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Preface 
A large number of persons are killed or seriously injured in road traffic every 
year, and this is not least a great public health problem. The development of 
different traffic safety measures is proceeding rapidly, and it is of importance that 
the knowledge is spread and applied. In order to gain information on the state of 
the art within the traffic safety area the Swedish National Road Administration 
(SNRA) has commissioned universities and research institutes to carry out a 
number of literature surveys covering different parts of the area. 

This literature survey concerns the planning of the road transport system 
development. Since this is a very extensive area to cover, certain limitations have 
been made. The focus is primarily on investigating the concepts of trafficability, 
accessibility, environmental impact and traffic safety but also measures and 
methods used for describing the influence of road surface condition on these. 

Leif Sjögren, VTI, has been the coordinator of the project. The responsible 
person at SNRA has been Torsten Martinsson. 
 
The contributors to the report are as follows: 
 
Anita Ihs  Strategies, methods and tools; measuring  
 performance 
Göran Blomqvist Environmental aspects 
Stefan Grudemo  Monetary valuation 
Leif Sjögren and Anita Ihs Discussions and conclusion 
 
Claes Eriksson at BIC, VTI, has carried out the search in the different literature 
databases, Gunilla Sjöberg and Anita Carlsson has done the final layout of the 
report. 
 
Linköping, December 2003 
 
 
Leif Sjögren 
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Sammanfattning 
Trafiksäkerhetsarbetet har historiskt sett varit tämligen framgångsrikt i Sverige, 
vilket har lett till en position som ett av de säkraste länderna i världen. Fortfarande 
blir dock ett stort antal personer svårt skadade eller dödade i trafiken och detta är 
något som måste anses helt oacceptabelt. I Sverige betraktas förekomsten av svårt 
skadade och dödade i trafiken som ett allvarligt hälsoproblem inom samhället. 

År 1997 fastställde riksdagen beslutet gällande de långsiktiga målen för trafik-
säkerheten att ingen ska dödas eller skadas svårt som en följd av trafikolyckor 
inom vägtransportsystemet, den så kallade Nollvisionen. Nollvisionen utgår från 
att olyckor inte alltid kan förhindras, eftersom människor ibland gör misstag. 
Vägar, gator och fordon måste därför utformas så att misstagen inte leder till 
döden eller allvarliga personskador. 

Det finns dock flera indikationer på att den tidigare så gynnsamma trafik-
säkerhetsutvecklingen i Sverige har försämrats under senare år. VTI har nyligen 
på uppdrag av Vägverket, Rikspolisstyrelsen och VTI beskrivit och analyserat de 
förändringar i trafiksystemet som kan ha betydelse för trafiksäkerhetsutveck-
lingen, såväl positivt som negativt och framförallt avseende antalet dödade. De 
faktorer som befanns bidra mest till ökande antal dödade i trafiken är de ökande 
hastigheterna, den ökade biltrafiken (särskilt den ökade lastbilstrafiken) och den 
ökade genomsnittsåldern bland bilförare. Detta har kompenserats av faktorer som 
minskat antal dödade i trafiken såsom den ökade förekomsten av krockkudde, 
vägbyggnadsåtgärder (motorvägar, cirkulationsplatser, vägräcken, m.m.), höjt 
bensinpris samt vinterdäckslagen. 

Utvecklingen av olika trafiksäkerhetsåtgärder går snabbt framåt och det är 
väsentligt att kunskaperna sprids och används, särskilt av dem som utformar väg-
transportsystemet men även av andra aktörer med ansvar inom trafiksäkerhets-
området. 

För att få en överblick av kunskapsläget har universitet och forskningsinstitut 
fått i uppdrag av Vägverket att genomföra litteraturstudier inom ett antal 
specificerade områden med anknytning till trafiksäkerhet.  

Den föreliggande studien har omfattat internationell litteratur och andra doku-
ment som behandlar ämnen rörande planeringen av vägtransportsystemets ut-
veckling. Eftersom det är ett mycket omfattande område har det dock varit nöd-
vändigt att göra vissa begränsningar. Endast litteratur från 1990 och framåt har 
tagits med. Vi har sökt litteratur som behandlar strategier, metoder och verktyg för 
planering av vägtransportsystemet med tyngdpunkt på trafiksäkerhet. Vi har också 
sökt litteratur som beskriver metoder för bedömning och utvärdering av transport-
systemet. Slutligen beskrivs kort olika metoder för monetär värdering och hur de 
använts i studier gällande restid och trafiksäkerhet. 

I en relativt nyligen publicerad OECD-rapport har man identifierat och bedömt 
“best practice” bland de olika trafiksäkerhetsprogrammen i OECD länder. 

Några av de rekommendationer som gavs för utvecklingen av ett trafiksäker-
hetsprogram är följande: 

•  Utvecklingen av en vision och upprättandet av mål har visat sig värdefullt i 
många länder. Målen leder bland annat till mer realistiska och effektiva 
program och ofta till en mer fokuserad fördelning av resurser.  

•  Att höja allmänhetens medvetenhet och delaktighet är avgörande för 
framgången med trafiksäkerhetsåtgärder och är nyckeln till att få stöd för 
de åtgärder som implementeras.  
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•  Den nationella samordningen av trafiksäkerhetsstrategier bör involvera alla 
intressenter (t.ex. infrastrukturleverantörer, fordon, olika trafikantgrupper, 
polis och räddningstjänst).  

•  Regionala och lokala åtgärdsplaner för trafiksäkerhet ska baseras på den 
nationella planen. 

•  Den nytta som erhålls genom implementering av trafiksäkerhetsåtgärder 
bör kvantifieras och rankas så att maximal utdelning erhålls. Användandet 
av analytiska metoder (cost-benefit analyser, kostnadseffektivitetsanalyser 
och multi-kriterie analyser) bör uppmuntras som en del i beslutsprocessen, 
samtidigt som man måste ha i åtanke att det kan finnas andra frågor eller 
politiska påtryckningar som kan leda till ett annat beslut eller annan 
prioritering.  

•  Det finns en generell överensstämmelse mellan OECD-länderna vad gäller 
de huvudsakliga trafiksäkerhetsproblemen. Ett stort antal olika lösningar 
har utvecklats och använts, om än sällan fullt ut. Länder bör tjäna på att 
införa de “best-practice” åtgärder som utvecklats av andra.  

•  Datainsamling och -hantering kan förbättras genom att datakällor integreras 
i en lättanvänd och tillgänglig databas med all vägtrafik-, exponerings- och 
olycksdata. Insamlingen av relevanta indikatorer för uppföljning av 
prestanda (performance) bör förbättras för att underlätta utvärderingen av 
trafiksäkerhetsåtgärder (t.ex. trafikantbeteendedata och ’near collision’ 
data).  

•  Metoder för att följa upp/övervaka och utvärdera resultaten av trafiksäker-
hetsåtgärder behöver utvecklas för att kunna förbättra existerande program 
samt för planering av nya program. De bör baseras på data om tidigare 
olyckor och incidenter och på analyser av information om förarbeteende 
och situationer när olycka/kollision varit nära att inträffa.  

 
En viktig del i de flesta framgångsrika vägprojekt och –program är som nämnts 
ovan en väldefinierad uppsättning mål. Här kan konstateras att Sverige rönt en hel 
del uppmärksamhet för sin så kallade ”Nollvision” (ingen ska dödas eller skadas 
allvarligt till följd av trafikolyckor inom vägtransportsystemet). 

Av stor betydelse för utvecklingen av vägtransportsystemet är också att man 
har bra verktyg för att planera och följa upp de åtgärder som behöver vidtas för att 
åstadkomma ett så trafiksäkert, tillgängligt, framkomligt och miljövänligt väg-
transportsystem som möjligt med tillgängliga resurser. 

I ett flertal länder har man utvecklat indikatorer för uppföljning och utvärde-
ring av uppnådda resultat, så kallade ”Performance Indicators”. 

I en OECD-rapport från 1997 har man kartlagt vägadministrationer gällande 
praxis/tillvägagångssätt för att bedöma deras prestationer och utifrån detta tagit 
fram rekommendationer på indikatorer i åtta kategorier enligt nedan: 

– tillgänglighet och mobilitet 
– säkerhet  
– miljö 
– rättvisa (ex. regional fördelning)  
– samhälle (medverkan av politiker, invånare, särskilda intressegrupper) 
– utveckling av program (upprättande av långsiktiga planer och hur dessa 

överensstämmer med uppsatta mål) 
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– leverans av program (hur de långsiktiga planerna genomförs) 
– resultat av program (vägkapitalets värde). 

 
Indikatorerna ska dessutom tas fram utifrån de tre perspektiven: regering, 
vägadministration och trafikant/samhälle. 

Man har också beskrivit sex användningsområden för indikatorerna; utveckling 
av alternativa inriktningar för åtgärder och mål, utvärdering av hur väl uppsatta 
mål har uppnåtts, organisation och styrning av vägadministrationer, utveckling 
eller periodisk omvärdering av mål, bedömning av effektiviteten hos vägadmini-
strationen samt stöd för en lärande organisation.  

AUSTROADS (The National Association of Road Transport and Traffic 
Authorities in Australasia) är troligen världsledande vad gäller utveckling och 
publicering av indikatorer för vägsystemets prestanda. De har under de senaste tio 
åren utvecklat och implementerat en omfattande uppsättning nationella indikatorer 
för utvärdering av vägtransportsystemet och vägadministrationerna.  

Som ett underlag för beräkning av indikatorerna behövs naturligtvis relevanta 
data av tillfredsställande kvalitet, såsom exempelvis olycksdata, trafikdata, väg-
nätsdata och data om vägarnas tillstånd. 

Behovet av ökad mobilitet får många följder där några av de viktigaste anses 
vara alarmerande ökningar av trafikstockningar, utsläpp av växthusgaser och 
beroende av oljeimport. Detta kan bara tacklas genom en integrerad blandning av 
policyåtgärder.  

Syftet med forskningen kring hållbar mobilitet i Europa har varit att identifiera 
paketlösningar av åtgärder som på ett balanserat sätt inriktar sig på multipla mål 
formulerade i olika policys, omfattande:  

– utvärdering av typiska effekter av åtgärder  
– utveckling av metoder, databaser och modellverktyg för att stödja utveck-

lingen och implementeringen av policys  
– identifiering av hinder pga. lagstiftning och marknad. 

 
I rapporten “Sustainable Mobility” (2001) pekas sex viktiga forskningsområden 
ut: 1) Förstå framtiden, 2) Ökad ekonomisk prestation, 3) Förbättra de sociala 
villkoren, 4) Skydda miljön, 5) Bygga upp transportstrategier och 6) Balansera 
paketlösningar för policys.  
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Summary 
Road safety has historically been fairly successful in Sweden, positioning it as one 
of the safest countries in the world. Still, a large number of persons are killed or 
seriously injured in road traffic every year, and this is regarded as totally 
unacceptable. In Sweden, road deaths and serious injuries are considered a serious 
public health problem. 

In 1997, the Swedish Parliament reached the decision regarding the long-term 
goals of traffic safety that nobody should be killed or seriously injured as a result 
of traffic accidents within the road transport system (Vision Zero), and that the 
design and operation of the road transport system must be brought into line with 
the requirements for meeting this goal.  

There are, however, several indications that the earlier favourable traffic safety 
development in Sweden has slowed down in recent years. A study of the traffic 
safety development in Sweden has recently been carried out on commission by the 
Swedish National Road Administration (SNRA) and the Swedish Police Board 
(Nilsson et al., 2002). The factors that were found to contribute to increasing 
traffic fatalities were increased average speed, increased traffic (especially lorry 
traffic) and higher average age of drivers. A number of factors compensating for 
the increase were also identified, such as increased number of cars equipped with 
airbags, road improvement for greater safety (motorways, roundabouts, road 
barriers, etc.) and a winter tyre law. 

The development of different traffic safety measures is rapidly progressing and 
it is essential that the knowledge is spread and applied, particularly by system 
designers but also by other actors with responsibilities within the traffic safety 
area. 

In order to get an overview of “the state of the art”, universities and research 
institutes have been commissioned by the SNRA to carry out literature surveys 
within a number of specified areas related to traffic safety.  

In the present study, international reports and other documents dealing with 
subjects in connection with the planning of the road transport system development 
has been reviewed. Since it is a very wide area it has been necessary to set some 
limitations. Only literature from the year 1990 and onward has been reviewed. We 
have looked for literature that covers strategies, methods and tools for planning of 
the road transport system, with the main focus on traffic safety. We have also 
looked for literature that describes methods for assessment and evaluation of the 
road transport system. Finally, different methods for monetary valuation and the 
way they are used in studies dealing with travel time and traffic safety are shortly 
described. 

A relatively recently published OECD report identifies and assesses the “best 
practice” among the different traffic safety programmes in OECD countries. 

Some of the recommendations given for the development of a traffic safety 
programme are the following: 

•  The development of a vision and the setting of targets have proven their 
value in many countries. Target setting leads to more realistic and effective 
programmes and often produces a more focused allocation of resources. 

•  Raising public awareness and participation is crucial to the success of 
safety measures and is the key to gaining support for the measures being 
implemented. 
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•  National co-ordination of road-safety strategies should involve all 
stakeholders (e.g. infrastructure providers, vehicle, road-user groups, 
police, and emergency response).  

•  Regional and local road safety action plans should be drawn up based on 
the national plan. 

•  The benefits to be gained from the implementation of road safety measures 
should be quantified and ranked so that maximum returns are realised. 
Analytical procedures (cost-benefit analysis, cost-effectiveness analysis 
and multi-criteria analysis) should be encouraged as part or the decision-
making process, while bearing in mind that there may be other issues or 
political pressures which could lead to a different decision or prioritization. 

•  There is a general agreement among countries regarding the main road 
safety problems. A wide variety of solutions have been put in place in 
OECD countries and further measures are being developed for implementa-
tion, although seldom to their full extent. Countries may benefit from 
adopting “best-practice” measures developed by others.  

•  Data collection and management could be improved by integrating sources 
into an easy-to-use and accessible database of all road traffic, exposure and 
crash data. The collection of relevant performance indicators (e.g. 
behaviour data, near-collision data) should be improved to facilitate the 
evaluation of safety measures. 

•  Methods for monitoring and evaluating the results of road safety measures 
need to be developed in order to improve existing programmes or plan new 
programmes. They should be based on past traffic crash and incident data 
and analysis of information about driver behaviour and near-crash events. 

 
An important part in most successful road projects and programmes is as 
mentioned above a well defined set of visions and targets. In this context it can be 
noticed that Sweden has received much attention for the so called “Vision Zero” 
(no one should be killed or seriously injured as a result of traffic accidents within 
the road transport system). 

Of great importance for the development of the road transport system is having 
good tools for planning and following up the measures that need to be taken in 
order to achieve a road transport system that is as safe, accessible and 
environmentally friendly as possible with available resources.  

In several countries so called performance indicators have been developed for 
following up and evaluating achieved results. 

In an OECD report from 1997 the road administrations’ current practice in 
performance assessment is surveyed and based on this the following 
recommendations for indicators in eight categories was given: 

•  Accessibility and mobility 
•  Safety 
•  Environment 
•  Equity (e.g. regional distribution of roads) 
•  Community (participation of politicians, road administrations, residents, 

special interest groups) 
•  Programme development (development of long term plans and the 

agreement with stated objectives) 
•  Programme delivery (completion of the long term plans) 
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•  Programme performance (monitoring value of road assets) 
 
The indicators should also be developed from the three perspectives: government, 
road administration and user/community. 

Six fields of application have also been described for the indicators: 
development of alternative courses of actions and performance targets, evaluation 
of the achievement of the goals and objectives, organisation and management of 
the road administrations, development or periodic re-evaluation of goals and 
objectives, assessment of the efficiency and effectiveness of the road 
administration and as an aid to a learning organisation.  

AUSTROADS (The National Association of Road Transport and Traffic 
Authorities in Australasia) is probably world leading in the development and 
publication of road system performance indicators. During the last ten years they 
have been developing and implementing an extensive number of national 
indicators for the road system and road authorities. 

As a basis for deriving the indicators relevant data of sufficient quality is of 
course needed, as for example accident data, traffic data, road network data and 
data on road condition. 

The need for growth in mobility is leading to several impacts where the most 
important are considered to be alarming increases in congestion, greenhouse gas 
emissions and dependence on oil imports. This can only be tackled using an 
integrated mix of policy measures. 

The aim of research on sustainable mobility in Europe has been to identify 
packages of measures that address multiple policy objectives in a balanced way, 
including:  

•  evaluation of the typical impacts of measures, 
•  developing methods, databases and modelling tools to support the 

evaluation and implementation of policy,  
•  Identifying legislative and market barriers  

 
The report “Sustainable Mobility” (2001) points out six areas where research is 
very important: 1) Understanding the future, 2) Increasing economic performance, 
3) Improving social conditions, 4) Protecting the environment, 5) Building 
transport strategies and 6) Balancing policy packages.  
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1 Introduction 
Road transport dominates passenger and goods transport in Sweden (SNRA 
Annual Report, 2002). Today (2002) road transport accounts for just over 90 % of 
the total volume of travel. Private car travel alone accounts for 76 % of the total 
human transport mileage in Sweden. Lorries are used for 43 % of all goods 
transport mileage. 

The use of the road transport system is on the increase in Sweden, and this is 
also the case in the whole Europe. In Sweden, the vehicle mileage rose by 6 % 
between 1998 and 2001. The strong increase is expected to continue, and the main 
increase during the period until 2020 is expected to be in car traffic. 

This also means an increasing demand on the Swedish National Road 
Administration (SNRA) to meet the requirements from the business community 
and individuals for increasing mobility and demands for safety, quality and a 
decrease in environmental impact. 

Road safety has historically been fairly successful in Sweden, positioning it as 
one of the safest countries in the world. Still, a large number of persons are killed 
or seriously injured in road traffic every year, and this is regarded as totally 
unacceptable. In Sweden, road deaths and serious injuries are considered a serious 
public health problem. 

In 1997, the Swedish Parliament reached the decision regarding the long-term 
goals of traffic safety that nobody should be killed or seriously injured as a result 
of traffic accidents within the road transport system (Vision Zero), and that the 
design and operation of the road transport system must be brought into line with 
the requirements for meeting this goal.  

There are, however, several indications that the earlier favourable traffic safety 
development in Sweden has slowed down in recent years. A study of the traffic 
safety development in Sweden has recently been carried out on commission by the 
Swedish National Road Administration and the Swedish Police Board (Nilsson et 
al., 2002). The factors that were found to contribute to increasing traffic fatalities 
were increased average speed, increased traffic (especially lorry traffic) and 
higher average age of drivers. A number of factors compensating for the increase 
were also identified, such as increased number of cars equipped with airbags, road 
improvement for greater safety (motorways, roundabouts, road barriers, etc.) and 
a winter tyre law. 

The development of different traffic safety measures is rapidly progressing and 
it is essential that the knowledge is spread and applied, particularly by system 
designers but also by other actors with responsibilities within the traffic safety 
area. 

In order to get an overview of “the state of the art”, universities and research 
institutes have been commissioned by the SNRA to carry out literature surveys 
within a number of specified areas related to traffic safety. In the present study, 
international reports and other documents dealing with subjects in connection with 
the planning of the road transport system development has been reviewed. 
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2 Methods and limitations 
Literature searches have been carried out with the help of a documentalist at VTI 
in the following databases: International Transportation Research Documentation 
(ITRD), Transportation Research Information Services (TRIS), Sci Search and 
TRAX (the library catalogue of VTI). Searches have also been done on the 
Internet. Only selected literature from 1990 and forward have been considered. 

The planning of the road transport system is a very extensive area to cover. 
Due to the limited budget and time for carrying out the study it has been necessary 
to set some limitations. 

Subjects that have been covered are the use of different methods and how 
different requirements (goals) are weighted when planning the road transport 
system (e.g. traffic safety, accessibility, and environment).  

The monetary evaluation and willingness to pay for saving travel time and for 
traffic safety is also covered. 
 
 
3 Definitions 
Accessibility Describes the possibility for individuals to overcome 

the generalised costs involved (travel time, travel 
costs and physical features), in order to utilise the 
facilities offered in an area. (Appel et al, 2002) 

 
The ease with which individuals, the business 
community and public organisations are able to 
reach facilities and activities. This means that it 
should be possible to use transport to the desired 
destinations with equitable transport sacrifices, e.g. 
in terms of travel time and transport costs. (SNRA, 
Annual report 2001) 

  
Assessment The process of determining the performance, 

impact or value of something, usually in comparison 
to a reference situation (slightly more cursory and 
general than evaluation) (Appel et al., 2002) 

  
Available Able to be obtained, used or reached (Cambridge 

Advanced Learner’s Dictionary) 
  
Evaluation The process of determining the performance, 

impact or value of something, usually in comparison 
to a reference situation (slightly more thorough, 
detailed and comprehensive than assessment) 
(Appel et al., 2002) 
 
The judgement or calculation of the quality, 
importance, amount or value of something 
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Indicator Forecast able quantitative variable, usually with 

target value representing an objective, which 
symbolises environmental or other impacts of 
transport infrastructure plans (including ordinal 
scales, e.g. low, medium, high) (COST 341) 
 
European Environment Agency (EEA) classifies 
indicators in four groups: 
Type A) Descriptive indicators 
Type B) Performance indicators 
Type C) Efficiency indicators 
Type D) Total welfare indicators 

  
Level of service The defined service quality for a particular activity 

(i.e. roading) or service area (i.e. street lighting) 
against which service performance may be 
measured. Service levels usually relate to quality, 
quantity, reliability, responsiveness, environmental 
acceptability and cost. (Gilbertson, 2000) 
A qualitative measure describing operational 
conditions within a traffic stream, based on service 
characteristics such as speed, travel time, freedom 
to manoeuvre, traffic interruptions, comfort and 
convenience. (Appel et al., 2002) 

  
Maintenance All actions necessary for retaining an asset as near 

as practicable to its original condition, but excluding 
rehabilitation or renewal. (Gilbertson, 2000) 

  
Management system Maintenance/pavement management system can 

often have quite different characteristics. They can 
be used for different management functions either 
as information systems or decision-support 
systems. 

  
Monitoring Long-term, standardized measurements and 

observations in order to define status and trends. 
Answers the question: What has happened” 
(System med … 1999) 
 
Data collection and status assessment of a 
phenomenon. (Appel et al., 2002) 

  
Performance measure A quantitative or qualitative characteristic describing 

the quality or service provided by a transport facility 
or service. (Appel et al., 2002) 

  
Performance monitoring Continuous or periodic quantitative and qualitative 

assessments of the actual performance compared 
with specific objectives, outcomes, target of 
standards (Gilbertson, 2000) 
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Road decision-support system These system differ from information systems in 

having the ability to process input data, using 
functions and algorithms, before producing reports; 
such processing enables analysis to be carried out 
which can guide and assist user making 
management decisions about the network. Normally 
a decision-support system will incorporate an 
information system. (Robinson, 1998) 

  
Road information system The system collects, organise and store data about 

the road network, and provide facilities for reports to 
be produced on these data, in a variety of formats 
(Robinson, 1998) 

  
Road management Road management has the purpose of maintaining 

and improving the existing road network to enable 
its continued use by traffic in an efficient and safe 
manner. In addition, appropriate management must 
also take into account issues of effectiveness and 
concern for the environment. Road management 
can be seen as a process that is attempting to 
optimise the overall performance of the road 
network.(Robinson, 1998) 

 
Monitoring of the road and its environment (e.g. 
road surface, snow and ice, wind, fog) and 
management of the necessary warnings and 
maintenance activities in case of unfavourable or 
dangerous conditions. (Appel et al., 2002) 

  
Road maintenance Regular and irregular measures to keep the road 

infrastructure in a usable and safe condition. (Appel 
et al., 2002) 

  
Road Network The system of interconnected roads under the 

control of a single road controlling authority. 
(Gilbertson, 2000) 

  
Sustainable 1) able to continue over a period of time 

2) causing little or no damage to the environment 
and therefore able to continue for a long time 
(Cambridge Advanced Learner’s Dictionary) 

  
Target value A specific goal or objective expressed in 

quantitative terms 
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4 Strategies, methods and tools in road 
transport system planning 

In Sweden the overall goal of transport policy, according to the Swedish 
Parliament’s decision in 1998 is to provide a socio-economically efficient 
transport system that is sustainable in the long term for individuals and the 
business community throughout the country. This goal is dived into six sub-goals: 
•  An accessible transport system: The transport system is to be designed to 

meet the basic transport needs of the individual and the business community. 
•  High level of transport quality: The design and performance of the transport 

system is to contribute to a high level of transport quality for individuals and 
business community. 

•  Positive regional development: The transport system is to promote a positive 
regional development, by equalising differences in the potential for 
development within different parts of the country, and by counteracting the 
drawbacks of long transport distances. 

•  Safe traffic: The long-term goal for road traffic safety is for nobody to be 
killed or seriously injured as a result of traffic accidents. This is the so called 
“Vision Zero” that was adopted by the Swedish Parliament in 1997. The 
transport system’s design and performance should be adapted to the 
requirements for meeting the goal. 

•  A sound environment: The design and performance of the road transport 
system is to be adapted to the requirements for a sound and healthy living 
environment for all, where natural and cultural environments are protected 
against damage. Good management of land, water, energy and other natural 
resources is to be promoted. 

•  An equal opportunities road transport system: The transport system is to 
be designed to meet the transport needs of both women and men. Women and 
men are to be given an equal opportunity to influence the creation, design and 
management of the transport system, and their values will be of equal 
importance. 

 
These are all long-term goals. In order to reach them goals for shorter terms, or 
result targets, are set up. 

In order to approach the “Vision Zero” the Government set a first-phase 
maximum target for the year 2000 of 400 deaths and 3,700 serious casualties. By 
2007, the number of people killed on the roads should have fallen to 270, or 50 % 
of the total for 1996, when 527 people were killed. 

However, as described earlier the favourable, downward trend established at 
the start of the 1990s has been broken, and number of fatalities has almost 
remained unchanged during the last years. The target for year 2000 could not be 
met. 

Also the goals concerning the environment are far-reaching and demanding. 
For example, the carbon dioxide emissions from road traffic in 2010 should be at 
the same level as in 1990. 

The Government commissioned the SNRA to draw up a strategy in consulta-
tion with the National Environmental Protection agency, the Swedish Association 
of Local Authorities and the National Police Board that will lead to the fulfilment 
of the goals for traffic safety and environment (Miljö och säkerhet …,1999).  
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In 1999 the Government presented an eleven-point programme for increased 
road traffic safety (11-point programme…, 1999). The measures proposed are 
based on co-operation between those responsible for the road traffic system and 
road users. The latter have a duty to comply with prevailing regulations and 
exercise consideration for other road users, judgement and responsibilities. 
Central to the “Vision Zero” approach, however, is the concept that a driver 
should be able to make a mistake on the road with out suffering serious injury as a 
result. To achieve high safety levels the road network and vehicles have to be 
overhauled and improved. 
 
4.1 Road safety strategies 
4.1.1 European studies 
OECD, 2002: Safety on Roads. What’s the vision? 
This report identifies and assesses “best practices” among road safety programmes 
in OECD countries, with an emphasis on those programmes that have been 
evaluated. 

OECD countries use a great variety of road safety planning practices. The 
figure below illustrates the main steps of planning procedures that are common in 
experienced and successful countries. 

 

 
Figure 1  Planning procedure for developing and implementing road safety 
programmes. 
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A vision gives a strategic view on the nature or the road safety problem and ways 
to deal with it. 

A good safety vision should motivate road users, politicians, road safety 
experts and those responsible for road provision, vehicle standards and transport 
policy. It should be understandable, desirable, feasible, guiding, motivating and 
flexible. 

However, at least as important as visions are quantitative targets. Targets are 
defined as quantified and measurable goals to be reached within a certain period 
of time.  

Collision analysis is an important tool for determining the main safety 
problems towards which measures should be directed. For a better understanding 
of these problems, it is useful to analyse data on traffic behaviour, road-user 
knowledge, skills and opinions, and on background variables (e.g. trends in traffic 
volume, population and economy). 

Problem analysis can also be used to prioritise the areas for possible 
countermeasures when, inevitably, limited resources are involved. 

A broad and effective safety programme includes measures for all safety areas 
of safety work: transport system and environment, land-use planning, roads, 
traffic education, information, traffic control, telematics and vehicle technology. 
All of the organisations responsible for implementing the programme should be 
involved in the planning process. 

The most important criteria for choosing measures are their ability to decrease 
risk and/or exposure. Where appropriate data exist, social cost-benefit analysis is 
recommended to prioritise measures. In addition to their economic returns, such 
analysis should include other social impacts such as effects on transport and 
mobility, environmental effects, social equity and political acceptance. 

The following recommendations are given for developing a road safety 
programme: 

•  The development of a vision and the setting of targets have proven their 
value in many countries. Target setting leads to more realistic and effective 
programmes, results in better integration of institutional efforts and, by 
securing political commitment, often produces a more focused allocation of 
resources. 

•  In the same way that drink-driving has become socially unacceptable in 
many countries, other deviant road-user behaviour (e.g. speeding) should 
be frowned upon by society. Raising public awareness and participation is 
crucial to the success of safety measures and is key to gaining support for 
the measures being implemented. 

•  National co-ordination of road-safety strategies should involve all stake-
holders (e.g. infrastructure providers, vehicle, road-user groups, police, and 
emergency response). Together with regional and local governments, they 
should participate in the development of the national road safety action 
plan. Responsibility should include both policy and technical assistance. 

•  Regional and local road safety action plans should be drawn up based on 
the national plan. 
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•  The benefits to be gained from the implementation or road safety measures 
should be quantified and ranked so that maximum returns are realised. 
Analytical procedures (cost-benefit analysis, cost-effectiveness analysis 
and multi-criteria analysis) should be encouraged as part or the decision-
making process, while bearing in mind that there may be other issues or 
political pressures which could lead to a different decision or prioritisation. 

•  There is a general agreement among countries regarding the main road 
safety problems. A wide variety of solutions have been put in place in 
OECD countries and further measures are being developed for imple-
mentation. However, no country has implemented all proven measures to 
their full extent, and countries may benefit from adopting “best-practice” 
measures developed by others. Further, the realisation of the expected 
benefits arising from the implementation of any measure is dependent on 
the levels of public awareness and enforcement that go with it. 

•  Data collection and management could be improved by integrating sources 
into an easy-to-use and accessible database of all road traffic, exposure and 
crash data. The collection of relevant performance indicators (e.g. 
behaviour data, near-collision data) should be improved to facilitate the 
evaluation of safety measures. 

•  Methods for monitoring and evaluating the results of road safety measures 
need to be developed in order to improve existing programmes or plan new 
programmes. They should be based on past traffic crash and incident data 
and analysis of information about driver behaviour and near-crash events. 

 
Ruyters, Slop & Wegman, 1994: Safety effects of road design standards 
The report deals with the results of a study carried out for the EU by SWOV, in 
co-operation with a number of other European institutes. Three parts can be 
distinguished: (1) gathering of information about existing knowledge on the 
design of road infrastructure elements (inventory of international treaties and 
recommendations and their legal status); (2) analysing the role road safety 
arguments have played when road design standards were compiled; (3) drawing a 
‘best practice’ for road design standards in which considerations, background 
information and assumptions concerning road safety have been made explicit. 

Proper road design is crucial to prevent human errors in traffic and less human 
errors will result in fewer accidents. Three safety principles have to be applied in a 
systematic and consistent matter to prevent human errors: prevent unintended use 
of roads and streets; prevent large discrepancies in speed, direction and mass at 
moderate and high speeds; prevent uncertainty amongst road users, i.e. enhance 
the predictability of the road’s course and people’s behaviour on the road. 

Preliminary considerations are given, for instance, to: road functions, design 
criteria, road classification, design standards, international harmonization and 
assumptions used in road design. 
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Table 1  Roads are built to perform various functions. 
 Traffic function: 

To enable people and 
goods to travel from one 
place to another 

 

 
Flow function: 
Rapid processing of 
through traffic 

 
Distributor function: 
Making districts and 
regions accessible 

 
Access function: 
Allowing properties to be 
reached 

 
Where a combination of functions has to be performed, road safety problems will 
arise. 

Roads are designed with several criteria in mind, such as: travel time, comfort 
and convenience, environment, energy consumption, costs, town and country 
planning. Some criteria are dealt with qualitatively and for others quantitative 
norms are adopted. 

The art of designing roads is predominantly the art of giving the right weight to 
the various criteria. This is not so simple, especially not when the importance of 
criteria is subject to political influence. 

Safety is usually among the criteria that are allowed for implicitly: at every 
step in the design process, the designer is supposed to take decisions with safety 
in mind, but decisions are rarely taken exclusively for the sake of safety. 

In general safety can be considered at four different levels: 
•  Safety achieved through specific attention being paid during the detailed 

road design process 
•  Safety achieved through specific adherence to norms and standards of road 

design 
•  The level of safety achieved through road classification 
•  The explicit amount of safety offered by the conceptual transport system 

satisfying the need for mobility. 
 
By making use of a road classification the road user can be made more aware of 
the main function of a road or street. 

Road classification systems in use have many drawbacks: for example, they are 
often used by road administrators as an aid to distinguish between roads for 
reasons other than for improving road safety. In addition, many roads do not 
comply with the requirements associated with the various road classes in existing 
classification systems.  

It is believed that road classification can be valuable for safety provided that 
the system has been well designed (concentrated on safety) and consistently 
implemented. It is suggested that improvements in this respect are a better 
targeting of classification on road users. 

Also, because more than one aspect of traffic function may occur on the same 
road, the differences between the subsequent classes often tend to be gradual only.  

In the Netherlands an approach, which may solve this problem, has been 
developed where every road should only have one of the elements of the traffic 
function, i.e. a flow function, a distributor function or an access function. 
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In most countries, geometric road design standards have been set in order to 
help engineers design sound roads and they are generally supported on three main 
grounds: 

•  To ensure uniformity among different designs and across administrative 
borders 

•  To enable the existing expertise to be more broadly applied 
•  To ensure that road funds are not misspent through inappropriate design. 

 
However, not all countries have road design standards for all types of roads.  

It is further concluded in the report that whereas safety should have been a 
major consideration underlying most design standards and their elements, it is 
becoming clear that its assumed implicit value have come under substantial 
criticism. 

The unavailability and non-accordance of road design standards for the road 
network in Europe is believed to contribute to the road safety problem on this 
continent as the cross-bordering traffic increase.  
 
Rumar, 1999: Transport safety visions, targets and strategies: beyond 
2000  
This is the first lecture in a series established by the European Transport Safety 
Council. The theme of the lecture is “Transport Safety Visions, Strategies and 
Targets: Beyond 2000”. 

It is analysed how far we have come in realising the potential for transport 
crash reduction and what future directions EU transport safety action should take. 

The main message is that the human factor both in terms of behaviour and 
physical vulnerability is the main problem in transport safety. Therefore a number 
of technical and organisational actions have to be taken to neutralise the human 
factor to achieve safety in the traffic system. 

The individual places a very high value on freedom of movement and car use. 
Road crashes are a major public health problem and should be treated as such. 
Road safety problems are split into first order (obvious, road safety problems 

that come out directly from the way we analyse our accident and injury statistics), 
second order (semi-obvious, they can be defined by saying that they reduce the 
effectiveness of countermeasures aiming at solving the first order problems) and 
third order (hidden, they are not dealing directly with the traffic situation but with 
underlying processes or conditions). There is too much focus on first order and 
too little on second and third order. 

There is one major problem with road transport safety and that is the human 
operator: the human body cannot withstand collisions at speed higher than about 
10 km/h and additionally, the human operator adapts to changing conditions in 
ways which do not always serve safety. 

Three principal ways to reduce these problems are to reduce exposure to 
motorised traffic, to reduce the probability of a collision, and to reduce the 
seriousness of injury and permanent disability. 

The means of reducing human error are: by selection, by improvement, by 
adaptation to human characteristics and limitations. 

Previous and present road safety work has to some extent followed these 
principals, but still has suffered from a number of deficiencies. Based on the 
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analysis of these deficiencies, ten proposals and recommendations have been 
formulated: 

1. Treat road injuries and fatalities as a public health problem (not as a 
complication of mobility) 

2. Carry out road safety work along all three countermeasure axes (exposure, 
crash, risk, injury consequence) and behavioural approaches (selection, 
improvement, technical adaptation) 

3. Build the transport system around human characteristics (behavioural 
response, human tolerance) 

4. Increase public awareness of road safety importance which is critical for 
future success in road safety work. Measuring traffic, driver education and 
traffic enforcement are important factors in this work 

5. Motivate citizens and road safety workers through a road safety vision for 
the future and quantitative road safety targets, both nationally, and for the 
EU as a whole (e.g. < 25 000 killed 2010) 

6. Encourage the private sector to take a more active part in future road 
safety work by making road safety a competitive transport variable 

7. Implement present knowledge and carry out research where answers are 
needed. In both cases an EU road safety information centre could play an 
important role 

8. Address the most important problems. Among the primary: Speed, alcohol 
and drugs (the EU should set ceiling limits, (e.g. speed and blood alcohol 
limits); An EU Directive on safer car fronts for unprotected road users is 
urgently required; DRL could be implemented). Among secondary: Driver 
licensing and traffic enforcement 

9. Encourage and carry out effective road safety management by road safety 
indicators and result management 

10. Support consumer information which can be fast and very powerful. 
 
The figure below illustrates the proportion (percentage) of the main factors 
contributing to road crashes according to the largest accident-in-depth studies 
carried out (US/UK): 
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Figure 2  The proportion of the main factors contributing to road crashes 
(Rumar, 1999). 
 
4.1.2 National studies and strategies 
Puohiniemi, 1996: How do road improvement and maintenance strategies 
effect on road safety in Finland 
This Finnra’s report presents and discusses the results of an analysis of different 
road maintenance and improvement strategies from the perspective of traffic 
safety. The objective of the study was to define a comprehensive set of strategies 
which aim at reducing fatal accidents.  

The study was carried out as a participatory planning experiment, where the 
traffic safety views held by different interest groups in society were used as 
baseline material. 

There were six different interested parties participating in the study: 
Representatives of motoring, Representatives of traffic planning and research, 
Advocates for equality on roads, Advocates for economic growth and 
competiveness, Advocates for alternative traffic and Representatives of rural 
traffic. 

The proposals made by the different interested parties concerning measures of 
road management were clearly classifiable into four strategies of improving traffic 
safety, see table 2. 
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Table 2  Road management classified into four strategies of improving traffic 
safety. 

Equality regardless of the mode of transport 
A. Structural control 
– uniform traffic solutions 
– semi-motorways and passing 

lanes are inferior to motorways 
– low speeds in conurbations 

due to structural speed 
restrictions 

– major changes in financing are 
targeted to conurbations and 
minor measures 

 
(Representatives of traffic 
planning and research) 

C. Calming down of traffic 
– no new motorways or other 

roads 
– main emphasis on 

conurbations, which are 
planned in terms of light 
traffic 

– driving speeds are limited 
– major changes in 

expenditure are targeted to 
conurbations, streets and 
roads in planned areas 

(Advocates for equality on 
roads, Advocates for alterna-
tive traffic) 

C
on

st
ru

ct
io

n 

B. Emphasis on fluency 
– notable increase of motorways 
– wide, fluent roads 
– no speed restrictions in 

conurbations due and separate 
light traffic routes 

– partly higher speed limits in 
rural areas 

– changes in the targeting of 
appropriations: main road 
projects and improved fluency 

 
(Representatives of motoring, 
Advocates for economic growth and 
competiveness) 

D. Rural traffic 
– no new motorways or other 

roads 
– money on paving gravel 

roads instead 
– no speed restrictions in 

small conurbations 
– increase in traffic is good in 

the country, but not always 
in conurbations 

– change in the targeting of 
appropriations: 
rehabilitation of gravel 
roads and wintertime 
maintenance 

(Representatives of rural traffic) 

M
aintenance and m

inor rehabilitation 

Quick and fluent travelling 
 
Department of Transport, 2002: Tomorrows’ roads – safer for everyone 
By 2010, the Government wishes to achieve, compared with the average for 
1994–1998: 
•  a 40 % reduction in the numbers of people killed or seriously injured in road 

accidents 
•  a 50 % reduction in the numbers of children killed or seriously injured 
•  a 10 % reduction in the slight casualty rate, expressed as the number of people 

slightly injured per 100 million vehicle kilometres 
 
Strategies and targets have been formulated in the following areas. The strategies 
and targets will be reviewed every three years to take account of new ideas and 
technologies. 
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Safer for children 
Children should be able to walk and cycle in safety. They need the freedom to use 
the roads for their social development and exercise for their general health and 
fitness. 

Children should be taught basic skills appropriate to their age and parents 
teachers should be helped to get them across. 
 
Safer drivers – training and testing 
Better driving skills and better driving behaviour would make an enormous 
difference to reducing the number of road casualties. 

Learning to drive should be more relevant to today’s road conditions, and those 
of the future. 
 
Safer drivers – drink, drugs and drowsiness 
To drive safely we need to be physically and mentally alert. Drink, drugs and 
tiredness contribute to driving accidents. 

Over 16,000 casualties in 1998, including 460 deaths, were caused by accidents 
where at least one driver was over the alcohol limit. 

According to the latest research, fatigue may be the principal factor in around 
10 % of all accidents. 
 
Safer infrastructure 
Simply building more and more new roads is not the answer to traffic growth. The 
emphasis is now on making best use or the existing highway network, giving 
priority to treating the places with the worst safety, congestion and environmental 
records. 

Key elements of the approach in England include: 
•  a recognition that good engineering reduces the risk of accidents 
•  on national roads, a strategy focused on better maintenance and a targeted, 

seven-year programme of road improvements. Twenty-one of the 37 
schemes have as their primary objective “safer and healthier communities” 
and the other 16 are in part designed to help prevent road casualties. Route 
management schemes and the use of electronic information and signing has 
also helped safety 

•  On local roads, the introduction of longer-term, more co-ordinated local 
planning and improvements for walkers and cyclists as well as motor traffic 
through local transport plans. 

 
The Government will: 
•  ensure safety is a main objective in designing, building operating and 

maintaining trunk and local roads 
•  ensure safety continues to be part of the planning framework for main and 

local routes 
•  publish guidance about engineering for safer roads based on sound research 

and experiment 
•  use local transport plans to promote safer neighbourhoods and  
•  monitor progress on local efforts to reduce casualties. 
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The Highways Agency safety plan (see also reference below) sets them a target 
for reducing deaths and serious injuries on the national road network by one-third. 
This is less than the national target because these roads are safer than average so 
there is less scope for reducing casualties. 

The Agency will work closely with other parties to achieve this, building 
strong links at the local and national levels. 
 
The Highways Agency, 2000: Making the network safer. The Highways 
Agency strategic safety plan.  
The Highways Agency, part of the Department of Environment, Transport and 
Regions, maintain, operate and improve the trunk road network in England, which 
includes motorways and all other trunk roads.  

The Agency’s key objective is “to improve safety for all road users and 
contribute to the Government’s new safety strategy and targets for 2010”. 
 
Key tools: 
 
Infrastructure 
•  Identify and address accident problem sites 
•  Upgrading existing routes by improving the skidding resistance of road 

surfaces at junctions and crossings, using clearer signing and road markings 
and better junction layouts 

•  Calm traffic through villages 
•  Trial innovative ideas through the Agency toolkit, a programme of 70 or more 

techniques and innovative ideas 
 
Technology 
•  Introduce high-technology control equipment to warn drivers of potential 

hazards 
•  Use traffic data collection equipment to control access on to and speeds on the 

congested sections of the motorway network 
•  Introduce new trunk road communications system 
•  Develop new equipment to monitor the performances of road surfaces to assist 

in maintaining and improving a safe road surface 
•  Use new materials such as colour surfacing to enhance safety measures 
•  Provide new equipment for keeping roads safe in winter conditions 
 
Education 
•  Disseminate research knowledge to others involved in road design and 

operation 
•  Support road safety officers in delivering safety education to local 

communities 
 
Encouragement 

•  Support safety initiatives by other agencies or outside bodies 
•  Investigate the display of safety messages on variable message signs 
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Enforcement 
•  Strengthen and improve liaison with the police 
•  Aid the targeting of offenders through the provision of high-technology 

equipment to assist the police 
 
Partnerships 
•  Strengthen links with other agencies and outside organisations 
•  Encourage users to play their part in safety improvement 
 
Management and monitoring 
•  Ensure that agents, local authorities and Design, Build and Finance Operators 

are clear on their roles and responsibilities in supporting and implementing the 
safety strategy 

•  Provide quality data for planning, priority setting and monitoring purposes 
•  Report on progress to Ministers and user groups 
 
The Agency has identified a number of target user groups, which have specific 
requirements when using the network. By developing and delivering safety 
objectives tailored to their needs the network can be made safe for all users. 
 
4.2 Weighting of safety against environment and 

accessibility 
The need for growth in mobility is leading to several impacts where the most 
important are considered to be alarming increases in congestion, greenhouse gas 
emissions and dependence on oil imports. This can only be tackled using an 
integrated mix of policy measures (Sustainable Mobility… 2001). 

The aim of research on sustainable mobility in Europe has been to identify 
packages of measures that address multiple policy objectives in a balanced way, 
including:  

•  evaluation of the typical impacts of measures, 
•  developing methods, databases and modelling tools to support the 

evaluation and implementation of policy,  
•  Identifying legislative and market barriers (Sustainable Mobility… 2001). 

 
The report “Sustainable Mobility” (2001) points out six areas where research is 
very important: 1) Understanding the future, 2) Increasing economic performance, 
3) Improving social conditions, 4) Protecting the environment, 5) Building 
transport strategies, and 6) Balancing policy packages. Regarding the relevance of 
issues that also lies within the scope of this report, especially these examples can 
be mentioned:  
•  Scenario analysis is pin-pointed as a tool for understanding the range of 

possible outcomes of the development of the transport sector. This, however, 
requires reliable data on the current situation. 

•  Increasing the economic performance by reducing road freight costs could in 
worst cases lead to a lower traffic safety since case studies has showed that 
systematic violation of traffic rules could significantly reduce the cost by 
tonne-kilometre. 
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•  System-wide evaluation of environmental consequences is essential in 
developing sustainable transport policies. For example the transport research 
programme in Europe is developing the work with Strategic Environmental 
Assessment (SEA) by developing a system where the methods used are 
compiled and made operational in a software tool. 

•  A tool has been developed to model the long-term interactions between the 
transport sector and other sectors of the economy over a 25-year time horizon. 

•  Also the development of decision support tools is seen as an important issue 
for research in Europe. 

•  Innovations in policy and technology can benefit from pilot-scale 
demonstration. It is then important to keep focus on what policy goals are 
underlying the demonstration; otherwise there is a risk for failure of the 
project. 

 
4.3 Management systems 
Road management has the purpose of maintaining and improving the existing 
road network to enable its use by traffic in a safe and efficient manner. Also issues 
of effectiveness and concern for the environment have to be taken into account. 
Road management can be seen as a process that is attempting to optimise the 
overall performance of the road network over time. 

It is convenient to consider the process in terms of the following primary 
functions (Robinson, Danielson & Snaith, 1998 Road maintenance management. 
Concepts and systems): 
 

•  Planning 
This involves an analysis of the road system as a whole, typically requiring 
the preparation of long-term, or strategic, planning estimates of expenditure 
for road development and conservation under various budgetary and 
economic scenarios. 

•  Programming 
This involves the development, under budget constraints, of multi-year 
works and expenditure programmes in which those sections of the network 
likely to require treatment, and new construction possibilities, are identified 
and selected. It is a tactical management exercise. Ideally, a cost-benefit 
analysis should be undertaken to determine the economic feasibility. 

•  Preparation 
At this stage road schemes and projects are packaged for implementation. 
Typical preparation activities are the detailed design of an overlay project 
or scheme as well as the preparation of tender documents and the letting of 
contract. 

•  Operations 
These activities cover the on-going works activities of an organisation. 
Decisions about the management of operations are made typically on a 
daily or weekly basis, including the scheduling of work to be carried out, 
monitoring in terms of labour, equipment and materials, the recording and 
evaluation of work completed, and the use of this information for 
monitoring and control. 
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Traditionally, in many road organisations, budgets and programmes for road 
works have been prepared on a historical basis, in which each year’s budget is 
based upon that for the previous year, with an adjustment for inflation. Under 
such a regime, there is no way of telling whether funding levels, or the detailed 
allocation, are either adequate of fair. Clearly, there is a requirement for an 
objective needs-based approach, using knowledge of the content, structure and 
condition of the roads being managed. It will be seen that the primary function of 
planning, programming, preparation and operations provide a suitable framework 
within which a needs-based approach can operate (Robinson et al., 1998). 

With the growing demand for more effective use of the limited resources 
available for road maintenance, road administrations have begun using more 
sophisticated planning systems to an increasing extent. During the last decades 
computer-based systems have been developed in order to facilitate the processing 
of data upon which decisions on road maintenance and investments are based and 
to support the primary management functions described above.  

It is convenient to differentiate between information systems and decision-
support systems (Paterson and Scullion, 1990). 

Road information systems collect, organise and store data about the road 
network, and provide facilities for reports to be produced on these data, in a 
variety of formats.  

Road decision-support systems differ from information systems in having the 
ability to process input data, using functions or algorithms, before producing 
reports; such processing enables analysis to be carried out which can guide and 
assist users making management decisions about the network. 

Normally a decision-support system will incorporate an information system. 
The use of the terminology maintenance management system and pavement 

management system can cause confusion, because systems produced by different 
vendors can often have quite different characteristics. 

Some commonly used terminology for different types of systems is given in the 
table 3 below, which suggests how these are likely to relate to the management 
functions of planning, programming, preparation and operations. 
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Table 3  Commonly used terminology for different types of systems. 
Management function Examples of common descriptions 
Planning Strategic analysis system 

Network planning system 
Pavement management system 
 

Programming Programme analysis system 
Pavement management system 
Budgeting system 
 

Preparation Project analysis system 
Pavement management system 
Bridge management system 
Pavement/overlay design system 
Contract procurement system 
 

Operations Project management system 
Maintenance management system 
Equipment management system 
Financial management/accounting system 

 
A management system normally includes three parts: 

 
1. Collection and analysis of data that describe the structural and functional 

condition of the pavement 
2. Identification and prioritisation of present and future treatment requirements 
3. Decision on maintenance program for a specified period of time. 
 
The structural and functional condition of the road network deteriorates under the 
influence of traffic, climate, etc. Deficiencies in the structural condition of the 
road will reduce the bearing capacity of the road, and can be quantified for 
example through measurements of deflection. Deficiencies of the functional 
condition is usually presented as detailed descriptions of the condition such as 
cracking, pot holes, rutting, unevenness, friction, etc.  

An important part of a management system is obviously a database including 
all this information on the structural and functional condition of the pavement.  

Despite the development of measuring techniques and methods, visual 
inspections are still an important element of road condition assessment. It will not 
be possible to replace expert knowledge and experience with automatic measuring 
methods within foreseeable future. 

In figure 3 below the levels and databases in the Swedish PMS are shown as 
one example of the framework of a road management system. 
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Figure 3  Levels and databases in the Swedish PMS (Source: Johan Lang, SNRA). 
 
 
5 Measuring performance 
5.1 Indicators 
Transport forms an essential backbone for socio-economic development, but if not 
developed sustainable it also imposes significant costs on society in terms of 
environmental and health impacts (Paving the way… 2002). Road management 
can be seen as a process that is attempting to optimise the overall performance of 
the road network over time (Robinson et al 1998). 

The concept of an indicator-based transport and environment reporting 
mechanism (TERM) for the EU was initiated in early 1998 (Towards a 
transport… 1999). The primary role of TERM is to provide transport policy 
makers with information that can help to pinpoint problems at an early stage in the 
development of policies (Paving the way… 2002). 

The first step on the identification and selection of indicators is the 
establishment of a comprehensive reporting and policy framework (Towards a 
transport… 1999). On one hand a key challenge for the road manager is to find 
ways in which to describe the problems and impacts of road maintenance that can 
be understood by the politicians and the general public (Robinson et al., 1998) but 
on the other hand, a crucial challenge for the scientific community is to find the 
key parameters and indicators for each of the systems different levels that can be 
understood and utilized by road managers (Blomqvist, 2001). Or, as Smeets and 
Weeterings (1999) express it: It is becoming more and more difficult for policy-
makers to grab the relevance and meaning of the existing environmental 
indicators, given the number and diversity of indicators presently in use. And new 
sets of environmental indicators are still to be expected. Therefore, some means of 
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structuring and analysing indicators and related environment/society inter-
connections is needed.  

For reporting within the TERM, the European Environmental Agency (EEA) 
uses the DPSIR approach (Driving forces, Pressures, State, Impact and Responses, 
see figure 4 as a generic tool to support understanding of these complex relation-
ships (Towards a transport… 1999). Within this approach societal needs and 
activities can be viewed as driving forces (D) that lead to a pressure (P) on the 
environment. The pressure may change the state (S) of some compartments of the 
environment. This, in turn, can lead to impacts (I) on a system such as human 
health or nature. Finally, the society will respond (R) in some way to combat the 
problem in one or several of the earlier stages in the model. 
 

Driving
forces
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State

Impact

Response

! CO2, NOx, CO, PM10 emissions,
! noise emissions,
! land take,
! …

! air, water, soil quality,
! noise levels and exposures,
! concentrations and exceedances,
! …

! Ill health, 
! biodiversity loss,
! Impaired natural resources,
! …

! regulation (e.g. technical standards, speed limits…),
! taxes,
! investment in publicd transport,
! …

! economic activity,
! disposable income,
! market price of transoprt,
! …
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! …

! regulation (e.g. technical standards, speed limits…),
! taxes,
! investment in publicd transport,
! …

! economic activity,
! disposable income,
! market price of transoprt,
! …

 
Figure 4  The DPSIR framework for reporting in the environmental impact of 
transport (Towards a transport… 1999). 
 
In Sweden the DPSIR approach is also used by the Swedish Environmental 
Protection Agency (SEPA) to do the follow-up of the national environmental 
quality objectives and their underlying intermediate targets (System med 
indikatorer… 1999). In a simplified form comprising only the “P”, “S” and “R” 
stages, the system is also used to monitor environmental effects of the road 
transport system in Denmark (Reif and Reiff, 1999). 

Indicators can be classified into four different groups: descriptive, per-
formance, efficiency and total welfare indicators (Smeets and Weterings, 1999).  

•  The first group of indicators, the descriptive indicators, reflect the 
situation as it is, without reference to how the situation should be (Smeets 
and Weterings, 1999). 
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•  The second group of indicators, the performance indicators, reflect the 
situation as it is as compared to how the situation should be as specified by 
a set of reference conditions (Smeets and Weterings, 1999). These 
reference conditions are either policy target values (PTVs) or sustainable 
reference values (SRVs).  

•  The third group of indicators, the efficiency indicators, express the relation 
between the separate elements in the causal chain. 

•  The fourth group of indicators, the total welfare indicators, are highly 
aggregated and answer the question: are we on whole better off?. 

 
By assigning adequate indicators to the different levels of the DPSIR model, the 
road keeper will not only strengthen his scientific understanding of the ecological 
effects, but also increase his possibilities to take appropriate measures to improve 
the sustainability of the system. The road keeper will also increase his possibilities 
to find out the environmental utility of the responses he has taken. In most cases it 
is important to find useful indicators as early in the system as possible, especially 
when the environmental effects are delayed in time. 

The main aim of TERM is to monitor the progress and effectiveness of 
transport and environment integration strategies. This is done by using indicators 
that address seven key questions (Paving the way… 2002): 

1. Is the environmental performance of the transport sector improving? 
2. Are we getting better at managing transport demand and at improving the 

modal split? 
3. Are spatial and transport planning becoming better coordinated so as to 

match transport demand to the need for access? 
4. Are we optimising the use of existing transport infrastructure capacity and 

moving towards a better-balanced intermodal transport system? 
5. Are we moving towards a fairer and more efficient pricing system, which 

ensures that external costs are internalised? 
6. How rapidly are cleaner technologies being implemented and how 

efficiently are vehicles being used? 
7. How effectively are environmental management and monitoring tools 

being used to support policy- and decision-making? 
 
Indicators within the TERM that is related to the aim of this report are listed in 
table 4. 
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Table 4  Examples of indicators within the Transport and Environment Reporting 
Mechanism (TERM) that lies within the scope of this report (After: Paving the 
way… 2002). 

Transport final energy consumption 
and primary energy consumption and 
share in total by mode and by fuel 
Transport emissions of greenhouse 
gases (CO2 and N2O) by mode 
Transport emissions of air pollutants 
(NOx, NMVOC, PM10, SOx, total ozone 
precursors) by mode 
Population exposed to exceedances of 
EU air quality standards for PM10, NO2, 
benzene, ozone, lead and CO 
Percentage of population exposed to 
and annoyed by traffic noise, by noise 
category and by mode 
Fragmentation of ecosystems and 
habitats 
Proximity of transport infrastructure to 
designated areas 
Land take by transport infrastructure 
by mode 
Number of transport accidents, 
fatalities, injured and polluting 
accidents 

 
 
 
 
 
 
 
 
 
 

Environmental 
consequences 

of transport 

Waste from road vehicles (number and 
treatment of used tyres) 
Passenger transport 

 
 
 
 
 
 
 
 
 
 
 

Transport 
and 

environment 
performance 

Transport demand 
and intensity Freight transport 

Access to basic services: average 
passenger journey time and length, 
purpose (commuting, shopping, 
leisure) and location  (urban or rural) 
Regional access to markets: the ease 
(time and money) of reaching 
economically important assets (e.g. 
consumers, jobs) 

 
 
 

Spatial planning and 
accessibility 

Access to transport services 
Capacity of infrastructure networks Supply of transport 

infrastructure and 
services 

Investments in transport infrastructure 
by capita 
Number of member states that have 
implemented en integrated transport 
strategy 
Number of member states with 
formalised cooperation between the 
transport, environment and spatial 
planning minisitries. 
Number of member states with 
national transport and environment 
monitoring systems 

 
 
 
 
 
 
 
 
 

Determinants of the 
transport/environment 

system 
 
 
 
 

Management 
integration 

Uptake of strategic environmental 
assessment in the transport sector. 
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5.2 Performance indicators 
AUSTROADS, 2000: National performance indices  
In 1993, Austroads established a program to develop and implement a rigorous set 
of national performance indicators for the road system and road authorities.  

The indicators selected best represent the economic, social, safety and 
environmental performance of the road system and road authorities. 

This is the seventh National Performance Indicators publication, covering 36 
indicators. 

Updated data is published every year to provide important time series 
information for the transport industry and the community and to facilitate 
individual comparisons of the performance of the road system and road 
authorities. 

The different categories of performance indicators are: 
•  Road safety performance indicators  

The purpose is to monitor the incidence of major safety failures of the road 
system. The indicators are based on the levels of serious road trauma – 
persons killed, persons hospitalised and serious casualty crashes. The 
indicators measure safety in terms of rates per population and rates per 
travel. 

•  Registration and licensing performance indicators 
•  Road construction and maintenance performance indicators 

The Road Maintenance Effectiveness indicator represent the cost per 
kilometre to maintain sealed urban and rural roads below an acceptable 
roughness level. 
The Smooth Travel Exposure Indicator represents the proportion of travel 
undertaken on roads with surface roughness less than a defined level. 

•  Environmental performance indicators 
Green house gas emission 

•  Program/project assessment performance indicators 
•  Travel Time Performance Indicators 
•  Lane occupancy rate performance indicators 
•  User cost distance performance indicators 
•  User satisfaction index 
•  Consumption of road transport freight and fuel indicators 

 
Gilbertson, 2000: Measuring Road Network “Health” 
Transit New Zealand (TNZ) introduced a hybrid road management and 
maintenance contract in the Northern Canterbury and Northland State Highway 
network.  

The paper describes the process used to develop operational (including) 
contractual) compliance and demonstrates how network “health” measurement 
systems are used to monitor performance.  

Compliance monitoring systems measure how the contractual and operational 
requirements (standards and response times) are being met. The responsibility for 
the monitoring system is shared between the parties. Measurements are being 
done regularly during the contract period. The achievements of the outcomes 
required in the contract documents are monitored and presented as a compliance 
chart. 
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In the network “health” measurement system the safety, condition and service 
level criteria are assessed and presented on a network “health” scorecard. 

 
Robinson, Danielson & Snaith, 1998: Road Maintenance Management. 
Concepts and Systems 
The need to be more aware, open and responsive to the customer’s expressed need 
has led many road administrations to develop performance measures or 
indicators that they publish for public scrutiny. These need to reflect the policy 
framework of the administration if they are to be meaningful. In essence, the most 
important objectives from the policy framework should be highlighted and 
adopted as key indicators. They need to be reviewed periodically, and action taken 
on significant deviations from target (McCoubrey et al., 1995) 

Performance indicators can be seen to serve a number of objectives 
(Humplick and Paterson, 1994): 

•  Management decision-making tool 
•  To provide inputs for managerial decisions such as investment levels, 

maintenance expenditures and frequencies, and day-to-day operating 
decisions, such as traffic management 

•  Diagnostic tool 
•  To provide an early warning system that can identify critical locations for 

investment and allow actions to prevent undesirable outcomes, such as the 
accelerated deterioration of pavements 

•  Tracking and monitoring tool 
•  To asses the adequacy of government and managerial policies by 

providing effectiveness measures and mechanisms for charting the success 
of pre-defined policies and objectives 

•  Signalling and audit systems 
•  To provide information to users, including communities monitoring the 

effectiveness of municipal roads and streets, from the suppliers of 
infrastructure services, and to suppliers from policy-makers in order to 
guide desired outcomes (such as safety targets at intersections) 

•  Resource allocation 
•  To support the efficient distribution and control of public resources by 

quantifying relative efficiency of investments across competing alterna-
tives; for example, performance data can be used as an input to resource 
allocation ratios across regions and local governments 

•  Information system 
•  To track construction cost and other data of relevance for constructing and 

managing infrastructure. 
 
The World Bank has suggested that performance indicators should be drawn 
from those listed in table 5 (Humplick and Paterson, 1994). 
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Table 5  Performance indicators. 
Group Item 
Infrastructure provision Network size 

Asset value 
Road users 
Demography and macro-economy 
Availability 
Utilisation 
 

Service quality Road surface 
User safety risk 
Mobility quality 
Accessibility quality 
Road user costs 
 

Provision efficiency Expenditure productivity 
Output productivity 
Output efficiency 
Provision mode 
 

Sectoral effectiveness Road function 
Preservation effectiveness 
Road safety 
 

Institutional effectiveness Resource lag 
Economic return 

 
OECD, 1997: Performance indicators for the road sector 
Road administrations are increasingly recognised for their contribution to the 
economic performance of a nation, the quality of the environment and to the 
quality of life. This larger role coupled with the trend for accountability has 
broadened the scope for self-evaluation that the road administrations apply to their 
performance. In the past, the principal measure was the delivery of services to the 
public at minimum cost. In the new context, performance indicators for a wide 
range of measures are useful for evaluating the most important aspects of a road 
programme and for helping to identify the interventions that will have the most 
leverage.  

To meet this important need for broad self-evaluation and to provide a 
comprehensive framework for assessing the performance of road administrations, 
the OECD Road Transport Research Programme established a Scientific Expert 
Group on Performance Indicators for the Road Sector. The Group included 
participation by fourteen Member countries, the World Bank, PIARC/WRA and 
AASHTO.  

In the model adapted as the mental model for performance indicators, the 
transport system has three sub-systems: the human subsystem, the physical 
subsystem and the activity subsystem. The system is called self-adaptive as its 
goals and objectives are dynamic responses to outputs, processes, outcomes and 
consequences. 

The model can also be called the management-by-result model. Performance 
indicators were identified and classified in eight categories (accessibility and 
mobility, safety, environment, equity, community, programme development, 
programme delivery, programme performance) and from three perspectives 
(government, road administration, road user), see table 6. 
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Table 6  Performance indicators identified and classified in eight categories. 
Perspective 
dimension 

Government 
(ministry) 

Road 
administration 

Road user 

Accessibility 
Mobility 

Average road user 
cost (car  and truck) 

 Level of satisfaction 
regarding travel 
time, its reliability 
and quality of road 
user information 

Safety Accident risk: 
Fatalities and/or 
fatal and/or injury 
accidents/vehicle-
km (number of 
fatalities and 
injured) 

 Unprotected road 
user risk 

Environment  Environmental 
policy/programme 
(y/n) 

 

Equity    
Community  Processes in place 

for market research 
and customer 
feedback (y/n) 

 

Programme 
development 

Long-term 
programmes for 
construction, 
maintenance and 
operations (y/n) 

Management 
systems for 
distribution of all the 
resources (y/n) 
 
Quality 
management/audit 
programme (y/n) 

 

Programme delivery  Forecast values of 
road costs vs. the 
actual cost 
 
Overhead 
percentage 

 

Programme 
performance 

Value assets Roughness 
 
Percentage of 
defective bridge 
deck area 

Surface condition 
 
Satisfaction with 
road condition 

 
5.3 Evaluation, assessment, and monitoring 
Nilsson, Andersson, Brüde, Larsson & Thulin, 2002: Trafiksäkerhets-
utvecklingen i Sverige fram till år 2001 
There are several indications that earlier favourable traffic safety development in 
Sweden has slowed down in recent years. VTI has therefore been commissioned 
by the Swedish Road Administration and the Swedish Police Board to describe 
and analyse the changes in the traffic system which may have either a positive or 
a negative significance for traffic safety development.  

The factors that were found to be contributing to an increase of traffic fatalities 
during 1994–2000 are: 

•  Increased average speeds 
•  Increased traffic, especially increased lorry traffic 



 

40 VTI notat 46A-2003 

•  Higher average age of drivers, which increases the risk of being killed due 
to an injury in a traffic accident 

 
This was found to have been compensated for by factors that have decreased the 
number of traffic fatalities, such as 
•  Increased number of cars equipped with airbags 
•  Road improvements for greater safety, motorways, roundabouts, road barriers, 

etc. 
•  Higher petrol prices 
•  A winter tyre law 
 
When all negative and positive changes are summed up with respect to their 
expected traffic safety effects, the result is that the number of fatalities in traffic 
did not change between 1994 and 2000. Accident statistics show the same result. 
The number of fatalities in accident statistics was about the same level during the 
time between these years (slightly lower in 1996–1998). 

With the same decrease in the risk of fatalities in 1999–2001 as in 1970–1998, 
and with the traffic development that actually occurred, a total of 300 fewer 
persons would have been killed in traffic during the period 1999–2001, i.e. 100 
fewer annually. 

The following has been observed for the recent years: 
•  The number of killed in accidents involving young drivers (18–24) has 

increased 
•  The number of killed in single and head-on accidents has increased. A 

doubling was observed for head-on and overtaking accidents involving 
heavy lorries between 1994 and 2000 

•  The number of cyclists killed in accidents has increased 
•  There has been a reduction in the extent of traditional traffic safety work 

involving information and campaigns with the object of influencing the 
attitudes and behaviours of road users. 

 
TRIP, 2002: Rough ride in the city: How poor road conditions increase 
motorists’ costs 
In this report, The Road Information Program (TRIP) examined the condition of 
major roads in the nation’s (U.S.) most populous metropolitan areas, recent trends 
in urban travel, and the latest developments in repairing and building roads to last 
longer. 

The major findings in the report are: 
The nation’s most critical metropolitan area roads have a significant 

deterioration and motorists are paying a hidden tax in form of increased vehicle 
operating costs as a result of driving on roads in need of repair. 

(Additional vehicle operating costs have been calculated using the Highway 
Development and Management Model (HDM), which is recognized by the U.S. as 
the definitive analysis of the impact of road conditions on vehicle operating costs. 

TRIPS additional vehicle operating cost estimate is based on taking the average 
number of miles driven annually by a region’s driver, calculating current vehicle 
operating costs based on the Automobile Association of America’s 2001 vehicle 
operating costs and then using the HDM model to estimate the additional vehicle 
operating costs being paid by drivers as a result of substandard roads.) 
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The high level of pavement deterioration on major metropolitan roads is a 
result of a significant increase in urban traffic, particularly from large trucks, 
which increases wear on key roads. Further significant increases in travel in the 
years ahead will put further wear and tear on roads and make it even more costly 
to improve and maintain. 

New materials and techniques offer the opportunity of doing a better job of 
patching potholes as well as resurfacing and reconstructing roads to slow future 
deterioration, thus reducing the cost to motorists in additional vehicle operating 
costs and construction-related delays. Preservation treatments done on highway 
surfaces still in good condition have been found to delay the need for significant 
pavement replacement by five to 10 years. 

The increased use of more durable, long-lasting pavement materials and the use 
of pavement preservation techniques to prolong pavement service life is consistent 
with a recent public opinion poll which found that motorists want smoother 
pavements and fewer travel delays caused by work zones. 

(A poll taken by the FHWA found that 37 percent of people were dissatisfied 
with current pavement conditions; 67 percent favoured more durable pavements; 
66 percent wanted roads fixed during non-rush hours and 52 percent wanted 
highways and streets repaired in less time.) 
 
Nellthorpe & Mackie, 2000: The UK Roads Review – a hedonic model of 
decision making 
Between its election in May 1997 and mid-1998, the UK Government carried out 
a review of its trunk road programme in England ( the Roads Review), as part of 
its development of a more integrated transport policy. 68 road schemes were 
considered as potential candidates for the Targeted Programme of Improvements 
(TPI). Each of the 68 schemes was subject to a new form of appraisal, which built 
on the existing economic appraisal, environmental assessment and scheme 
assessment reporting techniques. An Appraisal Summary Table (AST) was 
produced for each scheme, consisting of an assessment of the performance against 
the Government’s five objectives for transport policy: environmental impact; 
safety; economy; accessibility and integration. These ASTs formed a key input to 
the decisions announced in the Roads Review. 

In this study it has been investigated how strongly the decisions to build roads 
are related to their measured performance against the Government’s stated 
objectives, and if there is unexplained variation relating to factors outside and 
beyond the scope of the AST. The implicit weights on the various environmental, 
economic and social performance measures, and how these weights relate to time 
and safety benefits used in cost-benefit analysis have also been studied. 

The core hypothesis was that the decision on a scheme is related to the scheme 
performance as measured by the scores reported in the AST. However, the 
concept of ‘a decision’ is not clear cut. The decision that the scheme would or 
would not enter the TPI was seen as the most critical and therefore chosen for the 
modelling. A cross-sectional econometric model was developed, with the decision 
as the dependent variable and the data in the AST providing the independent 
variables. 

The model that was finally arrived at showed that the appraisal scores for 
variables such as noise, landscape, heritage, reliability and regeneration play a 
significant part in ‘explaining’ the decisions which were made. 
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Caroti, Losa & Federici, 1998: The comfort and safety level of the road 
profile 
Geometric irregularities in the road surface are the main cause of passive motions 
which greatly affect the vehicle’s riding. Such motions can cause considerable 
dynamic actions on vehicles, changing the distribution of wheel-road contact 
forces, continually altering the adherent weight, and greatly reducing safety and 
comfort. 

The index most currently used for measuring roughness is the International 
Roughness Index (IRI), based on the “Quarter Car Simulation” model. It is 
computed as the cumulative movement of the suspensions of the QCS divided by 
the travelled distance and, therefore, can not directly evaluate the risks connected 
with the phenomenon lateral skidding. Also, it does not allow us to emphasise 
those particular situations of rather short stretches where peaks in the values of 
suspension deformation, which are dangerous for safety (particularly on 
curvilinear parts of the road), are registered. Moreover, the index is calculated 
with the speed of the QC being equal to 80 km/h, while in fact the vehicle speed 
can be very different; this obviously does not allow the evaluation of the effects of 
geometrical irregularities, in terms of action on the vehicle and reduction in riding 
comfort.  

A model based upon data of roughness measuring is proposed in order to allow 
the evaluation of the direct influence of such waves on the vehicle motions. 
Indexes were determined to allow the evaluation of the safety and riding comfort 
levels of the road section, taking into consideration the actual travelling conditions 
of the vehicle. 
 
McLean,1997: Practical relationships for the assessment of road feature 
treatments 
Outcome-based performance measures are increasingly being used to monitor the 
performance of, and manage, road systems. Such performance measures typically 
cover safety, economic, social, environmental, and efficiency outcomes. The 
actions available to the road asset manager to influence these outcomes can be 
broadly grouped as management of the physical infrastructure (actions changing 
e.g., geometry, traffic capacity, and signage) and management of its use (actions 
changing the condition of the infrastructure such as maintenance interventions). 

This is the final summary report from the Austroads NSRP Project N.BS.9512 
(Relationships Between Road System Performance and Asset Features and 
Condition). The project comprised a number of, primarily literature-based, 
investigations of relationships between measures of road performance and road 
asset features (mainly geometry) and condition. The objective was to provide 
information which will assist asset management decisions aimed at improving 
road system performance. The road performance measures covered by the project 
were: safety, vehicle operating costs; traffic delay and capacity; road noise; road 
maintenance costs; and operation of large vehicles. 

The relationships and the extent of the findings covered by the report are listed 
in table 7. 
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Table 7  Road performance measures and relationships. 
Performance measure Road Characteristic Extent of Findings 

Rural arterial cross section 
elements1 

Seal width 
Formation width 
Road sides 

Urban arterial cross section 
elements 

Lane width 
Median 

Rural road alignment2 
Horizontal curve flattening 
Roadsides 
Vertical curve flattening 

Access management and 
control 

Minor intersections 
Private access points 
Commercial access points 
Medians 

Intersection treatments Intersection type 
Lighting 

Bridges and culverts Width 
Accident countermeasures 

Safety 

Road surface condition3 Skid resistance 
Pavement rehabilitation 

Level of congestion Volume/capacity ratio Vehicle operating costs 

Road surface 
type/condition 

Sealed or gravel 
Roughness 
Texture 
Strength/stiffness 

Traffic delay and capacity Intersection treatment Rural T 
Urban T 

Road surface noise Surface type Surface type 
Surface characteristics 

Road maintenance costs Surface type Sealed or gravel 
Heavy duty pavements 

Operation of large trucks Road geometry and 
condition 

Rural 
Urban 

 
1. Increasing seal with, increasing formation width in form of additional gravel 

shoulders and removal of obvious and easily addressed roadside hazards, 
respectively, are all treatments that reduce accident rates (figures are given in 
the report). The reductions are primarily from the run-off-road accident types. 
As these accident types have greater than average accident severities, the 
relative effects on fatal plus serious injury accidents, or on accident cost, are 
likely to be greater than the percentage reductions for total accident rates. 

2. Horizontal curves are the alignment element most strongly associated with 
high accident frequencies. Accident reductions from reconstructing isolated 
curves such that the curve radius is doubled range from 10 to 40 percent, 
depending on the initial curve radius. The accident reductions are likely to be 
greater when for example the curve occurs in combination with a steep grade 
or when the road is carrying a higher than average proportion of large trucks. 

3. The skid resistance provided by a wet road surface decreases with increasing 
travel speed. At low travel speeds surface micro texture is the primary 
contributor to skid resistance, while the influence of macro texture and water 
film thickness increases with increasing travel speed. 
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Delanne, 1996: Effect of road unevenness on road users comfort 
This is a research program has been concerned with the influence of road 
unevenness on light vehicles vibratory discomfort. One of the aims was to define 
unevenness indexes levels related to different road “comfort” quality for pave-
ment management. 

The choice of a “comfort” reference car vibration index was based upon a 
professional panel judgement on 15 test sections. 

It was found that the use of bioctave wave band energies gave the highest 
correlations in regression linking car vibrations and road roughness indexes. The 
correlations are higher than correlations computed using International Roughness 
Index (IRI) as predicting variable. 

Wave band energies, powers or marks have got several advantages over IRI: 
•  It is easy to interpret series of WB values over segments of different 

lengths of a section of road 
•  From WB values it is possible to define the best way to correct the defects 
•  IRI can be calculated from WB values 

 
“We are now on the way of introducing WBM specifications on our national 
network.” 
 
Brownfield & Faber, 1995: The application of safety audit principles as a 
means of accident prevention 
In the past, the emphasis in engineering based road safety work has been on 
accident reduction; that is the introduction of remedial measures at sites with high 
numbers of accidents. More recently, the engineering profession has turned its 
attention to accident prevention; that is ensuring that the design of highway and 
traffic schemes are such that accidents are prevented from happening in the first 
place. This latter technique has been centred on safety audit. 

Safety audit is a process that seeks to ensure that when highway and traffic 
schemes are implemented they are as safe as practicable within the context of the 
purpose for which they are intended. To be successful, the audit process must be 
well defined and must be systematically applied at all stages of the planning, 
design and construction of a scheme. This will be easier to achieve if specially 
designed check lists are used. 

Safety audit is applicable to: 
a) major road constructions 
b) minor improvements 
c) traffic management schemes 
d) development proposals 
e) maintenance work 
f) existing roads 
 
The audit should be carried out in five steps: 
a) feasibility stage 
b) preliminary stage 
c) detailed stage 
d) pre-opening 
e) post-opening (monitoring) 
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The elements of a scheme that should be audited will depend to some extent on 
the nature of the scheme. As a guide the following should be checked: 

a) Geometric design 
b) Road markings 
c) Road signs and street furniture 
d) Road surface 
e) Traffic management 
f) Road works and maintenance 

 
In undertaking any safety audit, it is important that the auditor is aware of the 
safety implications of the various measures incorporated within the original 
scheme design. In addition, the auditor will need to be aware of the impact on 
safety of the various changes to the scheme proposed as a result of the audit. 

An in-depth knowledge of relevant control data is clearly essential.  
 
Start, Kim & Berg, 1995: Development of safety-based guidelines for 
treatment of pavement rutting 
Pavement rutting is a problem that has unknown consequences from a safety-
based point of view. It is assumed that the wheel path fills with water in wet-
weather situations, thus increasing the potential for a vehicle to hydroplane. The 
purpose of this study was to quantify how pavement rutting affects accident rates 
and to evaluate possible safety-based guidelines for the treatment of pavement 
rutting. 

Rut depth, traffic volume and accident databases maintained by the Wisconsin 
Department of Transportation for undivided rural highways were analysed to 
identify statistical trends and relationships. 

Using the bi-directional segment average rut depth data for the State of 
Wisconsin, a statistically significant relationship between rut depth and accident 
rates was found for those “rain” accidents defined as “rut-related” and “single 
vehicle” accidents. These accident rates began to increase dramatically for rut 
depths exceeding 7,6 mm. A model for the safety effectiveness of rut elimination 
treatments revealed that the rate of accident reduction would decrease noticeably 
when treating pavements having rut depths of 7,6 mm or less. 

A recommended next step is to collect and analyse cost data for alternative rut 
treatment procedures and perform cost-benefit analysis to identify recommended 
treatment policies. 
 
Potter, Hannay, Cairney & Makarov, 1992: An investigation of car users’ 
perceptions of the ride quality 
This paper reports a pilot investigation into: 
•  The relationship between the users’ perceptions of ride quality and an 

objective measure  (NAASRA Roughness) 
•  How acceptable is a specific level of road roughness for trips of different 

length? 
•  How far are users prepared to travel to avoid rough roads? 
 
Panels (drivers and passengers) were used to rate a variety of roads at different 
travel speeds. 
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For all three indicators of car users’ level of tolerance of rough roads, the study 
suggested the following ranking: 

Least tolerant  
•  residents of an isolated area rating roads in an isolated area 
•  residents of an urban area rating roads in a rural area 
•  residents of a rural area rating roads in a rural area. 

 
Most tolerant 
•  residents of an urban area rating roads in an urban area. 

 
The roughness level common for new work (50 cm/km) provides a very good ride 
quality and is acceptable to essentially all car users. A roughness level of 
100 cm/km provides a good ride quality and is acceptable to approximately 
80 percent of cars users. However, given the option of a smooth road, most people 
would be prepared to drive 10 percent further. For a roughness level of 
150 cm/km, opinions on ride quality varied from poor to fair (acceptable for 
28–75 percent of the car users, users were prepared to travel 15–65 percent further 
on smooth road). 

It is considered that results indicating raters’ preparedness to travel further on 
smooth roads provides an additional basis for determining the increase in user 
costs associated with increase in road roughness. 
 
Sjögren, Lundberg, & Andrén, 2002: New measures; support for 
development of a strategy in the area of road surface monitoring 
This paper is aimed at give a basis of needs and possible development in the area 
of road surface monitoring in Sweden. The development of new parameters is 
based on the needs of the user, new research findings, work in progress on 
standardisation as well as improvements in the field of measurement technology 
and analysis procedures for ”old parameters”. 

The development of new parameters is a matter of combining old and/or new 
ones in order to obtain clearer correlations to indicate various effects. One such 
example is the recently developed edge slump parameter; others could be 
indications of bearing capacity problems, the tendency towards water accumula-
tion (pool index), the risk of low friction, available sight distance, etc. 

The development and implementation of new durable wearing courses means 
that the condition can be described better by characteristics other than the original 
ones. This demands innovations in measurement technology. As modern wearing 
courses are less prone to obvious rutting, the need for maintenance is shown more 
by weaknesses in the road structure and cracking. Some existing surfaces are 
approaching the end of their technical life span and there is a need to locate these 
and survey their condition. This makes information on the presence of cracks 
more important.  

Through a better description of the road surface geometry, for instance through 
denser coverage and better measurement accuracy, the survey vehicles can be 
used to produce road design input for pavement maintenance action. 

The existing parameters that describe longitudinal and transversal unevenness 
are high quality indicators (good repeatability and high accuracy) and are well 
established. Unfortunately however, they are often used incorrectly to explain 
characteristics completely other than what they have been developed for. For 
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instance in the matter of ride quality it is the vertical unevenness along a line that 
is measured (two-dimensional), information is lacking about roll, in other words 
the movement of rotation around the x-axis (direction of travel) that can originate 
from the different unevenness in the two tracks (three-dimensional). This is 
probably one of the reasons why IRI (International Roughness Index) is 
insufficient for describing comfort along the entire road surface. A model that 
would better measure this is the so-called full-car model (a four-wheel car model 
instead of IRI’s one-wheel model). A trend towards a more highly differentiated 
indicator can be expected. Different users have different demands both as 
concerns degree of detail as well as a description of performance characteristics. 
Since this parameter is being increasingly used for project quality control and 
thereby contract payments, a defined level of quality that can be defended legally 
is necessary. 
 
5.4 Data bases 
OECD, 2002: Safety on Roads. What’s the vision? 
Reliable and consistent data are essential ingredients to the development of 
effective road safety policy and measures. They are also essential to evaluating 
measures and ensuring maximum return on investments in safety. While sound 
fatality data exist, there are serious data deficiencies in many other areas, 
including non-fatal and non-injury collisions, exposure data, causal factors, 
mobility requirements, near-collision data, road-user and traffic behaviour as well 
as road-user knowledge, skill and opinions. 

There is a need for timely, complete and linked safety data systems to support 
safety management. This is the key element of safety management to ensure that 
the best possible decisions are made. Data sharing by those involved in decision 
making is also critical. It is recommended that databases should be compiled to 
include all relevant data. 

 
Griffith & Council, 1999: The Highway Safety Information System …… 
Highway engineers and administrators are continually faced with decisions 
concerning safety on the highway. These decisions can be very broad, such as the 
safety impacts of proposed programs or policies, or very specific, such as the 
design of a particular intersections or section of a highway. Effective transporta-
tion decision-making requires knowledge of the safety impacts of a decision so 
that they can be considered along with traffic flow, the environment, cost and 
other factors.  

The development of knowledge concerning how roadway design factors (e.g. 
curvature, lane width and roadside design affect the level of safety requires study 
of not only the failures (i.e., crashes) that occur, but also the successes – the miles 
of highway with a certain design and operational features where the crash rate is 
either zero or very low. Thus, the data base must include likable files of crash, 
roadway inventory and traffic flow data. In the US, the Highway Safety 
Information System (HSIS) is designed to provide this capability. 
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Lupton, Jarett, Wright, Mountain & Fawaz, 1996: A database for assessing 
the safety effects of highway improvements 
This paper describes the design of a database management system development 
for a study into road accident migration and the effectiveness of different types of 
highway improvement. 

The main components of the data were accident, road network, traffic flow and 
highway improvement data. 
 
 
6 Monetary valuation 
6.1 Methods 
The methods of monetary valuation can be divided into two head groups: 
•  Stated Preferences (SP), that is how people state that they should act in a 

certain situation 
•  Revealed Preferences (RP), that is how people actually act in a real situation 
 
6.1.1 Stated Preferences 
Contingent Valuation Method (CVM) 
CVM is a SP-method which can be used to find out individuals valuation of 
public goods that there are now markets or prices for. It can be traffic safety, time 
savings or environment. CVM can be divided into two groups. 
•  Open ended CVM. This means that every respondent in the questionnaire state 

his or hers maximum willingness to pay (WTP). The respondent can do it 
himself/herself, from a number of alternative sums or first react on a starting 
point sum which the interviewer then reduces or raises according to the 
answer at the starting point sum 

•  Binary CVM. This means that the respondent only has to consider if he or she 
thinks that something is worth a certain sum (X kr.). Every respondent is 
given only one sum but since different groups of respondent are given 
different sums the willingness to pay can be calculated from a stated 
cumulative function. 

 
CVM is used frequently in its home country USA but the use in Europe has been 
more limited. 
 
Conjoint Analysis (CA) 
CA, also called Discrete choice analysis, is a SP-method that means that one is 
constructing a sort of play with alternatives that are compounded of certain factors 
that varies. One way is that the respondent is ranking the alternatives from the 
best to the worst. Other ways is that the respondents mark the alternatives or that 
they chose between the different alternatives. The different factors are given 
different importance and from the given answers from the respondents one can 
valuate the different alternatives. 
 
The Frisch Method (FM) 
The idea of FM (named after the 1969 Nobel Price laurate Ragnar Frisch) is to 
present two trip alternatives where two attributes are described and then let the 
respondent trade off improvements in one attribute against worsening of the other. 
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Unlike other SP methods the attribute levels will gradually change in order to 
circle in a respondent’s indifference level where the improvement in one attribute 
exactly offsets the negative effect of the deterioration in the other attribute. 
 
Transfer Price Method 
This method involves direct questions about willingness to pay for reduced travel 
time. The respondent is asked how much he/she would pay to obtain a certain 
time saving or how much he/she has to be compensated to endure a certain time 
delay. 
 
Health-Health Analysis (HHA):  
This method avoids stating a direct monetary value of statistical lives and rather 
uses the statistical lives themselves as the numeraire. The underlying principle is 
that the expected gain in safety of reduced risks of fatal and non-fatal accidents 
may result in increasing risks somewhere else in the society. By reducing the risk 
in one field similar risks may increase in others due to changed individual 
behaviour. 
 
6.1.2 Revealed Preferences 
Hedonic Price Method (HPM) 
This RP-method is used to estimate economic values for attributes and services 
that directly affect market prices. It is most commonly applied to variations in 
housing prices that reflect the value of local environmental attributes. 

It can be used to estimate economic benefits or costs associated with:  
•  environmental quality, including air pollution, water pollution or noise  
•  environmental amenities, such as aesthetic views or proximity to 

recreational sites. 
 

The basic premise of the hedonic pricing method is that the price of a marketed 
good is related to its characteristics, or the services it provides. For example can 
houses in noisy areas be cheaper than the same type of houses in quit streets. Then 
the difference in price reflects the “price” of silence. 
 
6.2 Studies 
In our literature searching for monetary valuation studies we have found that 
almost all studies uses stated preferences and not revealed preferences for the 
monetary valuation. We have found only one RP-method (mentioned above) used 
in two studies. 
 
6.2.1 Travel time and/or traffic safety 
Gunn and Burg: The value of travel time savings: some new evidence, RAND 
Europe. 2001. 
The paper state that since the mid 1960’s research into the value of travel time 
savings (VTTS) has explored a variety of types of data set, using a corresponding 
variety of analytic techniques. Almost without exceptions the data are Revealed 
Preference (RP), Stated Preference (SP) or Transfer Price (TP). Now one attempt 
to maximise the realism of the hypothetical context of the trading by linking the 
questions to current behaviour. One finding describes evidence that there are 
different ‘latent classes’ in the population, having characteristically different time 
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and cost sensitivities. A second finding suggest that in trading situations presented 
in SP VTTS studies the ‘status quo’ has itself a much increased intrinsic 
attractiveness to the respondents in some circumstances. 

A database in UK is a valuable source of new evidence on the value of travel 
time savings and losses. The paper conclude that the transfer price data confirm 
that respondents use both time and cost in a stepwise fashion, with quite large 
steps (5 minutes and 50 pence) which are presumably indicative of some 
‘minimum reportable difference’ rather than a ‘minimal discernible difference’. It 
is not surprising that small time savings (below the minimum 
reportable/discernible) should be found to have little or no value. This finding of 
the inertia effect is very valuable which probably will have implications for the 
interpretation of many previous studies and for the future design of SP 
questionnaires. 

But the assertion that this inertia term completely removes asymmetry between 
savings and losses is not supported. It certainly seems to reduce the effects of the 
SP data but asymmetry remains. 
 
Fearnley and Sœlesminde: Combined use of stated choice, transfer price and 
frisch method in a valuation survey, Institute of Transport Economics, Oslo, 
Norway, Association for European Transport, 2002 
Stated Preferences (SP) have become the dominating methodology for measuring 
travel time savings, reduced waiting time and seat availability in monetary terms. 
This paper presents the result of a survey among public transport users that was 
conducted in Oslo. Their valuation of various quality aspects of the trip was 
studied in a number of questionnaires. The SP methods Stated choice (SC), 
Transfer price (TP) and the Frisch method (FM,) were tested. 

The TP questions asked respondents to state their willingness to pay for trips 
with 

•  shorter travel time 
•  longer travel time 
•  always seats available 
•  no seats available 
•  reduced waiting time 
•  package 1: real time information, proper roofing at stops/stations, 

emergency telephones and security guards at all stations 
•  package 2 : shorter travel time, always seats available and high frequencies. 

 
An upper bound of NOK 99 was defined. In questions concerning worsened 
quality the lower limit was set to zero and upper bound set to actual fare paid. 

The idea of FM is to present two trip alternatives where two attributes are 
described and then let the respondent trade off improvements in one attribute 
against worsening of the other. In the study the respondent, for example, trades a 
25 percent reduction in travel time against higher fares. In the first choice the fare 
is three times the fare he/she originally paid for the trip. The fare level in trip 2 is 
reduced each time the respondent has chosen trip 1. And if trip 2 is chosen then 
the fare increases in the next choice. By halving the price difference based on the 
two latest choices a point of indifference is quickly reached. 

A SC game gives the respondent a sequence of trade-offs between two and two 
alternatives where a number of attributes are described in a way that ensures 
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systematic variations in attribute levels. Each respondent in the study went 
through two such games. 

The overall valuations of travel time and waiting time obtained in FM are 
significantly different from the two other methods. The paper show that combined 
use of valuation methods can 1. improve the balancing of attribute levels in the 
SC design and hence reduce the problem of lexicography, 2. determine the degree 
to which respondents answer consistently and 3. be used to compare the 
performance of each method in relation to each other. 
 
Shaw-Pin Miaou: Estimating roadside encroachment rates with the 
combined strengths of accident- and encroachment-based approaches – Final 
report, Texas Transportation Institute, 2001 
In two recent studies a method to estimate vehicle roadside encroachment rates 
using accident-based models are proposed. In the studies the use of such a method 
to estimate roadside encroachment rates for rural two-lane undivided roads using 
data from the Seven States Cross-Section Data Base of Federal Highway 
Administration (FHWA) was illustrated. The results indicated that the proposed 
method could be a viable approach to estimating roadside encroachment rates 
without actually collecting the encroachment data in the field, which can be 
expensive and technically difficult. 

This study tests the consistency of this approach using two data sets from 
FHWA’s Highway Information System (HSIS). In addition, by synthesizing the 
models developed from this and previous studies, a roadside encroachment rate 
estimation model was recommended. The model allows the rates to be estimated 
by average annual daily traffic volume, lane width, horizontal curvature, and 
vertical grade for rural two-lane undivided roads. 
 
Ulf Persson, Trafiksäkerhet till lägsta möjliga kostnad – Ny samhällsekono-
misk kostnads-effektmodell, TFB-rapport 1992:12 
In this article the costs of reducing fatal and non-fatal injuries caused by road 
traffic accidents in Sweden are analysed. The levels of expenditure on safety 
provide implicit values for the avoidance of death and injury. No data concerning 
such costs has been published for Sweden. 

The results show that the marginal cost of avoiding additional fatalities 
increases very rapidly. In order to achieve the goal stated by the Swedish 
government, a number of new safety measures are proposed. A list of 32 road 
safety measures are presented and ranked according to their cost-effectiveness-
ratio, i.e. the cost per life saved. The implicit value of life for the traffic safety 
measure taken to achieve the goal is estimated to be about 15 to 20 million SEK. 
However, this estimate is at least twice as high as the value currently used by the 
Swedish Road Administration, which I based on a Swedish individual willingness 
to pay study. 
 
Lugnér-Norinder, Person and Svensson, Värdet av att minska risken för 
icke-dödliga trafikskador, University of Lund, 1995 
To date most of the empirical studies performed with the aim to obtain a 
willingness to pay based value or traffic safety have considered the trade-off 
between income or wealth and the risk of death. Estimated values of avoidance of 
non-fatal traffic injuries are very few. The aim of this study is to derive such a 
value and to investigate whether the following factors influence the willingness to 
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pay: 1. the initial risk, 2. the size of the risk reduction, 3. the duration of the injury 
and 4. the severity of the injury. In addition an attempt to carry out another, non-
monetary valuation was made. This method, in which the respondents were 
supposed to choose between different traffic safety programs, did not give any 
usable result. 

A 1,000 respondents, aged 18–74 were randomly drawn from a nation-wide 
address register. Each respondent received a questionnaire by post. The 
respondents were supposed to state their willingness to pay for reduction of their 
own risk of being injured in a traffic accident. The injuries described in the 
questionnaire are based on description of real traffic injuries registered at the 
Lund University Hospital during 1989–90. 

The relative valuation of a severe non-fatal road injury was estimated to 0,174 
of a fatal injury. This value was calculated in three steps: 1. the marginal rate of 
substitution between risk and income (MRS) was calculated for each injury as the 
WTP divided by the risk reduction, 2. ratios between MRS of the different injuries 
were used to show the relation between non-fatal and fatal injuries, 3. these ratios 
were summarised, weighted by the number of accidents occurring each year. 

Assuming an average reduction in the physical risk of 50 percent for typical 
road constructions this study indicates that in 1993 prices the Swedish NRA’s 
value of preventing a serious non-fatal road injury should be set at about SEK 1,9 
million. The corresponding price for a slight non-fatal injury was valued as SEK 
150,000. More information than currently available of the distribution of different 
severity degrees within those groups are required to better specify the price of an 
average severe and slight injury. For example, it is possible that the slight injury 
described in the questionnaire is more serious than a typical slight injury. 

A similar study to this was carried out in Great Britain, and the results from 
these two studies are compared. The British study shows a valuation of non-fatal 
injuries that is much higher than our results. One possible explanation is that to 
estimate the value of reducing the risk of a severe accident in the British study the 
respondent were confronted with six different injuries at the interview. This could 
imply a risk that the respondents are not able to distinguish the different risks and 
therefore have problems in differentiate their WTP. This Swedish study had only 
two different categories of injuries representing a severe injury. 

Results from this study show that the choice of initial risk, ceteris paribus, has 
influence on the WTP for non-fatal injuries. The choice of the size of the risk 
reduction also has an influence on the WTP. The respondents WTP in order to 
reduce the risk also increases by the severity of the injury. Therefore, estimating 
the benefits of reducing the risk of non-fatal injuries using the contingent 
valuation method should only be done based on relevant baseline risks and 
relevant sizes of the risk reduction. 
 
Hjalte, Maraste, Norinder and Persson: Health – Health Analysis – A new 
method for Economic Appraisal in Transport Economics? Some Empirical 
Swedish Estimates (Presented at the 3rd KFB Research Conference on 
Transport Systems, Organisation and Planning at Stockholm School of 
Economics, Stockholm, Sweden, June 13–14, 2000) 
To evaluate traffic safety effects of a new road and of improvements of existing 
roads the Swedish National Road Administration makes use of an average costs 
per casualty of different degrees of severity. These average costs consist of 
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“material costs” and a value of safety per se, e.g. the value of statistical life for 
fatal accidents. 

Recently a more restricted evaluation method than the traditional Cost-Benefit 
Analysis has been named Health-Health Analysis (HHA). This new evaluation 
method avoids stating a direct monetary value of statistical life and rather uses the 
statistical lives themselves as the numeraire. The underlying principle is that the 
expected gain in safety of reduced risks of fatal and non-fatal accidents may result 
in increasing risks somewhere else in society. By reducing the risk in one field 
similar risks may increase in others due to changed individual behaviour. 

In addition to this direct effect another indirect effect will also be presented. 
Expenditure on a particular safety regulation must be financed in one way or 
another, which will result in an opportunity cost or income effect leaving less 
resources for safety promoting activities in society. Thus, we will have an effect 
that reduces safety and health benefits induced by that income loss. Whether the 
total net health effect from a specific safety regulation or investment is positive or 
negative must be empirically analysed. One way of estimating the income loss 
that induces one death, a value we call the value of an induced death (VOID), is to 
estimate it as a multiple of the traditional value to avert a statistical death, also 
named the valuing of a statistical life (VOSL). 

A contingent valuation study eliciting the willingness-to-pay for reducing the 
risk of dying in a road traffic accident was performed as a postal questionnaire to 
5 650 individuals in Sweden 1998. By use of data from this study it was possible 
to estimate the VOID and the VOSL in Sweden amounting to SEK 113 and SEK 
20,2 million respectively. This result is then used in an evaluation of net health 
effects, measured by the number or multiples of lived saved (or lost), of different 
safety regulations. 
 
Maraste, Persson and Trawén: Costs per Fatal Casualty in Traffic Accidents 
– An International Comparison of Values used in Traffic Planning 
(Presented at th 3rd KFB Research Conference, Organisation and Planning, 
June 13–14, 2000) 
The purpose of the study is to analyse estimates of costs per fatal casualty in 
traffic accidents, used by authorities in different countries. The cost estimates 
should reflect the social utility of decreasing the number of fatal road traffic 
accidents. The costs per fatal injury are usually defined as direct or indirect costs 
plus a value for risk reduction per se. In this study we refer these costs to the 
“costs per fatality”. The costs per fatality are compared both between countries 
and over time for each country. The study shows that total cost per fatality has 
increased between 1990 and 1999 in most countries and that methods to estimate 
the human cost have changed during that years. A lot of countries seem to have 
followed the recommendation to include a value of risk reduction per se in the 
total cost per fatality, proposed by COST 313 (1994). Moreover, the study shows 
that Great Britain, New Zealand, Sweden and the US make their own WTP-
surveys for costs per person killed in road accidents. In German, Switzerland and 
Austria the value of risk reduction per se is very small in relation to total costs and 
it is based on court compensation payments or insurance payments. 
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Highway Economics Note No. 1 – 2000 Valuation of the Benefits of 
Prevention of Road Accidents and Casualties, Department for Transport, 
Local Government and the Regions, London 2000 
Since 1993, the valuation of both fatal and non-fatal casualties has been based on 
a consistent willingness to pay (WTP) approach. This approach including human 
costs and direct economic costs. In other words an amount to reflect the pain, grief 
and suffering and the lost output and medical costs associated with road accident 
injuries. The value of prevention of a fatal road accident was in 1997 prices 
between £750 000 and £1 250 000. 
The total value of prevention of all road accidents in 2000 was estimated to have 
been £16 959 000. 
 
Chilton Covey m.fl.: New research results on the valuation of preventing 
fatal road accident casualties, S., J. (in Road Accidents Great Britain: 1997 – 
The Casualty Report) 
Under the willingness to pay approach to the valuation of safety we should ideally 
like to discover how much members of the public would be willing to pay for 
improvements in their own (and possibly other people’s) safety. Since 1988 the 
Department of Transport (DoT) – now the Department of Environment, Transport 
and the Regions (DETR) – has used a value for prevention of a road accident 
fatality based an the willingness-to-pay methodology. The current price, 1996, is 
£848 000. 
 
6.2.2 Environmental improvements 
Jonas Eliasson, Johanna Lindqvist Dillén & Jenny Widell: Measuring 
intrusion valuation through stated preferences and hedonic prices – a 
comparative study, European Transport Conference Proceedings, 
Cambridge, England, 2002 
Intrusion effects (sometimes called encroachment effects) are a collective notion 
for all the external effects a road or a railway and the traffic on it has on its 
surroundings, such us noise, barrier effects, visual impacts on the landscape and 
ecological effects. In standard cost-benefit analyses of infrastructure investments, 
intrusion effects are usually not includes, with the possible exception of noise. 
Other aspects of intrusion are nearly always left outside the formal cost-benefit 
analysis. One of the primary reasons for this is the difficulty of obtaining reliable 
valuations of intrusion effects. 

In this paper stated preferences (SP) and hedonic prices (HP) are used to obtain 
valuations of intrusion effects in residential areas. In the SP survey respondents 
were asked which house they would prefer to buy out of two alternatives which 
differed only as to proximity to a road or a railway and a number of related factors 
such as screening and passage possibilities. The alternatives were presented with 
the help of film and soundtrack. In the HP study data on housing purchases in the 
Stockholm region 1994–1997 were used to measure implicit prices on intrusion 
effects from roads and railways. Both methods work fairly well, although both 
have weaknesses. The SP survey gave sometimes very large valuations, 
sometimes on the same order of magnitude as the purchase price of the house. In 
the HP study the intrusion effects of infrastructure proved difficult to separate 
from the increased accessibility. 
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The valuations seem to differ significantly across the population, making it 
important to distinguish between how intrusion effects are valued by the average 
individual, and how intrusion effects affect market prices, which will be 
determined by the valuation of the marginal buyer. 

A preliminary conclusion would be that the intrusion effects from a large road 
within 50 m of a house is valued to around 30,000–40,000 Euros, while the 
intrusion effects from a large road within 50–200 m from a house is valued to 
around 10,000–15,000 Euros. These figures assume that the usual intrusion-
decreasing measures such as noise walls and tunnels or bridges across the road are 
applied. 
 
Nijland and Jabben: Effects,costs and benefits of noise measures in the 
Netherlands, (The 2001 International Congress and Exhibition on Noise 
Control Engineering, The Hauge,The Netherlands, 2001 August 27–30) 
Noise is one of the persistent environmental problems in the Netherlands. In the 
framework of the present discussion on the desirability of implementing a number 
of source measures a study was carried out of the effect of implementing 
measures for reducing noise emission levels for rail and road traffic on national 
scale. Effects are described in terms of reduced emission levels. The effects were 
valuated in monetary terms using two different methodologies (hedonic pricing 
and contingent valuation) to carry out a societal cost benefit analysis. The main 
conclusion is that noise problems in the Netherlands can be reduced considerably 
by large-scale implementation of noise measures. The costs of the measures, 
estimated at 1,5–2 billion Euro, are exceeded by the benefits, estimated at 
4–15 billion Euro (net present value). Only benefits resulting from improved 
quality with respect to noise in residential areas were taken into account. Benefits 
in other areas were not monetarized. Thus the benefits presented here are 
underestimated. At present, costs are carried by groups in society different to 
those who will eventually be the beneficiaries. This represents one of the major 
problems for which the solution will be far more a political challenge than a 
scientific one. It is, however, not addressed in this study. 
 
Lena Nerhagen Mode choice behaviour, travel mode choice models and value 
of time estimation – a literature review, CTEK Working Paper 2000:6 
Discrete choice analysis, based on random utility theory, has been used for thirty 
years in transport planning. It has been the basis for both travel demand models 
and for value time estimation. However, critique is raised against this research for 
neglect of institutional and cognitive constraints that have long influence on 
human behaviour. To evaluate this criticism, in this paper a review is given over 
research on decision-making and research using travel choice models. In research 
on decision-making it is found that the use of heuristics is likely in travel choice 
situations and that habit influence choice. It is also found that accounting for these 
types of behaviour in discrete choice models influence the results. Based on this 
review, two conclusions are drawn. First, modelling of the choice set information 
(or individual’s framing of the decision problem) is a neglected area in discrete 
choice modelling of travel behaviour. Secondly, due to the lack of substitutability 
between modes, the use of travel choice models to obtain values of travel time 
savings is questioned irrespectively of if RP or SP data is used. With the 
traditional specification of the indirect utility function, including only travel time 
and travel cost, it is uncertain how much the estimated value of time obtained 
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from these models reflects comfort (and other) differences and how much is 
related to a willingness to pay to save travel time. 

 
Vainio, Comparison of hedonic price and contingent valuation methods in 
urban traffic noise context, European Commission, Environment 
Directorate-General (The 2001 International Congress and Exhibition on 
Noise Control Engineering, The Hague, The Netherland, 2001 August 27–30) 
In empirical economic literature, hedonic price method (HPM) has been used 
extensively to give a willingness-to-pay estimate (WTP) for noise reduction while 
contingent valuation method (CVM) has been used fairly recently. Unfortunately 
it has not usually been possible to compare the results. In this paper, the results of 
two studies are reported; one applying HPM and the other CVM using the same 
population to see if three different methods give WTP estimates of the same order 
of magnitude. 

The studies were carried out in Helsinki, Finland, where a cross section sample 
of 1,522 transactions of owner occupied apartments was used for the HPM study. 
As all apartment characteristics and prices were from one real estate agent, the 
quality of the data was very high. A sample of 700 of these apartments was 
selected for the CVM mail survey. With a response rate of 60 % the CVM results 
can be compared with those from HPM. Perhaps surprisingly, the value of noise 
reduction measured by HPM (about € 365 per decibel above 55 dB(A)) was about 
two times higher than value measured by CVM. 

 
Environmental Costs of Road Traffic – A Contingent Valuation Study, 
Centre for Transport Research on environmental and health Impacts and 
Policy (TRIP), Copenhagen, Denmark 
This study tries to produce a monetary estimate all external effects caused by road 
traffic using a scenario, where respondents are asked about the WTP for reduction 
in local traffic implying a reduction in all environmental factors associated with 
traffic volumes. Such valuation estimates may be used as input in the 
determination of environmental taxes on road transport and in social cost-benefit 
analyses of transport investment projects. A variety of different methods of 
valuation have been used to calculate the monetary value of different effects such 
as noise, air pollution, accidents etc. (not in Denmark though). The project will 
start in September 2001 and finish in November 2003. 
 
 
7 Discussions and conclusions 
In a recently published report (Heljeback Nilsson et al., 2002) four different future 
scenarios for the road transport system in year 2025 have been discussed. The four 
scenarios were constructed based on two uncertain but strategically important 
trends for the road transport system: 
•  The information technique: Will it be possible to integrate IT in such a way 

that it will become a really powerful tool in the future development of the road 
transport system or not?  

•  The climatic change: Will the worlds, and primarily the West Worlds leaders 
and inhabitants be able to gather around strong measures against the climatic 
changes or not? 
 



 

VTI notat 46A-2003 57 

A number of trends, which were common to all four scenarios, were judged as 
significant and relatively foreseeable for the future development. A few of them 
are presented below: 

 
•  Travel, trade and exchange of knowledge within and between countries and 

continents are processes that will continue to increase. 
•  The individualism is getting stronger. The acceptance for controlling human 

behaviour through rules and restrictions will most likely decrease. 
•  The technical development will continue. Both the vehicle related and the 

digital equipment will apparently be considerably different in year 2025. 
•  The settlement pattern is changing. The restructuring of the industry and the 

technical development contributes to a progress towards a three-part regional 
structure: big cities, mean size cities and smaller villages. The conurbations 
expand and at the same time the sparsely populated areas continue to spread. 

•  Increasing energy prises and political decisions on environment fees will lead 
to the development of new energy systems and new energy-saving techniques. 

•  The demands on the road transport system changes from an increasing share 
of elderly people and a larger multi cultural contribution, among other things.  
 

In the discussions about the increasing demands on the transport infrastructure 
traffic safety and environmental adaptation is pointed out. The number of killed 
and seriously injured in traffic accidents involves high costs for the society and 
great personal suffering. The demand for environmental aspects to be considered 
along new and existing road networks also increases. 

The demands on the function of the road transport system have increased. 
The need for growth in mobility is leading to several impacts where the most 

important are considered to be alarming increases in congestion, greenhouse gas 
emissions and dependence on oil imports.  

All this can only be tackled using an integrated mix of policy measures. 
The aim of research on sustainable mobility in Europe has been to identify 

packages of measures that address multiple policy objectives in a balanced way, 
including:  

•  evaluation of the typical impacts of measure 
•  developing methods, databases and modelling tools to support the 

evaluation and implementation of policy 
•  identifying legislative and market barriers. 
 

The report “Sustainable Mobility” (2001) points out six areas where research is 
very important: 1) Understanding the future, 2) Increasing economic performance, 
3) Improving social conditions, 4) Protecting the environment, 5) Building 
transport strategies, and 6) Balancing policy packages.  
 
 
8 Suggestions 
In order to monitor and evaluate the performance of the road transport system and 
the road administrations it is useful developing so called performance indicators.  

Most road administrations today use a maintenance management system. Those 
systems are supported with data from annual organized survey measurements. The 
data from the surveys are all focused on measures of pavement deterioration, such 
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as rut depth, longitudinal unevenness and cross fall. Those measures are 
developed from what could be achieved by equipment developed long time ago 
such as straight edge bars etc. Today the equipment has been improved and uses 
high tech techniques to be able to collect qualitative data from large road net 
works. But still very little improvement has been done regarding the measures. 

Our main suggestion is to investigate which, with focus on road safety, 
measures of road condition are the most relevant and then design measures 
meeting those needs. These should then be delivered from the annual surveys. 
This would be of great help in future research about accident causes and effects on 
road users and goods. The development could also be used to evaluate 
performance and functional properties related to safety of road sections. An 
attempt to describe the significance of various road surface properties for traffic 
and surroundings, including traffic safety, has been made in (Ihs and Magnusson, 
2000) 

An investigation has also been done to find the relationship between the 
accident rate and road surface condition. (Ihs et al., 2002) The result from this 
investigation shows no significant increase in seriously accident rates relative 
increased rut depth. One could expect the rate to increase because this is the 
opinion from questionnaire among road users. One reason can be that the measure 
used rut depth does not tell the whole story about accident risk. In the measure; rut 
depth the cross fall (the roads ability to drain the surface from water) is not 
involved. A new measure has to be developed that directly indicates risk of 
standing water (Nygårds, 2003). 

The investigation (Ihs et al., 2002) show that the accident rate increases with 
increased longitudinal unevenness expressed as IRI (International Roughness 
Index). To be able to plan the road design in view of road safety, more detailed 
information is needed than IRI. Today it is possible to find singular irregularities 
from the surveyed data. It is also possible to do more detailed frequency analysis 
to find out what type of unevenness, from very small to long irregularities that 
affects the ride quality and safety. The main reasons for accidents related to road 
design and pavement characteristics are crossings, traffic sight distance, skidding, 
aquaplaning. By looking at figure 5 one can see that ride quality (ride comfort) is 
a complex combination of components and not just related to unevenness. This 
can be used to define new measures that could be achieved from the annual road 
surveys being done. Those new measures should also be used as performance 
indicators to evaluate contractors and road keepers. 

To support better accident analysis the accuracy of the accident position 
reported by the police has to be improved. The reported possible cause of the 
accident must also be more detailed and accurate. The police should be equipped 
with techniques such as satellite position, GPS and standardized methods both for 
positioning and reporting of the cause of accident. 
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Figur 5  Ride quality components. 
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