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Abstract. Reducing national crime rate is an extremely important, but
also difficult problem. For solving it, it is necessary to discover patterns
of its occurrence, the various factors that influence it and the connection
between criminal actions, which can help forecast future events, espe-
cially violent crimes where the police should act immediately. However,
some major events, such as the COVID-19 pandemic may significantly af-
fect these models. Therefore, this paper focuses on analyzing the impact
of the pandemic on the crime rates and patterns and the way the crime
forecasting models are affected by these changes, using North Macedo-
nia’s crime records as case study. The results show significant change in
the rate and types of crimes during the pandemic period, when compared
to the pre-pandemic period. Due to these changes in the crime patters,
the crime forecasting models are also different, in terms of their accuracy
and in terms of the importance of the input features that are used for
the prediction.
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1 Introduction

The analysis of crime rates on the national or local level has always been con-
sidered as a valuable action that can define the trends in the society and gauge
the changes in criminal behaviour as influenced by the social, economic, political
events in the region of interest [1]. In the recent years this type of analysis em-
powered with additional forecasting that can help optimise future use of police
resources is increasingly being done using machine learning techniques [2]. This
advances in large historical data sets analysis has enabled national police forces
to obtain meaningful insight in the recorded events that provide the opportunity
for reduced response time by intelligently redistributing the available staff and
resources in the areas with highest probability of upcoming crime events.

Taking into consideration that forecasting is based on patterns found in the
past events, it is of great interest to analyse how this forecasting is influenced by
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major events that produce great changes in the general societal behaviour. The
recent COVID-19 pandemic is such an occurrence. Recent studies have shown
that the pandemic has had a major influence on the newly emerging patterns in
crime rates in many nations. However, the most interesting observation is that
this influence does not follow the same rules everywhere. For instance, in the US,
recent studies [3] show that the pandemic has influenced on considerable drops
in the major categories of crimes, while in India the effect has been reversed and
the pandemic has triggered a large increase in certain crimes in this country [4].
However, in both cases, deeper analysis show that there is a shift in the types of
crimes committed, with the pandemic having a large effect on lesser demeanor
and little to no effect on serious crime categories. Another question that is being
risen is how this shift in criminal behaviour influences the forecasting models in
the post-pandemic era? Is the shift going to be a transient behaviour or will it
have a long lasting effect on crime rate?

The focus of this paper is to analyse the impact of the pandemic on the
crime rates in the case study of North Macedonia aiming to compare the pre-
and Covid time periods and find meaningful trends in the changes in criminal
behaviour. For these purposes, using machine learning we have curated a data
set that contains all police reported crime events in the period of 2011-2021
and applied classification and time series analysis and forecasting to extract
and compare the past and current trends in crime rates, emphasizing the most
important changes.

The rest of the paper is structured as follows: in section II we discuss the
crime events data set generated from public police records, in section III we
provide a general analysis of the data set in the pre- and pandemic period, while
in section IV we discuss the impact of the pandemic on crime rates modeling
and forecasting. Section V concludes the paper.

2 North Macedonia crime events data set

The Ministry of Internal Affairs of the Republic of North Macedonia publishes
an e-bulletin that describes the daily criminal events in the country in natural
native language ever since 2011. Using Natural language processing (NLP) on
the information that can be extracted from the e-bulletin [5] an initial crime
events data set 1 is created where events are classified into broad crime cat-
egories, region and geo-location (latitude and longitude). This classification is
done using keyword tagging in combination with analysis of the text preceding
and following the identified keyword groups. There are 6 general crime cate-
gories defined as armed offences, violent crimes, theft and burglary, drug-related
crimes, documents/identification-related crimes and traffic accidents. A seventh
category - other crimes - is a combination of all reported events that do not
fall into these 6 categories including migrants smuggling, fires, cyber bullying,
dog attacks and, lately, pandemic-related offences such as breaking curfew, large
gatherings, not wearing protective masks and similar offences.

1 http://crimemap.finki.ukim.mk/home/en
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The initial data set has been carefully curated by analysing ambiguous records
that do not contain enough information to be automatically classified correctly
in order to clean any erroneous data and significantly increase the quality of the
data set. In addition to the data, exact geo-location, city, crime category, and
detailed description, Information about the municipality has also been added
based on the geographical location in order to obtain a regional view of the
information as it is perceived on the level of the local municipality government.

Fig. 1. Number of crimes per type and year

Based on the curated data set, in Fig. 1 the number of crimes per type and
year is shown for the span of 11 years that are available in the data set. It is fairly
easy to ascertain that in the years of the COVID-19 pandemic, 2020 and 2021,
the crime has seen significant increase in the country almost doubling each year
since 2019. In this paper we aim to analyse this information further in order to
understand if this is the beginning of a serious trend in rising criminal behaviour
and does the pandemic have any direct influence on the recorded events.

3 Crime data analysis

The available historical data on crime events in North Macedonia has been used
as input to classification and time series analysis. While geographically speaking
most of the events are continuously based in the municipalities that make up
the general territory of the capital city that daily hosts over half of the country
population, from the point of view of types or categories of crime, there seems to
be a significant shift in the period before and during the COVID-19 pandemic.
In Fig. 2 the relative change in the cumulative percentage for each identified
crime category is represented and compared to the overall total. Please note
that in this figure the time period before COVID-19 covers 8 years, from 2011
till 2019, while the during COVID-19 period is a 2 year period from 2020 till
2021. It can be seen that the pandemic has had drastic influence on different
crime categories, which is very interesting when compared to the total number
of reported crime events presented in Fig. 1 where crime is spiking during the
pandemic.
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Fig. 2. Change in types of crime before and during the COVID-19 crisis

There is major drop in crimes related to documents, such as forgery of docu-
ments and false identification, (-46%) which is even a more significant drop when
taking into account that part of these events are also pandemic related (i.e. forged
certificates of vaccination). Another significant drop in crime is related to armed
offences and weapons (-51%). The most significant drop is recorded for theft
and burglary (-62%) and these are mostly related to the fact that travel has
been very restricted in the period of the pandemic so opportunities for theft of
homes have decreased significantly and most of the thefts reported are of stores
and individuals on the street. This observed pandemic induced drop seems to be
consistent with reports from other countries such as [7] when it comes to thefts,
but the very opposite when considering armed offences where in [7] the authors
report significant increase in homicides and gun assaults.

On the other hand, in North Macedonia the pandemic has managed to sig-
nificantly increase the drugs related crimes (+51%) which is mostly due to the
large increase in the number of small drug demeanour (possession, use) and small
quantity dealers. Together with the increase in violence related crime (+15%)
and traffic accidents and violations (+21%) it can be concluded that the lock-
down and social separation has had a tremendous impact on the mental health
on people increasing their anxiety and diminishing their tolerance. Again, this
observed changes in trends during the pandemic are only partially consistent
with other reports, where in drug crime rates are showing significant drops,
while violent acts are rising [7].

The crime category that has seen a tremendous rise in the pandemic period
is the ”other” category that shows a relative increase of 23% compared to the
pre-pandemic period. While only 15% of these events are strictly related to
breaking the pandemic rules, the same period marks a high rise in number of
fire events due to the hot, draughty weather. A particularly interesting case are
the increasing events, making 27% of the total other events, that are related
with incidents (biting) related to stray dogs. The sharp increase in these types
of events is due to the change in regulations related to monetary compensations
to the victim payed by the municipality.



Title Suppressed Due to Excessive Length 5

Analysing the correlation between the number of active COVID cases and
crime events occurrences over time it has been concluded that there is no straight-
forward relationship between the two. Notable are the short periods of sharp
decrease in crime during the strict lockdown in the first half of 2020, which
corresponds to reports from other countries such as the UK [8]. However, the
resurgence is not gradual in this case, although frequency is increasing over time,
especially after the short winding down at the end of the first wave in late 2020.

4 Crime forecasting

This paper also analyzes if the pandemic has an impact on prediction whether
a certain type of crime will occur on a certain day and in a certain location,
based on historical data. For this purpose, crime forecasting is considered as a
classification problem in this research and gradient boosted decision trees based
models have been developed. In the feature calculation process, crime categories
are grouped into the following types: violent (which includes violence, weapon
and drugs), property (which includes theft) and other (which includes other, doc-
uments and traffic). The goal of the developed models is to forecast the violent
types of crime, which we have previously shown are affected by the pandemic
to a large extent and where the police should act immediately. Therefore, be-
sides the geographic location (longitude and latitude), the following information
is calculated and used as input features: number of crimes per type (violent,
property, other) in the last 120, 30, 7 days and in the last day. Two models were
developed, one for the pre-pandemic period and one for the pandemic period.

A summary of the results of three cases is presented in Table 1. In the first
two cases, a threshold of 0.38 is set for the fraction of positive labels that we
would like to obtain (which is usefully if, for example, the police can patrol
only 38% of the analysed regions). When comparing the two cases, although the
overall accuracy of the model for the pandemic period is higher, what is more
important is that the recall is reduced. That means that, while the police patrols
the same percentage of regions, in the corona period 90% of the positive cases
will be predicted, while during the pre-pandemic period a higher rate of 94% is
correctly predicted. On the other hand, if we set the recall to the same values
for the pandemic and pre-pandemic models (case number II and III), we can see
that during COVID-19 period the police should patrol an increased number of
regions, i.e. 46%, compared to the 38% in the case II. This result is mainly due
to the increased rate of violent crimes during the pandemic period. What is also
interesting to note, is that 15% of the predicted crimes in the case III will actually
happen (the precision) and only 5% of the positive predicted crimes will happen
in the case II. The forecasting models are also affected by the pandemic period in
terms of feature importance. During the pre-pandemic period, the forecasting of
whether crime will happen is mostly based on the corresponding location, while
for the pandemic period, the most important features are the sum of other types
of crimes in the last 120 days, followed by longitude and the sum of violent types
of crimes in the last 120 days.
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Table 1. Results of the forecasting models for three case studies

5 Conclusion

As a conclusion regarding the ability to predict crime, the results show that
with the same percentage of regions covered by the police, in the corona period
a lower percentage of positive cases can be detected. In addition, due to the
change in crime rates and patterns in the pandemic period, it is important to
mention that there is a difference in the developed models for the pre-corona
and corona period, in terms of the importance of the input characteristics that
affect the accuracy of the predictions.
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