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Introduction

▪ Importance of crime forecasting

▪ Methods used in crime forecasting
▪ Statistical models

▪ Machine learning based models

▪ Regression problem

▪ Time Series forecasting

▪ Classification problem

▪ Scope of the paper: crime analyses and forecasting in North Macedonia



Database

Crime records within 9 years period (2011-2020), 
based on data presented in Crime Map of 
Macedonia 
(http://crimemap.finki.ukim.mk/home/en)

The system reads daily publications from the 
official website of the Ministry of Interior

The system extracts information on:

date, 

the exact location (latitude and 
longitude), 

city, 

crime category and 

description

Additional data verification and cleaning 
process was conducted

Information on municipality was added based 
on the geographical location

http://crimemap.finki.ukim.mk/home/en


Analysis of historical data

Distribution of crimes per year Distribution of crimes per month



Analysis of historical data

Distribution of crimes per 
municipality

Number of crimes/population per 
municipality



Analysis of historical data

▪ Distribution of the crime per category
▪ There are seven categories in the 

analyzed dataset:
▪ Traffic

▪ Theft

▪ Violence

▪ Drugs

▪ Gun

▪ Documents

▪ Other



Geographical location of cluster centers

▪ Cluster centers of reported 
crimes

▪ Using K-means clustering

▪ 83 clusters obtained (based 
on number of 
municipalities)



Feature calculation process

▪ Crime categories are grouped in the following types:
▪ Violent

▪ Property 

▪ Other

▪ Besides longitude and latitude, for each cluster center the following information is 
calculated:

▪ Number of crimes per type (violent, property, other) in the last 120 days

▪ Number of crimes per type (violent, property, other) in the last 30 days

▪ Number of crimes per type (violent, property, other) in the last 7 days

▪ Number of crimes per type (violent, property, other) in the last day

▪ Aggregated historical features created for each cluster center and day



Forecasting model

▪ Goal: predict whether a violent crime will happen on a certain day and certain 
location based on the calculated historical features

▪ Classification problem
▪ model based on gradient boosted decision trees

▪ Train and test sets created (70%/30%)

▪ Selection of threshold
▪ Percent of regions labeled as positive 

▪ Assumption: the police can patrol only 30% of the regions (the calculated threshold in that case is 
calculated to be 0.38)



Results

▪ Confusion matrix of the training data

▪ Confusion matrix of the test data

Negative pred. Positive pred. 

Negatives 16620 4198

Positives 18 329

Negative pred. Positive pred. 

Negatives 6656 2357

Positives 27 173



Results

▪ Classification 
report for 
training data

▪ Classification 
report for test 
data

Precision Recall F1-score Support

0.0 1.00 0.80 0.89 20818

1.0 0.07 0.95 0.14 347

Accuracy 0.80 21165

Macro avg 0.54 0.87 0.51 21165

Weighted avg 0.98 0.80 0.88 21165

Precision Recall F1-score Support

0.0 1.00 0.74 0.85 9013

1.0 0.07 0.86 0.13 200

Accuracy 0.74 9213

Macro avg 0.53 0.80 0.49 9213

Weighted avg 0.98 0.74 0.83 9213



Results 

▪ Feature importance
▪ Most important –

latitude and longitude

▪ Next are the statistics 
for other and violent 
crime for the period of 
120 and 30 days



Conclusion and future work

▪ Data for crime events in N. Macedonia processed and analyzed

▪ Features for forecasting the crimes calculated

▪ Gradient boosted decision trees model developed

▪ The results can prioritize the areas in which the probability of violent crime is the 
highest

▪ Future work:
▪ Make analysis of the historical data based on GDP per municipality (or region)

▪ Include other features such as weather data

▪ Apply different model (including regression models) and compare the results
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