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1.
INTRODUCTION

The rapid door-to-door journey times made possible by motor vehicles and the road system are one of the great benefits conferred by modern transport.  But the levels of speed that make possible these journey-times also have effects in terms of operating costs, noise, exhaust emissions and the occurrence of traffic accidents and consequent death, injury and material damage.  Where motor traffic shares the road with vulnerable road users or travels close to people’s homes, issues of acceptability of levels of speed to vulnerable road users and to residents arise.  Nor are current levels of speed necessarily acceptable to all of the drivers who participate in them.

The aim of the European project MASTER (MAnaging Speeds of Traffic on European Roads) is to produce information that can be cited in the preparation of national and EU decisions concerning speed management and standards for speed control equipment.  For this purpose, the project seeks answers to three key questions:

1)
What are acceptable ranges of speeds?

2)
What are the key factors influencing drivers’ choice of speed?

3)
What are the best speed management tools and strategies?

Each of three research areas addresses one of these questions. Area 1 is concerned with developing a basis for appraisal of effects of different levels of speed upon accident occurrence, emissions, noise, vehicle operating costs and travel time. Area 2 provides information on factors that influence drivers speed behaviour with respect to present speed levels and speed management methods in Europe, enforcement levels, motivation and acceptability of driving speeds, and road design and subjective road categorisation. Area 3 reviews various tools for speed management, tests the most promising ones and gives recommendations for implementation of Advanced Transport Telematics (ATT) systems. The summary reports from these three work areas provide the main inputs to this paper, which is concerned with making recommendations for speed management strategies and policies. The full results of the project are documented in 26 reports which are listed in the reference section of this paper. These can be viewed in full and downloaded from the MASTER website, http:/www.vtt.fi/yki/yki6.

2
KEY FINDINGS FROM THE THREE RESEARCH AREAS

2.1
Effects of different levels of  speed

The project MASTER arose primarily from concerns about the contribution of speed to the number and severity of accidents causing death and injury, but accident prevention and casualty reduction as an objective of speed management has to be pursued with due consideration for the value to individuals and society of rapid journey-times, the consequences of levels of speed for operating costs, emissions and noise, and the acceptability of levels of speed to road users of all kinds and to others affected by them.  All these effects of levels of speed must therefore be assessed comprehensively in the context of speed management.

Speed management is in turn concerned not only with the setting and enforcing of speed limits (to discourage or prevent excess speeds) but also to achieve driver behaviour which results in choices of speed that are appropriate in the prevailing circumstances (to discourage or prevent inappropriate speeds).

The appropriateness of any particular level of speed depends strongly upon the type of road and its surroundings.  Within each broad category of road, appropriate levels of speed will depend upon regional factors, level of traffic, mixture of functions (especially uses by vulnerable road users), layout, dimensions, frequency and type of junctions, and proximity to homes, schools, shops, other community buildings and local open space.

2.1.1
Effects of speed levels on accidents

Early studies of the relationship between speed and accident involvement showed that vehicles travelling more slowly than the average speed for the road, as well as those travelling faster, had an above-average risk of accident involvement, but that the severity of accidents increased more than proportionally to speed.

By the early 1990s it had become clear that investigations of speed-accident relationships by means of cross-sectional analysis of data for samples of stretches of road need to take into account traffic flow, geometrical characteristics and the variability of speeds as well as mean speed, and that multiplicative models were appropriate for this purpose. At about the same time, the literature contained reports of a number of such studies, covering between them a range of types of road, and both upward and downward changes in speed.  A large collection of these results were analysed together by Finch et al (1994), leading to the rule of thumb that a 3 per cent reduction in accidents results from a 1 km/h reduction in mean speed (Baruya 1997).  A complementary approach to that of cross-sectional analysis is the before-and-after analysis of accident occurrence in situations in which changes in the levels of speeds on particular roads have been brought about, for example by changing the speed limit.

The speed accident relationships developed in MASTER are based on a study of the impacts of different speed parameters on accidents, initially on single-carriageway rural roads. The models suggest that, assuming everything else is constant, a 1km/h reduction in the mean speed achieved by a reduction in the proportion of vehicles exceeding the speed limit, would reduce the accident frequency by 1.9 to 3.5 per cent if the mean speed  is in the range from 60 to 80 km/h. This is accordance with earlier before and after studies (Baruya 1998c, Allsop 1998).

Studies of relationships on English roads have been extended to three other European countries and have demonstrated that cross-sectional log-linear statistical modelling offers the prospect of cross-national models that could estimate the effects of choice of speeds upon accident frequencies on particular categories of road in a range of Member States.

2.1.2
Other effects of speed levels

The other principal effects of speed levels are upon exhaust emissions, noise and vibration, and vehicle operating costs, including fuel use and the travel-time of vehicle users.  Whereas the effect of speed upon the number and severity of accidents is essentially monotonic, this is by no means always the case with the other effects.

Exhaust emissions

Emissions from road transport consist of a variety of pollutants which are produced in different quantities at different speeds. The major pollutants are carbon monoxide (CO), oxides of nitrogen (NOx), hydrocarbons (HC) and particulate matter. In general the HC emissions reduce with speed and NOx emissions increase with speed. CO and particulates have the lowest emission levels at medium speeds. Gradient has a strong effect on fuel use and strongly differentiated effects on the various emissions. Cold starts and changes in speed can make a large contribution to emissions and in particular hard acceleration can cause a disproportionate amount of pollutants to be emitted. (Robertson et al. 1998).

Noise

Traffic noise arises from two main sources: the power units of vehicles and tyre-road interaction.  Noise from the latter dominates at higher speeds  -  above the range 20-40 km/h for new cars and above 30-60 km/h for new lorries  -  because tyre-road noise increases strongly with speed, typically by 12 dB(A) for a doubling of speed.  For older vehicles the speeds above which tyre-road noise dominates are about 10 km/h higher, because power unit noise has been progressively reduced by developments in technology. The type of road surface will influence the level of noise emitted, and acceleration and braking cause a small (1-2dB) increase in noise. Road humps and similar devices may cause extra noise due to movement of bodywork and contents of vehicles. (Robertson et al. 1998). 

Costs to users of vehicles

Speed management influences the speeds at which vehicles are driven on various kinds of roads in the course of their journeys. This in turn affects the users of the vehicles by changing the time spent on the journey, the amount of fuel and oil used, the amount of wear on the tyres, the cost of maintaining the vehicles, and the rate of depreciation of the vehicles. Some of these changes in costs may be quite accurately perceived by the users in terms of the time and money,  others may be appreciably or even substantially misperceived. This does not alter the changes in cost, but does affect the users’ response to the changes. Someone who notices that a journey takes longer or costs more may seek to modify their travel to mitigate the increases in cost, whereas no such response is likely if the changes in cost are not noticed, or not associated with the journey from which they arise. Nor do changes in costs to users imply equal changes in cost as reckoned by governments from the point of view of society. And governments do not in general attach the same value to people’s time spent or saved as do the people themselves (Allsop 1998).

Equity and distributional impacts

In principle, optimal or target ranges of speed for any road could be determined by choosing speeds where the total benefits in relation to total costs are highest. Such a method, however, does not take into account the fact that gains from changes in speed for one group of people often mean losses to some other group. From society’s point of view, however, such distributional and equity impacts can be equally important as overall efficiency, sometimes even more important.
Network level impacts

In the long run speed management can affect traffic volumes on the roads. Studies on the impacts of (changes in) speed often consider only link level impacts, which usually means assuming that traffic volumes remain unaffected. Network level studies that take into account also the (indirect) impacts on traffic volumes are more laborious and rare. A particular problem with the assessment of network level impacts is the lack of knowledge of the elasticity between speed and traffic volume. (Kallberg & Toivanen 1997, 1998)

2.2
Drivers’ choice of speed

The Theory of Planned Behaviour described by Ajzen (1985) is frequently used in traffic psychology. Models built on this theory indicate that driving behaviour is largely determined by intentions which in turn are determined by attitudes, subjective norms, and perceived behavioural control. However, speed behaviour is not only driven by motivation, but also by external feedback factors as perceived by the driver, such as road design elements and the behaviour of other road users in his surroundings. Van der Horst (1998) describes a combined overall model of the factors that influence drivers’ speed behaviour. For example, enforcement measures will be much more effective when the road design is already in line with drivers’ expectancy of the behaviour that is to be expected from them.

Drivers’ choice of speed is affected by the driving speed of fellow road users and by how people evaluate the opinions and reactions of significant others (family, friends, the government, police and passengers). The relative importance of attitudes and social norms depends on the kind of road in question. People’s intentions and behaviours are also affected by the control people think they have over their behaviour. People not only have the feeling that it is difficult to control driving speed behaviour, but they also overestimate their own ability to control the consequences of speed (Levelt 1998).

Attitudes can be seen as anticipated emotions: people weigh the advantages against the disadvantages as well as the pleasant and unpleasant feelings to be expected. These do not necessarily have to agree with the emotions that will arise when the time comes. Gradually, more and more is becoming known about the effect that emotions have on the choice of a certain speed and on the assessment of another person’s speed, as well as about the use of emotional appeals in campaigns. Such emotions as guilt, regret, fear, anger, boredom and pleasure occupy an important place here (Levelt 1998).

People vary in their propensities for experiencing emotions such as fearfulness as well as the way in which they manage their emotions. The most familiar factor in speed behaviour is that of sensation-seeking. The need to control difficult situations is probably a primary factor in driving at higher speeds; the need for danger plays a lesser role. A second possibility is aggression which probably leads to all kinds of dangerous behaviour, including driving at high speeds (Levelt 1998).

In the project MASTER, factors affecting drivers’ choice of speed have been investigated mainly from two points of view. First, interviews of drivers and pedestrians were carried out in six European countries about the acceptability of present speeds and speed limits. Second, relevant aspects of road design elements with respect to driving speed behaviour were identified and quantified by experimental studies. Various speed reducing measures are identified and quantified and in-vehicle speed-limiters were tested in three countries in real traffic situations on public roads.

2.2.1 Acceptability of present speeds

Results of a survey in six countries indicates in general people are content with present speed limits. Only about 10 to 20% of the road users interviewed considered speed limits too high on motorways, rural roads and in built-up areas, but pedestrians did so more frequently than car drivers. In residential areas, about 40% of respondents think that speed limits are too high, with 60% answering that they consider them acceptable (Risser & Lehner 1998).

Between 45 and 65 % of the respondents, especially pedestrians, considered actual speeds to be too high on all types of roads. The difference between car drivers and pedestrians was largest on roads where the interaction is highest between these two groups, such as in built up areas and on residential roads. Both drivers and pedestrians say that speed limits are often exceeded, especially on motorways and on rural roads. Both groups agree that speed is dangerous and that it reflects aggressiveness and recklessness - the latter was often expressed by pedestrians - but these aspects do not influence the car drivers’ behaviour enough. (Risser & Lehner 1998)

Car drivers and pedestrians know about the safety advantages of lower speeds. For pedestrians lower speeds mean increased security, a better social climate, and better communication with the car drivers. Generally, lower speeds are considered to enhance quality of life in the cities (Risser & Lehner 1998). The majority of car drivers and pedestrians recognise the need for speed reducing measures. Pedestrians favour those that affect car drivers behaviour directly (e.g. police enforcement, speed humps or speed limiters), whilst car drivers would prefer indirect, informative rather than intervening measures (e.g. clearly indicated speed limits, better road markings and more information about the effects of speed on safety) (Risser & Lehner 1998).

2.2.2  Current speeds and speed limits across Europe

Current speeds

In many European countries, actual speeds are measured systematically but the results are often not published or easily accessible. Speed indicators can be expressed as mean speed, standard deviation of speed, 15th, 50th, to 85th percentiles of speed distributions, which makes comparison of actual speed levels in different European countries difficult. Speeding is a very common phenomenon all over Europe with up to 80 per cent of vehicles speeding, particularly on low speed urban roads and on motorways. Speed limits on their own are insufficient for managing speeds at a desired level, even if substantial enforcement is conducted. Data from some countries show a systematic increase of actual speed levels over the last years, especially for passenger cars. In general, it is concluded that speeding is becoming a more and more frequent problem all over Europe  (Draskóczy & Mocsári 1997, van der Horst 1998).

Speed limits

Speed limits in built-up areas are in harmony in most European countries with a limit of 50 km/h. but Romania, Slovakia, and Slovenia have a limit of 60km/h. On rural roads with mixed traffic the speed limits differ much more, ranging from 70 up to 113 km/h for passenger cars. A limit of 80 km/h is common for both passenger cars and trucks. Some countries apply different limits dependant on factors such as summer- or wintertime, with or without ABS brake systems, or road quality. Motorways are the highest road category with fairly standard qualities across Europe. However, speed limits are quite diverse, ranging from 80 to 130 km/h for cars, and in Germany there is no speed limit on some motorway sections (Draskóczy & Mocsári 1997, van der Horst 1998). 

In urban areas most European countries have local speed limits that are lower than the 50 km/h general limit. Such local limits are used at specific places, e.g. in residential areas, school areas, and traffic calming zones and the value of the limit is typically between 6 and 40 km/h. Higher limits of 60 or 70 km/h, sometimes even 80 km/h, on main arterial roads are another common exception to the general 50 km/h urban speed limit (Draskóczy & Mocsári 1997, van der Horst 1998).

2.2.3. Tools for influencing choice of speed

Road design 

Speed reductions can be achieved by isolated physical measures (e.g. speed humps, horizontal deflections and road narrowings, roundabouts, village gateways, pavement treatments and rumble strips) or integrated measures like traffic calming zones in urban areas. Measures that physically restrict driving at high speeds seem most effective, especially speed humps and roundabouts. Transverse rumble strips are effective when approaching dangerous locations like intersections. Speed reductions can also be achieved by road surface treatments which reduce driving comfort at high speeds. Decreased visibility distances can increase the uncertainty of drivers’ expectations regarding upcoming traffic situations which also decreases speeds. Furthermore, increasing the amount of information in the visual periphery so that angular velocity in the peripheral field of vision increases, will lead to speed reductions. The effects of many speed reducing measures are localised in time and space, and have the additional drawbacks of lack of public acceptability, secondary costs such as noise and pollution, and possible accident migration. (Comte et al. 1997, Martens et al. 1997, 1998, van der Horst 1998)

Physical measures typically force road users to reduce speed, instead of persuading them to reduce speed voluntarily. A more optimal solution would be to design roads so that they are “self-explaining”. By designing a road that provides a speed image, that is in accordance with the actual speed limit, drivers should themselves choose the appropriate driving speed. At the moment road categories as perceived by drivers do not seem to correspond with the official road categories. (Martens et al. 1997, 1998, van der Horst 1998)

Advanced Transport Telematic measures

Advanced Transport Telematics (ATT) offer opportunities for providing feedback to individual drivers, of implementing variable speed limits to maintain traffic flow and of automating longitudinal control by means of speed limiters and adaptive cruise control. In general, intervening systems are more effective in reducing speeds. Informative systems, on the other hand, appear to be more acceptable to drivers. 

Simulator studies 

In a comparative simulator experiment drivers encountered curves (radius 100 or 200 metres) that were treated with one of four implementations: a) transverse bars, b) advisory speed signs, c) in-car visual advice, and d) in-car automated speed control.  The results revealed that providing relevant and timely information to the driver is of paramount importance, and that the effectiveness of this information is enhanced if there is intimation of enforcement.  Automatic speed control surpassed all the other systems in terms of effectively reducing speed on approach to curves which led to positive effects on lateral control in curve negotiation.  In terms of user acceptability, however, this system was least liked.  All the feedback systems significantly reduced speeds when activated (although not as effectively as the automatic system), in the order of approximately 6 km/h.  What is not clear from this experiment is how these advisory systems perform over time (and distance).  Novelty effects are important to establish in terms of cost/benefit analysis, as any initial benefit may be lost over time.  The experiment was also able to demonstrate that there were no obvious adverse affects of providing information in terms of driver distraction and workload (Comte 1998).

A second simulator experiment investigated driver reaction to and acceptance of an advisory system and a fixed or dynamic speed limiter both were designed to prohibit speeds exceeding the posted speed limit. One of the systems applied further speed reduction in hazardous situations, such as sharp horizontal curvature and poor weather conditions. The advisory system provided information to the driver via an in-car display. Urban, rural and motorway scenarios allowed the comparison of the systems across road types. The results revealed that speed control was successful in reducing excessive speed, particularly in urban areas. The advisory system appears to have some success in reducing speed, although this could be enhanced by providing the information about changes in speed limit before they actually occur.  Speed control also demonstrates other benefits in urban areas such as maintaining lower speeds on curve negotiation and in areas where there are vulnerable road users.  Speed variance was also reduced under speed control, suggesting that widespread implementation could have the effect of smoothing traffic flow by reducing extreme speeds. The advisory system worked almost as well as the dynamic speed limiter in potentially hazardous situations such as sub-standard curvature and poor visibility conditions.  However, there were also some negative effects of the speed control systems in terms of shorter headways in car following and relatively late braking.  There were no effects of systems on reported mental workload.  Drivers are more inclined to find an informative system more acceptable, even if its acceptance decreased after experiencing it (Comte & Carsten 1998).

Field trials

Field trials were conducted with an instrumented vehicle, with unobtrusive observation of driver behaviour in three European countries (Sweden, The Netherlands and Spain). The speed limiter reduced speeds significantly on roads with speed limits from 30 to 70 km/h but no significant changes could be shown on 80-90 km/h roads and motorways due to heavy traffic there.  Positive effects were found in terms of: a) large speed reductions in free driving conditions, b) decreased speed variance, c) smoother approach speeds at roundabout, intersections and curves, d) increased time-gaps in the speed interval 30-50 km/h, and e) increased acceptance after having driven with the limiter. The observed  negative effects of the speed limiter were: a) decreased time-gaps in car-following situations on rural roads, especially in the speed interval between 70 and 90 km/h, b) increased travel time, and c) increased frustration and stress, less patience.  The main conclusion is that automatic speed limiting by in-car equipment is most promising within built-up areas as the acceptance of the system amongst drivers is the highest there (Várhelyi & Mäkinen 1998).
3
BASIC PRINCIPLES OF SPEED MANAGEMENT

For effective speed management it is necessary first to define the acceptable or target ranges of speed on different kinds of roads then secondly to select and develop measures and tools that best promote the adoption of such speeds.

Speed management, especially the determination of target ranges of speed, should pay due attention the proper balance between the need for national and regional variation on one hand and the need of pan-European harmonisation on the other hand and should reflect the objectives of the Common Transport Policy (CTP) (CEC 1993). Specifically: 

a) The transport sector should function efficiently, safely, under the best possible social conditions and fully respect the objectives of the Community’s environment policy.

b) As a general rule all transport users should pay the full costs ( internal and external ( of the transport services that they consume, even if these costs are in some cases paid by society to assist those in need.

c) According to the subsidiarity principle, it is often best to accommodate for safety requirements at national and local levels. However, even in the absence of exclusive power, transport safety is a matter which should be addressed by the Community when it is in a position to act usefully.

In addition to the measurable effects of different levels of speed, decision-makers concerned with speed management will wish to take into account the acceptability of different levels of speed to people who are affected by them. Three principal groups of such people are users of motor vehicles, vulnerable road users, and residents in areas where roads are subject to speed management. These are not distinct groups: most people in Europe belong to all three.  Findings from surveys carried out within MASTER indicate clear dissatisfaction with current levels of speed, among drivers themselves as well as among vulnerable road users and in terms of the quality of urban life, and a readiness at least in principle to see speeds reduced. This indicates that, notwithstanding current choices of speed by drivers, the climate for speed management policies for moderating speed may well be favourable.

However, what is considered beneficial and acceptable by the majority of people is not necessarily desirable from society’s viewpoint, because of a) the difference between private and social costs, and b) the distributional impacts. Decisions concerning speed management should be based on explicitly formulated principles, and careful consideration of all possible impacts. The reasoning behind decisions and the weights given to different impacts should be clearly stated.

Speed choice should reflect the socially desirable balance of all impacts of speed, and equitable distribution of these impacts between different groups of population. This includes the important principle that drivers’ choice of speeds should be in harmony with the road environment so that the environment gives appropriate  cues to drivers about choices of speed.

Speed management measures and tools should be cost-effective and exploit advanced technology and promote the relevant industry in the Community whenever possible and reasonable.

Various authorities and others responsible for speed management should have compatible ideas of the general objectives of speed management, target speeds and measures and tools for adoption of such speeds.  Speed management strategies should be developed for both the medium and longer term to guide the implementation and development of measures and tools.

4.
RECOMMENDATIONS FOR SPEED MANAGEMENT ON DIFFERENT 
KINDS OF ROADS

The recommendations presented below follow the two-step structure with those concerning the determination of target speed  presented first, followed by those concerned with application of measures and tools for adopting such speeds. Finally, recommendations are presented for further research for development of speed management strategies and tools.

4.1
A Framework for Determining Target speeds

Determination of target levels of speed on different kinds of roads should be based on the comprehensive and systematic assessment of all impacts of speed. A comprehensive framework has been developed within MASTER as an aid to decisions makers

The impact functions that describe the effects of speed on various factors (e.g. on vehicle operating costs, accidents, exhaust emissions and noise) are chosen by the user. So are the monetary values of different effects where these effects can be expressed in such terms. The point of departure within the MASTER framework from other frameworks is the inclusion of social cost-benefit analysis including the assessment of both the magnitude and distribution of impacts. As it is recognised that not all impacts can be expressed in financial terms, it is important to describe the  social impacts as fully as possible. The framework can be applied for either network or link level assessment. The former takes into account the indirect effects of speed on traffic volumes and can be laborious. The latter assumes that speed does not affect traffic volumes and is more straightforward.  

The output from the application of the framework normally includes all essential knowledge, not only the results, but also the data and assessment methods used. The whole assessment process in the MASTER framework is transparent and open to discussion. 

The output is in the same order as the assessment process and should include 1) outlining of the case and basic data, 2) list of impacts included in the assessment, 3) description of impact functions and calculations, 4) presentation of quantitative impacts, and their monetary values where applicable, and qualitative impacts, 5) distributional impacts, and 6) sensitivity tests. It is recognised that often quantitative effects on different scales, and qualitative effects cannot be aggregated without considering their relative weights. This is left to the decision-makers. 

The use of the framework with the help of a specially designed Excel spreadsheet in three real cases from Finland, Hungary and Portugal is illustrated in Kallberg and Toivanen (1998). 

Decision makers on various levels have an important role in speed management. They should be informed of the difference between private and social costs, its impact on public acceptability of different speed management strategies and tools, and the fact that popularity is not necessarily a good criterion for sustainable speed management.

4.2
Recommendations for Speed Management Measures and Tools

1. Speed limits on roads of similar classification in different European countries should be harmonised so that road users’ expectations are consistent with respect to correct choice of speed irrespective of previous driving experiences in their home country. These speed limits should reflect the socially desired speeds determined according to the guidelines described  by the MASTER framework in the previous section.

2. European guidelines are needed for application of speed management measures and tools in urban areas, both for residential and main roads. This would promote efficient and consistent speed management especially on urban roads, where a wider range of potential alternatives is available than on rural roads where the possibilities for using low-cost physical measures are more limited.

3. Preparations for the introduction of compulsory adaptive speed limiters should be started. Adaptive speed limiters automatically prevent speeding and adjust speeds according to the prevailing speed limit. The first step could be large scale field experiments in urban areas in different countries. Urban roads are the best choice for the first application area because there their public acceptability is highest and potential negative effects e.g. in the form of behavioural adaptation are smallest.

4. Hierarchical categorisation and (re)design of European roads into a limited number of categories so that each level has a distinct set of characteristics that is clearly different from that of other categories. A reduced and simplified road hierarchy would promote the correct choice of speed for each road type and have other positive effects on road safety by assisting correct anticipation of  behaviour of other road users. 

5. Automated speed enforcement should be developed further and taken into wider use. In some countries legislative changes are needed so that the owner of the vehicle can be held responsible for speeding offences. In addition, a common standard could be developed for identification of vehicles by an electronic device. Currently speeding vehicles are identified from photographs which often requires laborious manual work. Electronic identification devices could be used also for collection of parking fees and road tolls, for example. Furthermore, equipment that is currently used only for traffic monitoring could be used for enforcement purposes (e.g. induction loops and data transfer equipment). 

6. The difference in the effects of speed between social and private costs should be reduced, for example by internalising external costs (e.g. accident costs and environmental costs). This would persuade drivers to choose speeds that are more optimal not only from their private standpoint but also from society’s point of view. 

7. Information and publicity campaigns regarding the impacts of speed are needed, with the purpose of giving neutral and objective information about all impacts of speed, with due attention on the difference between private and social costs. Such information could increase the public approval of speed restrictions that are justified from society’s viewpoint.

8. The highest possible speed of vehicles should be limited to the highest speed limit on motorways and speed limits  on motorways should be harmonised across Europe.

More detailed recommendations regarding speed management on different kinds of roads are presented in Kallberg et al. (1998).

5
Recommendations for further research

During the project MASTER several areas were identified where additional research could benefit the further development of speed management in road transport. The main areas for such research are listed below.

1. Further research and modelling of the impacts of speed on different exhaust emissions, noise, vehicle operating costs and time costs so that the speed dependencies of different factors would be easy to use in determination of target speed.

2. Present knowledge of network effects of speed is insufficient, e.g. there is little knowledge of the elasticity between speed and traffic volumes.  

3. More information is needed about the use of different kinds of roads in the course of different kinds of journeys for improved prediction of the impacts of different speed management policies. 

4. Research on the impacts of changes in speeds on accident occurrence should be continued. Specifically, introduction of speed-limiters and improved speed enforcement are likely to change the form of the speed distributions, and the effects on accidents of such changes cannot be reliably predicted on the basis of previous studies on the impacts of lowered speed limits on accidents, for example.  

5. There are large variations between countries in the monetary valuation of the impacts of speed, especially the value of time, environmental impacts and accidents. Research aiming at more uniform valuation of such impacts would promote harmonisation of speeds.

6. There are no commonly accepted procedures for consideration of distributional and equity impacts of changes in speed. Research is needed to fill this gap. 

7. The present practice of monitoring the speeds on different kinds of roads is different in different countries. Standardisation of collection and reporting of speed data would help in the identification of problem areas in speed management.

8.
There is insufficient knowledge about the effects on compliance and acceptability of various types of in-car systems for speed adaptation. More research is also needed to identify the potential for use in poor weather conditions, to investigate behavioural adaptation effects leading to recommendations about appropriate design of such systems together with implementation strategies and their timing.
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