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Abstract: Safety from crime is a fundamental human need. In Maslow’s hierarchy, safety is one of
the foundational needs of well-being. The built environment should be safe to use at all times of the
day and for all groups of people. After dark, the appearance of the outdoor environment changes
dramatically, and this could impact the opportunities for crime. This study investigated the impact
of daylight on the rates of different types of crime by comparing the crime rates during selected
periods of daylight and darkness. The study used records of crime data from the Metropolitan Police
Service. By studying crimes in the week on either side of the twice-yearly clock change, it is possible
to compare periods that are dark in one week and light in the other at the same clock time. Where the
time at which the crime took place was known, and using the GPS coordinates of the specific crime,
the solar altitude was calculated and used to determine if it was light or dark at the time of the crime.
A similar calculation was used to see if the crime would have been in the dark or light in the week on
the other side of the clock change. The headline result is that there was 4.8% (OR 1.07) more crime in
the dark periods than the light ones. However, this increase was not uniform across all crime types,
and there were some further complications in some results due to potential changes in the behavior
of some victims after dark. For the crimes of theft from a person and robbery of personal property,
there was a significant increase during the dark period. The availability of light had an impact on
the rate of certain crimes. Whilst this does not provide any information about the impact of street
lighting on crime, it does provide some idea of by how much crime could be reduced if better lighting
was provided.
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1. Introduction

Safety from crime is important for well-being and mental and physical health. How-
ever, environmental conditions such as darkness can cause fear of crime [1]. Whether
this fear is founded in reality and supported by real crime data has yet to be conclusively
determined. The importance of safety from crime is reinforced by the United Nations in
their sustainable development goal to provide a peaceful and safe built environment for all
citizens [2]. Features of the physical environment can have an impact on the opportunity
for crime. For example, Jacobs [3] claimed that most new residential projects could cause a
rise in crime and less safe streets and parks by isolating citizens from the streets and local
businesses. In the book “The Death and Life of Great American Cities” she criticizes the
construction of high-density social housing projects and the design of streets for car use in
the USA, which began in the 1950s, forcing people to live in more unsafe and dangerous
places. Jacobs [3] also claims that the presence of other people might increase surveillance
of potential criminals by providing “eyes on the street”. Welsh et al. [4] support Jacob’s
concept of surveillance. For example, they state that removing objects which prevent the
clear sight of the windows of homes and stores enhances surveillance. Clarke, R.V. [5]
explained three ways that surveillance deters offenders. Firstly, formal surveillance in-
cludes security guards and CCTV cameras, which increase the chance that offenders are
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seen. Secondly, place managers who are in the environment due to their duties, not for
security matters, such as bus drivers, city council employees, and parking lot attendants,
might act as deterrents. Lastly, natural surveillance observers are citizens who use the built
environment as part of their daily routines and could also help deter offenders. Newman [6]
claimed that improved street lighting as part of an enhanced built environment is also part
of natural surveillance. Street lighting is important because it enables pedestrians to see
other people after dark.

The problem is that lighting designers need to know how to use lighting design to
contribute to the safety of the environment. However, this is difficult when there is very
little convincing evidence that lighting affects crime. The research presented by this paper
presents evidence that some outdoor crimes are affected by ambient lighting conditions
(whether it is light or dark). This means that light does matter to the incidence of crime
and that the impact of electric lighting conditions on crime should be investigated in future
work. If whether it is light or dark matters to crime, then it is likely that lighting design
could also have an effect. It is also proposed that this be explored for future work.

2. Literature Review

There are many complex reasons that cause someone to commit a crime. These reasons
are multi-faceted, and it is impossible to provide all of them in this paper. This paper
focuses on the possible influence of the built environment. However, factors such as
population density and seasonal or one-off events such as widespread protesting and
looting can also encourage crime. For example, after Mark Duggan was killed by a police
officer in London, riots between 6 and 11 August 2011 caused looting and arson in London,
which later spread across England [7]. Some types of crime may also be related to seasonal
differences. Andresen, M. A., and Malleson, N. [8] examined crime records in Vancouver
(Canada) in 2001 based on seasonal differences. While there are exceptions, the summer
season tended to see a rise in crime across several categories, including all crimes, assault,
theft, theft from vehicles, and theft of vehicles. However, other crimes, such as burglary,
robbery, and sexual assault, did not display a significant seasonal pattern. Another study
by Shiode et al. [9] observed 12 crime types which took place in London between 2013 and
2020. While burglary and thefts from the person peak in winter, especially in November,
non-property crimes such as bicycle theft and antisocial behavior peak in the summer.

The built environment, for example, the morphology of streets, also plays a key role
in mitigating fear of crime. Three main aspects, prospect, escape, and concealment, affect
the fear of crime and people’s perceived safety in the outdoor environment [10,11]. For
example, wide-open streets with escape routes reassure people more than narrow streets
with limited escape routes. Zigzag paths, sharp edges on the turning points, and hedges
on paths in the outdoor environment make it possible for criminals to hide [6] (p. 82).
Boyce and Gutkowski [12] asserted that crime could also be related to the travel time and
accessibility of locations where criminals tend to commit crimes; therefore, street lighting
may not be enough to prevent crimes. For example, criminals might commit a crime in
places that are easy to access, hide, and run away from, regardless of lighting conditions.

Other than the elements outlined above, the role of lighting conditions on crime
and the fear of crime cannot be underestimated. Darkness could cause crime opportu-
nities and encourage criminals to commit crimes. Using the 1992 British Crime Survey,
Mayhew et al. [13] observed that most violent crimes take place in public places between
6:00 pm and midnight. According to the British Standard Institution [14], road lighting
helps in tackling crime and the fear of crime. Combating crime by utilizing street lighting
goes back to the date 16th Century. At the end of the 16th Century, Paris established street
lighting under the control of the police administration. Police administration lighted Paris’s
streets from the end of October to the beginning of April after 6 pm [15]. Upgrading street
lighting is assumed to be a significant environmental factor in tackling crime [16]; however,
convincing evidence is rare. Welsh and Farrington [17] also state that improved lighting
can reduce crime. In past studies, improved lighting was generally defined as illuminating
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an environment that was not lit before or increasing the level of illuminance where it was
already lit. One of the earlier studies by Wright et al. [18] found that replacing light sources
to provide higher illuminance can decrease crime rates in high-level crime streets. The
study examined the crime rates in commercial and residential areas in Missouri and Kansas
Cities between 1970 and 1973, where incandescent lamps (20–23 lumens per watt) were re-
placed with mercury (40–55 lumens per watt) and sodium vapor (100–130 lumens per watt)
lamps. The findings showed that the incidence of violence, such as robbery and assault,
decreased significantly in residential and commercial areas with upgraded street lighting.

Instead of looking at larger areas, such as Wright et al. [18], Painter [19] focused on
a particular location (in Edmonton), outer London. Light sources were changed from
LPS (Low-Pressure Sodium) to HPS (High-Pressure Sodium), which increased the level
of illuminance from 0.6–4.5 lx to 6–25 lx on the selected streets. A survey asked about
people’s experiences of crime and fear of crime on the streets before and after the lighting
was upgraded, with reference to the following outdoor crime types: violence against
people (robbery, physical and sexual offenses, theft), vehicle offenses, and harassment.
On-the-street surveys asking about pedestrians’ direct experiences of street crimes were
conducted immediately before and 6 weeks after the lighting installation. The question
referred to a specific 6-week time period prior to the installation and a 6-week time period
after the installation. They reported that 21 of 207 people had experienced crime before the
lighting installation. This was in the categories of violence against the person (4), vehicle
crime (12), and harassment on the street (5). After the lighting installation, only three crime
incidents were reported: vehicle crime (2) and harassment on the street (1). This suggests
a reduction in crime in the 6 weeks after lighting change. In addition, the installation
seemed to affect perceived safety, as shown in a follow-up after the installation survey of
153 individuals: 62% responded that they felt safer, 3% of participants felt less safe, 4% of
participants said “do not know”, and 31% of participants said there was no change in their
perceived safety. The questionnaire did not ask questions directly related to lighting to
the participants (153 + 207 = 360). This is useful in contributing to avoiding bias related to
socially desirable responses, in which participants could be included to say that lighting
improves safety. The study asked participants’ feelings about going out after dark, and also
whether there were changes in their perception during the 6 weeks. Of the 360 participants
in total, only 105 noticed that the lighting had been changed. Only these 105 participants
who noticed the changes made to lighting were asked more questions about the lighting.
For example, they were asked whether the new lighting was brighter or more attractive.
When the questionnaire asked 105 participants about lighting issues, the participants might
have understood that this study was related to lighting improvement. That may cause
bias and affect participants’ perceptions. In addition, we do not know the effect of the fact
that participants lived in the same or nearby apartment blocks. Painter [19] also used the
Edmonton Police records between January–March 1987 and 1988 in her study. Interestingly,
police records of violence against the person increased post-lighting installation by 77%
compared to the same time period the year before, whereas autocrime for the same period
went down by around 6%. That result might show that reported crime could increase
post-lighting installation because people could see what is happening more clearly and
could, therefore, report it.

However, Nair and Ditton [20] claimed that the impact of improved lighting on crime
prevention might not last in the long term. The upgrading of lighting in Bellgrove and
High Blantyre indicated significant improvement in 3 months; however, this effect was not
evident in interviews conducted over a year later. In addition, not all studies have found
a link between lighting and crime. For example, Welsh and Farrington [17] found that
despite the overall reduction in crime rates by 21% after improved street lighting, there was
an increase in 3 out of 13 studies on crime rates after upgraded street lighting. Painter [21]
observed the impact of upgrading the lighting in three residential high-rise buildings that
are surrounded by smaller residential buildings on the West Park Estate, Ashton Under
Lyne, using surveys and police records. A total of 197 households were interviewed before
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and after the upgrading of the lighting was completed. Of the 197 households, 65% of
the residents who participated were the same people surveyed both before and after the
upgrade. Although both surveys and police records demonstrate an overall decrease in
the level of crime after improving the lighting, in the survey, it was reported that while
the incidents of theft from vehicles increased from 5 to 15 with a 200% rise, and incidents
of public physical assault increased from 9 to 19 by 89% after 12 months post-lighting
installation. However, the study does not include repeated measurements beyond a year.
For example, crime counts might be affected by different seasons, but this is hard to
determine due to the study being confined to winter. Comparing winter and winter either
side of the year is a more efficient approach than comparing autumn and winter in the
same year. Additionally, if the policy for the recording of crimes by police changed during
the year, the results might not be clear. For instance, the number of burglaries was 22 in
1989 before the upgrading of the lighting, and 24 in 1990 after the upgrade. However, the
incident of burglaries in police records dramatically decreased to zero.

Steinbach et al. [22] observed crime records using police data in which four changes
to street lighting were applied in 62 locations provided by city councils between 2010
and 2013. Firstly, the study explored crime records when street lighting was switched
off; secondly, when the lighting was on for part-night only; for example, the lighting was
switched off after midnight. Thirdly, when the street lighting was dimmed, and lastly,
when sodium light sources were replaced with whiter light LED sources. The study found
that switching off (RR 0.11; 95% CI 0.01 to 2.75)and part-night (RR 0.96; 95% CI 0.86 to
1.06) approaches did not affect the crime rates, whereas white light (RR 0.89; 95% CI 0.77 to
1.03) and dimming lighting (RR 0.84; 95% CI 0.70 to 1.02) had a small impact on reducing
risk rates. Additionally, the study found that part-night lighting (RR 1.48; 95% CI 0.99 to
2.21) may increase the risk of robbery, whereas dimming (RR 0.78; 95% CI 0.60 to 1.01)
may decrease the risk of violence. White lighting may decrease the risk of all types of
crimes (robbery, burglary, vehicle, violence, aggregate). However, these results need to
be approached cautiously as local authorities are unlikely to randomly allocate part-night
lighting. The problem is that the grounds for selecting the areas to be switched off or to
undergo lighting changes are unknown. It is possible that low crime rates could have
played an important role in the local authorities’ choices. In addition, the study did not
present the changes in the locations adjacent to the case studies. Therefore, the crime might
have been displaced to the adjacent streets.

Peng et al. [23] also claimed that night-time light brightness can increase criminal arrest
and prosecution rates. They investigated the correlation between the brightness of night-
time lighting and the crime rate in China between 2000 and 2013. By using 1 km × 1 km
grids in 227 cities using the Defense Meteorological Satellite Program (DMSP), 70% of all
crime records, including homicide, robbery, and theft in the China City Statistical Yearbook,
were tested. Other crime types, such as rape and arson, were excluded due to a lack of
information in the dataset. The study found that a 1% increase in brightness resulted in
higher crime rates in bright areas; the crime rates were found to be higher in developed
cities such as Shanghai, Beijing, Foshan, and Guangzhou compared to rural areas. However,
the effect of the rise in crime rates was not significant.

Another approach is to compare crimes in daylight and darkness because ambi-
ent lighting conditions could help us understand whether lighting affects crime rates.
Unwin et al. [24], emphasized the importance of first exploring the effects of large-scale
ambient lighting conditions before honing in on optimum electric lighting conditions as if
the behavior is not affected by the former, then fine-tuning the latter might be a moot point
in terms of its effect on pedestrian flows. Investigating the impact of the change in ambient
lighting conditions can also provide a wide perspective on the impact of lighting on crime.
If ambient light does not make a difference, variations in electric lighting conditions are
less likely to matter as they are more subtle than the change from daylight to dark.

Examining crime reports using ambient lighting conditions over many years of clock
changes helps reduce the effects of public bias caused by media, which can have more of
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an influence in the short term before and after lighting installation studies. For example,
the news in South Yorkshire Times [25], “Kids Make Town A ‘Living Hell’” in the local
newspapers, negatively affected Raynham and Mansfield’s [26] study, as the headline
appeared after a lighting upgrade and was likely to have affected the survey results. Two
sites had 35 street lights replaced and 80 new luminaires installed. Over 3500 visitors
were interviewed before and after re-lighting. Two types of surveys targeted at local
businesses and pedestrians in Swinton were carried out before and after re-lighting part of
the town center. After the re-lighting installation, although there was a slight increase in
the town center’s night visits, visitors responded that lighting alone is not enough to make
streets attractive at night. They still did not feel safe because of young people, graffiti, and
vandalism. Additionally, local businesses responded that there was no significant change
in their perceived safety and business performance. Moreover, business owners reported
that the street lighting improvements actually worsened youth nuisance by encouraging
larger gangs to gather.

Ambient lighting (light/dark) depends on the time of the day. Most previous studies,
such as Sullivan et al. [27], Uttley and Fotios [28], and Ferguson et al. [29], did not correctly
define light, dark, or twilight conditions when they calculated daylight availability using
this approach. This uncertainty might cause some miscalculations and a lack of robust
analysis. For example, the twilight period was counted as dark in Fergusen et al.’s [29] work
on motor vehicle crashes; however, during this period, there was a significant probability
that illuminance was anywhere in the range of 10–140 lux. Muneer T. and Kambezidis
H. [30] described twilight using three different levels of solar altitude. When the sun’s
altitude was between 0◦ and −6◦, −6◦ and −12◦, and −12◦ and −18◦, it was defined as
civil twilight, nautical twilight, and astronomical twilight, respectively. Raynham et al. [31]
developed a method which categorized daylight to be when the sun has an altitude of
greater than 0◦ and darkness when solar altitude is less than −6◦ in their study on traffic
collisions. This approach removed the uncertainty associated with twilight. The method
was also later applied by Fotios and Robbins, C. [32], and Fotios et al. [33] in road collision
and crime studies.

Using the spring and autumn clock changes can provide a reliable approach to un-
derstanding the impact of lighting on crime because a given time may be light one week
and dark in the other and can, therefore, be compared. Some studies use this method, for
example, Sullivan et al. [27], Unwin et al. [24], Umbach et al. [34], Raynham et al. [31],
and Tealde, E. [35]. Umbach et al. [34] investigated the effect of the mild, short-term sleep
loss/gain due to Daylight Saving time on assault rates in Chicago, New York, Philadelphia,
and Los Angeles between 2001 and 2014. According to a study, there was a 2.9% decrease
in assaults right after Daylight Saving Time (DST) began in spring, when we lost an hour
of sleep, compared to a week later. On the other hand, there was an increase of 2.8% in
assaults immediately following the return to standard time in autumn, when an hour was
gained, compared to a week later. The study showed that mild and short-term changes in
sleep can significantly reduce/increase the rates of assault. The study implies that mild
sleepiness, which is possibly associated with an hour’s loss of sleep, could result in reduced
assaults. Between 2004 and 2014, Tealde, E. [35] conducted a study in Montevideo, Uruguay
that analyzed geolocated data on crime and public lighting. The study found that DST
(Daylight Saving Time) resulted in a significant decrease of 17% in robberies. The decrease
was even larger during sunset hours, up to 23%.

However, even research using specific time windows can have problems. For example,
Fotios et al. [33] used the clock change method to analyze reports of crime in the U.S. from
2010 and 2019. This study found a significant rise in robbery in the dark. According to the
findings, it appears that when it is dark, incidents of arson and loitering during curfew
tend to rise, while cases of disorderly conduct, non-violent family offenses, and prostitution
tend to decrease. The problem was that as the database used the Crime Open Database [36],
which only contains dates and times that crimes were reported, rather than when they
occurred, it was not possible to determine with certainty whether the crime took place in
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light or dark. This is because many crimes are only discovered sometime after the crime
took place. Thus, it is not possible to determine if the crime took place in light or dark.
In addition, all crimes cannot be limited to one specific time. For example, prostitution
does not take place at a single set time. Therefore, the database might cause inaccuracy in
the findings.

In summary, there are limited studies about the impact of ambient lighting conditions
on crime counts, and the studies which do exist fail to measure daylight availability
accurately and are unclear about the exact time window in which crime took place. In
order to answer the main question, “Do ambient lighting conditions (daylight or darkness)
affect crime occurrence?” this paper uses a precise calculation of the solar altitude at the
time the crime took place and only uses crimes where the time was known to have taken
place within a window of 5 mins or less.

The aim of the study is to examine whether there is a relationship between ambient
lighting outdoors and crimes where the time is known to within 5 min. As our paper
discusses, most of the approaches used before have limitations. Our research aims to find
different approaches to the lighting design of external urban environments that could
matter, could reduce crime, and would be worth exploring further.

To address this aim, we define four hypotheses:

1. There are seasonal differences in the effects of light and dark on crime. In autumn, we
would expect a bigger difference compared to spring due to the onset of darkness.

2. Crime rates vary within the day (24 h period).
3. If light has an impact on crime, then crime at night/dark should be different from

crime during the day/light.
4. Light and dark impact crime types differently. For example, outdoor crimes such as

robbery and theft increase after dark, whereas other crime types do not.

This paper uses data from Metropolitan Police Services (MPS), which provides a time
window in which each crime took place. By using this data, the study applied the precise
clock change calculation method to assess changes in crime between light and dark.

3. Methodology

The study uses a quantitative method by using the Metropolitan Police Service (MPS)
dataset of 4,790,048 crime reports that have taken place in London between 1 January 2013
and 31 August 2019. All analyses were done securely in the Jill Dando Institute Research
Lab (JDIRL), which cooperates with MPS. The MPS dataset in the JDIRL [37] includes the
following details (Table 1).

Table 1. Dictionary of MPS data.

Crime ID A Unique Identifier for each Crime Record

Time Crime Recorded The date and time the crime was verified as an actual crime.

Time Crime Reported The date and time when the crime was first reported (usually by a
member of the public) to the police.

Time Committed From The earliest date and time at which the crime could have happened.

Time Committed To The latest date and time at which the crime could have happened.

Location
An approximate description of where the crime happened. Of the
form “On or near X Road”. It is believed to be in the order of
approximately 20–40 m.

Easting Coordinate Ordinance Survey Map- British National Grid coordinate for the
crime location.
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Table 1. Cont.

Crime ID A Unique Identifier for each Crime Record

Northing Coordinate Ordinance Survey Map—British National Grid coordinates for the
crime location.

Major Crime Major crime classification as per the MPS rules. (Metropolitan
Office, 2022).

Minor Crime Minor crime classification as per the MPS rules. (Metropolitan
Office, 2022).

The study includes 55 crime types. The major crime types in the MPS dataset are
described in Table 2, according to the Metropolitan Police Office [38].

Table 2. Definition of crimes according to MPS.

Burglary Burglary is an attempt or theft in a building where access
is not allowed. It also includes damaging property.

Arson and criminal damage Arson and criminal damage involve damaging a premises
on purpose.

Drug offenses Drug offenses consist of an attempt to sell illegal drugs,
consumption, and possession of a drug.

Miscellaneous crimes
against society

Miscellaneous crimes against society include all crimes
against society without having a direct victim.

Possession of weapons Possession of weapons is carrying knives and any other
weapons that are illegal.

Robbery Robbery is the theft of business or personal property by
forcing or threatening someone.

Theft Theft is stealing someone’s property without the use
of force.

Violence against the person Violence against the person consists of harming the body,
murder, harassment, and assault.

Vehicle offenses Vehicle offenses include breaking traffic rules and leaving
or parking a car inappropriately.

Sexual offenses Sexual offenses involve sexual harassment and sexual
interaction with an underage victim.

Public order offense
Public order offenses are defined as a crime which
prevents individuals or groups of people’s activities in
public places.

Due to the massive amount of data and complexity of the data, this research used
automated data analysis, using Python and Excel tools, and then presented the results. To
reach the most reliable results in the analysis, the time accuracy of data plays a key role.
Therefore, before beginning the analysis, the study cleaned up the potential errors with
regard to time. 61,757 of 4,790,048 crime records were removed from the analysis where the
date information contained anomalies or was void. Examples of anomalies are the crime
being reported before it occurred, mistakes in data entry such as the boundaries of the
time window being the wrong way around, and some crimes not being recorded fully. For
example, if there was no “time committed from” data, the record was deleted from the
analysis. To summarize, the below instructions were used:

Time Crime Recorded ≥ Time Crime Reported

If Time Committed To not void, then

Time Committed To ≥ Time Committed From
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Else

Time Crime Reported ≥ Time Committed From
Also, Time Committed From + 365 days ≥ Time Crime Recorded.
The method of the study is described in the flow chart below, which shows the process

step by step (Figure 1).
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Figure 1. Flow chart of the study. Missing data refers to the lack of or incorrect information in the
dataset. For example, the time committed column was empty or the type of crime was written in the
time column. GPS coordinates refer to the British National Grid reference numbers.

Knowing the precise time that the crime happened is essential for accurate filtering
of the data. Crimes which could have taken place in longer time periods are not useful
for analysis. For example, a victim can be aware of a burglary after waking up or coming
home from work, which does not provide accurate information about the time the crime
occurred. For most crimes, the exact time is not known; the MPS dataset provides a window
between “Time committed from” and “Time committed to” during which the crime is likely
to have occurred. As this study depends on knowing if it was light or dark at the time
the crime took place, only crimes where the time is known within 5 min were included.
A total of 4,728,291 crimes were analyzed. To calculate solar altitude, a precise time is
required. Therefore, following filtering the data by the 5 min window criteria, 2,145,398
of 4,728,921 crimes were used, which corresponds to 45.4% of the dataset. The median
time of “Time Committed From” and “Time Committed To” was taken into consideration
while calculating the solar position. The observing clock change time method was adopted
as Unwin et al. [24] did. Therefore, the first step of the study is to define the interest of
periods, which are four time periods, the week before and after spring and autumn clock
changes (Table 3).

Table 3. Spring and autumn clock changes within the weeks and years of interest.

One Week before Spring
Clock Change One Week after Spring Clock Change One Week before Autumn

Clock Change
One Week after Autumn

Clock Change

Start End Start End Start End Start End

24 March 2013 30 March 2013 31 March 2013 6 April 2013 20 October 2013 26 October 2013 27 October 2013 2 November 2013
23 March 2014 29 March 2014 30 March 2014 5 April 2014 19 October 2014 25 October 2014 26 October 2014 1 November 2014
22 March 2015 28 March 2015 29 March 2015 4 April 2015 18 October 2015 24 October 2015 25 October 2015 31 October 2015
20 March 2016 26 March 2016 27 March 2016 2 April 2016 23 October 2016 29 October 2016 30 October 2016 5 November 2016
19 March 2017 25 March 2017 26 March 2017 1 April 2017 22 October 2017 28 October 2017 29 October 2017 4 November 2017
18 March 2018 24 March 2018 25 March 2018 31 March 2018 21 October 2018 27 October 2018 28 October 2018 3 November 2018
24 March 2019 30 March 2019 31 March 2019 6 April 2019
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The second step was to assign eight periods to these weeks when there was a change
between light and dark for the same time (Table 4). The process enabled us to compare the
crime rates based on seasons, days and time slots in a day, and the solar position of crime
based on time and location.

Table 4. Assign codes for interested weeks.

Code Season Time of Day Week Light Condition

SMB

Spring
Morning Before Light

SMA After Dark

SEB Evening Before Dark
SEA After Light

AMB

Autumn

Morning Before Dark
AMA After Light

AEB Evening Before Light
AEA After Dark

After filtering the data according to the time accuracy of the record (crime time known to
within 5 min), the study compared crime rates in daylight and darkness. Raynham et al. [31]
stated that solar altitude would provide an accurate and innovative method for understanding
daylight availability. The solar altitude of crimes in the MPS dataset was calculated using
the National Atmospheric Administration (NOAA) [39] method and Astral Anaconda and
Geopanda Python Library [40]. The MPS dataset provides the location of each crime with an
Easting and Northing coordinate used by the U.K. Ordinance Survey Mapping (British Na-
tional Grid Reference). This was then converted into latitude and longitude for the calculation
of solar altitude.

The twilight period can cause ambiguity in classifying dark and light conditions
because the twilight period is variable, and it can still be daylight during this period.
Illuminance over the twilight period was explored using a dataset consisting of over
1,600,000 records of illuminance made at 5 min intervals over 2 years in eight locations
across the UK in previous research. All illuminance records were binned according to
solar altitude. Analysis of illuminance percentiles revealed an illuminance of 10 lux at the
99th percentile at a solar altitude of −6 degrees and an illuminance of 50 lux at the first
percentile at 0 degrees. This means that we can say with some certainty that it is dark at
−6 degrees and light at 0 degrees. Local authorities tend to pick 30 lux as the threshold at
which to turn street lighting on, so 50 lux is a safe estimate for conditions deemed daylit
enough for street lighting not to be required. At −5 degrees, the 99th percentile value
was 40 lux, and at 1 degree the first percentile value was 80 lux; these illuminance values
do not provide enough certainty of darkness and daylight, which is why solar altitudes
of −6 degrees and 0 degrees were used to define darkness and daylight [31]. Therefore,
this study removed crimes which took place between −6 degrees and 0 degrees, which
amounted to 7592 crimes in the weeks of interest. Crimes in the twilight period were
added back into the dataset when the study reported crimes by the hour. Figure 2 gives an
example (spring 2018) of the effect of the clock change, in this case from GMT (Greenwich
Mean Time) to BST (British Summer Time), on daylight availability.

The test period refers to the time window that is dark before the clock change and
light after the clock change or vice versa the following week. It is possible that the change
in the number of crimes during the week of daylight saving time was not solely due to the
change in daylight. Therefore, “control” periods were used so that differences between
them could also be compared, as there are other factors which could affect behavior, such
as changes in weather, school holidays, and events (such as Easter). The number of crimes
was tallied for each control period to ensure that other major factors were not influencing
the results during the clock change periods.
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Lastly, to assess findings in terms of the risk of crimes in darkness, the dark/light ratio
of crime in the test period and control period were compared. The odds ratio calculation
that Johansson et al. [41] used in their traffic casualties paper was used, and the following
formula (Equation (1)) was applied to overall crime and the breakdown of crime types:

OR =
Crimes in test period in dark (A)/Crimes in the test period in daylight (B)

Crimes in control period when test period is dark (C)/Crimes in control period when test period is daylight (D)
(1)

When an odds ratio is greater than 1, it demonstrates higher odds of more crimes
occurring in the dark; an odds ratio of less than 1 indicates lower odds of crime in the
dark. The p value of each finding was calculated using the Chi-Square test. 95% confidence
intervals (CI) related to the odds ratio of the findings were calculated using the following
steps of Fleiss et al. [42] and Shadish et al. [43]. A, B, C, and D are the estimates of risk that
are given inversely proportional to their variance in the calculation of the estimates of risk
based on the odds ratio. Equation (2) provides the logarithm of the odds ratio.

υi =
1
A

+
1
B
+

1
C
+

1
D

(2)

wi represents the statistical weight of each estimate, incorporating both the fixed-effects
and random effects models. Equation (3).

wi =
1
υi

(3)

To find the statistically weighted mean (ȳ), the potential outcomes of different scenarios
in generalized estimating (g) were calculated with Equation (4).

ȳ = exp

(
∑

g
i=1 wiyi

∑
g
i=1 wi

)
(4)

95% CI of the weighted mean was calculated, according to Equation (5).

95% confidence interval = exp


(

∑
g
i=1 wiyi/∑

g
i=1 wi

)
± 1.96 × 1√

∑
g
i=1 wi

 (5)

4. Results

Each crime location was recorded using GPS coordinates from the Ordnance Survey
National Grid, also known as the British National Grid reference system. Figure 3 demon-
strates the overall distribution and density of all reported crimes, bi-yearly, in London
between 2013 and 2019.
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After calculating the solar position, some crimes were removed because there were not
enough of them for ambient lighting conditions to be shown convincingly to have an effect.
Therefore, crimes with less than 20,000 records were excluded, and 20 crime types were
reported. Table 5 shows the number of crimes with their definitions and the percentages of
the total dataset reported to within the 5 min crime window that occurred in the controlled
time periods in which the crimes occurred in the dark one week before the clock change
and in the light one week after the clock change or vice versa. The results demonstrated a
4.82% (OR 1.07) rise in overall crime rates in the dark.

Table 5. The most common crimes listed with all others lumped together and the number of cases
that occurred each week of interest from 2013 to 2019.

Crime Definition Number of Crimes Results

Major Crime Category Minor Crime Types Total Crimes
Crime

Known to
5 min

Percentage Light Dark
Light to

Dark
Change

Odds
Ratio

Arson and Criminal
Damage Criminal damage 354,720 143,738 40.5% 161 183 14% 1.07

Burglary Burglary—business
and community 154,228 38,312 24.8% 27 52 93%

Burglary Burglary—residential 324,535 71,054 21.9% 66 105 59% 1.59
Drug offenses Drug trafficking 20,166 14,039 69.6% 21 21 0%
Drug offenses Possession of drugs 236,981 194,826 82.2% 262 217 −17% 0.80

Public order offenses Other offenses against
the state 36,579 22,420 61.3% 24 24 0%

Public order offenses Public fear alarm
or distress 165,928 99,080 59.7% 127 124 −2%

Public order offenses Racially or religiously
aggravated public fear 46,983 27,567 58.7% 35 38 9%

Robbery Robbery of
personal property 149,981 89,897 59.9% 117 138 18% 1.29

Sexual offenses Other sexual offenses 52,057 23,869 45.9% 25 31 24%
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Table 5. Cont.

Crime Definition Number of Crimes Results

Major Crime Category Minor Crime Types Total Crimes
Crime

Known to
5 min

Percentage Light Dark
Light to

Dark
Change

Odds
Ratio

Sexual offenses Rape 22,352 6249 28.0% 7 4 −43%
Theft Bicycle theft 119,843 23,222 19.4% 44 39 −11%
Theft Other theft 707,220 299,821 42.4% 378 394 4%
Theft Shoplifting 275,729 192,439 69.8% 308 310 1%
Theft Theft from person 254,391 114,593 45.0% 142 180 27% 1.27

Vehicle offenses Interfering with a
motor vehicle 70,627 21,227 30.1% 17 25 47%

Vehicle offenses Theft from a
motor vehicle 369,387 64,299 17.4% 70 60 −14%

Vehicle offenses Theft or taking of a
motor vehicle 160,825 32,490 20.2% 28 46 64% 1.38

Violence against
the person Violence with injury 433,632 244,117 56.3% 284 284 0%

Violence against
the person Violence without injury 640,149 337,734 52.8% 402 409 2%

Other Other 131,978 84,405 64.0% 109 98 −10%

Total 4,728,291 2,145,398 45.4% 2654 2782 4.8% 1.07

The findings show that there is an overall increase in total of 4.8% (OR 1.07). Table 6
demonstrates the crime types for which the change from light to dark (or vice versa) had
the most effect. Vehicle offenses (theft or taking of a motor vehicle) and burglary-residential
increased dramatically by 64% (OR 1.38) and 59% (1.59), while theft from a person, robbery,
and arson, and criminal damage increased by 27% (OR 1.27), 18% (OR 1.29), and 14%(1.07),
respectively. In contrast, possession of drugs decreased by 17% (0R 0.80).

Table 6. Breakdown of highlighted crime types listed in Table 6 with the number of cases, odds ratio,
95% CI and p-values that occurred in each week of interest from 2013 to 2019.

Number of Crimes Analysis

Crime Types Classification Light Dark Odds Ratio 95% CI p Value

Criminal damage Test 158 177
1.07 0.84–1.35 0.229Control 776 816

Burglary-residential Test 60 95
1.59 1.11–2.26 0.001Control 374 372

Possession of drugs Test 254 204
0.80 0.65–0.98 0.010Control 1100 1106

Robbery of personal property Test 111 134
1.29 0.95–1.70 0.066Control 554 519

Theft from person Test 140 176
1.27 0.98–1.61 0.025Control 699 698

Theft or taking of a motor vehicle Test 26 40
1.38 0.80–2.37 0.058Control 150 167

Total
Test 2525 2645

1.07 1.01–1.14 0.059Control 11,265 11,009

Table 7 shows the time of controlled periods for the evening with the results. The
morning period was not analyzed because crime in the morning was much less common
than crime in the afternoon; see Figure 4.



ISPRS Int. J. Geo-Inf. 2024, 13, 182 13 of 17

Table 7. Times of the control periods for the evening lighting conditions in spring and autumn.

Code Condition
Time Before After

Percentage Change
Start Time End Time Number of Crimes

SED Spring Evening Dark 20:30 21:30 2288 2495 8%
SEL Spring Evening Light 17:00 18:00 3008 3253 8%
AED Autumn Evening Dark 18:30 19:30 2557 2834 10%
AEL Autumn Evening Light 15:30 16:30 2960 2879 −3%
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Figure 4. Total crime rates by each hour during the day.

The study also reports the distribution of crime rates in London by each hour through-
out the day. Figure 4 presents 158,933 recorded crimes where the time of the crime was
known to 5 min or less, within 1 week before and after autumn and spring clock changes
for all years. Figure 4, therefore, only represents 45.4% of crimes reported in the week of
interest. All types of crimes mentioned above are included in Figure 4. Number 1 shows
the crime counts between midnight and 1 am. The results demonstrate that crime is lowest
around 6 am, whereas crime rates increase significantly in the afternoon, and incidents of
crime peak between 3 pm and 5 pm. A total of 30.65% of crime occurs in the morning, and
69.35% of crime occurs in the afternoon.

5. Discussion

GPS coordinates enable us to assess the crime distribution over the years. Figure 3
demonstrates crime rates were more widespread in central London than in outer London in
the time period analyzed for this research. The study explored crime rates during periods
in the weeks on either side of the spring and autumn clock changes where in one week at a
given time, it was dark, and in the other week, it was light. The aim was to understand the
impact of lighting on crime. However, this is a complex topic. There are limited past studies
to which to compare the results, and it is difficult to provide predictions. For example,
Tompson et al. [44] found that vehicle crimes after dark occur more where street lighting
exists compared to non-lit environments; however, there is the potential for displacement
of crime to adjacent streets.
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In the study of Fotios et al. [33], the precise time the crime occurred is not clear. Other
studies focus on crime patterns within a year instead of over the longer term [19,20]. Crime
rates also might depend on other features of the built environment, such as surveillance
and street morphology and criminals’ purposes [6].

Nevertheless, ambient lighting conditions play a role in some crimes. The studies
described previously by Doleac et al. [45], Tealde, E. [35], and Fotios et al. [33] investi-
gated the relationship between Daylight Saving Time and crime and found that outdoor
crimes such as robbery and violent attacks tend to increase due to darkness. Additionally,
Doleac et al. [45] found an impact of DST on the economy, estimating that the extension of
Daylight Saving in the United States in 2007 resulted in an annual cost savings to society of
$59 million due to the prevention of robberies.

This study also supports these studies because we found that the fall of darkness
(as opposed to daylight conditions) affects some crime types by using the DST approach.
Overall, the increase in the risk of crime associated with darkness is fairly significant (5%
OR 1.07). When broken down by crime type, there was a rise in theft from the person,
robbery, arson and criminal damage, burglary, and vehicle offenses in the dark. Theft
from a person (OR 1.27), robbery of personal property (OR 1.29), arson and criminal
damage (OR 1.07), burglary (OR 1.59), and theft or taking of a motor vehicle (OR 1.38),
increased after dark, while drug offenses decreased after dark. This supports the third
and fourth hypotheses that “If light has an impact on crime, then crime at night/dark
should be different from crime during the day/light” and “Light and dark impact crime
types differently. For example, outdoor crimes such as robbery and theft increase after
dark, whereas other crime types do not.” When looking at drug-related (OR 0.80) crimes,
there is a question about the way this type of crime is reported because the victim and the
perpetrator of the crime are usually the same person. If someone has possession of drugs,
they do not want to report to the police that a crime has taken place. Thus, it is suspected
that the crime is normally reported when the police find the person with drugs. A total of
82% of possession of drugs crimes are known to be reported within 5 min of taking place
(Table 5). This may explain the fall in the reported drug crimes after dark, as poor lighting
may make it harder to find offenders.

Burglary (p-value = 0.001) and theft from the person (p-value = 0.025) show statistically
significant findings (p < 0.05). Although the p-values of the rest of the crime types are
greater than 0.05, theft or taking of a motor vehicle (p-value = 0.051), robbery of personal
property (p-value = 0.066), and overall crime (p-value = 0.059) are close to 0.05, which
could be described as approaching significance. Additionally, the odds ratio enables a
more accurate calculation of the potential risk by considering the broader perspective by
including confounding variables and creating a control period [41].

Additionally, only 22% of burglary and 17% of vehicle offenses have times known
within a 5 min window, which is too low to make a convincing statement. This is because a
small change in victim behavior, such as coming home soon after dark, could have a large
influence on the number of crimes reported. The number of incidents (Table 5) of other
crimes is too low to make any reliable claims. For example, the numbers for burglary—
business and community are 27 and 52 (light, dark test period), other sexual offenses are 25
and 31, and rape are 7 and 4.

The study can convincingly report that the crimes of robbery of personal property and
theft from the person seem to be typically street crimes, and the increase after dark shows a
possible link with darkness, which requires further investigation. Although overall crime
rates in Figure 4 in daylight are higher than after dark, crime is much more widespread in
the afternoon than in the morning. It could be related to the population of the people; for
example, students and adults go out to study or work. In addition, there is an increase in
crime in the afternoon (PM) compared with the morning in daylight (am). Figure 4 supports
the second hypothesis that “Crime rates vary within the day (24 h period).” The study helps
understand whether there is a link between the occurrence of crime and external lighting
conditions. The counts of all crimes increased by around 5% (OR 1.07) in the relevant
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daily windows using the comparison between the adjacent weeks’ equivalent light-dark
pairing. Table 7 shows that even though there is no significant difference between spring
and autumn crime counts in the dark before and after the clock change (SED and AED), in
the light periods (SEL and AEL), there is a difference. This finding affirms the hypothesis 1
that “There are seasonal differences in the effects of light and dark on crime. In autumn,
we would expect a bigger difference compared to spring due to the onset of darkness”.
Exploration of the breakdown of each crime type, such as robbery, theft, and burglary, in
spring and autumn, requires further investigation.

There were two main limitations of the study. Firstly, the Crime Lab from which
the data were extracted has stringent rules. Research in crime requires vetting processes
for individuals, and the crime data are preserved in a high-security room. For example,
accessing data and the Lab took around 3 months due to our security vetting process.
There was no internet access, and no technological devices such as laptops, mobile phones,
and smartwatches were allowed in the Lab to protect the data. There were limited tools
and libraries that we could use. Uploading some libraries in Python had to be done by
the administrative team. Secondly, some crime data were incomplete or duplicated. For
example, there were two different files for the same crime incident in 2013. While one had
600,000 records, the other had 580,000 records. We had to clean the data by comparing,
matching, and interpreting each file before we began the analysis.

6. Conclusions

Analysis of total crime, using GPS coordinates to show crime distribution across
greater London, demonstrated that crime did not considerably change within the year
or over the years available in this dataset. However, using a reliable method, this study
demonstrated that ambient light conditions impacted some crimes, in particular outdoor
crimes. Robbery and theft from a person were affected by lighting conditions and increased
if it was dark. This finding shows that lighting affects the behavior of criminals in the
built environment, which could also contribute to the fear of becoming victimized after
dark for citizens. This has wider implications for lighting design which could be used as a
tool in combating crime because a better-designed lit environment could also lead to less
crime. There is now a valid reason to investigate the impact of location-specific geographic
features further.

The driving problem is that lighting designers need to know how to use lighting
design to contribute to the safety of the environment. However, until now, there has been
very little convincing evidence that lighting affects crime. Our research provides important
evidence that lighting conditions impact some outdoor crimes. This finding means that
different approaches to the lighting design of external urban environments matter, could
reduce crime, and that the effect of local lighting conditions should be explored further.
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