SOME ASPECTS OF PEDESTRIAN SAFETY
By R. J. Smeed

The substance of a lecture given to the International Federation of Pedestrians
on 19 April 1968.

In giving this talk on pedestrian safety I should have liked to include:
(1) acomprehensive account of the relation between the number of pedestrian
accidents and the main factors on which this number depends,
(2) an account of the likely effect on road user behaviour and accidents of
some of the various policies that might be adopted, and then
(3) adiscussion on how such information leads to a policy directed to reducing
the number of pedestrian accidents.
Because of the large gaps in our knowledge, it is only to an extremely limited extent
that it is possible to tackle the problem of pedestrian safety in this way; yet this is
what I propose to attempt. In addition to making it possible to draw a few conclu-
sions on measures that would be expected to promote pedestrian safety, it may belp
to point out some of the topics on which research is needed and lead to measures
which will increase the likelihood of this research being carried out. After an initial
consideration of overall pedestrian casualties, I therefore propose to consider the
relations between pedestrian casualties and various factors — without, however, any
- serious attempt to consider all the possible ones, or even to refer to all the limited
amount of research which has already been carried out.

PEDESTRIAN ACCIDENTS IN DIFFERENT COUNTRIES

Since it is desirable to put the subject into a general perspective, and since I am
talking to an international body, I propose to start by comparing the safety of
pedestrians in different countries. Comparison is, however, made difficult by the
different standards of accident reporting in various countries; I therefore propose to
confine my initial comparison to pedestrian deaths due to road accidents. Even this
is difficult, because of the different definitions of what constitutes a death in a road
accident. For example, in Belgium a person is only regarded as killed in a road
accident if the death occured at the scene of the accident; in Portugal the death may
occur cither at the scene of the accident or during transport from the site of the
accident; in Czechoslovakia and Spain a person is regarded as having been killed in
a road accident if death occurs within 24 hours of the accident; in Poland the period
is 48 hours, in France 72 hours, in Italy 7 days, and in most other countries of
western Europe go days. In the U.S.A. it is one year. To some extent these differences
can be allowed for by making use of investigations carried out on the intervals
elapsing between death due to a road accident and the accident itself, Results of
several such investigations are shown in Figure 1 [1] [2] [3]. This suggests that, of
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deaths occurring as a result of road accidents, between 28 per cent and 46 per cent
occur within one hour of the accident, between 59 per cent and 72 per cent within
24 hours, between 71 and 80 per cent within 3 days, between 80 and 87 per cent
within 7 days and about 95 per cent within go days. It follows that, to make data for
numbers of fatalities in countries that do not use the go-day limit comparable with
those that do, we must multiply the numbers for countries using a one-hour limit by
some number between 2.1 (95/46) and 3.4 (95/28), the numbers for countries using
a 24-hour limit by some number between 1.3 (95/72) and 1.6 (95/59), those for
countries using a 3-day limit by 1.25 (95/76), those for countries using a 7-day limit
by 1.10 and those for countries using a year by 0.95. Multiplying factors 2.5, .5,
1.25, 1.10 and 0.95 respectively have been taken in order to adjust the published
figures for pedestrian fatalities in the various countries to a common basis. The
comparison cannot be exact because the average intervals between accident and
death probably vary somewhat as countries differ in such matters as standards of
medical care, the age distribution of the population and the circumstances in which
accidents occur. However, neglecting these differences, we can make use of Figure 1
and the statistical data published by various countries [4] to obtain some sort of
comparison. These adjusted numbers of fatalities have been used, with the published
data [4] on populations and licensed motor vehicles, to compare pedestrian fatalities
per million persons living (Figure 2) and pedestrian {atalities per 1,000 motor
vehicles (Figure 3) with motor vehicles per head.
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Figure 2 shows that the number of fatalities per million population is — as is
presumably to be expected — low in the countries with small numbers of vehicles per
head (Turkey, Yugoslavia and Greece), but, perhaps unexpectedly, is not obviously
related to the degree of motorisation in countries with higher numbers of vehicles
per head. The number of pedestrian fatalities per million population varies between
25 and 105 in the 28 countries considered, whilst the number of vehicles per head
varies from 0.008 to 0.51. Thus the pedestrian fatalities per million population vary
by a factor of 4, whilst the number of vehicles per head varies by a factor of 64.
It appears, therefore, that the number of pedestrian deaths per head of population
of a country is not nearly as dependent on the degree of motorisation as on other
factors, presumably the vehicle, the road, the traffic conditions and road user
behaviour. It follows that the number of deaths per vehicle must fall as the number
of vehicles per head increases, and this is clearly shown by Figure 3.

Trends in Accident Rates

Table 1, which gives the changes in a number of relevant rates over a ten-year
period, shows that similar tendencies are revealed when consideration is given to
changes within countries. Over the ten-year period considered there was an average
increase in vehicles per head of 142 per cent, but the average increase in pedestrian
deaths and in pedestrian casualties per head of population was only 33 per cent.
There was also an average decrease in pedestrian deaths and in pedestrian casualties
per vehicle registered of about 43 per cent. Although the changes in fatality and
casualty rates were very different in the various countries, it is noteworthy that

TABLE 1

Changes in chance of becoming a pedestrian casualty in various countries
between 1953 and 1963

Country Percentage changes in
Pedestrian Pedestrian
Vehicles per Pedestrian Pedestrian Satalities casualties
head of fatalities casualties per vehicle per vehicle
population per head per head licensed licensed
Denmark 259 61 42 —55 —61
Netherlands 2477 —1 b —71 —69
Norway 210 61 45 —48 —53
Italy 206 86 75 —39 —43
France 158 61 53 —38 —41
Switzerland 140 44 1 —40 —61
Belgium 124 59 47 —29 —35
German Fed. Rep. 108 31 4 —37 —50
Britain 107 16 21 —45 —42
Israel 85 —17 51 —55 —18
New Zealand 39 —5 19 —31 —14
U.S.A. 25 —14 —31
MEeaN 142 33 33 —43 —44
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there was a fall in fatality and casualty rates per vehicle registered in every country
considered. Also, although there was a rise in the number of fatalities and casualties
in most of the countries, the percentage increases in these rates were considerably
less than the percentage increases in the numbers of vehicles per head. The reasons
for these changes are not fully known, although they are presumably to some extent
due to falls in pedestrian usage of the roads as motorisation increases, to the greater
ability to deal with the motor vehicle which people acquire with increasing fami-
liarity with it, and to the increasing number of measures that countries take to deal
with road accidents.

Accident Rates for Different Classes of Vehicles

Another reason for the fall in pedestrian fatalities per vehicle registered as motori- -
sation increases is suggested by Figure 4, which shows the number of pedestrian
accidents per vehicle registered in Britain year by year between 1957 and 1966.
The number of pedestrian accidents per public service vehicle has increased to some
extent over the period, but the numbers of pedestrian accidents per vehicle of other
types have all fallen. The number of pedestrian accidents per vehicle for vehicles of
all types together has fallen much more than have the individual accident rates.
This is because the vehicles having a low accident rate — private cars and goods
vehicles — have increased much more in numbers than the vehicles having high
accident rates, public service vehicles and motor cycles.

A rather different picture is, however, revealed by Figure 5, which shows pedestrian
accident rates per mile travelled. This shows that goods vehicles have somewhat
lower accident rates per mile travelled than have private cars, but that public
service vehicles have almost double, and motor cycles nearly four times, the rate for
private cars. The comparatively high rate for public service vehicles may be due to a
tendency for those vehicles to travel a high proportion of their mileage on roads
crossed by large numbers of pedestrians.

The Effect of Age on Pedestrian Casualties

Since age obviously affects the amount of pedestrian travel, the ability to decide
whether or not it is safe to cross the road, the risk of accident that people are pre-
pared to take and the likelihood of sustaining serious or fatal injury when hit by a
motor vehicle, it is to be expected that the effect of age on pedestrian casualties might
be considerable.

Some available data for various countries are given in Figures 6 and 7. These give,
respectively, the pedestrian casualties and pedestrian fatalities per million persons in
various countries for the age groups 04, 5-14, 15-24, 25-64, 65 and over. They are
based on data obtained from the E.C.E. publication [4]. Nearly all the countries
show similar patterns. Pedestrian casualties per million population of the appropriate
age groups are all lowest in the 15-24 or 25-64 age group, usually in the latter. They
are highest in the 5-14 or the 65+ age group.

Pedestrian fatalities per million population vary with age in a rather different
manner. Except for Sweden and Finland, where the ratios are based on small
numbers, they are all lowest in the 15-24 age group. It would clearly be of interest
to have a more detailed breakdown of pedestrian risk with age, but this is not avail-
able for all countries. Some data are, however, available for Britain, and these are
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given in Figure 8. Since the above data suggest that the changes in rate with age are
fairly similar in Britain and other countries, the kind of variation shown in Figure 8
is probably applicable in most countries. Data for total pedestrian casualties in
1949, and for seriously injured, including deaths, in 1951 and 1965 --1966, show
broadly similar patterns. The number of pedestrian casualties per million living
persons in the appropriate age groups in Britain, and therefore probably in most
other countries, is highest in the 5-g age group and, for the seriously injured, lowest
in the 25-29 age group. After that it rises as age increases, but even in the 8o+ age
group it is not as high as in the 5-9 group.

Deaths follow a rather similar, but different, pattern, the changes with age being
much larger. The number of deaths per million living persons in the various age
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groups has a peak in the 5-9 age group, but this is not the age group having the
maximum risk. Those in the 80+ group have a risk 35 times as great as the risk
sustained by the minimum risk group, those between 20 and 30 years old.

The fact that the over 80’s have such a high pedestrian fatality rate — as opposed
to pedestrian casualty rate — is presumably due to physical-medical factors not
directly connected with the type of accident; but the high casualty and fatality
rates for the very young and very old do suggest that many of the measures that are
taken for the protection of pedestrians are not adequate.

In this connection, it is worth while to consider the results of observations on the
behaviour of pedestrians described by Jacobs and Wilson in [5]. They counted the
numbers of pedestrians who crossed the road both at and within 50 yards of a number
of zebra and light-controlled crossings in four towns. In the sample of crossings
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taken, the proportions of the pedestrians crossing the road within 50 yards of a
crossing who crossed at the crossing itself was 62 per cent for pedestrians under 16
years of age, 53 per cent for the 16-60 age group and 69 per cent for those over 6o.
These results are probably representative of the behaviour of the various age groups
in general. If this is so, it follows that the age groups with the best behaviour in the
use of crossings have the worst accident record. (This is unlikely to be due to greater
exposure of the young and old, since the proportions of pedestrians counted in the
three age groups were 13 per cent, 68 per cent and 18 per cent, whilst the proportions
of these groups in the general population are 25 per cent, 57 per cent and 18 per cent).

It presumably follows that, if it were not for the extra care already taken by the
young and old pedestrians, their casualty rates would be even higher than they are
now. This suggests that measures for the protection of pedestrians — other than
asking them to take more care — are required.

A finding by Pease and Preston[6] is relevant in this connection. They found that
“the educator’s conception of the function of kerb drill, i.e. to detect traffic, is not
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reflected in its function as perceived by many young children, who in the experi-
mental setting behave as though they regard the performance of the kerb drill as in
itself sufficient to ward off the dangers of the road”.

MEASURES TO REDUCE PEDESTRIAN CASUALTIES

We have seen that, despite a probable reduction in pedestrian travel and a strong
tendency for pedestrian accidents per registered motor vehicle to fall as motorisation
increases, the number of pedestrian accidents per head of population is increasing in
nearly all countries, although its percentage increase from year to year is usually
only a small fraction of the percentage increase in motor vehicles. We all wish to
know what can be done about it. Now, if we were to deal with the matter by treating
its root causes, we should cut down either the amount of pedestrian travel or the
amount of vehicular travel, or both. But there are basic difficulties. To reduce,
deliberately, the amount of pedestrian travel would be extremely inconvenient and
would seriously impair some of our most cherished amenities. Many people —
including the writer — believe that we do not walk enough. Reducing pedestrian
casualties in this way is clearly impracticable. Reducing the amount of motor vehicle
travel would involve a cut in what we regard as our standard of living. It would be
extremely unpopular; and, since, as was shown above, the number of pedestrian
casualties is — in total at any rate — mnot closely related to the number of motor
vehicles, and therefore not closely related to the amount of vehicular travel,* the
percentage cut in vehicle use might have to be much greater than the resultant
percentage reduction in pedestrian casualties. This conclusion is reinforced by the
experience of the period of reduced motor vehicle travel caused by the shortage of
fuel during the Suez crisis in 1956-1957, as shown in the monthly data on pedestrian
casualties and fatalities and in the data on traffic volumes obtained from the Road
Research Laboratory’s 50 point census, which started in January 1956. Percentage
changes in amounts of traffic, in pedestrian casualties and fatalities and in driver-plus-
passenger casualties and fatalities, in corresponding periods of successive years, are
given in the Appendix and summarised in Table 2 below.

As is usual in comparisons of this type, the percentage reductions in casualties and
fatalities are not simple multiples of the percentage reductions in traffic, but the
general trend is clear. Both pedestrian and driver-plus-passenger casualties and
fatalities per month were fewer in number during the period in which motor traffic
was reduced. The percentage reductions in pedestrian casualties and fatalities were,
however, nearly always less than the percentage reductions in traffic, whilst the
percentage reductions in driver-plus-passenger casualties and fatalities were greater
than the percentage reductions in traffic. Averaged over almost the whole period,
the percentage reduction in pedestrian casualties was about one third, and in fatalities
about one half, of the percentage reduction in traffic.

*In Great Britain, at any rate, the annual number of vehicle miles is closely related to the number of
motor vehicles. See, for example, reference [7].
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TaBLE 2
Effects of fuel shortage during Suez Crisis

Percentage Reduction

Periods compared
Dec. 1956—March 1957 with Jan—March 1957 with
Dec. 1957-March 1958 Jan.—March 1956
Traffic 26 18
Pedestrians
Casualties 8 7
Fatalities 15 13
Drivers + passengers
Casualties 28 25
Fatalities 40 26

Segregation

In view of the difficulties involved in reducing pedestrian casualties by making
cuts in the amounts of traffic, we must clearly consider other possible methods of
reducing pedestrian casualties. One obvious possibility is to segregate the pedestrian
from the motor vehicle. There are a large number of possible ways of doing this —
either partially or completely — but the main method of pedestrian segregation is the
use of footpaths. There is no doubt about their value. In Britain, about 5 per cent of
pedestrian casualties take place on footpaths or verges, although the greater part of
pedestrian travel takes place on them. In most countries with advanced economic
development footpaths are already installed on almost all roads used by large num-
bers of pedestrians; but there is certainly a strong case for building them on any
roads where they do not exist and where the roads are used by appreciable numbers
of both pedestrian and vehicular traffic.

Crossing the road

It is, of course, not sufficient to supply the footpaths. We must find a means of
enabling pedestrians to cross the road. When traffic is light there is little difficulty for
pedestrians not suffering from physical disabilities: they are usually quite prepared
to wait for a gap on a lightly trafficked road. But the average wait required increases
with the amount of traffic and with the time taken to cross.* If we assume that
vehicle arrivals are at random, that the pedestrian walks at, say, g miles per hour and
that vehicle flows are 55, 39 and 16 vehicles (car equivalents) per foot width of road
per hour, corresponding to average speeds of 10, 15 and 20 miles per hour, we can
obtain some idea of the average wait required on many sections of road for a gap in
the traffic sufficiently long for a pedestrian to cross [8]. The results of calculations
making these assumptions are given in Table 3.

*If traffic arrivals are at random, it was shown by Tanner [7] that the average wait is le (eNT—1 — NI,
where V is the flow per unit time and I the gap required, and is thus approximately equal to § NI?2, if
M is sufficiently small.
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TasLE I11

Average waiting times for gaps in random traffic streams sufficiently long to enable pedestrians
to cross the road

Waiting time (seconds)

Speed of traffic (m.p.h.) 10 15 20

Width of road ( feet)
12 0.8 0.5 0.2
24 12 6 2
36 150 50 10
48 4,000 500 30
60 29,000 10,000 125
72 6,000,000 400,000 600

Although the assumption of randomness is never valid in the immediate neigh-
bourhood of traffic signals, it has a considerable degree of validity elsewhere; and,
although it is not really sufficiently valid to justify the estimates of hours given in the
above table, one conclusion, at least, can safetly be drawn. The possibility of finding
gaps in traffic streams sufficiently long to enable a pedestrian to cross the road in
safety decreases very rapidly with increases in the width of the road. Thus, for
traffic moving at a given speed, the average wait on a 24 ft. wide road is usually
more than 10 times that on a 12 ft. wide road, and for a g6 ft. wide road it is several
times larger than for a 24 ft. wide road. It is probably not possible to cross a wide,
busy road, say wider than go feet, with any satisfactory degree of safety without
physical help of some kind, e.g. a bridge or subway, a refuge, a pedestrian crossing
or a traffic signal. Since both pedestrian crossings and pedestrian traffic signals
delay traffic, it may well be that refuges, separating the traffic lanes, will often be
more satisfactory than pedestrian crossings from the pedestrian delay point of view.
They might also result in greater safety to pedestrians. The economics of this, bearing
in mind that refuges reduce capacity somewhat, should be investigated.

THE ECONOMIC COST OF PEDESTRIAN ACCIDENTS AND DELAY

Time Losses Imposed by Pedestrians on Vehicular Traffic

I have discussed some aspects of the effects which vehicles have in causing time
losses to pedestrians. It is also of interest to discuss the time losses which pedestrians
cause to vehicles. The results of several investigations on such delays are described
in reference [g]. It was found that the reduction in the speed of traffic due to pedes-
trians crossing the road is much greater at uncontrolled crossings than it is between
such crossings. It seems that, on some occasions, pedestrian flow can cause as much
delay to traffic as the total flow of vehicles. Now, highway engineers and planners
are sometimes willing and able to spend considerable amounts of money improving
the road, so as to speed up vehicular traffic. The major effects of pedestrians on
vehicular traffic suggest that consideration might usefully often be given to the
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possibility of assisting pedestriaus to cross the road by means of subways, sometimes
even including the cost of moving staircases to encourage their use. This would not
only be expected to promote safety, but might sometimes be a relatively cheap
way of speeding up vehicular traffic. A formula giving the delay to vehicles by
pedestrians is given in reference [g], from which, with the aid of another formula in
Reference [15], it can be shown* that the increased vehicle travel time due to P
0.046%
22
Pw hours, where v is the speed of the traffic in miles per hour and w is the width of the
road in feet. The Road Research Laboratory suggests a value of vehicle time of
12s. 6d. per vehicle hour. Assuming this value, the economic loss to vehicle owners
and occupants caused by P pedestrians crossing the road becomes:

£ (0'339 — 0.000056) Pw.

pedestrians crossing the road at uncontrolled crossings is about ( — 0.000089)

Assuming constant rates of pedestrian and vehicle flows for 10 hours a day, 300 days
a year, the annual loss to vehicle owners and occupants caused by p pedestrians per
hour crossing the road at pedestrian crossings is, therefore,

8
£ (FZ — 0.168) pw.

If the annual cost of providing a pedestrian subway is £s per foot width of carriage-
way, or Lsw in total, the cost of the subway will be less than the value of the vehicle
time saved if
(3

2 0.168) p is less than s.

Figure g gives a series of graphs, deduced from this formula, giving the conditions
under which the building of a subway would be economically justified. The figure
suggests, for example, that if vehicle speeds average 12 m.p.h. an annual cost of
4100 per foot of carriageway width is justified for a subway if pedestrian flow is

*Reference [9] found that p pedestrians per mile per hour crossing a road at uncontrolled pedestrian
crossings resulted in a decrease in vehicle speed of 0.000913 p miles per hour. They therefore increased
total vehicle travel time over a length [ by:

(—l— l) Q = approximatel 0.000913 IpQ ho h
2 — o.000913p o) = PP Y v? 1S per hour,
where Q is the flow in vehicles per hour. Hence I pedestrians crossing a road at uncontrolled
pedestrian crossings increase total vehicular travel time by:
0.000913 IpQ
2

p hours per hour, and P pedestrians crossing a road increase total vehicular travel time by

0.000913 PQ
2

hours.

Reference [8] shows that, in a town centre, the speed of traffic is approximately related to the flow

g — measured in passenger car units — by the formula ¢ = (68 — 0.1302)w. If Q = Ky, K will be the

average p.c.u. factor and is usually about 1.33 for urban traffic during normal working hours. It

follows that P pedestrians crossing a road at uncontrolled pedestrian crossings increase travel time by

0.000913 Pw /68

_— (—2 — 0.13) hours.
1.33 v
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at least 230 per hour, of £300 per foot of carriageway width for at least 670 pedest-
rians per hour, and of £500 per foot of carriageway width for at least 1,100 pedest-
rians per hour. In using the figure, however, it is necessary to know the value of s,
the annual cost of subway per foot of carriageway.

The estimated works cost of a number of pedestrian subways — built during the
course of other building projects — in the central London area were kindly supplied
to the writer by the London Highways Division of the Ministry of Transport. The
capital cost ranged from £94 to £492 per foot of subway, the mean value being
£228. But rather higher figures should be taken, because the length of subway will
be greater than the carriageway width, and because subways will tend to cost more
when built separately from other road construction. An enquiry of a firm manu-
facturing escalators suggested that the cost of these, even possibly including travel-
ways on the horizontal section, probably amounts to between £500 and £1,000 per
foot of subway. If we assume an annual cost, including depreciation, of 10 per cent to
20 per cent of these figures, and bear in mind that pedestrian flows across zebra
crossings in busy shopping streets are commonly about 800 pedestrians per hour and
sometimes much more, it follows that increased attention could usefully be given to
the provision of pedestrian subways as a means of helping pedestrians to cross the
road. The data suggest that even the provision of escalators to help pedestrians
could often be justified economically, providing it encouraged the use of the subway.
It should, however, be emphasised that the above calculations depend on the results
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for delay at pedestrian crossings obtained on a few roads only. Although they are
probably fairly generally applicable, more basic data are required to confirm the
result.

Cost of Pedestrian Accidents and Delay compared with that of Vehicle Delay

The above calculation omits any consideration of accidents or of pedestrian delay.
These should, of course, be included; but the calculations below suggest that these
costs — counted on the usual economic bases — are usually small compared with the
economic cost of vehicular delay. Considering for example accidents, the Road
Research Laboratory’s Report LR. 106 reports 14 pedestrian casualties occurring on
15 zebra crossings in 2} years. Counts of pedestrians crossing the roads during
normal working hours at all these crossings together suggest that 910 persons cross
the road at these crossings per 12 minutes. This suggests that the total number of
persons crossing the road in the 24 years was about g4 million. Thus, the risk of
casualty per 1,000 persons crossing the road was about 0.00041. The Road Research
Laboratory’s Report LR.79 suggests that the economic cost of an average casualty —
and associated damage — is £880, so that the economic cost of accidents per 1,000
persons crossing the road is £o.36. This figure is an upper estimate, since pedestrian
casualties have less than the average economic cost, because there is usually less
damage involved to vehicles, etc.

Pedestrian delay has been measured at a number of crossings, and Report LR.
150 gives delays varying from 1 to 14 seconds. Taking the largest figure would give a
delay to 1,000 pedestrians crossing the road of 14,000 seconds, or 3.9 hours. Assuming
a value of pedestrian time of gs. od. per hour, this suggests an economic cost of, say,
£0.6 per thousand pedestrians crossing the road.

A formula was given in the last section for the economic cost to vehicles per
thousand pedestrians crossing the road. Assuming a road 35 feet wide and a speed
of, say, 15 m.p.h., the formula suggests an annual economic cost per 1,000 pedes-
trians crossing the road per hour of £2.5. It would appear, therefore, that — with the
usual method of calculation — the economic cost of vehicular delay is usually much
greater than the economic cost of pedestrian delay or of pedestrian accidents.

THE EFFECT OF DARKNESS AND WEATHER

It is worth while to consider the effect of darkness on pedestrian accidents and
some possible measures for dealing with its adverse effects. In a paper I wrote in
1953[10], I attempted to find the effect of lighting conditions on adult pedestrian
accidents by making use of the fact that, whereas people’s habits are largely governed
by clock time, our clocks in Britain were, until this year, instantaneously altered
twice annually, so that certain clock times which were light one day became dark
the next, and vice versa. This procedure is not to be continued this year, but we can
make use of past experience. When the numbers of pedestrian casualties on five
week days before and five week days after the change in clock time were examined,
it was found that in those hours of the day in which the light conditions were un-
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altered the number of adult pedestrian casualties was almost the same in the week
before the change in clock time as in the week after the change. But the number was
almost halved in the hours which changed from dark to light, and was almost
doubled in the hours which changed from light to dark. This was strong evidence of
the major effect of darkness on pedestrian casualties.

The investigation was subsequently extended by Harris and Christie [11], who
also made use of the fact that vehicle flow diminishes in the dark by about 1o per
cent and that the change in light conditions is not from completely light to com-
pletely dark, and vice versa, but to a half-way stage. Whereas I had found that
darkness doubled pedestrian casualties, they found that darkness had the effect of
multiplying adult pedestrian casualties by three, and adult pedestrian fatalities by
six. Some other evidence supporting these high figures for the effect of darkness on
pedestrian casualties is given in Fig. 10, which gives the results of an investigation by
M. H. Cameron on pedestrian accidents on zebra crossings in New Zealand [12].
Cameron’s data suggest that the risk of becoming a casualty when crossing the road
during darkness is about six times as high as during daylight.

This result for the effect of darkness as opposed to daylight on pedestrian casualties
is not, however, the whole story. The above estimates of the effect of darkness on
casualty and fatality rates were based on all pedestrian accidents in darkness as
compared with daylight and, therefore, included the effect of weather. In my own
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investigation [10] to which I have just referred, I also investigated the effect of wet
roads on adult pedestrian casualties. I found that wet roads multiplied adult pedes-
trian casualties per hour by 1.37 in daylight and 2.30 at night. It follows that, if the
risk of becoming a casualty on the average night is three times what it is on the
average day, then the risk on the average wet night is about six times that on the
average dry day. If the risk on the average night is six times that on the average day,
then the risk on the average wet night is about twelve times that on the average dry
day. But even this is not the whole story, for no account has been taken of the fact
that both darkness and wetness reduce pedestrian traffic. It seems likely that these
estimates of the effect of darkness and wetness on pedestrian risk are underestimates,
possibly considerable underestimates.

Since darkness has a large effect on pedestrian casualties, it might be expected that
the lighting of streets would have a favourable effect on these casualities. There is
strong evidence that this is so. Christie [13] in 1966 gave some figures showing the
effects of improved street lighting on 64 sites on various types of casualties. His data
for pedestrian casualties are given in Table 4.

TABLE 4
Pedestrian casualties in comparable periods before and after improvements in street lighting

‘ Daylight ‘ Darkness

Before 319 159
After 334 91
After/Before 1.05 { 0.57

The table shows that after improvements in lighting pedestrian casualties fell by
43 per cent, although during the same period they rose by 5 per cent in daylight.
Assuming that, if it were not for street lighting, casualties at night would have risen
to the same extent as by day, it follows that the improved lighting resulted in a fall in
pedestrian casualties of about 45 per cent. On wet nights the fall is probably much
greater, on dry nights rather smaller.

Numbers of Pedestrian Fatalities on Dark, Wet Nights

In view of the above calculations on the extra risks run by pedestrians in wet
weather, it is worth while to examine the numbers of pedestrian accidents in wet and
dry weather. Data on pedestrian fatalities classified in this way were kindly supplied
to the writer by the Metropolitan Police and are reproduced in Table .

TABLE 5
Pedestrian  Fatalities in the Metropolitan Police District during 1967
During During Total
Light Hours ~ Dark Hours
Not raining 224 103 327
Raining 41 54 95
Total 265 157 422
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The fraction of time during which rain fell would be expected to be about the
same by night as by day, and will be denoted by p. If the number of fatalities in wet
hours is denoted by w and during dry hours by d, the number of fatalities per wet
hour would be expected to be proportional to w/p and the number per dry hour to
d/(1 —p). Hence, the relative risk in wet hours compared with that in dry hours is
w (1 —p).

d

Data for the duration of rainfall in 1957 at various places in the Metropolitan
Police District are given in British Rainfall, 1957, and suggest a value of p within the
range 0.05—0.06. Taking these values, the risk to pedestrians when it is raining
related to the risk when it is not raining is found to be 2.9 to 8.5 in light hours and
8 to 10 during dark hours. Thus rainfall increases the risk to pedestrians by a factor
of about g in daylight and of about g at night. Since the meteorologist is likely to
accept a smaller intensity ofrain as constituting rainfall than the police, these estimates
may well be on the low side. :

These analyses suggest the extreme desirability of installing high quality street
lighting on all roads used by appreciable numbers of pedestrians at night, and also of
warning pedestrians of the risks they run when walking on poorly lit roads at night,
especially on wet nights.

EFFECTS OF POLICE PRESENCE ON DRIVER AND PEDESTRIAN
BEHAVIOUR

The Metropolitan Police, anxious to use their resources in the most effective manner,
investigated the effect of the presence of extra police on four roads under their
jurisdiction. Some details of the sites of their investigation are given in Table 6.

TaBLE 6
Details of some sites at which road user behaviour was investigated

Length of road Number of casualties in year 1-9-1965 to
Site (miles) 31-8-1966
Total Pedestrian

Kensington High Street 1.0 119 45
Streatham High Road and Hill 1.1 149 40
Kilburn High Road 0.4 8y 36
Kingsland Road & High Street 0.9 105 32

Total 3.4 460 153

The four sites covered 3.4 miles of road, constituting about 0.0017 per cent of the
mileage of roads in Britain. On them occurred about o.11 per cent of all the road
casualties of Britain and about 0.18 per cent of all pedestrian casualties. Thus the
number of pedestrian casualties per mile on these four roads was over one hundred
times the average for the roads of Britain.

Teams of 4 police on foot and 4 traffic patrols were engaged over a period of one
week to provide special supervision along these roads, and police investigators — in
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plain clothes — observed and noted various elements of road user behaviour during
that week, as well as during one week before and one week afterwards. Some calcula-
tions based on the observations are given in Tables 7 and 8.

Table 7 shows that the effect of the presence of police on driver behaviour was
considerable. Of the 15 elements of driver behaviour observed, 14 showed an
improvement in the week in which police were present; the one which did not,
parking within 50 yards of an intersection, was not necessarily illegal, as some of the
vehicles could legitimately be loading or unloading, and the reason for the increase
may well have been some additional restrictions on parking imposed at the time
further down one of the roads. It is worthy of comment that sounding the horn, a

TABLE 7

Effect of Police Presence on Driver Behaviour

Percentage change in proportion
Percentage of  |(compared with week before) during:
passing drivers in
week before week of police
police presence presence Jollowing week

(a) At automatic traffic signals
1. Failing stop at red 0.58 -9 -5
2. Starting on red 0.01 —57 —78
3. Crossing stopline on red-amber 3.5 —20 —15
4. Turning right from nearside lane 0.10 —48 —95
5. Changing lanes near or at intersection 0.55 —14 —2
6. Passing over stop line when stopping 1.93 —2 +7
7. Parking within 50 yards of intersection 0.37 +35 +50
8. Sounding horn 0.03 —86 —78
9. Proceeding on green and causing

pedestrians to take evasive action 0.43 —26 —60
(b) At uncontrolled pedestrian crossings
1. Failing to accord precedence to pedes-

trians 2.8 —34 —25
2. Starting off early to the inconvenience

of pedestrians 0.4 —55 —45
3. Overtaking within 15 yards of app-

roach to crossing 2.9 —41 —18
4. Parking within 15 yards of approach

side 0.01 —26 —25
5. Sounding horn 0.03 —34 —22
6. Failing to signal intention 0.65 —64 —60
Notes: At the 4 sites on 5 days, 2 hours per

day at each site, total number of

vehicles passing

(a) in one direction 41,070 41,760 40,425
(b) in both directions 81,730 79,725 79,335
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TaBLE 8

Effect of Police Presence on Pedestrian Behaviour

Percentage change in proportion
In week (compared with week before) during :
before
police week of
presence police JSollowing week
presence
(a) At automatic traffic signals
1. Percentage of those crossing at signal
who crossed during green traffic signal 15 —16 —21
2. Percentage of those crossing within 50
yards who crossed at crossing 97 — 0.3 + 0.1
3. Percentage failing to look carefully
when passing in front of stationary
vehicles 19 +15 -+36
4. Percentage failing to carry out kerb
drill 17 +21 +29
(b) At uncontrolled pedestrian crossings
1. Percentage of pedestrians crossing
within 50 yards who crossed at crossing 95 —2 —2
2. Pedestrians walking in road within 50
yards of crossing 202 —12 —16
Of those pedestrians who crossed either at
crossing or within 50 yards, percentage:
3. failing to allow driver time to stop to
accord precedence 1.6 —44 -34
4. failing to look carefully when passing in
front of a stationary vehicle 1.2 + 4 —25
5. crossing the road when view obscured
by stationary vehicle 2.1 —42 —8o
6. failing to treat a crossing with centre
refuge as two separate crossings 1.0 +13 — 8
7. failing to carry out kerb drill at crossing 5.1 -6 - 6
8. failing to carry out kerb drill when
crossing within 50 yards of crossing 1.5 +12 —~62
Notes : At the 4 sites, 5 days, 2 hours per day
numbers of pedestrians using crossing
(a) in one direction 14,470 13,940 14,175
numbers of pedestrians using crossing
(b) in both directions 20,035 17,355 17,700

practice not illegal at the time of day at which the observations were made, was
rare in the week before the police were present, but almost disappeared when the
police were present. The average reduction in misbehaviour counted during the
week in which the police were present was 32 per cent, and was still 31 per cent in
the week following, suggesting that the effects lasted for at least a week after the
extra police were withdrawn.
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Table 8 shows that the effects of the presence of police on pedestrian behaviour
were also apparently appreciable, but the effects were neither as great nor as
consistent as those on driver behaviour. In fact, those elements of behaviour requir-
ing pedestrians to look at the traffic, i.e. carrying out kerb drill, etc., became worse.
It could be that the presence of police encourages pedestrians to put too much reli-
ance on them. This possibility is in line with the findings of Pease and Preston[6],
already given under the effect of age, that “children sometimes regard the perform-
ance of kerb drill as in itself sufficient to ward off the dangers of the road”.

These results for the effects of the presence of police on road user behaviour are
largely in line with those for other investigations. Thus, during an experiment in
Slough, in which a policeman stood by a pedestrian crossing during some periods
but not during others, it was found that when the policeman was present the propor-
tion of drivers giving precedence to pedestrians was 25 per cent greater than when
he was not present[14]. The number of adult male pedestrians, although not of
women, using the crossing also went up significantly.

It seems, therefore, that the presence of police can have a very appreciable effect
on road user behaviour and that it would, therefore, be expected also to decrease
accidents. On the four stretches of road in London on which these observations were
made, the average number of accidents during a year was 8.8 per week, and there
were 7 in the week of the observations. The numbers involved are, however, much
too small to enable any conclusion on the effects of the police on accidents to be
drawn solely from this investigation.

THE DISTRIBUTION OF ACCIDENTS

It was shown above that the presence of police has a very appreciable effect on road
user behaviour, and the effect on behaviour was still apparent a week after the
police had ceased to operate in this way. This effect may well have lasted for some
further time, and may well have affected other roads, since the effect on a motorist
of seeing a policeman may well affect his behaviour for some miles of road. The
number of police employed to achieve this improvement was, however, large. It
averaged g police officers per mile of road for a week, and it would not in practice
be possible to employ police in this manner over the whole road system.

Since, because of expense, many safety measures can only be used on a limited
proportion of the road system, it is worth while examining to what extent accidents
tend to be concentrated. In order to obtain some relevant information, an investiga-
tion has been carried out on the numbers of accidents occurring during a period of
six months on a randomly selected series of 310 half-mile sections of road in the
Metropolitan Police District, where the total length of road is 8,614 miles. Figures 11
and 12 give the results of the investigation, Figure 11 applying to all reported
personal injury accidents, about 27,000 in the 6-months period under consideration,
and Figure 12 to pedestrian accidents only, about one-third of the total. Each figure
gives the proportion of accidents occurring on the most accident-prone section of the
whole road system. Figure 12 shows that one per cent of all pedestrian accidents in
the sample occurred on 0.05 per cent of the roads, 5 per cent on 0.3 per cent, and
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25 per cent of the accidents on 2 per cent of the roads. Averaged over a longer period,
the concentration of accidents would not be as great as this; but the data suggest that
appreciable benefits to road safety can be obtained by taking appropriate measures
on a small proportion of the road system.

RESEARCH REQUIRED

I have analysed a number of aspects of pedestrian safety, and this has led to some
definite and some tentative conclusions on ways of reducing the numbers of pedestrian
accidents. I have been extremely hampered by lack of knowledge which, if available,
could resonably have been expected to lead to conclusions on other ways of increasing
pedestrian safety. It is quite clear that more research is required and that this could
lead to better policies for reducing the numbers of pedestrian casualties. Some
research is, of course, being carried out, but, I believe, not enough. We need to know
a great deal more about the sociological, psychological and technical aspects of
road user behaviour. We need to know more about the way pedestrian and other
road user behaviour varies in different countries. This is because conditions differ
more widely among countries than within a country, and it is much easier to find
reasons for big differences than for small ones.

Many aspects of the work will best be done by individual research workers and
individual research teams in the various countries, but a certain amount of inter-
national co-operation may well be desirable, especially on those aspects involving
the measurement of road user behaviour in different countries. A group was set up by
O.E.C.D. to consider the possibility of finding ways of encouraging international
co-operation in road safety research, and this group, in turn, formed a sub-group
to consider pedestrian safety research. The secretary of the International Federation
of Pedestrians attended one of its meetings in order to put forward views. The sub-
committee agreed a programme of research, and was about to start implementing it,
when the project was shelved owing to changes in the policies of various govern-
ments. It seems that other ways will have to be found if the project is to succeed, and I
believe that useful contributions can often be made by universities, by teams respon-
sible to local government bodies and by other organisations, as well as by national
research organisations, so long as a few outstanding research workers can be found to
lead the teams. In each of the larger countries there may well be advantages in
having several teams researching in the traffic and safety field, although there can
be, of course, immense increases in efficiency in arranging co-operation between
them.
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APPENDIX

Traffic, casualties and fatalities during the Suez crisis,** compared with corresponding data for
a year later and, when traffic information is available, a year earlier

Periods during which traffic and acci- Percentage reductions during Suez crisis period compared with
dents are compared other corresponding period
Casualties Fatalities
Motor
traffic Pedestrian | Driver+ Pedestrian | Driver +
Passenger Passenger

Suez crisis period and a year later
Nov. 56-Nov. 57 4 6 11 4 22
Dec. 56-Dec. 57 25 14 21 18 42
Jan. 57-Jan. 58 28 7 37 —3* 44
Feb. 57-Feb. 58 27 7 28 15 39
Mar. 57-Mar. 58 23 2 26 30 32
Apr. 57-Apr. 58 14 5 11 11 36
Nov. 56-Apr. 57 compared with

Nov. 57-Mar. 58 20 i 22 13 36
Dec. 56-Mar. 57 compared with

Dec. 57-Mar. 58 26 8 28 15 40
Suez crisis period and a year earlier
Jan. 57-Jan. 56 23 12 36 11 29
Feb. 57-Feb. 56 13 —g5* 23 —o%* 32
Mar. 57-Mar. 56 17 10 12 27 16
Apr. 57-Apr. 56 3 8 4 14 26
Jan-Apr. 57 compared with

Jan.—Apr. 56 13 7 20 13 25
Jan.-Mar. 57 compared with

Jan.-Mar. 56 18 7 25 13 26

#**Shortage of motor fuel owing to crisis began November 1956, ended April 1957.
*Despite the reduction in motor traffic, this comparison shows an increase in casualties.

REFERENCES
1. J. P. Bull, Birmingham Accident Hospital, Private communication.
2. Von K. Handel: Zentralblatt fur Verkehrs-Medizin. Verkehr-Psychologie, 1962 8(2), 97-100.

3. G. O. Jeffcoate; LN/310/GOJ. The time that elapses between a fatal road accident and death resulting
therefrom. Unpublished report of the Road Research Laboratory.

278



SOME ASPECTS OF PEDESTRIAN SAFETY R. J. Smeed

4.

12,

13.

14.

15.

Statistics of road traffic accidents in Europe, 1965. Economic Commission for Europe, United Nations,
1967. (Accident data used are for 1965, population data for 1963-5).

- G. D. Jacobs and D. G. Wilson: LR.106. 4 study of pedestrian risk in crossing busy roads in_four towns.

Unpublished report of Road Research Laboratory.

. K. Pease and B. Preston: Road safety education for young children. Brit. . of Educational

Psychology, Nov. 1967, 37 (3), 305-12.

- J. G. Tanner: The delay to pedestrians crossing a road. Biometrica, 1951, 38 (3/4) 383-92.
- R. J. Smeed: Traffic studies and urban congestion. Journal of Transport Economics and Policy,

1968, 2 (1), 33-70.

- R. J. Smeed: Theoretical studies and operational research in traffic and traffic congestion.

Bull. Inst. internat. Statist., 1958, 36 (4) 347-75.

. R.]J. Smeed: Some factors affecting visibility from a driver’s seat and their effect on road safety.

Brit. j. Physiol. Optics, 1953 10 (2), 63-85.

- A.J. Harris and A. W. Christie: Research on two aspects of street lighting. Public Lighting 19 54, 19

(83) 553-70.

M. H. Cameron: Nature and value of present pedestrian protection measures. Proceedings of
Australian Safety Week on Road Safety Practices 1967. Inst. of Eng., Australia.

A. W. Christie: Research on street and highway lighting with particular reference to their effect on accidents.
Paper presented to Annual Conference of Inst. of Mech. Eng. 10/6/1966.

R.J. Smeed: Some factors influencing the road behaviour of vehicle drivers. Advan. Sci., 1953 9
(36), 395-400.

J. G. Wardrop: Journey speed and flow in central urban areas. Traffic Engineering and Control,
1968, 9(11), 528-32, 539.

University College, London

279



