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About SENSoR 

The road infrastructure of a country not only serves the basic need for safe transport of 

people and goods but is also considered vital for its growth and development.  Decisions for 

public and private investment must take the overall level of safety into consideration in a 

measurable way. 

Road traffic injuries are a global, man-made and preventable epidemic with a health burden 

on the scale of HIV/AIDS and Malaria. According to the World Health Organization, about 

1.24 million people die every year as a result of road traffic crashes, while the annual number 

of road deaths worldwide is projected to increase to about 2.4 million by 2030. Specifically in 

the European Union, more than 30,000 persons were killed and about 1.5 million persons 

were injured in more than 1.1 million car accidents.  

On this basis, the United Nations announced in 2010 the Global Plan for the Decade of Action 

for Road Safety 2011-2020. The Plan encourages countries and stakeholders to implement 

actions that contribute to the reduction of the forecasted road fatalities rate. The categories of 

activities (pillars) that the Plan proposes as focusing areas are: building road safety 

management capacity; improving the safety of road infrastructure and broader transport 

networks; further developing the safety of vehicles; enhancing the behaviour of road users; 

and improving post-crash care.  Focusing on the infrastructure pillar, the countries should be 

able to assess the safety capacity of the road network for all road users and further implement 

infrastructure improvements through targeted investment programs. Moreover, the European 

Directive 2008/96/EC on Road Safety Infrastructure Management provided the requirements 

for safety management of the Trans-European Road Network that include Road Safety 

Inspection, Safety Ranking and Audits, suggesting investments on road sections with the 

highest number of collisions and/or the highest collision reduction potential.  

Within this framework the South East Neighbourhood Safe Routes (SENSoR) project has 

taken safety rating to the next level – moving from measurement to action by assessing the 

risks that road users face from infrastructure and by identifying the potential improvements 

that can save the most lives for the money available. To do so, the Project Partners applied 

the latest tools of the International Road Assessment Programme (iRAP), a charity supporting 

countries and financial institutions worldwide during the UN Decade. The results give GPS-

mapped sites where improvements, often as simple as barriers, school crossings or roadside 

hazard clearance, can make the difference. 

SENSoR builds on outstanding cooperation between automobile clubs, universities and road 

authorities. Having been co-financed by the South East Europe (SEE) Transnational 

Cooperation Programme and the European Union, the 2-year project brought together 14 

countries – Greece, Slovakia, Hungary, Slovenia, Republic of Moldova, Serbia, Former 

Yugoslav Republic of Macedonia, Bosnia and Herzegovina, Croatia, Albania, Montenegro, 

Bulgaria, Romania and Ukraine. 

The project was launched in September 2012 and finished in November 2014.  It included the 

road survey, coding, analyses and reporting of RAP road safety assessments of 19,000kms 

of routes (including around 4,000km donated from earlier surveys in Moldova and Ukraine) in 

the above-mentioned countries and more than 27,000km of Risk Mapping. 

The current report presents the Star Rating results for the combined SENSoR countries.  For 

more information about the report, contact Dr Steve Lawson, Research and Partnerships 

Director, Road Safety Foundation steve.lawson@readsafetyfoundation.org.  For information 

about the SENSoR project contact go to http://sensorproject.eu/#!/splash and to Dr Evangelos 

Bellos at vbellos@mrsh.gr. 

© SENSoR February 2015 
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1 Introduction 

1.1 Consultation with stakeholders 

This report is presented as a “consultation on recommendations” as the SENSoR Project 

Partners wish to discuss the results with those who influence the safety of roads and road 

infrastructure.  The results can be used to explore the priorities and possibilities for investing 

to save lives and serious injuries. 

The results are based upon Risk Maps using crash data produced in 2013-14, on surveys 

producing Star Rating and Safer Roads Investment Plans (SRIPS) carried out during the 

lifetime of the SENSoR project and upon data collected at other times and with the support of 

Project Partners, government and police agencies.  The SENSoR project is grateful for this 

support. 

An outcome of the SENSoR project is that the individual participating countries now have a 

“Safer Roads Investment Plan” which may be used to prioritise spending on crash 

countermeasures.  This Plan is not a “bill of works” and it and the assumptions used in the 

model must be carefully assessed by local engineers and others who have contributed to the 

work or who have a legitimate interest in the roads.  In particular, they must assess such 

features as: 

 the value of life and injury used in the work 

 the data used in estimating injury savings 

 traffic volumes 

 countermeasure costs and 

 assumptions about operating speeds on the network. 

The data for the SENSoR surveys are held in iRAP’s ViDA software.  In circumstances where 

the printed output differs from that held in ViDA, the material held within the software takes 

precedence. 

The printed report provides the results of the survey and also gives an entry-level guide to the 

software and the analysis possibilities that are available within it.  Any changes in the 

modelling assumptions, coding corrections, minor model changes or differences in the 

presentation of results (such as rounding) will always be reflected in results held in the ViDA 

software. 

1.1.1 Deaths on roads in South East Europe 

In the South East Europe region and according to the World Health Organization, the number 

of road fatalities is more than 11,000 per year.  If it is assumed that the ratio of serious:fatal 

injuries is about 10:1 then there are more than 126,000 fatal and serious injuries annually and 

the estimated Gross Domestic Product loss due to road traffic crashes is in the region of 2-3%. 
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Country Annual road 

deaths 

Annual serious 

injuries* 

Total  

Albania 352 3,520 3,872 

Austria 522 5,220 5,742 

Bosnia & Herzegovina 336 3,360 3,696 

Bulgaria 775 7,750 8,525 

Croatia 426 4,260 4,686 

Former Yugoslav Republic of Macedonia 162 1,620 1,782 

Greece 1,451 14,510 15,961 

Hungary 740 7,400 8,140 

Italy (part**) 2000 20,000 22,000 

Montenegro 95 950 1,045 

Republic of Moldova 450 4,500 4,950 

Romania 2,377 23,770 26,147 

Serbia 660 6,600 7,260 

Slovakia 515 5,150 5,665 

Slovenia 138 1,380 1,518 

Ukraine (part) 500 5,000 5,500 

Total 11,499 114,990 126,489 

WHO: Global Status Report on Road Safety 2013 (Most recent available collated data, generally 2010).  *Estimated on the basis 

of 10:1 serious:fatal casualties.   **Data for Italy to be included in a future report. 

Table 1: Annual road deaths and serious injuries by country 

 

The Road Fatalities Rate per 100.000 people ranges from around 7 in Slovenia to twice that 

rate in several countries including Bosnia and Herzegovina, Moldova and Montenegro. 

 

Figure 1: Road Fatalities per 100.000 people 
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1.2 Road Assessment within SENSoR 

1.2.1 Risk Mapping 

SENSoR has used the protocols and software made available by iRAP and EuroRAP to 

produce Risk Maps, to perform Star Rating of Roads and, where possible, track the 

performance of roads through time. 

The Risk Maps show the statistical risk of death or injury (reported and recorded fatal and 

other injury crashes) per kilometre travelled.  The crash rate for these crashes is indicated in  

bandings.  The risk is calculated by comparing the frequency of death and serious injury on 

every stretch of road with how much traffic each road is carrying.  For example, if there are 20 

collisions involving death or serious injury on a stretch of road 5 kilometres long that carries 

10,000 vehicles a day, then the risk is 2 times higher than if the road section has the same 

number of collisions but carries 20,000 vehicles.  The risk of an injury collision on the black 

road sections is more than 10 times higher than on the safest (green) roads.  For more 

information on the statistical background to this research, visit the EuroRAP website at 

www.eurorap.org. 

Risk Maps are presented for roads in 10 countries (see Figure 2 for coverage) – Croatia, 

Bosnia and Herzegovina, Greece, Hungary, Romania, Serbia, Slovakia, Slovenia as part of 

work contracted to SENSoR; for comparison purposes, Risk Maps from Austria and Ukraine 

are also included.   

1.2.2 Road Surveys 

This report is predominantly concerned with the Star Rating and Safer Road Investment Plan 

results for a road network in Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Former 

Yugoslav Republic of Macedonia, Greece, Hungary, Montenegro, Republic of Moldova, 

Romania, Serbia, Slovakia, Slovenia and Ukraine (Figure 3). 

http://www.eurorap.org/
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Figure 2: SENSoR Risk Mapping Coverage
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Figure 3: SENSoR Star Rating Coverage Map 
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1.3 The RAP Method  

The protocols used here were developed by the International Road Assessment Programme 

(iRAP).  iRAP is a registered charity dedicated to saving lives through safer roads. 

iRAP provides tools and training to help countries make roads safe.  Its activities include: 

 inspecting high-risk roads and developing Star Ratings, Safer Roads Investment 

Plans and Risk Maps 

 providing training, technology and support that will build and sustain national, regional 

and local capability 

 tracking road safety performance so that funding agencies can assess the benefits of 

their investments. 

The programme is the umbrella organisation for EuroRAP, AusRAP, usRAP, KiwiRAP and 

ChinaRAP.  Road Assessment Programmes (RAP) are now active in more than 70 countries 

throughout Europe, Asia Pacific, North, Central and South America and Africa. 

iRAP is financially supported by the FIA Foundation for the Automobile and Society and the 

Road Safety Fund. Projects receive support from the Global Road Safety Facility, automobile 

associations, regional development banks and donors. 

National governments, automobile clubs and associations, charities, the motor industry and 

institutions such as the European Commission also support RAPs in the developed world and 

encourage the transfer of research and technology to iRAP. In addition, many individuals 

donate their time and expertise to support iRAP. iRAP is a member of the United Nations 

Road Safety Collaboration. 

The main objective of the RAP method is the improvement of the road users’ safety by 

proposing cost-effective investment plans. The most crucial point in the RAP is that engineers 

and planners in developed countries have for over twenty years adopted an underlying 

philosophy of designing a forgiving road system to minimize the chances of injuries when 

road users make mistakes that result in crashes. The method indicates that the severity of a 

road accident can be reduced through the intervention at the sequence of events happening 

during this accident. As it is known, an injury accident results from a chain of events, starting 

with an initial event, probably resulting from several factors, which leads to a dangerous 

situation. The basic idea is to intervene at any point of this chain, in order to reduce the kinetic 

energy of all road users who are involved in the accident to a tolerable level. Such an 

intervention may not only reduce the number of accidents but also the severity of injuries. 

The initial step for the implementation of the RAP method is the inspection and record of the 

infrastructure elements of a road network, which relate to the road safety. The record leads to 

the quantification of the safety that a road section provides to its users by awarding safety 

scores (Star Rating Scores). The Star Rating Scores express the safety capacity of a road 

section in a 5-Stars scale. This quantification aims to identifying the most appropriate 

countermeasures, which will increase the infrastructure’s road safety score. The Safer Roads 

Investment Plan (SRIP) includes all the countermeasures proved able to provide the greater 

safety capacity and maximize the benefit over spent cost of the planned investments. Thus, 

the SRIPs are considered as a valuable tool for the authorities, stakeholders and investors in 

order to decide for the most cost-effective and efficient road infrastructure investments. 
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1.3.1 Risk Rating of major roads in South East Europe – Risk Maps 

In Risk Mapping: the rate of death and serious injury on road sections is mapped to standard 
colour-coded protocols which are statistically defined to allow the tracking of improvement in 
performance, or otherwise, over time.  Thresholds are set so as to enable comparison of 
crash rates between countries. 

Further details on Risk Mapping are at www.eurorap.org and at http://www.irap.org/en/about-
irap-3/specifications?download=207:road-risk-mapping-manual-technical-specification  

In SENSoR, individual Risk Maps have been produced for the following countries involved in 
the programme: Bosnia and Herzegovina, Croatia, Greece, Romania, Ukraine, Hungary, 
Slovakia, Slovenia and Serbia.  For comparison purposes, Risk Maps from other work in 
Austria and Ukraine.  The pan-South East Europe Risk Map is presented in Figure 4. 

In the SENSoR countries, between 30-60% of roads in each country were either high or 
medium-high risk.   
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Figure 4: SENSoR Pan South East Europe Risk Rating Map 
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1.3.2 Road surveys of major roads in South East Europe 

The assessment of the road safety requires the Road Safety Inspections of the road network 

sections and the assignment of a safety score to them. The inspection is conducted by visual 

observation and record of the road infrastructure elements which are related – directly or not 

– to road safety and have a proven influence on the likelihood of an accident or its severity. 

The RAP uses two types of inspection; the drive-through and the video-based inspection. 

During the first one, the record of the infrastructure’s elements is performed manually, with 

the help of specialized software, while during the second, a specially equipped vehicle is used, 

so as the recorded video to be used for a virtual drive-through of the network and an 

automated identification of the infrastructure’s elements. 

Following the RSI, the Road Protection Score (RPS) is calculated. The RPS is a unit-less 

indicator, which depicts the infrastructure’s safety capacity for each road user type and it is 

calculated for 100m road segments. Road user types are considered the car occupants, the 

motorcyclists, the bicyclists and the pedestrians, who may be involved in road accidents. For 

each road user type and for 100m road segmentation the respective RPS is calculated as 

follows: 

 n,u n,u,c n,u,c n,u,c n,u,c n,u,c n,u,c
c c

RPS = RPS = L  * S  * OS  * EFI  * MT
 

where “n” is the number of 100m road segment, “u” the type of road user and “c” the crash 

type that the road user type “u” may be involved in. The following variables are taken into 

consideration: L: the Likelihood that the “i” crash may be initiated, S: the Severity of the “i” 

crash, OS: the degree to which risk changes with the Operating Speed for the specific “i” 

crash type, EFL: the degree to which a person’s risk of being involved in the “i” type of crash 

is a function of another person’s use of the road (External Flow Influence), MT: the potential 

that an errant vehicle will cross a median (Median Traversability). 

1.3.3 The Star Rating process 

The aim of the Star Rating process is the award of the “n” 100m road segments with Stars, 

depicting the safety offered to each of the “u” road users’ types. The Star Rating system uses 

the typical international practice of recognising the best performing category as 5-star and the 

worst as 1-star (5 stars scale), so that a 5-star road means that the probability of a crash 

occurrence, which may lead to death or serious injury is very low. The Star Rate is 

determined by assigning each RPS calculated to the Star Rating bands. The thresholds of 

each band are different for each road user and were set following significant sensitivity testing 

to determine how RPS varies with changes in road infrastructure elements. The assignment 

procedure leads to the development of a risk-worm chart, which depicts the variation of the 

RPS score in relation to the position (distance from the beginning) on the road under 

consideration. The final output of the Star Rating is the Star Rating Maps, in which the “n” 

road sections are shown with different colour, depending on their Star award (5-star green 

and 1-star black).  

1.3.4 Developing the Safer Road Investment Plans (SRIPs) 

The development of the most appropriate SRIP presupposes the assessment of the number 

of fatalities and serious injuries that could be prevented for each 100m road segment on an 

annual basis when a set of countermeasures is applied. The number of fatalities is calculated 

as follows: 



 Measuring to manage road safety: 14 countries in South East Europe  

10 

 

     

n n,u,c
cu

F = F

     

where “n” is the number of the 100m road segment, “u” the type of road user, “c” the crash 

type that the road user “u” may be involved in and F the number of fatalities that can be 

prevented on a time period of 20 years, given that a specific set of countermeasures is 

applied. 

The   number is related to four main factors: (1) the safety score of the specific road segment, 

(2) the “u” road users flow, (3) the fatality growth, which indicates the underlying trend in road 

fatalities and (4) the calibration factor, which inserts the actual number of fatalities that occur 

in the specific road section. The calculation of this factor presupposes the existence of similar 

crash data.  

The assessment of the number of serious injuries that could be prevented for a 100m road 

segment is a function of the Fn,u,c value and the ratio of the actual number of serious injuries 

to the actual number of fatalities to the relevant number of fatalities. In case of lack of 

appropriate data, the competent authorities should estimate this actual number as previously, 

or the ratio of 10 serious injuries to 1 death is used, which is proposed by McMahon and 

Dahdah. 

The next step in establishing the SRIPs is the identification of the most appropriate 

countermeasures. Countermeasures are the engineering improvements that the road 

authorities should take so as to reduce the fatalities and serious injuries rates. Each 

countermeasure is characterized by its trigger sets and its effectiveness for each of the 100m 

road segments. Each trigger set describes all the cases in which this certain countermeasure 

can be used. The effectiveness is calculated according to the number of fatalities and serious 

injuries that can be prevented in this segment and the RPS of this segment before and after 

the application of the countermeasure. It is important to mention that in the case that multiple 

countermeasures act on a certain road segment, the total effectiveness is not the simple sum 

of each countermeasure’s effectiveness. Instead, a reduction factor should act, which 

calibrates the total effectiveness. 

The procedure of selecting the most appropriate countermeasures is the basis for the techno-

economic analysis of the investment plan and aims to the calculation of the Benefit-Cost ratio 

(BCR) for each countermeasure. The economic benefit is considered as the benefit of 

preventing a death or a serious injury. The calculations are conducted following the 

assumption that the cost of a human life is 70 times the GDP per capita, the cost of a serious 

injury is the 25% of the cost of a human life and the ratio of 10 serious injuries for 1 death, if 

more accurate information is not available. The countermeasure cost includes all the 

construction costs, the maintenance costs over a 20 year period and/or probable 

reconstruction costs. All the benefits/costs should reflect the actual local prices, taking into 

account the economic life of each countermeasure and the discount rate. The outcome of this 

procedure is the BCR calculation for each countermeasure applied to a specific road segment. 

The SRIP is conducted for a period of 20 years and shows the list of the most cost effective 

improvements that are able to reduce the crash risk for all road user types. In that way the 

SRIP enables the road authorities to set the priorities properly when developing 

infrastructure‘s maintenance and/or rehabilitation plans. 
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2 Data collection and coding 

2.1 Road Surveys 

Surveys were conducted, principally between October 2012 and March 2014, by four 

contractors (AF-CityPlan (for Albania, FYROM, Hungary, Montenegro and Slovakia), FPZ at 

the University of Zagreb (Croatia and Bosnia and Herzegovina), University of Ljubljana 

(Slovenia), Transportation Solutions (Bulgaria, Greece and Romania) and by the Observer 

Partner AMSS-CMV in Serbia.  Surveys in Moldova and in Ukraine were supported by funds 

from the national road authority and by the World Bank respectively.       

2.1.1 Road Survey Equipment 

The road inspection vehicle used was equipped with high-resolution cameras (three cameras 

in the front capturing driver’s view front).  Images, typically of minimum resolution 1280x960 

pixels were collected by video or at 10m intervals dependent upon the system used while 

driving at the normal speed of traffic and at or below the posted speed limit. Georeferenced 

data have been provided for each digital image, including the distance along the road (from 

the determined start point), longitude and latitude, date and time.  

 

  

 

Figure 5: The five inspection vehicles used in the 14 surveys 
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2.1.2 Coding Teams 

Coding was conducted by the staff of the survey agencies, as described in the national 

country reports, or by teams recruited and trained specifically for the task. 

 

 

  

Figure 6: Road coding workstation in Prague 

    

2.2 Process of Data Coding 

After the completion of the road inspection phase, the process of coding of video material 

took place. Coding represents the process of determining specific road attributes, for each of 

the 100 meters interval of the inspected roads, according to the RAP-SR-2.1 Star Rating and 

Investment Plan – Survey and Coding Specification and the RAP-SR-2.2 Star Rating coding 

manual.  

The quality assurance process was the next important phase of the coding process and 

assessed whether the road attributes captured in the road inspection had been rated correctly. 

It was an important validation step prior to calculation of Star Ratings, data interrogation and 

further consultation with stakeholders. 

A requirement of the RAP method, according to the RAP-SR-2-4 – Road Coding Quality 

Assurance Guide, is the external review of a minimum 10% of the data coded from road 

inspections. It is recommended that this external review is carried out at three key stages of 

the process – after completion of 25%, 50% and 100% of the coding. This enables issues to 

be resolved early thus reducing the amount of recoding required. 

The Quality Assurance of the specific dataset was performed by a combination of Raphael 

Dziub (independent consultant based in Germany), the RACC (Barcelona) and IRSM (India).  

All are accredited RAP suppliers and were commissioned by the SENSoR Lead Partner to 

perform the Quality Assurance task. 

The basic assumptions used regarding the traffic volume, the pedestrian and bicycle volume, 

the operating speed, the crash data the countermeasure costs and the economic data  on 

which the made during the coding phase are presented in the following paragraphs.  
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2.2.1 Traffic Volume 

Traffic volume data is used in the iRAP model as a multiplier to estimate the number of 

deaths and serious injuries that could be prevented on the roads.  Traffic volumes were 

supplied by government sources or were estimated during the survey periods.  Details are 

provided in the individual country reports. 

Low flows were most common in FRYOM and Moldova but also in Montenegro and Albania. 

A large part of the Romanian network exhibited high flows, and more than a quarter in 

Bulgaria, Croatia and Slovenia.  

 

Country Total 

network 

length (km) 

% AADT 

1,000-

5,000 (very 

low) 

%AADT  

5,000-

10.000 

(low) 

% AADT 

10,000-

20,000 

(moderate)  

% 

AADT 

>20,000 

high 

Albania 507 48 48 4 0 

Bosnia & Herzegovina 312 1 65 34 0 

Bulgaria 622 0 21 52 27 

Croatia 346 31 14 28 27 

Former Yugoslav Republic of 
Macedonia 

552 

78 

 

22 0 0 

Greece 3,340 16 44 26 15 

Hungary 2,923 26 33 32 9 

Montenegro 539 58 29 13 0 

Republic of Moldova 2,480 86 10 3 1 

Romania 537 0 27 12 61 

Serbia 137 0 46 41 13 

Slovakia 1,866 10 39 41 11 

Slovenia 3,537 37 20 17 26 

Ukraine 1,616 30 46 22 1 

Total 19,315 -- -- -- -- 

 

Table 2: Distribution of Annual Average Daily Traffic (AADT) by country 

2.2.2 Pedestrian and Bicycle volume  

Pedestrian and bicycle volumes were estimated using the iRAP pre-processor which 

estimates a flow along the route for bicyclists and pedestrians and across the road (for 

pedestrians) based upon an estimated baseline flow and varies according to land-use 

immediately adjacent to the road.  The land-use is assumed to be a proxy for pedestrian or 

bicyclist activity.  The estimated volumes are assessed for reliability with local engineers and 

others with knowledge of activity on the route.   In areas of high activity, such as where routes 

pass through busy centres, the estimate of activity could be increased appropriately.       
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2.2.3 Operating Speed 

The level of risk of death or serious injury on a road is highly dependent on the speed at 

which the traffic travels. The RAP method indicates that risk assessments must be performed 

using the ‘operating speed’ on a road. Operating speed is defined as being the greater of the 

legislated speed limit or the measured 85th percentile speed. 

Estimated operating speeds across the networks surveyed in SENSoR were measured in a 

series of counts in the individual countries where it was possible to work with road authorities 

and other stakeholders.  These counts were supplemented with advice from local engineers 

and police.  Other estimates were provided from the survey vehicle travelling as a “floating 

vehicle” in the traffic stream (see comments in the “Moving Car Observer” technique 

(Wardrop and Charlesworth (1954))1. 

In Slovenia, extensive traffic counts were available from government sources and were used 

accordingly.  They were also used as basis for comparison with the traffic counts that were 

taken in other countries. 

In several countries a matrix based upon the results of these counts and the Slovenian data 

was used to estimate operating speeds.  The matrix typically estimated operating speed at or 

around 5-10km/h higher that the posted speed limit, dependent upon the posted limit.   

2.2.4 Crash data 

The average number of fatal casualties occurring on the surveyed networks was used as the 

basis for the casualty estimation.  It was assumed that there were 10 serious casualties for 

every reported fatal.  Data for Bulgaria were derived on a pro rata basis from those provide by 

the road authority in Romania for that network and a similar estimate was used in Montenegro 

based upon data used in FYROM.  Fatal and serious crash rates ranged from 0.4 

fatalities/km/year for the low-volume Montenegro network and for the mixed network in 

Slovenia to higher in countries where the networks surveyed included international transit 

routes, major corridors or routes between centres of major population (eg Sofia-Bucharest).  

The highest were Bulgaria and Romania (1.8 fatal and serious injuries /km/year), Albania, 

Serbia (a 137km corridor described as one of the most dangerous routes in Serbia) and 

Ukraine (all 1.3 fatal and serious injuries/km/year), the latter likely to be heavily influenced by 

crashes in villages.  Anecdotally, something of the density of crashes can be understood from 

the fact that on the 60km from Tirane to Lezhe in Albania, there were roadside memorials for 

40 individuals.  These deaths of course happened over an indeterminate time period.  It is 

estimated that there were about 1,260 deaths per year on the surveyed network.               

2.2.5 Countermeasures costs  

In order for the Safer Roads Investment Plan to be developed, the costs of various 

countermeasures must be estimated. This enables the determination of the benefit-cost ratio 

             

1 Wardrop J. G. and Charlesworth G. (1954). A method of estimating speed and flow of traffic from a 

moving vehicle. Proc. Inst. Civil Eng. part II, 3, 158-171. 
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of each proposed countermeasure. The costs include all costs of design, engineering, 

materials, work, land as well as maintenance for their entire life cycle.  

Within SENSoR, these costs were determined using a common approach followed by all 

project partners. This approach was based on a research implemented by the SENSoR 

contractor at the University of Ljubljana, Slovenia.  The costs are in Euros.  Partners were 

able to make adjustments based on variation between countries in labour or other costs and 

engaged with those in the national road authority responsible for such economic planning and 

costing to make further local adjustments as necessary.  

2.2.6  Economic data 

1. Analysis period 

The number of years over which the economic benefits of the Safer Roads Investment Plan is 

calculated. The value for this project is set to 20 years. 

2. Gross Domestic Product 

The key figure for the Safer Road Investment Plan is the GDP per capita in local currency. 

The source of this figure was the IMF World Economic Outlook Database of October 2013. 

The GDP per capita in each country is shown below for 2014, with Euros for comparison 

purposes.  The countries in SENSoR show range of reported GDP/Capita from Moldova (Eur 

1,586), Ukraine (Eur 2,419), Albania (Eur 3,191) to Greece (Eur 16,376) and Slovenia (Eur 

17,166) – a factor of 11 between lowest and highest.  

 

Country GDP* 2014/ 

capita 

Currency Euro 

equivalent 

Albania 446,932 Lek 3,191 

Bosnia & Herzegovina 7,560 Bam 3,863 

Bulgaria 11,308 Lev 5,779 

Croatia 79,381 HRK (Kuna) 10,375 

Former Yugoslav Republic of Macedonia 250,927 Denar 4,068 

Greece 16,376 Euro 16,376 

Hungary 3,024,186 Forint 9,677 

Montenegro 29,754 Euro 5,699 

Republic of Moldova 5,699 Leu 1,586 

Romania 31,111 New Leu 6,876 

Serbia 552,805 Dinar 4,765 

Slovakia 14,041 Euro 14,041 

Slovenia 17,166 Euro 17,166 

Ukraine 32,691 Hryvna 2,419 

*GDP per capita, current prices in local currency, 3 March 2014  (Source IMF: http://www.imf.org/external/index.htm) 

Table 3: GDP/capita in SENSoR countries 
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3. Discount rate and minimum attractive rate of return 

Discounting is a technique used, among other things, to estimate costs and benefits that 

occur in different time periods and is used to calculate the Net Present Values (NPV) and 

budgets required within iRAP’s ViDA software.  The appropriate discount rate to use can vary 

by country and in many investment project modelling exercises is set in consultation with the 

funder. 

Typically, the discount rate varies from 4% to 12%, the latter figure being often used in World 

Bank transport projects.  In SENSoR, a figure of 12% has been used in many countries, 

whereas in others, after local consultation, 9% and 4% has been used.  A sensitivity analysis 

conducted within the ViDA Model showed that from a practical perspective, at a 12% discount 

rate compared with 4%, the total Present Value of safety benefits was approximately halved, 

the overall estimated cost of the investment is reduced by about a third and the estimated 

number of fatal and serious injuries saved over 20 years is reduced by about 10%.  Lists of 

triggered countermeasures are similar with, as expected, slightly fewer sites or lengths of 

road recommended for improvement when the discount rate is higher.  Again, as part of the 

consultation process in individual countries, variations on the discount rate can be trialled.    

Minimum attractive rates of return are set at the decimal fraction equivalent.  High discount 

rates and the implied zero-traffic growth assumption within the model would mean that the 

Benefit Cost Ratios and estimates of casualties saved are highly conservative. 

4. Value of life 

This figure reflects the social cost of one fatality on the road.  In this project the iRAP 

recommendation of GDP x 70 (see McMahon and Dahdah: The True Costs of Road Crashes, 

iRAP 2008) was used: 

http://www.irap.org/en/about-irap-3/research-and-technical-papers?download=45:the-true-

cost-of-road-crashes-valuing-life-and-the-cost-of-a-serious-injury-espaol) 

 

5. Value of serious injury 

This figure reflects the social cost of one serious injury on the road. In this project the iRAP 

recommendation of Value of life x 0.25 (see McMahon and Dahdah) and the assumption that 

for every fatal casualty there are 10 serious casualties.   

http://www.irap.org/en/about-irap-3/research-and-technical-papers?download=45:the-true-cost-of-road-crashes-valuing-life-and-the-cost-of-a-serious-injury-espaol
http://www.irap.org/en/about-irap-3/research-and-technical-papers?download=45:the-true-cost-of-road-crashes-valuing-life-and-the-cost-of-a-serious-injury-espaol


 Measuring to manage road safety: 14 countries in South East Europe  

17 

 

3 The surveyed road network: what is collected and why  

3.1 Coverage and basic characteristics 

Data for 15,219km of roads were collected in 12 countries as part of the SENSoR project.  

These countries are Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Former Yugoslav 

Republic of Macedonia, Greece, Hungary, Montenegro, Romania, Serbia, Slovakia, Slovenia. 

For comparison purposes and to enrich the dataset, iRAP and EuroRAP have donated data 

from similar work in Republic of Moldova (2,480km) and Ukraine (1,616km). 

The total road network surveyed is therefore 19,315km, The total carriageway length of these 

roads is 24,031km.  Dual carriageways were surveyed in both directions.  See Table 4 for 

details. 

3.2 Details of the recorded road attributes 

The road surveys record attributes related to the likelihood of crashes or the likelihood of 

severe injury for every 100m.  The core data concern 78 for attributes related to each section.  

The first 12 concern the naming, numbering GPS and length and coding administration of 

each 100m.  Of the remaining 66, 52 are recorded attributes influencing the likelihood of fatal 

or serious crashes or injuries crashes, the other 14 are generally derived attributes used in 

Star Rating, the Safer Roads Investment Plan generation, or measures used in reporting 

target setting.  Details of the 52 attributes known to influence fatal and serious crashes and 

injury and their frequency are presented in “Details of the recorded road attribute attributes” in 

the individual country reports and some key points are presented here.  The attributes are 

listed in the appendices of this report. 

The EuroRAP/iRAP methodology focusses on reducing severe injuries in head-on, run-off 

and intersection crashes for vehicle occupants and motorcyclists and in the situations in 

which pedestrians and cyclists experience conflict. 

Several road features stand out as major determinants of risk and it is useful to illustrate the 

variation in these attributes across the networks surveyed in the SENSoR project.  These 

include, for example, the percentage of dual carriageway on any network, the proximity of 

objects to the carriageway and the nature of these objects, the type of control at intersections 

and the provision of facilities for vulnerable road users.  An example is provide below of a few 

key attributes and how they influence safety, together with explanation of their role and 

examples of the variation across the SENSoR countries. 

3.3 Safer Overtaking 

Median protection, as provided by barriers on a dual carriageway is the single largest 

indicator of protection against head-on crashes. 

 

Dual carriageway (Table 4) ranges from 2-3% of the surveyed network in Moldova, 

Montenegro, Serbia and Ukraine, to a third or more in Slovakia (33%), Hungary (34%), 

Croatia and Romania Serbia (both 39%), Greece (42%) and FYROM (43%). 

The network is predominantly single carriageway, ranging from 97-98% in Serbia, 

Montenegro, Moldova and Ukraine, through to 57-58% in FYROM and Greece.  
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Country Total 

network 

length (km)  

Single 

c’way 

(km)  

% 

single 

c’way 

Dual 

c’way 

(km) 

% Dual 

c’way 

Total 

c’way 

length 

Albania 507 410 81 96 19 603 

Bosnia & Herzegovina 312 259 83 53 17 365 

Bulgaria 622 553 89 69 11 691 

Croatia 346 212 61 135 39 481 

Former Yugoslav 
Republic of Macedonia 

552 316 57 237 43 789 

Greece 3,340 1,943 58 1,398 42 4,738 

Hungary 2,923 1,922 66 1,000 34 3,923 

Montenegro  539 523 97 17 3 556 

Republic of Moldova 2,480 2,430 98 51 2 2,531 

Romania 537 328 61 209 39 746 

Serbia 137 134 97 4 3 141 

Slovakia 1,866 1,244 67 622 33 2,488 

Slovenia 3,537 2,760 78 776 22 4,313 

Ukraine 1,616 1,566 97 50 3 1,666 

Total 19,315 14,599 -- 4,716 -- 24,031 

 

Table 4: The road network in SENSoR  

 

3.4 Safer Roadsides 

The type and proximity of objects adjacent to the carriageway influences the likelihood of 

crashes and severe injury to vehicle occupants, motorcyclists and bicyclists.  The table below 

shows the relative severity of each of these impacts, based upon the results of worldwide 

research – see the link below for full details: 

http://www.irap.org/en/about-irap-3/methodology?download=105:irap-road-attribute-risk-

factors-roadside-severity-object 

In the surveys, the percentage of objects within 5 metres of the carriageway on the passenger 

varies between 83-95% across the networks surveyed.  It is noteworthy that although this 

may often be a barrier, that in itself may be a hazard if it lacks suitable terminal-ends.  The 

results are: Albania (95% of carriageway with objects within 5 metres of passenger side, 

Bosnia and Herzegovina (95%), Bulgaria (93%), Croatia (90%), FYROM (83%), Greece 

(92%), Hungary (88%), Montenegro (95%), Romania (83%), Serbia (Slovakia (83%) and 

Slovenia (85%). 

 

 

 

 

 

http://www.irap.org/en/about-irap-3/methodology?download=105:irap-road-attribute-risk-factors-roadside-severity-object
http://www.irap.org/en/about-irap-3/methodology?download=105:irap-road-attribute-risk-factors-roadside-severity-object
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Roadside Severity – Object Vehicle occupant 

run-off 

Motorcyclist 

run-off 

Bicyclist 

run-off  

Safety barrier – metal 12 30 30 

Safety barrier – concrete 15 25 25 

Safety barrier - metal motorcyclist friendly 12 20 20 

Safety barrier - wire rope 9 30 30 

Aggressive vertical face 55 55 55 

Upwards slope (15 º to 75º) 45 45 45 

Upwards steep slope (>75º) 40 40 40 

Deep drainage ditch 55 55 55 

Downwards  slope 45 45 45 

Cliff 90 90 3000 

Tree (>=10cm diameter) 60 60 60 

Non-frangible sign/ post./pole 

(>=10cm diameter) 

60 60 60 

Non-frangible structure/bridge or building 60 60 60 

Frangible structure or building 30 30 30 

Unprotected barrier end 60 60 60 

Large boulders (>= 20cm tall) 60 60 60 

None (or object  >20m from road) 35 35 35 

 

Table 5: Roadside severity indices in the iRAP model 

 

The likelihood of run-off impacts has been determined from a series of studies such as the 

work by Cooper2 on encroachment rates of vehicles leaving the carriageway shown below in 

Figure 7. 

             

2 (Cooper P (1980)  Analysis of Roadside Encroachments - Single-Vehicle Run-off-Road Accident Data Analysis for 

Five Provinces.  B. C. Research, Vancouver, British Columbia, Canada.) 
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Figure 7: Risk and distance of object from the carriageway (Cooper, 1980) 

3.5 Safer Intersections 

Merges, signalised intersections and roundabouts offer a better controlled or more forgiving 

intersection design than uncontrolled intersections.  “Forgiving intersections” on the surveyed 

varied in their contribution to the total between 7-48%, from Montenegro to Greece.  In 

Albania there were 191 such intersections (21%), Bosnia and Herzegovina (71 – 9%)), 

Bulgaria (104 – 27%), Croatia (59 – 11%)), FYROM (227 – 39%), Greece (1005 – 48%), 

Hungary (831 – 24%), Montenegro (45 – 7%), Romania (78 – 20%), Serbia (28 – 31%)) 

Slovakia (1022 – 33%), Slovenia (680 –33%)). 

3.6 Safer Villages 

Pedestrian crossing facilities provide another example of how the model operates in rating 

safety.  The iRAP model assumes a ratio of risk of 8:1 of “no facilities” compared with “good 

facilities and a risk of zero of there is grade separation and fencing which is sufficiently high 

and extensive to stop a pedestrian from crossing.  Estimates have been made of the 

intermediate risk.  Local data on risk factors, if available, can be used within iRAP’s 

“innovation framework” to amend or adjust risk factors, subject to approval of the iRAP Global 

Technical Committee.    
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Pedestrian Crossing Facilities Pedestrian and 

bicyclist  likelihood   

Pedestrian and bicyclist 

severity 

Grade separated facility 1 90 

Signalised with refuge 1 90 

Signalised without refuge 2 90 

Unsignalised marked crossing with refuge 2 90 

Unsignalised marked crossing without a refuge 4 90 

Refuge only 4.5 90 

No facility 8 90 

Grade separated facility – pedestrian fencing 
present* 0 n/a 

Table 6: Risk and pedestrian crossing provision (iRAP 2013) 

 

Details of the frequency distribution for each of the 52 attributes recorded every 100m are 

presented in each of the country reports.      

 

Similarly, an indicator of protection for pedestrians is provided by the quality of the pedestrian 

crossings.   There were 5,612 included in the surveys of the 14 countries.  2,324 (41%) were 

described as poor quality, either because of a lack or signing and marking, poor maintenance, 

issues that would cause difficulties for the driver to see or because of general clutter in the 

surrounding round environment.  “Poor pedestrian crossing quality” was most common in 

Albania (90%), FYROM (88%), Republic of Moldova (77%), Greece (75%) and Montenegro 

(74%).  It is noticeable that there is some variation between countries and this may be due in 

part to variation in coding quality.  This will be addressed in future work.  
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Country Total 

pedestrian 

crossings  

# 

“Poor” 

% 

“Poor” 

# 

“Adequate” 

% 

“Adequate” 

Albania 72 65 90% 7 10% 

Bosnia & Herzegovina 59 7 12% 52 88% 

Bulgaria 60 15 25% 45 75% 

Croatia 40 2 5% 38 95% 

Former Yugoslav Republic 

of Macedonia 42 37 88% 5 12% 

Greece 142 107 75% 35 25% 

Hungary 913 510 56% 403 44% 

Montenegro 236 174 74% 62 26% 

Republic of Moldova 425 326 77% 99 23% 

Romania 92 30 33% 62 67% 

Serbia 30 19 63% 11 37% 

Slovakia (First Class roads)  1,035 514 50% 521 50% 

Slovenia 1,064 33 3% 1,031 97% 

Ukraine 659 312 47% 347 53% 

Total 
4,869 2,151 44% 2,718 56% 

Table 7: Pedestrian crossing quality 

 

 

Throughout the surveys it was common for pedestrian facilities not to be provided on roads 

where pedestrian activity might be expected.  In Albania, pedestrian activity was anticipated 

on 82% of the inspected network but on only 2% of the network were there facilities to enable 

pedestrians to cross.  90% were described as of poor quality.  In more than 90% of the 

carriageway length there was no pedestrian sidewalk available.  On non-motorway, first class 

roads in Slovenia, pedestrian activity was anticipated on 96% of the carriageway length, and 

pro rata four times the length compared with Albania had facilities for pedestrians to cross 

(9%), only 3% were described as of poor quality and 13% had a sidewalk provided.  The 

predominantly single carriageway Montenegro network provides crossing facilities over 4% of 

its network (36% of these described as adequate) and 16% has a sidewalk provided. 
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4 Star Rating Results 

Based on the coded and supporting data, the ViDA online software produces star rating of the 

surveyed network. The star rating is based on individual relative risk for four user groups – 

vehicle occupants, passengers, motorcyclists and bicyclists. Therefore, four different star 

ratings were produced. The software is also capable of smoothing the data in order to 

eliminate random star rating differences over short sections of road.  

4.1 Percentage of roads achieving 3-star or above 

The Star Ratings results for the entire road network analysed are presented in the next 

figures for each user group. 

Those roads scoring 3-star and above are typically higher-standard motorways and 

expressways.  Single carriageways score 3-star if they are operated at lower speeds (and 

may include frequent urban sections, as in Ukraine) or have good run-off protection, wide 

carriageways, good marking, sealed shoulders, infrequent and well-designed intersections. 

There is a range of quality in the network, with some countries showing a consistently lower 

star rating.  The table below shows the percentage of surveyed roads in each country 

achieving a 3-star minimum. 

Note that the selection of the roads surveyed in each country determines the distribution of 

the Star Rating and where only a small sample of the network has been surveyed (eg 

Bulgaria, Romania and Serbia) this should not be taken as representative of the roads overall 

in that country.  Note that those samples with a high proportion of dual carriageway also have 

a high proportion of roads rated at 3-star or above. 

The lack of specific provision for motorcyclists, pedestrians and cyclists has been referred to 

elsewhere.  Ratings for motorcyclists, pedestrians and bicyclists are typically substantially 

lower than for vehicle occupants. 
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Country % 3-star+ 
vehicle 

occupant 

% 3-star+ 
motor-
cyclist 

% 3-star+ 
pedestrian 

% 3-
star+ 
bicyclist 

% Dual 
c’way 

Albania 30 22 5 19 19 

Bosnia & Herzegovina 48 15 4 12 17 

Bulgaria 8 1 0 0 11 

Croatia 57 5 2 9 39 

Former Yugoslav 

Republic of Macedonia 27 8 2 9 43 

Greece 47 2 0 n/a 42 

Hungary 47 8 2 9 34 

Montenegro  16 12 4 19 3 

Republic of Moldova  9 5 15 17 2 

Romania 40 0 0 0 39 

Serbia 30 8 1 3 3 

Slovakia  25 13 4 9 33 

Slovenia 47 12 n/a n/a 22 

Ukraine 32 18 4 3 3 

n/a – not rated 

Table 8: Percentage of roads scoring 3-star or more for each road user 

 
.   
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Figure 8:  SENSoR Pan South East Europe Star Rating Map  
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5 Network deficits 

5.1  Network deficits indicated by road attribute data 

The data collection enables analysis to be made of deficits leading to commonly occurring 

crashes or injuries.  The results in Table 9 give values for the situations in Figure 9.  Many of 

the values indicate a need for provision but they do not assess the economic viability of 

countermeasures.  This is tackled in the Section 7.   

 

Figure 9: Network deficits indicated by road attribute data – Albania  

 

Country % pedestrian 

provision 

inadequate  

% bicyclist 

provision 

inadequate 

% motorcycle 

provision 

inadequate 

% head-on 

provision 

lacking 

% curves 

with 

hazards 

% inter-

section 

protection 

Albania 93 97 n/a 56 85 68 

Bosnia & Herzegovina 74 100 n/a 51 66 82 

Bulgaria 89 100 n/a 72 51 52 

Croatia 79 100 n/a 31 69 84 

FYR of Macedonia 93 100 n/1 26 50 54 

Greece 95 n/a n/a 32 48 39 

Hungary 86 89 n/a 38 64 57 

Montenegro  86 100 n/a 90 80 86 

Republic of Moldova 91 100 n/a 94 70 94 

Romania 87 100 n/a 37 55 74 

Serbia 83 98 n/a 80 75 82 

Slovakia 83 100 n/a 37 61 46 

Slovenia n/a n/a n/a 49 56 81 

Ukraine 64 100 n/a 79 25 90 

Mean 85 99 -- 55 61 71 

Table 9: Network deficits indicated by road attribute data – all SENSoR countries 
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5.2 Network deficits – examples 

Survey teams were asked to provide examples of deficit across the networks that they 

travelled.  The following are illustrative and examples are encountered over large parts of the 

networks surveyed. 

5.3 Safer overtaking – network deficits 

 

Figure 10:  No median markings or protection separating opposing vehicles 

5.4 Safer roadsides – network deficits 

 

  

Figure 11 Unprotected trees in proximity of the road represent hazards 
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Figure 12: Unrepaired safety barriers deformed from previous crashes 

  

 

 

 

Figure 13: Short sections of concrete safety barriers can represent hazards 

 

 

 

Figure 14: Trees are common type of hazardous object along the road  
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Figure 15: Unprotected bridge piers on both sides of the road 

 

 

Figure 16: Sharp curves without proper marking, signing or protection of deep cliffs 

 

 

Figure 17: Poles, non-frangible billboard structures and unprotected drop to the sea 
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Figure 18: Metal barriers close to the carriageway with exposed hazardous ends 

 

Figure 19: Sign poles and lamp columns are hazards  

 

 

Figure 20: Poles on the soft shoulder  
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.  

 

Figure 21: Poor road condition and dangerous poles on the roadside 

 

5.5 Safer intersections – network deficits 

 

Figure 22: Intersection without proper marking or signing and with poor alignment 

  

 

Figure 23: Poorly-designed intersection, crossing and parking 
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Figure 24: Poor delineation 

 

  

Figure 25: Intersection without proper marking, signing and with bad alignment 

 

 

Figure 26: Intersection without proper marking, signing and with bad alignment 
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5.6 Safer villages – network deficits 

 

Figure 27: Poorly-marked pedestrian crossing in proximity of a school 

  

 

Figure 28: Absence of crossing facilities and footways frequently missing 

 

Figure 29: Absence of facilities encourages pedestrians to walk in the road 
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Figure 30: Pedestrian crossing not connected to footway resulting in walking in road  

 

Figure 31: Parked cars on and around facility 

 

5.7 “Hygiene factors” – network deficits 

 
Figure 32: “Hygiene factors” – very poor road condition in some locations 
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6 Investment in safer infrastructure 

6.1 Safer Roads Investments Plan (SRIP) 

A fundamental output of the RAP method is recommendations for countermeasures provided 

by the Safer Roads Investment Plan. The SRIP presents all the countermeasures proved able 

to provide the greater safety capacity and maximize the benefit over spent cost of the planned 

investments.  The cost of each countermeasure is compared to the value of life and serious 

injuries that could be saved and Benefit to Cost Ratio (BCR) is calculated for each 

countermeasure proposed.  The example from Montenegro is shown below.  The minimum 

BCR for the entire SRIP was set to 3. 

 

 

Figure 32: Top-10 countermeasures for the entire road network: Montenegro (EUR) for 

BCR qualification criteria each 100m = 3 
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Figure 33:  The ViDA zoom facility identifies locations for proposed countermeasures 

in Albania 

 

 

Figure 34: The risk worm tracks risk on the network before and after implementation 
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6.2 Overall investment and fatal and serious injuries saved 

The SRIP for the entire surveyed network would save almost 122,000 fatal and serious 

injuries over the analysis period of 20 years. The cost of these countermeasures adds up to 

around Eur 1,700m. 

Across the 14 countries for which there are data in the SENSoR project, the range of BCRs 

(benefit:cost ratios) is between 2 and 9 for the overall investment programmes.  For individual 

countermeasures, the BCRs of those with greatest life-saving potential can of course be 

higher, with many around 10, but in some countries commonly up to and around 20. 

BCRs for some countermeasures are predicted to be even higher, typically 

 if costs of the measures are low (such as with delineation) 

 if the risk reduction is focussed on a very limited part of the network (for example, at 

crossing facilities for pedestrians at a few sites of high activity), or 

 if a predicted risk is precisely matched with a countermeasure (such as median 

barriers countering head-on crashes) 

 

 

Country Program  cost 
(EUR m) 

FSIs 
saved 

EUR (m)/ 

c’way km BCR 

Albania 31 6,160 0.05 6 

Bosnia & Herzegovina 11 2,000 0.03 5 

Bulgaria 112 14,190 0.16 6 

Croatia 34 2,050 0.07 5 

Former Yugoslav Republic 

of Macedonia 12 1,980 0.01 6 

Greece 650 25,480 0.13 9 

Hungary 207 12,580 0.05 5 

Montenegro  14 1,820 
0.02 6 

Republic of Moldova* 136 18,640 0.05 5 

Romania 81 9,330 0.11 7 

Serbia 22 850 0.18 2 

Slovakia (First Class roads)  178 7,580 0.07 5 

Slovenia 171 4,790 0.05 7 

Ukraine 37 14,380 0.02 5 

Total 
1,696 121,830 -- -- 

*estimate 

Table 10  Programme cost (million Euros), fatal and serious injuries (FSIs) saved over 

20 years, cost per carriageway km and Benefit:Cost ratio 
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BCRs for overall country programmes or countermeasures depend upon many elements, 

including the acceptance threshold (set at 1 by local request in Moldova, Serbia and Ukraine 

and at 3 elsewhere) that is set for matching countermeasures with risk over every 100m, the 

value of life and the countermeasure costs selected. 

 

Country Side 

barriers  

Median 

barrier 

Shoulder 

treatm’nt 

/marking 

Pedest-

rian 

provision 

Road 

surface  

Sign/line 

inc. inter-

sections 

Additiona

l lane 

Albania 3,230 130 1,270 650 910 720 270 

Bosnia & Herzegovina 680 -- 520 427 -- 110 300 

Bulgaria 3,600 11,120 2,500 3,960 2,190 1,810 -- 

Croatia 820 72 480 326 -- 180 -- 

Former Yugoslav 
Republic of 
Macedonia 1,380 -- 470 -- 219 226 32 

Greece 6,220 8,100 5,230 1,240 3,110 570 2,150 

Hungary 3,370 1,890 3,450 2,220 1,730 1,010 1,610 

Montenegro  1,250 61 263 -- 157 246 33 

Republic of Moldova 10,150 -- 4,450 1,840 260 1,310 800 

Romania 2,260 4,680 1,440 2,310 430 690 -- 

Serbia 279 49 252 173 0 62 62 

Slovakia 2,310 1,740 1,590 1,288 1,070 406 550 

Slovenia 2,620 100 490 -- 65 45 -- 

Ukraine 590 1,180 1,230 4,120 -- 1,520 1,210 

Total 38,759 29,122 23,635 18,554 10,141 8,905 7,017 

% of FSIs saved by most 

common measures 

28% 21% 17% 13% 7% 6% 5% 

 

Table 11   Lives & serious injuries (FSIs) saved in 20 years by most common measures 

 

Zero entries in Table 11 indicate that the measure was not in the top-10 listed, not that these 

measures did not have safe-saving potential in the individual country.  It may be a reflection 

on the character of the network surveyed or on existing provision. 

The number or percentage of casualties that may be saved varies greatly across the 

countries and again varies dependent upon such elements as: 

 The average annual number of fatal and casualties occurring in the period before any 

implementation – see for example Bulgaria and Romania. 
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 The maturity of the safety engineering infrastructure in any country and the extent to 

which new infrastructure may be implemented to reduce casualties – see for example 

Albania, Moldova and Ukraine where impressive casualty savings are anticipated 

from relatively modest programmes. 

 The maturity and quality of the existing infrastructure – in Slovenia, for example it is 

necessary to spend more to reduce casualties, in many cases because there has 

already been investment and “easy wins” become more difficult to achieve.              

These results for consultation provide a limited scenario of costs and benefits and the ViDA 

software offers the opportunity for local engineers and policy makers to vary the parameters 

to match them local circumstances and budgets.         

The total proposed programme cost varies largely according to the length of the network 

surveyed but also according to several other variables.  The cost can be carried according to 

priorities and the threshold BCR can be adjusted to provide suitable returns.  Programme 

costs may be viewed as investments to be implemented over 5-10 years.  They range in 

value from modest Eur 11m for a 552km network in FYROM to Eur 650m in Greece for a 

3,340km network) in Greece. 

In several countries the recommended investment per kilometre is high (justified economically 

on the basis of one or more of: high traffic volumes, high fatal accident densities, because 

there is much improve, or since costs are relatively high – Bulgaria, Greece, Romania Serbia) 

the average recommended investment per carriageway kilometre is Eur 100-200k. 

In other countries, the average economically justified recommended investment can be much 

lower, often because it may be more difficult to justify the countermeasure costs on an 

economic basis because there are lower AADTs, with fewer deaths and injury injuries or a 

lower value of life. 

Some of the most effective proposed countermeasures are presented in Figure 35. 
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Figure 35: Common crash countermeasures (photos courtesy of iRAP) 

 Safety barriers 

  

 Improve curve delineation 

    

 Rumble strips 

   

 Road surface rehabilitation 
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Figure 35 continued: Common crash countermeasures (photos courtesy of iRAP) 

 Median barrier (2+1) design 

 

 Roadside hazards removal 

  

 Improving delineation 

   

 Shoulder sealing 
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7 Countermeasure solutions based on routine maintenance, major 

upgrading and responding to accident studies 

A consistent picture emerges across the SENSoR countries of the measures that will save 

lives. The ViDA package enables the countermeasures to be ranked by the highest number of 

lives and serious injuries saved by each measure.  The most common measures can be 

shown to reduce around 122,000 deaths and serious injuries over 20 years.  The most 

common are those that: 

 provide run-off protection – roadside barriers     

 overtaking protection – median barriers 

 provision for pedestrians – footpaths and pedestrian crossings, lighting at 

intersections and on mid-blocks, traffic calming in village sections 

 improvements at intersections by road markings and upgrading control  

There is a combination of changes that can be brought about by maintenance and upgrading: 

 maintenance – signing/lining, shoulder sealing, road surface rehabilitation or skid 

resistance improvement, roadside clearance, central hatching 

 upgrading – roadside barriers, additional lanes, duplication with median barrier 

Other improvements will be led by intelligence from crash studies supplemented by 

information from the Safer Roads Investment Plan. 
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8 Engagement with road authorities and government 

Reported upon separately within the project, a key part of SENSoR has been to feed back to 

national road authorities the findings from the study and to support them in implementing 

countermeasures.  There has been regular contact between Project Partners and road 

authorities. 

A feature of the support provided by the SENSoR team was a series of training workshops 

run in Greece, Hungary, Slovakia and Slovenia. 

Separately, members of the SENSoR team and or those providing transnational project 

support have had meetings with ministers of roads infrastructure in Albania, Greece, Moldova 

and Serbia and roads directors in Hungary, Romania, Slovenia, Ukraine and with technical 

teams in Bosnia and Herzegovina, Croatia, FYROM, Montenegro and Slovakia.  In Bulgaria, 

early steps have been taken with the Project Partner to arrange follow-up with government in 

2104-15.  By November 2104, launches of work had been held, or were planned, in all 

countries.          

 

 

Figure 36: Consultation on the results with minister Haxhinasto in Albania 

 

 

Figure 37: Ljubljana: another of many presentations with government and roads 

directors 
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9 Conclusions 

On the roads of South East Europe there are currently around 11,500 deaths per year and 

about 125,000 fatal and serious injuries per year. 

Five survey teams, based in Croatia, Czech Republic, Greece, Serbia, Slovenia,  supported 

by the South East Europe Transnational Cooperation Programme, an agency co-funded by 

the European Union, have conducted surveys for the SENSoR Project to Star Rate roads for 

safety for more than 19,000km of on roads in14 countries. 

On the roads inspected, it is estimated that more than 1,260 people die each year.  If those 

roads in Ukraine are excluded (because they do not fall within the South East Europe region), 

it is estimated that the SENSoR project has assessed roads in the South East Europe region 

on which slightly more than 10% of the road deaths occur. 

The information from the road surveys has been complemented by Risk Maps for 27,000km 

of roads in 10 countries in South East Europe. 

Based on the available fatal and serious crash data, the SENSoR Risk Maps produced using 

the EuroRAP protocols show that 30-60% of the roads in the 8 SENSoR partner countries are 

medium-high to high risk.  Benchmarking against one of the top-performing countries in 

Europe, this compares with 15% by length of major (motorway, other trunk, and primary roads) 

in Great Britain. 

Fatal and serious crash rates on the surveyed routes ranged from 0.4 fatalities/km/year for 

the Montenegro and Slovenia networks to 1.8 in Bulgaria and Romania. 

The total proposed programme cost varies largely according to the length of the network 

surveyed but also according to several other variables.  The cost can be carried according to 

priorities and the threshold BCR can be adjusted to provide suitable returns.  Programme 

costs may be viewed as investments to be implemented over 5-10 years.  They range in 

value from modest Eur 11m for a 552km network in FYROM to Eur 650m in Greece for a 

3340km network. 

In several countries the recommended investment per kilometre is high (justified economically 

on the basis of one or more of: high traffic volumes, high fatal accident densities, because 

there is much improve, or since costs are relatively high – Bulgaria, Greece, Romania Serbia) 

the average recommended investment per carriageway kilometre is Eur 100-200k. 

In other countries, the average economically justified recommended investment can be much 

lower, often because it may be more difficult to justify the countermeasure costs on an 

economic basis because there are lower AADTs, with fewer deaths and injury injuries or a 

lower value of life. 

Based on the estimate of 1,260 deaths on the SENSoR network and the standard iRAP 

modelling assumptions, there would be 227,640 fatal and serious injuries over 20 years if 

there were no investment, assuming a fatal:serious ratio of 1:10. 

The Safer Roads Investment Plan for the entire surveyed network would save around half (54% 

-- about 122,000) of the estimated fatal and serious injuries over the analysis period of 20 

years. The cost of these countermeasures is approximately Eur 1,696m.     

Across the 14 countries for which there are data in the SENSoR project, the range of Benefit 

Cost Ratios is between 2 and 9 for the overall investment programmes.  For individual 

countermeasures, the BCRs of those with greatest life-saving potential can of course be 

higher, with many around 10, but in some countries commonly up to and around 20. 

The most common recommended countermeasures are those that: 
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 provide run-off protection for vehicle occupants – roadside barriers or roadside 

clearance  

 provide overtaking protection – median barriers, duplication and additional lanes  

 provide for pedestrians – footpaths and pedestrian crossings, lighting at intersections 

and on mid-blocks, traffic calming in village sections 

 improve intersections by providing road markings, protection and control 

 

Improvements may be undertaken as part of 

 maintenance – signing/lining, shoulder sealing, road surface rehabilitation or skid 

resistance improvement, roadside clearance, central hatching 

 upgrading – roadside barriers, additional lanes, duplication with median barrier 

 or as a result of intelligence from road safety studies.  

 

As the SENSoR project drew to a close in November 2014, there was a high degree of 

engagement in all countries, with the personal support of the relevant government minister in 

several of them.          
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Annex 1: iRAP V3 core coding specification

 

Column Type Item

C
a
te

g
o

ry
 I

D

Category

1 text Coder name NA NA

2 text Coding date NA NA

3 text Road survey date NA NA

4 text Image reference NA NA

5 text Road Name NA NA

6 text Section NA NA

7 number Distance NA NA

8 number Length NA NA

9 number Latitude NA NA

10 number Longitude NA NA

11 text Landmark NA NA

12 text Comments NA NA

13 list Carriageway 1 Carriageway A of a divided road

2 Carriageway B of a divided road

3 Undivided road

4 Carriageway A of a motorcycle facility 

5 Carriageway B of a motorcycle facility

14 list Upgrade cost 3 High

2 Medium

1 Low

15 list Motorcycle obsevered flow 1 None

2 1 motorcycle

3 2 to 3 motorcycles

4 4 to 5 motorcycles

5 6 to 7 motorcycles

6 8+ motorcycles

16 list Bicycle observed flow 6 8+ bicycles

5 6 to 7 bicycles

4 4 to 5 bicycles

3 2 to 3 bicycles

2 1 bicycle

1 None

17 list Pedestrian obsevered flow across the road 6 8+ pedestrians across the road

5 6 to 7 pedestrians across the road

4 4 to 5 pedestrians across the road

3 2 to 3 pedestrians across the road

2 1 pedestrian across the road

1 None

18 list Pedestrian obsevered flow along the road driver-side 6 8+ pedestrians along driver-side

5 6 to 7 pedestrians along driver-side

4 4 to 5 pedestrians along driver-side

3 2 to 3 pedestrians along driver-side

2 1 pedestrian along driver-side

1 None

19 list Pedestrian obsevered flow along the road passanger side 6 8+ pedestrians along passanger-side side

5 6 to 7 pedestrians along passanger-side

4 4 to 5 pedestrians along passanger-side

3 2 to 3 pedestrians along passanger-side

2 1 pedestrian along passanger-side

1 None

20 list Land use - drivers side 6 Educational

4 Commercial

7 Industrial and manufacturing

3 Residential

2 Farming and agricultural

1 Undeveloped areas

5 Not Recorded

21 list Land use - passanger side 6 Educational

4 Commercial

7 Industrial and manufacturing

3 Residential

2 Farming and agricultural

1 Undeveloped areas

5 Not Recorded

22 list Area type 2 Urban

1 Rural
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23 list Speed limit 25 >=150km/h

23 140km/h

21 130km/h

19 120km/h

17 110km/h

15 100km/h

13 90km/h

11 80km/h

9 70km/h

7 60km/h

5 50km/h

3 40km/h

1 <30km/h

45 >=90mph

43 80mph

41 70mph

39 60mph

37 50mph

35 40mph

33 30mph

31 <20mph

24 list Motorcycle speed limit 25 ≥150km/h

23 140km/h

21 130km/h

19 120km/h

17 110km/h

15 100km/h

13 90km/h

11 80km/h

9 70km/h

7 60km/h

5 50km/h

3 40km/h

1 <30km/h

45 ≥90mph

43 80mph

41 70mph

39 60mph

37 50mph

35 40mph

33 30mph

31 <20mph

25 list Truck speed limit 25 ≥150km/h

23 140km/h

21 130km/h

19 120km/h

17 110km/h

15 100km/h

13 90km/h

11 80km/h

9 70km/h

7 60km/h

5 50km/h

3 40km/h

1 <30km/h

45 ≥90mph

43 80mph

41 70mph

39 60mph

37 50mph

35 40mph

33 30mph

31 <20mph

26 list Differential speed limits 2 Present

1 Not present
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27 list Median type 11 Centre line

14 Wide centre line (0.3m to 1m)

10 Central hatching (>1m)

8 Continuous central turning lane

9 Flexible posts

7 Physical median width 0 to <1m

6 Physical median width 1 to <5m

5 Physical median width 5 to <10m

2 Safety barrier - concrete

1 Safety barrier - metal

12 Safety barrier - motorcycle friendly

15 Safety barrier - wire rope

4 Physical median width 10 to <20m

3 Physical median width >=20m

13 One way

28 list Centreline rumble strips 1 Not present

2 Present

29 list Roadside severity - drivers side distance 1 0 to <1m

2 1 to <5m

3 5 to <10m

4 >=10m

30 list Roadside severity - drivers side object 10 Cliff

11 Tree >=10cm 

12 Non-frangible sign/ post./pole >=10cm 

15 Unprotected safety barrier end

5 Aggressive vertical face

6 Upwards slope - (15° to 75°)

8 Deep drainage ditch

9 Downwards slope (> -15°)

16 Large boulders >=20cm high

13 Non-frangible structure/bridge or building

14 Frangible structure or building

2 Safety barrier - concrete

1 Safety barrier - metal

4 Safety barrier - wire rope

3 Safety barrier - motorcycle friendly

7 Upwards slope - (>= 75°) 

17 No object

31 list Roadside severity - passanger side distance 1 0 to <1m

2 1 to <5m

3 5 to <10m

4 >=10m

32 list Roadside severity - passanger side object 10 Cliff

11 Tree >=10cm 

12 Non-frangible sign/ post./pole >=10cm 

15 Unprotected safety barrier end

5 Aggressive vertical face

6 Upwards slope - (15° to 75°)

8 Deep drainage ditch

9 Downwards slope (> -15°)

16 Large boulders >=20cm high

13 Non-frangible structure/bridge or building

14 Frangible structure or building

2 Safety barrier - concrete

1 Safety barrier - metal

4 Safety barrier - wire rope

3 Safety barrier - motorcycle friendly

7 Upwards slope - (>= 75°) 

17 No object

33 list Shoulder rumble strips 1 Not present

2 Present

34 list Paved shoulder - drivers side 4 None

3 Narrow (≥ 0m to < 1.0m)

2 Medium (≥ 1.0m to < 2.4m)

1 Wide (≥ 2.4m)

35 list Paved shoulder - passanger side 4 None

3 Narrow (≥ 0m to < 1.0m)

2 Medium (≥ 1.0m to < 2.4m)

1 Wide (≥ 2.4m)
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36 list Intersection type 8 4-leg unsignalised with no protected turn lane

17 Mini roundabout

7 4-leg unsignalised with protected turn lane

10 4-leg signalised with no protected turn lane

13 Railway Crossing - passive (signs only)

4 3-leg unsignalised with no protected turn lane

9 4-leg signalised with protected turn lane

6 3-leg signalised with no protected turn lane

3 3-leg unsignalised with protected turn lane

5 3-leg signalised with protected turn lane

14 Railway Crossing - active (flashing lights / boom gates)

2 Roundabout

1 Merge lane

15 Median crossing point - informal

16 Median crossing point - formal

12 None

999 Do not use this code

37 list Intersection channelisation 2 Present

1 Not present

38 list Intersecting road volume 1 ≥15,000 vehicles

2 10,000 to 15,000 vehicles

3 5,000 to 10,000 vehicles

4 1,000 to 5,000 vehicles

5 100 to 1,000 vehicles

6 1 to 100 vehciles

7 Not applicable

39 list Intersection quality 2 Poor   

1 Adequate

3 Not applicable

40 list Property access points 1 Commercial Access ≥1

2 Residential Access ≥3

3 Residential Access <3

4 None

41 list Number of lanes 4 Four or more

3 Three

6 Three and two

2 Two   

5 Two and one

1 One

42 list Lane width 3 Narrow (≥ 0m to < 2.75m)

2 Medium (≥ 2.75m to < 3.25m)

1 Wide (≥ 3.25m)

43 list Curvature 4 Very sharp

3 Sharp

2 Moderate

1 Straight or gently curving

44 list Quality of curve 2 Poor

3 Not applicable

1 Adequate

45 list Grade 5 ≥ 10%

4 ≥ 7.5% to <10%

3 ≥ 5% to <7.5%

2 ≥ 4% to <5%

1 ≥ 0% to <4%

46 list Road condition 3 Poor

2 Medium

1 Good

47 list Skid resistance / grip 5 Unsealed - poor

4 Unsealed - adequate

3 Sealed - poor

2 Sealed - medium

1 Sealed - adequate

48 list Delineation 2 Poor

1 Adequate

49 list Street lighting 1 Not present

2 Present

50 list Pedestrian crossing - inspected road 6 Refuge only

5 Unsignalised marked crossing without a refuge

4 Unsignalised marked crossing with refuge

3 Signalised without refuge

2 Signalised with refuge

1 Grade separated facility

7 No facility

14 Unsignalised raised marked crossing with refuge

15 Unsignalised raised marked crossing without refuge

16 Raised unmarked crossing with refuge

17 Raised unmarked crossing without refuge

51 list Pedestrian crossing quality 2 Poor

1 Adequate

3 Not applicable
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52 list Pedestrian crossing facilities - side road 1 Grade separated facility

2 Signalised with refuge

3 Signalised without refuge

4 Unsignalised marked crossing with refuge

5 Unsignalised marked crossing without a refuge

6 Refuge only

7 No facility

14 Unsignalised raised marked crossing with refuge

15 Unsignalised raised marked crossing without refuge

16 Raised unmarked crossing with refuge

17 Raised unmarked crossing without refuge

53 list Pedestrian fencing 1 Not present

2 Present

54 list Speed management / traffic calming 1 Not present

2 Present

55 list Vehicle parking 3 High

2 Medium

1 Low

56 list Sidewalk - drivers side 4 Non-physical separation 0m to <1.0m

3 Non-physical separation 1.0m to <3.0m

2 Non-physical separation ≥ 3.0m

1 Physical barrier

7 Informal path 0m to <1.0m

6 Informal path ≥ 1.0m

5 None

57 list Sidewalk - passanger side 4 Non-physical separation 0m to <1.0m

3 Non-physical separation 1.0m to <3.0m

2 Non-physical separation ≥ 3.0m

1 Physical barrier

7 Informal path 0m to <1.0m

6 Informal path ≥ 1.0m

5 None

58 list Service road 1 Not present

2 Present

59 list Facilities for motorised two wheelers 6 None

5 Inclusive motorcycle lane on roadway

2 Exclusive one way motorcycle path without barrier

1 Exclusive one way motorcycle path with barrier

4 Exclusive two way motorcycle path without barrier

3 Exclusive two way motorcycle path with barrier

60 list Bicycle facility 4 None

5 Extra wide outside  (≥4.2m)

3 On-road lane

2 Off-road path 

1 Off-road path with barrier

6 Signed shared roadway

7 Shared use path

61 list Roadworks 3 Major road works in progress

2 Minor road works in progress

1 No road works

62 list Sight distance 2 Poor   

1 Adequate

63 text Vehicle flow (AADT) NA NA


