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1 Introduction

Surveillance cameras have become a common method to combat crime. Only in the UK,
an estimated four million cameras have been installed (The Associated Press 2007).
However, there is a major concern regarding their intrusion upon privacy. To motivate
the use of surveillance cameras, it is therefore important to first carefully study the
extent to which cameras deter crime.

This paper studies the introduction of surveillance cameras in the Stockholm sub-
way. In the period 2006 to 2008 cameras were installed in 84 subway stations in Stock-
holm. I find that in the stations in the city (high-crime station) surveillance cameras
reduced the overall crime rate by approximately 20 percent. Such a station experienced
approximately 12 crimes per month before the introduction of cameras. The reduction
therefore amounts to approximately two fewer crimes per station and month. As may
be expected, I find that planned crime, such as pick pocketing, drug-related crime and
robbery were reduced to a large extent (20 to 40 percent). Crimes committed in the
heat of the moment, such as assaults, were not affected by the cameras.

The analysis also shows that cameras did not deter crime outside the city. There
are at least two reasons for why the cameras work so efficiently in the stations in
the city but not outside the city. Employees of the company running the subways
take phone calls from the public and can use the cameras in real time to command
police officers and guards to the crime scenes. According to the police, these guards
reach the large stations in the city much faster compared to the stations outside the
city. Criminals should therefore fear the cameras in the city more. Moreover, it is
plausible that organized pick pocketing gangs and drug dealers prey in stations in the
city where there are many victims. These criminals, who may well be professionals,
can be expected to be particularly sensitive to the use of surveillance cameras.

I also have access to data on crime just outside the subway stations. The results
indicate that a displacement effect from inside the stations where cameras are used to
outside the stations where they are not used may be at work.

I am not aware of any previous work on surveillance cameras and crime in the



economics literature. But the paper is closely related to a recent literature, which ad-
dresses the causal relationship between policing and crime. Levitt (1997) uses gubernal
elections as an instrument for policing and finds that policing tends to reduce crime.!
Using natural experiments, Di Tella and Schargrodsky (2004) and Klick and Tabarrok
(2005)? show that policing tends to reduce in particular auto theft, and Poutvaara and
Priks (2009) show the police intelligence units reduce hooligan violence.

There exists a relatively large criminology literature and a number of British gov-
ernment reports that study how surveillance cameras affect street crime, burglary and
auto theft (see Welsh and Farrington 2002 and 2008 for detailed reviews). However,
this literature typically suffers either from the fact that the installation of surveillance

3 or that several types of policing were

cameras was endogenous to previous crime
adopted at the same time, or both. In this paper, I use placebo treatments in the
months before the cameras were installed and find no evidence of an increase or a re-
duction in crime prior to the installation of cameras. In addition, the introduction of
surveillance cameras was the only policy intervention that took place during the time
span studied.

Criminals roaming in subways in other countries than in Sweden are probably af-
fected in similar ways by the presence of surveillance cameras. The results may there-
fore indicate how effective cameras are in other countries as well.

The outline is the following. Section 2 describes the data and the empirical strategy.

The results are shown in Section 3. Section 4 analyses displacement effects and Section

5 provides a discussion.

'However, McCrary (2002) shows that after adjusting for a computational error (see also Levitt’s
reply, 2002) the results are not statistically significant.

?Klick and Tabarrok (2005) make use of the fact that elevated terror-alert levels in Washington
led to a number of precautions made by the government, in particular an approximately 50-percent
increase in street police, but also to an activation of the closed-circuit camera system that covers
sensitive areas of their treatment group, the national mall. The isolated effect of the cameras can
however not be analyzed.

3For example, if surveillance cameras are installed due to an increased level of crime, then individ-
uals potentially subjects to crime may change their behavior due to the elevated crime level rather
than to the cameras.



2 Data

The dates of installation of the cameras are obtained from Storstockholms Lokaltrafik
(SL). SL is owned by the Stockholm county council. It operates parts of the public
transport system in the Stockholm County and is responsible for selling the rights
for private firms to operate other parts of the system (such as the subway system).
Beginning in the end of 2006 and during 2007 and 2008, SL installed surveillance
cameras in the subway stations. According to the employees in charge of this operation,
the introduction of cameras was not followed by any particular increase in the level of
crime. It was instead introduced to increase the feeling of safety for the travellers. I use
data from January 2005 to September 2008. In this period, surveillance cameras were
installed in 84 stations. According to Swedish law, the use of surveillance cameras must
be indicated by clear signs. The signs are displayed at the entrances of the subway
stations as well as on the platforms next to the signs indicating the direction of the
trains.

SL operates a call center where passengers and the public can call and inform about
ongoing crime. This office, which was in place already before the introduction of the
cameras, is manned by three officers at all times. Following a phone call, the officers
can use the cameras in real time to command guards to the crime scenes.

Figure 1 depicts a map of the Stockholm subway system. Like in many other cities,
it is characterized by some very large stations in the city, where several lines pass
through and many much smaller stations in the suburbs where only one line passes
through. All three lines pass through the central station, T-Centralen, which is by far

the largest station.
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Figure 1. The Stockholm subway system

Figure 2 illustrates the distribution of the timing of introduction of the cameras.
It shows that surveillance cameras tended to be installed somewhat earlier in the city
compared to outside the city. On the other hand, the largest station T-Centralen was
not among the early stations to install cameras and the third largest station in terms

of number of passengers, Fridhemsplan, had cameras installed as late as in January

2008.
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Figure 2. The timing of installation of surveillance cameras.

Table 1 shows the summary statistics for crime and the number of passengers board-
ing subway trains per station and day. Data on the number of boarding passengers is
collected by SL.* Data on crime is obtained from the Swedish National Police Force.
It contains all crimes in the time period studied, which are filed using words related to
“subway station”. The first four rows show the data on the level of the station. The
number of crimes per day and station before the introduction of cameras was 0.39 in
the city and 0.08 outside the city. This includes all types of crimes (pick pocketing,
drug related crimes, assaults, and robbery, etc.). The summary statistics indicate that
crime went down in the city by approximately 20 percent after the introduction of the
cameras, whereas outside the city there was almost no change at all. The number of
boarding passengers varies to a large extent depending on if the stations are located in
the city or outside the city. In the city, the average number of passengers per day and
station in the time period studied was 32080. In the rest of the subway system, the
average number of passengers per day and station was 5714. As cameras affect each
and every passenger, I will as a dependent variable use crime per station divided by
the average number of passengers per station. The last four rows in Table 1 shows the

summary statistics for this variable. While camera does not seem to affect crime per

4SL uses an automatic system with sensors on the trains that record the number of passengers
boarding the trains.



passenger outside the city, there are 25 percent fewer crimes per passenger in stations
in the city with cameras compared to stations without cameras. To study the effects of
surveillance cameras on crime, I will therefore focus on stations in the city and other

stations separately.

Table 1. Summary Statistics

Mean St. Dev. Min Max  Number of obs.
Crime if city=1 and camera=0 0.39 1.16 0 29 15526
Crime if city=1 and camera=1 0.3 0.97 0 18 10485
Crime if city=0 and camera=0 0.08 0.4 0 14 77566
Crime if city=0 and camera=1 0.09 0.46 0 15 33323
Passengers 10723 18614 1000 161138 136900
Passengers if city=1 32080 34575 6472 161138 26011
Passengers if city=0 5714 3913 1000 24153 110889
Crime per passenger® if city=1 and camera=0 0.11 0.46 0 28 15526
Crime per passenger if city=1 and camera=1 0.09 0.39 0 11 10485
Crime per passenger if city=0 and camera=0 0.16 0.98 0 45 77566
Crime per passenger if city=0 and camera=1 0.16 1.02 0 50 33323

The unit of interest is days for crime and years for passengers. *Crime per passenger is multiplied by 10 000.

Figure 4 depicts the changes in crime per station and passenger (multiplied by 10
000) after the cameras were introduced compared to before. 16 out of 20 stations
experienced reductions in crime, three stations experienced increased crime and one
station was not affected at all. While the relative changes in the three stations that
experienced a positive effect is large, the absolute changes are relatively small.” The
largest station by far is T-centralen followed by Slussen and Fridhemsplan. These

stations all experienced reductions larger than 20 percent.’

5The increase in the crime rate in the station Mariatorget can be explained by the fact that housings
for homeless were opened in that neighborhood at the time of the introduction of cameras.
6The pattern is very similar if crime per station instead is used as dependent variable.
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Figure 3. Changes in crimes in the city when surveillance cameras were introduced.

Figure 4 shows the overall level of crime in the subway month by month. According
to statistics from SL, there are 10 percent fewer passengers than average in June, 35
percent fewer passengers in July, and 15 percent fewer passengers in August. The
figure shows a clear pattern that crime follows these fluctuations where the crime level
is particularly low during the summers and in particular in July. There is no clear

upward or downward trend in the data.
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Figure 4. Crime in the subway.
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Let Yij denote the number reported crimes per passenger in station ¢ in period j.
I will first use days as the unit of interest. I then collapse the data set by month as a

robustness test. I will run the regression

Yi; = a; + Beamera;; + yCamerag; x city; + 05 + vy

where «; is a station fixed effect. The parameter S measures the effect of having
cameras on crime outside the 20 stations in the city. 3 + v measures the effect in the
city. The parameter 6; denotes time (year, month and day) specific fixed effects in
period j. I use OLS specifications. In some specifications, I weight the observations by

the number of passengers per station.

3 Results

Table 2 reports the main results. Column 1 shows that there is no general significant
effect of surveillance cameras on crime. I will instead focus on the stations in the
city and outside the city separately. Column 2 shows the results for this specification
using only station fixed effects. The estimated effect is that stations in the city with
cameras had approximately 0.02 fewer incidents per passenger (multiplied by 10 000)
than stations without cameras. In Column 3, year-, month- and day-fixed effects are
added, which does not affect the results. In Column 4, the observations are weighted
by the number of passengers at the various stations. It is striking that the coefficient
is very similar independent of specification. The F-test of the joint significance of
the variable Camera and the interaction variable Camera*City shows that the result
is highly significant in all specifications. The camera dummy is however insignificant

showing that the effect is solely at work in the city.



TABLE 2. SURVEILLANCE CAMERAS AND CRIME IN THE SUBWAY

Dependent variable: crime/passenger

Sample 1 B B O
Camera*City -0.031kk -0.03 1wk -0.03 3%k
(0.012) (0.011) (0.009)
Camera -0.007 0.014 0.004 0.013
(0.007) (0.009) (0.011) (0.008)
Year, month and day fixed effects Yes No Yes Yes
Obervations weighted by passengers Yes No No Yes
Constant 0.155%+* 0.148%+* 0.158%** 0.155%+*
(0.012) (0.002) (0.016) (0.0106)
R’ 0.01 0.01 0.01 0.01
F-test of joint significance of Camera and 5.28 5.63 7.95
Camera*City (p-value within paranthesis) (0.024) (0.020) (0.0006)
Observations 136900 136900 136900 136900

Note: *** indicates signficance at the 1 percent level, ** at the 5 percent level, and
* at the 10 percent level. The regressions include station-fixed effects and
the standard errors are clustered at the level of the stations.

Since the average number of crimes per day and passenger (multiplied by 10000)
before the introduction of cameras was 0.11, the estimated effect amounts to approxi-
mately a 20 percent reduction in crime in the city. An average station in the city has
approximately 30 000 passengers per day. Therefore, the introduction of surveillance
cameras leads to 24 fewer crimes per station and year.

A concern with these OLS regressions is that because of potential serial correlation,
they may underestimate the standard errors. As a robustness test, I collapse the whole
data set for each station into monthly data. As shown in Table 3, the results are very

similar with this specification.

10



TABLE 3. SURVEILLANCE CAMERAS AND CRIME IN THE SUBWAY
COLLAPSED TO MONTHLY DATA

Dependent variable: crime/passenger

Sample [1] [2] [3]
Camera*City -0.03 1k -0.032%FF - -0.033%*
(0.012) (0.012) (0.009)
Camera 0.014 0.005 0.014
(0.012) (0.012) (0.009)
Year, month and day fixed effects No Yes Yes
Obervations weighted by passengers No No Yes
Constant 0.148*** 0.137%** 0.120%**
(0.002) (0.010) (0.000)
F-test of joint significance of Camera and 5.14 5.10 6.64
Camera*City (p-value within paranthesis) (0.020) (0.026) (0.011)
R’ 0.15 0.16 0.22
Observations 4500 4500 4500

Note: *** indicates signficance at the 1 percent level, ** at the 5 percent level, and
* at the 10 percent level. The regressions include station-fixed effects and
the standard errors are clustered at the level of the stations.

The most common types of crime in the subway are pickpocketing, drug-related
crime and assaults. We may expect that planned crimes are deterred by cameras
whereas crimes that are committed in the heat of the moment may not be deterred.
Indeed, Table 4 shows that pickpocketing, drug-related crimes as well as robbery, which
all tend to be planned, are significantly reduced in the city when surveillance cameras
were introduced. Column 1 shows that pickpocketing was reduced by approximately
20 percent compared to the average, 0,017. Column 2 shows that when weighting
the observations by the number of passengers, the introduction of cameras in subway
stations outside the city in fact leads to more pickpocketing in these stations. As argued
above, it make sense that surveillance cameras are more efficient in the stations in the
city, in particular when pickpocketing is considered. This result could therefore be due
to a displacement of crime from stations in the city with cameras to stations outside
the city with cameras. Column 3 and 4 show that drug-related crime was reduced by
40 percent compared to the average 0,014 and column 5 and 6 show that robbery was
reduced by over 100 percent compared to the average 0,0004.” However, since robbery

is rare and since the result is only marginally significant, we should be cautious with

"The results remain almost identical when collapsing the data to monthly data.
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the interpretation of this result. As expected, assaults, which do not tend to be very

planned, are not affected by surveillance cameras.

TABLE 4. SURVEILLANCE CAMERAS, PICKPOCKETING
DRUG-RELATED CRIME AND ROBBERY IN THE SUBWAY
Dependent: variable column [1] and [2] pickpocketing/passenger, and column [3] and [4] drug-related crime/passenger,

and [5] and [6] robbery/passenger.

Sample 1] 2 B 4] Bl [6]
Camera*City -0.006%%*  -0.007+** -0.005 -0.007 -0.002%+  -0.002%*
(0.002) (0.001) (0.005) (0.005) (0.001) (0.001)
Camera 0.002 0.004** -0.001 0.001 0.001 0.001
(0.001) (0.002) (0.005) (0.003) (0.001) (0.001)
Year, month and day fixed effects Yes Yes Yes Yes Yes Yes
Obervations weighted by passengers No Yes No Yes No Yes
Constant 0.014%%+ 0017+ 0.005%%*  0.027+F* 0.000 0.000
(0.003) (0.003) (0.003) (0.005) (0.001) (0.001)
R’ 0.002 0.003 0.006 0.009 0.002 0.002
F-test of joint significance of Camera and 6.65 2.73 1.42 4.10 2.16 2.47
Camera*City (p-value within paranthesis) (0.011) (0.101) (0.024) (0.046) (0.145) 0.112)
Observations 136900 136900 136900 136900 136900 136900

Note: *** indicates signficance at the 1 percent level, ** at the 5 percent level, and * at the 10 percent level.

The regressions include station-fixed effects and the standard errors are clustered at the level of the stations.

As a placebo treatment, I study difference-in-difference estimates for the time pe-
riods before the introduction of the surveillance cameras. Table 5 shows that there is
no significant increase or decrease in crime in the 3-month and 12-month period before
the introduction of cameras, neither in the city nor outside the city. This shows that

the installation of cameras was exogenous to previous crime.
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TABLE 5. PLACEBO TREATMENTS

Dependent variable: crime/passenger

Sample (1

2]

Placebo 3 months * city

Placebo 3 months 0.005
(0.012)

Placebo 12 months

Placebo 12 months * city

Camera * City

Camera -0.004
(0.012)

Constant 0.139%**
(0.010)

F-test of joint significance of Placebo 3 months and

Placebo 3 months*City (p-value within paranthesis)

F-test of joint significance of Placebo 12 months and

Placebo 12 months*City (p-value within paranthesis)

R’ 0.16

Observations 4500

-0.022
(0.017)
0.003
(0.014)

-0.030%*
(0.013)
0.002
0.012)

0.138#+*
(0.010)

1.61

0.21)

0.16
4500

-0.039
(0.012)

-0.010
(0.020)

0.138%#*

(0.010)

0.16
4500

-0.005
(0.013)
-0.003
(0.011)

-0.030%*
(0.034)
-0.004
(0.021)

0.138%#¢

(0.0010)

0.38
(0.54)
0.16
4500

Note: *** indicates signficance at the 1 percent level, ** at the 5 percent level, and * at the 10 percent level.
The regressions include station-fixed effects and the standard errors are clustered at the level of the stations.

The regressions include year and month fixed effects.

4 Displacement Effects

I am able to address the displacement effect by using data on crime just outside the
subway stations where cameras are not aloud. I have access to data on crimes that took
place in the entrée to the subway, the ticket hall, the hallway, or just outside the subway
station, which includes on buss stops, parking lots or parking places for bicycles. Table
6 shows that crime outside the stations in the city was increased when cameras were
introduced. The F-test shows that the result is highly significant. The reductions are
also large, approximately 100 percent. However, there are very few observations in this
data set (255 in the city and 267 outside the city) so we must be very cautious when

interpreting the results. Nevertheless, they indicate that part of the reduction in crime

inside the stations in the city is displaced to the area just outside the stations.
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TABLE 6. SURVEILLANCE CAMERAS AND CRIME OUTSIDE THE SUBWAY
Dependent variable: crime/passenger

Sample [1] 2]
Camera*City 0.001 0.002
(0.001) (0.001)
Camera 0.002 0.000
(0.002) (0.001)
Year, month and day fixed effects Yes Yes
Obervations weighted by passengers No Yes
Constant 0.014x* 0.006%**
(0.005) (0.002)
F-test of joint significance of Camera and 4.75 7.27
Camera*City (p-value within paranthesis) (0.032) (0.008)
R’ 0.002 0.002
Observations 117734 117734

Note: *** indicates signficance at the 1 percent level, ** at the 5 percent level, and
* at the 10 percent level. The regressions include station-fixed effects and
the standard errors are clustered at the level of the stations.

5 Discussion

Firms and governments in many countries have started to use surveillance cameras in
order to reduce crime. However, the potential deterrent effect of the cameras is not
yet well-understood. T use a natural experiment from the Stockholm subway system
and find that surveillance cameras reduce crime by approximately 20 percent in the
stations in the city. They do, however, not affect crime outside the city. Why do
cameras deter crime in the city only? There could be at least four reasons for this.
First, according to the police, guards and police officers are located closer to the large
stations. This implies that the cameras are more efficient in the large stations in the
sense that they can be used by law enforcement officials to rapidly call for guards and
police. In the suburbs, this process takes longer time and the criminals have more
time to escape. Second, it is possible that organized criminals prey in large stations
where there are many passengers. Indeed, I find large reductions in pick pocketing and
drug-related crime in the crowded stations, which supports this hypothesis. Third, the
large stations are typically indoor stations where the light is good and cameras may

therefore be more efficient. The smaller stations in the suburbs are typically outdoor
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and criminals may feel covered by the dark. In addition, parts of those platforms are
not covered by a roof and cameras can therefore not cover the whole station. Finally,
since there are few crimes in stations with few passengers, the data is noisier there,
and this could explain why the results are not significant.

To be able to answer the question if cameras should be used or not it is necessary
to take into account the costs of the cameras. According to SL, the costs of the
cameras and the surrounding equipment is 33 million crowns (approximately 3. 3
million euro). SL’s call center had the same number of employees (15) before and after
the introduction of the cameras so these costs have not changed. I have estimated
that cameras deter approximately 450 crimes per year in the subway stations. On
the other hand, 125 crimes were displaced to non-surveilled areas outside the stations.
Therefore, in total, assuming that there is no other displacement effect, there were 325
fewer crimes due to the cameras. Assume that there are no costs of intrusion upon
privacy and that cameras needs to be changed every fifth year. Then the costs to
reduce one crime is approximately 20000 crowns (approximately 2000 euro).

It is hard to estimate the value of a crime that did not take place. The individual
subject to the crime of course incurs a substantial cost. More generally, reduced crime
rates leads to a feeling of safety among passengers. SL annually performs surveys where
passengers are asked about how satisfied they are with SL. One part of this survey asks
about how safe the passengers perceive that they are. In the 2009 survey it is reported
that women travelling alone during evening and nights feel 11 percent more safe in 2009
compared to in 2006 (AB SL Marknadsanalys 2009). It if of course not clear that this
change is due to the introduction of cameras. Nevertheless, it may indicate the cameras
increase the feeling of safety, which, after all, is the reason for why they were installed
in the first place. In sum, the benefit of the surveillance cameras may be substantially
higher than 20 000 crowns. Since the cameras are efficient in the city only, the analysis
suggests that they may be used in the city only. Cameras would then be installed in
20 (instead of 100) stations which would cut the costs dramatically. In this case, and

under the assumption that crime is only displaced to areas just outside the subway
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stations, my policy conclusion is that the benefits of using cameras in subway stations
in the city dominate the costs.

I believe that the results of the study can be used also outside Sweden. After all,
criminals in the subways and on the streets behave similarly and should react in a
similar way to the presence of surveillance cameras. Having said that, more studies
using exogenous variation and isolated policy intervention would certainly help policy

makers when deciding on whether cameras should be used or not.
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