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Abstract: The quarantine and stay-at-home measures implemented by most governments signifi-
cantly impacted the volume and distribution of crime, and already, a body of literature exists that
focuses on the effects of lockdown on crime. However, the effects of lockdown on firearm violence
have yet to be studied. Within this context, this study analyzes reports of gunshots in Mexico City
registered on Twitter from October 2018 to 2019 (pre-COVID-19) and from October 2019 to 2020
(during COVID-19), using a combination of spatial (nearest neighbor ratio, Ripley’s K function
and kernel estimation) and non-spatial (Fisher’s exact test) methods. The results indicate a spatial
concentration of gunshot reports in Mexico City and a reduction in frequency of reports during the
pandemic. While they show no change in the overall concentration of gunshots during lockdown,
they do indicate an expansion in the patterns of spatial intensity (moving from the west to the center
of the city). One possible explanation is the capacity of possible victims of firearm crimes in certain
municipalities to comply with lockdown measures and thus avoid exposure to such crimes.

Keywords: gunshots; Twitter; point pattern analysis; Mexico City; COVID-19; lockdown

1. Introduction

On 31 December 2019, the World Health Organization (WHO) first reported an out-
break of a new coronavirus (COVID-19) illness in Wuhan, China. A few days later (in
January 2020), the first death as a result of the new virus was registered in Wuhan, and
just 48 h later, a case was reported in Thailand. By the end of January, cases had been
identified in the USA, followed by Europe and Latin America in February. The WHO
declared a global health emergency, and countries began adopting measures to contain the
spread of the virus and mitigate its danger by eliminating or restricting social proximity. In
general, by March, with the exception of essential services (e.g., trash collecting, medical
services, electricity, water and public security), across the world, companies, industries
and private and public institutions were closed, and a large proportion of the population
was quarantined or subject to serious restrictions on mobility [1] (p.1). Nevertheless, much
variation exists between countries and even within different regions of a single country.
The measures also varied across time, with countries sometimes relaxing or intensifying,
for example, their social distancing protocols.

In Mexico, the Health Ministry declared a national health emergency (“Jornada Na-
cional de Sana Distancia”: https://www.gob.mx/cms/uploads/attachment/file/541687
/Jornada_Nacional_de_Sana_Distancia.pdf, accessed on 23 March 2020), when the country
was transitioning from phase one of the pandemic (imported cases) to phase two (commu-
nity spread of the virus). This involved limiting large concentrations of people, suspending
the public sector (except essential services such as the police and health services), closure
of all educational institutions, closures of cultural sites such as museums, cultural centers
and archaeological areas and limitations on recreational sites, such as cinemas, theaters,
restaurants and bars. The initiative aimed to “encourage” the population to avoid physical
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contact and included a call to voluntarily “stay at home”. These measures were later in-
tensified with the suspension of all non-essential activity across all economic sectors, with
the threat of fines, closures and criminal charges in the event of non-compliance (although
this rarely occurred). By the end of March, Mexico City was practically paralyzed, with the
closure of shopping malls, offices and businesses. In May, the “Plan to Return to Normal-
ity” ("Plan de Vuelta a la Normalidad": https://covid19.cdmx.gob.mx/nuevanormalidad,
accessed on 26 March 2020) was enacted, which set out steps for the gradual resumption of
social and economic activities using a “traffic light” system that would progressively restart
non-essential economic activities while taking into consideration new rates of infection,
hospital occupancy and the percentage of positive cases.

These measures had a significant impact on crime behavior, particularly on the volume
and distribution of crime [2]. For any public policy regarding security during the pandemic,
it is important to understand the impact of these social distancing measures on crime. Such
an understanding may also provide crucial information on crime in general. In fact, there
is a growing body of literature that studies the effects of COVID-19-related lockdowns on
crime and violence [3–6]. Results vary according to the type of crime and location under
study (and in some cases, on the empirical information available, such as that in Latin
America [7–9]).

One pending issue is the particular effect of the quarantine and lockdown on gun
violence. In the USA, the sudden increase in arms purchases indicated a possible rise in gun
violence [10] and resulted in specific research that studied this issue, either as part of a set
of crimes [11,12] or on its own [13–15]. In the rest of the American continent, the analysis
of gun violence has generally been included in studies of homicides and battery (during
the pandemic [16]), but it is mostly not analyzed as a specific phenomenon (e.g., shootings),
possibly due to the lack of official information.

The majority of the emerging studies on COVID-19 and crime are framed within
the routine activities approach [17–19]. This framework easily explains the relationship
between daily activities and crime behavior and can be explained simply: if the streets
are empty, there are no adequate targets for street robbery, and the same applies to public
transport, businesses, cars in the street and other environments.

Within this context, we propose a specific analysis of changes in the distribution of
shootings (which do not necessarily end in homicides or battery but serve as a proxy
for violence). This paper focuses on shootings in Mexico City from 6 October 2019 to 6
October 2020 by analyzing tweets that reported gunshots. Calls to 911 were not used, as
people tend to not call the police when they hear gunshots. One possible explanation for
this may be that the population, out of distrust or fear, do not generally seek to involve
themselves directly by calling the police (see barriers to calling 911 such as fear of becoming
involved because of law enforcement or financial or immigration status [20]); rather, they
comment on shootings on Twitter with other social network users and thereby keep their
personal details confidential. In Mexico City, Twitter may thus be an alternative source
of information regarding this issue to incidents of calls to the police or 911. Of course, it
should be remembered that while the abundance of data regarding gunshots on Twitter
compared to official data may be an indicator of quality, it may also point to a certain bias
(of who is tweeting). Despite any weakness in the information coming from Twitter, it
nevertheless complements, to some degree, official information, especially considering that
the “dark figure of crime” impacts 92.3% of all crime in Mexico City [21].

1.1. Crime during the Pandemic

There is growing research on the effects of the pandemic on crime. Authors such as
Mohler et al. (2020) [22] showed that crimes committed on the street, such as robbery of
passersby, businesses or homes, have decreased, given that the streets are empty, businesses
are closed and homes are permanently occupied. This reduction is reflected, for example,
in Oakland and San Francisco, where Shayegh and Malpede found an overall decrease of
40% in all categories of crime (2020) [23].

https://covid19.cdmx.gob.mx/nuevanormalidad
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The most studied crimes are also the most common, such as battery, burglary, robbery
of passersby, theft [12], homicide [16], vandalism [22] and car and autoparts robbery [24].
In general, these studies use official sources of information, which include police calls [22]
(p.2) or incident reports ([12] (p.13), [23] (p.3), [24]).

Overall, these studies come to similar conclusions and show a decrease in crime due
to social distancing public policies introduced as a result of COVID-19 (although Eisner
and Nivette (2020) [16] showed an increase in homicides in Latin America following a brief
initial decline). The only real exception to this is domestic violence, which has increased
substantially since the start of lockdown [25–28]. There is also emerging research focused
on the appearance of new types of crimes, such as violations of isolation measures [29–31].

Gun violence has also been studied, particularly in the USA, either as part of a set
of crimes [11,12] or individually [13–15]. Most of these studies begin by registering “a
surge in gun sales, driven by public panic and unfounded fears” [32] (p.53). In this regard,
Hoops et al. studied the broad availability of weapons and legislation in states such
as Missouri and Nevada that guarantee the sale of weapons during states of emergency
(2020) [15]. According to a survey conducted by Kravits-Wirtz et al. (2020) [33], in California
alone, 110,000 people bought weapons in response to the pandemic, of which 47,000 were
first-time owners. Paradoxically, this partially explains why “stay-at-home” (SAH) policies
did not result in a decrease in firearm violence, but rather the contrary (for example, in
Philadelphia [32]). Baltimore (2%), Chicago (23%) and New York (11.7%) also experienced
relative increases in gun-related violence in comparison with 2019 [34]. These authors
attempted to explain these increases in terms of increased rates of unemployment, arms
sales and alcohol consumption in these cities. Donnelly et al. (2021) [35] corroborated the
increased rate of firearm incidents in Ohio (although there were no changes in California),
with an even greater increase in firearm incidents, deaths and injuries following the
reopening in 2020 in comparison with the SAH 2020 period and previous years (2018
and 2019). Evidence exists that access to firearms increases the lethality and damage caused
by violence, both interpersonally as well as individually [36].

Possibly the most comprehensive study on gun violence during the pandemic is that
of Dae and Phillips, who studied changes in gun violence in response to the pandemic and
the types of gun violence that experienced the greatest changes in Buffalo (NY), with data
from before and after “stay-at-home” policies. Using the ARIMA and Poisson models, they
concluded the following: “There were gradual and permanent increases in the number of
both non-fatal and gang related shootings during the pandemic” [14] (p.8). These results
contrast with other studies, such as that of Abrams (2020) [11], who did not find significant
increases in shootings in 25 large US cities, and Campedelli et al. (2020) [12], who also
found no significant changes in the rates of homicide and assault with deadly weapons in
Los Angeles (although not all shootings end in homicides).

As far as we know, there are still no empirical studies in Latin America that look at
shootings in the region during the COVID-19 pandemic. Despite this, there is a growing
body of criminological research that studies the effects of the pandemic and the various
restrictions imposed in the region on, for example, changes in crime pattens in Mexico City
during the pandemic, such as crimes associated with public transport [8], burglary, vehicle
theft [9], violence against women [37] and homicides [7]. There are also studies on problems
related to prisons and the difficulties faced by various Latin American governments to
resolve these [38,39]. It is possible that the issue of shootings has not yet been systematically
dealt with due to the lack of empirical data or the challenge of accessing such data in
the region.

1.2. Data

The data were obtained from reports of shootings posted on Twitter between 6 October
2018 and 6 October 2020, using the Autómata Geointeligente de Internet platform of
analysis [40] developed by the Center for Investigation in the Sciences of Geospatial
Information. The platform does not offer open access, given the budgetary restriction for
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public research centers in Mexico [41], and it was thus necessary to request authorization
to use its computing capacity. The platform administrator allowed access on 6 October
2020, and thus the acquisition of tweets corresponded to the two-year period prior to the
authorization.

The platform gathers information from Twitter and provides information on the tweet
ID, user, content, date and time of publication and, in some cases, geographic coordinates.

Of the total universe of 9,819,255,653 tweets analyzed, 3588 contained the word
“gunshots” and had enough information (x, y coordinates) to be georeferenced within the
administrative borders of Mexico City. Due to the available computing capacity, the search
was carried out in blocks of 4–5 months (Table 1).

Table 1. Subset of georeferenced tweets on Twitter.

Scheme 2018 Tweets Analyzed Tweets Georeferencing
“Gunshots”

from 6 October 2018 to 6 February 2019 1,963,641,924 563
from 7 February 2019 to 6 July 2019 1,963,765,625 606
from 7 July 2019 to 6 December 2019 1,964,022,142 954
from 7 December 2019 to 6 May 2020 1,963,793,442 790
from 7 May 2020 to 6 October 2020 1,964,032,520 675

Source: Authors’ own with tweets from the AGEI [40].

The 3588 tweets that contained the word “gunshots” in the message text were manually
read and classified to filter out those that were not related to reports of gunshots by firearms.
The first step was to filter messages with references to abstract situations of violence. This
meant discarding tweets dealing with violence in the news connected to drug trafficking,
messages regarding the general climate of fear in the country over security issues and
critiques of the Mexican government’s public security strategies. The second step consisted
of analyzing the informal language style of the tweets to eliminate reports that did not
involve situations of violence. Tweets that contained colloquial uses of the word “gunshots”
(balazos) in Mexico were thus discarded (e.g., “balazo en el pie” (shoot oneself in the foot)
or “abrazos, no balazos” (hugs not gunshots)). The remaining 242 tweets reported the
sound of a gunshot near the location of the Twitter user. Some messages requested a police
presence to investigate the event. However, as these messages did not include information
regarding the event that provoked the message, it was difficult to identify the related events
or changes in the words used in the messages. Tweets were also excluded if they referred
to situations where gunshots may have been implicit to a situation (e.g., domestic violence
episodes, bar fights and robberies). Rather, tweets were only included if they contained
an explicit mention of the sound of gunshots by the user. Thus, each of the 242 messages
reported an individual event of the firing of a firearm.

The database was divided into two periods in order to analyze the impact of COVID-
19 on spatial concentration and distribution. The first period encompassed from October
2018 to 2019 (pre-COVID-19) with 141 tweets, with the second period corresponding to the
period from October 2019 to 2020 (during COVID-19) with 101 tweets. The information
was gathered in October 2020, the end of the first wave of infections in Mexico. Although
the first COVID-19 case in Mexico dates back to February 2020, the data available until
October 2020 facilitated the study of changes in spatial patterns during the period of the
first lockdown in Mexico City. While the period under analysis may be limited in terms
of studying the effects of COVID-19, it is difficult to establish clear limits for the study
of the impact of the pandemic on crime in cities, as the pandemic is still not over. Our
study of the seasonal variation that may have existed by month and day of the week for
reports of gunshots on Twitter was thus framed by the date from which we were able to
collect information, corresponding to the first lockdown and the historical record of the
two previous years.
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1.3. The Area of Study of Mexico City (Municipalities)

Mexico City, the capital of the country, is one of the largest metropolitan areas in the
world, with more than 21 million inhabitants [42]. The city is divided administratively
into 16 municipalities with varying populations and surface areas (Table 2). Each munici-
pality has a local administrative government, which is directly elected every 3 years. The
public administration of Mexico City as a whole falls to the mayor, who is elected every
6 years, coinciding with the presidential elections. Each of these three levels of government
(municipal, city and federal) undertake crime prevention and prosecution. The munici-
palities do not have councils but work through neighborhood committees elected in each
territorial unit.

Table 2. Municipalities: population, area and annual per capita income [42,43].

Municipality Population Area (km2) Annual per Capita Income (USD)

Álvaro Obregón 759,137 96.17 4440.91
Azcapotzalco 432,205 33.66 4682.48
Benito Juárez 434,153 26.63 9544.92

Coyoacán 614,447 54.4 5470.09
Cuajimalpa 217,686 80.95 4815.84

Cuauhtémoc 545,884 32.4 6164.74
Gustavo A. Madero 1,173,351 94.07 3946.49

Iztacalco 404,695 23.3 5553.65
Iztapalapa 1,835,486 117 3699.78

Magdalena Contreras 247,622 74.58 3747.39
Miguel Hidalgo 414,470 46.99 8748.64

Milpa Alta 152,685 228.41 2933.25
Tláhuac 392,313 85.34 3127.62
Tlalpan 699,928 312 4252.02

Venustiano Carranza 443,704 33.4 4520.47
Xochimilco 442,178 122 3379.10

The city Congress is responsible for determining the territorial division based on
the population, geographic configuration, infrastructure, urban equipment, number and
extension of neighborhoods and municipal town or housing units, expenditure budget and
income forecasts for the entity, among other factors.

The city is located in the central part of Mexico (Figure 1). Most of the municipalities
border the State of Mexico. The metropolitan area in the north comprises Gustavo Madero
(005) and Azcapotzalco (002). The central part of the city from east to west is made up
of Miguel Hidalgo (016), Cuauhtemoc (015), Venustiano Carranza (017), Benito Juarez
(014), Iztacalco (006) and Iztapalapa (007), and it is the ancient urban center inhabited
from preHispanic and colonial times. Finally, the remaining municipalities located in the
south of the city are, on average, localities with the lowest levels of urban development
and low per capita income levels in comparison with the other areas of the city (Table 2
and Figure 1).

1.4. Limitations of the Data

In some cases, the georeferenced location of the tweet may have georeferenced the
antenna of the cellphone company from which the tweet was sent, thus modifying the
distance and affecting the calculation of the nearest neighbor ratio statistic. Nevertheless,
given the scope of the antennas, the variation in distance should not have modified the
global patterns detected, given the high number of antennas in densely populated areas of
Mexico City, precisely to provide better connectivity and avoid the saturation of networks.



ISPRS Int. J. Geo-Inf. 2021, 10, 540 6 of 19

Figure 1. Municipalities of Mexico City. The table on the right shows the city municipalities’ official
names and codes [42]. Source: Authors’ own with QGIS software.

The second limitation relates to the fact that people may use synonyms for “gunshots”
in their Spanish language tweets, such as “disparos” (shots) or colloquial terms. The search
for “disparos” (shots) involved a high proportion of “noise”, and this impeded obtaining
reliable results. We opted for the use of the word “balazo” (gunshot), as it is the most used
term when referring to the use of firearms. In any case, the use of tweets with “disparos”
and an adequate filter should not have modified the global patterns detected.
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2. Materials and Methods

A combination of methods was used to analyze the spatial grouping of the tweets,
estimate their degree of clustering and measure the intensity of the spatial criminological
process they reported [44–46].

We began by calculating the nearest neighbor ratio (NNR) through the Euclidean
distance of each point to the closet neighboring point in order to obtain an average distance
for all points. This average distance was divided by a random scenario [44] to generate a
vector of distances of each point to the closest neighbor (R). This facilitated the study of
changes in the degree of clustering in both periods. The NNR estimation allowed for the
testing of the statistical significance of the spatial clustering with a normal distribution z
significance test (ArcGIS).

To avoid the modifiable area unit problem—the scale effect and zonal effect [47–49]—
continuous space in Mexico City was used to conduct a first and second order analysis of
intensity for different distances. This was based on the understanding that the addition
of spatial data in different area sizes or in areas with different administrative boundaries
would alter the results as compared with continuous surface analysis.

Kernel estimation was used to study the intensity and location of tweets in Mexico City,
Silverman’s criterion was used for the bandwidth, and Ripley’s K function was employed
to analyze spatial clustering at different distances (software R).

Finally, as a complement to the spatial analysis, the differences in reports between both
periods (pre-COVID-19 and during COVID-19) were analyzed. The concentration of tweets
by the month, week and hour of the day and their variation between periods was analyzed
using Fisher’s exact test [50], while the frequency of tweets and their locations in the
municipalities of Mexico City were analyzed through the use of a geographic information
system (QGIS). The statistical significance of the change in frequency of tweets in the
periods considered was also studied with Fisher’s exact test [50]. The results section ends
with this non-spatial analysis that contextualizes the results of the spatial clustering and
intensity within the criminological environment of the city.

3. Results
3.1. Clusters of Tweets about Gunshots in Mexico City

The nearest neighbor ratio calculations estimated a spatial clustering of reports of
gunshots in Mexico City with a confidence level greater than 99%, and thus reports of
gunshots were spatially clustered in both periods under observation (Table 3).

Table 3. Nearest neighbor ratio.

NNR Pre-COVID
October 2018–2019

COVID-19
October 2019–2020

Nearest Neighbor Ratio 0.239556 *** 0.212260 ***
Observed Mean Distance 265.82 m 278.21 m
Expected Mean Distance 1,109.65 m 1,310.71 m

z-score −17.274584 −15.145186
p-value 0.0000001 0.0000001

*** denotes rejection of the null hypothesis at 1%. Source: Authors’ own with ArcGIS software.

The results obtained in the statistical calculation (NNR) indicate that a distance greater
than a kilometer between each reported gunshot was considered to be random. Neverthe-
less, an average distance of 265.82 m and 278.21 m was registered for the period prior to
the COVID-19 pandemic and during lockdown, respectively (Table 3).

Despite the fall in frequency of reports—from 141 to 101 tweets—the distance between
points increased slightly. This increase in spatial dispersion during the second period is
reflected in the distribution of the distances between the est neighbors. The first quartile
increased from 6471.3 to 9002.7 m, the second quartile increased from 10,635.4 to 13,068 m,
and the third quartile registered a change from 13,384.4 to 17,322.1 m.
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3.2. Spatial Clustering at All Distances

The results of the Ripley’s K function estimation also detected the spatial concentra-
tions for both periods. In Figure 2, Ripley’s isotropic functions are presented, estimated
for gunshot reports before the pandemic K̂iso preCOVID (black line) and during lockdown
K̂isoCOVID19 (red line). The theoretical model of complete spatial randomness was the same
for both periods, Ktheo, shown in blue.

Figure 2. Ripley’s K function, isotropic. Source: Authors’ own with R software.

In both cases, Ripley’s isotropic K function (black and red lines) was above the random
uniform distribution Ktheo, suggesting spatial clustering of gunshot reports at any scale
within Mexico City, consistent with the nearest neighbor ratio test. The period of lockdown
did not appear to affect the spatial patterns of tweets in the city due to the similarity of the
estimated functions. Figure 2 shows the isotropic correction of Ripley’s K function due to
the number of tweets and with the assumption of no stationary process. We included in
the appendices the estimations of the function with different corrections of the K̂trans and
K̂bord edge effects for both periods [45] (pp. 147, 216).

3.3. Location of Spatial Intensity in Mexico City

Two maps of intensity were developed with kernel estimation: one for the period
before lockdown and one for during the COVID-19 pandemic (Figure 3). In both images,
the areas shaded in yellow show the peaks in intensity of gunshot reports in Mexico City.

The period before COVID-19 contained a greater intensity of tweets reporting gunshots
in the city than the period during the health emergency. On the left of Figure 3, the highest
intensity peak across the city had an estimated probability of 0.35. In contrast, during
the pandemic, the intensity decreased to a probability of 0.22 in the highest peak. The
smoothing out detected in the second period dispersed the intensity of reports across a
greater area toward the east, corresponding to the central area of the city, although to a
lesser degree (right side of Figure 3). Thus, the location of the greatest intensity of gunshot
reports on the left side of Figure 3 corresponds to the western limit of the city. The pandemic
modified the pattern detected by the kernel estimation from the west toward the center of
the city on the left side of Figure 3.
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Figure 3. Kernel estimate of gunshot prevalence in Mexico City pre-COVID-19 (left) and during COVID-19 (right). Source:
Authors’ own with R software.

In both periods, reports of gunshots were concentrated in the central area of the city,
leaving the northern and southern parts of the city out of the first order intensity detected
in both cases. Although the absolute frequency of reports on Twitter was lower in the
second period (from 141 to 101 tweets), the spatial dispersion and distance between points
during lockdown was greater. The kernel estimation analysis undertaken revealed the
displacement of the spatial pattern of intensity of gunshots in Mexico City during the
COVID-19 pandemic.

To analyze the underlying criminological processes that could explain the change
in the intensity pattern of tweets about gunshots, we present below the locations of the
points in the administrative areas that correspond to the 16 municipalities of Mexico City
(Figure 4). This geographic management of data does not consider spatial analysis with
polygons but rather serves to contextualize the detected pattern of intensity.

Figure 4. Reports of gunshots pre-COVID-19 (blue) and during COVID-19 (red) in Mexico City. The numbers on the map
represent Miguel Hidalgo (016), Cuauhtémoc (015) and Iztapalapa (007). Source: Authors’ own with QGIS software.
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3.4. Prevalence by City Municipalities

The peaks in intensity detected by the kernel estimation corresponded to the neigh-
boring municipalities of Miguel Hidalgo (016) for the period prior to the pandemic and
Cuauhtemoc (015) during the COVID-19 pandemic (Figure 4). The highest numbers of
tweets were concentrated in these two municipalities, with 29 and 18 tweets, respectively.
In both periods, the municipality of Iztapalapa (007) remained constant, with an average of
22 tweets for both periods. The size of the buffers in Figure 4 corresponds to the number of
reports in the municipalities (Table 4), with the three municipalities mentioned identified
by their official codes.

Table 4. Number of tweets per municipality.

Municipality Pre-COVID-19 During COVID-19

Iztapalapa 23 21
Miguel Hidalgo 29 8

Cuauhtémoc 12 18
Benito Juárez 18 11

La Magdalena Contreras 17 7
Coyoacán 11 11

Tlalpan 10 8
Venustiano Carranza 8 3

Iztacalco 4 4
Xochimilco 2 1

Azcapotzalco 2 5
Tláhuac 3 0

Cuajimalpa de Morelos 1 2
Álvaro Obregón 1 2

Milpa Alta 0 0
Gustavo A. Madero 0 0

Total 141 101

Regarding the rest of the city, in the first pre-COVID-19 period (blue), reports were
concentrated in the municipalities of Miguel Hidalgo (29), Iztapalapa (23), Benito Juárez
(18) and Magdalena Contreras (17). During lockdown (red), tweets were concentrated in
the municipalities of Iztapalapa (21), Cuauhtemoc (18) and Benito Juárez (11) (Table 4). In
both periods, the same municipalities did not report gunshots (Gustavo A. Madero and
Milpa Alta).

Table 4 shows the decrease in the frequency of gunshot reports in the city by munici-
pality from 141 tweets to 101. The municipalities of Miguel Hidalgo and La Magdalena
Contreras registered the greatest decline in reports, from 29 tweets to 8 and from 17 to 7,
respectively. In contrast, the municipality of Cuauhtemoc registered more gunshot reports
in the second period (18) than before the lockdown. Another atypical value was registered
in the municipality of Iztapalapa, with a slight decrease from 23 to 21 tweets, thus not
experiencing the pronounced increase or decrease that occurred in other areas of the city.
These changes in the frequency of reports by municipality between the two periods were
statistically significant (Fisher’s exact test, a non-parametric test with a p-value of 0.05097;
see Appendix A).

3.5. Tweets per Mmonth, Day of the Week and Hour of the Day

Before the pandemic, tweets about gunshots were predominantly in the last months of
the year in 2018 (October, November and December) as well as in February 2019, accounting
for 49.64% of the reports. During the pandemic, tweets were concentrated in the months
of October 2019 and January, March and June 2020, constituting 52.47% of the reports.
Tweets about gunshots were largely a weekend phenomenon; Fridays, Saturdays and
Sundays accounted for 57.44% and 54.45% of the reports before and during the pandemic,
respectively. They were most frequent on Sundays for both periods. Regarding the hour of
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the day, tweets were strongly evident at night after 8:00 p.m. and before 6:00 a.m., with
a slight decrease during the COVID-19 period (from 76.59% to 71.28%). However, these
variations in tweets by month, day of the week and hour of the day or night were not
significant. The results of Fisher’s exact test to analyze variations did not allow for the
rejection of the hypothesis of randomness of the observed frequencies. The estimated
p-values were 0.2159 for months, 0.5322 for days of the week and 0.3729 for differences
between day and night (based on 2000 replicates). In other words, there was no statistical
evidence to suggest that the pandemic modified the regularity of reports in the months,
days of the week or hours of the day in which the tweets regarding gunshots were generally
concentrated in Mexico City.

4. Discussion

One of the most interesting findings of this analysis was that during lockdown in
Mexico City, shootings appeared to have moved from one municipality to a neighboring
one (Figure 4). The model suggests that the municipality of Cuauhtemoc (015) had the
highest concentration of shootings and experienced a 50% increase in Twitter reports. In
contrast, the neighboring municipality of Miguel Hidalgo (016) registered a reduction in
the average frequency, with a pronounced fall in reports in the second period of 72.4%
(Table 4). This may have been due to changes in crime patterns in the city.

In contrast to the studies conducted in Baltimore, Buffalo, Chicago, New York and
Philadelphia, which found an increase in violence associated with firearms during the
pandemic in comparison with 2019 [14,32,34], in Mexico City, an overall decrease in reports
of gunshots was reported on Twitter across the two periods. This finding also differs from
those studies that did not find significant increases in shootings in 25 large cities in the
USA in general [11] or in Los Angeles [12].

The decrease in shootings in Mexico City is consistent with the significant decrease
in other types of crimes in the city during the pandemic, such as robberies of public
transport [8], burglary and vehicle theft [9]. On an international level, this study coincides
with the effects of the pandemic on crime: an overall decrease, as indicated by, for example,
Shayegh and Malpede (2020) [23] in San Francisco, by Mohler et al. (2020) [22] in Los
Angeles and Indianapolis and by Campedelli (2020) [12] in Los Angeles.

Interestingly, this study shows not only a decrease in the reports of shootings but also
a change in the spatial intensity of these reports. The kernel estimation spatial analysis
shows that this decrease in frequency of reports was accompanied by a change in the spatial
pattern of the intensity of tweets in the city. The change detected during the pandemic (right
side of Figure 3) showed an evening out of intensity across the area, resulting in an almost
equal probability of tweets in the central area of Mexico City as in the west. As illustrated
in Figure 4, the municipalities of Miguel Hidalgo (016) and Cuauhtemoc (015) share an
administrative border, and they registered the greatest frequency of reports for both periods.
One explanation for the changes in the number of tweets may be that the municipalities
border each other, and according to the first law of geography, “everything is related to
everything else, but near things are more related than distant things” [51] (p.236).

One possible explanation for this phenomenon, based on the spatial proximity of the
municipalities and the routine activities approach, is the differing financial capacity of
potential victims of crimes committed with firearms to comply with lockdown measures.
The municipality of Cuauhtemoc (015), which includes the historical center of the city,
has many street vendors and informal businesses who, as a result of the severe decline
in their income, struggled to respect the health lockdown (that is, they continued with
their activities despite the restrictions). Furthermore, 48.07% of the occupied population
in the municipality work in the informal sector [52]. In contrast, in the municipality of
Miguel Hidalgo (016), which includes some of the highest income neighborhoods in the
city (Polanco and Lomas de Chapultepec), the “stay-at-home” measures were relatively
easier to follow, as businesses had the capacity to endure the closures (Figure 4). At the
same time, there is less informal work (street vendors) in the municipality, with 40.50%



ISPRS Int. J. Geo-Inf. 2021, 10, 540 12 of 19

of the population employed in the formal sector [52]. The decrease in commercial and
pedestrian activity possibly gave rise to the displacement of crimes committed with firearms
from Miguel Hidalgo (016) to Cuauhtemoc (015), where activity continued and criminal
opportunities did not decrease significantly.

This explanation is further supported by the different income levels and business costs
between municipalities. The proportion of employees reporting an income of more than
5 times the minimum wage in Miguel Hidalgo (016) is 14.64%, compared with 10.99% in
the municipality of Cuauhtemoc (015) (the minimum wage in Mexico City is USD 7 [52]).
The annual per capita income also reflects this difference between the municipalities.
Miguel Hidalgo (016) has an average income of USD 8748.64 in comparison with that of
Cuauhtemoc (015), which reports an average income of USD 6164 [43]. This difference
plays out in all areas. For example, the monthly rental for a 100 m2 commercial property
has an average cost of USD 1960.00 in Miguel Hidalgo (016), while in the Cuauhtemoc
(015), such a property would go for two thirds of this cost at USD 1330.00 [53]. These
figures illustrate the greater income opportunities available in the municipality of Miguel
Hidalgo (016) in comparison with the Cuauhtemoc (015).

An alternative hypothesis regarding the increase in reports of gunshots in Cuauhtemoc
(015) during the pandemic relates to the activities of drug trafficking organizations and
their disputes over local markets (see spatial patterns and drug hotspots in Mexico City
in Vilalta [54]). However, a recent study found that crimes associated with organized
crime, such as robbery, kidnapping and homicides, remained at similar levels in Mexico
City before and during the COVID-19 pandemic [9]. As activity levels of organized crime
remain constant (for example, for homicide), then it is likely that a significant portion of
the increase in tweets reporting gunshots in the municipality of Cuauhtemoc (015) was
due to the displacement of other crimes committed with firearms from the neighboring
municipality of Miguel Hidalgo (016). The notable fall in reports registered by the latter
and the spatial proximity that modified the pattern of spatial intensity in the city, detected
by the kernel estimation, supports this explanation.

This study also identified peaks in violence by gunshots in the city which did not
appear to be related to either the criminological surroundings or to activity linked to the
illicit drug market (Figure 4). For example, in the municipality of Iztapalapa (007), 42.5% of
tweets reported parties by neighbors and religious celebrations as the origin of gunshots
during the pandemic. However, it should be noted that this is simply conjecture based on
qualitative comparisons by directly inspecting the data, as there was no systematic study
conducted regarding this. It is recommended that future research look at the hypothesis
linking the use of firearms and festivities in this part of the city.

These changes in spatial patterns are notable, especially in comparison with the little
variation registered in both message content and in the periods of time in which tweets
about gunshots were concentrated (weekends and at night). It is possible that the decrease
in the use of firearms during the pandemic did not affect the temporal regularity and form
in which gunshots were reported on Twitter (with little detail as to their origin), but it
probably did modify the areas where these gunshots were heard.

A significant limitation exists regarding the analysis of changes in the dynamic of
gunshots. Under-reporting is possible, as not all those who hear gunshots use Twitter or
decide to tweet, and thus there may be a problem of self-selection of Twitter users. The
location of tweets may be linked to areas in the city where the population has a higher
average income (Table 2). The simple linear correlation between the location of tweets
and the annual per capita income in the 16 municipalities of Mexico City is 0.535. Where
incomes are the highest, there are more tweets. The correlation may suggest a positive
link between users of Twitter and average income. Given this bias, the tweets may not
be capturing the real gunshot dynamic in the city. Nevertheless, the change detected in
the spatial pattern of the tweets was significant, and they occurred in the same areas that
reported gunshots in both periods and thus probably reflected changes in the areas of the
city where the population regularly tweeted about gunshots. While this may be only part
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of the story, it can contribute to an appreciation of the dynamics of firearm violence in the
areas of Mexico City with the greatest Twitter use. An understanding of gunshot dynamics
in the whole city could be gained with the availability of better data in future research.
In this regard, it is currently estimated that 76.6% of the urban population in Mexico are
internet users, and thus it is likely that the availability of data on reports of gunshots on
social networks will continue improving [55].

Finally, this research has three main implications for the study of crime beyond the
pandemic. First, this study contributes to those related to recurrent spatial clustering of
crime phenomena [56,57], as it detected a clustering pattern of gunshots before and during
the pandemic regardless of distance (according to the results of the Ripley’s K function
estimation). Second, it identified that reports of gunshots may be related to three different
phenomena: a decrease in commercial activity and criminal opportunities, an increase
in activities related to the illicit drug market and the celebration of annual festivities
(further studies are required to assess these relations more systematically). Third, the point
pattern analysis of tweets may reveal hidden spatial patterns in global statistics, given that
information on spatial patterns is not always available in police reports that report crime
incident polygons. This study may advance the use of georeferenced reports on Twitter
since, as far as we know, this information has never been used to analyze criminal intensity
patterns in the cities of the region.

Author Contributions: Conceptualization, Gustavo Fondevila and Enrique García-Tejeda; methodol-
ogy, Enrique García-Tejeda; software, Oscar S. Siordia; validation, Gustavo Fondevila and Enrique
García-Tejeda; formal analysis, Gustavo Fondevila; investigation, Gustavo Fondevila and Enrique
García-Tejeda; data curation, Enrique García-Tejeda and Oscar S. Siordia; writing—original draft
preparation, Gustavo Fondevila and Enrique García-Tejeda; writing—review and editing, Gustavo
Fondevila and Enrique García-Tejeda; visualization, Enrique García-Tejeda and Oscar S. Siordia;
supervision, Enrique García-Tejeda; project administration, Gustavo Fondevila. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data that support the findings of this study are available in the
Geointeligente platform at the Center for Investigation in the Sciences of Geospatial Information
(CentroGeo) (http://agei.geoint.mx/, accessed on 6 October 2020). Pre-authorisation is required.

Conflicts of Interest: The authors declare no conflict of interest.

http://agei.geoint.mx/


ISPRS Int. J. Geo-Inf. 2021, 10, 540 14 of 19

Appendix A

Figure A1. Ripley’s K function(K-r) with border correction (K-bord), isotropic correction (K-iso), and
translation correction (K-trans). K(theo) is the theoretical Poisson expected curve. Source: Authors’
own with R software.

Table A1. Fisher’s exact test for count data (n = 242 tweets).

Fisher’s Exact Test for Count Data in R

p-value 0.05097

n 242
number of zero cells 5

replicates 2000
Source: Authors’ own with R software.
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Figure A2. Reports of gunshots pre-COVID-19 (blue) and during COVID-19 (red) in Mexico City for
each month. September includes 6 days of October. Source: Authors’ own with office software.
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Figure A3. Reports of gunshots pre-COVID-19 (blue) and during COVID-19 (red) in Mexico City for
each day of the week. Source: Authors’ own with office software.
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Figure A4. Reports of gunshots pre-COVID-19 (blue) and during COVID-19 (red) in Mexico City for
different times of the day. Source: Authors’ own with office software.
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