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ABSTRACT 

In Finland several road sections, totalling approximately 350 km, have been equipped with 

variable speed limits. The aim of the study was to estimate the costs and the benefits of a 

weather-controlled variable speed limit system that would cover most of the Finnish main roads. 

The building costs and annual maintenance costs were evaluated based on a quality, up-to-date 

system. It seems likely that a weather and road condition controlled system of variable speed 

limits would be profitable in Finland. The benefit-cost ratio calculated with the most likely 

starting values was 1.1–1.9. As a conclusion, it can be said that it is probably not advisable to 

build variable speed limit systems very extensively but more of them should be built on highly 

trafficked road segments. 
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1.  INTRODUCTION 

In Finland several road sections, totalling approximately 350 km, have been equipped with variable speed limits. 

Most of these systems are weather-controlled. Speed limit signs and possible attached warning signs are 

controlled automatically, but they can also be controlled manually if needed. The automatic control is based on 

data produced by the road weather system. The used speed limits are determined according to the control policy 

formulated by the Finnish Road Administration.  The most recent systems have red, black and white LED-signs. 

Depending on the site, the weather and road conditions are classified either into three (normal, poor, very poor) 

or four (good, normal, poor, very poor) categories. On one-carriageway roads the speed limits used are 100, 80 

and 60 km/h. On motorways the speed limits used are 120, 100, 80, and 60 km/h. However, during the 

wintertime the 120 km/h speed limit has not been used, which is in accordance with the guideline for speed 

limits in Finland. 

The Finnish road authorities have adopted a policy to develop and implement ITS applications gradually during 

experiments. According to this policy, variable message sign (VMS) systems have been evaluated from different 

points of view. Road side interviews have shown good acceptance for variable speed limit systems [1–3]. Effect 

evaluations on driver behaviour have shown that the VMS system on the E18 road affected driver behaviour 

according to the goals set for the systems [2–3]. During adverse road conditions the motorway VMS system 

decreased the mean speed and the standard deviation of speed [4]. Variable speed limits were proved to be most 

effective when slipperiness was difficult to detect. Under good conditions, when higher speed limits were 

allowed the mean speed increased moderately [2–3]. Drivers seemed to obey the variable speed limits even 

more than the fixed speed limits. The findings emphasised the importance of the reliability and the error-free 

control and road authorities’ responsibility in control policy.  

The aim of the study was to estimate the costs and the benefits of a weather-controlled variable speed limit 

system that would cover most of the Finnish main roads.  
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2.  METHOD 

2.1 Network selection 

The starting point of the study was the main road network that is planned to be developed in the future 

according to the roadmaps of the road authorities. Based on that network, totalling almost 5000 km, three 

scenarios for the VMS network were created. The lengths of these networks were 2100–4300 km (Figure 1). 

Road sections belonging to the networks were selected based on set traffic safety and traffic volume criteria. 

The selection was finalised from a driver's point of view, i.e. the networks were completed in such a way that 

the VMS-controlled network did not end at an illogical point or did not have gaps between the selected road 

sections. 

 

   

Network I, 2118km Network II, 2774km Network III, 4303km 

  

Fig. 1. Suggested different scenarios for the VMS network. The current systems are shown in black. 

 

2.2 Estimation of the safety impacts 

The data of an earlier study [4] of the safety effects of the variable speed limit systems was complemented by 

two years data. The analysis was based on a comparison of the injury accident risk on the road sections before 

and after implementation of variable speed limits. The same types of roads with fixed speed limits were used to 

control the general trend in the injury accident risk. In the control data, the fixed speed limits complied with the 

limits before the variable speed limit systems were implemented.    

According to the complemented data, the variable speed limit systems seemed to decrease the injury accident 

risk by 10 %. Variation in the data was considerable in respect to the amount of injury accidents even though the 

studied period was 14 years. Therefore, the results were not statistically significant.  In this study, an estimate of 

a six percent decrease in accidents was used for the summer-time.  
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2.3 Estimation of the travel times 

Expected changes on the travel-times were based on three points: current measured mean speeds of heavy and 

light vehicles on different road types, expected timely proportions of the variable speed limits based on 

experiences from the current control policies (Table 1), and expected changes on the mean speeds of light and 

heavy vehicles different road types on different conditions based on  research results and expert estimates.  

Table 1. Three scenarios (A, B, and C) of the timely proportions of the speed limits played by variable speed 

limit signs in winter time. 

Single carriageway roads Dual carriageway roads  Timely proportions of 

speed limits (%) 100 80 70 60 120 100 80 70 

A (the current policy) 20 65 14 1 10 75 14 1 

B 20 76 5 1 10 86 5 1 

C 55 39 5 1 20 76 5 1 

 

2.4 Implementation plan 

The construction costs of the systems were estimated according to the implementation principles given in Table 

2. The speed limit and warning signs use LED technology. The implementing costs and the annual maintenance 

costs were based on the experience of the most recently built systems. 

Table 2. The numbers of signs and monitoring equipment of VMS systems. 

Road type Speed limit signs Combined 

information and 

warning signs  

Traffic 

monitoring 

stations 

Road 

weather 

stations 

Traffic 

monitoring 

cameras 

Motorways 

and dual 

carriageways 

6 units /graded 

intersection  
 

if the spacing 

between 

intersections is 

longer than 5km 

speed limit repeater 

signs are required (4 

units) 

one for each 

carriageway for 

each intersection 

spacing  

every graded 

intersection 

spacing has one 

traffic 

monitoring 

station 

one for 

every 15 

kilometres 

one for each 

graded 

intersection 

Single 

carriageways 

4 units /intersection  
 

if the spacing 

between 

intersections is 

longer than 5km 

speed limit repeater 

signs are required (2 

units)  

one for every 

other 

intersection 

spacing 

one for each 20 

kilometres 

one for each 

15 

kilometres 

one for each 

20 kilometres 

 

The construction costs of dual carriage way roads are about double that of single carriage way roads. The 

greatest cost is due to cabling (Table 3).  
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Table 3. Average implementation costs, 20 year maintenance costs and portions of costs of construction costs. 

Portion of construction costs (%) Road type Construction 

(€/km) 

Maintenance 

including 

replacement 

investements 

(€/km/year) 

Signals Cabling Monitoring 

systems 

(traffic and 

cameras) 

Motorways and dual 

carriageways 

80 000 3 500 31  60 9 

Single carriageways 36 000 1 000 44 50 6 

 

The cost-benefit analysis was made for 20 years of use and took into account the annual traffic increase of two 

percent and assumed annual decrease of five percent in personal injury accidents. Pollution and noise costs were 

assumed to be marginal at most and were thus not included. 

3.  RESULTS 

The building costs and annual maintenance costs were evaluated at the 2004 level. The basis was a quality, up-

to-date system. As no study data was available on the traffic impacts of traffic situation controlled VMS 

systems, the building costs of the systems were allocated separately on weather and road surface condition 

controlled system, for which the benefit-cost ratio was calculable based on financially evaluable benefits. The 

impacts of weather and road surface condition controlled systems were evaluated based on the speed and safety 

adjustments and the future use of speed limits. 

The impacts of weather and road surface condition controlled systems were evaluated based on the expected 

effects on mean speeds, the empirical data on the safety effects, and the future use of speed limits (Table 4). 

Based on these assumptions, variable speed limits the will increase travel time costs both in winter and summer-

time. In 20 years period the number of fatalities was estimated to be decreased by 107 on the network III.   

Table 4. The 20 years' (2008–2027) benefits and costs of a variable speed limit system discounted to the year 

2006, based on the price level of 2004. 

Weather-controlled system Weather- and traffic-controlled 

system 

Benefits (M€) Costs (M€) Costs (M€) 

The 

network 

Traffic safety Travel time Implementation Usage and 

maintenance

Implementation Usage and 

maintenance 

I  170.0 –18.9 64.5 53.7 101.7 83.7 

II  211.8 –27.5 81.3 67.2 129.0 105.3 

III  278.3 –36.1 111.2 92.1 181.4 143.6 

 

The benefit-cost ratio was calculated for different safety evaluates and speed limit use principles. With the most 

likely starting values it was 1.1–1.9. The benefit-cost ratio was higher if the safety assumptions were higher and 

the higher the use of higher speed limits was assumed to be. The latter is due to decreased time costs.  

4.  DISCUSSION 

In the study, the profitability of a weather and road condition controlled system was evaluated. In Finland, in the 

current systems the control of the speed limits is typically based on weather and road conditions. However, it 

was assumed that in the future the control of most of the systems would be based also on traffic situation. 

Hence, all costs including those due to traffic situation based control were taken into account so that a realistic 

picture of the costs was able to be given. The systems’ costs of building, operating, and maintaining were 

estimated according to the systems implemented in 2004.  However, because there is no research data on the 

effects on traffic of those systems in Finland yet, the profitability of variable speed limit systems controlled by 

147



SIRWEC 2006 25
th

-27
th

  March, Turin, ITALY 

 

the traffic situation was not studied. The costs were allocated separately to weather controlled systems, for 

which it was possible to calculate a benefit-cost ratio on the base of benefits that were financially calculable. 

Based on the results, it seems likely that a weather and road condition controlled system of variable speed limits 

would be profitable in Finland. The benefit-cost ratio calculated with the most likely starting values was 1.1–

1.9. However, because the interaction between the safety effects and different control policies of VMS systems 

is not known, the range can differ from the estimated. In a scenario that best applies to the current practice, 

meaning that the highest allowed speed limit (100 km/h) is used for about 20 % of the time, the lowest speed 

limits (70 and 60 km/h) are used for about 6 % of the time and the alleged safety benefit in winter is 10 %, the 

benefit-cost ratio was about 1.2.   

It is significant that by means of ITS there seem to be safety benefits gained from a system that improves traffic 

flow and speed in good conditions. In addition, it should be remembered that all the benefits of the system are 

not measurable by means of money and therefore are not included in the benefit-cost ratios. These possible 

benefits left out of the study include improvement of the driver’s comfort, using the monitoring systems for 

maintenance and information as initial data and using the control system for traffic information services. In the 

end, it is a question of which kind of services are wanted and are possible to be offered to the road users and 

what the alternative means to achieve the imposed service level goal are. 

According to the estimates acquired, the benefit-cost ratios on different sized networks do not significantly 

differ. Instead, the benefits not evaluated in this study are probably the most notable on the road segments with 

the highest traffic volumes. As a conclusion, it can be said that it is probably not advisable to build variable 

speed limit systems very extensively but more of them should be built on highly trafficked road segments. It is 

important to study the impacts of those built systems on the type of road in question. It is aimed to use the 

weather and road condition controlled variable speed limit systems around the year. At special sites, variable 

road condition warning signs are attached to the system. 

The policy of use for variable speed limits should be formulated in a safety-oriented way. This means that the 

highest speed limit should only be used cautiously and the lowest to be on the safe side. The highest speed limit 

to be used depends on the road characteristics. In Finland, all variable speed limit systems must be based at least 

on weather and road conditions. The control has to be based on automated, exact and reliable detection and 

classification of the circumstances. Manual control is used only when needed. When using variable speed limits, 

special care has to be taken so that links to roads with permanent speed limits do not produce incoherent 

changes in speed limits. 

An interesting alternative could be enforcing a variable speed limit system on a small part of the most highly 

trafficked network segment. However, at the moment there is not enough research information on which such a 

solution could be based. The data of safety impacts, for instance, is from one carriageway roads. In practice, the 

highly trafficked roads are motorways, on which the results can not be generalised. The data on traffic-based 

control and its effects as well as the effect of the different use proportions of speed limits is also lacking. An 

extension of the system should therefore be based on a trial, in which the use, acceptability and effects of the 

system are studied. 

ACKNOWLEDGEMENTS 

Appreciation is extended to the Ministry of Transport and Communications Finland and the Finnish Road 

Administration (Finnra) for support of this research.  

5 REFERENCES 

[1] Hautala R., Schirokoff A. and Lehtonen M. 2001. Sää- ja kelitietoon perustuvan 

liikenteenohjausjärjestelmän vaikutukset yksiajorataisella valtatiellä 1 (E18). Helsinki: Tiehallinto, 

Liikenteen palvelut. Helsinki. (Tiehallinnon selvityksiä 51/2001) 

[2]  Rämä, P. and Luoma, J. 1997. Driver acceptance of weather-controlled road signs and displays. 

Transportation Research Record, 1573, pp. 72–75. 

[3]   Rämä, P., Raitio, J., Anttila, V. and Schirokoff, A. 2001. Effects of weather controlled speed limits on 

driver behaviour on a two-lane road. In: Proceedings of Traffic safety on three continents, International 

Conference. Moscow 19–21 September 2001: TRB, CSIR, VTI.  

[4]   Rämä, P. and Schirokoff, A. 2004. Effects of weather-controlled variable speed limits on injury accidents. 

In: Proceedings of ITS in Europe. Budapest  24–26 May 2004: ITS Europe.  

148


	Introduction.pdf
	SIRWEC 2006 
	 
	SIRWEC 2006 

	Conference_articles.pdf
	Index.pdf
	INDEX 
	 
	SUBMITTED PAPERS TOPIC I :……………………………………...1  
	Recording and Evaluation of Road Weather Data………………………………..1  
	SUBMITTED PAPERS TOPIC II :…………………………………...49 
	Forecast Methods and Accuracy………………………………………………….49 

	SUBMITTED PAPERS TOPIC III :…………………………………116 
	Traffic and Traffic Safety in Winter…………………………………………….116 

	SUBMITTED PAPERS TOPIC IV :…………………………………163 
	Road Weather Information Systems: Actual Problems………………………..163 

	SUBMITTED PAPERS TOPIC V :…………………………………..194 
	Further Development of Road Weather Information Systems………………..194  



	Articles.pdf
	topic I.pdf
	Recording and Evaluation of Road Weather Data 

	Helbig.pdf
	ABSTRACT 
	2. MEASUREMENTS 
	3. MODEL DESCRIPTION 
	 
	 
	 
	4. RESULTS 
	  
	Fig. 3. Road surface temperature (RST) for two days in autumn simulated with different albedo values. 
	5. CONCLUSIONS 
	  
	Fig. 4. Road surface temperature (RST) for two days in winter simulated with different horizontal resolution. 
	 
	6. REFERENCES 


	Pasero.pdf
	 
	1. INTRODUCTION 

	Haavasoja.pdf
	Hammond.pdf
	Meindl.pdf
	 
	1. INTRODUCTION 

	Vitabile.pdf
	 
	1. INTRODUCTION 

	Selvi.pdf
	1. INTRODUCTION 

	topic II.pdf
	SUBMITTED PAPERS TOPIC II : 
	Forecast Methods and Accuracy 

	Bezrukova.pdf
	1. INTRODUCTION 
	2. ICE LOADING IN MOSCOW REGION 
	4. DIAGNOSINC AND FORECASTING ROAD ICING 
	5. CHEMICAL BLOCK OF PROPORTIONING DE_ICING ACTIONS 
	6. MODEL EVALUATION 
	7. REFERENCES AND CITATIONS 

	Takahashi.pdf
	1. INTRODUCTION 

	Nishimura.pdf
	 
	1. INTRODUCTION 

	Delaunay.pdf
	1. INTRODUCTION 
	2. WIND MODELLING 
	2.2 Time prediction 
	2.3 Generation of spatio-temporal wind series 
	3. AERODYNAMIC COEFFICIENTS 
	3.2 Wind tunnel tests 
	3.3 Computational Fluid Dynamics   
	3.4 Field tests 

	4. RISK EVALUATION 
	5. WIND ALARM SYSTEM PROTOTYPE 
	6. CONCLUSION 


	Petersen.pdf
	1. INTRODUCTION 

	Raspanti.pdf
	 
	 
	1. INTRODUCTION 

	Raimondo.pdf
	ABSTRACT 
	1. INTRODUCTION 
	2. CLIMATIC SIGNALS 
	Kind of Measure
	Termometer
	Wind direction
	Wind intensity
	3. FOURIER ANALYSIS RESULTS 

	Signal
	4. WAVELET ANALYSIS RESULTS 
	5. CONCLUSIONS 
	6. REFERENCES 



	Almkvist.pdf
	Salerno.pdf
	 
	1. INTRODUCTION 

	topic III.pdf
	SUBMITTED PAPERS TOPIC III : 
	Traffic and Traffic Safety in Winter 

	Fujimoto.pdf
	Kobayashi.pdf
	1. INTRODUCTION 

	Justas.pdf
	 
	 
	 
	 
	Variation of traffic accidents volume on different phases of adverse weather conditions 
	1. INTRODUCTION 
	 
	2. VARIATION OF TRAFFIC ACCIDENTS VOLUME ON DIFFERENT PHASES OF ADVERSE WEATHER CONDITIONS 
	3. CONCLUSIONS 
	4. REFERENCES 

	Nokhandan.pdf
	Andersson.pdf
	1. INTRODUCTION 
	2. DATA AND METHOD  
	2.1 Study area 
	2.2 Swedish climate 
	2.3 Road weather data and winter index 
	2.4 Method 
	3. RESULTS 
	3.1 Distribution of slipperiness – a country perspective 
	3.2 Distribution of slipperiness in Sweden divided into seven regions 
	3.3 Distribution of different types of slippery conditions 
	3.3.1 Moderate hoarfrost (HR1)  
	3.3.2 Severe hoarfrost (HR2) 
	3.3.3 Road icing (HT) 
	3.3.4 Rain or sleet on a cold road (HN) 
	3.4 Distribution of slipperiness – a regional perspective 
	3.5 Distribution of different types of slippery conditions in Region Väst  

	4. DISCUSSION AND CONCLUSION 
	5. REFERENCES 


	Schirokoff.pdf
	ABSTRACT 
	1.  INTRODUCTION 
	2.  METHOD 
	3.  RESULTS 
	4.  DISCUSSION 
	ACKNOWLEDGEMENTS 
	5 REFERENCES 

	Chapman.pdf
	ABSTRACT  
	 
	2.3 Results 
	 3. ROBUST (STATIC) SOLUTION 


	Bogren.pdf
	Gustavsson.pdf
	 
	1. INTRODUCTION 

	topic IV.pdf
	SUBMITTED PAPERS TOPIC IV : 
	Road Weather Information Systems: Actual Problems 

	Smithson.pdf
	 
	ACHIEVING TECHNOLOGY TRANSER 
	WITH 
	INTERACTIVE COMPUTER-BASED TRAINING 
	ABSTRACT 
	1.  INTRODUCTION 
	3.  ACHIEVING TECHNOLOGY TRANSFER & CULTURAL CHANGE WITH EDUCATION 
	 
	A metric version of the CBT was prepared in 2005 for use in the Canadian Provinces.  Converting to metrics was more than just doing the mathematics.  Canadian maintenance field jargon and techniques were added to gain field acceptance.  Value Added Meteorological Service (VAMS) vendor screen shots had to be added.  Also maps and radar had to be extended northward to provide adequate coverage of the Canadian Provinces. 
	Unanimous feedback from United States DOT and Canadian Provincial and City maintenance personnel and trainers has been the CBT exceeded their expectations.  The CBT was easily installed on their computers and fit well into their training program.  Some DOTs made the CBT part of their career ladder curriculum while others let progress be a self-directed process.  The CBT will work well in either the group or individual training mode.  The individual training mode is the most popular use.  Being a stand-alone CBT program, operators can train during periods where field conditions or weather result in less productive environment.  Field operators and supervisors found the CBT very engaging and challenging.  Most found two hours at a session fits best into their daily work schedule and does not mentally wear them out.  Since the CBT is a stand-alone application on the garage computer, it is readily accessible.  Depending on student experience and ability, time required to complete all seven lessons varies from 20 to 40 hours. 


	Lathinen.pdf
	1. INTRODUCTION 
	 
	2. THE ADMINISTRATION OF FINNISH RWIS 
	Technical Services is responsible for technical and administrative expert- and authority services and r&d-activities. In Technical Services the connections to RWIS are: 
	Traffic Services -division, Traffic -team: taking part in development projects and quality control team, administrating the system. 

	3. CONTRACTS AND CONTRACTORS CONCERNING THE FINNISH RWIS 
	 

	4. SUMMARY 


	Sulan.pdf
	1. INTRODUCTION 
	 
	3. CODE AND FLAG TABLES 

	Endrulat.pdf
	Pisano.pdf
	 
	1. INTRODUCTION 

	topic V.pdf
	SUBMITTED PAPERS TOPIC V : 
	Further Development of Road Weather Information Systems  

	Yamagiwa.pdf
	Spreitzhofer.pdf
	5. REFERENCES 

	Saarikivi.pdf
	1. BACKGROUND 

	Skhutan.pdf
	1. INTRODUCTION 

	Thornes.pdf
	Dr John E. Thornes, Dr Lee Chapman & Steve White 
	 
	1.  INTRODUCTION 
	[7] Thornes, J.E. 1991 Thermal Mapping and Road Weather Information Systems for Highway Engineers, In A.H. Perry & L.J. Symons (eds), Highway Meteorology, E&FN Spon, London, 39-67  





