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The Effects of Fixed Automatic Speed Photo
Enforcement on Speeds and Traffic Crashes on
Freeways
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Abstract

Automatic speed photo enforcement (SPE) devices have been used to enhance
speed limit compliance on freeway systems for more than a decade in Taiwan. This
study investigated the effects of SPE devices on speed and crash distributions on a major
freeway section. Four fixed SPE zones were selected for the comparison study. The
differences of speeds and traffic crash distributions at upstream and downstream
sections of the SPE fixed locations were compared. The results indicate that the fixed
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SPE devices significantly decreased the mean speed at the fixed SPE point and
consecutively for the next 2 kilometers at both suburban and rural freeway sections.
Even though the SPE devices were not operated properly, mean speeds at the rural
freeway sections decreased, and speed variations at the suburban freeway sections
were reduced. The fixed SPE devices also reduced the number of traffic crashes at
the location immediately downstream of the SPE point. However, on the rural
freeway sections, the installation of a non-functionalized SPE device does not seem to
prevent the occurrence of traffic crashes. There was not enough evidence in this case
study to determine whether the fixed SPE devices would increase the risk of crashes
when vehicles are approaching the fixed SPE points. More SPE sites and a
combination of the speed zones with moveable SPE devices are needed to further
confirm the effectiveness of the SPEs.

Key Words : Automatic Speed Photo Enforcement, Free Flow Speeds, Traffic Crash
Distribution

1. INTRODUCTION

Speeding is a significant issue on major freeways. Excessive speeding will
increase the frequency and severity of traffic crashes. The speed differentials
between vehicles is another contributor to traffic crashes (Pisarski,, 1981; Garber
and Gadiraju, 1989). To increase the speed limit compliance and reduce the
speed variance, numerous countries have implemented speed photo enforcement
(SPE) programs (Wilson et al., 2011; Thomas et al., 2008). At least 90 studies
from 16 countries that were initially identified as potential evaluation studies of
safety effects of the SPE programs (Thomas et al., 2008). The research
consistently shows that speed cameras are an effective intervention in improving
road safety (Pilkington and Kinra, 2005).

Automatic speed photo enforcement devices have been used to enforce the
speed limit on freeway systems in Taiwan for more than a decade. To enhance the
effectiveness of enforcement and improve traffic safety, the National Highway
Police Bureau (HPB) in Taiwan deployed several SPE devices at fixed spots along
the freeways. A sign alerting drivers is presented a half kilometer prior to the
SPE spot. These devices work well a majority of the time as most drivers tend to
reduce speeds when approaching the SPE enforcement segments. However,
when sudden braking is applied by some aggressive drivers after noticing the SPE
devices, there is the potential for rear-end collisions. This study investigated the
effects of SPE on speed and crash distributions on a major freeway section in
northern Taiwan. Four fixed SPE zones were selected for the examination. The
differences of free flow speeds and traffic crash distributions at upstream and
downstream sections of the fixed SPE locations were investigated and compared.

The Fisher's Least Significant Difference (LSD) test was used to compare the
differences in mean speeds at upstream and downstream sections of the SPE
device. The numbers of traffic crashes from one kilometer upstream and
downstream of the SPE were counted in a 0.5 kilometer interval. The crash
distribution was used to identify the effects of the SPE on the location and
quantity of traffic crashes. Traffic crash distributions before and after the
installation of the SPE devices were also investigated to determine the effects of
SPE on traffic crashes.
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2. LITERATURE REVIEWS

Automated speed enforcement programs have been implemented worldwide
in a number of countries to enhance the compliance of the speed limits and
improve the traffic safety. At least 90 studies from 16 countries that were initially
identified as potential evaluation studies of safety effects of the SPE programs
(Thomas et al., 2008). Several studies were conducted to review the evaluations
of the SPE in various quality levels. Pilkington and Kinra (2005) reviewed 14
studies of safety effects of the SPEs on the reduction of road traffic collision and
injures.

They concluded that although the evidence is weak, the research consistently
shows that speed cameras are an effective intervention in improving road safety.
Wilson et al. (2006) reviewed 26 papers that evaluated speed enforcement using
any type of speed detection device including speed cameras, radar, and laser
detection. They similarly concluded that because of the consistency of reported
speed and crash reductions, speed enforcement detection devices are effective at
reducing traffic crashes and injuries.

Thomas et al. (2008) also reviewed 13 studied which included the crash
effects and rational detail methodologies. They summarized that the SPE
programs can generate the reductions of injury crashes in the range of 20% to
25% appear to be a reasonable estimate of site-specific safety benefit from
conspicuous, fixed-camera, automated speed enforcement programs. However, no
conclusions were reached regarding site-specific effects of mobile enforcement
programs. Estimates of system wide crash reductions likely attributable to covert,
mobile speed enforcement programs were based on different subsets of crashes
(daytime casualty crashes and daytime speed-related crashes) and were limited to
two studies, but also were in the range of 20% to 25%.

In their systematic review, Pilkington and Kinra (2005) report that: (1) all but
one study found evidence that speed cameras were effective in reducing average
speeds and (2) all studies reported decreases in fatal as well as non-fatal traffic
crashes. Some studies have also investigated specific issues related to automated
speed enforcement programs (ASEP) (see Cameron and Delaney (2006) for a
synthesis about specific effects according to specific speed camera programs). It is
well documented that compared to the localized effect of visible cameras on
speeds and crashes, hidden cameras produce general effects on all the roads of a
traffic network (Keall et al., 2001, 2002). Evidence from the British—-Columbia
program in Canada, also suggests that the impact of an enforcement program on
speeds is greater when a fine is imposed as compared to just sending a warning
letter (Chen et al., 2000).

Goldenbeld, C. and I. Van Schagen (2005) studied the effects of speed
enforcement with mobile radar on speeds and accidents on rural roads in the
Dutch province Friesland.  The evaluation covered a 5 year period of
enforcement. The study showed a significant reduction in mean speed and
percentage exceeding the posted speed limit. They estimated a 21% decrease in
the number of injury accidents and serious casualties. Chen et al. (2002)
evaluated the influence of the photo radar program on speeds of vehicles and
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collisions at the location of the photo radars and also at interleaving locations.
They found that using photo radar reduced the average speed and speed standard
deviation by 2.8 km/hr and 0.5 km/hr respectively in their monitoring area(s). In
addition, they observed 14% * 11% reduction in expected collisions at photo radar
locations and 16% + 7% reduction along the study area.

Bloch (1998) studied the speed reduction effects of Photo-radar and speed
display board on three streets in Riverside, California. The results showed that
both devices significantly reduced vehicles speeds by 7 to 8 km/hr, and reduced
the number of vehicles exceeding the speed limit by 16%. Benekohal et al. (2009)
evaluated SPE in one work zone and presented the results for the effects of SPE.
They showed that the SPE system significantly reduced the mean speed and
increased speed limit compliance at work zones.

3. RESEARCH SCOPES

3.1 Research Goals

The objective of this study is to:
(1) Exam the effects of the fixed SPE devices on speed distributions
(2) Analyse the traffic crash frequencies near the fixed SPE devices

(3)Compare the traffic crashes before and after the installation of the fixed
devices

Travel speeds and traffic crashes data at upstream and downstream sections
of the fixed SPE locations were compared to determine the effects of the fixed
SPE devices.

3.2 Research area

The research area is limited to District 6 of Highway No. 3 (Formosa
Highway) from 31 kilometer pole to 110 kilometer pole. There are 14
interchanges (including an interchange to the rest area), 2 toll facilities and 4
tunnel sections in the research area. The northern part of this freeway is located
at the suburbs of the Taipei metropolitan area, an area with a high population and
traffic volume. Traffic volume decreases heading south and away from the
metropolitan area. The speed limits vary by freeway sections and maximum
vehicles load. The speed limit for regular vehicles (passenger cars or trucks with
a maximum load under 20 tons) traveling between sections located at 31 Km and
35 Km is 90 Km/hr; the speed limit for vehicles traveling between sections 35 Km
and 43 Km is 100 Km/hr. The designated speed limit for the rest of the research
sections is 110 Km/hr.  For heavy vehicles with a maximum load of more than 20
tons, the speed limit is 90 Km/hr for the entire research sections.
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3.3 SPE Scenario

In addition to manual speed enforcement by uniformed officers, the
automatic SPE devices have also been used to enhance the speed limit compliance
on Taiwanese highway systems. The SPE devices are primarily used in two
methods based on how their installed: one method is to install the SPE devices at
a fixed location (as shown in Figure 1) on a mounted and visible pole; the other
method is to set up a moveable SPE device on an unmarked police car or van, or
temporarily mount it on a tripod and place it on the roadside of the SPE zones.
The fixed SPEs at fixed locations are visible and noticeable, but the movable
SPEs are normally less visible. Drivers may not know exactly where and when
the movable SPE devices are placed and operated. However, according to traffic
regulations in Taiwan, both types of SPE zones should have a “SPE ahead”
warning sign (as shown in Figure 2) located approximately 300 to 500 meters in
advance of the SPE point. The SPE sites are also published on the HPB website
for public viewing.

According to the HPB website, there are 4 and 2 sites designated as fixed
SPE zones on southbound and northbound lanes of the studied freeway sections,
respectively. HPB also published 49 sites that have moveable SPE devices along
the research sections. It should be noted that some of the two types of SPE
zones overlap or are located very close to each other. Because the movable SPE
devices are less visible and therefore less expected than the fixed devices, the
effects may vary depending on the location and area. Thus, only the fixed SPE
sites were examined in this study. In addition, due to the data availability, only
four fixed SPE devices on the southbound of the freeway were included for the
analysis.

Among those four fixed SPE devices on the southbound of freeway, two of
them have been operating regularly for the past decade and worked properly
during the study period. These two SPE devices are both equipped with a digital
camera and a flash light and operate twenty four hours a day, seven days a week.
The other two devices were installed in August of 2011. Due to camera quantity
limitations, these two more recently installed SPE devices did not operate
normally during the study period; however, they could still be used to examine the
effects of the fixed SPE devices whether they are regularly operated or not. Thus
the SPE scenarios include:

(1) Fixed SPE devices without functional operation on the suburban freeway
section (Site A)

(2) Fixed SPE devices operated normally on suburban freeway section (Site B)
(3) Fixed SPE devices operated normally on the rural freeway section (Site C)

(4) Fixed SPE devices without functional operation on rural freeway section
(Site D)

It should be noted that the fixed SPE devices were installed at the road side
in the middle sections which normally are away from upstream and downstream
interchanges.
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Figure 1 SPE device installed a the Figure 2 SPE ahead warning sign
roadside of freeway

4. DATA COLLECTIONS

4.1 Sampled Free Flow Speed Data

Two types of data were collected in this study including: (1) volume and
speed data; and (2) traffic crash data. Volume and speed data were obtained from
vehicle detectors located along the freeways in 2011. The detectors were
installed in each lane of the segment to measure the traffic data on a 5-minute
interval. Data from the detectors include average speeds, accumulative volume
every 5 minutes, types and average lengths of vehicles, as well as the average
headways.

Speed data from a set of traffic detectors at upstream and two sets at
downstream sections of the fixed SPE locations were used for the comparison. It
should be noted that the distances of the detectors to the nearby SPE device are
not equal. Thus, the detectors with a distance to the SPE of more than 2
kilometers were not considered for the analysis. To examine the distribution of
speeds, this study used seven days (coving each day of a week) of speed data
selected arbitrarily from one day of the third week of the month from March to
September in 2012. For example, the sampled data included March 12
(Monday), April 17 (Tuesday) and May 16 (Wednesday) etc. If traffic crashes
were found nearby the detectors on the date or the data from the traffic detector
were not usable, such as negative volume or speed, the data from the same day on
the next or previous week or the other week were used. To ensure the sampled
speed data are collected from the free flow traffic, only vehicles travelling on the
inside lanes when the average volume per 5-minutes is less than 60 (average car
following headway larger than 5 seconds) were used for the study. Thus, this
analysis only examines the speed data at the first and second lanes (Lane 1 and
Lane 2) from the median of freeway on the four lane sections, and the first lane
(Lane 1) on the three lane sections. The heavy vehicles are restricted for those
inside lanes on the research freeway. The inside lanes can only be used by

256



passenger cars. No specific facilities, such as interchanges or toll stations, are
located between the upstream and downstream detectors.

4.2 Traffic Crashes Data

Traffic crashes data consist of all crashes along the research freeway sections
in 2011 and 2012. A total of 3,890 crashes, which lead to 17 fatalities and 294
injuries, occurred during these two years. Among the total crashes, 1,757 were
at the southbound sections. It was found that the highest portion of crashes
(about 32 Percent and 25 percent in southbound and northbound, respectively)
occurred inside and near the tunnel freeway sections. At the southbound
research section, 50 and 39 crashes occurred in 2011 and 2012, respectively,
within one kilometer upstream and one kilometer downstream of the SPE devices.
In order to identify the actual reaction of the drivers on the SPE zone, traffic
crashes which were caused from non-human, road condition factors or impaired
drivers, such as mechanical issues or hitting a broken tire, or alcohol related
crashes, were not considered for the analysis. Thus, a total of 68 crashes were
found near the fixed SPE devices during these two years.

5. EFFECTS OF SPE DEVICES

5.1 Speed Distributions

The difference of mean speeds at upstream and downstream detectors for
each SPE set were compared and grouped by using Fisher's Least Significant
Difference (LSD) test under a 95 percent level of significance. Table 1 shows
the speed statistics and comparisons by travel lanes. The cells with a darker
background show that the mean speeds are significantly higher than the cells with
a lighter background. The cells with the same background at each SPE site
represent the differences of the mean speeds that were not statistically significant.
It is obvious that the mean speeds at the inside lane (Lane 1) have a higher travel
speed in every SPE sites. The speeds distribution at Lanel and Lane 2 are
shown in Figure 2 and Figure 3, respectively.

At Site A, the mean speeds at the upstream and the immediate downstream
sections of the fixed SPE devices were not significantly different for vehicles
traveling on Lane 1. The mean speed at the immediate downstream location was
even higher than the mean speed at the upstream section for vehicles traveling on
Lane 2. This could be because most drivers traveling on the suburban freeway are
commuters that realized the SPE devices were not operating properly based on
their daily driving experience. However, the standard deviations of speeds at the
immediate downstream section on Lane 1 and Lane 2 were both higher than the
standard deviations of speeds at the upstream and farthest downstream locations.
This indicates that some unfamiliar drivers traveling on this section may still
apply the brakes when they notice the SPE devices.
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Table 1 Speed statistics at upstream and downstream of SPE sties

Lane 1 Lane 2

SPE Detector No. of
Device Location 5-min. Average Mean Median Std. of 85th of Max Average Mean Median
Location interval Cars per Speed Speed . * Carsper Speed Speed

Interval (km/hr) (km/hr) Speed  Speed Speed Interval (km/hr) (km/hr)

Std. of 85th of Max.
Speed Speed Speed

3913 774 176 1049 104 494 109 148 288 992 99 271 102 109
Site 395 4101 772 180 105 104 526 110 140 266 | 100.2 100 318 103 113
41.8 807 182 | 1058 105 484 110 144 268 1003 100 306 103 113
6252 1058 209 SMILS 112 470 116 135 25.7 1047 105 357 108 116

S]iate 64.2 645 1413 252 95.82 95 7.08 103 120 419 939 94 610 100 117

66.02 1187 222 [ 1068 107 541 112 129 320 | 100.7 101 479 105 119
Site 804 1334 240 1125 112 411 116 138 319 1052 105 335 109 126
S o 81.85 1285 233 1107 111 413 114 131 305 1057 106 294 109 119
Site 1075 106.55 1310 239 1141 114 3.8 117 136 326 | 107.6 107 328 111 120
D 108.32 1457 252 1135 113 401 117 142 300  106.4 106 342 110 121
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Figure 2 Speed Distribution at Lane 1 at upstream and downstream detectors
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Figure 3 Speed Distribution at Lane 2 at upstream and downstream detectors

At Site B, where the SPE device operated regularly, the mean speeds
significantly decreased from 111.5 km/hr to 95.8 km/hr, and from 104.7 km/hr to
93.9 km/hr on Lane 1 and Lane 2, respectively, when vehicles passed the SPE
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devices. The speed picked up significantly when vehicles went farther
downstream (1.8 km from the SPES). However, the mean speed farther
downstream from the fixed SPE device was still lower than the mean speed at the
upstream section and locations within the posted speed limits (110 km/hr).  This
indicates that the fixed SPE devices can effectively decrease the mean speeds
when vehicles travel pass the SPE devices and consecutively for about the next 2
Kilometers.

At Site C, where the SPE device also operated regularly, the mean speed
significantly decreased from 112.5 km/hr to 110.7 km/hr on Lane 1 when vehicles
passed the SPE device. However, the mean speed reduction was not evident on
vehicles travelling on Lane 2.

At Site D, the mean speeds significantly decreased from 114.1 km/hr to 113.5
km/hr on Lane 1 and from 107.6 km/hr to 106.4 km/hr on Lane 2, respectively,
when vehicles passed the SPE device, even though this SPE device was not
operating properly. On the rural freeway sections, most drivers are likely
travellers that are not familiar with road side condition of the freeway. Thus, these
drivers may not realize that the SPE device at that point was not actually
operating.

5.2 Crash Distributions

The distribution of the traffic crashes during the years of 2011 and 2012 is
shown in Figure 4. It should be noted that the SPE devices at Sites A and D were
installed in August of 2011. As expected, the total number of crashes at
upstream sections was higher than the total number of crashes at the downstream
sections for each of the studied SPE site.
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Figure 4 distributions of crashes upstream and downstream of the SPE sites

At Sites B and C, where the SPE devices operated regularly for a decade, the
numbers of crashes within 500 meters downstream of the fixed SPE site remained
the lowest of all traffic crashes. However the number of crashes increased when
the distance to the SPE devices was more than 500 meters. This indicates that the
fixed SPE devices could reduce the number of traffic crashes located near the
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downstream. However, the number of crashes decreased at Site C but increased
at Site B when vehicles approached to the SPE point. There was not enough
evidence in this case study to determine the fixed SPE device would increase the
traffic crashes when vehicles approached the SPE devices.

At Site A, located on the suburban freeway, the number of traffic crashes
dropped in 2012 compared to the number of traffic crashes in 2011. By checking
the date of the crashes, it was found that only one of the total 14 crashes occurred
near the SPE site in 2011 after the installation of the SPE device. The fixed SPE
device in the suburban freeway section effectively decreased the number of traffic
crashes in this site, even though the SPE device was not functionally operated.
At the rural freeway section (Site D), the installation of the SPE device does not
seem to prevent the occurrence of traffic crashes. The SPE device at Site D may
need to be moved to a location 500 meters backwards to examine the actual
effectiveness of the SPE devices.

6. CONCLUSIONS AND RECOMMENDATIONS

This study examined four fixed SPE devices with different functions at
suburban and rural freeway sections. The results found that the fixed SPE devices
significantly decreased the mean speed at the fixed SPE points and consecutively
for about the next 2 kilometers at both suburban and rural freeway sections.
Even though the SPE device was not operated properly, it also decreased the mean
speeds at rural freeway sections, and reduced the speed variation at suburban
freeway sections. The fixed SPE devices also decreased the number of traffic
crashes located immediately downstream of the SPE points. Even though the
SPE device was not functionally operated, the fixed SPE device in the suburban
freeway section still effectively decreased the number of traffic crashes.
However, at the rural freeway section, the installation of a non-functionalized SPE
device does not seem to prevent the occurrence of traffic crashes. There was not
enough evidence in this case to determine whether the fixed SPE device would
increase the risk of crashes when vehicles approached the SPE devices. More
SPE sites and a combination of the speed zones with moveable SPE devices are
recommended to further confirm the effectiveness of SPE devices on speed and
crashes reductions.
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