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Abstract

Single accidents among pedestrians and cyclists without the involvement of motor vehicles, especially

on days withslippery road conditions, have beenconsidered an important problem in medical care.

The aim of the project was to elucidate possible differences in injury risks for pedestrians and cyclists

depending on the type of surface, the quality of the surface and road conditions. Injury registration, road

surface studies and exposure measurements were then carried out in Gothenburg, Lidkoping and Umea.

Three hospitals with existing injury records were chosen. The studies were carried out during 1994.

Hospital registration comprised a description of injuries, medical care, long-term consequences and

accident sites. Approximately 450 pedestrians and cyclists were injured per 100,000 inhabitants and year.

The pedestrian ow is not in uenced to any appreciable extent by season and precipitation but by cold

weather and road conditions. The cycle flow is in uenced considerably by season, precipitation and road

conditions.

The injured pedestrians are most often elderly women and the injured cyclists most often young boys.

The injured pedestrians consider the condition of the road surface to be of significance for the accident,

above all icy and snow-covered roads. On bare ground, the surface is more often the cause on high

standard than on low standard pavements. One explanation may be adapted walking speed and increased

attention, respectively.

Concerning cyclists, a high pavement standard is accompanied by a small proportion of accidents.

Pedestrians have six toeight times higher injury risks on icy or snow-covered roads than in summer road

conditions, while there is only a slight increase in cyclists' injury rates.
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Foreword
This project, which refers to road acidents to pedestrians and cyclists in which no

motor vehicles are involved, has been carried out on behalf of the Swedish

Transport and Communications Research Board (KFB), the Swedish Road

Administration (VV) and the Swedish Association of Local Authorities (SK), in

collaboration between the Department of Traffic Planning and Engineering,

University of Lund Institute of Technology (LTH) and the Swedish National Road

and Transport Research Institute (VTI).

A reference group consisting of the staff of the principals and the local

authorities and hospitals concerned has provided valuable views on the project

proposal and later on in conjunction with interim reports during the project. Those

taking part were as follows: From KFB Nils Edstrom, from VV initially Hans

Danielsson and later Ulf Pahlsson and Grjan Falegard, and from SK initially

Valter Brandberg and Hans Silborn. The latter was subsequently replaced by

Hakan Johansson.

The project was carried out in Gothenburg, Lidko'ping and Umea. Personnel

from the East Hospital in Gothenburg, the Base Hospital in Lidkoping and the

University Hospital in Umea assisted in collecting data relating to the injured. The

authorities in charge of surfacing maintenance in the three municipalities provided

help in surveying the surfaces in the towns. Road conditions in Gothenburg were

observed by retired municipal employees, in Lidkoping by ALU employees of the

local education authority, and in Umea by the neighbourhood police.

Those in charge of planning, performing and analysing the project were GOran

Nilsson, Hans Velin, Peter Wretling and Gudrun Gberg of VTI, and Monica

Berntman, Karin Brundell-Freij, Christer Hydén and Agneta Stahl of LTH.

Friction measurements were made by Mikael Bladlund and Bjorn Bjornsson of

VTI. Marianne Svensson of LTH also assisted in coordinating the traffic injury

records at the hospitals. Majvi Magdeburg performed and processed behavioural

and conflict studies from video. Anna Bemtman processed photographic

documentation of the types and standards of surfacing at the accident sites.

The report has been written jointly by VTI and LTH. The principal author(s) of

each chapter are given below.

Abstract and summary M. Berntman, K. Brundell-Freij, A. Stahl,

G. Gberg
Chapters 1, 3 G. Nilsson

Chapter 4 P. Wretling

Chapter 5 H. Velin

Chapter 6 M. Berntman, A. Stahl

Chapter 7 C. Hydén

Chapter 8, Sections 8.1, 8.2 K. Brundell Freij

Section 8.3 H. Velin, G. Gberg
Chapter 2, 9 M. Berntman, K. Brundell Freij,

G. Nilsson, G. Gberg
Chapter 10 M. Berntman, K. Brundell Freij,

G. Gberg
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The final design and editing of the manuscript was carried out by Annette

Karlsson, VTI.

The report will also be published as LTH Bulletin No 140, and in an

abbreviated version by the Swedish Association of Local Authorities.

The authors wish to thank all those involved for their engagement and valuable

contributions to the project. This project has been instrumental in enhancing

knowledge of road accidents to pedestrians and cyclists. The authors hope that it

will be possible to continue the project so that knowledge of greater depth may be

obtained in this research area.

Linkoping and Lund, October 1996

The authors
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Single accidents among pedestrians and cyclists

by Gudrun Gberg, Goran Nilsson, Hans Velin, Peter Wretling, Monica Berntman,

Karin Brundell-Freij, Christer Hydén and Agneta Stahl

Swedish National Road and Transport Research Institute (VTI)

SE-581 95 LINKCPING

Sweden

SUMMARY

Background

Single accidents among pedestrians and cyclists, especially on days with slippery

road conditions, have been considered an important problem in medical care.

High proportions of injuries, above all among pedestrians, burden the medical

services. In the official statistics, pedestrian single accidents are not defined as a

traffic safety problem since no vehicle is involved. Cyclists' falling accidents are

not reported to the police to any greater extent.

Test design

The aim of the project was to elucidate possible differences in injury risks for

pedestrians and cyclists depending on the type of surface, the quality of the surface

and the road condition. Injury registration, road surface studies and exposure

measurements were thus carried out.

Three hospitals with existing injury records were chosen:

Eastern Gothenburg and the Eastern Hospital in Gothenburg

The urban area of Lidk'o'ping and Lidkoping Hospital

The urban area of Umea and the University Hospital of Umea.

The study of injuries was carried out during parts of December 1993 and the

whole of 1994.

Information on the type of pavements in pedestrian and cycle areas was

obtained by the municipalities. Depending on the type of pavement, slightly fewer

than 50 areas were studied in detail in each urban area to describe the quality of

the surface and record the occurrence of pedestrians and cyclists during the bare

ground period.

Observation areas were then chosen among the areas studied in detail and

amounted to slightly more than ten in each urban area. The observation areas were

used for a continuous registration of road conditions and the occurrence of

pedestrians and cyclists during the winter period.

Studies of the road surface and road conditions

The areas studied in detail were divided according to function, type of pavement
and quality.

During the winter of 1993/94, weather conditions were generally normal. The

distribution of winter road conditions in regard to time shows that pedestrian and

cycle areas in eastern Gothenburg were bare during half the winter and the streets
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approximately 80% of the winter. In Umea, pedestrian and cycle areas had 25%

bare ground, while heated pedestrian areas had 85% bare ground.

Prior to the accident analysis, each day was classified into days with bare

ground, mixed road conditions and ice and snow for the pedestrian and cycle areas

in each urban area. The differences were minor between pedestrian and cycle areas

in all three urban areas. In eastern Gothenburg, the proportion of bare ground was

approximately 65%, in Lidkoping fully 55% and in Umea barely 40% of the

winter. The proportion of days with mixed road conditions was 15 20% in

Gothenburg and Lidkoping and in pedestrian areas in Umea. The cycle areas in

Umea had only mixed road conditions during 5% of the winter.

Friction

No specific differences in friction between the different types of pavements were

observed in slippery conditions. Friction levels were, however, significantly lower

on bare ground with sand than on unsanded bare ground.

Flow calculations

No significant differences in pedestrian ows between bare ground and mixed

road conditions in the winter were found. However, 75% of the bare ground flow

exists in icy and snowy conditions. The difference is greater for cyclists in the

winter. In mixed road conditions fully 60% and on icy or snow-covered roads

scarcely half as many use a cycle compared with bare ground conditions in the

winter.

At below zero the pedestrian flow is reduced by 10 15% for every 5 °C the

temperatures is falling. The reduction is mainly found among children and elderly

people. Precipitation does, however, not influence the pedestrian ow to any

appreciable extent. The greatest reduction of the cycle flow is obtained in the

winter. Further reductions are obtained above all because of precipitation.

Injury registration

Traffic injury registration started in December 1993 and continued during 1994.

The following methods were used in collecting data:

0 hospital registration of injured persons and accidents

0 follow-up of long-term consequences of injuries (asample)

0 inventory of accident sites.
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Table 1 presents the collected basic material on injured pedestrians and

cyclists.

Tablel Number of injured pedestrians and cyclists registered at three
hospitals during 1994, number offollow-ups on a long-term basis
and number ofexamined accident sites.

          

Material Gothenburg Lidkiiping Umea Total

number number number number

Hospital registration 525 9] 450 I 066

(basic data and additional data)

Pedestrians 215 42 231 48 8

Cyclists 310 49 219 578

"Long-term "consequences 58 I 8 59 135

Pedestrians 36 8 3 l 75

Cyclists 22 10 28 60

Examination of accident sites 152 69 183 404

Pedestrians 61 3 3 90 184

Cyclists 91 36 93 220

 

Injured persons

A total of approximately 450 pedestrians and cyclists per 100,000 inhabitants and

year are injured. The problem is just as serious for both pedestrians and cyclists,

but differs slightly as to its nature. The injured pedestrians are mostly elderly

women, while the injured cyclists are most often young boys. Pedestrian injuries

are on an average more serious than cyclist injuries, 30% and 20% respectively

being hospitalised. The long term effects of accidents are quite serious among

pedestrians; 35% have pain and motion problems and 5 7% of the injured need

social service a year after as a consequence of the accident.

Pedestrians' falling accidents are more expensive for society than single

accidents among cyclists. It should be observed that this is not only caused by the

fact that many elderly people are injured in pedestrian accidents, but also because

the cost of sick-listing is twice as high among pedestrians compared with cyclists.

Accident sites

Only 30% of the accidents occur in areas classified by municipalities as central

city areas, while consequently 70% occur in the peripheral parts of the urban

areas.

The role of the road surface

The injured persons consider the condition of the road surface to be of

significance for the accident, 78% among pedestrians and 42% among cyclists.

Among those who considered the road surface to have contributed to the accident,

the majority have commented on the problem of slippery conditions.
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Injuries - type and quality of pavements

%
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Figure 1 All pedestrians and cyclists registered at hospital and injured in
single accidents in 1994 (Gothenburg, Lidko'ping, Umec i)
distributed among types ofpavements.

Approximately half the pedestrians are injured in areas with asphalt surfaces.

Only 7% of pedestrians are injured on slab surfaces. The distribution of accidents

on various pavement materials is almost identical when comparing bare ground

conditions with the accident material as a whole. A comparison between accident

rates for asphalt surfaces and slabs, calculated in different ways, shows that the

two types of pavements seem just as safe in regard to the safety aspect.

When pedestrian accidents have occurred on high standard pavements, it is

surprisingly more common that the injured consider the surface to be involved

than when the accident occurred on low standard pavements. A conceivable

explanation is that pedestrians have adapted their walking speed or attention, for

example, to the low standard.

The majority of cyclists, 75%, are injured on asphalt surfaces. Attempts to

calculate the accident rate for the different surfaces show that the difference in risk

levels between different pavements seems small.

A comparison between the stated accident causes, in addition to calculations of

the injury rates for different levels of the standard, indicates that behavioural

adaptation to varying surface standards is considerably lower for cyclists than for

pedestrians. For cyclists, a high standard causes fewer accidents where the road

surface has been considered of importance.

Injuries - road conditions

The classification of days based on observations of road conditions implies that

during days with bare ground there may also be icy and snow-covered roads.

During the days classified as bare ground in the winter, more than half the
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pedestrian injuries occurred on icy and snow-covered roads and concerning

cyclists approximately one third occurred on ice or snow.

Concerning all urban areas, the injury rate for pedestrians on bare ground in

winter is twice as high as in the summer. Days with mixed road conditions were

slightly more than six times more dangerous, while ice and snow was scarcely

eight times more dangerous than summer conditions. All differences are

statistically guaranteed except the difference between mixed road conditions and

icy and snow-covered roads (not considering the uncertainty of exposure data).

Injury rate

20 r

15 1 AF

10

      

5 q

0 .1

G6wa dekop'i'" 'ng * Umea°

Bare ground summer Bare ground winter

Mixed road condition Ice/snow

Figure 2 Injury rates for pedestrians. A con dence interval of 95% with
respect to the uncertainty of the number of injured is indicated by
arrows.
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Concerning the three urban areas, the injury rate for cyclists on bare ground in the

winter is approximately half as high as in the summer. Other winter road

conditions are slightly more dangerous than summer road conditions. This is

mainly because of the many cycle accidents involving children in Gothenburg in

the summer. It may also be the case that the category of cyclists in the winter

differs from that in the summer. Elderly cyclists injury risk is almost twice as

high as that of adults, except on icy and snow-covered roads, where it is

considerably lower. No differences are statistically guaranteed, except the

difference between adults and elderly on icy and snow-covered roads.

Injury rate

40 -

30 ..

20'i

      

Goteborg Lidko'ping Umea

- Bare ground summer - Bare ground winter
Mixed road condition Ice/snow

Figure 3 Injury ratesfor cyclists. A confidence interval of95% with respect
to the uncertainty ofthe number of injured is indicated by arrows.
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Concerning the different accident risks previously reported, the uncertainty is

only stated concerning the number of injuries. The uncertainty of the various

measures of exposure is reported, but there is no available method considering this

uncertainty when rating the uncertainty of injury risks.

Recommendations to the road authority

The recommendations to road authorities are based on accident risks among

pedestrians and cyclists in single accidents. No other considerations have been

applied.

These injuries are worth taking seriously. Compared with collision accidents

they are:

0 just as many,

0 just as serious measured in number of hospitalised (= seriously injured),

0 almost as serious measured as average medical care cost,

and are to a great extent to be referred to the road authority's responsibility

(especially regarding pedestrian accidents).

Pedestrian accidents are above all caused by slippery winter road conditions.

Elderly people are also affected by falling accidents on bare ground, while such

accidents are very rare for other age categories. Furthermore, pedestrian accidents

also show several signs of behavioural adaptation. This means that an improved

standard of the pedestrian surfaces does not always reduce the number of

accidents. A reduction in the number of accidents can only be expected if the

standard is even and high. The correspondence between accident number and

surface quality for cyclists is simpler: a high standard leads to fewer accidents.

Based on these comprehensive results, the following recommendations can be

given to road authorities:

0 First, concentrate on improved winter road maintenance for pedestrians and

secondly, an improved surface standard in bare ground conditions.

0 The winter road maintenance should be of high and uniform standard.

0 Summer road maintenance should be guided by efforts towards a uniform

standard for pedestrians and a high average standard for cyclists.

0 Concentrate on summer maintenance, above all in areas frequented by elderly

pedestrians.

- Provide more heated surfaces for pedestrians.

0 Do not focus maintenance on hard slabs and central city areas. Most

accidents occur on asphalt surfaces, in peripheral parts of the urban areas.

0 Better winter road maintenance (stated in order of priority) should be provided

for:

elderly pedestrians

adult pedestrians

elderly cyclists

adult cyclists.

0 Sand/gravel should be swept up as soon as possible after winter above all on

hills in cycle areas!
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A justifiable reservation is that behavioural adaptation may be more frequent

than discussed in the study. In Sweden, the quality of pedestrian and cycle areas is

very high. One reason is Winter conditions which demand even surfaces for

efficient snow and ice removal. As a result, pedestrians' and cyclists' expectations

on the quality of surfaces may be too high and minor defects may cause just as

serious problems as surfaces with considerable defects. It should also be observed

that there are groups in society requiring a high standard on pedestrian surfaces for

their accessibility.
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1 Background and aims
Road accidents to pedestrians and cyclists without the involvement of motor

vehicles are considered a serious medical care problem. This is particularly the

case on days when roads are slippery, when large numbers of injuries, especially

among pedestrians, are treated by the casualty departments of hospitals. This is not

normally defined as a traffic safety problem since no (motor) vehicle is involved.

The same applies in principle to cyclists who fall. But it is evidently a traffic

safety problem and, as regards injuries in traffic environments, it is of

considerably larger extent than for all other road users taken together.

The fact that this is a considerable medical care problem is a sign that it has a

much greater macroeconomic effect than is usually taken into account in the

planning, construction and maintenance of areas which will be used by pedestrians

and cyclists.

The Department of Traffic Planning and Engineering at University of Lund

Institute of Technology (LTH) and the Swedish National Road and Transport

Research Institute (VTI) in Linkoping have investigated thetraffic injury problems

of pedestrians and cyclists in several projects. The safety problems have been

related to age and sex, winter road management etc., but to a much lesser extent to

exposure data and the properties of the areas used by pedestrians and cyclists.

The aim of the project is to elucidate the relationship between the different

properties of road surfaces type of surfacing, surface roughness, friction

conditions, differences in level etc., and the risk of accidents to vulnerable road

users on different types of surfacings and in different external conditions.

The project provides the basis for macroeconomic assessments regarding the

safety problem. This is in accord with the planned handbook "Handbook on street

standard in view of the risk of road accidents to pedestrians and cyclists" of the

Swedish Association of Local Authorities and the need of the Swedish Road

Administration to expand the data material for "Rules for maintenance and

operation".

To this end, the project can be implemented against the background of three

hypotheses:

0 There is a relationship between the design/character of traffic surfaces and the

risk of accidents to pedestrians and cyclists

0 These risks may be attributed to a few properties of the traffic surface (e.g.

slope, surface roughness, friction (road conditions)).

I The risks vary in a calculable manner with changes in each of the above

properties.
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2 The state of knowledge

2.1 Exposure

VV/VTI travel pattern survey

The results of the VV/VTI travel pattern survey are set out in Thulin 1994. For the

present purpose, this has been subjected to further processing.

It is seen from Figure 2.1 that the number of person km travelled by pedestrians

and cyclists is about the same on an annual basis, with walking fairly evenly

distributed over the year. As regards walking, the variation between months is of

the same order as the uncertainty of the estimates. Naturally, most cycling occurs

in the summer months.

Monthly estimates of exposure in 1993 for
Milliard personkilometer pedestrians and cyclists

0,45
0,4

0,35
0,3

0,25
0,2

0,15
0,1 -

0,05
0-3

    

Pedestrians

I Cyclists

  

    

  

                    

 

 

 

Jan Feb Mar Apr May June JU'Y Aug Sep Oct Nov Dec

Figure 2.1 Monthly exposure in 1993 ofpedestrians and cyclists in Sweden.

It is also important to establish that the variation in cycling from month to

month depends on the weather, and that there may be a large difference if a month

is rainy and blustery or sunny and calm. There is a general trend from 1992 until

the end of 1994 for both walking and cycling to decrease in extent.

Arild Ragnoy, The problems of the elderly on winter surfaces. T01 (Norway)

working document, 22.6.1984.

In Oslo elderly people were asked about the problems of walking outdoors in the

winter. Those asked were over 67 and lived at home. Breakdown into "walking

frequency" is set out in Table 2.1.

Table 2.1 Breakdown of "walkingfrequency" into groups.

     

Group Number of times person Remarks

goes out per month

1 1 3 1 3 times per month

2 4 12 1 3 times per week

3 13 24 4 6 times per week

4 25 30 Once a day

5 31 60 Twice a day

6 61 90 Three times a day

7 >90 >three times a day
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Figure 2.2 shows how often people go out in the summer and winter.

Summer
Proportion of those

who go out, %

   

45

1 2 7

Group No

Proportion of those Wlmer
who go out, %

45 ~

  

Figure 2.2 Proportions of those who go out broken down by how often they go
out.

The figures only show how often people are out. A long walk in the summer

may very well be replaced by two short walks in the winter. 72 % of those asked

go out less frequently in the winter. This proportion is higher for the oldest people

and lower for the youngest.

People were also asked to say why they went out less frequently in the winter;

the results are set out in Table 2.2.
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Table 2.2 Reasons why people go out lessfrequently in the winter.

     

Reason Priority Sum of all

priorities

1 2 3 4 5

Weather, cold 63 81 14 4 1 163

Slippery walkways 180 77 25 1 O 283

High snow banks 6 26 12 5 O 49

Health 95 43 12 4 1 155

Fear 6 1 8 1 8 4 2 48

Other 1 3 1 8 9 3 O 43

Totals 363 263 90 22 4 741

     

50 % of the respondents give slippery walkways as the main reason (priority 1)

that they go out less frequently in the winter. 26 % have health reasons and 17 %

refer to the weather, cold, etc.

In other words, there are three main reasons that elderly people go out less

frequently in the winter. In order of priority, these are

- the condition of streets and walkways (slippery, or high snow banks)

health reasons

other reasons associated with the time of year (weather, cold, dark, etc.).

VTI Annual Report 1990/91

In two small towns, Finspang and Atvidaberg, studies were made of pedestrian

and cycle ows and whether the vulnerable road users, when it was snowing, used

the street instead of the walkway/cycle track. In one of the towns registrations

were made in the morning (6.30 9.00) and in the other in the evening (16.00

18.30).

In May and June, about twice as many cyclists and pedestrians were registered

as in March. When there was 5 cm snow on the cycle track, every other cyclist

cycled on the street since this had been ploughed. In the winter cyclists accounted

for ca. 50 % of vulnerable road users, while in the spring this increased to 75

85 %.

2.2 Road conditions

Gudrun (")berg, Effects of general and local salting on streets, Tema Nord

1994:511

The condition of various areas in the traffic environment was noted in Linkoping

during the end of the 1980s. In the cold winter 1986/87, bus stops, walkways,

cycle tracks and small housing estate streets were free of snow during more than

40 % of the winter. About 60 % of major housing estate roads and public transport

lanes on major routes, and about 80 % of the major routes, were free of snow. The

conditions were about the same during the following winter which was milder

than normal. Winter 1988/89 was milder still, and then about 95 % of the major

routes, and 70 75 % of bus stops, walkways and cycle tracks, were free of snow.
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2.3 Injuries - who, when, where and how

Goran Nilsson, Skidding accidents occurrence and consequences (Survey in

(")stergotland). VTI Report No 291, 1986.
During the period 15 September 1983 15 September 1984, injuries sustained

while in the traffic environment, as a result of which the injured person attended

one of the casualty departments in Cstergotland County, were registered. These

casualty departments covered more than 90 % of the injured persons who

requested medical attention for acute complaints.

The population of Ostergotland County was about 400,000 and the number of

injuries registered during one year in the county was ca. 4000, which means that

1 % of the population is injured while in the traffic environment during one year

and must request medical attention. The total number of injuries registered was

3649, of which 53 % involved only pedestrians and cyclists.

Table 2.3 Injuries registered during one year in Ostergotland County, broken
down by mode and accident type.

    

Mode Number of injuries

No motor Collision Totals

vehicle

Pedestrians 1 1 13 15 8 1 271

Cyclists 830 291 1 121

Moped riders 90 63 153

Motorcyclists 127 69 196

Vehicle drivers 217 267 484

Vehicle passengers 170 167 337

Bus passengers 70 2 72

Tram passengers 10 5 1 5

Totals 2 627 1 022 3 649

     

For the four largest casualty departments it was possible to break down the

injuries by road condition (slippery not slippery).
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Table 2.4 Injuries registered at the four largest casualty departments in
Ostergo'tland County, broken down by road condition (slippery and
not slippery), time of year and the proportion of injuries due to
slippery conditions during the period November March.

Mode Number Injured Injured Skidding Proportion

injured during during accidents of skidding

April Oct Nov Mar during accidents,

Nov Mar Nov Mar

Pedestrians 1 164 301 863 614 0.71

Cyclists 1 028 815 213 128 0.60

Moped riders 141 103 38 16 0.42

Motorcyclists 183 172 1 1 3 0.27

Vehicle drivers 466 263 203 89 0.44

Vehicle passengers 326 199 127 66 0.52

Bus passengers 70 33 37 20 0.54

Totals 3 378 1 886 1 492 936 0.63

      

Almost 25 % of the injuries resulted in hospital admission. Half of these were

pedestrians or cyclists. The breakdown of injuries among pedestrians and cyclists

varied according to age as seen in Figure 2.3. Young people predominate among

injuries to cyclists while most injuries to pedestrians are sustained by elderly

people.

Number of injuries

 

400

350 El Pedestrians

300 I Cyclists

250 ElOthers

200

1 50

1 00

50

0

0-9 10 20- 30- 40 50- 60- 70 80-
1 9 29 39 49 59 69 79

Figure 2.3 Number of injuries to pedestrians, cyclists and others in
Ostergo'tland in 1983/84, broken down by age.

In order to illustrate the consequences of injuries, the average stay in hospital

by pedestrians, cyclists and others (mostly motorists) admitted because of injuries,

due to both slippery and non slippery conditions, are set out below for Motala

during the year investigated.
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Table 2.5 Days spent in hospital in Metala by those admitted because of
injuries due to both slippery and non-slippery conditions.

   

Mode Days spent in hospital

Non slippery Slippery

Pedestrians 13.2 21.9

Cyclists 5.4 9.0

Others 6. 1 1 .5 *

    

* only 11 injuries

The table shows that, on an average, pedestrians and cyclists admitted because

of injuries sustained in slippery conditions stayed in hospital longer than those

who had been injured when it was not slippery. The period spent in hospital by

pedestrians injured in slippery conditions is especially long.

The traffic safety problem relating to injuries among pedestrians and cyclists is

thus mostly a problem with no vehicular involvement, in which slippery

conditions and probably also the condition of the footways and cycle tracks play

an important role. Injuries among pedestrians are often sustained by women and

the elderly, while injuries among cyclists are sustained by the youngest

irrespective of sex.

If the above is extrapolated to the national level, it means that 3 out of 1000 of

the Swedish population is injured every year as a cyclist or pedestrian in the traffic

environment, i.e. approximately 50,000 injuries occur among these two groups of

road users, with attendance for medical treatment as a consequence.

40,000 of these do not involve vehicles and are due to pedestrians stumbling or

slipping or cyclists falling off their bicycles. These injuries thus account for

approximately one half of all injuries which occur in the traffic environment.

About 20,000 of the injured persons requiring medical care are motorists.

Pedestrians and cyclists cover just under 6000 million person km in a year,

while motorists travel about 90,000 million person km, which implies that it is

35 40 times more common for a pedestrian or cyclist to be injured per person km,

with hospitalisation as a consequence, than it is for a motorist.

The above provides an idea of the scope of the problem and a background for

the project with regard to the condition of both footways and cycle tracks and the

occurrence of winter road conditions.

S Moller, C-G Wallman and N-P Gregersen, Winter road management in

urban areas - traffic safety and traffickability. VTI/KFB Research No 2, 1991

During the winters 1986/87 1989/90 a study was made in some urban areas of

winter road management and the effect of various measures on traffickability and

traffic safety. The views of the road users regarding winter road management were

also obtained. The project was carried out by commission of KFB.

The project was carried out during a number of mild winters, and therefore only

the results from urban areas where a relatively large body of data material was

available are set out below.
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Tra ic safety e ect ofchanged maintenance measures

In a trial area in Skelleftea (in the north of Sweden) maintenance measures were

changed in order to enhance the traffic safety of mainly pedestrians and cyclists.

Examples of these changes are given below.

- Ploughing of footways and cycle tracks was commenced at a smaller depth of

snow.

In these places sand was replaced by crushed gravel.

Some footways on which snow had previously been piled up were cleared of

snow and given anti-skid treatment.

During the first trial winter the cost of skid prevention measures in the trial

area, for footways, footpaths and cycle tracks, was about double that in the control

area. During the second trial winter the cost was a little higher, while during the

third winter the costs in the trial and control areas were about the same. As regards

snow clearance, follow up of the measures does not indicate that costs had

increased more in the trial area, rather that costs had dropped.

There was no substantial change in road conditions, apart from some reduction

in the proportion of soft snow/slush. The thickness of the soft snow/slush layer

was appreciably reduced. The number of road condition observations showing

improved friction due to skid prevention increased.

For the whole of the Skelleftea urban area, excluding the trial area, the number

of accidents to pedestrians and cyclists in the first winter increased by 10 %, and

during the two subsequent winters by 30 %, compared with the winter before the

trial. The data relate to accidents reported by hospitals and the police taken

together.

The number of accidents which occurred in the trial area during winters l and 3

is about 60 70 % higher than expected without a change in maintenance

measures. Nor can any improvement in traffic safety be discerned during the

intermediate winter. The increase is entirely in accidents to pedestrians due to

slipping, stumbling or falling down. The sites of these accidents are footways and

footpaths and cycle tracks. These results are in poor agreement with the hope that

the change in maintenance measures would enhance traffic safety. It must be

pointed out that the increase is not statistically substantiated. The influence of

random factors is thus sufficient explanation for the calculated increase. Another

possible explanation for the increase instead of a decrease may be that there was

greater exposure. The cause of this may be the improved winter road management.

Calculation of accident risk in icy/snowy road conditions

One of the questions to be elucidated by this project was

How much higher is the accident risk in icy/nowy conditions than when the

roads are free of snow and ice.

One attempt at quantification was made by comparing the proportion of

accidents in icy/snowy and ice/snow-free conditions with the proportions of

icy/snowy conditions and ice/snow-free conditions.

Data for these calculations were obtained from Hisingen in Gothenburg and

from Skelleftea. Changes in winter road management in Skelleftea are described

above. At Hisingen in Gothenburg, housing estate roads were cleared of snow and

given skid prevention treatment at the same time as the major routes. During the
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trial winters the criterion for starting snow clearance was 5 cm instead of 8 cm.

Skid prevention treatment was to be completed within 3 7 hours instead of 24

hours. On the footway, footpath and cycle track network snow clearance and skid

prevention action was increased so that action was taken even outside ordinary

working hours.

In Gothenburg there is insignificant variation in accident risk between the

winters, and the accident risk is ca. 5 times as high in icy/snowy conditions than in

conditions free from ice and snow. In Skelleftea the variation between winters is

greater. The accident risk is between 7.5 and 11 times as high in icy/snowy

conditions than without ice and snow. The calculations for Skelleftea are based on

l 2 accidents in ice and snow free conditions and are therefore very unreliable. It

must again be pointed out that there was no information concerning exposure in

different road conditions.

An attempt was also made to find whether the risk of accidents increased for

pedestrians and cyclists in unusually poor road conditions. In one extreme case

when freezing rain over a long period covered streets and footways with a very

slippery coating of ice there was a steep increase in the risk of accidents to

pedestrians and cyclists, to about 20 times as high as the average for the winter.

Personal injury accidents involving vehicles in Umea during 1993. Report No

44, Accident and analysis group, Umea

In Umea an analysis was made of accidents involving vehicles in which people

were injured. This means that the pedestrians studied had been hit by a vehicle.

Only the results for cyclists are therefore mentioned. Most cyclists were injured

during the summer months and this presumably reflects exposure. Of the 353

cyclists treated at the University Hospital, 39 % were injured during January-

April and October December, i.e. during the winter months. Of these, 40 % (56

No) stated that the accident was caused by slippery road conditions. Seven cyclists

said that they had fallen because of loose gravel on the cycle track. This may be an

aftereffect of winter road management. 25 cyclists (7 % of accidents during the

whole year) collided with the kerb or rode into a stone or pothole in the road, and

11 (3 %) had collided with concrete obstacles, lamp posts or similar.

Most had light injuries and on an average they visited the hospital 1.4

times/person. 78 people (22 %) were admitted and this resulted in a total of 151

bed days, i.e. under 2 days/person. The mean treatment cost per person was SEK

3300. Less than one in seven cyclists had reported to, or been reported by, the

police.

Bunketorp, O, Nilsson, W et al: Hospital based registration of traffic injuries

in Gothenburg. Interim report No III. How many are really injured in

traffic? An analysis of the difference in traffic injury reporting by the police

and hospitals in Gothenburg in 1983. Traffic data 2/86. Gothenburg 1986.

The report sets out the results of a study in the project "hospital based registration

of traffic injuries in Gothenburg" which comprises traffic injuries registered in the

casualty departments in three hospitals in Gothenburg. The project was run in

collaboration between the Traffic Injury Register at East Hospital and the Traffic

Planning Office at the Municipal Services Department.

The principal aim was to chart the real traffic accident picture and to compare

this with the official picture by analysing the differences between the traffic injury
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statistics of the hospitals and the police. Another aim was to find how effective

and reliable hospital registration was and to test suitable routines for questionnaire

and interview surveys with those injured. Registration was effected in the casualty

department after the injury, and was supplemented by postal questionnaires and in

some cases by telephone interviews.

The number of traffic injuries in Gothenburg in 1983, according to official

statistics, was 1306. During the same period the hospitals registered 1695 people

who had been injured in traffic. Of these, the police had reported 692 people. For

a small proportion of those registered only by the hospitals, it was found that some

had not been injured in road traffic accidents and that others had been injured

outside Gothenburg Municipality. The additional number of those injured in road

traffic accidents in Gothenburg and registered by hospitals was finally found to be

870, i.e. just over 60 %. Of the total 2176 injured according to police and hospital

sources, about 30 % had been reported only by the police, about 40 % had been

registered only by hospitals, while about 30 % had been reported by both. Half of

those who had been reported by the police but not registered by a hospital and who

responded to a questionnaire/interview stated that they had been injured so slightly

that they did not seek treatment.

The investigation gives correction factors for different groups of road users

injured in traffic, the consequences of injuries and age groups. These can be used

in calculating the total number of those injured according to the police and

hospitals from data from the official injury statistics.

The following correction factors can be applied for injuries requiring treatment

(in a hospital):

0 Pedestrians 1.44, cyclists 3.52, moped riders 2.24, motorcyclists 1.23, drivers

0.86, passengers 1.07 and others 1.66.

0 Fatalities 1.00, severely injured (hospital admission) 1.46, slightly injured (no

admission) 1.45.

0 Children (0 15) 2.70, adults (16 64) 1.33, elderly (65 and above) 1.17.

Registration by hospitals is considered effective, since only about 8 % of traffic

injuries reported by the police who sought medical treatment in the hospital and

responded to a questionnaire/ interview had not been registered when attending

the casualty department.

Stahl, A: Traffic safety for the elderly An analysis of the accident situation

in urban areas of elderly vulnerable road users. TFB Bulletin No 3, Swedish

Transport Research Board. Stockholm 1987
The study comprised accident material relating to road accidents reported by the

police and registered by a hospital in Malmo during the period 1984 01 01 1985

06-30. Hospital registration took place at the casualty department at Malmo

General Hospital and covers accidents in the traffic environment. The study

describes the differences between older (65+) and younger (35 64) pedestrians and

cyclists.

The total number of road accidents to pedestrians was 733, of which 446 were

registered only by the hospital, 31 by both the hospital and the police, and 256

only by the police. The number of road accidents to cyclists was 396, of which

199 were registered only by the hospital, 48 by both the hospital and the police,

and 149 only by the police.
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The majority of road accidents to pedestrians for both age groups, ca. 80 %,

involved no motor vehicles. The majority of accidents occurred on footways.

Older people are injured more often, 85 %, on footways than younger people,

70 %. Younger pedestrians are injured more often when the surface is slippery,

60 %, than older people, 40 %. For older pedestrians, accidents are a problem over

the whole year. Almost a half of such accidents to older people, 45 %, occur when

the surface is free of ice and snow. The corresponding figure for younger people is

under 20 %. Of those injured, 17 % of the older people and 12 % of the younger

people are hospitalised.

As regards road accidents to cyclists, younger cyclists are involved in

accidents more often, 60 %, than older people, 40 %. The proportions of road

accidents to older cyclists at junctions or sections between junctions, are the same,

35 %, whether average traffic ow is below 3000 vehicles/day or above 15000

vehicles/day. A majority of the younger cyclists are injured where the average

traffic flow is between 7000 and 15,000 vehicles/day. In the case of cyclists also,

slippery conditions have greater significance for the younger age groups, 25 %,

than for the older groups, 15 %. On the other hand, poorly maintained cycle tracks

are of greater importance for the older cyclists, 20 %, than for the younger cyclists,

8 %.

Binderup Larsen, L et al.: Road accidents to cyclists. Accident Analysis

Group, Odense 1991
The report sets out the results of a very detailed examination of 1509 cyclists

injured in road accidents and treated at Odense Hospital during the period 1

September 1988 31 August 1990. They account for about 70 % of all injured

cyclists treated at the hospital.

Information regarding the time of accident and the extent of injuries is taken

from hospital records, while detailed description of the accident situation and

circumstances is given by those injured in a postal questionnaire which was sent

out, on an average, two years after the date of the injury.

The injured cyclists are put into three age groups, children 0 9, young people

10 19, and adults 20 and over. Some selected results are given below.

0 About three out of four injuries are slight. There is however a tendency for

injuries to become more severe with increasing age.

0 Among slight injuries, injuries to the face, arms and legs are most common;

among severe injuries, head injuries to children and leg injuries to adults

dominate.

0 The proportion of those admitted to hospital varies between 8 and 11 %.

0 All young people stay in hospital for less than a week; 12 % of children stay

for more than two weeks, one half of these for more than a month; 29 % of

adults stay in hospital for a week or longer.

0 Alcohol consumption is stated to occur among ca.one third of adults and ca.

10 % of young people. A somewhat smaller proportion consider that they were

highly or to a small extent affected by alcohol at the time of the acident.

0 Few of the road acidents, between 5 and 13 %, are considered to have been

caused by faults in the bicycle. The faults are evenly distributed among brakes,

gears and chain.

0 Road accidents to children are most common during the summer, while adults

are injured more uniformly over the year.
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About three of four cyclists are injured in a densely developed area. Most road

accidents occur outside junctions, i.e. ca.one half occur between junctions and

a somewhat smaller proportion on footpaths and cycle tracks. Among young

people and adults, between 10 and 15 % of road accidents occur at junctions or

near vehicle exits. Among children this proportion is lower. Some of the

accidents to children occur on inclines where they might find it difficult to

steer the bicycle.

About 70 % of those injured do not consider that the quality of the road

surface contributes to the accident, while between 10 and 15 % think that

loose gravel and branches etc. on the carriageway are significant. The

proportions of those who attribute the injury to manhole etc. covers and

potholes are 2 and 3 %.

At places where road accidents occur, thesurfacing material is mostly asphalt.

See Table 2.6.

   

Table 2.6 Surfacing material on the road.

Type of surfacing Children Young Adults

people

Asphalt 72 83 8 1

Paving slabs l4 7 7

Cobbles O 1 3

Gravel 9 6 6

Others 5 2 2

Unknown 1 l 1

     

A relatively high proportion of road accidents to cyclists in Odense occur on

cycle tracks. It is possible that these road accidents are the price paid for "reduce

collision accidents with more severe injuries". Some of these accidents due to e. g.

loose gravel and kerbs could probably be prevented by improving the

maintenance of cycle tracks and the carriageway near the kerb where the cyclists

ride. The standard of cycle tracks is often lower than that of the carriageways,

which is unfortunate since most cycles are badly sprung and therefore require

good contact with the road.
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Berntman, M et al: Traffic safety problems in Lund Municipality Hospital

and police injury statistics 1988-10 1993-09. Bulletin No 7. Road

Construction. Department of Traffic Planning and Engineering, University of

Lund Institute of Technology. Lund 1995

Berntman, M: Methods of collecting data on severe injuries Some sources

and techniques. Bulletin No 6. Road Construction. Department of Traffic

Planning and Engineering, University of Lund Institute of Technology. Lund

1994

This study comprises traffic injuries in Lund Municipality which were registered

at casualty departments over a period of five years. Injury registration commenced

on 1 October 1988 and was carried out in parallel with police reporting of traffic

injuries. The aim was to chart the number of injuries, the severity of injuries to

different groups of road users, road users with permanent disabilities, and to

calculate treatment costs for different groups of road users. The study was to

provide data for the assignment of priorities, the choice of measures and

preventive action in the local traffic safety work.

The number of traffic injuries in Lund Municipality increased from an average

of 280 people per year in the official statistics to 490 per year in the combined

hospital and police source. Follow up of the shortfall in hospital registration

(Berntman, 1994) shows however that the degree of coverage is relatively low,

31:7 %, which means that an estimated 1000 people are injured in traffic every

year. This number also includes pedestrians who are injured in falls and slipping

accidents.

There is a lot of additional information through the hospital source, especially

with regard to pedestrians and cyclists, 77 and 63 %. About 65 % of pedestrians

are injured in falls and slipping accidents, while ca. 45 % of cyclists are injured in

accidents not involving vehicles. A large proportion of injured pedestrians are

women. Many are elderly. Among injured cyclists, men and women are almost

equally exposed. There are a comparatively large number in the 18 24 age group.

Many pedestrians fall or slip on footpaths, squares, at bus stops and in parking

places. Of all groups of road users, pedestrians have the highest proportion of

severe medical injuries, 8 %. In slippery conditions, falls predominate. Most of the

collision accidents to cyclists occur in junctions, while falls are most common

between junctions and on cycle tracks. Among cyclists, the proportion of severe

injuries is 3 %.

In Lund Municipality pedestrians and cyclists account for 15 and 40 % of the

registered traffic injuries. The total injury severity score of these two groups of

road users is 20 and 40 % respectively, while permanent disabilities are equally

distributed, i.e. 30 % each. Treatment costs for pedestrians and cyclists make up

20 and over 25 % of the costs for all those injured in traffic. These four parameters

are considered appropriate as the basis in classifying the most exposed road users

by order of priority. See Figure 2.4.
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Figure 2.4 Number injured, total injury severity score (ISS) and permanent
disability, treatment costs broken down by injured hospital
registered road user in Luna Municipality during a five year
period.

Better winter road management and better maintenance of footways and

footpaths are measures which should be tested in order to reduce accidents due to

pedestrians falling, while better maintenance and equipment of cycle tracks and

better maintained surfacings on cycle tracks can probably reduce accidents due to

cyclists falling.

2.4 Injuries macroeconomic consequences

Hagen et al, T01 report No 199, 1993, Macroeconomic costs and potential

savings -falling and traffic accidents in Akershus

In Akershus, Norway, a study was made in 1991 of macroeconomic costs as a

consequence of traffic accidents and falls by pedestrians.

In order to calculate the costs of injuries, the following cost components were

quantified:

health costs

the value of lost production

- material costs

administrative costs.

Traffic accidents and falls by pedestrians are estimated to cost NOK 1025m.

This is based on 2900 people injured or killed in traffic, 600 of whom were

hospitalised, and on 3200 estimated falls by pedestrians, of whom 200 were

hospitalised. The cost of falls by pedestrians is estimated at NOK 148.8m. This

works out at NOK 46,500 per injury. 75 % of this cost is due to lost production

and 23 % to health costs. A traffic accident is estimated to cost ca. NOK 300,000.

Of the total cost of traffic accidents, 39 % was due to lost production and 37 % to
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material costs. Traffic accidents accounted for 85 % of the costs, and falls by

pedestrians for 15 %.

The costs attributable to pedestrians who slipped or stumbled is NOK 77m, and

this cost can be in uenced by road management measures. Three quarters of

falling acidents occur on slippery surfaces, and during the winter 80 % of these

accidents are blamed on ice/snow. This implies that better winter road

management can reduce these costs. The road management authority can also

in uence the remaining quarter by improving edges and making surfaces more

uniform.

Berntman, M: Traffic injuries registered in Lund Hospital Part 1: Injuries

in Lund Municipality during the period 1988-10 1989-09. Bulletin No 102.

Department of Traffic Planning and Engineering, University of Lund

Institute of Technology. Lund 1991

Hospital registration commenced on 1 October 1988 and was performed at the

casualty departments of the orthopaedic and surgical clinics at Lund Hospital. The

report deals with hospital registered and police reported traffic injuries in Lund

Municipality. The aim is to improve documentation for local traffic safety work.

A total of ca. 410 people were injured in traffic in Lund Municipality in one

year. Slightly over 150 accidents which had not been reported to the police are

added through hospital registration. Cyclists are the largest road user group in the

hospital source and account for almost one half of those registered, while they are

few in number among the accidents reported to the police. A comparatively large

number of pedestrians were also injured during the year.

In the short term, i.e. in conjunction with treatment after the accident, the cost

of hospital care for the 250 people injured in traffic in Lund Municipality who

were registered at the hospital amounts to ca. SEK 1.9 million in terms of 1990

prices. The distribution of treatment costs is such that medically light injuries cost

SEK 0.3 million, while moderate or severe injuries cost SEK 0.4 million and 1.2

million respectively. That is to say, the treatment costs for the light and moderate

traffic injuries are of the same order. There is however a great difference between

the average treatment costs for different injuries; SEK 1700 for a light injury, SEK

5900 for a moderate injury, and SEK 70,000 for a severe injury. One of the

treatments for the severely injured which is expensive is intensive care. It accounts

for less than 20 % of treatment time but for more than half of the total cost.

The treatment costs for pedestrians are ca. SEK 0.3 million during the year,

while those of cyclists are SEK 0.4 million. Pedestrians have higher treatment cost

for the light and moderate injuries than the average, while cyclists have lower

costs for these injuries. Treatment for the severely injured pedestrians and cyclists

costs less than the average, ca. SEK 30,000 and ca. 50,000 respectively. Among

pedestrians and cyclists, the share of the cost for the light and moderate injuries is

estimated to be the same as that for all severely injured road users.

Bjornstig, U et al: Elderly women and young men slip most often on ice and

snow. Report No 49. Accident Analysis Group. Umea 1995

At Norrland University Hospital in Umea, injuries treated on an outpatient and

hospitalisation basis are continuously registered. At the hospital, acute injuries are

treated by both hospitalisation and outpatient treatment. The catchment area of the
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hospital around Umea has a radius of 50 60 km. Patients in the Umea area who

want to see the district medical officer on call have to go to the hospital.

During the visit to the hospital, the injured person or the person accompanying

him/her fills in an interview form. Data on when, where and how the accident

occurred are entered in this. Examination of treatment notes provides details on

medical care and the progress of the injury. Data regarding sickness absence and

sickness benefit paid are obtained from the national health insurance office.

The first snow normally falls at the beginning of November and remains until

the end of April. This report includes people injured when slipping on ice or snow

outdoors, on the level or on stairs.

It is seen from this study of the Umea medical district that 415 people were

injured in skidding accidents during one winter season, i.e. 400 people per

100,000 population. Of the injured, ca. 60 % are women. Older women have the

highest frequency of injuries, while the 20 29 age group is the one most exposed

among men. Among women of 50 and above, fractures are very common (two out

of three). They occur in most cases on an upper extremity.

Almost one half of injuries occur on footways or in the street. Every fifth

person is injured in a courtyard, while about every tenth injury event occurs in a

parking place or a shopping district. In the 50 59 age group, ca. five times as

many women as men are injured on footways or in the street. Most are injured

while out walking.

The "cost" of medical care and sickness benefit has been estimated at SEK 6,2

million or on an average at SEK 15,000 per injured person (in terms of 1993

prices).

Better snow clearance, sanding and salting of strategic places, better anti-slip

soles and heels on shoes and safety equipment to cushion falls (specially

recommended for older women) are measures that are suggested in order to reduce

injuries or alleviate their consequences.
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3 Methodology
Since the aim of this project is to elucidate any differences in the risks of injury to

pedestrians and cyclists due to the type of surface and the quality of this surface,

as well as the occurrence ofslippery conditions on these surfaces in winter, there

was a need for both injury registration and road surface and exposure

measurements with respect to pedestrians and cyclists.

The source that can be used for the registration of injuries among pedestrians

and cyclists are casualty departments and similar places. This activity is carried on

at several casualty departments in the country, using broadly the same methods.

Since the project also required further registration in order to illustrate the quality

of the road surface at the location where the injury occurred, it was considered

appropriate to select municipalities which already registered injuries and where

the quality of this registration was known from experience to be fairly good.

Another important fact was that the project was originally associated with

Gothenburg which is also a pioneering municipality as regards registration of

traffic injuries by hospitals (Olle Bunketorp et al.).

The other municipalities which were finally selected were Lidkoping in the

south and Umea in the north. Lidkoping because cooperation with University of

Lund Institute of Technology is already established, and Umea because of the

comprehensive investment made there as regards registration of injuries over

several years (Ulf ijrnstig). These municipalities also satisfy other requirements

such as differences in size and climate.

In spite of the fact that injuries due to traffic accidents are registered, injuries to

pedestrians were not registered in Gothenburg. This required further resources,

and finally it was decided that only the East Hospital should be involved. This

meant that the investigation covered the eastern half of Gothenburg.

The urban areas covered by the investigation and the hospitals concerned are

thus as follows:

0 The eastern part of Gothenburg and East Hospital in Gothenburg

0 Lidkéiping town and the Base Hospital in Lidkoping

0 Umea town and University Hospital in Umeéi.

The next step in the investigation was to chart which types of surfacing were

used in the selected urban areas. The municipality supplied maps on which, where

asphalt was not used on pedestrian and cycle surfaces, the type of surfacing such

as concrete paving slabs, cobbles, brick pavers, quarry tiles, combinations of

different types or gravel, was indicated.

VTI then selected at random detail study areas from the maps, stratified on the

basis of the different surfacings used. There were about 40 surfaces per urban area,

broken down by pedestrian and cycle areas in different traffic environments

footways, footpaths, cycle tracks, junctions, shopping centre footpaths, etc.

The detail study areas had a dual purpose:

0 to describe the quality of the surface

0 to record the frequency of pedestrians and cyclists during the period when the

surface was free of ice and snow.

The two tasks were carried out simultaneously. At the same time that the

quality was registered (journal and photograph), road users on the area were
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videoed for 30 minutes. By moving between the areas, it was possible to cover

with the video registration a large proportion of the light part of the day on

weekdays. This part of the project was carried out in September October 1993

and was made the same way in all urban areas. Even though the sites of video

registration are not randomly selected in the strict statistical sense since there was

some stratification by type of surfacing, registration of pedestrians and cyclists can

on the whole be said to constitute a random picture of the road users on these

areas during the week concerned.

From among the detail study areas, a number of observation areas were then

selected, just over ten in each urban area. In some cases a new site was chosen.

The purpose of these observation areas was as follows:

0 to carry out continuous registration of road conditions during the winter period

0 to record the presence of pedestrians and cyclists during the winter period

0 to make friction measurements on some surfaces

0 to develop a method for the assessment of incidents, to be used for studies of

the behaviour of mainly pedestrians in winter road conditions.
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Photograph 1 High standard.

 

Photograph 3 Low standard (slabs missing).
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Photographs 4 5 Different winter road conditions.

It proved dif cult to achieve the last purpose with the resources available, and

it was carried out separately in Lund without any association with the observation

areas. For the same reason, friction measurements were not as frequent as

planned.

A reference group comprising representatives from each municipality and

hospital, as well as the Swedish Association of Local Authorities, the Swedish

Road Administration and the Swedish Transport and Communications Research

Board (KFB) was attached to the project. The project was performed in

collaboration between the Institute and the Department of Traf c Planning and

Engineering at University of Lund Institute of Technology. After the planning

phase, KFB handed over the project to the Swedish Association of Local

Authorities and the Road Administration which together financed implementation

of the project.
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4 Road surface studies

During the spring and summer of 1993, VTI received maps from the responsible

street authorities in the three urban areas, with the surfacing types on the

pedestrian and cycle areas marked.

Around forty detail study areas were selected from these maps with reference to

the type of surfacing and the type of pedestrian and cycle area. Each area covered

about 100 m2.
During the autumn of 1993, September October, VTI registered the condition

of the road surface in the selected areas.

For each detail study area, the properties of these areas in ice/snow free

conditions, the type of pedestrian and cycle surface, design, slopes, differences in

level and the regularity of the surface (holes, cracks, edges) were registered.

At the same type the presence of pedestrians and cyclists was recorded with a

video camera over a period of 30 minutes.

The detail study areas are reported in six groups: footway, shopping centre

footpath, footpath, cycle track, combined pedestrian and cycle path, and square.

The term footpath comprises pedestrian precinct and footpath. The term cycle

track comprises cycle lane and cycle track. The term combined pedestrian and

cycle track comprises these areas and also the junction areas.

4.1 Standard

Among the detail study areas, footpaths and cycle tracks are slightly

overrepresented in Umea and Lidkoping compared with East Gothenburg.

Footpaths and squares and to some extent cycle tracks are few in number.

Table 4.1 Number ofdetail study areas per urban area and type of surface.

        

East Lidkoping Umea

Gothenburg

Footway 10 1 1 14

Shopping centre 9 5 10

footpath

Footpath 1 3 3

Cycle track 6 3 4

Combined pedes- 9 14 14

trian and cycle path

Square 4 2 3

Totals 39 38 48
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Table 4.2 Types of surfacing in the detail study areas.

    

East Lidkoping Umea

Gothenburg

Asphalt 29 1 3 1 5

Concrete 7 5 26

Setts 1 7

Concrete/setts 2 7 4

Asphalt/concrete/ l

setts

Asphalt/concrete 1 1
Gravel 1

Quarry tiles 2

Quarry tiles/setts 3

Totals 39 38 48

     

It is seen from Table 4.2 that asphalt and concrete are the most common types

of surfacing. Asphalt is clearly predominant in East Gothenburg. In Umea asphalt

and/or concrete is most common. In Lidkoping there are several combinations of

surfacing types.

For a larger area, for instance a whole square of which the detail study area

formed a part, classification was based on a quality index whether the area was of

high, normal or low standard. The quality of the surfaces regarding standard

(good, normal, low), the slope and the evenness of the surface and the edge were

then determined for each detail study area.

For a good standard it was necessary for the area to be largely faultfree. On an

area classified as normal, some small potholes are permitted, while an area of poor

standard should be repaired.

In East Gothenburg and Umea, irrespective of the type of surface comprised in

the area, most areas were judged to be of high or normal standard. Only four areas

in East Gothenburg, two footways, one shopping centre footpath and one square,

and six areas in Umea, four footways, one shopping centre footpath and one cycle

track, were considered to be of low standard. In East Gothenburg, the surfacing in

three of these areas was asphalt, and in Umea there was an equal number of

asphalt and concrete surfaces.

In Lidkoping twelve areas were judged to be of low standard, six footways,

three shopping centre footpaths and three combined pedestrian and cycle paths.

Surfacing in these areas varies between asphalt, concrete, setts and quarry tiles.

Obviously, the standard of the detail study area is related to the standard of the

whole area according to the quality index.

The detail study areas in East Gothenburg which were judged to be of low

standard were part of the four larger areas which had a low standard according to

the quality index. One half of the detail study areas in Lidkoping which formed

part of the twelve areas of low standard were judged to be of low standard. The

remainder were considered to be of normal standard. There were thus three detail

study areas which were judged to be of low standard while the areas in which they

were situated were considered to be of normal standard.
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Three detail study areas which formed part of the six areas of low standard in

Umea were judged to be of poor standard. The remaining three were considered to

be of normal standard.

The assessed standards of the detail study areas are given in Figure 4.1 4.3.

   

 

   

  
1 OO
80 Good standard

E Normal standard

5 60 El Poor standard
0

a : 40

20

O : I
Footway Shopping Footpath Cycle track Combined Square

centre pedestrian

footpath and cycle

path

Figure 4.1 Assessed standards of detail study areas in East Gothenbarg.
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Figure 4.2 Assessed standards of detail study areas in Lidkb ping.
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Figure 4.3 Assessed standards of detail study areas in Umed.

The parameters which determined the standard of the detail study areas were

the slope and the evenness of the surface and the edge.

Five of the detail study areas in East Gothenburg were judged to slope both

transversely and longitudinally: l footway, 2 shopping centre footpaths and 2

squares. Ten of the surfaces sloped only transversely: 3 footways, 3 shopping

centre footpaths, 2 squares, 1 cycle track and 1 combined pedestrian and cycle

path. Only one area, a shopping centre footpath, was considered to slope only

longitudinally. The remaining 23 areas, just under 60 %, were considered to be

horizontal.

Fifteen of the detail study areas in Lidkoping were judged to slope both

transversely and longitudinally: 6 footways, 5 shopping centre footpaths, l

footpath and 3 combined pedestrian and cycle paths. Eight of the areas sloped

transversely: 5 footways, 2 footpaths and 1 combined pedestrian and cycle path.

The remaining fifteen, 40 %, were judged to be horizontal.

In Umea, thirteen of the detail study areas were judged to slope both

transversely and longitudinally: 8 footways, 3 shopping centre footpaths, l

footpath and 1 square. The same number were judged to slope only transversely: 2

footways, 5 shopping centre footpaths, l footpath, 2 cycle tracks and 2 combined

pedestrian and cycle paths. Three areas were judged to slope only longitudinally: l

footway, 1 shopping centre footpath and 1 combined pedestrian and cycle path.

The remaining 19 areas, 40 %, were judged to be horizontal.

In judging the areas, it was noted whether the surface was even or uneven with

or without joints. It was also noted whether the surface had holes, defective

surfacing, defective slabs, cracks or anything else.

In East Gothenburg eleven areas were judged to be even with or without joints:

1 footpath, 3 cycle tracks and 7 combined pedestrian and cycle paths. The same

applied to seventeen areas in Lidkoping: 1 footway, 2 cycle tracks, 12 combined

pedestrian and cycle paths and 2 squares. In Umea twenty areas were even: 1

footway, 3 shopping centre footpaths, l footpath, 4 cycle tracks, 10 combined

pedestrian and cycle paths, and 1 square.

In judging the edge, it was noted whether it was even or uneven, defective or
had cracks.
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It is mainly footways and shopping centre footpaths which have kerbs. In East

Gothenburg and Umea 20 areas had kerbs, and in Lidkoping 25 areas. In all the

urban areas, the edge of six of the areas was judged even.

4.2 Pedestrian and cycle flows

Using a video camera, the presence of pedestrians and cyclists on each detail study

area was recorded over a period of thirty minutes. Recording took place in the

autumn, September October 1993. During evaluation the two groups of road users

were assigned to three age groups:

- children: 15 or younger

- adults: 16 65

elderly: older than 65

The measured hourly ows for pedestrians and cyclists, broken down by type

of area and age category, are set out in Tables 4.3 and 4.4.

               

Table 4.3 Measured hourly owsfor pedestrians and cyclists per type of area
in September. Meansfor several areas.

E. Gothenburg Lidkoping Umea

Ped. Cyclist Ped. Cyclist Ped. Cyclist

Footway 103.8 62.7 87.3

Shopping centre footpath 229.6 237.6 301.0

Footpath 34.0 261.3 680.0

Cycle track 38.3 46.0 174.5

Comb. Fed. and cycle path 108.7 69.8 176.7 115.0 217.3 240.0

Square 144.0 6.0 147.0 11.0 75.3 285.3

Table 4.4 Measured hourly flows for pedestrians and cyclists per age

category in September. Meansfor several areas.

E. Gothenburg Lidkoping Umea

Ped. Cyclist Ped. Cyclist Ped. Cyclist

Children 14.5 7.8 46.8 25.8 60.0 101.0

Adults 109.5 37.2 91.9 62.3 140.2 124.5

Elderly 18.2 1.5 16.5 5.1 16.7 8.5

Totals 142.2 46.4 155.1 93.2 216.8 234.0

    

    

4.3 Exposure

Calculation of the number of pedestrian km and cyclist km for the whole urban

area requires more information than is available. It is for instance necessary to

know how large is the road network which the measurement points represent. But

this is not easy to do. In outer areas there may not be any separate pedestrian and

cycle areas. Must then all carriageways be counted as combined pedestrian and

cyclist areas? See also the discussion chapter.

One conceivable way in which urban areas can be compared is to calculate

hourly flows and to correct these with respect to the population in each town. The

population would then be assumed to be an indirect measure of the area of the
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town and of the pedestrian and cycle path network also. By multiplying hourly

ows by the million of population in each trial area, it would be possible to

estimate exposure in each town. The multiplication factor was 0.147 for East

Gothenburg, 0.025 for Lidkoping and 0.07 for Umea.

Hourly flows corrected for population and also weighted with respect to the

number of observations are set out in Tables 4.5 4. 10.

Table 4.5 Hourly flowsfor pedestrians and cyclists, correctedfor population,
per type ofarea in September.

       

E. Gothenburg Lidkoping Umea
Ped. Cyclist Ped. Cyclist Ped. Cyclist

Footway 15.3 1.6 6.1

Shopping centre footpath 33.7 5.9 21.1

Footpath 5 .0 6.5 47.6

Cycle track 5.6 1.2 12.2

Comb. ped. and cycle path 16.0 10.3 4.4 2.9 15.2 16.8

Square 21.2 0.9 3.7 0.3 5.3 20.0

    

From Table 4.5 it can be seen that

0 in East Gothenburg there is high pedestrian flow on shopping centre footpaths

0 In Umea there is high pedestrian flow on footpaths

0 in East Gothenburg and Lidkoping there is low cycle ow on squares

0 in Umea there is high cycle flow on squares.

Compared with the other two towns, pedestrian and cycle ows in Lidkoping

are consistently low.

Table 4.6 Hourly ows for pedestrians and cyclists, correctedfor population,
per age category in September.

    

E. Gothenburg Lidkoping Umea
Ped. Cyclist Ped. Cyclist Ped. Cyclist

Children 2.1 1.2 1.2 0.6 4.2 7.1

Adults 16.1 5.5 2.3 1.6 9.8 8.7

Elderly 2.7 0.2 0.4 0.1 1.2 0.6

Totals 20.9 6.8 3.9 2.3 15.2 16.4

        

What is most notable in Table 4.6 is the high ow of walking and cycling

children in Umea.
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Table 4.7 Hourlyflows for pedestrians and cyclists, correctedfor population,
per surface standard in September.

    

E. Gothenburg Lidkoping Umea
Ped. Cyclist Ped. Cyclist Ped. Cyclist

Good + normal 22.9 7.2 4.8 2.3 16.1 16.4

Poor 6.2 0.6 1.4 3.2

        

It should be noted that in Lidk6ping and Umeéi there were no cycle areas which

were judged to be of poor standard, and that areas of poor standard for cyclists in

East Gothenburg are equated with squares.

Table 4.8 Hourly flows for pedestrians and cyclists in East Gothenburg,
corrected for population, per age category and time of day in

       

 

September.

Children Adults Elderly

Ped. Cyclist Ped. Cyclist Ped. Cyclist

07.00 09.00 1.0 3.0 9.7 7.5 0.4 0.1

09.00 11.00 2.1 0.5 14.5 3.2 2.6 0

11.00 13.00 2.5 0 21.2 1.7 4.1 0

13.00 15.00 4.0 0.3 22.1 6.1 4.5 0.3

1500 1700 1.5 1.4 18.6 10.0 2.0 0.2

  

 

 

The changes in pedestrian flow during the day are similar for all age categories.

The highest flow occurs in the afternoon between 13.00 and 15.00. The cycle flow

by children and adults is highest in the morning and the late afternoon.

Table 4.9 Hourly flows for pedestrians and cyclists in Lidkoping, corrected
for population, per age category and time ofday in September.

 

 

     

 

Children Adults Elderly

Ped. Cyclist Ped. Cyclist Ped. Cyclist

0700 0900 0.2 0.6 0.1

09.00 11.00 0.5 0.8 1.2 1.2 0.2 0.1

11.00 13.00 0.5 0.2 2.6 2.0 0.3 0.1

13.00 15.00 1.3 0.8 2.9 2.7 0.8 0.3

15.00 2.3 1.1 2.9 1.5 0.7 0.1

 

 

  

The pedestrian and cycle ow by children is highest during the late afternoon.

In the case of adults, the change in pedestrian ow between 11.00 and 17.00 is

marginal. The elderly have the highest pedestrian ow during the afternoon. There

are small changes in cycling by the elderly during the day, apart from the period

13.00 15.00 when the cycle flow is more than doubled.
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Table 4.10 Hourly flows for pedestrians and cyclists in Umed, corrected for
population, per age category and time ofday in September.

        

Children Adults Elderly

Ped. Cyclist Ped. Cyclist Ped. Cyclist

07.00 09.00 1.0 8.2 7.2 11.1 0.4 0.7

09.00 11.00 2.0 2.7 9.1 7.1 1.4 0.5

11.00 13.00 8.4 5.5 18.4 3.5 2.3 0.7

13.00 15.00 9.6 18.4 2.5

15.00 17.00 4.8 10.6 7.0 8.9 0.6 0.6

    

Regardless of age category, pedestrian ow is highest in the middle of the day.

Children and adults cycle most in the early morning and late afternoon. There are

marginal changes during the day in cycling by the elderly.

In view of the uncertainty in the measured values, results from the second

measurement are also used in calculating summer ows. Pedestrian and cycle

ows and different measures of exposure are summarised below.

S1 are measured hourly ows, S2 are hourly ows corrected for million of

population and are a measure of total exposure in the urban area. S3 are in

addition corrected using the results of the VV/VTI travel pattern survey which

shows, inter alia, how the number of person km travelled by different road user

categories varies from month to month.

According to the travel pattern survey, pedestrian ow is of about the same

magnitude in every month, and figures relating to September are therefore used,

i.e. S3 = S2. S3 is therefore omitted from the tables.

As regards cycle flows, the travel pattern survey shows that the flow in

September is only about 70 % of the average for the summer period. S3 therefore

represents the scaled up cycle ow.

Table 4.11 Measured flows (number/hour) and estimated exposures

(number/hour) with various corrections.

          

Pedestrians E. Gothernburg Lidkoping Umea

S1 Summer (measured) 142.2 155.1 216.8

S2 Summer (population correction) 20.9 3.9 15.2

Cyclists E. Gothenburg Lidkoping Umea

Sl Summer (measured) 46.4 93.2 234.0

S2 Summer (population correction) 6.8 2.3 16.4

S3 Summer (population + travel 10.2 3.5 24.6

pattern correction)
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5 Studies of road conditions

In each municipality, about ten detail study areas were selected to serve as

observation areas for road condition and flow measurements during the winter

period. Friction measurements were made on a few occasions in Gothenburg and

Lidkoping.

In Gothenburg and Lidkoping, winter was taken to extend from November to

March, while in Ume2°1 winter lasts from October to April. In order to decide

whether the winter was reasonably normal, weather data for the winter in question

were compared with normal values.

The winter road management strategy applied in winter 1993/94 for the

different observation areas is documented by the municipality concerned and VTI.

In principle, road conditions were observed once per working day. Follow up

was made using the method set out in "Instructions for Road Condition

Observations", see the bibliography in Chapter 11. Since the instructions were

intended to apply mainly for carriageways, the following additions were made:

0 When the surface was predominantly free of ice and snow, a small proportion

of icy/snowy road condition could be indicated. In the same way, a small

proportion of snow-free surface could be indicated when ice and snow

predominated.

0 Sand is given as natural sand or crushed material. In this case it is also

indicated whether there is a lot or little sand on the observation area.

Simultaneously with the road condition observations, flow measurements were

made over a period of ten minutes for three observation areas per day per

municipality. Flow measurements were made for all observation areas according

to a rotating scheme. The times of road condition observations and flow

measurements were to be distributed over the hours of the day in such a way that a

reasonable distribution was obtained for the winter as a whole.

5.1 Weather conditions, winter 1993/94

Weather observations made at Save represent the weather in Gothenburg, Satenas

airport represents Lidkoping, and observations made at Umea airport represent the

weather in Umea.
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Figure 5.1 Temperature and precipitation in Gothenburg in winter [993/94
and normal values, 1931 1960.
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Figure 5.2 Temperature and precipitation in Lidko'ping in winter [993/94 and
normal values, I 931 1960.
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Figure 5.3 Temperature and precipitation in Umea in winter [993/94 and
normal values, 1931 1960.

Figure 5.1 5.3 show how temperature and precipitation vary from month to

month. Generally speaking, monthly mean temperatures were very near normal

values, only February was somewhat colder than normal. Lidkoping received

normal precipitation while in Gothenburg and Umea precipitation was more than

normal (ca. 100 mm and ca. 50 mm more). Variation between months was similar,

with little precipitation in November and more than normal in December, January

and March. In Umea, February was extremely short of precipitation.

5.2 Road conditions

Road condition observations from areas mostly used by pedestrians have been

amalgamated into one record. Different cycle areas and different carriageway

areas have also been amalgamated in the same way. Cycle areas include areas

shared by pedestrians and cyclists.

In the following figures, "surface with ice/snow patches over less than 25 % of

observation area" is distinguished from patchy surface where icy/snowy areas

occupy between 25 and 75 % of the observation area.
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Gothenburg
Road condition observations were made by two retired people employed by the

Gothenburg traffic undertaking on an hourly basis. Observations were made on

11 areas with different numbers of part areas, a total of 20 areas.

Figure 5.4 shows the breakdown of road conditions over pedestrian and cycle

areas and carriageways. It is clear from this gure that carriageways have much

more snow-free surface (ca. 80 % free of snow and ice) than pedestrian and cycle

areas (ca. 50 % free of snow and ice). The reasons for this are that carriageways

are salted, traffic heats and melts snow, and vehicles throw off snow and ice from

the carriageway. In contrast it may be noted that the proportions of dry snow-free

surface were about the same on pedestrian areas and carriageways, while cycle

areas have a somewhat lower proportion of dry snow freesurface than the other

areas. The proportion of surface with patches of ice/snow (< 25 %) was more

common on pedestrian than cycle areas. The reason for this difference may be

that pedestrian areas are heated by adjacent buildings to a greater extent than

cycle areas, since the surface next to the buildings was free of snow and ice.

 

Photograph 6 Different conditions on pedestrian and cycle areas.
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Lidkoping
Road condition observations were made by two youth service trainees employed

by the education department in Lidkoping Municipality. Observations were made

on 13 areas with different numbers of part areas, a total of 19 areas. There are no

observations from the beginning of December to the end of January, i.e. there is a

shortfall which covers almost half the winter.

Figure 5.5 shows the breakdown of road conditions over pedestrian and cycle

areas and junction areas. It is seen from the figure that junctions have largely the

same proportions of snow-free surface as pedestrian and cycle areas (ca. 65 %).

There are three reasons why the proportion of snow-free surface was not larger in

junctions than in other areas: there were no observations during most of

December and January, buildings warm up adjacent pedestrian areas, and streets

in Lidkoping are not salted. It is also evident that the proportion of icy/snowy

surface with a soft top layer was larger on junction areas than on pedestrian and

cycle areas (ca. 25 % against 15 %).

 

Photograph 7 Dijj erent conditions on pedestrian and cycle areas.
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Figure 5.5 Average breakdown of road conditions for pedestrian and cycle
areas andjunctions in Lidkoping, winter 1993/94.
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Umea
Road condition observations were made by the neighbourhood police in Umea.

Observations were made on 12 areas with different numbers of part areas, a total

of 15 areas.

Figure 5.6 shows the breakdown of road conditions over pedestrian areas,

heated pedestrian areas and cycle areas. More than half of the winter road

conditions in Umea consisted of ice/snow with a hard crust. On comparing

pedestrian and cycle areas it is found that icy/snowy conditions are somewhat

more commOn on cycle areas (ca. 75 % against ca. 70 %). This is presumably due

to the fact that some pedestrian areas were adjacent to buildings. It is interesting

to note that heating of pedestrian areas has resulted in a much larger proportion of

snow-free surface (ca. 85 % against ca. 25 %), but that it does not at all times

"manage" to melt all snow and ice.

 

Photograph 8 Difference in condition between heated and unheated area.
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5.3 Friction

Friction was measured with a Saab Friction Tester which works on the

skiddometer principle (Ohlsson, 1979). An unstudded tyre was used for the

measurements. Measurements were made at speeds around 20 km/h except on

carriageways where speed was about 50 km/h. These coefficients of friction are in

good agreement with tyre and carriageway friction, but it is not clear how they

relate to walking friction.

Norwegian friction measurements show that at temperatures below freezing the

coefficient of friction increases by 0.1 for each 10°C drop in temperature. In

Sweden we have not succeeded in measuring this on surfaces carrying vehicular

traffic, but perhaps this temperature dependent difference occurs on pedestrian and

cycle areas.

   

Table 5.1 Mean coe icients of friction for di erent road conditions in
Gothenburg.

Site of 3.12.93 9.2.94 9.2.94 10.2.94

measurement 11.20 13.30 8.40 11.20 1520 17. 15 7.50 9. 10

wet snow free slush, sand slush, rain different

surface, rain +1 °C +2°C ice/snow,

+4°C sand +2°C

1 Footway 0.611 0.30 0.311 0.275
2 Footway 0.27 0.221 0.335
3 Shopping 0.82

centre fway

4 Shopping 0.471 0.342 0.301
centre f'way

5 Junction 0.78 0.624
6 Comb. Ped. & 0.641 0.33 0.441 0.576

cycle path

7 Junction 0.92

7 Comb. Ped. & 0.721 0.38 0.241 0.375

cycle path

8 Carriageway 0.91 0.944
8 Cycle track 0.721 0.352 0.361
8 Footpath 0.891
9 Square 0.35 0.32 0.261
10 Square 0.513 0.30 0.422
11 Square 0.551 0.39 0.311 0.297

     

Road conditions different from those given:

1 sanded

2 thin ice and wet snow-free surface, sand 6

3 thin ice

4 wet snow-free surface

46

5 1 cm soft snow and compacted
snow

compacted snow and wet snow-

free surface

7 1 cm slush and wet snow-free

surface
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The soft conditions are found where users have not yet tramped down the

snow.

Measurements on 3.12.93 in rain and with wet snow free surface can give an

indication of differences in friction levels on different road surfaces. The highest

coefficient of friction occurs where @ sand had been spread, and no actual

difference depending on type of surfacing has been found on other surfaces.

Measurement site 3 has concrete slabs while 5, 7 and 8 have asphalt surfacing.

Site 9 has uneven slabs and very variable friction over the surface. The other

measurements indicate what levels of friction may be found.

Table 5.2 Mean coef cients of friction for di erent road conditions in

   

Lidko ping.

Site of 10.2.94 10.2.94 11.2.94

measurement 12.20 13.30 15.45 16.10 7.45 8.25

1 cm soft snow, 1 cm soft snow, 1 cm soft snow,

compacted snow, sand, light snowfall, thin ice, sand

sand, +1°C +1°C 30C

7 0.27 0.23 0.322

8 0.23 0.221 0.31

9 0.27 0.221 0.31

10 0.41 0.24 0.312

11 0.37 0.30 0.36

13 0.31 . 0.23 0.282

    

Road conditions different from those given:

1 sanded

2 thin ice and wet snow free surface, sand

The soft conditions are found where users have not yet tramped down the

snow. For the road conditions given in Table 5.2, it is the quantity of snow and

sand that determines what level of friction prevails. The road surface itself has no

effect on friction.

5.4 Pedestrian and cycle flows

Owing to the fact that there were few measurements in different road conditions, it

was not possible to divide the days into different classes according to detailed road

conditions in order to calculate stable ows. In addition, road conditions varied

between observation points during a day, and observations were made only once a

day. Days during the winter period were therefore divided into three classes:

snow-free conditions, mixed conditions and icy/snowy conditions. To start with,

each observation was assigned to one of these classes:

Snow free conditions: more than 75 % of the surface is free of snow and less

than 25 % has ice/snow

Mixed conditions: icy/snowy conditions between 25 % and 75 %

Icy/snowy conditions: more than 75 % of the surface is covered by ice/snow.
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The average proportion of icy/snowy conditions per day was then calculated for

each of the municipalities (classification as mixed conditions was given the

weight 1/2 icy/snowy conditions). A day was classified as a snow free condition

day when the average conditions at the observed points were less than 25 %

ice/snow, as a mixed condition day when ice/snow covered between 25 % and

75 % of the surface, and as an icy/snowy day when more than 75 % of the surface

was covered by ice/snow. Carriageway areas, junction areas and heated pedestrian

areas were excluded from the calculations. Road condition classifications were

performed separately for pedestrian and cycle areas.

Days on which there were no road condition observations were classified on

the basis of weather data ( Weather and water , Swedish Meteoorological and

Hydrological Institute). If conditions were observed before and/or after the day to

be classified, this information was also used. Figure 5.7 shows classification of the

road conditions on the basis of this aggregation for the period for which the

accidents were reported.

         

Percent

100 1

75-:

50 -i

25 -I

O _'

Cycle Pedestrian Cycle Pedestrian Cycle Pedestrian
Paths Paths Paths Paths Paths Paths

Goteborg Lidképing Umea

- Mainly bare ground m Both bare ground :I Mainly ice/snow
and ice/snow

Figure 5.7 Aggregated road condition distributions for the winter period for
which accidents were reported, i.e. in Gothenburg 3.12.93-
31.3.94 and 1.11.94 31.12.94, in Lidkoping the same period except
for the start which was on 13.12.93, and in Umed 1794 30494
and 11094 311294.

For each observation point and road condition, an average hourly ow was

calculated for both cyclists and pedestrians. All ow counts were used in the

calculations. An average hourly ow was then calculated for each urban area, road

condition and road user category.
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Table 5.3 Measured pedestrian flow, number/hour. The number of ow
observations is given in brackets.

                            

    

Snow-free Mixed conditions Icy/snowy conds.

Conditions

Gothenburg, totals 168 (234) 167 (108) 127 (55)

Children, Adults, 18 108 42 13 1 19 35 9 92 26

Elderly

Lidkoping, totals 93 (135) 45 (19) 57 (15)

Children, Adults, 27 46 2O 5 25 15 17 23 18

Elderly

Umea. totals 96 (13) 248 (44) 178 (200)

Children, Adults, 27 64 6 26 169 52 18 128 32

Elderly

Table 5.4 Measured cycle ow, number/hour. The number of flow

observations is given in brackets.

  

 

  

  

 

                   

Snow free Mixed conditions Icy/snowy conds.

conditions

Gothenburg, totals 27 (123) 17 (41 ) 13 (37)

Children, Adults, 1 25 1 O 16 O O 12 O

Elderly

Lidkoping, totals 48 (70) 23 (14) 12 (7)

Children, Adults, 15 24 9 8 10 5 1 8 3

Elderly

Umea. Totals 3 (3) 3O (11) 49 (149)

Children, Adults, 0 3 O 4 21 4 3 12 4

Elderly

 

    

 

 

 

It is seen from the tables that there were few flow observations in Umea when

the conditions were snow-free surface and mixed condition, and in Lidkoping

when conditions were mixed and icy/snowy. Data from Gothenburg show that

flow and thus exposure decreases when surfaces are icy/snowy, for pedestrians to

about 75 % and for cyclists to ca. 50 % compared with the situation when the

surface is free of snow and ice.

It was noted that typical pedestrian areas were used by cyclists and typical cycle

areas were used by pedestrians. In order to find what was the significance of the

division of measurement points into pedestrian and cycle areas, ows were

calculated only for areas which were purely pedestrian or cycle areas. It was found

that in Gothenburg the largest change in pedestrian and cycle ows was 5 %,

while in Lidkoping and Umea the changes were larger, a maximum of ca. 25 %

for pedestrian flows and ca. 10 % for cycle ows.
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The effect of temperature and precipitation on flows was also studied. Days

with ow counts were classified into 5 temperature and 3 precipitation intervals.

The average hourly flow was calculated for each interval and site, and the average

ow was then calculated for each urban area and temperature interval. The flows

obtained were normalised by putting equal to l the ow in the temperature

interval which had the largest number of observations overall. The same was done

with the precipitation classes. By weighting with respect to the number of

observations in each interval and urban area, the mean change in flows could be

calculated.

When the temperature drops below 0°C, the pedestrian flow decreases by about

10 15 % for each 5°C drop in temperature. It is mostly children and the elderly

who decide to stay indoors when it is cold. In Umea, when temperatures are equal

to or above 5°C, ows are remarkably low, which is due to the low number of

observations (8) and to sites which carried particularly low traffic.

Merely because of the arrival of winter, cycle flow decreases to about 40% of

the summer flow. Flow decreases further from that level when the temperature

drops. Flow is lowest in the O to 5°C interval. This interval has more

precipitation.

Compared with good weather, cycle flows decrease by ca.40% for light

precipitation and by ca.60% for moderate and heavy precipitation. These

reductions occur irrespective of whether it is snowing or raining.

Pedestrian ows are affected to a lesser extent by precipitation. There is a

tendency for flows to increase in rain and to decrease in snow. The reason may be

that cyclists become pedestrians since there is a steep drop in cycling when it is

raining or snowing. Since it is warmer when it is rains than when it is snows, more

people leave their bicycles at home when it rains than when it snows. Another

reason may be that pedestrians stay at home to a greater extent when it snows than

when it rains.

5.5 Exposure

A number of corrections are made to flows because of certain shortcomings in the

measurements; for instance, there are no pedestrian or cycle counts from

Lidkoping in the middle of winter, and this means that there are few counts when

conditions are mixed and when it is icy/snowy. In Umea, on the other hand, there

are few counts when surfaces are free of snow and ice. It is also open to doubt

whether certain values are correct. Because of this, corrected values are also used

in addition to the measured values (number/hour, V1). Use is made of the VV/VTI

travel pattern survey. According to this, pedestrian flow in Sweden remains

approximately the same throughout the year. For cyclists there are large variations

between months. The value for September is only 70 % of the average for the

summer, and in the winter it is only 40 % of that for the summer.

The various corrections for pedestrian exposure are as follows (see also Section

4.3 and Chapter 9):

measured values are scaled up with respect to population in millions (V2)

variations between different road conditions in Gothenburg are utilised and

weighted (number of days) so that average exposure is equal to exposure in the

summer. The variations obtained are applied to Lidkoping and Umea where

the exposure in summer forms the basis for the change (V3).
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Similar calculations were made for cyclists, but with the above corrections

according to the travel pattern survey.

Using Gothenburg as the basis for corrections implies that changes in exposure

are assumed to be the same in Gothenburg and e.g. Umea if conditions change

from snow-free to ice/snow. In Umea it is so common to have icy/snowy

conditions that one cannot wait for snow free conditions. This means that the

difference in exposure between road conditions in Umea ought to be smaller. On

the other hand, these investigations show that cold conditions reduce exposure by

10 15 % for each 5°C by which the temperature drops below freezing. Since cold

conditons are more common in the north, these two effects may to some extent

cancel out, and the variations in exposure from Gothenburg can therefore also be

used for Umea.

Table 5.5 Estimated exposure for pedestrians (number of pedestrians/hour,
subject to various corrections due to e. g. population).

              

l East Gothenburg I Lidkoping I Umea

V1 Winter (measured)

Snow free 167.5 93.0 96.5

Mixed 166.7 44.8 247.6

Ice/snow 126.9 57.3 178.1

V2 Winter (corrected for population in millions = pop.corr.)

Snow-free 24.6 2.3 6.7

Mixed 24.5 1.1 17.3

Ice/snow 18.6 1.4 12.5

V3 Winter (mean during winter = 81, corr. for Gothenburg)

Snow-free 21.6 4.0 15.7

Mixed 21.5 4.0 15.6

Ice/snow 16.4 3.0 10.0

    

Table 4.11 and the above table show that in Gothenburg fewer people walk in

the summer than in snow free conditions in winter. In Lidkoping, in contrast, the

summer ow is much higher than the winter flow. In Umea there are few data

regarding the flow in snow-free conditions in winter, but in mixed conditions the

ow is higher than in the summer.
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Table 5.6 Estimated exposure for cyclists (number of cyclists/hour, subject to
various corrections due to e. g. population).

I East Gothenburg Lidkoping I Umea

V1 Winter (measured)

Snow-free 27.1 47.5 3.0

Mixed 16.9 22.6 30.2

Ice/snow 12.6 12.0 48.8

V2 Winter (corrected for population in millions = popcorr.)

Snow-free 4.0 1.2 0.2

Mixed 2.5 0.6 2.1

Ice/snow 1.9 0.3 3.4

V3 Winter (mean during winter = 0.4 x S3, op.corr. and for Gothenburg)

Snow-free 4.7 1.6 l 1.4

Mixed 3.0 1.0 7.1

Ice/snow 2.2 0.8 5.3

   

 

The two measures of exposure V2 and V3 are used in calculating the injury

rates for different road conditions. Exposure S3 is set out in Table 4.11.

The two different measures of exposure for the winter thus yield different

results. V2 is most similar to the variation in measured hourly flows. Owing to the

small number of observations in some conditions, corrections have been made.

These corrections are based on assumptions which are to some extent open to

doubt

52 VTI meddelande 799A  



6 Injury registration

6.1 Method and performance

Information relating to pedestrians and cyclists injured in road accidents without

the involvement of motor vehicles, and their accidents, was collected at the

casualty departments in three hospitals which register accidents on a routine basis:

Lidkoping, Umea and East Hospital in Gothenburg. The catchment area of East

Hospital for adults covers only parts of Gothenburg, while children who visit the

children's clinic come from the whole of Gothenburg. Records from Umea also

include injured people who came for treatment to the duty doctor between 17.00

and 08.00 on weekdays and during the whole day on holidays and week ends. The

catchment areas of the three hospitals represent places of different sizes, and

owing to their geographical positions the climatic conditions are also different,

which is of significance in a study of this type.

Registration of traffic injuries commenced in December 1993 and went on

more than a year. The results set out in this chapter cover 1994.

The following methods were used to collect data material:

0 hospital registration of the injured and their accidents

0 follow-up of the long term consequences of the injuries

0 survey of the accident sites.

Basic data regarding the injured (age, sex and type of road user), their injuries

(severity, type and location) and treatment, and data regarding the time, place and

circumstances of the accident were collected via the form used in ordinary

registration of accidents. The accident report form employed byEast Hospital was

used.

Basic registration at the hospitals gives a relatively superficial description of

the accident and its site. A special form was therefore drawn up since the object of

the project was to make a detailed examination of how, and to what extent, the

conditions of the surface at the site of accident contribute to the injuries of

pedestrians and cyclists when they fall or slip or fall off their bicycles. This form

gave the injured an opportunity to give a more detailed description of where the

accident occurred, how it happened and what caused it.

Information regarding the long term consequences of the injuries was obtained

by contacting a random sample of the injured about one year after the accident.

The sample comprised ca. 30 % of those injured during the first six months of

registration, i.e. January June 1994. The sample represents ca. 15 % of all those

registered. They were contacted in the form of a postal survey in the spring of

1995.

A survey of the accident sites was carried out in the spring of 1995. The

intention was to inspect all sites in Lidkoping and about half of the sites in

Gothenburg and Umea. Photographs were taken by the staff of the municipal

services departments and form the basis for the assessment of the material and

quality of the surfaces where the accidents occurred. Experience shows that very

detailed information is needed for an accident site to be identified.
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6.2 The collected data material

The collected basic material relating to injured pedestrians and cyclists is set out

     

in Table 6.1.

Table 6.1 Number of injured pedestrians and cyclists registered at three
hospitals in I994, number contacted regarding long term
consequences, and number ofaccident sites surveyed.

Material Gothenburg Lidkoping Umea Totals

number number number number

Hospital registration 525# 91 450# I 066
(basic and additional data)

Pedestrians 215# 42 231"< 488
Cyclists 31()# 49 219* 578

"Long term consequences 58 18 59 I 35

Pedestrians 36 8 3 1 75

Cyclists 22 10 28 60

Accident site survey 152 69 I 83 404

Pedestrians 61 33 90 184

Cyclists 91 36 93 220

     

# of whom for 154 injured, aged 2 15, 3 pedestrians and 151 cyclists, data were obtained from

the children's clinic

* of whom for 172 injured, 76 pedestrians and 96 cyclists, data were obtained from the duty

centre at the hospital

About one half of pedestrians and cyclists were injured in Gothenburg, while in

Umea and Lidkoping 4O % and 10 % of the injured were registered. The

proportion of those injured in Umea is thus higher than the share of the town in

proportion to other towns. The reason for this may be climatic differences and the

scope of injury registration (see Chapter 9, Discussion).

The distribution of injuries to pedestrians and cyclists differs somewhat

between the three hospitals. In Gothenburg the proportion of injured pedestrians is

lowest, 41 %. One contributory cause is the large number of cycling children who

are injured. In Umea the proportions of injured pedestrians and cyclists are both

50 %. A long winter with many pedestrians injured in slipping accidents is a

probable explanation for the differences. Of the accidents due to pedestrians

falling and slipping and cyclists falling off, which were registered by the hospitals,

the average proportions are

0 45 % pedestrians

0 55 % cyclists.

The sample of patients to be contacted with respect to long term consequences

comprised 15 % of those injured at the three hospitals. The distribution of those

responding is however somewhat uneven among the hospitals, from 11 % in

Gothenburg to 20 % in Lidkoping. One explanation may be the size of both the

town and the hospital. In the case of Gothenburg, cyclists are also

underrepresented in the long term contacts compared with the proportion in the
hospital registrations (37 % and 54 %).
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Contacts with respect to long term consequences with those injured in falling

and slipping accidents and in falling from their bicycles comprised

0 15 % of pedestrians and

0 10 % of cyclists.

In all places, surveys of accident sites were a little less comprehensive than

planned. Instead of half the sites, ca. 30 % were inspected in Gothenburg and 40%

in Umea, and instead of all the sites, 75 % were inspected in Lidkoping. One

explanation may be the difficulty of locating the sites since the address data were

not sufficiently complete. On an average, therefore, two out of five sites were

photographed.

6.3 Age and sex

Figure 6.1 shows the age breakdown for pedestrians and cyclists injured in road

accidents.

°/o
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I ists n=578

 

'1 -17 '18-24 '25-44 '45-64 '65-

Age intervals

Figure 6.1 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenburg, Lidkc'ping, Umed). Age intervals.

Of the injured pedestrians, two out of three are 45 and older. More than every

third injured person is retired. Falling and slipping accidents are thus a particular

problem for the elderly, not least for the oldest. In Gothenburg and Lidkoping the

group 75 and older accounts for ca. 25 % of those injured, which is high in

comparison with this group's share of the population which is 8 %.

The reverse applies to hospital registered injured cyclists. More than half of

these are children and young people. A very high proportion of children and

teenagers are registered as injured in Gothenburg. One explanation is that the

casualty department of the children's clinic is situated in East Hospital, and all

children and young people who suffer more severe injuries are treated there. A

relatively high proportion of older young people fall off their bicycles in Umea.
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Figure 6.2 shows the breakdown by sex for pedestrians and cyclists injured in

road accidents.
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%

100

90

80

7O

60

50

4O

3O

20

1O

 

Man Woman

Sex

Figure 6.2 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenburg, Lidkaping, Umed). Sex.

Among the injured pedestrians, two out of three are female. There are probably

several explanations; women spend more time walking than men since they have

fewer transport options, women live longer than men, and women have a greater

propensity than men to have brittle bones. In Lidkoping, for instance, 80 % of the

injured pedestrians are women. Most are elderly pensioners.

The injured cyclists are a little more often young men than women. The

somewhat higher exposure of men among cyclists may be a possible explanation.

6.4 Circumstances of accident and accident site

Time of year

The circumstances of accident are initially described in terms of the time of year.

As a first approach, each season comprises three months regardless of the

geographical position of the town in Sweden; December, January and February are

regarded as winter, March, April and May as spring, June, July and August as

summer and September, October and November as autumn.

Figure 6.3 shows the seasonal breakdown for injured pedestrians and cyclists in

road accidents, both for the above definition and for a longer winter period in

Umea (five months, November March).
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Figure 6.3 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenbarg, Lidkoping, Umed). Two seasonal
classifications.

Pedestrians are mostly injured in winter. One half of all road accidents among

pedestrians occur in the winter when each season comprises three months. A very

small proportion are injured in the summer. A detailed analysis of the accidents in

the winter reveals that ca. 70 % are injured during this period in Lidkoping, ca.

55 % in Gothenburg, and "only" 40 % in Umea.

A closer scrutiny of road accidents to pedestrians in Umea shows that in

November and March almost all are injured when the surfaces are slippery. If

therefore the winter periodin Umea is extended to 5 months, ca. 70 % of all road

accidents to pedestrians occur during the winter period.

In principle, the reverse applies as regards cyclists. Two out of five are injured

in the summer, and one out of four in the spring or autumn. Regardless of how the

winter is defined in Umea, few cyclists are injured in winter. However, when the

winter period is extended, the number of cyclists injured during the winter in

Umea is doubled.

Road conditions

Road conditions at the time of accident are significant for road accidents to

pedestrians and cyclists. This is shown in Figure 6.4.
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Figure 6.4 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenbarg, Lidko'ping, Umed). Road
conditions.

Surfaces are slippery at the time of more than a half of falling accidents to

pedestrians. This proportion is highest in Umea, followed by Lidkoping (65 % and

60 %). It is only in Gothenburg that less than half are injured in slippery

conditions (45 %). One half of all slipping accidents occur in Umea. Slipping

accidents here begin as early as October and do not stop until the beginning of

April. A very large number are registered in November (42 of a total of 152

injured).

Only a few per cent are injured when the surface has been given anti skid

treatment. The most common cause of an accident then is people slipping on an

icy patch or on gravel that has been spread. Only one out of five pedestrians is

injured when the surface is dry. It must however be pointed out that in ca. 15% of

accidents the condition of the surface is not known.

The majority of cyclists are however injured when the surface is dry. But about

25 % of accidents due to cyclists falling off occur when conditions are different,

and are almost as common when it is wet as it is when it is dry. For cyclists also

there is no information regarding road conditions in the case of ca. 15 % of

accidents.
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Type of accident site

Figure 6.5 sets out the type of accident site for the injured pedestrians and cyclists.
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Figure 6.5 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenbarg, Lidkaping, Umed). Type of
accident site.

Pedestrians are mostly injured in a public place, i.e. square, park, bus stop,

parking place; a total of two out of five injured. In Gothenburg this proportion is

higher, about 50 %. Every third accident occurs between junctions, while few are

stated to have occurred at a junction.There is however no information regarding

the type ofsite for 15 % of accidents.

Most cyclists, three out of five, are injured between junctions, while the

proportion is lower at junctions and in public spaces, each 15 %. For the injured

cyclists the information regarding accident site is somewhat more complete than

for pedestrians, even though about 10 % of those injured do not state where the

accident had occurred.

Segregation

Pedestrians mostly fall or slip on footways and footpaths (over 55 70), while

comparatively few, ca. 15 %, are injured on carriageways or pedestrian crossings.

The accident site is not given for 10 % of accidents.

One half of cyclists say that they are injured on cycle tracks, cycle paths or

combined pedestrian and cycle paths. A little more than one out of four fall off

their bicycles on carriageways or cycle crossings. In this case also 10 % of the

accident sites are unknown.

Type of surfacing

Figure 6.6 sets out the type of surfacing at the sites where pedestrians and cyclists
were injured.
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Figure 6.6 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenbarg, Lidkb'ping, Umed). Type of
surfacing.

About one half of pedestrians are injured on areas with asphalt surfacing, and

in Lidk6ping this proportion is even higher, ca. 70 %. In contrast, the proportion

of those injured on asphalt is lower in Umea (4O %). One explanation for the latter

may be that many surfaces are covered in ice and snow, and those injured cannot

therefore say anything about the surfacing underneath. In Umea, on an average,

somewhat more than every third road accident occurs in such a place. Only 7 % of

pedestrians are injured on surfaces with slabs. Just over 5 % fall or trip on setts or

cobbles. A somewhat higher proportion of the elderly are injured on slabs and

setts than on asphalt.

One explanation that such a relatively large number of falling accidents occur

on asphalt surfacings is that two out of three accidents occur outside the central

areas where the majority of pedestrian areas have asphalt. In Gothenburg, for

instance, only ca. 15 % are injured in the city centre which is a consequence of the

choice of hospital for accident registration in Gothenburg. With regard to the risk

of injury on different types of surfacings, see also Section 8.1.

Just under 75 % of injured pedestrians consider that the surface was a

contributory factor in their accident. These are no different from those who say

that the surface has no part to play with respect to age or the severity of the injury.

Most, 73 %, consider that their accident was due to slippery conditions. Almost

10 % consider that an uneven surfacing is significant. The same proportion say

that their accident was caused by high kerbs, potholes in the surfacing or loose

slabs.

The great majority of cyclists, 75 %, are injured on asphalt surfacings, ca. 8 %

on gravel, while very few are injured on setts, cobbles or slabs. More than 80 %

are estimated to have been injured outside the central areas of the towns.

Among cyclists there are fewer, ca. 40 %, who think that the surfacing

contributes to the accident. Of these, ca. 35 % consider that slippery conditions

contribute, while 13 % and 10 % consider that high kerbs and uneven surfacing

are causes. Loose gravel, i.e. anti-skid treatment that has not been swept up, is also
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a comparatively common cause (15 %); this is something that the road

management authority should bear in mind.

6.5 Short term consequences of accidents

The consequences of accidents in the short term can be described in different

ways. Both the form of treatment and the AIS (Abbreviated Injury Scale) system

which is an internationally established system for grading injuries, are used in the

following.

A rough division of the total degree of injury for a single individual can be

made using the form of treatment. In official statistics, "severe injury" corresponds

(in a somewhat simplified manner) to an injury which necessitates admission to

hospital (including for observation). A "light injury" is treated on an outpatient

basis (i.e. the individual can go home after visiting casualty). This division may be

referred to as the "subjective" degree of injury.

The AIS grade may be said to correspond to the acute threat to life posed by an

individual injury. The AIS scale is an ordinal scale ranging from 1 to 6, where

injuries graded 4 and higher are life threatening. Injuries of AIS grade 1 will be

referred to as "Light injuries" (e. g. a minor wound). Injuries of AIS grade 2 will be

referred to as "Moderate injuries" (e. g. minor fracture of a bone), and those of AIS

grade 3 as "Severe injuries" (e.g. fracture of the neck of the femur). If the

individual has more than one injury, the AIS grade for the most severe injury

(MAIS) is applied. The degree of injury has been coded from information in

patient records or in some cases from the accident records at the time of the visit

to the casualty department.

Form of treatment

Figure 6.7 sets out the form of treatment at the time of the visit to the casualty

department. Treatment in Umea is illustrated separately since a comparatively

high proportion of those injured, ca. 30 % of pedestrians and somewhat more than

40 % of cyclists, go for treatment at the duty centre at the hospital.
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Figure 6.7 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenburg, Lia kb'ping, Umec i). Form of
treatment.

In Gothenburg and Lidkoping 3O % of the injured pedestrians are hospitalised.

Of these ca. 25 % have severe injuries (in most cases fractures of the femur).

Among those hospitalised a further 70 % are moderately injured (fractures in an

arm or leg). The high proportion of hospitalisation is to some extent explained by

the fact that the very old, 75 and older, are overrepresented. This age group

accounts for 22 % of those injured in an accident, but constitutes 32 % of those

hospitalised. In the case of falling and slipping accidents also, the consequences

are thus more serious for the oldest than for the others.

In Umea, however, only 13 % are hospitalised. This is primarily an expression

of a high degree of registration which can be explained by the fact that those

injured who attend the duty centre in evenings, overnight, on holidays and week-

ends have lighter injuries than others. If these are excluded, the proportion of

those admitted in Umea is 17 % which is still low compared with the other

hospitals.

Less than 20 % of the injured cyclists are hospitalised in Gothenburg and

Lidkoping. Of these, ca. 6 % have severe injuries, which is low compared with

injuries to pedestrians. Among outpatients there are no severe injuries. In the

group of those hospitalised, a further ca. 80 % have moderate injuries (concussion,

but also fractures in an arm and to some extent aleg). This figure is considerably

higher than that for outpatients, ca. 30 %.

In Umea the proportion of those hospitalised is somewhat lower, 13 %. If the

injured cyclists who go to the duty centre are excluded, the proportion of hospital

admissions is as high as in Gothenburg and Lidkoping.
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Degree of severity of the injury

Figure 6.8 sets out the medically "objective" degree of severity of injuries to

pedestrians and cyclists.
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Figure 6.8 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenburg, Lidkb'ping, Umed). Degree of
severity of injury.

Over 50 % of those injured as pedestrians have moderate injuries, while 6 %

have severe injuries. The severity of injuries varies slightly between the three

towns. Injuries are most severe in Gothenburg where 67 % sustain moderate or

severe injuries. The proportion of moderate injuries is lower in Umea than

elsewhere. The explanation is that those injured are younger than the average for

these towns. Severe injuries are found only in Gothenburg and Umea (9 % and

3 %).

Among pedestrians, the proportion of moderate and severe injuries increases

with increasing age. Among retired people, the proportion of severe injuries is

higher among those aged 75 and above than in the 65 74 age group. The main

difference between men and women is that women have a higher proportion of

moderate injuries. Older women also have a higher proportion of moderate and

severe injuries than younger women.

Injuries sustained by cyclists are much lighter than injuries to pedestrians. One

explanation is that those injured are in most cases much younger than pedestrians.

The majority, two out of three, sustain light injuries. Other injuries are almost

exclusively moderate, with a few exceptions where injuries are severe.

The distribution between light and moderate injuries is approximately the same

up to the age of 44. After 45 the proportion of moderate and severe injuries

increases but drops again slightly among those aged 75 and above. However, there

are few in these ages who are injured as cyclists in road accidents.

The number of injuries among pedestrians is 558, i.e. slightly more than one

injury per injured person. For injured cyclists the corresponding figure is 787. One

cyclist out of three sustains more than one injury when falling from their cycle.
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Type of injury

Figure 6.9 shows what type of injuries pedestrians and cyclists sustain.
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Figure 6.9 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenburg, Lidkaping, Umec i). Type of injury.

More than half the pedestrians sustain a fracture in the accident, while one in

twenty have concussion. Most fractures are moderate, but one in ten are severe.

All injuries to the head are moderate. One out of four sprains their foot. About the

same number sustain bruising and wounds. In some cases these latter are

combined with other more severe injuries.

Head injuries, in most cases concussion, are twice as common among cyclists,

10 %, as among pedestrians. Ca. 30 % of the injured cyclists have fractures, of

which 75 % are moderate. Among cyclists wounds are most common, ca. 50 %,

and 25 % sustain bruising. The majority are however light injuries. In Gothenburg,

on an average, more injuries are recorded per cyclist than in other places, which is

probably due to differences in registration routines.

Location of injury

Figure 6.10 illustrates where on the body the injuries sustained by pedestrians and

cyclists are located.
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Figure 6.10 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenburg, Lidkb'ping, Umed). Location of
injury.

Many fractures sustained by pedestrians are in the extremities. About half have

injuries to the arms, hands or fingers. Two out of five sustain damage to the thigh,

leg or foot, and these injuries are often the most severe. Almost every fifth injured

person has a head injury.

The location of injuries to cyclists has both similarities and differences to those

among pedestrians. Arms and hands are as exposed among cyclists as among

pedestrians. There are slightly fewer injuries to the thigh and leg among cyclists

than among pedestrians. As in the case of pedestrians, severe injuries occur to the

lower extremities. Head injuries, many of which are light wounds, are sustained

by one half of cyclists which is a higher proportion than in the case of pedestrians.

In Gothenburg almost 30 % of the injured wear helmets, the highest proportion of

whom are young people. The use of helmets both alleviates and reduces head

injuries.

6.6 Long term consequences of accidents

Assessment of the long term consequences of injuries is based on a random

sample of those injured. The respondents describe about a year after the accident

how it has affected their health. The following is based on responses from 75

pedestrians and 60 cyclists.

The pedestrians who have taken part in the follow-up investigation are fairly

representative of the total population as regards age, sex, severity of injury and

treatment received. Among cyclists there is some skewness since the proportion of

children and young people is lower, and the proportion of men and those

hospitalised is higher than in the total population. Owing to this and the smallness

of the random sample it is not possible to draw very far-reaching conclusions or to

make generalisations.
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The questionnaire contained questions regarding the way in which long term

health, state of mind, mobility and the ability to be outdoors have beenaffected by

the accident. Questions were also asked about treatment and sickness benefit in

conjunction with the accident, subsequent medical care necessitated by the injury,

and the need for social service.

Reduced mobility

Figure 6.11 shows to what extent the mobility of pedestrians and cyclists has been

reduced after the accident.
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Reduced mobility

Figure 6.11 Long term investigation ofpedestrians and cyclists injured in road
accidents in I994 (Gothenburg, Lidkb'ping, Umed). Reduced
mobility.

Among the injured pedestrians, the consequences of the accident are relatively

serious. More than half say that the accident affected them for some months or

longer. Almost one in three say that their mobility is still constrained even about a

year after the accident. Only about one in six say that the accident has not affected

their mobility.

The consequences of the accident appear to be less serious among cyclists. The

difference in age between the groups probably has an effect. One in three cyclists

does not think that the injury has affected their mobility. Only one in five says that

their mobility was constrained for some months or longer, and of these slightly

more than one half consider that their mobility is still constrained about a year

after the accident.

Pain

Figure 6.12 shows to what extent pedestrians and cyclists are in pain after their

accident.
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Residual pain

Figure 6.12 Long term investigation ofpedestrians and cyclists injured in road
accidents in 1994 (Gothenbarg, Lidko'ping, Umec i). Residual pain.

Residual pain appears to be greatly related to the extent of reduced mobility

after the accident. Almost half of the injured pedestrians state that they had

residual pain due to the accident some months after the accident or longer. One in

three are still in pain about one year after the accident. Less than one in ten says

that they had no pain at all after the accident.

The situation is similar in the case of cyclists. The proportion who had no pain

due to the accident is almost twice as high (17 %) as among pedestrians. One in

five of those injured says that they felt pain for some months or longer, and of

these more than half still feel pain about one year after the accident.

Anxiety

Figure 6.13 shows to what extent pedestrians and cyclists feel anxiety after their

accident.
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Increased anxiety

Figure 6.13 Long term investigation ofpedestrians and cyclists injured in road
accidents in 1994 (Gothenbarg, Lidka'ping, Umed). Increased
anxiety.

One half of the pedestrians do not think that the accident has affected their state

of mind to any great extent so that they feel more anxiety than before. However,

every fifth person has a psychological complaint of longer duration. Somewhat

more than one in ten are for instance still anxious one year after the accident.

About one in seven did not answer this question.

Cyclists appear unaffected by the accident to about the same extent as

pedestrians. More than 40 % of those injured are not at all depressed or feel

anxiety only for some days. About 10 % of cyclists however still feel anxiety one

year after the accident. As in the case of pedestrians, about 15 % do not answer

this question.

Spending time outdoors

Figure 6.14 shows to what extent spending time outdoors is affected by the

accident.
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Figure 6.14 Long term investigation ofpedestrians and cyclists injured in road
accidents in 1994 (Gothenbttrg, Lidkoping, Umec i). Reduction in
time spent outdoors.

Changes in the state of mind and mobility as a consequence of a traffic accident

can have an effect on how often a person goes out of doors after the accident. As

regards pedestrians, there are tendencies that this is the case. About one in five of

those injured says that they spent much less time outdoors for as long as some

months after the accident. Relatively many, about one in four, do not however

answer this question.

Among cyclists the effects are not so pronounced. Almost one half of cyclists

do not think that being involved in an accident affected how often they went

outdoors. Another 30 % or so say that they went out less often for some days or

weeks after the accident. One in twenty, however, are still uneasy when outdoors

one year after the accident. About 15 % do not answer this question.

Table 6.2 gives a summary of the hospital treatment and sick leave which

formed part of the treatment of pedestrians and cyclists in the long term

investigation.
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Table 6.2 Treatment received by pedestrians and cyclists in the long term
investigation who were injured in road accidents in 1994
(Gothenbnrg, Lidko'ping, Umed).

Road user Length of medical treatment Visit to doctor Vis. to physio- Sick leave

in addition to therapist/

casualty nurse

Number Number Days

Hospitalised Nursing home

Days Days

M T M T M T M T M T

Pedestrians(n=75) '1 .4 103 0.9 70 1.4 102 4.5 334 18.9 1414

Hospitalised (n=19) 5.4 103 3.4 64 2.4 46 11.0 209 31.3 594

Outpatient (n=55) - - 0.1 6 1.0 56 2.3 125 14.9 820

Cyclists (n=60) 1.1 64 0.9 55 1.2 72 4.0 240 8.3 495

Hospitalised (n=17) 3.8 64 2.9 50 2.4 40 12.8 217 15.3 261

Outpatient (n=43) - 0.1 5 0.7 32 0.5 23 5 .4 234

           

M = mean T = totals

About 25 % of pedestrians in the long term investigation are hospitalised.

The total length of medical treatment is about 100 days. About one half of those

hospitalised are treated for a week or longer. On an average, pedestrians injured in

falling accidents spent 1.4 day in hospital. A smaller proportion, just under 10 %,

were rehabilitated in a nursing home after the hospital. The total length of care in

a nursing home for the pedestrians in the long term investigation is 70 days. The

length of stay is highly variable, from a few days to 4 weeks. On an average,

pedestrians injured in falling accidents were treated in a nursing home for less

than one day.

A little more than one half of pedestrians visit the doctor again after the first

casualty Visit. The number of visits is about 100. On an average, they go to the

doctor 1.4 times. Almost one half go to a nurse or physiotherapist for aftercare.

The total number of visits is over 300. Some of those injured make many visits, 28

or more. The average number of visits is 4.5.

Almost all gainfully employed injured pedestrians are given sick leave. The

pedestrians in the long term investigation stay at home from work for a total of ca.

1400 days, i.e. almost four years. The mean length of sick leave is nearly 3 weeks.

Full time sick leave is most common.

Long term investigation of cyclists shows that their individual medical

treatment is not appreciably different from that of pedestrians. The mean length of

medical treatment for cyclists is ca. 1 day. A somewhat shorter mean treatment

period and a smaller number of injured in the investigation than in the case of

pedestrians gives a total treatment period of ca. 60 days. Aftercare in a nursing

home is received by a small group, ca. 5 %. The total length of stay in a nursing

home is 55 days for cyclists. For cyclists also, the length of stay varies from two to

fifty days. Cyclists injured when falling off their bicycles are treated on an average

for less than one day in a nursing home.

A slightly smaller proportion of cyclists (37 %) than pedestrians visit the doctor

again after the visit to casualty. The total number of visits is ca. 70, or a mean of

almost 1.2 visits. The injured cyclists make a total of 240 visits to a
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nurse/physiotherapist, i.e. on an average 4 visits, about the same as pedestrians.

One cyclist however said that he alone made 180 visits.

The total length of sick leave among the cyclists in the long term investigation

is almost 500 days, i.e. ca. 1.4 year. Two out of three gainfully employed cyclists

were on sick leave after the injury. The mean length of sick leave was a little more

than one week.

Table 6.3 also sets out data for injured pedestrians and cyclists, broken down

by hospitalisation and outpatient treatment. These data are used as the basis for an

example calculation in which the average costs of hospital treatment and sickness

leave are estimated for pedestrians and cyclists injured with different degrees of

severity in road accidents.

The following costs (in terms of 1994 prices) are assumed for different types of

treatment per visit or day and sickness leave per day:

0 visit to casualty and to doctor SEK 900

0 visit to physiotherapist/nurse SEK 500

0 average cost of 1 day in hospital SEK 5000

0 average cost of 1 day at nursing home SEK 2500

0 average cost of 1 day of sick leave SEK 1000.

Table 6.3 Average cost per person of treatment and sick leave received by
pedestrians and cyclists in the long term investigation who were
injured in road accidents in I 994.

 

Road user Length of med. treatment Vis. to doctor Vis.t0 physio- Sick leave Totals

in addition therapist!

to casualty nurse

 

Hospitalised N.ing home

               

Mean C Mean C Mean C Mean C Mean C

(days) SEK (days) SEK (visit) SEK (visit) SEK (days) SEK SEK

Ped.rians(n=75) 11.4 7000 0.9 2250 1.4 1260 4.5 2250 18.9 18900 31660

Hospitalised (n=19) 51.4 27000 3 .4 8500 2.4 2160 11.0 5500 31.3 31300 74460

Outpatient (n=55) 0.1 250 1.0 900 2.3 1150 14.9 14900 17200

Cyclists (n=60) 1.1 5500 0.9 2250 1.2 1080 4.0 2000 8.3 8300 19130

Hospitalised (n=17) 3.8 19000 2.9 7250 2.4 2160 12.8 6400 15.3 15300 50110

Outpatient (n=43) - - 0.1 250 0.7 630 0.5 225 5.4 5400 6505

 

C = average cost

The average cost of medical treatment and sick leave is ca. SEK 32,000 for

pedestrians and SEK 19,000 for cyclists injured in road accidents. Especially in

the case of pedestrians, sick leave accounts for a relatively high proportion of the

cost. The costs indicate that these accidents are of a high degree of severity. The

figures are based on a follow-up investigation after only one year. It is therefore

not easy to make comparisons with the cost of injuries reported to the police. But

if the sick leave costs are excluded from the table, the following is obtained:

0 cost per pedestrian hospitalised is ca. SEK 43,000

0 cost per pedestrian treated as outpatient is over SEK 2000

0 cost per cyclist hospitalised is ca. SEK 35,000

0 cost per cyclist treated as outpatient is over SEK 1000.
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According to a calculation in which a revised version (Persson, Vergelius

1995) of the Swedish Road Administration traffic accident costs were used, the

results of this study indicate that a falling accident to a pedestrian who is

hospitalised costs at least one half of what a severe police reported traffic injury

costs. This is in spite of the fact that the calculation model of the Swedish Road

Administration has a longer follow up perspective than the year this study is based

on. For hospitalised cyclists the relationship between the two sets of figures is

slightly lower than 0.5.

Another result yielded by this study is that the costs for hospitalised pedestrians

and cyclists are four and seven times as high as for those treated as outpatients.

The conclusion is that the road accidents to cyclists are less severe than the falling

accidents of pedestrians.

Table 6.4 gives some detailed information regarding the people injured, their

treatment and the need for subsequent social service.
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Table 6.4 Social service obtained by pedestrians and cyclists in the long term
investigation who were injured in road accidents in 1994
(Gothenbarg, Lidko'ping, Umed).

Pedestrians

Data relating to injured person, injury and treatment
76 year old woman who

was hospitalised for 6

days and then spent 28

days in a nursing home.

Still in pain.

80 year old woman who

was hospitalised for 3

days and then spent 22

days in a nursing home.

Mobility still reduced

Data relating to social service received
Home help service

increased from 2 to 6.5

hours per week for 4

months.

Home help service 2

hours per week for 11

months.

83 year old woman who

broke her arm. No

hospitalisation.

Home help service for 2

months.

80 year old man who

was hospitalised for 20

days and then spent 13

days in a nursing home.

Mobility still reduced

Changed residence after

the accident.

Concessionary travel

service.

   

Cyclists

Data relating to the injured person, injury and treatment
39 year old man who

was hospitalised for 7

days.Unemployed, could

not work after the injury.

Mobility is still reduced,

has pain and anxiety.

61 year old man who

was hospitalised for 12

days and spent 50 days

in a nursing home. Very

extensive training with

physiotherapist.

Disability pension after

the injury.

Pain and anxiety some

months after the injury.

Data relating to social service received
Home help service for

1.5 months.

Home help service

increased from 1 to 2

hours per week.

50 year old man who

was hospitalised for 2

days. Sickness leave for

14 days.

Mobility is still reduced,

has pain and anxiety.

Changed residence after

the accident.

Concessionary travel

service.

45 year old woman who

was hospitalised for 3

days. Sickness leave for

3 days.

Mobility is still reduced,

has pain and anxiety.

Concessionary travel

service for 6 months.

  

A total of four pedestrians, i.e. ca. 5 % of those in the long term investigation,

say that they were in need of service from the community after the accident, two

each in Lidkoping and Gothenburg. Their mean age is very high, 80. One half in

the group 75 and older who participated in the long term investigation received

some form of social service. Three are women. Two women still have reduced

mobility ca. one year after the injury, while the man says that he has had some

pain. Age appears to greatly increase the need for help. The service is mainly in

the form of home help service. Its scope is fairly limited, 2 6.5 hours per week.

One already had home help but this was increased for a limited period of 4 months

after she had come home from the nursing home. One person is given a

concessionary travel pass after the accident and moves to another at.

Four cyclists, three of them men, say that they needed service from the

community after the accident, two in Lidkoping and one each in Gothenburg and
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Umea, which is 7 % of those in the long term investigation. Their mean age is

almost 50. Three still have reduced mobility ca. one year after the injury. The

same number have pain and suffer from anxiety. Help from the community

consists of home help, concessionary travel service and a different at. The scope

is limited, for instance two received home help. One had already had home help

and this was increased from one to two hours per week. Two cyclists are given a

concessionary travel pass after the accident, and one of them also moves.

There is thus a large difference between pedestrians and cyclists regarding who

needed help from the community after the accident. Among the pedestrians only

the very oldest did so. Among cyclists in the long term investigation, it is 6% in

the 25 44 age group and 23 % in the 45 64 age group.
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7 Behaviour and conflict studies

The aim of the behaviour and con ict studies from video was to enhance

understanding of how and why pedestrians have an accident due to falling. They

are to be regarded as a complement to the accident analyses.

The con ict studies were an experiment in using the con ict technique

developed at the Department of Traffic Planning and Engineering, University of

Lund Institute of Technology, in studying the incidents when pedestrians are about

to fall. The con ict technique was originally developed to study con icts between

two road users. On the basis of theoretical considerations, we considered it

reasonable that "fallng incidents" should also have the same conceptual status as

other incidents. This implies that each accident should have its counterpart in the

form of (a considerably larger number of) incidents in which the pedestrian totters

or trips but manages to avoid falling at the last moment.

If the above assumption were correct, we would also be able to use these falling

incidents in describing the process which led up to the incident. We could in this

way increase our understanding of how the falling incident occurred, and what

part the surfacing played in this.

The pilot study we made indicated that incidents leading to falling accidents, of

the character that was to be theoretically expected, did occur. There were therefore

no objections to the supposition that these incidents could perform the same

function as con icts involving several road users. However, the pilot study also

showed that the frequency of such incidents appeared to be lower than expected,

calculated on the basis of the number of falling accidents and pedestrian exposure.

Our original intention was to record so many con icts that we could

systematically study differences between different types of surfacing. For several

reasons of which the lower frequency of incidents was the most important we

did not manage to record as many con icts as would have beennecessary. We

only recorded a total of 13 con icts. Obviously, these could not serve as the basis

for a quantitative analysis of the differences between surfacings. They were used

instead in a qualitative assessment of the differences.

As a complement to the con ict studies, we made behavioural studies. We

made a systematic study of the way in which pedestrians walked on different types

of surfacing, what information gathering they performed, whether they walked

"cautiously", etc.

The object of these behavioural studies was to provide a basis for an extended

qualitative analysis and discussion of how different surfacings function from the

standpoint of the pedestrian.

Observations were made in four places in Lund:

1) Martenstorget N, Lund asphalt

Asphalted surface with a somewhat uneven footway leading in to the square,

in central Lund, from the north. Pedestrians are of all ages but with a slightly

skew distribution by sex, 67 % men and 33 % women. There are few shops

near the section filmed. The tempo is relatively low.

2) Martenstorget S, Lund slabs, setts

Footway to the south ofMartenstorget in central Lund with slabs in the middle

and two rows of setts nearest the street. A shopping centre footpath with many
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pedestrians of all ages. Sex distribution at the time of our measurements was

46 % men and 54 % women. In the morning until lunch there are many elderly

people, while during lunch there are many schoolchildren and middle aged

people. The tempo is somewhat higher than on Martenstorget N.

3) Kungsgatan, Lund old setts

Pedestrian precinct between Stortorget and the university area in central Lund.

Surfacing of old setts. Age distribution of pedestrians is even, while sex

distribution during our measurements was uneven, with 30 % men and 70 %

women. The tempo is somewhat lower than on Martenstorget S.

4) Knut den Stores Torg, Lund different types of slabs

Square between the centre and the railway station. Around the square there are

shops, banks and restaurants. The square is paved with different types of

concrete slabs. Most pedestrians appear to be on their way to or from the

station. In the age distribution there is some overemphasis on young and

middle aged people, while the sex distribution during our measurements was

60 % men and 40 % women. The tempo is high.

All these studies were made when the surface was not slippery. The studies

were supplemented in Lulea when the surface was slippery, since accident records

indicated that slipping accidents accounted for a predominant proportion of all

falling accidents.

5) "Lulez i" slippery

Pedestrian precinct in central Lulea.

The studies in Lund were made in January and March 1995 and in Lulea in

March 1995. All these observations were made from video recordings at the

places concerned.

In the following, the results of all con ict and behavioural studies from the

video recordings will be given, and conclusions will be drawn regarding

differences between different types of surfacing.

As a result of these studies, a hypothesis was formulated regarding the possible

causes of the increased risk on asphalt surfaces when they were free of snow and

ice. However, the video based material was far too limited to give any clear

indication whether the hypothesis could be accepted or rejected. The intention was

to test the hypothesis by manual observations in the field. So far, however, this

could only be done in the form of a pilot study.
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Table 7.1 Overview of con ict studies and speed measurements.

Place Type of No of Mean speed (m/s) Number of incidents No of

surfac peds./ studied

ing hour peds.

Young Middle Elderly Young Middle Elderly

people aged people aged

Martenstorget Wet 104 1.4 0.8 0 0 827

N asphalt (13 pers) (9 pers)

Martenstorget Slabs, 513 1.6 1.2 0 3 3590

S setts (12 pers) (12 pers)

Kungsgatan Setts 301 1.5 1.2 0 0 2409

(18 pers) (12 pers)

Knut den Different 354 2.0 1.2 4 1 2479

Stores Torg slabs (12 pers) (5 pers)

Lulea Slippery 1225 1.0 0.9 0.7 2 2 1 4900

asphalt

          

The walking speeds are set out in Table 7.1. These are assessed by the

observer. The observations cover all pedestrians walking towards the camera. In

Lulea no behavioural studies of this kind were made.

Unfortunately, the small number of con icts does not permit separate analyses.

The total number of con icts per pedestrian, with assessed risk of injury, was ca.

2x104 on snow free surface in Lund and ca. 10X10'4 on slippery surfaces in Lulea.

This indicates that the risk injury is substantially higher on slippery surfaces, but

and this must be emphasised the numbers are very small.

As regards the description of these con icts, it must be said that the material is

far too small for any safe assessments to be made as to why pedestrians fall in

snow free conditions. Nor is it possible to detect any relationship with the

surfacing.

One hypothesis which the behavioural studies, con ict studies and risk

analyses in snow free conditions (i.e. in Lund) gave rise to was that asphalt

surfaces are regarded as even and "safe" to walk on. They might not therefore give

sufficient signals that they might have uneven areas where there may be a risk of

tripping. We assume that different types of paving stones give more obvious

signals that they may have uneven areas which may give rise to tripping.

In order to test this hypothesis, we decided to carry out behavioural studies

specially designed to elucidate only this hypothesis. Comparisons were to be made

between different types of surfaces and were to cover behaviours which could best

elucidate the hypothesis. After discussions, the variables chosen from suitable test

variables were "walking speed" (subjectively assessed) and "how the person's look

is focused". In contrast to the previous behavioural studies, these would be made

in the field by observers familiar with video registration of these behaviours.

Unfortunately, these observations had to be discontinued after a pilot study in

November 1995. Owing to snowfall and the cold, continued studies were not

possible in typical snow-free conditions. The intention was to make further studies

in March 1996, but the hard winter made studies impossible within the framework

of the project.

The results of this pilot study made on an asphalt surface are set out in

Table 7.2. together with a comparison with earlier behavioural studies on the same
asphalt surface.
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Table 7.2 Supplementary behavioural studies in Lund.
Pilot study in Mdrtenstorget N I0 metres uneven asphalt.
"Lone " pedestrians.
14 15 November I 995, daytime, +2 - +5oC.

            

Date Sex Age Walking speed Focusl

M F Middle Elderly Slow Norm. Fast Wholly Partly Not at

aged all

14.11.95 16 26 22 20 8 33 1 9 25 8

15.11.95 7 12 15 4 1 18 O 2 12

Totals 23 38 37 24 9 51 1 1 1 37 1. 3

Prop (%) 38 62 61 39 15 84 l 18 61 21

Earlier 2 23 77 0 O 27 73

study (%)

       

1 Indicates to what extent the pedestrian focused his/her look on the surface in front while

traversing the 10 m distance

2 Comparison with earlier study at the same place (see Table 5.6)

The table shows that the variable Focus gives a result to some extent

different from that in the earlier study. From the limited material it is difficult to

decide whether this is because the assessment is different in observations in the

field from that made for observations from video, or whether there may be other

explanations. One methodological problem in these studies which is a general

problem and has nothing to do with the method of observation - is that it is

difficult to see exactly where the pedestrian focuses his/her look. It is also difficult

to judge whether the pedestrian looks at the surface actively or whether he/she

looks down without concentrating on what is on the surface. A reliability test

should be performed so that it may at least be possible to determine whether two

observers make the same assessment of this variable in the field.

Larger studies on both asphalt and other surfacings are needed in all conditions

so that it may be possible to test the hypothesis that pedestrians behave differently

on asphalt than on slabs and paving stones. Such studies could at the same time

show what mechanisms are applied in adapting behaviour to a good surface, as

seems clear from the analyses in Subsection 8.2.1.
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8 Analysis the role of the road surface
This chapter elucidates from different angles the issue which was one of the

principal points in this project: What is the role of the road surface in the

registered accidents?

The conclusions are based on the distribution over the road network and over

time of the registered injuries. In these analyses, all the injuries registered within

the framework of the project are used - in contrast to Chapter 6 where a strict one

year perspective was applied - i.e. accidents registered during the introductory

phase of the project in December 1993 are also included. This means that the

analyses are based on a total of 531 pedestrian and 593 cycle accidents. The

results are based on both the actual number of injuries and on the injury rates

calculated from different measures of exposure.

Injury rates

In practically all traffic safety analyses, injury rates are calculated by dividing

the registered number of injuries by the exposure . Exposure describes the

volumes of traffic or number of person km which form the background to the

accidents. The calculated injury rates are a better basis for comparisons between

e.g. different traffic environments and road user groups than the actual numbers of

injuries.

The use of injury rates as a basis of comparison has recently been discussed and

criticised in several works. See e.g. Brundell-Freij & Ekman (1990) and Hauer

(1995). Calculation of injury rates may however be warranted in some cases.

Examples of these are when the injury rate may be considered to describe the

average accident outcome on smaller components of the traffic system (e.g.

accidents per road user, accidents per road km), or when it is reasonable to see

exposure as a description of the benefit produced by traffic, and thus injury rate

as a measure of the safety effectiveness of the system. In order that the use of

injury rates may be considered to establish full comparability between safety

levels obtained for different traffic volumes, however, it is necessary that a linear

relationship may be considered to exist between exposure and the number of

accidents. Empirical results show that this is seldom the case, regardless of the

measure of exposure applied.

In this project, the use of different types of injury rates is justified in different
ways:

In the first place, we want to be able to describe the problem studied traffic

accidents of vulnerable road users as a threat to the health of the inhabitants of

the three towns studied, and want to be able to compare the magnitude of this

health problem between these towns. In such a case a reasonable index is the

average number of accidents per inhabitant: the likelihood that a particular

individual will have this type of accident in one year. In this context, therefore, the

number of inhabitants in each of these towns is used as the measure of exposure.

Injury rates calculated in this way are set out in e.g. Table 9.3. The magnitude of

the health problem in different parts of the year (e.g. summer versus winter, or

snow free conditions versus winterroad conditions) per inhabitant per day - can

be obtained in the same way by using as a measure of exposure the number of

inhabitants multiplied by the length in days of the period concerned.
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In the second place, the difference between different modes can be illustrated

by comparing the level of risk for the road users who choose to travel a certain

distance as vulnerable road users with the corresponding risk levels to which other

types of road user are subjected. For such a comparison, it appears reasonable to

study the average number of accidents per person km for different kinds of road

users. For this comparison, the measure of exposure used is the estimated number

of person km by the mode concerned in the area studied. This estimate is made by

multiplying the number of inhabitants by the average annual number of person km

reported in the current travel pattern survey carried out by Statistics Sweden. Such

injury rates are used, parallel with accidents/inhabitant, in Table 9.3.

In the third place, the road management authority may be interested in different

road surfaces. For such a comparison, the number of accidents per km of road

with different surfacings is a reasonable starting point. In this case, the road

network in the town concerned, broken down by different types of surfacing, was

used as the measure of exposure. Since for practical reasons measurements were

confined to footway surfaces, and in the two larger places (East Gothenburg and

Umea) they were made only in the central areas, only the accidents which

occurred in these areas could be included in the injury rates calculated in this way.

Injury rates of this nature are presented in Subsection 8.1.1.

In the fourth place, the difference regarding vulnerable road users in different

parts of the year and in different road conditions can be illustrated using injury

rates. It is absolutely reasonable to suspect that bad road conditions may have the

result that people and especially the elderly completely refrain from going out

and carrying out important tasks, or that people who would prefer to cycle do not

do so and use some other mode if snow clearance and anti skid treatment are of

too low a standard. In such a case the traffic system thus confers less of a benefit,

and this should be to the detriment of the low standard in an analysis. Conversely,

improved winter maintenance which means that more people dare go out should

not immediately be regarded as an inappropriate measure from the standpoint of

traffic safety even though the result is a somewhat increased number of injuries. In

order to illustrate this type of "effectiveness rate", an estimated relative number of

person km in different road conditions has been used as exposure in the towns

concerned. The estimate has been based on the changes in ow between different

road conditions which were recorded in the ow counts made (see Sections 4.2

and 5.4). These were multiplied by the number of inhabitants in each town (as an

indirect description of the size of the road network in the town). Such injury rates

have been used in Section 8.3.

In the fifth place, the intention was to elucidate the difference between different

types of surfacing and different surfacing qualities, in the same way as in the case

of different road conditions. This is done in Sections 8.1 and 8.2. In the same way

that good road conditions which make it possible for people to go for a walk

should be taken into account as a net benefit, and not only the increase, if any, in

the number of injuries should be counted as a traffic safety loss, good surfacings

of high quality which tempt many road users should be counted as a 'net benefit' in

comparisons of traffic safety.

In order that an appropriate measure of exposure may be calculated in analogy

with what has been described above for different road conditions, it should be

possible to start from flow counts that illustrate the differences in flow levels

between surfacings of different types and quality. Since however there are very
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large variations in local flow levels irrespective of surfacing types, very

comprehensive calculations would be needed in order to determine any such

average differences. We have instead used what may be referred to as an 'indirect'

or 'induced' measure of exposure. Such measures have been used fairly frequently

in the literature, see e.g. (Roine, 1994), in situations where it is difficult to

estimate exposure directly. In our case we have used those accidents which have

been registered but which the injured person did not, according to the

questionnaire, consider to have been in uenced by the surface. These accidents

account for ca. 20 % of pedestrian accidents and for 58 % of the total number of

registered cycle accidents. We have not asked the injured persons what other cause

the accident had in these cases, but it may be assumed that in the case of cyclists

accidents are often due to technical problems with the bicycle. In the case of

pedestrians the cause may be tripping over a loose shoe lace. It is reasonable that

these accidents should be distributed in the road network in reasonable proportion

to the number of person km travelled in the part of the road network concerned,

and that these accidents those which are not surface related may therefore be

regarded as an estimate of the number of person km in each part of the network.

The opinion of the patients themselves regarding the role of road surface

It must be pointed out by way of introduction that the injured themselves are very

much of the opinion that the condition of the road surface had a role to play in the

accident. 78 % of pedestrians and 42 % of cyclists in our accident material

consider this to be the case. Of those who think that the road surface was a

contributory factor, the majority referred to slippery surfaces. It is therefore natural

that the proportion of those who blame the road surface should appreciably

decrease in snow-free conditions. Table 8.1 presents the most common answers to

the question of how the surface affected the accident in different parts of the year.
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Table 8.1 Views of the injured persons regarding the significance of the road
surface for the accident in di erent parts of the year (see Section

              

5.4for de nition).

Winter, Winter, Other parts of TOTALS

"Ice/snow" + "Snow free the year

"Mixed" conditions"

Pedestrians: N = 310 N = 115 N = 96 N = 521

Was the surface a con-

tributory factor? 90% 68% 53% 78%

Yes

In what way? 70% 37% 0% 50%

*Ice/snow slippery

>"Uneven surface 3% 9% 17% 7%

*High edge 1% 1% 10% 3%

*Potholes 1% 1% 3% 1%

*Loose gravel 0% 4% 2% 1%

Cyclists: N = 60 N = 103 N = 427 N = 590

Was the surface a con

tributory factor? 84% 58% 33% 42%

Yes

In what way? 68% 30% 0% 13%

> Ice/snow slippery

> <Uneven surface 5% 3% 4% 4%

*High edge 2% 5% 5% 5%

*Potholes 2% 2% 2% 2%

*Loose gravel 3% 8% 6% 6%

     

It is clear from Table 8.1 that the road management authority bears a large

share of the responsibility for a high proportion of the accidents. It is first and

foremost a matter of road management: according to the patients themselves, ice

and snow slipperiness is the predominant cause of the surface related accidents.

This applies for both pedestrians and cyclists, even though the pattern is

particularly obvious in the case of pedestrians. Winter road management also

creates considerable secondary problems in the form of loose gravel that is left

behind. During the periods of the year when winter road conditions do not occur at

all, as many as one in fifteen cycle accidents can be attributed to slipping on such

gravel! A closer study of accident descriptions shows that these accidents often

occur on (downward) slopes.

Apart from the significance of road management in winter, different types of

surface irregularity (defective design and substandard maintenance of surfacing)

account for more than one in ten of every accident in both road user groups.

Finally, Table 8.1 shows that the definition of "road conditions" (based on road

condition information on the day concerned from the urban area as a whole)

obviously does not describe road conditions at individual points particularly well.

One illustration of this is that during those periods in winter which are defined as

"snow free conditions" (see Section 5.4), ca. one third of the accidents may

nevertheless be attributed to slipperiness due to ice and snow.
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Even though we maytherefore say that the accident picture for the two groups

of road users has many common features, accidents sustained by pedestrians and

cyclists will be treated separately in the following since these groups of road users

not only use different areas but also areas of entirely different character as regards

e.g. type of surfacing, surfacing standard, etc. On the other hand, it is only in

exceptional cases that the results for the three urban areas are presented separately:

the intention has been to highlight general relationships rather than to point out the

special features of road management in the different places.

The indications of a more general character which the study gives, for instance

in regard to practical measures that can be taken by the road management

authority to reduce these types of accident, are described in Chapter 9.

8.1 Injuries type of surfacing

8.1.1 Pedestrians

As regards the surfacing at the site of accident, we have two different types of

information. The patients themselves were asked to describe from memory their

impression of the surfacing 80 % of injured pedestrians have done so and we

have also recorded the surfacing from the photographic documentation available

from 40 % of accident sites (see Section 6.2). Even though the surfacing has often

been described with great accuracy a distincion has for instance been made

between different types of paving stones and between small and large setts - the

size of the data material does not permit such a level of detail. We have therefore

decided to describe surfacings in three groups: asphalt , slabs (comprising both

setts and different types of paving stones ) and others (in most cases composite

surfacing such as asphalt + paving stones, but also in some cases a gravel road).

Both sources (information from patients and photographs of accident sites)

clearly show that the great majority of accidents to pedestrians occur on asphalt.

This is shown in Table 8.2 from which it can also be seen that this applies to both

accidents as a whole and to accidents which the injured persons consider can be

related to the road surface the surface related accidents.

Table 8.2 Breakdown of accidents by type ofsurfacing.

      

Surfacing according to Surfacing according to

the patient photograph

N = 426 N = 176

Asphalt Slabs Others Asphalt Slabs Others

All accidents 248 67 111 119 28 29

55% 68%

Surface related accidents 189 55 97 101 24 23

55% 68%

Accidents outside winter 54 22 2O 22 8 4

period 56% 65%

       

With some justification, the conclusion can be drawn from Table 8.1 that in a

majority of accidents the surfacing material is covered (by ice and snow). It is

therefore reasonable to think that it is only when the surface is absolutely clear of

ice and snow that the surfacing material can have any effect at all on the accident.

VTI meddelande 799A 83

 



Table 8.2 shows, however, that the breakdown of the accidents by surfacing

material for snow-free conditions is practically identical with that for the accident

material as a whole.

The preponderance of accidents on asphalt may at first sight appear surprising:

in previous references to accidents to pedestrians due to falls, the problems caused

by projecting edges of slabs and uneven joints between slabs have often been

emphasised. The results are explained to some extent when the sites of accidents

are studied: only 30 % of accidents have occurred in what the municipalites

describe as the central areas. In the more peripheral areas of the urban area where

70 % of accidents occur, asphalt is the predominant type of surfacing.

Table 8.3 sets out some different types of relative injury rates for the three

surfacing categories. The injury rate has been estimated using induced exposure

(see the introduction to Chapter 8) according to the two types of report concerning

surfacing. The accident rate, per km of road with the surfacing concerned in the

central areas of the urban areas, has also been calculated.

The results of Table 8.3 are to some extent con icting, but it can nevertheless

be seen that asphalt and paved surfaces appear to be about equally effective from

the standpoint of safety. It may be suspected that the con icting results for 'mixed'

surfacings are due to the fact that in reality these occur more frequently than

would appear from the maps supplied by the municipalities. It is likely that on

these maps the preponderant material among several is often given.

Table 8.3 Relative injury ratesfor d erent surfacings, calculated in di erent

      

ways.

Asphalt Slabs Others

Exposure: induced person km Surfacing 1 1.4 2.1

according to patient. N = 426

Surfacing accordingto photographs. 1 1.1 0.7

N = 176

Exposure: length of road in central areas

Surfacing according to patient. N = 181

Gothenburg 1 1 10

Lidkoping 1 0.6 20

Umea 1 0.1 2

Average 1 0.6 1 1

Surfacing according to photograph.

N = 90

Gothenburg 1 2 4

Lidkoping 1 1 30

Umea 1 0 2 1.4

Average 1 l 1 12
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8.1.2 Cyclists

Among cyclists there were even more than among pedestrians who referred to the

surfacing ca. 94 %. As can be seen by comparing Tables 8.2 and 8.4, according

to the injured persons themselves asphalt surfaces account for more accidents to

cyclists than to pedestrians. If we study the admittedly limited material where

there are objective observations of the surfacing after the event, the picture

changes to some extent: 63 65 % of the accidents registered in this way occurred

on asphalt, and in actual fact this is slightly less than in the case of pedestrians.

This probably illustrates the fact that cyclists assume they are travelling on

asphalt. They are moving at a higher speed, have a more complicated information

gathering task, and they do not therefore have the same opportunity to note the

properties of the road surface. This may be seen as mainly an oddity, but in actual

fact it has direct safety implications. As will be seen in Section 8.2 also, there are

several indications that cyclists themselves have not much idea as to what surface

they are travelling on. This means that they cannot to the same extent as

pedestrians exercise "behavioural compensation" by taking greater care, and are

therefore more highly dependent on a good surfacing standard.

     

Table 8.4 Breakdown ofaccidents by type ofsarfacing.

Surfacing according to Surfacing according to

patient. N = 557 photograph. N = 193

Asphalt Slabs Others Asphalt Slabs Others

All accidents 425 24 108 122 37 34

76% 63%

Surface related accidents 166 10 60 104 31 26

70% 65%

       

For cyclists there are no surveys of the road network, and calculations of safety

effectiveness (Table 8.5) can therefore be made only for different surfacings

calculated by division by induced person km .

    

Table 8.5 Relative injury ratesfor di erent surfacings, cyclists.

Asphalt Slabs Others

Exposure: induced person km

Surfacing according to patient. N = 557 1 1.1 1.9

Surfacing according to photograph. 1 1.1 0.6

N = 193

    

It is interesting, chie y from the standpoint of methodology, to see the great

similarity between the figures in Table 8.5 and the corresponding estimates for

pedestrians in Table 8.3. This stability reinforces the validity of the results, in

spite of the many elements of uncertainty in the calculations. We can thus say that

the difference in risk levels between different surfacings appears to be small, but

that the results rather indicate that the risks may be a little higher on slab and sett

surfacings.
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8.2 Injuries quality of surfacing

Section 4.1 describes a survey of a number of pedestrian and cycle areas situated

in the central areas of the towns. It is seen from this survey that only a fairly small

number of these areas which had been selected at random and without any

coupling to the accidents have a standard that has been judged as poor . At the

same time we know that only a small proportion of the accidents occurred in the

central areas of the towns, and (according to Table 8.1) that a large proportion of

the accidents, according to the injured persons themselves, are caused by uneven

and poor surfacing. It may therefore be of interest to study how the accidents are

distributed over surfaces of different standard, as judged on the basis of

objective criteria. The assessment was made in the form of a desk study, using

the photographs taken at a selection (a total of ca. 40 %) of the accident sites, and

the criteria applied are the same as in Section 4.1. The standard assessed is thus of

an overall nature and comprises both quality aspects which can be related to how

the surfacing had been planned (e.g. high kerbs at crossings), workmanship (e.g.

the evenness ofjoints), and maintenance (e. g. potholes in asphalt surfacings).

8.2.1 Pedestrians

Table 8.6 shows how the photographed sites where an accident to a pedestrian

occurred are broken down by type of surfacing of different standards.

Table 8.6 Surfacing standard at photographed Sites where a pedestrian
accident occurred. Totals and by types ofsurfacing.

        

Good Normal Poor

Total (N = 200) 24% 57% 19%

Asphalt (N = 125) 20% 55% 25%

Slabs (N = 38) 34% 66% 0%

 

What Table 8.6 chie y shows is that most accidents to pedestrians occur on

surfaces of normal standard. This implies that however great an effort is made

to improve the standard of surfaces which are downright poor at present, the very

greatest reduction in accidents that could be achieved would be 20 %.

It has often been suggested in earlier discussions that paved surfaces of poor

standard, with large differences in level at the joints, are a common cause of

accidents to pedestrians. Such an assumption is completely negated by the fact

that not one of the almost 200 photographically documented accident sites in this

study had such surfacing!

Table 8.7 illustrates the relationship between the image which the injured

person has of the accident and the standard of surfacing. The most common

subjective causes of injury according to Table 8.1 have been put in the same

group. Design and maintenance comprises properties such as high edges and

uneven surfacing, while ice/snow slipperiness and residual loose gravel are to be

found in the category Operation. Various other types of odd causes (loose

objects etc) have beenomitted from the table, and the sum of each row is therefore
less than 100 %.
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Table 8.7 Contribution of surface to the accident according to the injured
person, broken down by accident sites of dijferent surfacing
standards (as judgedfrom photographs).

         

Surface played no Design and Operation

part maintenance

All accidents 10% 15% 56%

Good standard 8% 21% 50%

Normal standard 10% 13% 58%

Poor standard 14% 14% 56%

 

Table 8.7 shows systematic, and surprising, differences between different

standards of surfacing: a good surfacing standard produces a higher proportion of

accidents which are considered to be due to the road surface at all, and a higher

proportion of these surface dependent accidents that are considered to be due to

defective design and maintenance, than surfaces of poor standard.

Are then the results of Table 8.7 to be interpreted to mean that the injured

persons had misjudged the cause of accident since the standard is good, is it not

possible that defective design and maintenance had not contributed to the

accident? No, such an interpretation is not at all necessary to explain the

differences. It is instead highly likely that pedestrians adapt their behaviour to the

standard that they perceive the surface to have. If the surface looks uneven, the

person will quite simply walk more cautiously. This is fully in line with the

behavioural adaptation theories which have now been adopted by most traffic

safety researchers and which were first put forward (in a fairly extreme form) by

Wilde (1982). The minor quality defects which are also present in a largely

good surface can thus give rise to greater risks locally than a consistently poor

surface.

Table 8.8 translates the results of Table 8.7 into safety effectiveness for the

different surface standards.

Table 8.8 Relative injury rates for dijferent types of accident on surfaces of
di erent standards, pedestrians.

    

Good Normal Poor

Exposure: induced person km

Accidents to which the surface contri 1 0.8 0.5

buted, totals

Accidents to which design and mainte 1 0.5 0.4

nance contributed

    

How can so many injured persons attribute their accidents to defects in the

surface, despite the fact that the quality, objectively, is good? In order to illustrate

this point, photographs are shown of three accident sites which are of different

surface standard, but what they have in common is that the aCcidents which

occurred did so in snow free conditions outside the winter management period,

and that the injured person considered that the unevenness of the surface had

contributed to the accident.
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Photograph 9 Good standard in Gothenburg. 70 year old man stumbles on
joint between slabs.

W.
_

 

Photograph 10 Normal standard in Gothenburg. 50 year old woman stumbles
on 10 cm high kerb.
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Photograph 11 Poor standard in Gothenburg. 66 year old woman stumbles in
carriageway when she crosses the street.

As always when behavioural adaptation exerts an in uence, there is reason to

be especially careful in choosing measures that enhance traf c safety. It is not

reasonable to draw the conclusion that those injured should blame themselves

because, instead of utilising the benefit of the greater safety which the higher

standard offers, they consume it by walking less cautiously . Nor is it reasonable

to draw the conclusion that as poor a standard as possible should be offered so as

to let the pedestrians pay the cost which walking cautiously implies. What should

instead be done when designing, maintaining and operating a surface is to take

account of the in uence of behavioural adaptation by taking extra care not to

convey a false sense of a high standard. If, in principle, a surface is even, it is

especially important to ensure that there are no projecting edges! If, in principle, a

surface is completely clear of snow, it is especially important that there should be

no pockets of ice left behind!

8.2.2 Cyclists
The detail study areas surveyed in Section 4.1 were all segregated and located in

the central parts of the towns. However, a high proportion of cycling takes place

in mixed traf c outside the central area, and this is re ected by the fact that more

than one in four cyclists in our material has been injured in non-segregated

environments, and that 85 % have been injured outside the central area. The

survey indicates, however, that the standard of cycle areas is still somewhat better

than that of footways. Table 8 .9 shows how the photographed sites where a cycle

accident had occurred are distributed over surfaces of different standards. Since

the surfacings - with the exception of asphalt - which are used on cycle areas are
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of so many different types, and each type occurs on so few areas, only the results

for asphalt surfacings are set out separately.

Table 8.9 Surfacing standard at photographed sites where a cycle accident
occurred. Totals and separately for accidents that occurred on

       

asphalt.

Good Normal Poor

Total (N = 228) 14% 67% 19%

Asphalt (N = 188) 14% 65% 20%

 

It is seen from Table 8.9 that the majority of cycle accidents also occur on

surfaces of normal standard. Poor surfacing standard occurs to about the same

extent as in the case of pedestrian accidents one in five of accidents occurs on a

surface categorised as of poor surfacing standard.

Subsection 8.1.1 clearly indicated the in uence of behavioural adaptation when

pedestrians interact with varying levels of road surface quality. Can a similar

interaction be discerned among cyclists?

Table 8.10 provides data on which an answer to this can be based. The

breakdown into causation groups is the same as in Table 8.7. Design and

maintenance comprises properties such as high edges and uneven surfacing,

while ice/snow, slipperiness and loose gravel are assigned to the category

Operation.

Table 8.10 Contribution of surface to the accident according to the injured
person, broken down by accident sites of di erent surfacing
standard (asjudgedfrom photographs).

         

Surface played no Design and Operation

part maintenance

All accidents 37% 1 1% 21%

Good standard 45% 3% 23 %

Normal standard 41% 1 1% l8 %

Poor standard 20% 16% 32%

   

Table 8.10 shows the type of relationship between accident cause and surface

quality that is to be expected without the in uence of behavioural adaptation; a

good surfacing standard gives rise to a smaller proportion of accidents which are

considered to be due to the road surface at all, and a smaller proportion of these

surface dependent accidents which are considered to be due to a bad standard, than

surfaces of poor standard. Behavioural adaptation to variations in surface standard

thus appears to occur to an appreciably lesser degree among cyclists than among

pedestrians.

Table 8.11 translates the results of Table 8.10 into safety effectiveness for the

different surface standards.
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Table 8.11 Relative injury rates for di erent types of accident on surfaces of
di erent standards, cyclists.

    

Good Normal Poor

Exposure: induced person km

Accidents to which the surface contri 1 1.2 3.3

buted, totals

Accidents to which poor surface 1 4.0 12.0

standard contributed

    

The smaller in uence of behavioural adaptation in the interaction of cyclists

with surface quality also has significance for the conclusions that should be drawn

regarding suitable measures with a view to reducing the total number of accidents

to cyclists. For cyclists, therefore, a false sense of a good standard is not so

serious - it is more important to achieve a large number of metres of cycle surface

of good standard than to ensure that each and every one of these metres of surface

is perfect .

8.3 Injuries road conditions

The winter period analysed comprises parts of two winters since registration of

injuries was undertaken during parts of two winter periods:

Gothenburg 3.12.1993 31.12.1994

Lidkoping 13.12.1993 31.12.1994

Umeéi 1.1.1994 31.12.1994

As mentioned before (Section 5.4), every winter day is assigned to a certain

road condition depending on road condition observations. It is therefore also of

interest to know what road condition had been indicated at the site of the accident

and how this agrees with the road condition classification. This is set out in the

tables below.
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Table 8.12 Road conditions at the site of the accident and the road condition
classification to which the day of the accident is assigned
according to road condition observations. Pedestrian surfaces.

            

Road condition Summer Winter Totals

observations

Road conditions at snow free snow-free mixed ice/snow

site of accident surface surface conditions

Totals 116 96 135 176 523

snow-free 84 35 10 2 131

ice/snow 8 46 102 153 309

unknown 24 15 23 21 83

Gothenburg 68 65 72 43 248

snow-free 50 26 7 2 85

ice/snow 2 31 58 35 126

unknown 16 8 7 6 37

Lidkoping 6 1 1 1 l 16 44

snow-free 5 4 0 0 9

ice/snow 0 4 8 13 24

unknown 1 3 3 3 10

Umeéi 42 20 52 1 17 231

snow-free 29 5 3 0 37

ice/snow 6 11 36 105 158

unknown 7 4 13 12 36

Table 8.13 Road conditions at the site of the accident and the road condition
classification to which the day of the accident is assigned
according to road condition observations. Cycle surfaces.

      

Road condition Summer Winter Totals

observations

Road conditions at snow-free snow-free mixed ice/snow

site of accident surface surface conditions

Totals 476 56 18 40 5 90

snow free 371 29 2 1 403

ice/snow 31 16 12 35 94

unknown 4 1 1 4 4 93

Gothenburg 273 34 5 5 317

snow free 215 21 1 1 23 8

ice/snow 12 10 3 2 27

unknown 46 3 1 2 52

Lidkoping 30 12 5 7 54

snow-free 29 8 0 0 37

ice/snow 0 4 6 12

unknown 1 1 1 5

Umeé i 173 10 8 28 219

snow-free 127 0 1 0 128

ice/snow l9 4 5 27 55

unknown 27 6 2 1 36

      

It appears that during

92

the summer period also some accidents occurred on

ice/snow, and this is due to the fact that classification into summer and winter was

not governed by the weather during the winter concerned but by what conditions

VTI meddelande 799A

  



normally are. During the winter days classified as snow free, more pedestrian

accidents occurred on ice/snow than on snow-free surfaces, and about twice as

many cycle accidents on snow free surfaces as on ice/snow. On days classified as

having mixed conditions or ice/snow, most accidents occurred on ice/snow.

The accident rate for a certain road condition and the 95 % confidence interval

about the injury rate are calculated as though uncertainty were present only in the

number injured (Poisson distribution):

S S
SK 2 [ i1.96-%] -100

E

SK = injury rate

S = number injured

E = exposure

Exposure is the average hourly ow with different corrections, multiplied by the

number of days with certain road conditions. The injury rate is corrected as above

(x 100) only in order to make the figures more manageable. This can be

interpreted as meaning that the number of inhabitants used previously to estimate

total exposure has been corrected.

Table 8.14 Injury rate for pedestrians i 95 % con dence interval. The injury
rate in winter has been calculated on the basis of different
exposure data (see Section 5.5).

   

Exposure 82 I Summer period

Gothenburg 1.5 i 0.4

Lidkiiping 0.7 i 0.6

Umea 0.9 i 0.4

Exposure V2 I Snow-free surface Mixed surface Icy/snowy surface

Gothenburg 2.3 i 0.6 6.8 i 1.6 10.0 i 3.0

Lidkoping 4.9 i 2.9 31.7i 18.7 26.0 i 12.8

Umea 7.0: 2.2 9.7 i 2.6 9.1 i 1.7

Exposure V3 I Snow-free surface Mixed surface Icy/snowy surface

Gothenburg 2.6 i 0.6 7.8 i 1.8 11.4 i 3.4

Lidkoping 2.9 i 1.7 8.9 i 5.3 12.3 i 6.0

Umea 3.0 i 1.0 10.8: 2.9 10.1 $1.8

The injury rates with exposure V2 during the winter have significantly different

injury rates for the different road conditions in Gothenburg, with the exception of

the difference between mixed conditions and icy/snowy conditions. In Lidkoping

the snow free injury rate is significantly different from the others, and in Umea

there are no statistically substantiated differences between road conditions. In

Gothenburg the injury rate for snow-free conditions is not significantly different

from the summer injury rate, while in the other two places these are different.

With exposure according to V3, the injury rates for snow-free conditions in

Gothenburg and Umea are significantly lower than for the other conditions. In
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Lidkoping the injury rate for snow-free conditions is significantly lower than that

for icy/snowy conditions. In Gothenburg and Umea the injury rates in the summer

are significantly lower than that for snow-free conditions in the winter.

Table 8.15 Injury rate for cyclists -_l- 95% con dence interval. The injury rate
in winter has been calculated on the basis of di erent exposure
data (see Section 5.5).

   

Exposure |sz ss
Gothenburg 18.3 i- 2.2 12.2 i 1.5

Lidkiiping 6.0 i 2.2 4.0 i: 1.4

Umea 5.0 i 0.9 3.3 i 0.6

Exposure V2 I Snow-free surface Mixed surface Icy/snowy surface

Gothenburg 7.4 i 2.5 5.6 i 4.9 9.7 i 8.5

Lidkiiping 10.5 i 5.9 26.1: 23.0 58.3 i 43.2

Umea 329.2 i 86.2 38.7: 25.3 7.0 i 2.6

Exposure V3 I Snow-free surface Mixed surface Icy/snowy surface

Gothenburg 6.2 i 2.1 4.7 i 4.1 8.1 i 7.1

Lidkiiping 7.7 i 4.4 14.6 i 12.8 23.3 i 17.3

Umea 6.1 i 1.6 11.6 i 7.6 4.7 i 1.7

With exposure V2 there are no significant differences in injury rates between

the different winter road conditions in Gothenburg and Lidkoping. In contrast, the

remarkable injury rates in Umea are significantly different for the different road

conditions. It must however be noted that it is only the uncertainty in the number

of people injured that is re ected in the confidence interval. In Gothenburg and

Umea the summer injury rate is different from that for snow free conditions in

winter.

With exposure V3 there is no significant difference between the injury rates for

the different conditions in Gothenburg, Lidkoping or Umea. The injury rate in

summer in Gothenburg is significantly higher than that in snow free conditions in

winter, and in Umea it is significantly lower.
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The figures below illustrate the injury rate calculated with exposure data

according to V3. The injury rate in winter was at the same level in the three urban

areas for the three road conditions, while the injury rate in summer was somewhat

higher in Gothenburg than in Lidkoping and Umea.

Injury rate

20 r

15 d /\

10

      

Goteborg Lidkoping Umed,

Bare ground summer Bare ground winter

_ Mixed road condition Ice/snow

Figure 8.1 Injury rates for pedestrians. Con dence interval 95 00 with
respect to uncertainty in number injured. The con dence interval
is indicated by arrows.
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The injury rate for cyclists in Gothenburg in summer is remarkably high

relative to the various injury rates in winter. One of the explanations is that East

Hospital in Gothenburg has a special children s department, and augmentation of

the gures with respect to the population would have beenhigher than that with

respect to children in Gothenburg. The injury rate in Umea for icy/snowy

conditions is very low.

Injury rate

40 -

30 *'

201 /

        

Goteborg Lidkb'p ing Umec i

Bare ground summer _ Bare ground winter

Mixed road condition Ice/snow

Figure 8.2 Injury rates for cyclists. Con dence interval 95 % with respect to
uncertainty in number injured. The confidence interval is
indicated by arrows.
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In order that a mean may be calculated for the three urban areas, a model was

used which assumes that the relationship between injury rates for the different

road conditions is the same in all three areas, which is perhaps not quite right as

regards the injury rates for cyclists.

Apart from child Cyclists in Gothenburg, there are few reports regarding injured

children. Only the injury rates for adults and the elderly are therefore shown.

    

Table 8.13 Injury rates for adult and elderly pedestrians and cyclists. Point
estimates (SK) and 95 % con dence intervals.

Summer Winter

Snow-free Mixed Ice/snow

SK Conf. int. SK Conf. int. SK Conf. int. SK Conf. int.

Pedestrians 1.4 1.1 1.7 3.1 2.4 4.0 8.9 7.2 - 11.0 10.2 8.4 - 12.4

- adults 0.9 0.6 - 1.2 2.7 2.0 - 3.7 7.5 5.8 - 9.8 8.3 6.5 - 10.6

- elderly 6.3 4.5 8.7 11.1 7.7 16.0 33.5 23.9 - 47.2 39.8 28.5 - 55-8

Cyclists 8.7 7.6 - 10.0 6.1 4.0 - 9.2 9.6 5.2 17.7 11.4 7.1 18.2

- adults 7.9 6.6- 9.5 7.1 4.9 - 10.3 15.3 9.1 - 25.7 11.1 7.8 - 16.9

elderly 15.2 8.9 - 26.9 18.3 7.7 43.8 28.0 3.9 - 198.6 149.5 60.7 - 370.8

          

Table 8.13 shows that for pedestrians in winter the risk of having an accident

on winter days classified as having snow-free conditions was about twice as high

as in summer road conditions. Days classified as having mixed conditions were

over 6 times as dangerous, while icy/snowy conditions were just under 8 times as

dangerous as summer road conditions. The difference between mixed conditions

and icy/snowy conditions is not substantiated statistically. The other differences

are statistically substantiated.

Table 8.13 also shows that for cyclists in winter overall, the risk of having an

accident on winter days classified as having snow free conditions was ca. 40 %

lower than in the summer. On days with mixed conditions the risk was 10 %

higher, while in icy/snowy conditions the risk was ca. 30 % higher than in summer

conditions. With the exception of conditions in Gothenburg, the injury rates in

winter may suggest that the cyclists who cycle then are fitter than those cycling

in summer. However, none of the differences are statistically substantiated.

The elderly pedestrians run a considerably higher risk of injury than the adults.

The difference is greatest in summer (7 times as high). Perhaps in summer the

adults often manage to stop themselves falling while the elderly do not do so

because they are less mobile. In winter the risk of injury is 4 5 times higher, and

then not even adults manage to prevent a fall, since a fall probably occurs faster

than in the summer. It may also be that it is the fitter elderly people who go out

walking in the winter.

The injury rate for the elderly cyclists is about twice as high as for the adult

cyclists, except in icy/snowy conditions when the injury rate for the elderly is

considerably higher.
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9 Discussion

In Sections 8.1 and 8.2 induced measures of exposure are used as a measure of the

presence of pedestrians and cyclists in the traffic environment. In this case it is the

relationship between the number of injuries on different areas, but with the area

(surfacing/conditions) not considered to have been the cause of the injury, which

is used as a measure of exposure. In Section 8.3 the measure used is that based on

counts of pedestrians and cyclists on certain areas. These numbers were then

scaled up with respect to the number of inhabitants.

These figures which are used instead of vehicle km of travel (e. g. car km) are

compared in the table below.

Table 9.1 Comparison between di erent estimates of exposure in di erent
road conditions. Summer: index = I.

      

Winter Winter Summer

Ice/snow + mixed Snow free surface

PEDESTRIANS

Flow count 0.44 0.47

Induced exposure 0.68 0.82 1

CYCLISTS

Flow count 0.14 0.13

Induced exposure 0.03 0.15

 

The table shows that there is quite a large difference between the different ways

of estimating exposure for pedestrians. Travel pattern surveys show that the

number of person km by pedestrians is largely the same over the year

(insignificantly lower in the summer). If we assume that the pedestrian person km

is the same every month, the sum in winter, if this extends over six months, ought

also to be 1. According to our classification, winter in Gothenburg and Lidkoping

lasts only 5 months, while it takes 7 months in Umea. This implies that the sum

for the different winter road conditions should be rather under than over 1. The

induced exposure yields 1.5, i.e. too high an exposure index, which means that

the indirect method cannot be translated into number of pedestrian person km

travelled but probably also contains other aspects that are difficult to attribute.

Both exposure indices for cyclists exhibit a larger drop from summer to winter

than that shown by the travel pattern surveys.
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Table 9.2 Comparison between di ferent ways of calculating exposure for
cli erent road conditions. Asphalt: index = I.

      

Asphalt Others

PEDESTRIANS

Flow count 1 1.25

Induced exp. patient 1 0.44

Induced exp. photograph 1 0.56

CYCLISTS

Flow count 1 0.54

Induced exp. patient 1 0.24

Induced exp. photograph 1 0.78

 

The table above contains two different induced exposure indices. The first is

based on the surface which the patient had described (applies for Table 9.1 also),

and the second on the survey of accident sites which the municipality had made

and the photographs taken at the sites.

For pedestrians there are large differences between flow counts and the two

induced exposure indices. The real variations in the total exposure between

different surfaces are due to both the fact that the different surfaces cover areas of

different sizes in the road network concerned, and the fact that the average ow

(per metre of made up surface) is different for the different surfaces mostly

because surfaces with paving slabs are most common in the central areas of the

towns, where ows are highest.

Since our traffic counts were mainly concentrated in the central areas of

Lidkoping and Gothenburg, we find it difficult to estimate the magnitudes of

these two contributory factors: It is certain that we have underestimated the

proportion of the road network with asphalt surfacing, but have on the other hand

grossly overestimated the average ow on asphalt compared with that on paving

slabs. Taken together, the method on which the ow calculations are based

appears in the case of pedestrians to result in too low an exposure index for

asphalt compared with other surfacings, if these are compared with the induced

exposure indices.

The ow calculations for cyclists are intermediate between the two induced

exposure indices. However, these also have a large measure of uncertainty since

they are based on small numbers with a Poisson distribution.

The type of surfacing is not given in the travel pattern surveys, and it is

therefore not possible to make comparisons with a larger data material.

Table 9.3 presents for the three localities different ways of describing the

numbers of pedestrians and cyclists who were injured in such accidents and in

relation to the number of inhabitants in the catchment areas concerned, as well as

estimates of the number of person km travelled (in millions).
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Table 9.3 Hospital registered pedestrians and cyclists injured in road
accidents in 1994 (Gothenburg, Lidkb'ping, Umed). Number

     

injured, number injured/I 00,000 inhabitants, and number
injured/1, 000, 000 person km.

Number injured Gothenburg Lidkiiping Ume All

Number injured 525 91 450 1066

Pedestrians 215 42 231 488

Cyclists 310 49 219 578

Number injured/100, 000 pop. 357 364 643 441

Pedestrians 146 168 330 202

Cyclists 211 196 313 239

Number injured/1,000,000 per. km. 7. 7

(estimatedfrom TPS I994/95)

Pedestrians 7.2

Cyclists 8.2

      

TPS = Travel Pattern Survey

According to Statistics Sweden, in 1994 Gothenburg had a population of

434,000, Lidkoping 25,000 and Umea 70,000. The catchment area for East

Hospital covers about one third of the population ofGothenburg, 147,000. A

reasonable measure of describing a public health issue is to give the average

number of injured persons per population. The public health issue affecting

pedestrians and cyclists injured in accidents is calculated on the above basis.

There are striking similarities between Gothenburg and Lidkoping. In these two

towns, the mean number of injured pedestrians is ca. 150 and cyclists ca. 200 per

100,000 population per year. The injury problem for these two groups of road

users appears greater in Umea where just over 300 pedestrians and cyclists per

100,000 population were registered as injured in road accidents in one year.

Registration routines employed by the hospitals are different and as a result there

are different degrees of shortfall in registering these cases of injury. A compilation

of the number of registered injuries to pedestrians and cyclists per 100,000

population in the catchment areas of hospitals in the Nordic countries at the

beginning of the 80s showed that the scope of registration for accidents is in itself

important.

Hospitals which had the aspiration to record all accidents generally had a

high number of injured road users per 100,000 population, while registration

routines relating only to injuries in traffic had lower figures. Of the municipalities

investigated, Umea and Lidkoping record all injuries while Gothenburg registers

only injuries in the traffic environment.
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Table 9.4 Number of pedestrians and cyclists per 100,000 population per
year injured in accidents in the catchment area. Comparison of
di erent investigations.

        

1980 1985 Pedestrians, no motor Cyclists, no motor vehicles

vehicles involved involved

Odense 330

Tammerfors 7 1

Gothenburg 9 1

Linkoping 207 174

Norrkoping 259 134

Motala/Mjolby 529 477

Va'sterds 125 146

1994 Pedestrians, no motor Cyclists, no motor vehicles

vehicles involved involved

Ume 330 313

Lidko'ping 168 196

Gothenburg 146 2 1 1

 

In the catchment areas in bold type registration covered all injuries while in the

others only injuries in the traffic environment were registered. Vasteras applied

voluntary reporting by patients. Motala/delby had special personnel resources for

registration which related to all injuries such as injuries in the home, during

sporting activities etc.in addition to traffic injuries. (NVF Report No 6, 1986.

Hospital data for the traffic safety work of road management authorities).

In this project, it was only to some extent possible to modify the registration

routines employed, since the municipalities were selected because such routines

already existed. This was an advantage compared with having to start registration

procedures in new municipalities. The higher number of injured persons per

100,000 population in the Umea catchment area can probably be explained to

some extent by the more comprehensive registration of other injuries.

VTI meddelande 799A 101

 



Table 9.5 The public health issue regarding accidents to pedestrians and
cyclists. Comparison between police reported and hospital
registered injuries in 1994.

 

Number of injuries PM1) Pbpz) M/c Moped C3) F4) Others Totals

 

Number injured according to of cial 10,134 4,929 825 786 3,292 1,565 141

statistics

21,672

 

Number of police reported injuries/ 115 56 37 18

100,000 population

246

 

241 203Number of hospital registered road

injuries/100,000 population

 

Number of police reported injuries to 71 44 24 27

age 65 and older/100,000 elderly

population

168

  

Number of hospital registered road 102 454

injuries to age 65 and above/100,000

        

elderly population

 

1)

2)
3) Cyclist

4) Pedestrian

Car and other driver

Car and other passenger

In the official injury statistics, cyclists account for 15 % and pedestrians for

7 % of the total number of injuries. These statistics do not include injuries to

pedestrians due to falling and slipping, and only a very limited number of injuries

to cyclists caused by falls from their bicycles. Access to hospital records reveals in

the first place that pedestrians and cyclists have about the same number of

injuries. In contrast, official statistics show that cyclists sustain twice as many

injuries as pedestrians. In the second place, the importance accorded to these

injuries is completely different. As a public health issue, road accidents to

pedestrians weigh about 10 times as heavily as accidents to pedestrians according

to the official statistics. The especially exposed situation of the elderly in falling

accidents is demonstrated by the fact that the number of these accidents according

to hospital records is about 17 times greater than in official statistics.

In the third place, when the number of injuries according to hospital records is

added, injuries in traffic are seen to be of a completely different extent. According

to official statistics, the number of injured pedestrians and cyclists per 100,000

population is 55. When those according to hospital records are added, the number

of injured pedestrians and cyclists per 100,000 population is 444. An extrapolation

shows that the total number of pedestrians and cyclists injured in traffic is at least

40,000 per year, i.e. at least 8 times as much as according to official statistics. If

only the figures from Umea are used, the number of pedestrians and cyclists

injured every year is nearer 60,000.

The number of person km travelled by pedestrians and cyclists is calculated

using exposure data from Travel Pattern Survey 1994/95 and population statistics

from Statistics Sweden. In this way the risk of being injured in a road accident,

without the involvement of motor vehicles, can be estimated. This analysis shows

that the risk is slightly higher for cyclists than pedestrians, ca. 8.2 and 7.2 injuries

per 1,000,000 person km. This implies that the figure of 60,000 injuries per year is

probably not an overestimate, since the degree of coverage is not total.

Women walk more than men, while men, on an average, cycle more than

women. The very oldest, 75 and above, have a very low exposure in relative terms
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compared with other age groups, both as pedestrians and cyclists. However, they

account for a high proportion of injuries to pedestrians, and the risk of being

injured in mainly falling and slipping accidents is therefore much greater for the

elderly than for younger people.

Internationally, the quality of pedestrian and cycle surfaces in Sweden is very

high. One of the reasons for this are the winter conditions which demand at

surfaces for effective snow and ice clearance. This may mean that pedestrians and

cyclists have too high an expectation regarding the quality of surfaces, and small

defects may therefore give rise to problems as serious as in conditions where

pedestrians and cyclists expect that surfaces are generally of low standard.
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10 Recommendations

Recommendations to the road authority

The recommendations to road authorities are based on accident risks among

pedestrians and cyclists in single accidents. No other considerations have been

applied.

These injuries are worth taking seriously. Compared with collision accidents

they are:

0 just as many,

0 just as serious measured in number of hospitalised (= seriously injured),

0 almost as serious measured as average medical care cost,

and are to a great extent to be referred to the road authority's responsibility

(especially regarding pedestrian accidents).

Pedestrian accidents are above all caused by slippery winter road conditions.

Elderly people are also affected by falling accidents on bare ground, while such

accidents are very rare for other age categories. Furthermore, pedestrian accidents

also show several signs of behavioural adaptation. This means that an improved

standard of the pedestrian surfaces does not always reduce the number of

accidents. A reduction in the number of accidents can only be expected if the

standard is even and high. The correspondence between accident number and

surface quality for cyclists is simpler: a high standard leads to fewer accidents.

Based on these comprehensive results, the following recommendations can be

given to road authorities:

0 First, concentrate on improved Winter road maintenance for pedestrians and

secondly, an improved surface standard in bare ground conditions.

0 The winter road maintenance should be of high and uniform standard.

0 Summer road maintenance should be guided by efforts towards a uniform

standard for pedestrians and a high average standard for cyclists.

0 Concentrate on summer maintenance, above all in areas frequented by elderly

pedestrians.

0 Provide more heated surfaces for pedestrians.

0 Do not focus maintenance on hard slabs and central city areas. Most

accidents occur on asphalt surfaces, in peripheral parts of the urban areas.

0 Better winter road maintenance (stated in order of priority) should be provided

for:

elderly pedestrians

adult pedestrians

elderly cyclists

adult cyclists.

0 Sand/gravel should be swept up as soon as possible after winter above all on

hills in cycle areas!

A justifiable reservation is that behavioural adaptation may be more frequent

than discussed in the study. In Sweden, the quality of pedestrian and cycle areas is

very high. One reason is winter conditions which demand even surfaces for

efficient snow and ice removal. As a result, pedestrians and cyclists' expectations
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on the quality of surfaces may be too high and minor defects may cause just as

serious problems as surfaces with considerable defects. It should also be observed

that there are groups in society requiring a high standard on pedestrian surfaces for

their accessibility.

Recommendations for further r&d

Four proposals are given below for further r&d in this area. The first is an

expansion of this project. The other three proposals raise issues which can be

answered by new investigations.

1.

VTI meddelande 799A

On the basis of previous investigations, it was estimated that this investigation

would reveal ca. 1000 injuries to both pedestrians and cyclists. The outcome

was just over 500 injuries per category. Larger investigation areas and more

comprehensive ow counts would make it possible for injury rates to be

calculated on the basis of e.g. the number of pedestrian km, and it would also

possible to present more detailed reports.

In an urban area, winter road management is carried out by property owners,

the municipal services department and other municipal administrations.

Because of this, there may be fairly high variations in standard. How does the

standard vary? What are the effects?

What do pedestrians and cyclists demand of different pedestrian and cycle

areas?

Can pedestrian and cycle areas be constructed or maintained in some other

way so as to accord better with the requirements of pedestrians and cyclists?

What are the options?
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