Kendal S, Lovell K. A qualitative systematic review of pub‑
lished work on disclosure and help‑seeking for domestic violence and 
abuse among women from ethnic minority populations in the UK. Ethn 
Health. 2020;25(5):732–46.

 48. Lucena KDT, Tristán‑Cheever E. Gender and violence: contributions to the 
debate. J Hum Growth Dev. 2018;28(2):109–12. https:// doi. org/ 10. 7322/ 
jhgd. 147315.

 49. Kim C, Ferraresso R. Factors associated with willingness to report intimate 
partner violence (IPV) to police in South Korea. J Interpers Violence. 
2021;1:886260521990837. https:// doi. org/ 10. 1177/ 08862 60521 990837.

 50. Zins JE, Weissberg TP, Wang MC, Walberg HJ. Building academic success 
on social and emotional learning. New York: Teachers College Press; 2004.

 51. Morales‑Reyes AC, Alonso‑Castillo MM, López‑García KS. Violencia de 
género y autoestima de las mujeres de la Ciudad de Puebla. Revista 
Sanidad Militar México. 2011;65(2):48–52.

 52. Aragonès de la Cruz RM, Ferran M, Guillen JC, Rodriguez L. Perfil 
psicologic de víctimes de violència de gènere, credibilitat i senten‑
cies. Centre d’Estudis Jurídics i Formació Especialitzada, Generalitat de 
Catalunya; 2018.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://www.R-project.org/
http://www.r-inla.org/home
https://doi.org/10.1177/0886260521990837
https://doi.org/10.7322/jhgd.147315
https://doi.org/10.7322/jhgd.147315
https://doi.org/10.1177/0886260521990837

	Analysis of the geographic pattern of the police reports for domestic violence in Girona (Spain)
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Design
	Variables
	Statistical analysis
	Representing relative risks on a map

	Results
	Conclusions and discussion
	Acknowledgements
	References


