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Abstract:

Résumé:

This article summarizes the findings from a summative quasi-
experiment that examined the impacts of radar cameras on traf-
fic speed in Vancouver. Two arterial streets were included in the
evaluation. Knight Street was subjected to a two-month inter-
vention wherein a radar camera was set up periodically and
police officers recorded both the speed and licence numbers of
vehicles photographed by the camera. Traffic tickets were then
mailed to the registered owners of speeding vehicles. Granville
Street served as the comparison street for the quasi-experiment.
Traffic speeds were measured electronically before, during, and
after the intervention using an induction loop buried in the pave-
ment on each street. ARIMA analysis of average daily speeds
and percentage of vehicles exceeding the posted speed limit in-
dicated there were significant reductions in both variables on
Knight Street, whereas speeds on Granville tended to remain
constant. Although these findings offer support for policies that
would promote the use of radar cameras, the summative thrust
of this evaluation does not allow us to clearly distinguish radar
camera impacts from those attributable to the officers who actu-
ally implemented this technology.

Cetarticle présenteles résultats d’'une quasi-expérience sommative
visant a évaluer l'effet des appareils-photos avec radar sur la
vitesse des véhicules. Cette évaluation a été menée dans deux
artéres de Vancouver. L’essai sur le terrain s’est fait a la rue
Knight ou, pendant deux mois, une caméra radar fut installée
périodiquement et oli des policiers relevérent la vitesse et les
numéros d’immatriculation des véhicules photographiés. Les
contraventions furent par la suite envoyées par la poste aux
propriétaires des véhicules ayant dépassé la limite de vitesse.

51 ||



|52

THE CANADIAN JOURNAL OF PROGRAM EVALUATION
|

Une comparaison pour cette étude quasi-expérimentale a été
faite surlarue Granville. Un détecteur aboucle d’induction enterré
sous la chaussée des deux rues a permis de mesurer
électroniquement la vitesse de circulation, avant, pendant et
apreés l'essai. Une analyse ARMMI des moyennes de vitesses
journaliéres et du pourcentage de véhicules dépassantleslimites
de vitesse permises indique des réductions significatives de ces
deux variables sur la rue Knight, alors que sur la rue Granville,
les vitesses resterentinchangés. Bien que ces résultats vont dans
le sens des politiques visant I'utilisation des appareils-photos
avec radar, I'orientation sommative de cette évaluation ne nous
permet pas d’établir une nette distinction entre I'effet des appareils-
photos avec radar et celui des policiers ayant appliqué cette tech-
nique.

I (Quasi-experimental evaluations of highway and traffic-
related interventions have become an important part of both the
methodological and substantive literatures in program evaluation.
Beginning with Campbell and Ross’s (1968) impact analyses of the
Connecticut crackdown on speeding and the British breathalyzer
crackdown (Ross, Campbell, & Glass, 1970), interrupted time series
analysis has emerged as a principal technique for evaluating the
results of abrupt changes in law enforcement practices.

This article describes an interrupted time-series analysis of the in-
troduction of a radar camera as a means of reducing vehicle speeds
in Vancouver. A combination of visual and statistical methods is used
to determine whether the introduction of radar cameras changes the
pattern of vehicle speeds on a target street relative to another street
monitored as a comparison location.

Radar cameras have for over twenty years been used to enforce speed
limits extensively in Switzerland, Germany, and other European
countries. They are currently being used by several police depart-
ments in the states of California and Arizona, and communities in
Washington and Virginia are considering their use. Until this quasi-
experiment, Calgary’s was the only other police departmentin Canada
regularly using radar cameras.

Aside fromits ability to take photographs, the radar camerais unique
at the present time in that it is relatively undetectable by current
models of radar detectors. Other radar devices typically emit 100
milliwatts of power with a beam width of 12 degrees and a range in
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excess of one-halfmile. Radar cameras typically emit only 2.5 milliwatts
of power. Certain radar detectors can pick up the frequency but usu-
ally have passed the camera by the time the beam is detected.

PREVIOUS STUDIES

Previous studies have described the effects of radar interventions on
vehicle speed and accidents. Examples include Hauer, Ahlin, and
Bowser’s study (1982) examining the effects of conventional radar
and a similar study by Ciccone, Goodson, and Pollner (1987) from the
U.S. Insurance Institute for Highway Safety. Both studies concluded
that average speeds were reduced when speed limit enforcement was
in place. Hauer et al. also found that average speed reduction de-
clined exponentially with distance travelled downstream from the
radar enforcement site. They further reported that a “halo” effect
remained after enforcement ceased at a specific enforcement site.
The presence of time halo effects is well documented in the literature,
although speed reductions appear to be limited to the immediate
locale of enforcement sites.

To date, very little research has been published on the effects of
automatic radar cameras on vehicle speeds or accidents levels. One
study was conducted by Portans (1988) with the support of the Road
Traffic Authority in Victoria, Australia. From 1986 to 1987, the ef-
fects of staffed speed cameras on traffic speeds were measured at two
different enforcement locations. The results showed that a reduction
in the proportion of speeding vehicles occurred at both locations after
the introduction of radar cameras. Immediate and long-term reduc-
tions were achieved, although Portans stated that they tended to be
limited to a short distance from the enforcement sites. Portans re-
ported that media publicity was also an important factor in maximiz-
ing the speed reduction effects of the cameras. Significant reductions
in the proportion of speeding vehicles occurred during specific media/
public awareness campaigns that were conducted during the study.

In March 1988, The Insurance Corporation of British Columbia and
the Victoria Police Department conducted a test of the effectiveness
of radar cameras in reducing traffic speed (Cooper, 1988). The results
indicated that the camera was effective in reducing speeds at the
study sites both when present and when only the “threat” of use was
present. Cooper concluded that a longer term deployment and inves-
tigation was needed to assess the camera’s impact on accident rates.
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EVALUATION METHODOLOGY

Evaluation Design

The Vancouver evaluation of radar camera technology utilized an
interrupted time-series design employing both an experimental and
acontrollocation within the city. Knight Street was designated as the
experimental (enforcement) location and Granville Street as the con-
trol (no enforcement). The two locations were picked to be far enough
apart that the radar camera enforcement on Knight Street would not
directly affect motorists on Granville Street. At both locations, ap-
proximately one week of preenforcement data, two months of enforce-
ment data, and two weeks of postenforcement data were collected.

Both streets had previously been identified by the Vancouver police
as having significant speed and accident problems. Conventional
enforcement was difficult and sometimes dangerous to conduct. Both
locations had a posted speed limit of 50 km/h. The police selected the
sites for the experiment on the basis that both were similar in terms
of traffic volume, average daily speeds, and monthly accident levels.
After the experiment was underway, preliminary data analysis re-
vealed that average daily speeds and the percentage of vehicles ex-
ceeding 50 km/h per day were somewhat higher on Granville Street
than they were on Knight for southbound traffic, the direction tar-
geted by the radar cameras. Investigations made after all the data
were collected suggested that this difference was primarily attribut-
able to differences in the direction and magnitude of the road grades
onthetwo streets. There was a southbound downhill slope on Granville
and a southbound uphill slope on Knight. Traffictravelling southbound
on Granville at the test site was travelling down a slope that declined
at a rate of 1.7% for approximately 183 meters before speeds were
actually measured. Traffic travelling southbound on Knight Street
was travelling upward on a slope rising at a rate of 1% for approxi-
mately 77 meters before being recorded. As the grades of the two
roads ran in opposite directions, the total magnitude of the difference
between the two locations tended to affect traffic speeds.

The Vancouver Engineering Department confirmed that speeds on
Granville Street would tend to be somewhat higher than those on
Knight Street for southbound traffic. The Engineering Department
also reported after the data were collected that Knight Street had a
greater percentage of truck traffic than Granville Street, a factor not
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taken into account when the police selected the two streets. This may
also have contributed to the somewhat lower speeds and percentages
of speeding southbound vehicles on Knight compared to Granville.

The average daily speeds and the percentages of speeding vehicles for
northbound traffic at the two locations were almost identical. The
Engineering Department confirmed that traffic travelling northbound
on Granville would be travelling up a slope of 1.7% for approximately
92 meters before being recorded and traffic travelling northbound on
Knight would be travelling up a slope of 0.7% for approximately 55
meters before speeds were measured. As the two grades slope in the
same direction prior to speed measurement, speed levels and the
percentage of speeding vehicles should have been approximately equal
for the two locations for northbound traffic. The Engineering Depart-
ment also confirmed that northbound speeds and the percentages of
speeding vehicles should have been slightly higher on Granville Street
owing to the lower percentage of truck traffic.

Differences in the direction and magnitude of the southbound street
grades raise the possibility of a selection bias as a rival explanation
for the findings reported in this evaluation. However, given that road
grades are constant throughout the experiment, it is unlikely that
they could account for the observed changes in the dependent vari-
ables over time. It is possible that road grades did interact with the
intervention to create impacts different from those that would have
occurred on level streets. There is no practical method of examining
the magnitude of such an interaction effect in this experiment, al-
though such a possibility does affect the external validity of this
evaluation.

Traffic at the two locations was affected in a similar manner by other
exogenous events, such as weather. The two locations were, in fact,
similar in terms of the cyclical daily and weekly patterns of traffic
flow. Traffic travelling southbound, or away from downtown Vancou-
ver, tended to vary more in volume during the week than traffic
travelling northbound, or into downtown Vancouver. The greatest
levels of southbound traffic on both streets occurred on Friday, and
the lowest levels occurred on Sunday. This weekend pattern probably
reflected the levels of personal travelling, with increases at the end
of the workweek and decreases on Sunday owing to drops in social
and commercial activity.
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Measures of Traffic Speed

Data for the dependent variables in this evaluation were collected
through a permanent induction loop and speed counter-classifier
installed in each street. Permanent induction loops are essentially
hose-like tubes that are installed under the pavement. As a vehicle
passes over these loops, the speed counter-classifiers record the ve-
hiclein an ongoing grouped frequency count of the number of vehicles
travelling within preestablished speed ranges (i.e., 0—35, 36—40, 41—
45,46-50,51-55, 56-60, 61-65, 66-70, 71-75, 76—-80, 81-85, 86-90).
As data were collected in this manner, traffic volumes, average daily
speeds, and the percentage of vehicles exceeding 50 km/h were com-
puted.

The loops were installed by the Vancouver Engineering Department
at points midway along both the Knight Street and Granville Street
corridors and were positioned in locations where traffic was free flow-
ing and uninterrupted by stop signs, traffic lights, and crosswalks.
Southbound enforcement was typically conducted approximately 400
to 600 meters downstream from the loops at the southern end of the
Knight Street corridor. The implications of this configuration will be
discussed later.

Data were collected on an hourly basis twenty-four hours a day from
September 26 through mid-December 1990. Data obtained after
December 10 were not used because of growing variability resulting
from winter weather conditions. Some data were lost from Knight
Street between November 28 and December 1 and from Granville
Street between October 19 and 23, owing to temporary problems with
the speed counter-classifiers.

Statistical Methods

A combination of visual and statistical methods was used to display
and analyze the data. Two dependent variables were calculated and
used as alternative measures of traffic speed: daily average speeds
and percentage of vehicles exceeding the speed limit. The statistical
analysis was conducted using an ARIMA (AutoRegressive Integrated
Moving Average) model-building procedure to estimate parameters
for the time-series data from both streets for vehicles travelling north
and southbound (Box & Jenkins, 1976; McCleary & Hay, 1980).1
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The steps involved in the ARIMA modeling procedure are outlined in
McCleary and Hay’s (1980) work and are designed to filter out fea-
tures of the data that would bias any tests of the significance of
program interventions. SPSSx Trends was used to identify, estimate,
and diagnose the models. Tests were conducted on the ARIMA mod-
els for each series in order to estimate the form and significance of the
effects that occurred during and after the intervention.2

In order to model the actual impacts of the radar camera assessment
program, statistical analyses of the intervention were conducted in
three steps. First, eight dummy variables, each representing approxi-
mately one week of the intervention, were included in each ARIMA
model once nonseasonal and seasonal parameters were estimated.
Examination of each of these variables made it possible to assess
whether statistically significant effects were present in the time-
series data at each week of the enforcement period. The second step
involved creating variables (transfer functions) to represent the en-
tire intervention period. Analysis of these variables enabled a statis-
tical test of the overall impact of the intervention. The form of each
transfer function was structured to reflect the observed form of the
effect that occurred (gradual or abrupt changes). A more accurate
test of the significance of the entire intervention period was therefore
possible. The final step involved comparing data collected during and
after the intervention to determine if statistically significant revers-
alsto preintervention patterns occurred. This procedure alsoinvolved
the creation of variables that were structured to reflect the actual
observable form of the effects that occurred in the postintervention
data.3

FINDINGS

Impacts of the Radar Camera on Southbound Traffic

As can be seen from Table 1, average speeds gradually declined on
Knight Street beyond the third week of the intervention. The ARIMA
model testing weekly significance within the data for southbound
traffic on Knight [(1,0,0)(1,1,0)] showed that average daily speeds
were significantly lower than preenforcement levels for the last three
weeks of November. By the last week of enforcement for which data
were available on Knight (November 18—-27), average speed had de-
clined by 2.2%, t(54) =-3.32,p <.001. Figure 1 illustrates these trends
over time.
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Table 1

Mean Southbound Speeds

Period Granville St. Knight St.
Preintervention

(Sept. 26-0ct. 2) 61.00 59.14
Intervention

(Oct. 3-6) 60.75 59.25
(Oct. 7-13) 61.00 59.29
(Oct. 14-20) 60.00* 59.29
(Oct. 21-27) insufficient data 58.57
(Oct. 28—Nov. 3) 60.71 58.97
(Nov. 4-10) 60.57 58.29*
(Nov. 11-17) 60.43 58.14**
(Nov. 18-24) 60.14 57.85***
(Nov. 25-Dec. 1) 60.00 insufficient data
Postintervention

(Dec. 2-8) 60.28 58.42
(Dec. 9-10) 60.50 59.00

* indicates reduction is statistically significant at p < .05.

* indicates reduction is statistically significant at p < .01.
***  indicates reduction is statistically significant at p < .001.

An overall test of the significance of the intervention revealed that
the speed levels for southbound traffic on Knight Street were signifi-
cantly different from the speeds that would have been expected in the
absence of the intervention, #(62) = -2.69, p <.01. The ARIMA model
testing overall significance [(0,0,0)(1,1,0)] employed a dummy vari-
able that reflected a gradual impact over time (Zimring, 1975). The
intervention variable was structured to change by increments of one-
eighth over the eight-week intervention period for which data were
available. To reflect the increases in average speed during the
postenforcement period, the variable then changed by decrements of
one-eighth.

During the postenforcement period, average speeds significantly
increased for southbound traffic on Knight Street by 2.0% from the
week of November 18. The ARIMA model testing the postenforcement
period [(0,0,0)(1,1,0)] showed that the postenforcement increase was
significantly higher than intervention levels as a whole, t(55) = 2.38,
p <.05.
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Table 1 also shows that average speeds for southbound traffic on
Granville Street declined by approximately 1.6% during the week of
October 14. The ARIMA model testing weekly significance[(0,0,0)(0,1,1)]
indicated that this reduction was statistically significant, #(52) =
-2.08, p <.05. As shown in Figure 1, from that point on speeds tended
toincrease slightly but remained marginally lower than pre-enforce-
ment levels. During the period November 18-December 1 speeds
declined again; however, these reductions were not statistically sig-
nificant. Speed levels remained marginally lower on Granville Street
after the significant decline during the week of October 14, but the
ARIMA model did not indicate that these reductions were signifi-
cantly different from the levels that would have occurred in the ab-
sence of the intervention.

Even though a statistically significant reduction in speeds occurred
during the brief period in October, the Granville time series as a
whole was not significantly different from the speed levels that would
be expected in the absence of any intervention, £(59) =.1.44, p = N.S.
Unlike the ARIMA model developed for the Knight Street time series,
the model testing overall significance for the entire Granville series
[(0,0,0)(0,1,1)] employed an intervention variable that reflected the
abrupt, temporary reduction in average speeds that occurred during
the initial part of the enforcement period.

The week-by-week results of the ARIMA analyses for the second
dependent variable (average percentage of vehicles exceeding the
speed limit) are illustrated in Table 2 and Figure 2. Table 2 shows
that the average percentage of vehicles exceeding 50 km/h gradually
declined on Knight Street throughout the enforcement period. The
ARIMA model testing weekly significance[(0,0,0)(1,0,1)]showed that
the reductions became statistically significant during the latter part
of the intervention. By the last week of enforcement for which data
were available, the percentage of vehicles exceeding 50 km/h had
declined by 5.4%, ¢(61) = -2.88, p < .01.

Compared to levels in the last week of enforcement, the percentage
of speeding vehicles increased by 4.8% during the postenforcement
period. The ARIMA model testing the postenforcement period
[(0,0,0)(1,0,0)] showed that this increase was not, however, signifi-
cantly different from intervention levels as a whole.

As with average speeds, the percentage of vehicles exceeding 50 km/h
for southbound traffic on Knight Street was significantly different for
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the enforcement period from the percentage of speeding vehicles that
would be expected in the absence of the intervention, #(69) = 3.52,
p < .001. Again, as with average speeds, the ARIMA model testing
overall significance [(0,0,0)(1,0,0)] used an intervention variable that
reflected the observed gradual impact of the reduction over the en-
forcement period.

The percentage of vehicles exceeding the speed limit on Granville
Street decreased by 1.9% by October 14, but the corresponding ARIMA
model [(0,0,0)(1,0,0)] showed that the reduction was not statistically
significant. The percentage of vehicles exceeding 50 km/h remained
slightly lower than preenforcement levels. During the period No-
vember 18—December 1, the percentage of speeding vehicles again
declined slightly, but these reductions were also not statistically sig-
nificant. The ARIMA model testing overall significance [(0,0,0)(1,0,0)]
for southbound traffic on Granville Street showed that the percent-
age of speeding vehicles was not significantly different from what
would be expected in the absence of the radar camera assessment

intervention.

Table 2

Mean Percentage of Southbound Vehicles Exceeding 50 Km/h

Period Granville St. Knight St.
Preintervention

(Sept. 26-0ct. 2) 93.00 86.97
Intervention

(Oct. 3-6) 91.50 87.25
(Oct. 7-13) 93.71 85.86
(Oct. 14-20) 91.20 86.29
(Oct. 21-27) insufficient data 84.57
(Oct. 28—Nov. 3) 92.29 84.71
(Nov. 4-10) 91.71 83.43
(Nov. 11-17) 91.29 83.97
(Nov. 18-24) 90.14 81.86*
(Nov. 25-Dec. 1) 90.28 insufficient data
Postintervention

(Dec. 2-8) 91.43 83.71
(Dec. 9-10) 91.50 86.00

* indicates reduction is statistically significant at p < .01.
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Impacts of the Radar Camera on Northbound Traffic

Table 3 shows that significant speed reductions did not occur at ei-
ther location for northbound traffic, which is consistent with the
actual application of the radar camera to southbound traffic. The
intervention speed levels on Knight and Granville were not signifi-
cantly different from those that would have been expected in the
absence of the intervention. Figure 3 illustrates the similarity be-
tween the two locations and the constant speed levels over time.

Table 4 shows that the percentages of northbound vehicles exceeding
50 km/h did not decline significantly at either location and were not
significantly different from those that would have been expected in
the absence of the intervention.

Summary and Implications of the Findings

The visual presentations of two measures of traffic speed, together
with the supporting statistical analysis, show that average speeds
and the percentage of vehicles exceeding 50 km/h declined signifi-
cantly on Knight Street southbound but there were no comparable

Table 8

Mean Northbound Speeds (km/h)

Period Granville St. Knight St.
Preintervention

(Sept. 26—0ct. 2) 57.00 56.86
Intervention

(Oct. 3-6) 56.0 56.25
(Oct. 7-13) 57.14) 56.29
(Oct. 14-20) 56.20 56.57
(Oct. 21-27) insufficient data 56.00
(Oct. 28—Nov. 3) 56.97 55.85
(Nov. 4-10) 56.72 56.00
(Nov. 11-17) 56.97 56.00
(Nov. 18-24) 55.86 56.14
(Nov. 25-Dec. 1) 56.43 insufficient data
Postintervention

(Dec. 2-8) 56.42 56.43

(Dec. 9-10) 57.00 56.50
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declines on Granville Street for southbound traffic. These results
suggest that the radar camera intervention produced a statistically
significant effect on the speed of vehicles travelling southbound. This
is further corroborated by the significant increases in average daily
speed and the increase in the percentage of speeding vehicles on
Knight Street after enforcement was discontinued.

Even though average vehicle speeds on Granville Street declined
significantly at an early stage in the intervention, they tended to
increase slightly afterward and remain constant thereafter. This effect
could have resulted from a generalized, but temporary, halo effect
due to the use of the radar camera on Knight Street.

The responsibility for designing and implementing this quasi-experi-
ment was jointly shared among the (then) Provincial Ministry of the
Solicitor General, the Vancouver City Police, and the Vancouver
Engineering Department. The police had the final say over which
streets would be included in the evaluation, and the Engineering
Department determined where the induction loops to measure speed
would go. Decisions made by both agencies affected the validity of the
evaluation design. As hasbeen said, differing grades on the two streets

Table 4

Mean Percentage of Northbound Vehicles Exceeding 50 km/h

Period Granville St. Knight St.
Preintervention

(Sept. 26-0ct. 2) 79.60 77.00
Intervention

(Oct. 3-6) 78.50 78.00
(Oct. 7-13) 82.14 71.57
(Oct. 14-20) 78.20 79.00
(Oct. 21-27) insufficient data 77.14
(Oct. 28—Nov. 3) 78.14 76.29
(Nov. 4-10) 78.29 75.86
(Nov. 11-17) 77.86 76.43
(Nov. 18-24) 75.71 75.86
(Nov. 25-Dec. 1) 78.14 insufficient data
Postintervention

(Dec. 2-8) 71.57 77.00

(Dec. 9-10) 78.50 79.50
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introduce the possibility of interaction effects between the interven-
tion and the observed changes in vehicle speeds. Because enforce-
ment sites were approximately 400 to 600 meters downstream from
the loops, vehicle speeds had been measured before vehicles reached
the enforcement area. As a result, fine-grained analysis of the cause-
effect relationship between the presence of the camera and vehicle
speeds was not practical. Ideally, vehicle speeds should have been
measured after traffic passed the camera, permitting the evaluators
to more closely examine the association between presence of the ra-
dar camera and vehicle speeds. As it stands, the location of the induc-
tion loop weakens the construct validity of the evaluation design.

A further construct validity issue arises in that radar enforcement
was accompanied by media publicity and posted signage. It is possi-
ble that observed reductions in speed were “caused” by a combination
of posted signage; visual observation of portable signs, police, and/or
radar camera; word of mouth; radio call-ins; and distribution of no-
tices of violation and brochures. Ideally, the evaluators would want
to sort out the incremental effects of each of these program compo-
nents.

The implementation of this quasi-experiment permits a global as-
sessment of program impacts. The evidence does consistently sup-
portthe hypothesisthat the radar camera, as well as publicity associated
with its use, contributed to the consistent and significant reduction
of speeds and percentage of vehicles exceeding the speed limit for
southbound traffic on Knight Street compared to Granville Street.

Overall, this study provided an opportunity to apply a time-series
quasi-experimental approach to examining the effectiveness of an
intervention intended to change driving behavior. Because the evalu-
ation design as planned featured a control time series, a postinter-
vention period, as well as a preintervention period, and reliable data
collection methods, the design had the potential to isolate the main
cause-effect relationship sufficiently to permit a definitive answer to
the question of how radar camera affects traffic speeds. Donald T.
Campbell has referred to this kind of intervention as a “disseminable
package,” worthy of our best experimental or quasi-experimental
evaluation efforts (Watson, 1986).

The evaluation, as implemented, instead illustrates the strengths
and weaknesses of a quantitative evaluation design that falls some-
what short of the level of control required to convincingly isolate the
relationship between radar camera use and vehicle speeds. In the
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end, the radar camera intervention, consisting of several related
activities, is “black boxed” in the statistical analysis, a process that
results in a summative perspective on the program. The observed
patterns of statistical significance are consistent with the conclusion
that the intervention worked. But it is not clear whether the radar
camera per se was either necessary or sufficient to cause the observed
reductions in vehicle speeds.

Stakeholders involved in the implementation process in the end af-
fected the evaluation design. In effect, working with those who deliv-
ered theintervention necessitated incorporating procedures that reflect
the way the Vancouver Police Department and the Vancouver Engi-
neering Department do their jobs. Although this affected the design,
it also made the evaluation possible. In the end, evaluation, like
politics, is the art (and science) of the possible.

NOTES

1.

A limitation of the Box-Jenkins ARIMA procedure is its capacity to
model only one seasonal (cyclical) process at a time. As the hourly
data contained two repetitive cycles of variation on a daily and weekly
basis, the Box-Jenkins time-series analysis was unable to model them
both. Consequently, the hourly data had to be converted into daily
averages. This allowed the ARIMA models to estimate and hence
control for the weekly cycle of variation.

As stated by McLeary and Hay (1980), when the impact in a time
series is so large that it overwhelms and distorts the autocorrelation
function and the partial autocorrelation function, these functions
may have to be estimated from the preintervention series only. As
this was not a problem in this analysis, each model was estimated
using the entire time series. The time series for Knight Street con-
sisted of 76 daily observations and for Granville of 74 observations.

Aseach time series had embedded missing data, an explanation of the

process used by SPSSx to compensate for it is warranted. The ARIMA
procedure uses amaximum-likelihood estimation algorithm that utilizes
a technique called Kalman filtering. Kalman filtering can be used to
generate fitted values and residuals for missing values that are “most
likely” to have occurred, based on the observed data. As only four
values were missing from each Knight Street series and only five
from each Granville Street series, the effects of these estimates on the
outcome of the modeling procedure are likely to be marginal.
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