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Abstract: In developing countries, crime is a serious problem that affects the operation and viability
of firms. Offenses such as vandalism, robbery, and theft raise the operating costs of firms and
imposes on them indirect costs. The literature on spatial analysis of crime is vast; however, relatively
little research has addressed business crime, especially in developing countries’ cities. Spatial and
temporal analysis of crime concentration represents a basic input for the design and implementation
of appropriate prevention and control strategies. This article explores the spatial concentration and
stability of thefts committed against commercial establishments in the city of Mexicali, Mexico, from
2009 to 2011 using the Gini coefficient, Lorenz curve, and decile maps. Results revealed that thefts
were highly concentrated in a small percentage of urban basic geostatistical areas. Moreover, a
portion of these areas were classified as having the highest deciles of thefts (hot spots) and remained
in this group throughout the period. In both cases, the relationship between crime and place was
close to the 80/20 rule, or the Pareto principle.
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1. Introduction

Firms make a significant contribution to the economic and social development of cities
and countries (jobs, tax revenues, income, investments). Hence, any threat to their survival
or growth eventually affects the welfare of the local community. Due to their characteristics
and location, some businesses may be exposed to higher crime rates than others, and be
more vulnerable to this hazard.

In developing countries, crime has become a major problem that threatens the op-
eration and viability of businesses. Crime represents different direct costs, such as lost
earnings, property damage, private security expenditures, and increase of insurance pre-
miums. Crime also imposes indirect costs on businesses, such as loss of customers due to
a perceived lack of security, fearful employees because of repeated victimization, among
others [1–3].

In 2014 in Latin America and the Caribbean, crime costs represented 3.5% of the gross
domestic product, and twice the average cost in developed countries [4]. For this reason,
35% of firms in Latin America identified crime as one of the main problems in maintaining
their business activities [5].

Spelman [6]; Johnson [7]; and Weisburd, Bushway, Lum, and Yang [8] indicate that
spatial and temporal analysis of crime concentration is a basic tool in the design and
implementation of appropriate prevention and control strategies [6–8]. That is, if crime
concentrates and remains stable in certain places over time, crime reduction strategies
could be more efficient and effective if resources and activities are focused on them [9].
However, most studies addressing these topics focus on crime in developed countries’
cities, while relatively little have been published on developing countries, especially on
crime against business [10,11].
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In Mexico, the levels of crime and violence have severely affected the business sector
to such a degree that, after corruption and inefficient government bureaucracy, crime
and theft have been considered among the most problematic factors for businesses [12].
The results of the 2012 National Survey on Business Victimization revealed that theft or
assault accounted for 22.6% of all crimes against businesses in the country. They also
indicated that the commerce sector was more affected by crime than other economic sectors
(industry, 12%; services, 38.3%; and commerce, 49.7%) [13].

Baja California ranks among the states with the highest rates of crime against busi-
nesses in the country (with 4504 crimes per 10,000 establishments) [13]. Tijuana and
Mexicali are the largest municipalities in this state (49.4% and 29.7% of the population, re-
spectively) [14]. From 2010 to 2011, Mexicali moved from second to first place in thefts com-
mitted against businesses in the state, and its total thefts increased by 76% [15]. This hap-
pened despite the fact that commercial establishments only increased by 18.5% from 2008
to 2013 in this municipality [16,17].

The changes in the number of thefts in a short period and their spatial distribution are
issues of interest in our research, giving rise to the next questions: (1) Does the concentration
ratio of thefts against businesses approach the 80/20 rule in Mexicali from 2009 to 2011?
(2) Do hot spots remain stable during the period? Therefore, the general objective of
this article is to explore the spatial and temporal stability of hot spots of thefts against
commercial establishments in the city of Mexicali from 2009 to 2011 using crime data by
basic geostatistical area.

2. Crime Concentration

Brantingham and Brantingham [18] (p. 79) state, “Crimes do not occur randomly or
uniformly in time or space or society [ . . . ] There are hot spots and cold spots; there are
high repeat offenders and high repeat victims.” Routine flow of people and goods depends
on the location of facilities, which influences the pattern of crime concentration. Each urban
environment has a spatial array that integrates at least a street network and a set of land uses
organized along it. Suitable crime targets, such as residences or businesses, have a fixed
location, and they tend to agglomerate in certain zones of the city, influencing crime spatial
distribution [18,19]. The term “hot spot” is commonly used to refer to a crime concentration
area and includes spatial units, such as addresses, blocks, and neighborhoods [20–23].

More precisely, “hot spot” is defined as “an area that has a greater than average
number of criminal or disorder events, or an area where people have a higher than average
risk of victimization” [24] (p. 2). However, the identification of hot spots through an
average of crimes shows disadvantages when the range of offenses between areas is very
high. Consequently, to avoid this problem and simplify the analysis of crime concentration,
we understand hot spots as areas that occupy the highest deciles in the distribution of
crime in the city in a particular period.

Several studies examine hot spots for different sizes of cities, types and numbers of
crimes, periods, and units of analysis [6,8,10,20,25–30]. They have common elements that
can be grouped into the following statements: (1) crime concentration ratio is constant
over time (ratio stability), and (2) crime concentration areas remain stable through time
(hot spot stability).

2.1. Crime Concentration Ratio Stability: 80/20 Rule

In recent decades, growing empirical evidence supports the theory that a small pro-
portion of facilities or specific locations suffer for most of the offenses. Eck, Clarke,
and Guerette [21] propose the term “risky facilities” to explain crime concentration in
a small group of facilities, finding evidence for different types of establishments. For ex-
ample, in Danvers, Massachusetts, they found that 84.9% of shoplifting incidents were
committed in 20.3% of the stores; in Shawnee, Kansas, 20% of the bars accounted for 62%
of calls to the police; and 30% of the taverns experienced about 80% of violent incidents
in Milwaukee, Wisconsin [25]. The regularity found in the distribution of crime across
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different facilities was named by Wilcox and Eck [31] the “iron law of troublesome places,”
indicating that few places or locations have most of the trouble.

Andresen and Malleson [32] analyzed crime concentration for different offenses
and spatial units (census tract, dissemination area or census block, and street segments).
They found that 50% of offenses were committed in the range of 1% to 8% of street segments
according to the category of crime. Moreover, ratios of certain offenses tended to remain
relatively stable over time. This result is similar to what Levin, Rosenfeld, and Deckard [33];
Steenbeek and Weisburd [34]; and Andresen and Linning [35] reported.

Weisburd [36] proposed a “law of crime concentration” as a result of a literature
review on crime concentration in developed countries’ cities. The author found that 50% of
offenses occurred within 2% to 6% of the street segments, and observed that although the
number of crimes changed widely over time, concentration levels remained stable with a
ratio of 50/5; that is, 50% of offenses were committed in 5% of street segments.

Fuentes and Hernández [37] examined the concentration of violent crimes in Ciudad
Juarez, Mexico, using basic geostatistical areas and census blocks as analysis units. They ob-
tained a concentration ratio of 79/33 at the geostatistical area level and a relationship
of approximately 65/18 at the block level. Melo, Matias, and Andresen [38] examined
different types of offenses in Campinas, Brazil. Overall, they found a concentration ratio of
all criminal events of 50/10 at the census tract level and 50/4 at the segment street level.

Jaitman and Ajzenman [10] examined four cities in developing countries—Montevideo,
Uruguay; Bogota, Colombia; Belo Horizonte, Brazil; and Zapopan, Mexico—and performed
a partial analysis for Sucre, Venezuela, and found that 50% of crimes were concentrated in
the range of 3% to 7.5% of street segments. Their results were consistent with research on
developed countries’ cities.

Regularities in the distribution of criminal events across places are commonly known
as the 80/20 rule or the Pareto principle. This rule states, “In theory 20 percent of any
particular group of things is responsible for 80 percent of outcomes” [25] (p. 4). Although
this relationship is seldom exactly 80/20, it is useful as an initial hypothesis and more
appropriate than assuming that the distribution of crime occurs uniformly in the city.

2.2. Temporal Stability of Hot Spots

Empirical evidence shows that a few places or facilities concentrate large amount
of crimes. They are called hot spots and indicate a concentration of crime opportunities
that result from the convergence in space and time of suitable targets and motivated
offenders without capable guardians. Therefore, rational choices are situationally specific
(materialized in a particular time and space) [39–42].

Furthermore, there is a high possibility that crime concentration areas or hot spots
can persist as such for a certain period. Schuerman and Kobrin [43] examined census tract
clusters with the highest crime rates over 2 decades. According to the authors, there are
three stages of development:

(1) Emerging: relatively new crime areas that were virtually crime free at the beginning
of the period, but decades later reached a high level; (2) transitional: areas that initially
showed moderately high criminal activity, which increased in the following decades;
and (3) enduring: areas with crime-high densities during the entire 2 decades of study,
which represents persistence of hot spots.

Cohen and Tita [44] analyzed homicide movements from one neighborhood to an-
other, using the term “contagious diffusion,” instead of spatial adjacency, to report two
spatial dynamics: relocation and expansion. They found that expansion diffusion between
neighboring census tracts occurred only in the year with more crimes, while for the rest
of the years, the increase of crimes happened simultaneously in non-neighboring census
tracts (diffusion by relocation). However, they also observed that a census tract, including
hot spots, could experience a significantly decreasing homicide rate after having a high
increasing rate, as evidence of the spatial instability of crime over time.
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According to Weisburd et al. [45], places that concentrate crime could suffer a process
of cooling down, while the ones that are cool can become hot and replace them (heat up);
therefore, crime concentration is generally moving from one location to another. On this
subject, Hibdon, Telep, and Groff [46]; Andresen, Linning, and Malleson [47]; and Levin,
Rosenfeld, and Deckard [33] found that places that rank at the top of the distribution of
crime vary over time, which implies an unstable spatial pattern of hot spots.

The application of measures of prevention and control can modify the spatial pattern
of crime. These actions could discourage criminal incidence where they are applied and
transfer it to other areas [26]. In this regard, Guerette [48] states that, if the intervened area
is a crime attractor, it is highly probable that crime displacement occurs towards adjacent
areas (expansion diffusion).

Nevertheless, as indicated by Weisburd and Telep [49], this spatial displacement will
take effect only if these areas share the same characteristics of places where crime has been
reduced. Otherwise, these measures can lead to crime decrease around the intervened zone
as a result of spatial diffusion of security [48], and crime transfer to more distant areas
(diffusion by relocation).

The characteristics of the urban environment that structure the spaces of human
activities in the city influence opportunities to commit crimes.

The urban settings that create crime and fear are human constructions, the by-product
of the environments we build to support the requirements of everyday life: homes and
residential neighborhoods; shops and offices; factories and warehouses; government
buildings; parks and recreational sites; sports stadia and theaters; and transport systems,
bus stops, roadways, and parking garages. The ways in which we assemble these large
building blocks of routine activity into the urban backcloth can have an enormous impact
on our fear levels and the quantities, types, and timing of the crimes we suffer [50] (p. 5).

In this sense, commercial activities have been categorized as attractors and generators
of crimes, because they combine characteristics that offer known opportunities to commit
offenses and are frequented by large numbers of people [51].

Nonetheless, Weisburd [36] (p. 148) asks, “Does crime concentration reflect concen-
trated activity in the other areas of social life? If so, then it suggests that we need to broaden
our lens and recognize that crime is only one of a series of phenomena that are concentrated
in the modern city.” Consequently, the stability of hot spots can be the result of the normal
concentrations of other social and economic activities in the city.

3. Materials and Method
3.1. Area of Study

Mexicali is a border city located in the northwest of Mexico in the state of Baja
California (Figure 1). The origin and urban expansion of Mexicali were initially related to
the investment in the agricultural sector and later to the industrial policy that promoted
the installation of maquiladoras. Maquiladora plants emerged with the Mexican Border
Industrialization Program introduced in 1965. The industrialization process stimulated
rapid increase in urban population [52,53], as well as the growth and diversification of
commerce, services, and supporting industries in the city [54].
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Figure 1. Location of the city Mexicali, Mexico.

According to the results of the 2009 Economic Census [16], in Mexicali, approximately
37 out of every 100 establishments were dedicated to commercial activities—4% wholesale
and 33% retail. Employees in this sector were concentrated in retail (78%), and most retail
businesses were grocery and convenience stores.

The distribution of commercial establishments in the city is uneven (Figure 2). The ar-
eas with the highest number of firms are located near the main roads and the central area of
the city. The density of businesses tends to decrease towards the periphery and secondary
roads. Since commercial establishments are theft-suitable targets, the urban pattern of
firms may be similar to the spatial distribution of crime. However, crime concentration is
dynamic; it changes in space over time, generating new spatial patterns.

Figure 2. Distribution of commercial establishments in Mexicali, 2008 [16].

3.2. Data

The spatial unit of analysis in this research is the Basic Geostatistical Area (AGEB for its
acronym in Spanish). In Mexico, the National Institute of Statistics and Geography (INEGI)
divides cities into AGEBs for census purposes. An AGEB is a relatively homogeneous
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urban area that groups blocks perfectly defined by streets, avenues, sidewalks or any other
easily identifiable characteristics in the space and the land use [55]. In 2010, INEGI divided
the city of Mexicali into 381 AGEBs (average of 45.61 hectares).

We used official records of thefts in commercial establishments that occurred in
Mexicali from 2009 to 2011 provided by the Procuraduría General de Justicia del Estado
de Baja California (PGJEBC for its acronym in Spanish) [15]. The database registers the
colony where the thefts occurred; therefore, thefts were geocoded at this spatial unit and,
subsequently, assigned to the AGEB level using a weighted allocation process.

The temporal frame includes the year with the highest theft incidence in Mexicali
(2011), which was when the municipality ranked first in this offense in the state of Baja
California. It also includes the years in which INEGI carried out the censuses, in order
to relate crime frequency to economic and sociodemographic data. Sociodemographic
data were retrieved from the 2010 Population and Housing Census [14]; basic economic
data for commercial establishments were obtained from the 2009 Economic Census [16]
and National Directory of Economic Units [56]. All variables were included as layers in a
geographic information system and processed at the AGEB level.

3.3. Measuring Concentration and Stability

In accordance with the literature suggesting that crime is a spatial phenomenon, which
concentrates in a few places and remains stable in space and time, the central questions in
this study are the following: (1) Does the concentration ratio of thefts against businesses
approach the 80/20 rule in Mexicali from 2009 to 2011? (2) Do hot spots remain stable
during the period? Applying the 80/20 rule means that each year, 80% of thefts occurred
in 20% of all AGEBs, and stability of hot spots occurs when more than half of them remain
stable within the 3 years.

To answer the first question, we used three statistical tools: decile maps, Lorenz
curve, and Gini index. Decile maps allowed the arranging and grouping of AGEBs into
10 equal parts with respect to the values obtained for three crime variables: total number
of thefts (R1), rate of thefts per establishment (R2), and density of thefts per hectare (R3).
Deciles I and II correspond to 20% of the AGEBs with the lowest values for each variable,
while deciles IX and X correspond to 20% of the AGEBs with the highest values. For the
city of Mexicali, each decile has approximately 38 AGEBs.

The Lorenz curve (LC) has been applied to crime concentration analysis [57,58]. LC is a
graphical representation of the frequency distribution of the variable of interest with regard
to the selected spatial units. In this study, the LC displays the accumulated percentages of
theft (y-axis) and the accumulated percentage of AGEBs in which these crimes occurred
(x-axis). The curve obtained is compared with the equidistribution line (EL) that represents
a hypothetical perfect distribution of crime among the AGEBs (45-degree line). If all crimes
were equally distributed among all the spatial units, the LC coincides with the EL, while a
greater separation of the lines indicates a higher concentration level of crime [57].

The Gini index (G) is based on the Lorenz Curve and assumes values from 0 to 1,
in such a way that when G is equal to zero, it means that both curves (LC and EL) coincide
and that offenses are distributed uniformly among the spatial units; and when G is equal
to 1, crimes concentrate in only one spatial unit. The equation is as follows [57].

G = (1/n)

(
2

n

∑
i=1

iyi − n − 1

)
(1)

In this case, n is the total number of deciles, yi is the ratio of crimes that took place on
each decile, and i is the position (rank) that the deciles occupy when they are ordered.

In order to answer the second question, we first selected the variable (R1, R2, or R3)
with the closest ratio to the 80/20 rule. Then, we classified as hot spots the group of
AGEBs belonging to the deciles with the highest number of crimes at the beginning of
the period (2009). Subsequently, we identified the AGEBs that remained in the group
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with the highest deciles throughout the period as stable or enduring hot spots; those
that remained in such a group for only 1 or 2 years were unstable or transitional hot
spots. Depending on whether the AGEBs left or entered a group, they were classified
as transitional 1 (dissipating hot spot) or transitional 2 (emerging hot spot), respectively.
Finally, we calculated the percentage of stable or enduring hot spots to verify crime spatial
stability (whether more than 50% of the AGEBs remained hot spots during the period).

4. Results
4.1. Stable Levels of Concentration: 80/20 Rule

In the city of Mexicali, in 2009 to 2011, there were 6836 thefts (R1), the rate of thefts per
establishment was 0.93 (R2), and 0.40 theft was committed per hectare (R3). Theft against
businesses showed an upward trend. From 2009 to 2010, there was a 21% increase in the
number of reported thefts, followed by a 69% increase from 2010 to 2011.

The decile table allows us to observe the concentration levels for each variable (Table 1).
For R1, 20% of the AGEBs (deciles IX and X) were grouped between 57% and 59% of total
thefts in the city, lower than the 80/20 ratio expected. Nevertheless, with the addition of
decile VIII (30% of the AGEBs), crime percentage ranged between 72% and 73% (70/30 ratio),
closer to the 80/20 rule.

Table 1. Concentration ratios for R1, R2, and R3 in 2009–2011.

Variable Decile 2009 2010 2011

R1 Number of
thefts

IX, X 59/20 57/20 58/20

VIII, IX, and X 73/30 72/30 72/30

R2 Rate of thefts
per establishment

IX, X 42/20 41/20 42/20

VIII, IX, and X 58/30 56/30 58/30

R3 Density of
thefts per hectare

IX, X 50/20 50/20 52/20

VIII, IX, and X 66/30 64/30 66/30

For the theft rate per establishment (R2), 20% of the AGEBs accounted for only 41% to
42% of all offenses, which means a greater spatial dispersion of R2 with respect to R1, and
R2 is farther away from the 80/20 rule than R1, even if decile VIII is added. Meanwhile, for
density of thefts per hectare (R3), 20% of the AGEBs comprised between 50% and 52% of
all offenses, and if decile VIII is included, the range gets between 64/30 and 66/30 (Table
1). Therefore, R3 is closer than R2 to the 80/20 rule, but it is farther than R1.

The differences in the concentration ratios of the variables (R1, R2, and R3) emphasize
the need to consider some aspects in their selection and use in the case of Mexicali. In par-
ticular, for R2, deciles VIII, IX, and X (top group) included AGEBs that had few crimes
and few firms, contributing very little to the total of thefts in the city. This may be related
to the predominance of residential, industrial, recreational, and public services land uses,
regarding the commercial one. Conversely, some AGEBs were classified in lower deciles
because they had numerous businesses and many crimes, which results in a low rate. This
occurred mainly in commercial land use zones.

In the case of R3, some AGEBs in the 70/30 group coincide with those obtained for R1,
with the exception of two small subgroups. The first subgroup includes AGEBs classified
in the top group because they had a small surface area with intermediate amounts of
thefts. The second subgroup includes AGEBs classified in lower deciles because they had
numerous thefts and a large surface area. This subgroup includes AGEBs with a significant
percentage of vacant land surface; most of them were located in the urban periphery, as
industrial parks, enclosed neighborhoods, or private residential areas. The above points
emphasize the influence of some aspects in the exclusion or integration of AGEBs within a
70/30 group, specifically the disadvantages presented in using R2 and R3.
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4.2. Lorenz Curve and Gini Index

Lorenz curves (LCs), equidistribution lines (ELs), and Gini indexes (Gs) are shown in
Figure 3. The three graphs reveal, as expected, that few places concentrated a high number
of crimes in the studied period. The Gini index shows similarities during the period for
each variable. This could be explained by the stability in the concentration of crimes in a
few places, despite the increase in the number of crimes in the city. These results indicate
that the Gini index was not overly sensitive to changes in quantities of theft during the
period.

Figure 3. Lorenz curves and Gini coefficient per decile from 2009 to 2011. (a) Lorenz curve 2009
(b) Lorenz curve 2010, (c) Lorenz curve 2011.
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4.3. Temporal Stability of Hot Spots

Based on the above results and considering the disadvantages of the use of the theft
rate and theft density (R2 and R3), we selected the number of thefts (R1) to examine the
spatial stability pattern of hot spots.

The next step of the analysis was to verify whether more than 50% of the hot spots
remained in this category for 3 years. Results showed that 73% of the hot spots were stable;
therefore, the stability criterion was met. The stable hot spots accounted for one-fifth of all
the AGEBs in the city, a third of the population, around half of commercial establishments,
and more than half of thefts during the period. These AGEBs presented 1.12 thefts per
establishment and 0.77 theft per hectare (see Table 2).

Table 2. Characteristics of stable and transition hot spots.

Characteristics Stable R1 Transition 1
(Leaving)

Transition 2
(Emerging)

Number of
AGEBs/total AGEBs 22% 8% 8%

Surface 30% 9% 8%

Population (2010) 30% 11% 11%

Commercial
establishments (2008) 48% 9% 10%

Thefts (2009–2011) 59% 10% 11%

R3 Density of thefts
(2009–2011) 0.77 0.43 0.58

R2 Rate of thefts by
establishment
(2009–2011)

1.12 1.06 1.01

Number of AGEBs 83 31 32
Source: INEGI [14], PGJEBC [15], and INEGI [16].

Hot spots classified as transitional 1 left the 70/30 group after 2009 (cooled down) and
were replaced by emerging hot spots called transitional 2, which occupied deciles VIII, IX,
or X in 2010 or 2011 (heated up).

Figure 4 visually summarizes the three types of hot spots previously mentioned. Most
of them presented a contiguity pattern or clustering, although some of them were isolated.
The stable hot spots were mainly located in the central portion of the city, near the main
roads, and a reduced quantity was observed in the periphery. This pattern is similar to the
distribution of commercial establishments in the city (see Figure 2), corresponding to the
concentration of suitable crime targets [18,19], but there are some exceptions. For example,
some AGEBs with low density of businesses in the periphery and in the central area of
the city probably remain stable due to revictimization or “contagious diffusion” of crime
between neighboring hot spots.
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Figure 4. Stable and transitional hot spots in 2009–2011.

The spatial pattern of transitional 1 hot spots is characterized by their adjacency to
the stable or enduring AGEBs (see Figure 4), which may indicate a cool-down process or
diffusion by relocation [44]. On the other hand, transitional 2 hot spots present a spatial
behavior that allows us to divide them into two subgroups. The first subgroup represents
AGEBs next to stable and transitional 1 hot spots, which suggests a process of heating up,
spatial displacement, or diffusion by expansion [44,45,48]. The second subgroup includes
hot spots surrounded by areas with few crimes, as a high-crime island. This is the case for
AGEBs located in the northeast of the city (see Figure 4).

In Figure 4, it is noticeable that most dissipating hot spots (transitional 1) are concen-
trated in the west of the city, while emerging hot spots (transitional 2) are located in the
east. This shows a heat-up or movement of hot spot with a west–east direction.

Most of the stable and transitional hot spots showed a spatial pattern of adjacency or
proximity among themselves, as though forming a large cluster. However, such clusters
are divided by AGEBs in the center of the city, where relatively few offenses occurred,
which appear as holes in the spatiality of crime (see Figure 4). In these “holes,” there are
infrastructures, public facilities, and industrial land uses, and additionally, there are large
vacant lots and enclosed neighborhoods.

5. Discussion

The measurement of concentration and temporal stability of crime in developed
countries’ cities has involved diverse spatial aggregation units, including street segments,
census tracts, and blocks, as well as the use of analytical tools, such as the exploratory
analysis of spatial data [59], ordered probit analysis [29], and index of similarity and
spatial point pattern test [60], and the implementation of sophisticated mathematical
models [61,62].

In developing countries, the availability of accurate information for different spatial
aggregation units is still limited. Frequently, official records are only a portion of all crimes,
because numerous crimes are neither reported by the victims nor registered correctly by
authorities (officially called dark figure). In Mexico, 84.5% of crimes committed against the
commercial sector were not officially recorded [13]; therefore, there is an important level
of underreporting that limits the accuracy of crime analysis. However, the availability of
official geocodable records, regardless of the spatial unit in which they were recorded, their
lack of precision, and their underreporting, provides the opportunity to explore criminal
activity in the urban environment, in this case the AGEBs for Mexicali City.

R1 showed the highest level of concentration with respect to the three variables
analyzed, and the ratio of concentration remained close to 70/30, indicating that few places



ISPRS Int. J. Geo-Inf. 2021, 10, 178 11 of 14

concentrated the highest levels of crimes against businesses. It is not precisely the 80/20
rule, but it allows us to establish a baseline condition close to it with available data [25,37].

In terms of hot spots’ spatial stability, 73% of the AGEBs remained stable in the period,
despite the growth of thefts against businesses in different areas in the city. Most of the hot
spots maintained a spatial pattern characterized by their proximity or adjacency to stable
or enduring hot spots, creating a region, altered by the cooling down or heating up of some
AGEBs, and a process of contagious diffusion [44,45].

Some possible explanations for the stable hot spots, which we did not investigate
empirically here, could include the persistence of opportunities to commit offenses due to
the concentration of vulnerable businesses or the presence of sites that attract offenders due
to a high flow of people and urban connectivity [18,19]. In the case of AGEBs in transition,
the processes of heating up and cooling down can be due to the implementation of crime
prevention or control measures in some zones of the city and facilities, or a consequence of
new suitable targets in other zones of the city [6–8,48].

The spatial pattern presented in Mexicali so far suggests that the increase of thefts in
the city during the studied period meant a growth of crimes in stable hot spots; therefore,
these AGEBs are enduring crime-impacted hot spots [43]. On the other hand, emerging hot
spots may indicate changes in spatial patterns of concentration in the coming years.

6. Conclusions

The goal of this paper was to explore the spatial concentration and stability of thefts
against commercial establishments in the city of Mexicali from 2009 to 2011. Gini coefficient,
Lorenz curve, and decile maps allowed the identification of hot spots and their changes
during the studied period, through clustering patterns, spatial diffusion, and cooling-down
and heating-up processes of crime in the city.

The results provide evidence that thefts against commercial establishments in the city
of Mexicali presented stable levels of crime concentration close to the Pareto principle.
A concentration ratio of 70/30 can be the starting point of comparisons between a set of
cities and a baseline in the monitoring of the enduringness and evolution of crime in the
city.

The use of decile maps simplifies the identification of hot spots and their temporal
stability, despite the fact that there were variations in the number of offenses. The Lorenz
curve and Gini index are useful to visualize and to compare levels of crime concentration
in the three variables analyzed. However, the results bolster the importance of the selection
of appropriate variables to study crime against businesses in the city.

The findings should be interpreted while taking into account the limitations associated
with the research, some of which are the availability of incomplete records of crime in Mex-
ican cities and the lack of information that contributes to precise geolocation. This situation
may complicate comparisons with the current empirical research. Another limitation is the
short period of time we analyzed, which may hide temporal stability.

Although our study cannot guarantee that the risk of crime victimization is homoge-
nous for all businesses within a hot spot, especially if the possibility of revictimization of
vulnerable businesses is considered, it can be assumed that in such places, daily activi-
ties allow the convergence of motivated criminals with suitable targets without capable
guardians or adequate security measures. The fact that a high proportion of crimes oc-
curred in a few AGEBs suggests opportunities for crime prevention and control strategies
in the city.

This work provides a first approximation to the concentration and spatial stability
of thefts against businesses in Mexicali City. Stable hot spots not only represent temporal
concentrations of offenses but also point to the importance of regularities in business
distribution, exposure to crime, and environmental factors, which represent inequalities in
the city. Our conclusions are preliminary, given that much more research is needed on this
topic before more solid conclusions can be drawn.
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