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Abstract 

Variable speed limit signs and information boards are being used on the ex-
perimental motorway section between the towns of  Kotka  and  Hamina  on the 
Southern coast of Finland. The variable signs are controlled according to 
weather and road surface conditions. The aim of the experiment is to make 
traffic more manageable and to improve traffic safety. 

Data on weather and road conditions is collected from two automatic road 
weather stations. The central unit of the road weather information system 
analyses data and gives the speed limit recommendations. The speed limits 
vary between three, and in mid-winter two, different speeds. The road section 
normally has a speed limit 120 km/h in summer and 100 km/h in winter. The 
information boards give pictorial and textual information on weather and road 
conditions and possibly other information too. 

The weather-controlled road is believed to have an effect on the driving be-
haviour of motorists. Changes of socio-economic costs of traffic can be calcu-
lated based on the effect the weather-controlled road has on average speeds 
and accident rates. When the socio-economic impacts are compared with the 
investment and maintenance costs of the system, certain economic parame-
ters, such as the benefit-cost factor and the remunerative rate of interest can 
be calculated.  ln  this investigation it is determined how the socio-economic 
profitability of road weather information system has to be evaluated. 

The evaluation method was used to estimate the profitability of the experi-
mental weather-controlled road. Message signs change according to the 
weather lower speeds during the bad road conditions, when accident risk is 

 markably  higher than usual. That makes it possible to save in accident costs 
without a significant increase in time costs. The weather-controlled road ha 
only a small effect on the other evaluated socio-economic costs. 

Based on the preliminary estimations done in this research it seems that the 
 Kotka-Hamina  weather-controlled road can be a  socio-economically profitable 

investment. However the calculations were based on estimations and the un-
certainty of parameter variations is high. Therefore it is too early to draw final 
conclusions. The Technical Research Center of Finland is performing re-
search on the actual effects the experimental road has on drivers' behaviour. 
When the results from this research are available, the socio-economic calcu-
lations will become more precise.  
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Tiivistelmä  

Muuttuvia  nopeusrajoitusmerkkejä  ja  informaatiotauluja  kokeillaan  Kotkan ja 
 Haminan välisellä moottoritiellä Kaakkois-Suomessa. Muuttuvia opasteita oh-

jataan sään  ja  tienpinnan keliolosuhteiden  perusteella. Kokeilun tarkoitus  on 
 parantaa liikenteen turvallisuutta  ja  sujuvuutta.  

Sää  ja  kelitiedot  kerätään kandelta  tienvarressa sijaitsevalta  automaattiselta 
 tiesääasemalta. Tiesääjärjestelmän keskusyksikkö  analysoi tietojen perus-

teella  kelitilan  ja  nopeusrajoitussuosituksen. Nopeusrajoitukset  vaihtelevat 
kolmen, keskitalvella kanden eri nopeuden välillä. Normaalisti kyseisellä 

 tieosalla  on  kesällä  120 km/h  ja  talvella  100 km/h  nopeusrajoitus. informaatio
-tauluilla  näytetään  kuva- ja  tekstimuotoista  informaatiota  kelistä  sekä mandol-

lisia muita tietoja.  

Sääohjatun  tien uskotaan vaikuttavan  kuijettajien liikennekäyttäytymiseen. 
 Liikenteen yhteiskuntataloudellisten kustannusten muutokset voidaan laskea 

 sääohjatun  tien  keskinopeuksissa  ja  onnettomuusasteissa  aiheuttamien 
muutosten perusteella. Hankkeen edullisuus yhteiskunnalle pystytään arvioi-
maan vertaamalla yhteiskuntataloudellisia vaikutuksia järjestelmän  inves-  to

-inti-  ja  ylläpitokustannuksiirt.  Tässä tutkimuksessa määriteltiin kuinka 
 sääohjatun  tien yhteiskuntataloudellista edullisuutta  on  arvioitava. 

Edullisuuden  arviointimenetelmää  käytettiin alustavien arvioiden tekemiseen 
 Kotka-Hamina  sääohjatun kokeilutien  yhteiskuntataloudellisesta edullisuu-

desta. Sään  ja kelin  mukaan  muuttuvilla opasteilla  nopeuksia alennetaan 
huonoissa  keliolosuhteissa,  jolloin onnettomuusriski  on  huomattavasti tavan-
omaista korkeampi. Siten  sääohjauksella  on  mandollista säästää  onnet-
tomuuskustannuksissa  ilman, että  aikakustannukset  merkittävästi kasvavat. 
Muihin  tutkittuihin yhteiskuntataloudellisiin  kustannuksiin  sääohjatulla  tiellä oli 

 vain  pieni vaikutus. 

Tehtyjen arvioiden perusteella näyttää, että  Kotka -Hamina  sääohjatulla  tiellä 
 on  hyvä mandollisuus osoittautua taloudellisesti kannattavaksi  investoinniksi 
 yhteiskunnalle. Tutkimuksessa tehdyt laskelmat pohjautuvat kuitenkin arvioi-

hin ja  eri tekijöihin liittyy suurta epävarmuutta, joten  topullisia  johtopäätöksiä 
 on  vielä mandotonta tehdä. Valtion teknillinen tutkimuskeskus tekee tut- 

kimusta  sääohjatun  tien todellisista vaikutuksista  liikennekäyttäytymiseen  ja 
 kun näistä tutkimuksista saatavat tulokset ovat käytettävissä myös yhteiskun-

tataloudelliset laskelmat tulevat  tarkemmiksi. 



Preface 

Weather and road surface condition monitoring has been studied for over 20 
years in Finland. The Finnish National Road Administration has acquired 
know-ledge in this field. The main area where the information of the prevail-
ing road conditions has been used is in winter maintenance. The safety of the 
traffic has been calculated to improve when we know the prevailing road 
conditions better than before and so we can do the maintenance activities 
sooner. The reduced road conditions prevail for a shorter time. Socio-
economic  cost/benefit  ratio seems to be about 1/5. 

The exploitation of the road weather information in the other fields is under 
research and development.  FinnRA's  national Traffic Management Research 
Programme focuses on these issues. The impact of road weather information 
on drivers' behaviour, and drivers' reactions and understanding towards 
weather related variable message signs and speed limit signs will be studied. 

The weather-controlled experimental road section on E18 on the Southern 
coast of Finland is one of the test areas.  ln  this study it was created as a 
model to investigate the socio-economic profitability of using the new high 
technology to control the variable speed limit and information signs. The cal-
culations of the profitability are so far based on only the preliminary estima-
tions of the effects of the  Kotka -Hamina  weather-controlled road but the 
method to estimate the profitability is valid. 

Project Manager 	 Yrjö Pilli-Sihvola  
Finnish E18 Weather  -  Test Area  
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1. INTRODUCTION 

Winter weather significantly affects traffic flow and safety in Finland. Roads 
can quickly change from dry to snow-covered or deceptively icy. During icy 
road surface conditions, the risk of accident is about 20 times higher than un-
der dry conditions. 

Reduction of speed has been found to lower the number of accidents on 
main roads. Unfortunately in many cases the drivers have a tendency to de-
termine the speed based on speed limits rather than weather and road sur-
face conditions.  ln  addition drivers are not always able to estimate the actual 
conditions.  

ln  response, the road authorities in Finland are testing the concept of road 
surface-dependent speed limits based on current conditions. Their aim is to 
influence the driving behaviour of motorists and improve road safety, without 
decreasing the drivers' motivation to obey posted speed limits. 

The building and operation of the road weather information system causes 
investment and maintenance costs for the society. Because of these ex-
penses the driving behaviour of motorists is affected, which causes socio-
economic benefits and disadvantages. When the socio-economic impacts are 
compared with investment and maintenance costs, it will be possible to eva-
luate how profitable the investment has been for the society.  
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2. WEATHER-CONTROLLED ROAD 

The weather-controlled experimental road section runs on the southern coast 
of Finland between the towns of  Kotka  and  Hamina.  On the 14 kilometres 
motorway section there are 36 variable speed limit signs and five information 
boards, which can be used to warn drivers of hazardous road conditions or 
other factors affecting traffic.  (Pilli-Sihvola,  1995) 

The road section is in an area were the weather changes frequently.  ln  winter 
time, the temperature varies slightly above and below zero degrees Celsius 
and the southern winds bring humidity from the sea. It can rain or snow at 
any time during the winter season. 

The weather and road conditions are observed with two automatic road 
weather stations. One is situated at a place where the motorway is close to 
the sea and the other one is placed inland where the climate is different. The 
road weather stations include sensitive elements that measure:  

•  wind speed and direction  
•  temperatures of the air, road surface and body of the road 

 •  humidity  
•  rate and amount of precipitation  

ln  addition both stations include four detectors measuring the state of the 
road surface. The road weather station nearest to the sea also has sensitive 
elements to measure visibility and the type of precipitation. 

The variable signs are controlled by their own dedicated equipment. Accor-
ding to the situation, control commands can be issued automatically by the 
road weather information system or manually by operating personnel. The 
central unit of road weather information system collects information from the 
road weather stations, analyses the road conditions and recommends speed 
limits on the basis of this information. The recommended speed limit is trans-
mitted to the traffic signs' control logistics equipment. The central unit of road 
weather information system also analyses data for the information boards. 
The variable speed limit signs and information boards can be controlled also 
manually from the technical building at the side of the motorway, mainte-
nance station at  Kotka  or road weather monitoring centre at  Kouvola.  

The speed limits vary between three, in mid-winter two, different speeds. The 
road section normally has a speed limit of 120 km/h in summer and 100 km/h 
in winter,  ln  mid-winter speed limits vary between 80 and 100 km/h according 
to road conditions. The guideline is to minimise risks by sometimes using 
even lower speed limits than road conditions require and so as to avoid too 
high speed limits when road conditions are poor. Boards give pictorial and 
textual information on weather and road conditions. Manually operated speed 
limits can be changed or information boards used also for other reasons than 
bad weather. For example such reasons may be collisions on the motorway, 
traffic conditions or maintenance activities.  
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The road weather information system was built between the towns of  Kotka 
 and  Hamina  at the same time as the new motorway. About 12 kilometres are 

new divided motorway and 2 kilometres old highway. While the motorway 
was under construction the requirements of the road weather information sys-
tem were taken into account. Planning of the weather-controlled road was 
started at the beginning of 1992 and the system was ready for the opening 
ceremonies of the  Kotka -Hamina  motorway in November 1994. 

A schematic illustration of experimental test section and road weather infor-
mation system is shown in figure 1. 

WEATHER CONTROLLED TRAFFIC SIGNS  

-  experimental road section, 14 km 
I LP I  \ 	 Hamina  

ioLIc.a,  

( /S)  
/ 

'  Recommended 	7 
speed limits, 	 € 	 ( perator 

RWS -  Road weather station 	 information  
TMS  -  Traffic monitoring station 	 to info signs  

-  Speed limit sign (VMS) 	 Information gathering 	Sign  controlimg  unit 
computer 

Figure 1. 	 Weather-controlled experimental road section.  
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3. CONTROLLING SIGNS 

3.1. Division of road sections 

The experimental road section is divided into the western and eastern parts 
and are controlled separately according to the weather and road conditions 
information from each section's own road weather station. The western part is 
closer to the sea and partially crosses a gulf of the sea, so it is presumably 
more sensitive to the changes in weather and road conditions. The eastern 
part, which is located further inland, has less influence from the sea on the 
weather. 

On the western end of the motorway the speed limits can be dropped more 
easily since there are concrete walls on both sides of the road and so the 
road conditions may be different than elsewhere. The road weather stations 
make observations separately to both lanes of the motorway, so the speed 
limit recommendations are basically calculated in six different parts. 

Variable speed limit signs are gathered in 12 groups. The speed limit recom-
mandations are calculated for individual group and signs in one group always 
have the same speed limit. Also it is possible to control each group manually 
and separately. All information boards are independent units except boards 
numbered 2 and 3, which are close to each other at a crossing of roads and 
show the same information. The information board number 3 is just before 
the junction showing information to the people driving along the motorway or 
leaving it and the board number 2 is at a slip road for the drivers coming onto 
the motorway. 

Figure 2 illustrates what sources of information are used to determine speed 
limit recommendations for certain sign groups and the display recommenda-
tions for the information boards. 
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Figure 2. Division of weather-control sections. 

The information source equipment is used to control variable signs according 
to following road section division:  

‚  In the western section variable speed limit sign groups and 
information boards are controlled by information from the road 
weather station numbered one.  ln  addition that stations road 
surface sensors numbered one and two control sign groups I, 

 Il  and Ill and sensors numbered three and four control groups 
X, XI and  XII.  

‚ ln  the eastern section variable speed limit sign groups and 
information boards are controlled by information from the road 
weather station numbered two. Road surface sensors 
numbered one and two control sign groups VII, VIII and IX and 
sensors numbered three and four control groups IV, V and VI.  

‚  Visibility and type of precipitation sensors of the road weather 
station number one are used to control all speed limit signs 
and information boards. 

3.2. Classification of condition categories 

Since the speed limits alternate between 80, 100 and 120 km/h, the weather 
and road conditions must be classified into three categories. Speed limits are 
determined on the basis of road surface conditions, rain, visibility and wind.  
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Road conditions are classified based on the information from the road sur-
face sensors in the slower lines. Another alternative would be to use both 
sensors, but based on the observations maintenance personnel have done, 
this would cause speed limits to drop even too often. The road conditions are 
classified as follows: 

Good road conditions. The road surface sensor shows that the 
road is dry or slightly moist and the road weather station has 
not noticed heavy or moderate rain or there are no warnings 
coming from the station.  ln  addition the temperature of the 
road's body is not more than one degree colder than the road 
surface when the temperatures are under zero degrees 
Celsius.  

€  Poor road conditions. The lowest speed class is determined in 
cases where sensors indicate the presence of snow or ice on 
the road and the temperature of the road's surface is under +2 
degrees Celsius.  

€  Moderate road conditions. The remainder of cases are 
classified into moderate road conditions class and the speed 
limit of 100 km/h is used. 

Heavy rain and wet road surface conditions reduce the speed limit from 100 
to 80 km/h. If the visibility falls below 280 m, the speed limit is reduced from 
120 km/h to 100 km/h. Furthermore, visibility below 180 m lowers the limit to 
80 km/h. Limit values of wind velocity are 12 and 17  rn/s.  When these veloci-
ties are exceeded the speed limit is dropped to 100 and 80 km/h, respec-
tively. The controlling logic is illustrated in figure 3. 

A regulated time lag is used in changing conditions so that the speed limits 
do not change back and forth over a short time interval. When the speed limit 
is dropped it happens immediately. When conditions improve and the speed 
limit is supposed to change, a 15-minute time lag is used. 

These classifications and rules are used at the moment to control variable 
signs. The  Kotka -Hamina  road weather information system is a test area and 
constantly under surveillance. The control logic of speed limit signs and infor-
mation boards may be changed according to the experiments achieved while 
the system is used.  
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Figure 3. Control logic of the variable speed limits. 

The guiding principle of using the information boards is that they always pro-
vide information in the worst situation. If the speed limit is not reduced there 
are temperatures of the air and road surface on the boards. When the speed 
limit is dropped the reason for this is clarified on the information boards. 

Information boards contain two parts where pictorial and textual information 
can be given. The triangular warning sign on the upper part can display three 
different traffic signs: slippery road surface, hazardous conditions ahead or 
road construction ahead. When these signs are not needed, the board is 
dark. The lower part of the information board consists of two lines of text, 
each for lo characters. In the text, additional information can be given to the 
traffic signs.  
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Automatic use of information boards is based on the warnings road weather 
stations send to the central unit of road weather system. For example a warn-
ing causes systems control logistics equipment to display traffic sign "slippery 
road conditions" on the information board. Depending on what reason has 
caused the warning explanation text is added. For example if the warning is 
given because of snow there is sign "slippery road conditions" and the text 
"snow" and temperature of the road surface on the information board.  

ln  addition to the automatic control according to the weather and road condi-
tions there are situations when variable speed limit signs and information 
boards can be used manually. Manual control is used if the variable signs 
automatically display information that does not correspond to the real condi-
tions. Warnings can also be given manually, if there are maintenance activi-
ties on the road or some other factors that may be hazardous to traffic. 
Information boards can also be used to display other important messages to 
the road users. 

The  Kotka  maintenance station's personnel are mainly responsible for con-
trolling the information displaying on the variable signs is corresponding with 
real weather and road conditions. If there is doubt that the variable signs may 
be misleading, the road master on duty adjusts the situation on the road and 
makes the manual changes needed. During the winter signs are also ob-
served on the road monitoring centre at  Kouvola.  

How the variable signs are used while there are maintenance activities on the 
road is decided at the  Kotka  maintenance station. Manual changes can be 
made either at the maintenance station or by telephoning to the road weather 
monitoring centre. For certain situations it is described how to use the vari-
able signs. For example while salting or ploughing the road no manual control 
is normally needed because automatic control has already dropped the 
speed limits and is warning about snow or ice. However if manual control is 
needed in these situations can the sign "hazardous conditions ahead" and 
the text "salting" or "ploughing in operation" be used. 

It may happen that something special on the road would need changes in the 
variable signs to improve traffic safety and flow. Such cases can be for exam-
ple an accident or some animal on the road. Speed limits are reduced and a 
warning is displayed on information boards when the announcement arrives, 
usually from the police. 

When there are no problems on the road other messages can be displayed 
on the information boards. These messages, like "remember the headway" 
and "have a nice trip", are used occasionally based on the decisions made at 
the road weather monitoring centre or at the maintenance station.  
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4. EVALUATION METHOD OF SOCIO-ECONOMIC 
PROFITABILITY 

The road weather information system affects drivers behaviour. Changes in 
certain socio-economic costs can be estimated on the bases of the effects 
weather-controlled road has on speeds and number of accidents. The road 
weather information system has impacts that increase some of the socio-
economic costs and decrease others, When the socio-economic impacts are 
compared with the investment and maintenance costs, the profitability and 
productivity of the system can be calculated.  (L€hesmaa,  1995) 
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Figure 4. Profitability of the road weather information system. 

4.1. Economic parameters 

Two economic parameters were used to evaluate how profitable and produc-
tive the road weather information system is for the society. These economic 
parameters were the annual benefit-cost factor and the remunerative rate of 
interest.  ln  Finland similar types of parameters are usually used in traffic in-
vestment calculations. 

The investment costs are treated in different ways depending on whether 
benefit-cost factor or remunerative rate of interest is calculated.  ln  case of 
benefit-cost analysis, the investment costs from different types of equipment 
are divided into annual shares using the capital recovery factor. While remu-
nerative rate of interest is calculated by dividing the one year's profit (the dif-
ference between annual incomes and costs) by the total amount of 
investment costs. The maintenance and socio-economic costs and benefits 
are always calculated for one year.  
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EVALUATION METHOD OF SOCIO-ECONOMIC PROFITABILITY 

The matters in favour, for treating the investment and maintenance costs as 
well as socio-economic impacts in the way it has been done in this investiga-
tion, can be described as follows:  

€  The supposed depreciation periods for different equipment are 
not equal and parts of the equipment have to be renewed after 
different time periods.  

€  Most of the maintenance costs and almost all of the 
socio-economic impacts are most practical to estimate annually 
and can be believed to remain constant during the observation 
period. 

The annuity of investment is calculated by dividing the difference of invest-
ment cost and present value of the equipment after their depreciation period 
to equal annual shares. The annuity of investment is calculated with the for-
mula shown below. 

AN 	 E  = 	 (1) 

AN 	=  annuity of investment  
=  investment cost 

E 	=  value of equipment after supposed depreciation period 
n 	=  depreciation period of equipment in years  

=  interest rate used in calculations 

c 	=  capital recovery factor  ni 	 (1+i)-1 

When the annuity of investment is known the socio-economic benefit-cost 
factor can be calculated with following formula. 

Benefit-cost factor 

S  -  C, 0, 

AN+  Crnai  

(2) 

S 	=  annual socio-economic savings due to weather control 
C80 	=  annual socio-economic costs due to weather control  

Cmai 	=  annual maintenance costs 

The annual socio-economic costs of weather control are subtracted from the 
annual incomes, which are socio-economic savings due to road weather in-
formation system. The obtained difference is divided by the sum of annuity of 
investment costs and annual maintenance costs. The benefit-cost factor re-
flects the ratio between the socio-economic impacts of weather control and 
total expenses lead to these impacts. 

The annual benefit-cost analyses do not give a sufficient picture how effective 
the use of invested capital has been. Therefore an other economic parame-
ter, the remunerative rate of interest, is used for this purpose.  
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Remunarative  rate of interest 

S  -  ( ' sos  - C,na,  

The maintenance costs are subtracted from the total socio-economic impacts, 
when the result is the annual profit of the road weather information system. 
The remunerative rate of interest is calculated by dividing the profit by the to-
tal investment costs. 

4.2. Socio-economic impacts 

What impacts are taken into consideration in traffic investment calculations, is 
based on agreements. Factors that can relatively easily be estimated in terms 
of money were selected in the socio-economic evaluation. It was also consi-
dered important that the results from this evaluation method of the road 
weather information system would be comparable with results from other traf-
fic investment calculations. The socio-economic factors used in this investiga-
tion are costs due to:  

€  accident  
€  time  
€  vehicle  
€  exhaust fumes 

 €  noise  
€  asphalt surfacing  

ln  this evaluation method changes in these factors, caused by the road 
weather information system, were calculated based on the accident rates and 
average speeds. Two values have to be determined both for the accident 
rates and for the average speeds on the road section. First values are given 
for the situation where no road weather information system is supposed to 
influence the traffic and the second values are caused by the reduced speed 
limits and warnings on the information boards. The costs are estimated be-
fore and after road weather information system and the differences are the 
socio-economic impacts of the system. 

While the weather and road conditions vary, different speed limits and mes-
sages are used. Since the effects of the road weather information system 
also vary under different conditions, the effects have to be observed in parts. 
The traffic is first divided into summer and winter time, that are further di-
vided, using the classification of the control actions, into three categories, 
where speed limits of 120, 100 and 80 km/h are used. The two values of acci-
dent rates and average speeds should be specified in each of these 
categories.  
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The equations used for the socio-economic costs are based on the calcula-
tion principles determined by the Development Centre of Finnish National 
Road Administrations. The same department is also responsible for giving 
annual prices for the road traffic costs. The prices used in this investigation 
are for the year 1994.  (Tielaitos,  1994a) The equations are presented is such 
a form that the result of the equation is the change in cost. A negative result 
shows that the cost has decreased and a positive result shows that the cost 
has increased. 

4.2.1. Accident costs 

The accident cost calculations in Finland are based on the method of the so-
cial willingness-to-pay. The method tries to include the total loss of well-being 
in the society: the real economic costs and human sufferings. The society is 
willing by investments in traffic safety to minimise the costs of traffic accidents 
and also to diminish the probability of accidents and in this way to increase 
the non-material well-being in the society. Thus the accident costs are valued 
higher than the real monetary cost alone would be. 

According to this method accident costs include: 

Monetary values of 
lost of contribution  

€  hospital care  
€  administrative expenses  
€  (funeral)  
€  damages to vehicles  
€  damages to road constructions 

Loss in well-being includes the human losses due to the accident and 
the diminished well-being due to the probability of a road 
accident. 

The unit cost values of traffic accidents in public roads are shown in table 1. 
The costs are based on  FInnRA's  accident statistics. A great deal of minor 
accidents with material damages are not included in the statistics. So the fig-
ures are corrected to correspond to the real number of accidents. 

Table 1. Unit cost values of traffic accidents in public roads 1994. 

Accident Cost  (FIM)  

fatal 

injurious 

8 900 000 

212 000 

injury accident on average 952 000 

material damages 46 000 

road accident on average 321 300  
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The change in accident costs, caused by the road weather information sys-
tem can be calculated for certain road condition category by using following 
formula. 

ACacc = 	 X  7'VX Cacc )<  S X  LIb 6 	 (4)  

LCacc 	=  change of accident costs 
AAR 	=  change of accident rate due to weather-control 
TV 	=  average daily traffic volume 
Cacc 	=  unit cost value of traffic accident 
S 	=  number of days in one road condition category 
L 	=  length of highway section 

The change of the accident rate due to weather-control (AAR) is calculated by 
subtracting the accident rate, when road weather information system is used, 
from the accident rate without the weather-control. 

The annual change of accident costs can be calculated as the presented esti-
mation is done for all of the road condition categories. 

4.22. Time costs 

The unit values of time has been determined for all types of vehicles. ln this 
investigation only two unit values has been used. These values are deter-
mined for so-called light and heavy vehicles by combining unit values for dif-
ferent types of vehicles. 

The passenger car's value of time is connected with the average hourly wage 
of an industrial worker. At work time trips the value of time is 1.3 times the 
gross hourly wage and social security costs. When trip takes place between 
home and work the value is 35 per cent of the average hourly wage. For the 
leisure and holiday trips 20 per cent of the average hourly wage is the value 
of time. If the purpose of the trip is not known, a combined value has to be 
used. The unit cost of time for a van is based on the average wage of driving 
personnel and corresponding social costs. The price for a light vehicle on 
average is estimated by combining the time costs of the passenger car and 
van. The difference in traffic volumes of the vehicle types is taken into consi-
deration in the combination. 

The unit value of time for a heavy vehicle is obtained by combining values of 
bus and truck. The unit value of time for bus is a sum of the driver's gross 
hourly wage, with social security costs, and time costs of the passengers. 
The average gross hourly wage and social security costs are also used to de-
termine the unit value of time for the truck. The freight has no time value. 
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Table 2. Unit values of time for light and heavy vehicles in 1994. 

Vehicle 
____________________  

Unit value  
(Fl  M/hour/vehlcle)  

light vehicle 46.1 

heavy vehicle 155 

The change of time costs for light or heavy vehicles, caused by the road 
weather information system can be calculated for a certain road condition 
category by using following formula: 

(v i €v 2 )  
1\Ctim= v1xv2 XC1, m XTVX7'StXSXL 	 (5)  

ACtim 	 =  change of time costs 
v 1 	 =  average speed without weather-control 
v 2 	 =  average speed with weather-control  

Ctim 	 =  unit value of time  

TS 1 	=  percentage of total traffic volume for light or heavy vehicles 
t 	 =  vehicle type 

The formula has to be used separately for the two different vehicle types and 
the different road condition categories. The annual change of time costs is a 
sum of all these estimations. 

4.2.3.  VehIcle  costs 

The vehicle costs include expenses of the car's purchase and use. The ex-
penses of fuel consumption, repair, service, lubrication and tyre-wear are as-
sumed to change in relation to the fuel consumption. These expenses are 
called variable vehicle costs. The expenses of maintenance, administration 
and capital depreciation, so-called fixed vehicle costs, are divided into two 
parts, which change in relation to the kilometres driven and the time used for 
the trip. 

The unit values of variable and fixed vehicle costs are specified for a certain 
basic situation. These unit values of vehicle costs for light and heavy vehicles 
are shown in the table 3. 

Table 3. Basic vehicle costs for light and heavy vehicles in 1994. 

Vehicle 
_________________ 

Variable costs 
(FIM/km) 

Fixed costs  
(FIM/km)  

light vehicle 0.415 0.413  

heavyvehicle  1.677 2.117  



Weather Controlled Road and  lnvetment  Calculations 
	

21 

EVALUATION METHOD OF  SOCIO-ECONOM1C  PROFITABILITY 

The vehicle costs per kilometre change as the speed of the vehicle changes. 
The basic vehicle costs are estimated based on the average speed, that dri-
vers would normally use. An alteration is made to these costs as the average 
speed changes, because of the road weather information system. 

Change of vehicle costs for a light vehicle in one road condition category can 
be calculated by using following formula. 

Ac  _(80xA(vI_v2+AdFxB)xwxTsTxLxs  (6)  veh€ 	
2 	'.v1xv2) 

ACveh 	=  change of vehicle costs 
A 	=  unit value of fixed vehicle cost 
B 	=  unit value of variable vehicle cost  
MF 	 =  change of the comparative fuel consumption 
80 	=  comparison speed for light vehicles (70 for heavy vehicles) 

The comparative fuel consumption has to be estimated individually depen-
ding on the type of the road and the normal speed limit used. For a divided 
motorway, where the normal speed limit is 120 km/h the changes of light and 
heavy vehicles comparative fuel consumption can be calculated from the fol-
lowing figure 5. 

115 
2 	 ___  light vehicle 

1,1  

! 	

_ €eahicI .  

095 

9 0,9 
0 

0,85 	 I 	 I 	 I 

65 	75 	85 	95 	105 	115 

Average speed (km/h) 

Figure 5. Comparative fuel consumption of light and heavy vehicles in 120 
km/h speed limit motorways. 

Values of comparative fuel consumption are estimated for speeds with and 
without road weather control. The difference in values is the change of com-
parative fuel consumption. 

As in the case of time costs the annual change of vehicle costs is a sum of 
road weather information system's economic effects for both vehicle types in 
all the road condition categories.  
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4.2.4. Exhaust fumes costs 

Exhaust fumes costs include the economic expenses of the disadvantages. 
Illness, corrosion, dirtiness, decrease of comfort, decrease of incomes from 
forestry and agriculture and greenhouse effect were examined, when the unit 
values of exhaust fumes were fixed. The costs are shown in table 4. 

Table 4. Unit values of exhaust fumes costs in 1994 

Emission 
_________________  

Costs  
(Fl  M/ton)  

nitrogen oxides 5 000 

hydrocarbons 10 000 

particles 92 000 

The following formula can be used to calculate the change of certain emis-
sion types socio-economic costs.  

itCem AEfXCemiI>( TVx TSxsxL 	 (7)  

ACej 	 =  change of exhaust fumes costs  

=  change of certain emission  

cemt 	 =  unit cost of certain emission type 
f 	 =  emission type  (NOr,  HC, particles) 

The emissions at certain speed level can be read from figures 6 and 7. The 
change of emission due to the road weather information system is deter-
mined by the two different average speed levels. As the change of emission 
is multiplied by it's unit value and traffic volume the  soclo -economic impact of 
one emission type is clear. Total exhaust fumes cost is the sum of all the 
impacts. 

The formula 7 can be used on divided motorways, when the average daily 
traffic volume is under 30 000 vehicles. When the traffic volume is lower than 
that, emission increases evenly. If the traffic volume is over 30 000 vehicles 
the emission increase is no longer even.  

ln  this investigation the emissions are determined based on the speed. The 
speed has a high effect on emissions, when speeds are 70 -120 km/h. The 
accelerations, braking and driving behaviour also have effects on emissions, 
but these effects are more remarkable when speeds are less than 50 km/h.  
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Figure 6. The emissions of light vehicle depending on speed.  (Tielaitos, 

 1990)  
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Figure 7. The emissions of heavy vehicle depending on speed.  (Tielaitos, 

 1990) 

4.2.5. Noise costs 

The unit values for noise from the traffic are determined based on the dura-
tion of the daily disturbance because of the noise and unit value of time. The 
unit values of noise at certain volume level are shown in table 6. 

Table 6. The unit values of noise at different volumes. 

Volume of noise (dB) 
___________________  

Annual cost  
(Fl  M/inhabitant)  

55-65 1 716 

65-75 2 600 

>70 5 200  

EI  0.9 

05 

0.4 
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It has to be known how many inhabitants are disturbed by the noise and in 
what extension to calculate the noise costs for a certain road section. When 
the annual noise costs are known, the road weather information system's im-
pact on noise costs is calculated based on the change of average speed. 

The following formula is used to calculate the annual change of noise level in 
terms of percentage. The noise volumes are estimated using average yearly 
speeds with and without weather-controlled speed limits and information 
boards.  

(LAiom+30Log(v2/50)j 	
100 	 (8) 

LA  lOm  + 3OLog(v i / 50) 	)  

AN 	=  percentage change of noise  
LA 10m 	 =  basic value of noise volume at 10 metres distance from middle 

of road  (=  68 dB) 

The noise costs are believed to change in relation to the noise volume. 
Therefore the change of noise costs is calculated by multiplying the annual 
noise Costs by the change of noise per cent. 

4.2.6. Asphalt surfacing costs 

The annual asphalt surfacing costs are calculated by dividing the costs of one 
asphalt surfacing to the time period between surfacing using the capital re-
covery factor. The same can be presented as a formula.  

Ca3p LXWXCasp XAN 	 (9) 

C8 	=  annual asphalt surfacing costs 
w 	=  width of line  
Casp 	=  unit value of asphalt surfacing (25  FIM/m 2) 

The time period between asphalt surfacing is calculated based on the annual 
wearing of surface. The wearing speed can be estimated, if the average daily 
traffic volume is known. The wearing speed also varies depending on the 
quality of the surface material. The wearing speeds used in this investigation 
in relation to the average traffic volume are shown in figure 8.  
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Figure 8. The wearing speed of asphalt surface in relation to the average 
daily traffic volume.  (Tielaitos,  1994b) 

For a divided motorway the wearing has to be evaluated for slow and fast 
lanes separately. The division of the traffic volume into different lines is 
shown in figure 9. 
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Figure 9. The percentage of traffic volume on slow and fast lines in relation to 
the total average daily traffic volume.  (Pursula,  1988) 

When the annual wearing speed of an asphalt surface is known the time pe-
riod between surfacing can be calculated with following formula: 

Dl € Db  
17= 	 (10) 

n 	=  time between asphalt surfacing 
D 	=  depression limit for new asphalt surfacing  

Db 	=  depression on the newly-build road 
WS 	=  wearing speed 

Motorways are usually covered with new asphalt surface when the depres-
sion exceeds 14 mm. After the surfacing there is supposed to be a 2 mm 
depression. 

The wearing of the surface happens mainly during the winter, when studded 
tyres are used. The wearing caused by studded tyres is believed to be com-
parable to the square of driving speed.  (VTT,  1985) When average speeds in 
winter time, with and without weather control, are known the change of  
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wearing can be calculated with following formula.  

zwsoo=()2_i)  x 100 	 (11)  

AWS % 	 =  change of wearing speed per cent 

Based on the percentage change of wearing speed new capital recovery fac-
tor and annual asphalt surfacing costs are calculated. The difference be-
tween two values of annual asphalt surfacing costs is considered road 
weather information system's socio-economic impact.  
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5. PROFITABILITY OF THE EXPERIMENTAL 
MOTORWAY 

5.1. Investment and maintenance costs 

The investment costs of the  Kotka -Hamina  weather controlled road were 
about 8.2 million Finnish marks. The biggest expenses were the cabling 
needed for data transmission and distribution of electricity and the variable 
message and speed limit signs. These expenses cover slightly over 70 per 
cent of the total investment costs of the road weather information system. 

 (Lähesmaa,  1995) 

The equipment of the road weather information system are believed to have 
different economic life times. Therefore the depreciation periods and values 
of equipment after the life time have to be estimated separately for each 
equipment. The longest depreciation period used in this investigation was 20 
years and it was used for example for the cables. Much shorter economic life 
times were estimated for variable signs and computers. On average the de-
preciation period of the different road weather control equipment was about 
14 years. When the investment costs of the system were divided into annual 
shares, the annuity of investment amounted to about 1 million Finnish marks. 

The operation, surveillance and service of the weather-controlled road 
amount to about 360, 000 Finnish marks in annual costs. Some of these 
costs are problematic, since it is unclear which of the expenses are caused 
directly by this system.  ln  addition to this it is difficult to estimate the service 
Costs, since there is no previous experience. Because of the uncertainty it is 
supposed that the maintenance costs can be 5 percent smaller or 20 percent 
bigger than the original estimation. It is believed that the maintenance costs 
not can be significantly smaller, but if there happens to be any problems with 
the system the maintenance costs will increase rapidly. 

The biggest maintenance costs are supposed to be caused by surveillance 
and telecommunication. These account for about 50 percent of the total 
maintenance costs. The telecommunication costs are relatively easy to esti-
mate and the estimation is believed to be quite accurate, but at the moment it 
is not known how much surveillance the system will need and therefore the 
surveillance costs had to be estimated roughly. 

5.2. Impacts on driver behaviour and socio-economic costs 

The impacts road weather control has on average speeds and accident rates 
had to be estimated based on the information available from other sources 
because the real effects of the experiment are as yet unknown. Therefore no 
absolute values could be used and three different (pessimistic, probable and 
optimistic) estimations were given to the average speeds and accident rates 
in each road condition category.  
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When the estimations done for different road condition categories were com-
bined it was noticed that the yearly average speed was believed to decrease 
0.4 to 1.4 per cent due to the use of weather controlled message and speed 
limit signs. Even the variable signs were supposed to have reasonable ef- 
fects on the average speeds while the road conditions are poor, the change 
of total average speed was quite low, since the weather and road conditions 
are usually fine. It was estimated, based on previous investigations, that in 
less than 20 per cent of the time conditions are certain that variable signs 
have to be used to decrease speeds. 

The average yearly accident rate was believed to decrease 8 to 25 per cent. 
This seems quite remarkable change as average speeds decreased only 
slightly. The high impact on safety can be understood as the speeds are 
lowered during the bad road conditions, when accident risks are many times 
higher that in normal conditions. 

Based on the impacts the road weather information system is believed to 
have on drivers' behaviour the changes of socio-economic costs were calcu-
lated. The costs decreased annually in all 0.85 to 2.1 million Finnish marks, 
probably about 1.5 million marks. The socio-economic impacts of different 
factors and their range are shown in figure 10. The savings are shown with 
negative numbers and the costs with positive numbers. 
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Figure 10. The changes of annual socio-economic costs. 

The saving of accident costs is believed to be distinctly the most significant 
factor. The increase of time costs decreases the accident benefit about 20 
per cent. The changes of vehicle, exhaust fumes, noise and asphalt surfacing 
costs are small,  ln  addition to this these factors have more or less compen-
sating impacts.  
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The figures used in this investigation were only estimations. The Technical 
Research Centre of Finland is currying out research on the real impacts the 

 Kotka-Hamina  weather-controlled road has on drivers' behaviour. When the 
results for this investigation become available also the socio-economic 
evaluation can be done more precisely. 

5.3. Profitability 

When the socio-economic impacts of the  Kotka-Hamina  weather-controlled 
road were compared with the investment and maintenance costs, the profit-
ability of the system produces for the society could be estimated. Based on 
the assumptions in this investigation the most probable benefit-cost factor of 
the experimental road is 1.1 and the remunerative rate of interest is 14 per 
cent. This would mean that the benefit of the road weather information sys-
tem are greater than the capital spent on it and that the system has been a 

 socio-economically reasonable investment. 

Because of the uncertainty and many assumptions in the evaluation process 
these values of the economic parameters not can to be considered as final 
values. Therefore it was essential to estimate how the parameter variations 
affect profitability. 

Three different values were given for the annual maintenance costs and 
changes of average speed and accident rate. Based on the uncertainty of 
speeds and accident rates were ranges calculated also for the socio-
economic impacts. When these assumptions were combined, the range of 
the system's profitability in all could be estimated. When all the pessimistic 
estimations were united the benefit-cost factor was about 0.6 and based on 
the optimistic assumptions the factor was believed to be 1 .6. The  remu  flera-
tive  rate of interest ranges correspondingly from 5 to 22 per cent. When the 
things causing uncertainty to the calculation are combined, the range of 
profitability in all is significant. 

At the moment it seems that the  Kotka -Hamina  weather-controlled road has 
high potential to be a  socio-economically profitable investment. However the 
uncertainty of the evaluation is still so remarkable that no final conclusions 
can be made, The Technical Research Center of Finland is performing re-
search on the actual effects the experimental road has on drivers' behaviour. 
When the results from this research are available, the socio-economic calcu-
lations will became more precise.  
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6. FEEDBACK FROM DRIVERS 

During the winter 1994-95 about 300 drivers were interviewed on the 
weather-controlled road. The aim of the investigation was to obtain drivers' 
knowledge and opinions about the experiment.  ln  addition there were some 
questions about the drivers background that revealed most of the drivers to 
be middle-aged men using the experimental motorway quite often.  (Rämä,  
1995)  

ln  general the motorists had very positive attitudes towards the variable 
weather dependent speed limits. Over 90 per cent of drivers considered that 
the variable speed limits are useful. Mostly the improved traffic safety and 
flow were mentioned as advantages of the variable sings. Regarding disad-
vantages about 20 per cent of the interviewed persons answered that there 
might sometimes be wrong limits on the signs or the system may not operate 
properly. Other disadvantages were seldom mentioned and 65 per cent of the 
interviewed persons could not mention any disadvantages. 

About 90 per cent of the drivers knew the speed limit in force. There was no 
difference in this percentage depending on whether speed limit of 100 km/h 
of 80 km/h were used. Based on this it can be said that the signs are well 
perceived and remembered. The drivers were also asked "What traffic sign or 
information board did you see before the interview took place?". The drivers 
were interviewed about 100 metres after variable information board. When 
only temperatures (air and road) were used 39 per cent of drivers remem-
bered it. When the sign "slippery road conditions" was on 66 per cent remem-
bered it and about 30 per cent said it had effected their driving behaviour. 

The drivers were also asked:  "ln  your opinion, are the driving conditions now 
good, moderate or bad?" When the road weather information system deter-
mined conditions to be bad and speed limit of 80 km/h was used, 61 per cent 
of drivers considered the conditions also bad and the rest of drivers moder-
ate. During the 100 km/h speed limit 40 per cent of drivers considered condi-
tions good, 58 per cent moderate and 2 per cent bad. 

The interviews were part of the larger investigation of the Technical Research 
Center of Finland and they will also continue,  ln  the future it will be interesting 
to examine if the opinions change as the time goes by.  
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7. SUMMARY 

The weather-controlled variable speed limit signs and information boards are 
used to influence traffic flow and safety. The socio-economic impacts of the 
road weather information system can be calculated based on the changes of 
average speed and accident rate at the road section. The socio-economic 
factors evaluated in this investigation were accident, time, vehicle, exhaust 
fumes, noise and asphalt surfacing costs. 

When the socio-economic impacts of the system are compared with invest-
ment and maintenance costs it is possible to estimate how profitable the in-
vestment has been for the society. For this purpose, two economic 
parameters, benefit-cost factor and remunerative rate of interest, were 
determined. 

The evaluation method was used to preliminary estimate how socio-
economically profitable the experimental road weather information system 
between towns of  Kotka  and  Hamina  is. Since the calculations are based on 
estimations it was impossible to make final conclusions and it was important 
to estimate parameter variations impacts on the profitability. 

The message signs change according to the weather lower speeds during 
the bad road conditions, when accident risk is remarkably higher than usual. 
That makes it possible to improve the traffic safety without a significant de-
crease in average speed. The number of accidents is believed to decrease 8 
to 25 per cent, while the average speed is decreased 0.4 to 1.4 per cent. 
Socio-economically this means that the saving in accident costs is significant 
compared with the increase of time costs. The weather-controlled road has 
only small effects on the other socio-economic costs. 

Comparing the total socio-economic impacts with investment and mainte-
nance costs it seems that the  Kotka -Hamina  weather-controlled road has 
been a profitable investment for the society. The benefit-cost factor calcu-
lated based on most believed assumptions was 1 .1. However the uncertainty 
of the influence weather-controlled road has on the traffic remains remarkable 
at the moment. This also means that the results of the socio-economic 
evaluation have to be interpreted with some suspicion, The benefit-cost factor 
ranges from 0.6 to 1.6 when the calculations are done according to pessimis-
tic or optimistic assumptions. When more information on the effects a road 
weather information system has on traffic will be available in the future, the 
economic calculations wil become more precise. 

The purpose of the socio-economic evaluation method is at least partly diffe-
rent than the investment calculations of privete companies. Socio-economic 
profitability is more like a presumption of the investment than a line of argu-
ment. A weather-controlled road has to be profitable to the society, but on the 
other hand even a good profitability is not a good enough reason to spend 
public money just for this purpose. Also factors that not can be evaluated in 
economic terms have to be considered in the decision making. 
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SUMMARY  

ln  this investigation road weather information systems were evaluated only 
economically. Based on the preliminary estimations it seems that weather - 
controlled roads can be  socio-economically profitable investments. If also the 
other factors are in favour of building such systems for other important high-
ways in Finland, the socio-economic evaluation method is especially useful 
for comparing where road weather information systems can be used and 
what kind of systems should be used.  
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Weather Controlled Road and Investment Calculations 

Abbreviations used in formulas 

Abbreviations used in formulas 

A  =  unit value of fixed vehicle cost 
AN  =  annuity of investment 
B  =  unit value of variable vehicle cost  
Cmai  =  annual maintenance costs 
C 0  =  annual socio-economic costs due to weather control  
cacc  =  unit cost value of traffic accident  

=  annual asphalt surfacing costs  
cf/i  =  capital recovery factor  
ctm  =  unit value of time  
Db  =  depression on the new-build road  

=  depression limit for new asphalt surfacing 
E  =  value of equipment after supposed depreciation period  

=  investment cost  
=  interest rate used in calculations 

L  =  length of highway section  
LA 10m  =  basic value of noise volume at lo metres distance from middle 

of road 
n  =  number of years (depreciation period of equipment, time 

between asphalt surfacing) 
S  =  annual socio-economic savings due to weather control 
s  =  number of days in one road condition category 
t  =  vehicle type 
TS  =  light or heavy vehicles percentage of total traffic volume 
TV  =  average daily traffic volume 
v 1  =  average speed without weather-control  

=  average speed with weather-control 
w  =  width of line 
WS  =  wearing speed  
AAR =  change of accident rate due to weather-control  
LCacc  =  change of accident costs  

=  change of time costs  
=  change of vehicle costs  

AdF =  change of the comparative fuel consumption 
AN  =  percentage change of noise  
AWS %  =  change of wearing speed per cent  
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