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Abstract

The study is referenced by interdisciplinary theories, i.e., routine activity, and social cohesion, to
investigate the impacts of sport clubs and events on London’s expressive crimes at varied geographical
scales, by utilizing machine learning algorithms and Geographical-temporally weighted regression
model. It has identified the spatial patterns of effects from sport clubs’ onto local expressive crimes
among London wards, with several boroughs standing out for their being significantly affected. The
case study in the home borough of the Hotspur Football Club has further been conducted, by proving
the seasonal influences of sports clubs on reducing youth violence within school terms. It was also
found disproportional increases in expressive crimes on Premium League match days, especially when
receiving the results of draw. The data-driven evidence has generated insights on localized policies
and strategies on developing tailored sports to support local young people’s development; pinpointing
the optimisation of police forces resources on stop and search practices during sports events in hot
spot stadiums. The methodology and workflow had also been proved with high replicability into
other UK cities.

Keywords: expressive crimes; london; sport clubs; sport matches; spatial association

1. Introduction
Sport programs have long been expected to prevent crime [9] and juvenile delinquency [17], by

developing protective factors in youth violence, antisocial behaviors, and psychological well-being [10].
Routine Activity Theory [5] had highlighted the effects of reliable guardianship on crime prevention,
where structured supervision received from sport programs[16] for young children and adults, or a
routine social network maintained through footfall clubs [7] activities, contributed significantly to the
reduction and prevention of youth crimes in urban areas. However, major sporting events, such as
football matches in the Premium League, are instead more related to the increase of violent crimes [2].
The double sided effects of sports on crimes from empirical literature had led to this research impetus
on exploring the real-life date in London, hence to better suggest policing strategies and practices
based on the generated evidence.

2. Background
On 9 April 2025, the Mayor of London announced that the England-first Violence Reduction Unit,

VRU, is investing a further £1 million to provide sports and physical activities to young people at
the highest risk of being affected by violence in London[11]. This initiative, as one of the actions in
response to the deterioration of knife crime and violence problems in England over the past decade
[1], especially the over 21% increase in knife or sharp instrument incidents in London between 2022
and 2023 [14], has been informed of the violence-deterrent effects of regular sports programms in
urban context. College of Policing published a review report in 2023 [6] on the positive influences of
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sports on crime prevention and reduction of reoffending, which showed improved individual attitudes
towards offending and anger control. Community based sport activities such as sport clubs, had
been increasingly recognised as crime reduction and prevention tools. Based on the theory of social
cohesion, team sports can strengthen social bonds through better self-regulation, therefore reducing
potential aggressions [3], and improving aspirational goals for marginalised young people [12]. Sport
clubs can also provide job skills, scholarships, and legitimate economic alternatives to crime.

Major sporting events and large public gatherings (Figure 1) have complex and multifaceted
effects on urban crime; especially with the highlight increases in disorderly conduct, theft, and violence
[15]. The debates centred around the potential volatile environment sparked by heated emotions and
alcohol, as well as the spikes of domestic violence after unexpected loss results [4]; as well as the
potential crime displacement incurred by major events, either spatially or temporally. For example,
the short-term sparks of anti-social behaviors and crimes around football stadiums in England cities
[8]. But the displacement intensity may vary by crime types, for example, the increased property
crimes near stadiums hosting matches at 7% per additional 10,000 supporters left under-protected
[13]. Although decades-long discussions on the diverse two-sided effects of sports on violence and
crimes had been well testified by criminological and sociological research, there is a lack of systematic
validation to map the holistic associations between crime levels, possible reduction effects and sports
infrastructures or sports-related events, in presentation of solid data-driven evidence towards the
policing practioners.

Figure 1. Main sports stadiums and match-day footfalls in London
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These lead to the research to explore influences of sports on expressive crimes (e.g. violence) with
data-driven evidence. To fulfill the aim, following objectives are expected to be achieved, hence to
better prepare the foundation for future real-life applications of predictive policing.

• Objective 1: Map out the regional associations between London’s sport clubs and expressive
crimes.

• Objective 2: Explore crime changes pre- and para- major football events held in selected case
study stadiums both spatially and temporally.

• Objective 3: Investigate the driving mechanism for such changes with case study.

3. Materials and Methods
This study adopted a multistage analytical framework to explore the relationship between sports-

related activities and expressive crime in London, in order to realise research objectives, respectively.
Firstly, local bivariate Moran’s I mapping was adopted to visualise the spatial associations

between expressive crime rates and sports clubs among London wards, in receiving spatial hotspots
where they co-occur at high intensities.

Secondly, a case study on sport events’ influences of expressive crimes had been conducted around
Tottenham Hotspur Stadium, with its nearest rail station Northumberland Park as the observing point.
Sankey diagrams and seasonal trend decomposition using Loess (STL) were deployed, to visually
compare crime patterns between match days and non-match days, so can validate the temporal
association between football events and expressive crime surges. To quantify the causal effect of
match days, a Difference-in-Differences (DiD) regression model was applied across wards within the
H district, as specified below:

Crimeit = α + β(MatchDayt × Treatedi) + γXit + δi + λt + ϵit (1)

where Crimeit denotes the number of expressive crimes in ward i at time t, MatchDayt is a binary
indicator for match days, Treatedi identifies the Northumberland Park rail station as the treated ward,
Xit are covariates, δi and λt are ward and time fixed effects, and ϵit is the error term.

Finally, to further investigate the underlying mechanisms driving spatial-temporal variations
of expressive crimes, a Geographically and Temporally Weighted Regression (GTWR) model was
employed, since its taking into account of both spatial and temporal heterogeneity, capturing the
dynamic and localised effects of mobility changes around the target venue on expressive crime. The
GTWR model can be expressed as:

yi = β0(ui, vi, ti) +
p

∑
k=1

βk(ui, vi, ti)xik + ϵi (2)

where (ui, vi, ti) represent the spatial and temporal coordinates of observation i, βk(ui, vi, ti) are
location- and time-specific coefficients, and xik are explanatory variables. Through this integrative
approach, the study systematically examined both spatial clustering and the temporal dynamics of
expressive and violent crimes, providing a solid basis for understanding the localised impacts of sports
clubs and stadium events.

4. Results
4.1. Sport Clubs & Expressive Crimes in London

The bivariate Moran’s I map was utilized to illustrate spatial relations of expressive crime and
sports clubs (Figure 2), where the red areas were hotspots experiencing high levels of expressive crime
and a denser distribution of sport clubs. These hotspots were mainly concentrated in central London
and the vicinity of major sports stadiums (Figure 1).
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Figure 2. Local Bivariate Moran’s I: Expressive Crime vs Sport Clubs in London

The hotspot clusters in central London encompassed areas in the south of Westminster and Cam-
den Town, while both districts are major tourist destinations and host to a rich variety of community
sports facilities. Apparently, these hotspots were likely to be the result of multiple factors, such as
the home of London landmarks and cultural infrastructure, attractions for high tourists mobility,
and clusters of social gathering places and restaurants. Other hotspots observed in Figure 3 mainly
surround major sports stadiums, for example, the London Stadium (home ground of West Ham United
FC), and Queen Elizabeth Olympic Park, which further extended into neighbouring towns such as
Bow, Homerton and Bethnal Green. Such a pattern indicates a higher exposure of the denser residential
population to the presence of extensive sports facilities, which can pose increased risks of interpersonal
frictions or street-level conflicts.

Another eye-catching hotspot cluster is around the Tottenham Hotspur FC Stadium in North
London. Instead of diffusing into neighbouring towns, this group clearly bordered the areas surround-
ing Tottenham Central in Haringey borough, hence it is featured as an “event-driven space”. It is
assumed that during major sporting events, crowd mobility spikes together with heightened emotional
behaviors, which then are thought to trigger the increases of expressive crimes. In addition, such
crimes were not limited within the event venues, but spread to surrounding areas. Therefore, the
observed cluster in Haringey borough has served as an ideal case study, to examine the impact of
match-day activities onto expressive crimes, especially violence.

4.2. Case Study: Stadium Events & Disproportionate Crime Changes

In light of above exploration, Haringey borough had been selected as a case study to investigate
the potential impacts of football matches on local crimes. The exploratory analysis that compared
types and volumes of recorded crimes between match days and non-match days had been mapped out
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(Figure 3 and Figure 4), taking the home town of Tottenham Hotspur FC Stadium, Northumberland
Park, as the research target area.

Figure 3. Crime Type Distribution on Non-Match Days in Northumberland Park.

Figure 4. Crime Type Distribution on Match Days in Northumberland Park.

The Sankey diagrams in Figures 3 and 4 illustrated crime compositions by type in the town of
Northumberland Park, on non-match days and match days, respectively. In non-match days (Figure 3,
acquisitive and expressive crimes took relatively equal proportions, whilst violent crimes accounted
for the vast majority of expressive crimes, at 29.3% for all crimes, and other expressive crime types
contributed only marginally; it then followed by theft and vehicle crimes from acquisitive crimes,
accounting for 15.1% and 13.8% respectively. In match days (Figure 4), expressive crimes increased
to about 70.3% of all crimes, where the top three types are: drug offences increased dramatically to
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29.3%, followed by violent crime (22.6%) and public order offences (12.4%). In contrast, the pattern of
acquisitive crimes remained comparatively stable regardless of the match days.

The temporal patterns for the impacts of match days had been validated through STL decomposi-
tion, with red dashed lines indicating match days (Figures 5,6,7). The trend for expressive crimes in
Northumberland Park (Figure 5) obviously presented positive outliers on match days, that is, there
was a strong association between match days and the surges of expressive crimes around the stadium.
For example, on 26 February (home match day for Tottenham Hotspur vs Arsenal) and 27 April (home
match day for Tottenham Hotspur vs Manchester United), when the historical rivalry teams are having
matches. In contrast, acquisitive crimes (Figure 6) did not exhibit abnormal changes on the days
of matches, further confirming the pattern observed in Figure 6 that the days of matches did not
significantly affect acquisitive crimes.

Figure 5. STL Decomposition of Expressive Crimes in Northumberland Park (with Match Days).

Figure 6. STL Decomposition of Acquisitive Crimes in Northumberland Park (with Match Days).

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 September 2025 doi:10.20944/preprints202509.0243.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0243.v1
http://creativecommons.org/licenses/by/4.0/


7 of 11

Figure 7. STL Decomposition of Expressive Crimes in Haringey except Northumberland Park (with Match Days).

To better understand the changes of crime in the whole Haringey borough, similar STL composi-
tion had been conducted for other towns in the borough excluding our target town Northumberland
Park. It highlighted (Figure 7) rare significant association between expressive crimes and match days
for other "far-away" towns, instead it kept apparent seasonal trends as non-match days, with the indi-
cation that the influence of football matches on expressive crimes did not spill over into neighbouring
areas beyond Northumberland Park.

To highlight the aforementioned time series observations,a difference-in-differences (DiD) regres-
sion analysis was applied to compare such associations among towns in Haringey borough, with the
results presented in Figure 8. In the bar chart, each bar represents an interaction coefficient between a
specific town and the observational match days. Notably, the coefficient for Northumberland Park
was positive and substantially higher than other areas, hence it is proved to solidate the argument
that match days were driving expressive crimes high dramatically in the vicinity of study area. There
were also several towns far from the target area, Northumberland Park, such as South Tottenham
and Harringay, that exhibited significantly negative interaction coefficients. This indicated potential
crime displacement effects, or alternatively reflected the deterrent impacts of increased police presence
around the stadium on match days with further influences on other areas’ crime reductions.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 September 2025 doi:10.20944/preprints202509.0243.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0243.v1
http://creativecommons.org/licenses/by/4.0/


8 of 11

Figure 8. Effect of Match Day on Expressive Crime (DiD Coefficients per Ward).

4.3. Driving Mechanism

To better address the research objective of investing the driving mechanism of such association
between match days and expressive crime changes, Geographically Temporal Weighted Regression
(GTWR) model was utilisied and received a high R2 value of 0.83.

Figure 9 maps the spatial pattern of the average coefficients, calculated by the GTWR model, for
the intensity of mobility in the underground tube station (tap-in activity, TapIDW) and sports clubs
(Clubs) against expressive crimes among towns.

Figure 9. Spatial Distribution of GTWR Mean Coefficients for Subway Tap-in Activity and Sports Clubs in
Haringey.

The left of Figure 9 captured the relation between tube passengers’ mobility and expressive crimes,
in return with the three towns in the North, Woodside, White Hart Lane, and Bruce Castle, carried
greater influences from mobility increases to the elevated risks of expressive crimes. For example,
the coefficients were highest in Bruce Castle and White Hart Lane areas, which are either close to
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Tottenham Hotspur Stadium or close to the nearest underground stations to the stadium. This finding
proved the hypothesis that, areas surrounding this stadium were highly sensitive to variations in
mobility, so that crowd surges during match events were one of the key drivers of local expressive
crime spikes. The right figure managed to map the relations between local sports clubs and expressive
crimes throughout the observation period. It demonstrated a deterrent effect on expressive crimes
among most towns in Haringey borough, particularly those in the southwest, such as Alexandra Park.

Figure 10 utilised boxplots to compare the temporal dynamics of the GTWR coefficients for both
variables. It could be spotted that the impact of underground passengers’ mobility activity kept
relatively constant impacts on expressive crimes over time (left), whilst sports clubs’ influences varied
by season. The density of sports clubs among Haringey borough’s towns slightly drove expressive
crimes higher in the winter months (November to February), which was assumed owing to the
reduction of fewer outdoor sport activities since the cold weather and Christmas holidays.

Figure 10. Temporal Dynamics of GTWR Coefficients for Subway Tap-in Activity and Sports Clubs.

In Spring (March–May), the influences shifted significantly over time. For example, the crime
deterrent or prevention effects (negative value) were significant in March, thanks to the increases of
organised physical sports activities which were thought to be capable of mitigating conflicts. Longer
school holidays in April have been associated with a resurgence of positive association (right of Figure
10), when a rise in mass gatherings may increase the likelihood of expressive violence incidents. The
associated data returned to negative in May, suggesting that back-to-regular sports club activities can
effectively contribute to the reduction of expressive crimes.

During summer (June–August), sports clubs generally exerted a suppressive effect on expressive
crimes, even during school holidays, through the increased participation of organised outdoor sports
activities, to optimise the unstructured time that might otherwise lead to criminal behaviours. In
fall (September–October), when school term begins, the negative influence of sports clubs became
more pronounced, especially in September exhibiting the strongest suppressive effect. This aligns
with empirical studies on the positive impacts of sports activities on crime prevention through the
resumption of formal education and structural social participation.

5. Discussion
The spatial hotspots of expressive crimes and sports clubs in London were featured by multiple

profiles, such as the home of London landmarks and cultural infrastructure, attractions for high tourists
mobility, and clusters of social gathering places and restaurants, for example, major sports stadiums and
parks. This pattern indicates a higher exposure of the denser population to the presence of extensive
sports facilities, which can pose increased risks of interpersonal friction or street-level conflicts. In
particular, “event-driven space”, such as the region surrounding Tottenham Central in Haringey
borough, is assumed to experience spikes in crowd mobility during major sporting events, together
with increased emotional behaviors that are thought to trigger the increases of expressive crimes.
The temporal analysis through STL decompostion further validated the assumption of match-days
influences on expressive crimes around major stadiums, for example the areas around Totthenhamd
Hotspur stadium in Haringey borough, which could be clearly visualised by DID regression analysis.
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On the other hand, sports clubs had been proved to exert crime deterrent effects in Haringey
borough during school terms including half-term holidays, by applying GTWR model, through
increases of organised physical activities; but the resurgence of expressive crimes during long school
holidays, such as summer holiday and Christmas holiday, suggesting the positive effects of sports
clubs on crime reduction and prevention, through structural social participation alongside with the
regular school education.

6. Conclusions
This study conducted a preliminary examination of the spatial and temporal patterns of expressive

crimes in association with sports clubs and stadium venues in London, with a particular focus on
the case study stadium in Haringey borough. The results revealed that hotspots of higher expressive
crimes and denser sports clubs were predominantly located in central London and around major
stadiums, shaped not only by the availability of sports facilities but also by high population mobility
driven by multi-functioning landuses.

The case study of Northumberland Park town further highlighted the disproportionate rise in
expressive crimes -particularly violent crime - on football match days, with evidence from both time
series decomposition and difference-in-differences analysis, indicating a strong localised impact around
Tottenham Hotspur Stadium. The GTWR model provided information on the underlying dynamic
mechanisms driving expressive crime patterns. Mobility changes measured by underground tap-in
activity demonstrated consistent crime-driving influences over time, whereas the availability of sports
clubs exhibited a seasonal dynamic, from limited driving effects during winter holidays to strong
crime deterrent effects during late spring and fall. Although preliminary results from such predictive
modeling efforts were proved to be effective, given the current complexity of the relationships between
urban crimes and multiple explanatory variables, advances of machine learning and deep learning
models offered a promising approach to capturing crimes’ underlying nonlinear and unstructured
patterns. Future research will aim to develop more precise crime forecasting models combined with
explainable AI techniques, to capture complicated nonlinear interactions between urban crimes and
environmental explanatory factors, but most importantly to enhance the interpretability of advanced
model outputs, and hence to better inform evidence-based crime prevention policing strategies.
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