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Abstract

In this paper, we present a detailed statistical anabjdise effects of speed liménforcement cameras on injury
accident numbers. The approach used is constructedcin ssway that it is possible to differentiate not only
between the effects of the camera araldffects of trend and seasonality, tuactually produce estimates that are
independent of any other overall time-degent effects. Crucially, the estimaf@educed are also net of the effects
of regression to the mean. In order to allow for the simuttasm&reatment of the different levels of severity, weights
are used that reflect the frequency of thfferent types of accidesitThis approach is thersed on a dataset for all
injury accidents in Cambridgeshire bewwn 1990 and 2002, which also contalata from 49 camera-sites. In order
to quantify the range of effectiveneasfsthe cameras, estimates of the changeaccident numbers are produced for
different distances from the camera-site. The analysis shiwat, overall, in the immeate vicinity of the camera-
sites, the installation of a camera canelspected to lead toedreases in weighted injupccident numbers by an
astounding 45.74%. Lower, but still sifipant decreases are observed ia thider surrounding area. Finally, to
gain further insight into the differences in performance different road types, the sites are grouped together
according to road category. This aysa¢ shows that the biggest reductioraccident numbersan be obtained on
roads with higher incidence of speeding offences.
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INTRODUCTION

Over the past decade, thestallation of speed limit enfoement cameras (SLECs) as a deterrent against speeding
has become one of the most widely used tools in the fight not only against speeding, but also against the ever-
increasing number of severe accidentsseduby this offense. Indeed, theklibetween speed and accidents is well
established (e.dl), as is the link between increases in speed and increases in the probability of serious and fatal
injury (2). As it is also known that reductions in speed eanl lto important reductions in accidents and the average
level of severity §, 4 and5), SLECs do indeed have the potential to lead to important reductions in road casualty
numbers, through reducing the numbed aeverity of speeding offenses.

Even though there have been a large number of studies showing the effects of SLECs in terms of reducing
speeding offenses (e@.7, 8, 9, 10, 11, 12, 13, 14), there has only been a relatively low number of studies looking
into the effects that SLECs have on accident rates and casualty numb@sgAlimost of these research projects
report important drops in accidemtchcasualty numbers, the few realljommative such reports are by far
outnumbered by reports of a more descriptive naturackya significant portion agfuch research does simply
come in the form of annual performance reports puldisgtyethe local highway authorities. Apart from a few
notable exceptions, the analyses presented in such rdpartd generally rely on the use of statistically sound
methods and often ignore the influerthat other time-dependent factorsglikeasonality and trend, can have on
accident figures. Similarly, the effectsreigression to the mean are often dimgnored. There is also a distinct
lack of precise estimates of the wider area (halo) effects of the cameras, although it should be acknowledged that
such effects are even more site-specific than ttimated reduction in the immediate surrounding area of the
cameras.

In this paper, we further develop the approach usede of the more methodological research projects
looking into the effects omjury accident number®). This approach gives an estimate of the reduction in the
number of injury accidents followingetinstallation of a SLEC, net ofdteffects of trend, seasonality and
regression to the mean. Using data from 42 camera €}esstimated the average effeétthe installation of a
SLEC to be a drop in accident numbbys31.26%. Due to the limitations tife approach, the analysis could
however not differentiate between the different levelseakrity (slight, serious and fatal injuries), nor dpdive
any precise estimate of the range fé&s (catchment area) of a SLEC.

The analysis presented in this paper uses 7 addittangera sites comparedttee original study (raising
the number to 49); very few previous studies have usedfisam such a high number of sites in a proper statistical
analysis of the effects of SLECs on accident levels. Theohthis paper is to extend on the research conducted by
(9) through using this larger dataset, and through adaghtenmethod such that different weights are assigned to
different levels of severity. Furthermore, the approackfiaed in such a way thttie resulting estimates of the
camera effects are independent of any overall time-dependent factors, not just of trend and seasonality. This
approach is then used to give an estimate of the e QLECs for various ranges around the cameras, such as to
guantify the performance of the cameras in terms of their catchment area.

The remainder of this paper is organised as followthémext section, we describe the dataset used, and
conduct a preliminary analysis on the data. The third section introduces the methodology used in the analysis, and
the fourth section presents the results produced in gdgsi Finally, the fifth section compares the results from
the current analysis to those produgedomparable previous studies.

DATA DESCRIPTION

As was the case in the study conducted®ythe data used in the present gl is again taken from the database

of injury accidents recorded in Candgeshire, one of the southeastshire counties of the United Kingdom. The
dataset contains all injury-accidentecorded in Cambridgeshire betwek90 and 2002, and thus includes two
additional years’ data when compared to the original study, as well as data from Peterborough. The total number of
injury-accidents used is 44,376, compated31,042 in the work undertaken ).(Again, only injury accidents

were considered and no difference waslenbetween accidents with different riuems of casualties; the severity of

an accident is simply defined as tiighest level of severity of any tife casualties resulting from the accident.

The number of camera sites used in the analysisniceeased from 42 to 49. A further 17 camera sites
were not included in the study as less than a full year of data was available for the time following the installation of
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the camera; this could have undermined the robustness of the results in terms of independence from the effects of
regression to the mean.

Finally, it should be noted that, undgK legislation, and following t rules of the “hypothecation”
scheme (c.f10, 11, 12), all SLECs are highly visible, signing is used within a radius of 1 kilometre of the camera
site and the camera locations are widely publicised. The aim of SLEC programs is not to punish drivers for
speeding, but to prevent them frommtpso through the use of the “fear-fattdrence the most successful cameras
are those that never catch any driver.

Preliminary data analysis

In this paper, we aim to produce estigsabdf the effects of the SLECSs, cldissl by distance from the camera, also

referred to as catchment area of the camera. Four different catchment areas were used for each camera, comprising
accidents within a distance of 250, 500, 1000 and 2000rsned¢spectively from the camera. Data on traffic
accidents and camera locations was gated and then overlaid on road netkvdata using geogphic information

systems (GIS). This was then usedliocate accidents to the different camsitas. Accidents were only attributed

to a given camera site if a sensible assumption couiddate regarding a link between the camera and the accident

site (i.e. even though an accident onearby parallel road may fall intoglgeographical catchment area of the
camera, no link between the two can bsumned in the absence of any sidedsoconnecting the two main roads).

Especially for the two wider catchment areas, 1000 and 2000 meters, there was some overlapping of the
catchment areas for cameras positioned close to eaah Diieee was thus a problem of how to allocate the
accidents in the intersecting regions to the respective aam@ne possibility would have been to assign weights to
the accidents, such as to assign a pontif each such accident to the difftreamera sites. This approach was
rejected, mainly because of the probdenf finding appropriate vights. In the case of a low level of overlapping,
such that the number of accidents cosgd in the intersecting regionirssignificant compared to the overall
number of accidents in the individwatchment areas, it was decided to@y ignore the overlapping, and to
assign the accidents to each of the diffecameras concerned. A separate afmmbtsowed that, overall, the risk of
biased results was in this case very small and any liaklwenerally lead to underestimating of the effects of the
cameras rather than overestimating (due to higher data levels). A different approach was however taken in the case
where several cameras are positioned very close tootfaeh(rather than simplyaving slightlyoverlapping
catchment areas), as is for example the case when diftenmetras are used for different approaches on the same
road (for example in the case where w@-directional cameras are used far tilvo directions on a motorway). In
this case, special care was taken to assign the accidénésdorrect cameras. The difference between this case and
that of some minor overlapping of the catchment area idiimgt in this case, mosf the geographical catchment
area is shared between the two cameras, whereas in the earlier exatgmeaninor portion of the catchment area
was shared.

Given the differences in the impactattaccidents of different levels of severity have on the safety record
of a given accident site (as well as ouoisty), it is clearly desirable to tretlie three different levels of severity
separately. There is however little point in repeating the widely used approach of separately calculating the effects
for the different levels of severity. Iadd, fatal accidents especially are so rare that for most sites, they are unlikely
to occur in both the period before installation of the camera and the period after installation of the camera; this
would thus regularly gie a reduction to zero or increase from zero énrthmber of these accidents. In order for all
accidents to be treated simultaneously whit® reflecting the differences in thisvels of severity, it is necessary
to assign different weights to the different types of actgléeNo weights were used in the approach conducted by
(9) due to the use of specific time series models with which the use of weighted data led to inconclusive results; the
approach used in the present analysis is however significantly less sensitive to the effects of weights, enabling such
an approach to be used.

The problem was now to find weightsat would reflect the differencés severity without unnecessarily
distorting the time series naturetb& accident data. A first attempt svanade with weights reflecting the
differences in the cost of accidentseT¢osts used are equivalent to the postvention benefits generally used in
the United Kingdom; these account for costth®Health service, as well as ladsncome and cost of damage to
property. The respective figures felight-, serious- and fataljury accidents are £15,380, £154,080 and
£1,323,880, leading to weights of 1, 10.02 and 86.0&ntsely. These weights were however found to be
impractical as the resulting distortion to the dataset was too significant (the time series nature of the dataset was
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disrupted as the high weight for fatal atmmits led to significant peaks in the JaRather than using these weights,

it was decided to use weights that reflect the likelihood of the different ¢y @esidents. The numbers of slight-,
serious- and fatal-injury accidenmtscorded between 1990 and 2002 are 35,582, 7,950 and 844 respectively. From
these figures, the respective weights of 1, 5.58 and 4e#&® calculated. This approach thus produces weights
reflecting the frequencies of the different types of accidents, as oposepglicitly taking into account the
differences in severity between théfelient types of accidentSuch approaches accounting for the differences in
severity are for example given bi5] and by 16). A review of studies looking to the weighting of accidents is

given by (7). In the present analysis, it was found that treeafsveights reflecting thfrequency of accidents was

the most appropriate approach, as it was consistentheittiesire of treating the different levels of severity
simultaneously. The above given weights were thaexl in the remainder of the analysis.

METHODOLOGY

The approach used to calculate estimate of the effects thfe installation of the cameras is broadly similar to that
used by 9), but differs from it on several pas which make it more accurate.the following four sections, we
describe the methods used to

o differentiate between the effects of the camearathe effects of regression to the mean,

e remove trend and seasonality from the dataset,

e calculate the effects dfie camera installation,
and average the results over the diffe@rera sites used in the analysis.

Effects of regression to the mean

Regression to the mean is the statistical phenomenon of a time series returning to its natural mean level. This notion
is used in very diverse areas of statistical analysiscandor example be used to (at least partially) explain the
fluctuation observed over time in stock-market indicesthi@ present context, reggsion to the mean can be
observed in the case where, after a stretch of monthsseiyhpoor performance, the level of accidents observed in

the following months returns to the expected levelstfmse months. In the case where a SLEC is installed
following a stretch of very lshmonths, and where this is followed aydrop in accident numbers, it can thus be
difficult to differentiate between the effects of regression to the mean and the actual effects of the installation of the
SLEC. Even though the installation of a camera is not generally such a short-term decision (certain criteria must be
met regarding the accident record overraghyear period), the effects of reggmn to the mean clearly need to be

taken into account. Indeed, a major mistake made in some previous studies (of a less mathematical nature) was to
simply compare the accident count foe tthree months before the installatiointhe camera to #t for the three

months following the installation of the camera. Given the possible existence of regression to the mean, this
approach is clearly not appropriate.

A brief overview of existing techniques for detection of regression to the mean givenshpws that
these are not appropriate in the current apptinattonsequently, a new method was develope®bpésed on the
comparison of long-term mean levels before and after the installation of the camera. The use of such long-term mean
levels guarantees that any peaks and slopes caused Issi@gte the mean are evened out. As such, the long-term
mean level before installation of the camera can be regasdbeing the stable levefl accident numbers prior to
the installation of the camera, while, for a sufficiently long posterior period, the mean level after installation can be
treated as the stable level following the introduction of the camera. The use of these mean levels also lessens the risk
of the results being biased by the good performance in the first few months following the installation of the camera
(as observed in the case of a strong short-term effect followed by a less significant long-term effect). Long-term
posterior levels are often not available, given that SLECs have only been widely used for a relatively short of time.
Nevertheless, special care should be taken to at least only include sites with a posterior period of sufficient length to
safely assume that any mean level catré@ted as a stable state. It was decided to set this limit to twelve months,
such that only cameras installed prior to January 2002 weeyek in the present analysis. A further requirement with
this approach is that, in order for the difference betweetvib mean levels to show grthe effects of the cameras,
the mean levels need to be free of any other time-depeefflects, such as seasonal a#idn and effects of trend.
A special approach would need to be developed to remove the effects of these factors from the dataset.

Removal of time-dependent components

Besides the use of weights for different levels of dguethe main difference betwedhe approach used in the
present analysis and that used Byi$§ the way in which time-dependent effects are removed from the data. The
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original study focused solely on trend and seasonality and used a time series analysis to derive coefficients for the
seasonal and trend components. While these coefficientsecased to smooth the data, they cannot be expected to
completely remove all time-dependent factors from the diadeed, the fact that theasonal factors used are the

same for all years combinedth the use of a linear trend componergams that there will be a significant amount

of random variation remaining in tldata after smoothing (e.g. special égetaking place in a given month of a

given year). The main advantage of saoefficients generated by a time seriealgsis is that they can be used to
forecast accident levels for later time periods, lloiwever was not necessary in the present study.

The approach used in this paper aims to remove not only trend and seasonality from the dataset, but to
account for all variation (ifading random) that leads sodeviation of a certain omth’s accident count from the
mean monthly accident count over theipea of observation. This approatifus even accounts for the different
lengths of months in the calendar. Furthermore, the thffegatit levels of severity are treated separately, reflecting
differences in the seasonal patterns fffiedént levels of severity. This was not possible in the approach uséji by (
as no time series model could be fitted to the datasets for fatal and serious injumtsacdigeto the low monthly
counts in these two categories. The new method does thus have several significant advantages over the approach
used by 9).

We now formalise the approach used to remove the time-dependent effedtsbedhe accident count
for monthi and severity leved. The multiplicative coefficient®y to be used to remove the time-dependent

components can be calculated very easily by

where )75 is the mean monthly accidezunt for severity leved. There are no problems with using this method for

the different levels of severity, as it does not attempt to explicitly model the behavior of the time series and it does
thus not require a certain minimum léwé data for each month (which wasaessary with the other approach in

order to discard random fluctuatiorfjor months with no fatalities, théb@ve formula cannot be used, but the
multiplier can in fact simply be st any value, as any multiplicationliteave the count unchanged at zero.

All accidents, including those associateith camera sites, were includiedthe calculation of coefficients;
the low number of camera sites (compared to the overall number of sites) means that the inclusion of these sites in
the calculation does not lead to a significant bias in the coefficients. Given the fact that little weight is given to
individual accident sites in this calation, the method does not accountday time-dependent factors that are
specific to single sites, but considers only the overall variafibis. is crucial for the later identification of the actual
effects of the cameras.

For a given accident site, with adent count (of severity leve) in monthi given byYy, the time-
dependent components can be removed by calculating

ZSi = HS-YS-

This process is then repeated for all months, and severities. If the resulting sequence of data points shows a
significant time-dependent trend (aside from any reimgisite-specific random fluctuation), then the time-
dependent variation for the given site ifatient from the overall variation over sites.

Calculation of effects

After removing the time-dependent cpaments from the data, the monthly acoideounts for the different levels

of severity are combined, after multiplication by the respective weights. The next step is to calculate the mean
monthly accidents levels for the periduisfore and after installation of the cama. A problem arises because of the
different installation dates of the camerisleed, the cameras were installedaaying days of the month, such that

it is difficult to find a common start time for the after-installation period. Wlijauge the first month following the
installation of the camera as the start-date, in thjgepawe start the after-installation period with the month
comprising the installation of the camera. While this may lead to some underestimating of the effectamietta
(assuming a decrease in accidents) due to the inclusisonoé before-time, this undstenating is less likely to

lead to wrong recommendations than is any overestimadf the effects. Some effect preceding the actual
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installation of the camera can also deected, given the use of awareneaspaigns prior to the installation.
Furthermore, the fact that 38 of the 49 cameras used were installed on or befofédhg dbthe month supports
the decision to include the mortbhmprising the camera installation.

The prior and posterior monthly mean levels can now be used to estimate the effect of the installation of the
individual cameras. Indeed, if, after removal of the ovéirak-dependent effects, tleeis a significant difference
between the long-term mean levels before and after installation of the cameras, there has been a significant change
in (weighted) accident numbers, netloé effects of regression to the mean as well as overall time-dependent
factors. Assuming that no other sifgesific event (with possible effects ancident rates) togilace at the given
camera site during the period of the analysis, any changesitent numbers can be ingeeted as being caused by
the installation of the SLEC. This can be seen as a significant assumption given for example the possibility of
significant differences in traffic levels (compared to overall changes), but it is necessary to make this assumption in
order to use the method. As no significant changes in traffic levels over time have been reported for the sites under
investigation (other than those observed on other sigeshé regional trend, which is accounted for in the overall
time-dependent coefficients used abpead as no other reasons for majoanges in accidefavels (excluding
SLEC-related signalling and awareness campaigns) seem tatetkisse sites (nevermai to coincide exactly in
time with the installation of the cameras), the differences in the long-term mean levels, net of time-dependent
effects, can indeed be seen as robust estimates of the effects of the installation of the cameras.

Averaging over sites

An issue treated in great detail 18) (s that of what approach should be used when averaging the effects of the
camera installations over different sites (as opposed to asigte-site effects). An important point to consider in

this calculation is that the different sites have differentattaristics, not only in terms of installation dates, but also

in terms of accident levels. The differences in instaltatnonths have been accounted for by the removal of all
overall time-dependent components andddleulation of monthly accident levedgfore and after installation of the
cameras. However, the differences in the level of accident counts over sites have yet to be taken into account. These
differences can be very significant; &s example, when using the 250 meéatius, the weightethonthly accident

count (after removal of time-dependent components) atatiyest site (site with highest accident count) is 241

times more important than the corresponding count anthBest site. While this is an extreme case, and the rest of

the differences are far less important, such differences clearly need to be taken into account.

The problem with sites with vetgw accident counts is that evenahunit changes lead to important
percentage changes, while sigediint unit changes are needetbager sites to lead to an even modest percentage
change. This means that simply caltinig the ratio of changes for individual sites and averaging these ratios over
sites will not give a robust estimate of the overall rafipafd (8) experiment extensively with using different
weights for different sites in the calculation of the overall effects of cameras, but show that the best approximation
of the effects can in fact be made by calculating tted toonthly accident levels owvall sites (after applying
severity weights and removing time-dagdent components) and to calculate the rate of change over all sites from
these two totals. This is essentially equivalent to a ratio of totals (which is the same as a ratio of means) while the
earlier approach uses a mean of ratios,rghwethe average of changes over sites §.fThe ratio of totals
approach is clearly more appropriate than the simple averaging of changes over sites given by the mean of ratios. As
it is also more applicable than any complicated weighting schemes, it was decided to use the ratio of totals approach
in the calculation of the overall effects in the present analysis. It should be noted that this approach does in fact
indirectly assign differentveights to different sites, as sites whilyjher accident counts camyore weight in the
calculation of the ratio. One disadvantage of this method is that there is no practical way of producing a confidence
interval for the effects of the cameratallation. While the calculation of such confidence limits is possible when
using the mean of ratios approactg tesulting values are of little prazl use as the calculation is hugely
influenced by the presence of a few outliers @.f.

RESULTS

The approach described in the previsastion was used to calculate themthly accident levelfor the individual

sites, before and after installation of the SLECs, neteoéffects of any overall time-dependent factors, for the four
different ranges (250, 500, 1000 and 2000 meters). Thesesuwakre then used to calculate overall changes in
monthly accident levels at camera sites, by summing thegmibposterior mean accidéavels over all sites, and

taking the ratio of these totals. The resulting effects are net of the effects of regression to mean, trend, seasonality



Hess 8

and other overall time-dependent factors, and are repagiserof the overall effects of cameras, by indirect
weighting according to the importancetbé different sites. The experimemas conducted for the four different
ranges and the results are summarised in table 1.

The results show that in the 250 meter range, the average effect of the installation of a SLEC is a drop in
(weighted) injury-accidemtumbers by an astoumdj 45.74%, corresponding figuris the 500, 1000 and 2000
meter ranges are reductions by 41.38%62% and 20.86% respectively, where the estimate for the reduction in the
1000 meter range is very close to that given®ydr this same range. Although, as expected, the effects decrease
with distance to the cameras, in an area spreading 2 kilentetall sides of the camera, the reduction is still almost
a half of the reduction observed within the immediate iticif250 meter radius), thus partly refuting the general
claims that the (highly visible) canzer make people slow down abruptly foe camera before accelerating again.
Such a speed-changing behavior waalltost inevitably lead to a highaccident count in the surrounding areas.
Also, given that the signing of SLECs extends only to 1000 meters to all sides of the cameras, the fact that there is
still a significant effect outside this area suggests$h&Cs do indeed succeed in making people drive more
carefully in the wider network, as opposed to the case where such behaviour is only observed in zones where SLECs
are known to be in operation.

As a further extension of the results, the camerawiées split into different groups. First, the sites were
divided by road type, and the overall effects were ¢ated for A-roads (major roads, 38 cameras) and for non-A-
roads (minor roads, 11 cameras). Secondly, the sites were divided again, this time by location, such that effects were
calculated for cameras situated in urban areas (34 cameras) and cameras situated outside urban areas (i.e. on trunk
roads, giving 15 cameras). Finally,lbmk into the effects in multi-camera areas, the sites were split according to
whether they are sited in multi-camera areas or whethgratte stand-alone cameras. Cameras were selected into
the multi-camera group if they were positioned within 16@ers of another camera (in terms of the actual
distance between the cameras, not in terms of overlapping of the respective 1000 meter ranges). This way, 19 out of
the 49 cameras were placed into tingdti-camera group, with the remaiigi 30 being treated as stand-alone
cameras. As mentioned previously, special care was inadhéstaken to attribute accidents to the right camera sites.
The results from these three separatdymes are summarised in table 2, showing the percentage variations for the
different ranges.

The results show that findings from the overall analsesimrding the decrease of effects with increasing
distance to the camera site are repeated for A-rtranidk roads and stand-alone cameras groups; but not for the
other three groups, where the best performance is always obtained in the 500 meter range. In comparing the
performance in the different groups, we note that cameras on A-roads perform better than cameras on non-A-roads,
except in the 2000 meter range. Similarly, cameras on trunk roads outperform cameras on urban roads except in the
2000 meter range. For both pairs, the differences in ther2@@) range are far less significant than the differences
in the other ranges. Furthermore, it should be notedhbagsults in the 2000 meter range analyses are in general
less robust than those in the other ranges, as there is an increased risk of other factors (outside the cameras) playing
a role. The results found for these two groups are broadly consistent with earlier rest¥(8,dL8) noting that
the use of SLECs can lead to reductions in excessaedgpg. As such excessive speeding is well known to be
directly linked to road accidentsyéas the scope for reducing the amafrexcessive speeding is far more
significant on A-Roads and on trunk roads than on non-A-Roads and on urban roads, it is no surprise that the
reduction in accidents is similarly moreportant on the former types of roads.

Finally, a comparison between the performance of multi-area cameras and stand-alone cameras shows that
the latter outperform the former except for the 2000 meter range. This does however not immediately indicate that
the use of multiple cameras will lead to a less significant reduction than the use of stand-alone cameras. Indeed, due
to the overlapping of catchment areas, the individual catchaneas of the single cameras decrease in size, thus
also decreasing the scope for reductiorasccidents. However, it can equallylidee noted that by reducing the size
of the catchment area in this way, the numbers of pridrposterior accidenshould be expected to decrease by
equal proportions, leaving the ratio between the two numbers unaffected. The results from this part of the analysis
are thus not conclusive, although it can be observed that both types of camera do indeed lead to very significant
reductions in the numbei injury accidents.
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COMPARISON OF RESULTSWITH OTHER STUDIES

It is of interest to briefly compare the results produced in the present analysis with results reported by other authors.
Studies conducted in the United Kingdom have shown that the installation of a SLEC can result in significant
reductions in accidemumbers; a study byl?) shows that the installation afSLEC leads to a decrease in

casualties (rather than accidents) byagerage 28%, while an analysis BQ) estimates the reduction in KSI (killed

and seriously injured) in the immediate vicinity amder surrounding area of camera sites to be 47% and 18%
respectively.

The analysis bylQ) is followed on by 11), who show a decrease in KSI victims by 35%, a 14% reduction
in personal injury accidents, and a 8&tluction in the total number of adents (injury and non-injury). These
reductions are accompanied by a 4% rédadn KSI victims in the wider “panership area”, showing a significant
effect in the surrounding areas, beyond the 2000 meter range used in the present study. REBuUtis bgliow
that fixed camera sites are significantly mefiective than mobile sites; this is also reflected in differences in speed
reduction efficiency, further underlining the longrtedeterrent effect of fixed camera sites.

In broad terms, these results are confirmed in thegmt analysis, which in some cases shows even higher
reductions than previous estimates. Finally, in a comparison with the results produced in the original analysis
conducted by9), the results from the present analysis show a very similar reduction in the 1000 meter range, even
though a higher number of sites were useadddition to the use of severity ighting and a moreefined approach
for removing time-dependent components. The results from the present analysis thus validate those pr&juced by (

Given the very significaneductions in accident numbers ir timmediate surroundings of the camera
(e.g. 250 and 500 meter ranges), this analysis also confirms the rest# W@ reject the hypothesis that the
installation of SLECs can lead to increasn accidents in the immediate vicinitithe cameras by leading to abrupt
braking manoeuvres.

Results from around the world show similarly iige effects by SLECs; as an exampl8, report
decreases in collisions by 36% and reductions in fatalities by 70%, Wdile=port reductions in casualty crashes
(in low alcohol hours) by up to 30%.

Overall, this comparison thus shows that the results from the present analysis confirm and extend on earlier
results that report significant effects of SLECs; while aldding some additional statistical evidence regarding the
effectiveness of SLECs in terms of accident reductiotisdrwider surrounding area. Filyait should be noted that
a separate analysis has shown that the use of severity weighting does not in fact lead to significant changes in the
estimated effects; it does however make the analysis more consistent with the intuitive perception of the different
types of accidents.

SUMMARY AND CONCLUSIONS

During the research carried out for this paper, it becameolefipus again that, in order to ensure the robustness of
results produced by an analysis tbe effects of SLECs, these effecteed to be separated from other time-
dependent effects, like trend and seedity. This separation is performed bglculating weight factors for each
month, reflecting the relative overalljimy accident frequency in Cambridgeghin that month, compared to the
mean frequency over all months. These weights can betesedcale the data for individual sites, thus removing
any overall time-dependent effects from the data for the given sites.

Besides being able to identify overall time-dependent effects, any comparison should also be able to
differentiate between the effects oétbamera and the effects of regressiothéomean. In order to ensure the
greatest possible independence from the effects of regression to the mean, our analysis compares long-term prior and
posteriorstable mean levels, thus reducing the effects of peakkslopes found in the data. In order to account for
the differences both in terms of social impacts andrimdef accident frequency, higheeights were assigned to
serious-injury and fatal accidents. Finallige calculation of the average effewkr sites is performed by calculating
the total monthly number of accidentddre and after installation over altess, net of the effects of any time-
dependent components, and by calculating the ratio of tiwesitals. This approach indirectly gives more weight
to sites with higher levels of data (which are less subject to random variation).
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The analysis shows that, in temediate vicinity of an SLEC, a very significant reduction in weighted
accident numbers by 45.74%adehieved. Although, as expected, theet decrease with distce from the camera,
the effect inside a 2000 meter radius from the camestdlismportant, showing a deiction by 20.86%. Finally, a
division of the camera sites into different groups shows that the most important reductions are achieved on road
types where speeding offences (ardtesl accidents) are more common.

Overall, the present analysis has thus reiterated previous results showing that the installation of SLECs as a
deterrent (rather than a trap) can leadery significant reductionis injury accidents, witlthe obvious benefits this
has for society. This suggests that highly visible SLECs, in conjunction with adequate signing and awareness
campaigns, can play an important part ia teduction of road-aabént casualty numbers.

ACKNOWLEDGMENTS

The data used in the present analysis was made available by Cambridgeshire County Council. The author would like
to acknowledge the support of Mr Graham Amis, Mr Bob Menzies and Mr Malcolm Mugridge (all Cambridgeshire
County Council) and Mr Mohammed Quddus (Imperial College London).



Hess 11

REFERENCES

1. Bowie, N. and Walz, M., “Data Analysis of the Speed-Related Crash Issue”addifbraffic Safety, Vol.
1(2), pp. 31-38, 1994.

2. Hobbs, C.A. and Mills, P.J., “Injury probability for aazcupants in frontal arglde impacts”, TRL Report
1124, TRL, Crowthorne, 1984.

3. Taylor, M., Lynam D. lad Baruya A., “The effect of driverspeed on the frequency of road accidents”,
TRL Report 421, TRL, Crowthorne, 2000.

4. Finch, D.J., Kompfner, P., Lockwood, C.R. éfdycock, G., “Speed, speed limits and accidents”, TRL
Report 58, TRL, Crowthorne, 1994,

5. Transportation Research Board, “Managing Shegukcial report 254, Transport Research Board,
National Research Council, National Academy Press, Washington, 1998.

6. Retting, R., “Evaluation of Speed Camera Enforcernmetfie District of Columid”, paper presented at the
82" Annual Meeting of the Transportation Research Board, Washington DC, 2003.

7. Anderson, R. and Edgar, A.W., “Mobile Speed Cameras in the ACT — Slashing Speeds and Cutting
Crashes”, paper presented at the Road SafewaRes Policing and Education Conference, Melbourne,
2001.

8. City of San Jose, “NASCOP: An Evaluation of the Photo-Radar Speed Enforcement Program”, San Jose,
CA, 2001.

9. Hess, S. and Polak, J.W., “An Analysis of thife@&s of Speed Limit Enf@ement Cameras on Accident
Rates”, paper presented at th&%@hnual Meeting of the Transportation Research Board, Washington DC,
2003.

10. PA Consulting, “Cost Recovery System for Taffiafety Cameras - First Year Report”, DTLR Road
Safety Division, London, 2001.

11. PA Consulting, “A cost recovery system for speed and red-light cameras ~ two year pilot evaluation”,
Department for Transport, London, 2003.

12. Hooke, A., Knox, J. and Portas, DCdst benefit analysis of traffic light and speed cameRglice
Research Series Paper 20, Home Office Police Research Group, London, 1996.

13. Bourne, M. and Cooke, R., “Victoria's Speed Camera Program”, in Clarke, R.\Cijete)Prevention
Studies Vol.1Criminal Justice Press, New York, 1993.

14. Cameron, M., Cavallo, A., and Gilbert, A., “Evaluation of the Speed Camera Program in Victoria 1990-
1991", Report 42, Monash University Accident Research Centre, Victoria, Australia, 1992.

15. Deacon, J.A., Zegger, C.V. and Deen, R.@gritification of hazardouRural Highway Locations”,
Transportation Research Record 543, pp. 16-33, 1975.

16. Gharaybeh, F.A., “Identification of Accident-Prone Locations in Greater Ammiearisportation
Research Record 1318, pp. 70-74, 1991.

17. Quddus, M.A., “A technique to rank hazardausrsections”, paper presented at thénernational
conference on Application of Advanced Technologies in Transportation (AATT) Engineering, Singapore,
2000.

18. Hess, S., “A statistical analysis of the effectsadéty cameras on traffic accident rates in Cambridgeshire”,
MPhil Thesis, Statistical Laboratory, Cambridge University, 2002.

19. London Accident Analysis Unit, “West London Speed Camera Demonstration Project, July 1997”,
Highways Agency, London, 1997.



Hess 12

TABLE OF CONTENTS

Y 0153 = Lo U RP PR 2
Ta 1 goTo [0 To1 i o] o PP EUPPPUTTPURT 3
(D= U= Wo (o o] o] 1 o] o AN TP PP 3
Preliminary data @nalySiS.........oooo it e e e e e e e e e e e e e e e e e e s e e nnns s meeeeeeeeenedd
711 1 o To [0 [T |/ PP UUURPRRR 5
Effects of regression 10 the MEAN..............oo i rr e e e e e e e e aaaaaaaeas S,
Removal of time-dependent COMPONEIALS............cooiiiiii i e e e e e e e e e e e s s e s e e e r e e e e e e e reereaaaaaaaaaasanns 5
(0= 1 (o1 0] Fo1 (o] o o) B =Y (T o £ PP 6
F N =T = Lo Lo T 1YY ] PP 7
[T £ PRSP 7
Comparison of results With OtNEr STUIES.........oiiiiiii e e e e e e e eaeees 9
YU gl ag =T VA= Lo I Oo] o Tl 11153 o] o USSP 9.
ACKNOWIBAGMENTS ...ttt ettt e e oo oo e oo oo e oo bbb bbb b ettt ettt et e e e e aaaaaeaeaeesaesaans mmmmmmmeeee e sseeeeeen 10
S (] £=] o= PP U PPT TP U TR PRI 11
TADIE Of CONTENTS ... ettt e e e e e oo oo oo oo oo e ha ettt bbbt b et et et et e aeaaaaee e e s ommmmmmmmmmmm s ssbbsbbeee 12
oo o] =1 o = PP 12

INDEX OF TABLES

TABLE 1. Average reductions (by range) in accident numbers over all sites following introduction of a speed
(072 11 11T = NPT PP P PP PTPPPPPPN 13
TABLE 2. Reductions in accident numbarsing grouping by positioning of camera...........ccccvvevvvvievieeieeeeneennn, 14



Hess 13

TABLE 1. Averagereductions (by range) in accident numbersover all sites following introduction of a speed
camera

Range Total Prior Total Posterior Percentage
(meters) Monthly Count Monthly Count change
250 23.372 12.682 -45.74%
500 50.267 29.507 -41.30%
1000 94.990 64.951 -31.62%
2000 236.319 187.021 -20.86%
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TABLE 2. Reductionsin accident number s using grouping by positioning of camera

14

250 meters 500 meters 1000 meters 2000 meters

A-Roads -55.33% -44.33% -35.70% -19.78%
Non-A-Roads -10.04% -31.83% -19.71% -23.65%
Urban Roads -28.60% -33.95% -25.45% -21.02%
Trunk Roads -72.25% -57.92% -50.15% -20.02%
Multi-area -30.99% -35.18% -23.18% -21.54%
Stand-alone -56.00% -46.90% -39.78% -19.91%




