e ) Taylor & Francis
Taylor & Francis Group

Anmfs_ffG's Annals of GIS

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tagi20

Analysis and description of crimes in Mexico City
using point pattern analysis within networks

lulian Teodor Vlad, Carlos Diaz, Pablo Juan & Somnath Chaudhuri

To cite this article: lulian Teodor Vlad, Carlos Diaz, Pablo Juan & Somnath Chaudhuri (2023):
Analysis and description of crimes in Mexico City using point pattern analysis within networks,
Annals of GIS, DOI: 10.1080/19475683.2023.2166108

To link to this article: https://doi.org/10.1080/19475683.2023.2166108

8 © 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group, on behalf of Nanjing Normal
University.

ﬁ Published online: 07 Feb 2023.

N
CJ/ Submit your article to this journal &

||I| Article views: 395

A
& View related articles &'

View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=tagi20


https://www.tandfonline.com/action/journalInformation?journalCode=tagi20
https://www.tandfonline.com/loi/tagi20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/19475683.2023.2166108
https://doi.org/10.1080/19475683.2023.2166108
https://www.tandfonline.com/action/authorSubmission?journalCode=tagi20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tagi20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/19475683.2023.2166108
https://www.tandfonline.com/doi/mlt/10.1080/19475683.2023.2166108
http://crossmark.crossref.org/dialog/?doi=10.1080/19475683.2023.2166108&domain=pdf&date_stamp=2023-02-07
http://crossmark.crossref.org/dialog/?doi=10.1080/19475683.2023.2166108&domain=pdf&date_stamp=2023-02-07

ANNALS OF GIS
https://doi.org/10.1080/19475683.2023.2166108

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS | ® check forupdstes

Analysis and description of crimes in Mexico City using point pattern analysis

within networks

lulian Teodor Vlad®®, Carlos Diaz¢, Pablo Juan

b4 and Somnath Chaudhuri¢e

aDepartment of Automatic Control, Computers and Electronics University Petroleum-Gas of Ploiesti, Ploiesti, Romania; ®PDepartment of
Mathematics, University Jaume | of Castellén, Castellon de la Plana, Spain; ‘Department of Statistics, National Autonomous University of
Mexico, Mexico City, Mexico; “Research Group on Statistics, Econometrics and Health (GRECS), University of Girona, Girona, Spain; °CIBER of

Epidemiology and Public Health, University of Girona, Girona, Spain

ABSTRACT

Mexico City has one of the largest urban areas in the world. Because of its large population and
other social factors, it has a high incidence of crime, which was raising serious concerns in the
inhabitants and the authorities as well. We analyse the spatial distribution of crime incidence in
Mexico City between January 2018 and December 2019. The results focus the location of high-risk
areas for different kind of crimes and permit to detect those streets where crime rate is higher than
the average rate. In this study, we consider the data as a realization of spatial point processes. Our
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analysis shows the existence of clusters with high crime incidence running east-west across the

central part of the urban area.

I. Introduction

Taking more than 9 million inhabitants, according to the
2020 census count (INEGI, 2020 (INEGI 2020)), Mexico
City is one of the largest cities in the world. Located in
a former lake basin, its metropolitan area also includes
several municipalities in the neighbouring states of
Mexico and Hidalgo (see Figure 1). Despite being the
main economic centre of the country, welfare is not well
distributed, and most of the inhabitants of the metropo-
litan area live in marginated areas. Poverty, unemploy-
ment and other social factors contribute to an
apparently high incidence of crimes which apparently
occur at random in the city (Jimenez, 2003 (Jiménez
2003); Vilalta and Muggah, 2016 (Vilalta and Muggah
2016)). However, the number of crimes per 100,000
inhabitants is much smaller than in other smaller cities
in the country, such as Ciudad Juarez or Tijuana.

Wortley and Mazerolle (2008) (Wortley and Mazerolle
2016) consider that crimes are associated with the social,
geographical and economic environment, and the crime
rates will show variation in time and space at different
scales. This approach to analysis of criminal activities is
known in the literature as environmental criminology
(Sanchez-Salinas, 2014 (Sancez-Salinas 2014) and other
works, like Ranson et al. 2019 (Ranson, Amio, and
Baumer 2019) or Vandeviver and Steenbeek, 2019
(Vandeviver and Steenbeek 2019)).

In Mexico, the scarcity of reliable information about
crime incidence influences the perception of peoples
about insecurity, making people feel unsafe. This is also
influenced by lack of trust in the justice system, which
makes people to avoid reporting even they have been
victims of a crime. According to W. Pansters and B.H.
Castillo (2007) (Pansters and Castillo 2007), about 75% of
crimes occurring in the Mexico City are not denounced
to the authorities. This is particularly true for crimes such
as violent robbery and rape, where the proportion of
non-denounced incidents is high. These two crime types
represent more than 82% of the crimes committed in the
city (W. Pansters and B.H. Castillo (2007) (Pansters and
Castillo 2007)).

Despite citizens perception of crime incidence, clus-
ters of criminal events may be the result of different
causes and factors, and it is strongly necessary to analyse
those factors which have a high influence in the occur-
rence of different crime types in distinct spatial locations
of the city. Unlike other spatial phenomena, crimes in
urban areas occur along street networks, even if they
occur inside buildings or houses. We consider this
started hypothesis because buildings and houses are
spread along streets and avenues (Kim, 2018 (Kim
2018) and Bright et al. 2019 (Bright, Koskien, and Malm
2019)).

Assuming that crimes are random events occurring at
point locations in space and time, a sensible way to
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Figure 1. Street network and boundary of Mexico City.

study their incidence and gain insight about factors
associated with such incidence is by making the analysis
in the context of spatial point processes. Point processes
are a powerful statistical tool used to analyse random
events that occur at point locations, such as crimes,
earthquakes and forest fires, among many others. The
most common models are those where the locations are
given in two dimensions. Univariate point processes
include only the location of events, while point pro-
cesses with marks (or marked point processes) include
additional information about each event. Point pattern
analysis can be used to answer a variety of questions
(Cressie, 1993 (Cressie 1993); Diggle, 2003 (Diggle 2003);
Illian et al., 2008 (lllian et al. 2008)).

The scientific context of such questions depends on
the area of application, but goals can be classified into
three broad groups. First, one might be interested in
whether the spatial pattern for the observed data is
grouped, distributed regularly or completely at random.
A second goal relates to the relationship between differ-
ent types of events in a marked process or process with
marks (variables measured only at fire locations, such as
size of area burned, cause of fire or year of occurrence).
The third goal is to estimate the intensity or number of
events per unit area.

In this work we analyse three types of crimes reported
in Mexico City during two years (2018 and 2019). Using
several techniques developed for the analysis of spatial
point patterns, our analysis will focus on crimes against
peoples integrity (rape and homicide) and violent rob-
bery. Crime patterns may be explained by the spatial
distribution of social and economic factors associated
with crime incidence. Interest is usually on the detection
of trends and patterns in the intensity of events. Studies
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also point to the interaction of risk factors, the multi-
plicative effect when several risk factors are present, and
how certain protective factors may work to offset risk
factors (Wang, Lee, and Williams, 2019 (Wang, Lee, and
Williams 2019)). Unlike other studies where the point
pattern observed is considered a realization of a spatial
point process in the Euclidean space and are useful to
identify areas of high crime incidence at the neighbour-
hood level, our approach based on linear networks con-
siders the observed pattern as a realization of a point
process in a linear network space. This
allows identification of high crime incidence at street
block level.

The manuscript is organized as follows: Section Il
describes the data set used on this study to analyse
crime incidence in Mexico City. In Section Ill we describe
the statistical methodology used for this analysis and we
provide the details needed to clarify the used methods.
Section IV presents the results and discussion with their
implications in terms of models fitting and correlations
between crime types. Finally, Section V presents the
conclusions.

Il. Data

The region of interest in our study is Mexico City, defined
by the point of coordinates (19.184421; —99.395371) at
South-West and the North-East point of coordinates
(19.600561; —98.935618). The city had been the capital
of the Aztec empire, in the colonial era became the
capital of New Spain and now is the capital of the
United Mexican States. This area owns a surface over
1.485 square kilometres in the Valley of Mexico, a large



valley in the high plateaus in the centre of Mexico, at an
altitude of 2.250 m.

Figure 1 shows the boundary of the urban area of
Mexico City (right side), as well as one street map loca-
tion zoom level (left side) that allows us to perceive in
detail the complexity of the city’s street network and the
large numbers of criminal incidence. The streets of sam-
ple region conforms to a complex network of streets and
avenues ranging from highways with up to 8 lanes to
narrow streets that only allow pedestrian traffic. The
street maps for Mexico City define a series of line seg-
ments and vertices at the intersections and consists on
229 224 vertices and 277,194 segments.

Due to the nature of the criminal activity, these occur
either at points along those streets or at homes that can
be assigned to a point on a threshold buffer zone for the
street or avenue, which justifies the spatial analysis
based on spatial point processes projected on the street
network coordinate system.

However, since in point processes analysis the
object of interest is the intensity function, defined as
the average of events per unit area, the sub-denounce
rate would only affect the magnitude, but not its
shape, so descriptive inferences are valid. Based on
the above discussion, the results obtained in Section
IV can be considered as scaled version of the intensity
function obtained if all crimes were reported and
prosecuted.

The data used in this work correspond to homicide,
violent robbery and rape, reported in Mexico City for
which an investigation file was opened. This implies
that the events analysed are only the events that were
denounced or for which the attorney’s office of Mexico
City considered there were enough elements for
a prosecution. It is then expected that the incidence in
real terms to be greater than the one reported here.
Crimes on these categories have a strong effect in
society, and as a result, the government imposed
a new protocol in police action since January 2018.
This significant step ahead, taken in the fight against
criminality, allows police officers to geo-reference any
criminal incidence reported and assisted by them. As
a result a database which includes the street map, the
spatial and temporal coordinates of the crimes and
another specific information was created.

Thereby, the databases are stored in the public
domain of the Attorney General of Mexico City. All the
denounced crimes with an investigation file between
January 2018 and December 2019 are free to download.
In this database, the total number of crimes considered
for this study and prosecuted for 2018 was 53,890, while
for January-December 2019 the total crimes prosecuted
was 44,344. The variables included in our study are: the
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geographical position in which the crime occurred, type
of crime and year of occurrence.

Based on above data, we propose to identify some
pattern of crime incidence and spatial association
between crime types from past case summaries and
give support to police officer to identify different crime
patterns and even to predict criminal activities. The
results could be used in intelligent crime analysis and
guidance the decision makers to increase the numbers
of law enforcement personnel in some areas where the
prediction shows a high risk of crimes.

lll. Statistical methodology

Statistical data analysis comprised the use of exploratory
and inferential techniques to gain insight about the
spatial variation of crime incidence in the study area.
Exploratory techniques included plots of the different
variables from database and maps with counts of the
number of crimes by street segments, used to gain
insight about the presence of clustering of events and
spatial variability patterns of the different crime types
considered in this work. The patterns observed in such
plots were tested through the computation of test sta-
tistics for clustering and uniformity. We also tested for
spatial interactions of different crime types using spatial
point processes methods.

A. Spatial Point Processes

Spatial point process analysis is based on the assump-
tion of the existence of a random mechanism from
which a point configuration X is chosen from
a probability space. The probabilistic context thus allows
to speak of things such as the probability that the num-
ber of crimes in a given area B is less than a fixed number
k, P[Nx(B) < k] or about the average number of crimes in
that neighbourhood, E[Nx(B)]. In mathematical terms B
is an arbitrary set inside a study area W, also known as
the spatial window (in our case the urban area boundary
of Mexico City). N(B) denotes the number of points or
events inside a set of measure B. Depending on the
geometric space used, this set may be street segment
of longitude equal to B linear units or a circle of radius r
with area equal to B. Usually, the main objective is the
estimation of the intensity function, defined as:

o JEIN(ds)]
o= i ) "

where s is a point inside W and ds is an infinitesimal
circle centred in s.

The intensity function may be interpreted as a rate of
the number of events (crimes) per street unit length.
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A quick estimator of the intensity function is the density
estimator:

A@):ALZ;K(“;”) )

where K is a kernel function, n is the number of events in
W and h is a parameter known as the band width which
controls the amount of smoothing in the estimator of
A(s). Thus, the intensity function can be considered an
indicator of the risk to becoming a crime victim in
a given location s.

Another useful quantity for analysis of point patterns
is Ripley’'s K-function (Ripley, 1976 (Ripley 1976) and
Ripley, 1977 (Ripley 1977)):

AK(r) = EIN(X N b(u, r))], 3)

where r, denotes the distance between points in the
pattern under analysis.

The K-function measures the average number of
points inside a disc of radius r centred in a point event
u. If points in the pattern X are scattered completely at
random inside W, then K(r) = rir?. Departures from this
value indicate non-random spread which may be clus-
tered (above) or repulsive (below). When two or more
point patterns are analysed, it is also useful to compute
the K-cross function, Kj;(r), defined as the expected
number of type-j points within a distance shorter than
r from an arbitrary type-i point, standardized by the
density of the point pattern X;.

E[S2 11 = x0])) <]
Aj ’

i(r) = (4)
when points of X; do not interact with points of X;,
Kj(r) = mr?, and this implies that the two patterns are
independent.

We computed the K and the K-cross functions to the
data for rape, homicide and violent robbery to test
whether there is clustering, repulsion and interaction
among the different crime types. The sample versions
for the K-function is given by:

B n.m (L),"/(di‘ < I’)
K(r) = ;;W ”

where wj is an edge correction factor (Diggle, 2013
(Diggle 2003)) and A(s) is the intensity function evalu-
ated at the data points. An analogous expression exists
for the K-cross function.

Tests of CSR and point pattern independence for the
three crime types were constructed using these two
functions and Monte Carlos simulation under the null
hypothesis of complete spatial randomness (CSR) and

independence between crime types. Departures of the
empirical K- or K-cross functions above the nr? line are
indicative of clustering and non-independence among
the crime types respectively (Moller and Waagepetersen,
2004 (Moller and P 2004); Baddeley and Turner, 2005
(Badley and Turner 2005)).

B. Spatial point processes in street networks

The modelling process described in the previous section
considers the points processes are defined at every point
inside the study area W. However, crimes usually occur
in the city streets or inside buildings aligned along
a network of streets in the urban area. Modelling crime
data using a network approach requires some modifica-
tions of the theoretical context, mainly the topology in
terms of distances. The clustering analysis and correla-
tion in a network, for example, requires a measure of
distance along paths in the network. Common practice is
to measure Euclidean distance between events defined
as the length of the shortest path between two points in
the city. However, this may be inappropriate when ana-
lysing crime data on a linear network of city streets
(Okabe and Sugihara, 2012 (Okabe and Sugihara 2012)).

A linear network may be defined as the union L =
UN,; of many line segments in the plane, all of them of
the form [ = [u,vi|={w:w=t,; + (1t)v;,0 <t < 1},
where u;, v; € R” are the endpoints of /;. We may assume
that for i#j, the intersection of /; and J; is either empty, or
is one of the endpoints of /; or ;.

A path between locations u and v’ in L is a sequence
Vo, V1, .- Vm,Vms1 Of the points in the network, with
Vo = u and vy = U/, so that [v;,vi1] is a subset of L
for each i =0, ..., m. The length of this path is:

m
o =lvi—vin |, (6)
i=0

where || - || denotes Euclidean distance.

The shortest-path distance 6SP(u, u’) between u and
U’ is the minimum of the lengths of all paths between u
and u'. If there are no such paths, then 6SP(u,u’") = oo,
which implies the network is not connected.

IV. Results

Exploratory data analysis provided information about
marginal correlations and possible non-spatial grouping
of observations in the database. Such groups may indi-
cate the presence of subpopulation and geographic
zonation of crime occurrences in Mexico City.

The total number of occurrences for the three types
of crime considered in this work was more or less similar
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Table 1. Numbers of crimes reported in Mexico City for two years.

TYPE OF CRIME 2018 2019

Incidence Inc./month Incidence Inc./month
HOMICIDE 1301 108.42 1302 108.50
VIOLENT ROBBERY 51544 429533 41963 3496.92
RAPE 1045 87.08 1079 89.92
TOTAL 53890 4490.83 44344 3695.33

for 2018 and 2019, with only slight differences due to the
random nature of crime occurrences (Table 1). The
monthly incidence for each crime type shows some
variations from 2018 to 2019 as follows: monthly
averages from 2018 to 2019 decreased with 18.59% for
violent robbery, the rape increase with 3.25%, while the
homicide crimes increased with one case. The overall
incidence crimes for the three crime types in terms of
number of events per month showed a decrease of
17.71% from 2018 to 2019 in the number of investiga-
tion folders.

However it is difficult to tell if the decrease was due to
a higher number of police interventions or to a decrease
in the number of denounces. Only homicides are prose-
cuted without denounce, so in this case, the increase in
the number of events is linked to an increase in the
number of events.

A. Spatial distribution of crime incidence

Figure 2 depicts the spatial patterns of incidents of
reported rape offences with investigation files for the
years 2018 (left) and 2019 (right). For this crime the
pattern of occurrences is very similar in both years.
There seem to be small clusters of rape events in the

Historic Center and surrounding areas. For the rest of the
city the pattern seems to be completely random, as
some small clusters are to be expected given the high
number of events in the study area. Note the existence
of aligned points in some areas of the city, which sug-
gests the existence of streets or avenues where this type
of crime was committed repeatedly. The absence of
events in the southern part of the city, in the lower
part of the map, is due to the fact that it is a rural area,
where the population density is comparatively low com-
pared to the rest of the urban area.

Figure 3 shows the location of the homicides that
occurred in Mexico City during the years 2018 (left)
and 2019 (right). The maps show that the incidence of
homicides shows the same pattern for 2018 and 2019,
although the number of events has grown in 2019 and
thus the size of homicide clusters has increased. The
maps show the existence of areas with high incidence
of homicides in the zone known as "Historic Center”,
which comprises the oldest part of the city as well as
other high murder incidence zones in the north most
part of the city, in the southwest and in the southeast
parts of the city. Those areas have been described as

5km
3mi Leaflet | ©

OpenStreetMap contributors © CARTO

5 km
3mi Leaflet | © OpenStreetMap contributors ® CARTO

Figure 2. Reported rape for 2018 and 2019.
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Figure 3. Homicides in Mexico City.

areas where drug selling gangs operate and most of the
homicides are the results of fights and revenge acts
among criminal groups.

In Figure 4 we present the incidence of violent rob-
beries in the urban area. On the left side we display the
violent robberies for the entire year 2018, while on the
right side there are the same crimes but for 2019. As we
can deduce, violent robberies are evenly spread in most
part of Mexico City. The number of incidents was higher
for 2018, but the spatial pattern does not show any

notorious change. Basically, there is no place where
a crime of this type shows lower incidence and this in
part explains why about 37% of the population over 25
years has been the victim of a robbery at least once in
their life. We can easily observe the different scale inten-
sity due to the high number of violent robberies that
occurred in the same area.

The below figures of this section plot the intensity
functions (Kernel) for crimes studied in this article along
with the spatial coordinates of points where these

BUENAVISTA ECATEPEC

ROBBERY

B 2018 jupAD ADOLFO
+OPEZ MATEOS

TLALNEPANTLA{Y

5km
e Leaflet|©0 ©CARTO

BUENAVISTA ECATEPEC

ROBBERY

W 2019 jupAD ADOLFO
+OPEZ MATEOS

03
TLALNEPANTLAZY :

CHIMALHU/

X1

5 km
3mi

Leaflet | © OpenStreetMap contributors © CARTO

Figure 4. Violent robberies in Mexico City.




crimes took place. To maintain the consistency of the
article, we kept the colours as in the previous figures
with which we represented each crime and year, as
following: 2018 and 2019, magenta for rape, red and
green for homicide and violent robberies respectively.
Figure 5 shows a non-parametric estimate of the
intensity function (Kernel) for rape offences, considering
that the specific process that generated them is defined
in the Euclidean plane. The colour scale is in terms of
number of sexual offences per square kilometre. The
estimated intensity function shows the presence of
a high incidence of sexual attacks, mainly north of the

HOMICIDE

B 2018

Figure 6. Kernel density estimation for homicides.
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Historic Center (Barrios de La Lagunilla, Tepito and
Colonia Guerrero) and in the La Merced area, southeast
of the Zocalo. Another peak of importance occurs in the
eastern part of the City, apparently in the municipalities
of Iztapalapa and lIztacalco. The presence of three clus-
ters aligned in a southwest direction with respect to the
clusters described in the Historic Downtown area of the
city is striking. These clusters occur in the area of
Chapultepec, first, second and third sections.

The estimate of the non-parametric intensity (Kernel)
function for the homicides is shown in Figure 6. Clusters
can be seen in various areas of the city, which have been

2e-06 3e-06 4e-06 Se-06 Ge-06 7e-06

1e-06

2e-05

HOMICIDE

B 2019

1e-05 1.5e-05
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considered violent neighbourhoods for several years,
including the area known as Tepito, north of the historic
centre, as well as in several neighbourhoods in the
municipalities of Iztapalapa and lIztacalco in the east,
and Gustavo A. Madero in the northern part of the city.
It is not clear whether those conglomerates are asso-
ciated with the high presence of drug trafficking activ-
ities and poverty in those areas so formal statistical
models for this crime type are needed. The peaks in
the estimates of the intensity function make clear that
intentional homicides do not occur at random in the
urban area of Mexico City.

The intensity function estimate for violent robberies in
Figure 7 shows that although occurrence of this type of
crime is spread all over the urban area, there are wide areas
where the density of robberies is very high. Those high-
density zones are located in parts of the city with high
economic activity (restaurants, convenience stores, banks,
offices, etc.) as well as zones with industries and poor
neighbourhoods. The pattern of this crime type is pre-
served from 2018 to 2019, despite the fact that for the
last year the numbers of occurrence are reduced. This
suggests that people who perpetrate this crime type have
a pattern that does not change over time and that could be
associated with social and economic factors that remain
constant in the urban area.

B. Spatial association between crime types

The possible spatial association between the three dif-
ferent crime types considered in this work was assessed
using the K-cross function. As mentioned previously, this
function measures, for a given crime type A and distant r,

ROBBERY
2018

Figure 7. Intensity function for violent robberies.

the number of events of another crime type B inside
a circle of radius r centred at an event of type A. If crimes
of type A and B occur independent of each other, the K-
cross function should follow the parabola 71r2.

In Figure 8 we plot in solid line the empirical K-cross
function between crimes for 2018 with distance less
than 600 metres, as well as the Monte Carlo 95% con-
fidence for the null hypothesis of spatial independence.
The dotted lines correspond to the edge corrected the-
oretical values for K-cross.

The top line of the figure above display from left to
right the K-cross function between rape and homi-
cides, homicides and robberies as well between rob-
beries and rape, which were occurred in 2018. The
charts from the other line corresponds to the same
occurrences but for 2019. The plots show strong
departures from the spatial independence hypothesis,
with all the empirical values above the confidence
band. This implies that given that a rape has occurred
at some location, one should expect also occurrence
of homicides in the neighbouring areas.

Similar conclusions can be drawn from the K-cross
function between violent robberies and rape for the two
years considered in this analysis, shown in the bottom
line of the same figure. Given that a rape event has
occurred at a given location, one should expect the
occurrence of violent robberies in the neighbourhood.
The spatial association between homicides and violent
robberies for 2018 and 2019 showed a slightly different
behaviour. For both years, the two crime types seem to
be independent.

ROBBERY
2019
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Figure 8. K-cross association function between different type of crimes and years in Mexico City.

C. Application on the street network

Given that the majority of the crimes that occurred in
Mexico City occur in the urban area and that in the geo-
referencing of the events, the police or the agents of the
Public Prosecutor’s Office associate the fact with a point on
a road, the analysis of the criminal incidence in the city can
be done considering the events as realizations of a point
processes defined in a street network. The database used in
this project includes the street map of the urban area of the
city, so through an analysis and processing of the basic
information we were able to associate the spatial coordi-
nates of the crime events on the street map for Mexico City,
projected on the same coordinate system.

The street network for Mexico City is defined by a large
amount of line segments and the intersections of the same.
Although it is not possible to appreciate patterns on this map
due to the large number of points, the coincidence of points
and roads can be seen in areas with low crime incidence.

The process to obtain non-parametric estimates for
the intensity over the network for crimes requires the
computation of distances between events. Unlike the
Euclidean analysis of the previous section where dis-
tance is measured as the shortest path between two
points, in a linear network distance is measured as the
shortest path along streets.

The descriptive map of these distances is shown in
Figure 9. It should be pointed out that this map contains

the distances between the location points of the 97,473
crimes of the three observed types in the database. Once
these distances have been computed, the next step is to
calculate the kernel estimates for the intensity function
along the street network.

The graphs below display just the kernel intensity func-
tion of registered crimes occurrence in 2018 and 2019 over
streets network, but without the spatial coordinates of the
incidence points. As in the previous intensity function
graphs, maintaining the same scales in both maps 2018,
2019 respectively, should be considered while comparing.

In Figure 10 we represent the density maps corre-
sponding to rape offences over the street network for
2018 (left hand) and 2019 (right hand). According to
these maps, in 2018 this kind of crime was concentrated
in the centre and east part of the urban area.

For 2019, sexual attacks were concentrated around
the same high-density zone of 2018, but spread south
and northeast sides of it. It is noteworthy that, some
peaks have been identified in the western boundaries
of the city and others in the southeast in 2019.
Nevertheless, the maps show that the geographic pat-
tern for this crime has changed.

Figure 11 depicts the intensity maps for intentional
homicides for the two years considered in the analysis.
Homicides in 2018 are identified to spread along the high-
density zone running east to west, with peaks in areas
such as the city centre, and other poor neighbourhoods
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Figure 9. Spatial distribution of distances between crimes.

along that zone. The map for 2019 shows more dispersed
clusters and they are spread over the study area.

Thus, the kernel estimate of the intensity function
only has small peaks that could be analysed separately
defining a small region of interest in such a way to only
include the cluster on interest in the map.

We can observe in Figure 12 the intensity function
over streets network of violent robberies that befell in
2018 (left-hand side) and 2019 (right-hand side).
A similar pattern has been observed on rape offences
but on a lower intensity scale. It seems that violent
robberies are met close or around the high-density
zone of rape activity described in Figure 10.

HOMICIDE
2018

Figure 10. Network intensity function for rape in Mexico City.
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For dataset of 2018, the streets network of Mexico
City downtown is completely covered by the highest
intensity of violent robberies. While for 2019 the higher
intensity keeps up in the same area, the pattern of
violent robberies shows the intensity function has
spread over a wider region of the city.

We remarked a significant scaling down of violent
robberies in downtown city. Note that the values of
the scale for the estimated intensity function for 2019
are about three quarters of the values for 2018. The
significant decrease of intensity crimes cluster in the
city centre could be explained by the police actions
on this area.

HOMICIDE
2019

1e-04 0.00015 2e-04 0.00025 3e-04

5e-05




ROBBERY
2018

ALL CRIMES
2018

Figure 12. Violent robberies intensity function over network.

Figure 13 shows the kernel estimate of the intensity
function over street network computed using the loca-
tions of all the crime types for the two years. This map
gives an idea of where the areas with higher criminality
in the urban area are, regardless of the crime type. The
map shows that criminal incidents tend to occur around
a high-intensity zone that runs east to west along the
urban area. This zone covers parts of Mexico City that
have a large history of criminal activity and where social
factors contribute to the high incidence of crimes. The
map also shows that crime activity spreads north and
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south of the high-intensity zone, mainly to areas where
crimes like violent robbery are profitable for criminals.

Crime in Mexico City is a deep concern for the work-
ing population and for the government. Except for
homicides that are prosecuted ex-officium, it is believed
that a high proportion of other crimes and offences are
not denounced either because of a lack of trust in the
justice system or because of the fear the burden that
following a denounce implies in Mexico.

The advantage of the analysis of crime incidence
using spatial point patterns is that it permits to obtain
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good estimates of the actual pattern of crime incidence,
despite the low number of denounces. The maps
obtained in this way can be used to design strategies
for crime prevention and combat. Using external infor-
mation for social and economic variables, point pattern
analysis can be used to screen out which factors influ-
ence crime incidence and if the effect of those variables
shows geographic variation.

It is clear that although all governments claim that
high numbers in crime rates are non-significant, the
numbers in Table 1 contradict such statements.
However, the amount of non-reported crimes makes
difficult the evaluation of more reliable quantities such
as the relative risk for each crime type, as these quanti-
ties require knowledge of the total number of crimes
occurring in the city. Thus, spatial point processes are
a powerful and useful tool for the analysis of criminality
in geographic areas. It is also useful to detect hot spots
and with appropriate modelling, and it can be used to
predict future trends in crime incidence. Although mod-
elling requires advanced training in statistics, analysis
such as the one we have presented in this work can be
done using standard statistical and geospatial tools.

V. Conclusions

Criminal incidence in Mexico City is high, and the popu-
lation’s perception of insecurity is that crimes may occur
practically anywhere in the urban area. Our analysis has
shown that for the three crime types considered in this
study the spatial distribution is in a clustered pattern,
concentrated in the area known as”Historic Center”.
A possible explanation is that crimes are more frequent
in areas where the density of possible victims is higher:.

The use of point pattern analysis techniques allows
detecting in a non-subjective way the areas of higher
crime incidence. There are differences in the results
obtained when kernel estimation of the intensity func-
tion is obtained using Euclidean distance and network
distance. Those differences are explained by the stron-
ger smoothing induced by the kernel based on
Euclidean distance, as this approach assigns density to
locations out of the street network.

The spatial analysis of crime incidence we have done
on a linear network allows to identify street segments
where the incidence is higher than in neighbouring
street segments. This information is potentially useful
for authorities as high incidence in some streets may
be indicative of the existence of crime gangs operating
in those street segments.

The K — cross analysis of the three crime types has
shown that they are independent of each other, mean-
ing that the intensity of a given crime type does not

affect the incidence rate of the other two. This is an
important result, as it suggests that the three crime
types analysed may be related to different risk factors.

Despite slight changes in the spatial pattern of crime
incidence in Mexico City, the overall number of crimes
during 2018 and 2019 has not changed significantly. The
areas with high crime incidence have not changed either,
suggesting that the efforts of the current local authorities
to fight crime have worked properly just in the case of
violent robberies.
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