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ABSTRACT

The observed "migration" of traffic accidents from treated
sites to their neighbours has been the subject of considerable
controversy in recent years. Some authors have argued that the
observed migration represents a real change in the underlying
mean accident frequencies at the sites involved, while others
have argued that it is merely a statistical illusion arising,
like regression-to-mean, due to bias by selection. The problem
remains unresolved essentially because of the lack of a
sufficiently detailed and extensive set of data against which the
alternative theories can be rigourously tested.

The main objective of the research described in this
thesis was to resolve the controversy by establishing a suitable
data set and identifying a method by which changes in underlying
mean accident frequencies could be reliably determined.

Detailed accident, traffic and treatment data were
obtained for a network of some 280km of highway over an 11 year
study period. A particular feature of this data was that all
engineering measures applied to the network were included, not
just accident remedial measures. This ensured that the effects
of individual schemes could be isolated and that data could be
obtained for sites unaffected by remedial treatment (at which any
apparent migration of accidents would be attributable to
statistical effects). Variants of two methods were developed to
estimate underlying mean accident frequencies: an Empirical
Bayes approach, which gives an estimate based on the observed
accident frequencies at the study site and the mean accident
frequency at similar sites; and a regression approach in which a
regression equation 1is fitted to accident frequencies at
untreated sites for two separate time periods.

Both methods were shown to be capable of providing
reasonably reliable estimates for a group of sites. It is
demonstrated that an illusion of accident migration can arise due
to regression-to-mean effects, but there was some evidence to
suggest that a genuine migration of "accident risk" does occur in
some circumstances. Problems of "overlap" of treated sites
reduced the sample size in the current study to some 200 treated
sites. Assuming that an average increase of 0.5 accidents in 3
years over the 500m sections of the network immediately adjacent
to the treated site would constitute a migration effect of
practical significance, it was concluded that a ten fold increase
in the sample size would be required to ensure that an increase
of this magnitude would be statistically significant at the five
per cent level.
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NOTATION

underlying mean accident frequency at a site

observed number of accidents at a site prior to treatment (or

during the first time period for untreated sites)

observed number of accidents at a site after treatment (or

during the second time period for untreated sites)

predicted number of accidents at a site obtained from a

prediction model for the appropriate site type

shape parameter of the assumed Gamma distribution of m's about

y (i.,e. m _ G(v,7v/y) and C = v/y)

mean accident frequency for the broader groups of sites used

for the negative binomial fit

shape parameter of the assumed Gamma distribution of y’s about

a (i.e. y _ G(B, B/a)

shape parameter of the assumed Gamma distribution of m’s about

a (i.e. m _ G(k, k/a)

treatment effect (t = x,/m)

biased estimate of t (t* = x,/x;)
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estimate of t based on EB estimates of m (t = x,/m)
estimate of t based on regression estimates of m (t*" = xA/l;l)

percentage change in accidents following treatment

(T=(t-1)100%)
regression-to-mean effect (r = m/Xy )

percentage change in accidents due to regression-to-mean

effects (R = (r - 1)100%)
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CHAPTER ONE : INTRODUCTION

It has been observed in previous studies that, when sites
are subject to engineering treatments which reduce the accident
frequency at the treated sites, there is an increase in the
accident frequency at sites adjacent to the treated site : a
phenomenon which has become known as "accident migration"(1.2)
If these observed changes are evidence of a true change in the
underlying mean accident rates then "accident migration" clearly
has wide ranging implications for scheme design and the

assessment of the effects of engineering measures on accidents.

If the observed increase in accidents at sites adjacent to
treated sites reflects an increase in the underlying accident
frequency then there are a number of possible explanations: it
may arise due to driver's adaption of their risk taking behaviour
in response to treatment!!:2); it may arise due to a deteriora-
tion of the adjacent sites unrelated to the treatment (for
example, the deterioration of the skid resistance of the road
surface); it may represent an "end of &scheme effect" where
drivers do not adjust sufficiently rapidly to changed road
conditions (for example at the end of a street lighting or road
widening scheme); or it may arise due to an increase in traffic
flow through the sites which may or may not be related to

treatment.

Alternatively the observed increase in accidents may not

represent a change in the underlying mean accident frequency but



rather may be a statistical illusion arising because of
"regression-to-mean" effects at the neighbouring sites(?®’,
possibly enhanced by the presence of spatial autocorrelation
between the underlying mean accident frequencies‘*’. Using
simulated data it has been shown that, if high risk sites cluster
together, regression-to-mean effects are then likely to result in
an apparent migration of accidents, even if the mean accident
frequencies at the sites remain unchanged‘‘’. Although there is
some evidence to suggest that positive correlation exists in
practice!®’, it is not yet clear the extent to which this

accounts for observed migration effects.

Previous studies of the accident migration phenomenon have
been inconclusive for two reasons: first there has been a lack
of a sufficiently detailed and extensive data set against which
theories can be tested; second, in order to separate treatment
effects from regression-to-mean effects it is essential to obtain

accurate estimates of the underlying mean accident frequencies.

In this study, in order to assess the area wide effects of
engineering measures, not only measures which are designed to
counteract accidents were considered, but rather all engineering
measures which might affect accident frequencies were included.
In order to estimate the regression-to-mean effects two methods
were used. These methods are an Empirical Bayes (EB) method‘S’

and a regression method!’’ .

The second chapter in this thesis highlights the previous

studies in which evidence of accident migration was obtained. It



also discusses the possible explanations of accident migration,
and presents the models currently available for estimating the
regression-to-mean effects. The third chapter outlines the major
objectives of the study, while the fourth chapter explains the
difficulties of applying existing models to the study data and
shows how these models were modified for use in this study. The
fifth chapter describes the basic data used, while chapter 6
explains the rules and criteria for selecting sites and
neighbouring areas for analysis, The seventh chapter explains
how the analysis was carried out and how the results discussed in
chapter 8 were obtained. Finally, chapter 9 summarises the
conclusions of this study and gives recommendations for further

investigation.



CHAPTER TWO : LITERATURE REVIEW

2.1 INTRODUCTION

Assessing the effects of engineering measures on accidents
is by no means a straightforward process. A before and after
comparison of accidents at a treated site is unlikely to give an
accurate measure of the effect of treatment because of the

effects of "regression-to-mean" and "accident migration".

It is now well established that if sites are selected for
treatment because of a high accident frequency in the period
before treatment, they will tend to have fewer accidents in the
period after treatment even if treatment has had no effect. This

is the well known "regression-to-mean" effect (Section 2.4.2).

Rather more controversial is the phenomenon of "accident
migration" which can be defined as an increase in observed
accidents at sites adjoining a successfully treated site, giving
the appearance of a transfer or "migration" of accidents from the

treated site to the surrounding area.

This Chapter reviews the literature concerning the
accident migration phenomenon including empirical evidence for
the effect, possible <causal mechanisms, and methods for
estimating the long term mean accident rate at both treated sites

and the surrounding area so as to eliminate regression-to-mean



effects.

2.2 DEFINITIONS OF "ACCIDENT MIGRATION"

The phenomenon whereby the remedial treatment of a site
produces an improvement in safety at the treated site but a
degredation in safety at neighbouring sites has been variously
described as "accident migration"‘!), TMaccident risk migra-
tion"(®)  and "unsafety migration"‘®)’. In fact the most precise
definition of what is actually at issue is given by Persaud(?’ .
"Safety/unsafety" is defined as the expected number of accidents
per unit time. "Unsafety migration" is thus a decrease in the
expected number of accidents per unit time at the treated site
but an increase in the expected number of accidents per unit time

at nearby untreated sites. "Unsafety migration" thus implies a

real change in the safety levels at the sites involved.

"Accident risk migration" also implies a real change in
the safety levels at the sites involved but, whereas "unsafety"
could be measured in terms of the annual accident total (AAT),
"risk" is perhaps more properly defined in terms of the accident
rate (i.e. the expected number of accidents per million vehicles
at intersections or million vehicle kilometers on links).
"Accident risk migration" can then be defined as a decrease in
the expected accident rate at the treated sites combined with an

increase in the expected accident rate at neighbouring sites.

"Accident migration" on the other hand can be taken to



imply simply that in a before and after study there will be an
observed decrease in accidents at one site combined with an
observed increase at nearby sites. "Accident migration" may
therefore be a manifestation of a real change in safety at the
sites involved or may simply occur due to chance alone. Here,
therefore, "accident migration" will be used as a general term to
describe the observed phenomenon without implying any causal

mechanism.

"Accident migration" is evidently of importance to
engineers involved in assessing the effectiveness of remedial
treatment. Whatever the underlying explanation, it implies that,
if neighbouring sites are used as control sites, the reduction in
accidents at the treated sites may be overestimated. 1f
"unsafety" or "risk" migration occurs then at least part of the
benefit of remedial treatment will be lost through compensating

increases in accidents at neighbouring sites.

2.3 EVIDENCE TO SUPPORT "ACCIDENT MIGRATION"

A shift in accidents from treated site to untreated sites
has been observed by a number of researchers. It is, however,
the work of Boyle and Wright‘!’ which has focussed attention on
the problem in recent years. Boyle and Wright were the first to
investigate the phenomenon using data specifically for sections
immediately adjacent to the treated sites and to coin the term
"accident migration". The data they used was for a random sample

of 16 Boroughs from the 32 Boroughs in the (then) Greater London



Council (GLC) area for the period 1974-1978. From the 1081
identified blackspots, 715 blackspots were treated. Some of
these were not suitable for inclusion in the study because they
had received treatment either before 1974 or after 1978 which
meant that for these sites accident data was not available for
both three year before and after periods. This reduced the
usable data to 402 blackspots. Of these blackspots, 366 sites
were nodes or links and were retained in the base sample. The
remaining were excluded because they were cell blackspots or
multiple blackspots. The neighbouring areas for each blackspot
were defined in terms of the network itself. If the blackspot
was on a link, the neighbouring area was defined as that link,
excluding the blackspot itself, together with the proximal nodes

at each end of the link Fig. (2.1).

Figure 2.1 A link blackspot and its neighbours

nodel blackspot node2

X link1 link2 : ]

If a blackspot was on a node, the neighbouring areas were defined

as the set of links entering the blackspot together with the

proximal nodes at the ends of each link Fig. K (2.2).



Figure 2.2 A node blackspot and its neighbours
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The analysis of the base sample showed a decrease of 21% in

blackspot

accidents at the treated blackspots with a slight increase (of
2%) at the neighbouring areas. After removing blackspots whose
neighbouring areas overlapped the neighbouring areas of other
treated blackspots or a borough boundary, and blackspots whose
neighbouring areas contained another treated blackspot, a
sub-sample of 219 blackspots was obtained. The analysis of this
sub-sample showed a decrease of 22% at treated sites and a 3.5%
increase in accidents at the neighbouring areas. Following a
further reduction in the sample to 133 blackspots (excluding
blackspots which had been treated more than once within a 3 year
period, and treatments which were likely to have influenced
traffic patterns) the analysis showed that accidents at the
treated blackspots decreased by 23.3% while at the neighbouring
areas accidents increased by 10%. This increase in accidents was
found to be statistically significant and was thus taken as

evidence that accident migration does occur. These results were



criticised by many researchers(®:%:19-13) pajinly on the grounds
that Boyle and Wright did not take into account the regres-
sion-to-mean effect. These criticisms are dealt with in Section

2 a2

One of the first published data sets which appeared to
indicate that accident migration could be observed was obtained
by Ebbecke and Schuster(16:17)  They used data for two areas in
north and south Philadelphia which included 893 intersections of
which, in 1968, 40% were signalized and 60% were two-way stop
controlled. During the period 1968-1976, 552 intersections were
converted under public pressure to four-way stop control. During
the 9 year period, accidents dropped at the converted intersec-
tions whereas, at the intersections which had been left
unconverted, accidents increased linearly throughout the period,
doubling in 6 years. From the 552 converted intersections, 222
intersections were selected which were considered to be
particularly dangerous locations (that is having an accident rate
of nine accidents per 10 million vehicle miles) during the period
1968-1972. A two year before and after analysis of accidents at
these 222 intersections showed an accident reduction of 55% while
over the whole area the total number of accidents were unchanged.

Ebbecke concluded that accidents were just being rearranged.

Persaud‘?:18) criticized this conclusion. He pointed out
that, since the intersections selected for conversion were chosen

mainly on the basis of public pressure, they would have tended to



be those with unusually high accident rates. Since Ebbecke did
not account for the regression-to-mean effect, a migration of
accidents from converted to unconverted intersections could have
been caused by the regression-to-mean effect. Persaud reanalysed
the data, estimating the regression-to-mean effect using an
approach suggested by Hauer(®) and which will be explained in
detail in Section 2.5.2. From the 222 intersections converted
during the period 1969-1972, Persaud used.the 61 intersections
converted in 1969. A one year before and after period was used
to avoid overlap problems caused by conversions done in the other
years. The untreated group examined consisted of the 277
intersections which remained wunchanged during the period
1968-1970. In addition, a study was made of the effect of
conversion on accidents at the immediately adjacent intersec-
tions. After correction for regression-to-mean, there was an
estimated reduction of 96 accidents (44%) at the 61 converted
intersections and an increase of 82 accidents (18%) at the 227
unconverted intersections. While at the downstream intersections
accidents remained unchanged, at the upstreeim intersections there

was an increase of 15 accidents (48%).

Ebbecke had suggested that traffic volumes at individual
intersections remained essentially constant during the study
period. In addition, Persaud found 1little or no trend in
accidents after 1970 for unconverted intersections other than
those with one-street-stopped control. Thus Persaud concluded

that the all-way stop conversion programme caused the accident

10



increases at the remaining unconverted intersections. (The data
for the immediately wupstream and downstream intersections was

discounted because of the small numbers involved.)

Some evidence for accident migration was also found in
studies of the effect of increasing the number of lanes on
freeways in the U.S. It is possible to increase highway capacity
by the addition of a 1lane. This can be acl‘lieved by reducing the
shoulder width and/or restriping to reduce lane width, Such
measures have been found to reduce accident rates along the
treated section of road(!®°22) Levine, Golob and Recker(Z3)
studied two projects of lane additions in south California. These
projects took place between 1982 to 1984 allowing at least two
years accident data in both the before and after periods. 1In the
absence of accurate traffic data, control sections were used to
provide an estimate of the change in accidents. In addition to
the control sections, the areas upstream and downstream of each
project were included to investigate the possibility of safety
degredation in the adjacent areas. The first project was in Los
Angeles county. The results of this project showed that there
was a tendency for fewer accidents to occur upstream and in the
beginning portion of the treated section in the year following
the restriping. Conversely there was an increase in the observed
accidents in the last portion of the treated section and the
downstream area. The ratio of total after accidents to total
before accidents for the whole study area was 0.390 as compared

with 0.393 for the control area. These ratios showed no

11



statistically significant difference which means that there was
no significant overall change in accidents in the study area as a
whole. However these ratios showed a statistically significant
decrease in accidents in the upstream section (with a ratio of
0.332) and an increase in the downstream section (with a ratio of
0.451). In the treated section itself there was no significant
change. This suggests that although the number of accidents in
the study area was unchanged, the restriping programme shifted
accidents to the downstream area. Douglas‘?3) suggested that the
reason for this shift was due to a relocation of areas of traffic

congestion (i.e. the bottleneck had been shifted downstream).

The second project was in Orange County and the same
analysis was carried out as in the case of the Los Angeles
project. In this case, however, the southbound carriageway was
used as a control section because it was restriped three years
later. The results showed that there were on average fewer
accidents near the end of the upstream section and the beginning
of the treated section. There was also a general increase in
accidents at the beginning of the upstream section. There was no
statistically significant change in the upstream and downstream
sections overall, but there was a significant decrease in the
treated section. These results indicated that, unlike the Los
Angeles project, there has not been a significant migration of
accidents to the downstream area. However, when the downstream
section was reduced to 4.5 miles instead of 6 miles, there was

found to be a significant increase in downstream accidents.

12



In a recent study by Yagart and Ropret(2?‘) data were
obtained to assess the effects on accidents and injuries of
installing 16 at-grade pedestrian crossings at intersections in
Metropolitan Toronto between 1979-1983. These crossings were
intended to assist pedestrians in crossing busy streets with a
minimum of delay to vehicular traffic. The crossings appeared to
have higher accident frequencies than uncontrolled intersections
and the study was intended to test the theory that the crossings
"attracted" accidents from adjacent intersections Dbecause
pedestrians would tend to choose to cross'at the intersections
with crossing facilities. The neighbouring area for each
crossing was defined as "up to and including two blocks on either
side of the intersection where the crossing was installed". A
correction was made for secular trend in accidents, but the re-
gression-to-mean effect was ignored. Yogart and Ropret justified
ignoring regression-to-mean on the basis that site selection was
not based on the accident history at the sites. The results of
the study, based on two year before and after periods, showed
that accidents and slight injuries increased significantly at and
within up to one block of the crossing. In the section between
one and two blocks from the crossing accidents with slight
injuries increased while non-injury accidents decreased somewhat.
The phenomenon of migration of accidents to the crossings was not
statistically conclusive and the overall accident/injury history
in the area within two blocks of the crossings did not change

significantly.

13



In the UK in 1979 Huddart(?3’ noted an apparent migration
of accidents in a study using data for five locations where speed
humps had been installed. These locations were selected by the
Transport and Road Research Laboratory (TRRL) to study the effect
of speed hump control on vehicle speeds. It was found that the
most significant effect of the installation of the humps was
diversion of traffic, with reductions in traffic on the roads on
which the humps were installed ranging from 25% to 62%, while
total traffic in the area remained unchanged. Huddart reported
that casualties on the roads where the humps were installed were
halved but the area wide effect on casualties was negligible. In
this case the observed migration of accidents was clearly related

to the migration of traffic.

More recently Adams‘2%) has described an apparent
migration effect using data on the Baden-Wurttenburg motorway
where a speed limit of 62 mile per hour was imposed on two
sections‘?’), A one year year before and after comparison showed
that there were reductions of 38%, 18% and 15% in fatalities,
injuries and total accidents respectively on those sections of
the motorway. In two other sections of the motorway, in the same
area, where no speed limit was imposed, there were increases of

30% 20% and 15% in the three categories.

Over the years then, a variety of researchers have

presented data which suggests that accident migration can be

14

















































































































































































































































































































































































































































































































































































































































































































































































