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Foreword  

John Dawson (iRAP Chairman) 

Every year 1.3 million people are killed in road crashes worldwide.  Up to 3% of the world‟s GDP is 

lost through crashes.  If we continue with „business as usual‟ then worldwide we 

can expect to see 250 million people killed or seriously injured over the next 20 

years.  Road crashes will remain the leading cause of death among the young.   

In 2006, iRAP won the generous support of the FIA Foundation for an ambitious 

investment programme to develop tools to help low and middle income countries 

find the high social and economic returns possible through the provision of safer 

roads.  The major Road Assessment Programmes in developed countries 

(AusRAP, EuroRAP and USRAP) worked in partnership with global road safety research 

organisations and local experts to develop and test these tools. 

These tools allow assessment of road safety performance of roads in the absence of reliable crash 

data.  The iRAP results include: 

 „Star Rating‟ tables and maps showing the safety of roads for car occupants, motorcyclists, 

bicyclists and pedestrians  

 A road inventory database with over 30 inspected attributes describing the inspected 

network  

 An estimate of the numbers being killed and seriously injured on each inspected road 

 A recommended cost-effective, network-wide countermeasure programme for consideration 

by local stakeholders and funding bodies. 

iRAP was invited to work in four pilot countries: South Africa, Malaysia, Chile and Costa Rica.  

These countries offered exposure to a variety of road safety scenarios from a high proportion of 

motorcyclists in Malaysia to single carriageway roads with high speed limits in South Africa.   

Following the success of the pilot inspection programmes, iRAP secured funding from the World 

Bank Development Grant Facility to inspect roads in Argentina, Peru and Serbia and to complete a 

pilot inspection in Nigeria and a feasibility study and inspections Kenya.  

This work in Crete was instigated at the request of the FIA Foundation as a means of engaging 

with road safety specialists in Crete and demonstrating the iRAP techniques both to them and to 

an international audience at the October 2008 FIA Foundation conference in Chania.  The project 
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was organised with the technical assistance of EuroRAP partners and is to be used in consultation 

with road authorities in Crete and with road-user and road safety stakeholders in exploring the 

potential for road safety engineering countermeasures. 

The Crete project proposes that countermeasures with a BCR of more than 3 should be 

considered for funding by the Crete government.  This implies a programme investment value of 

about EUR 90m, a safety benefit value of EUR 620m and benefit-cost ratio of 7.  The 

recommended programme has the potential to save around 150 lives and prevent about 1500 

serious injuries over a 20-year period.  This equates to an approximate reduction in death and 

serious injury of about a quarter on the roads inspected. 

We are grateful for this opportunity to demonstrate the use of this technique in Crete.  I welcome 

representatives of Greece to the EuroRAP family and the willingness of the government in Crete 

and the various stakeholders to study the results of these inspections.  
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1 About iRAP 

The International Road Assessment 

Programme (iRAP) is dedicated to saving lives 

in developing countries by promoting safer road 

design.   

iRAP targets high-risk roads where large 

numbers are killed and seriously injured, and 

inspects them to identify where affordable 

programmes of safety engineering can reduce 

large numbers of deaths and serious injuries.  

The initiative relies on a strong partnership of key local stakeholders and international experts to 

work together to make roads safe. 

iRAP aims to: 

 Generate and prioritise large, affordable, high-return programmes of safety engineering 

countermeasures using a globally consistent methodology  

 Operate on a scale that is cost-efficient and can be project managed to deliver reductions in 

the cost of death and crippling injury that are economically significant  

 Provide the methodology and procedures to implement performance tracking so that 

funding agencies are able to track outcomes and outputs and enable continuous global 

improvement in safety performance  

 Provide the training, technology and reporting tools to build and sustain national, regional 

and local capability 

 Share experience and knowledge of effective road safety programmes worldwide. 

 

 

 

 

 



 Crete iRAP demonstration project: draft for consultation  Page 6 

 

   

 

2 Background 

2.1 A global epidemic 

Deaths and injuries from road traffic 

crashes are a major and growing public 

health epidemic. 

Each year 1.3 million people die in road 

crashes and the number of seriously 

injured could be as high as 50 million.  

Road crashes are now the leading cause 

of death for children and young people 

aged between 10 and 24.   

The burden of road crashes is comparable 

with malaria and tuberculosis, and costs 1-3% of the world‟s GDP. 

More than 85% of global road deaths and serious injuries occur in developing countries.  Whereas 

road deaths are expected to fall in high-income countries, they are likely to increase by more than 

80% in the rest of the world.   

In developing countries it is the poor that are most vulnerable.  Pedestrians, bicyclists, 

motorcyclists and those using informal public transport are many times more likely to be harmed on 

the roads.   

2.2 The role of the road 

Most crashes are caused by human error.  For this reason, road safety initiatives have traditionally 

focussed on „fixing‟ the driver in order to prevent crashes.  Approaches typically involve education, 

testing and enforcement.  However, to „err is human‟; psychology tells us that people will always 

make mistakes.   

More recently, engineers have focussed on mediating the outcome of a crash by designing safe 

vehicles and safe roads.  It is possible to protect the road user in the event of a crash by designing 

vehicles and roads to work together to ensure crash energies do not overwhelm the human.  For 

vulnerable road users the road design must work even harder to ensure they are not exposed to 

high-speed traffic. 
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In leading developed countries where great progress has already been made on driver behaviour 

and vehicle safety, national safety strategies show investment in safer infrastructure is expected to 

deliver twice the casualty saving provided by investment in either behaviour or vehicles. 

There are still many countries in which fundamental road-safety education and enforcement (seat 

belts, helmets, drink-driving and general adherence to traffic law) are not in place.  In these 

countries basic infrastructure, such as clear signs and road markings, is essential if road users are 

to know what they are expected to do and if traffic law is to be effectively enforced. 

2.3 Getting organised 

What can give us hope is that other health epidemics, that seemed impossible to fix, have been 

eliminated.  As recently as 1967, some 10-15 million cases of smallpox claimed two million lives 

every year, with many survivors left disfigured or blind.  In 1967, the World Health Organization 

launched a mass vaccination programme that was later followed by Operation Smallpox Zero – a 

programme with a vision to eliminate the disease altogether.  The vision zero was brought to 

fruition when the last case of smallpox was reported in Somalia in 1977.  The programme was 

described as a triumph of management, not of medicine.   

In the same way, we know what can be done to prevent road deaths.  However, in order to combat 

this public health epidemic we must ensure that we create a sustainable and structured approach 

to aim for vision zero – we must get organised to make roads safe.  
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3 Safer Roads 

Safe roads are those designed to reduce the 

likelihood of crashes occurring and be forgiving 

of those that do occur.   

Self-explaining roads show all road users where 

they should be and how to use the road safely.  

Clear road layouts not only explain where road 

users are expected to be, but they also take into 

account the road user‟s ability to process 

information and make decisions.  

An inexpensive, simple pedestrian refuge island not only shows where to cross but makes safe 

crossing much easier – the pedestrian has to check only one stream of oncoming traffic at a time.  

The refuge also calms drivers‟ speed and restricts overtaking at the crossing point. 

Forgiving roads are designed to protect road users in the event of a crash.  The design of the road 

must recognise that crashes can occur and ensure that fatalities and injuries are minimised by 

protecting road users from hazards.  Engineering features, such as safety barriers, can be used to 

separate fast moving traffic from people and cushion crashes when they happen.   

Crashes are less likely to occur on self explaining roads and injuries are less severe on forgiving 

roads.   

3.1 Crashes that kill 

3.1.1 Vulnerable road users 

Pedestrians are most vulnerable when they must 

cross busy roads without crossing facilities, and 

where they have to mix with motorised traffic as 

they move along a road because separate 

facilities are not provided.   

In developing countries motorcyclists and moped 

riders can account for a high percentage of road 

deaths; in some Asian countries over 70% of 

road deaths are motorcyclists. 
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Engineering countermeasures that work to reduce the likelihood of a serious or fatal crash for 

vulnerable road users include: 

 Exclusion of traffic from areas where there is high pedestrian activity 

 Slowing of traffic (traffic calming) in areas where there is high pedestrian activity 

 Paths for pedestrians and bicyclists so they do not mix with motorised traffic 

 Crossing facilities that follow crossing demand and show where pedestrians are expected 

to cross and reduce the complexity of crossing the road 

 Provision of separate motorcycle lanes or facilities 

 Crash barriers that are passively safe for motorcyclists 

3.1.2 Vehicle occupants 

For vehicle occupants, fatal and serious crashes fall into three main categories: 

1. Run-off crashes – typically a single vehicle leaves the carriageway and crashes into a fixed 

object such as a tree or lighting column. 

2. Junction crashes – the most serious crashes occur at T-junctions or crossroads where side 

impacts occur at high speeds. 

3. Head-on crashes – vehicles travelling in opposing directions have high-energy collisions.  

Engineering countermeasures that work to reduce the likelihood of a serious or fatal crash for 

vehicle occupants include: 

 Clearing roadsides of fixed objects (such as trees, lighting columns, road signs), replacing 

fixed objects with passively safe alternatives (eg deformable signposts and lighting 

columns), or protecting the road user with crash barriers 

 Limiting the number of minor accesses to main roads, providing turning pockets, and 

replacing cross roads and T-junctions with roundabouts and grade separated junctions 

 Separating opposing traffic travelling at high-speeds with a safety barrier or wide median 
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3.2 Formal safer road infrastructure programmes 

The casualty reduction strategy for any country at any stage of its road safety development needs 

to define the contribution that simple, affordable infrastructure improvements can make.  

Footpaths, paint and fencing save lives.  

Designing, building, financing, procuring and evaluating a motorway scheme is possible nearly 

everywhere in the world.  But projects that upgrade the safety of an entire route or network are 

rare, even though they would often offer the most competitive economic returns in a national, 

regional or local project pool. 

Affordable road infrastructure improvements have the potential to cut road casualties on a scale 

significant at the national level in the short, medium and long term.  This is only possible if whole 

routes and networks, on which large numbers of deaths and serious injuries are concentrated, are 

targeted systematically with the application of effective countermeasures.   

3.3 Network safety management 

In order to effectively manage the safety of an existing road network, three basic activities need to 

be established:   

Reliable crash data should be collected. Police and statisticians must work together to ensure that 

serious crashes are recorded accurately – according to internationally accepted protocols and 

definitions.  Risk Mapping can be produced using these data in order to show where individuals 

and communities face high levels of risk.   

Road authorities must have information about the level of safety and traffic flow on their network.  

They must have an understanding of how road features on their network contribute to risk and the 

potential for a serious or fatal crash.  Star Rating inspections document this road attribute 

information and more detailed road safety audits can be used to identify specific sites and 

problems. 

As safety treatments are used, the outcomes must be measured, analysed and recorded so that 

lessons can be learnt about the impact of different schemes.  The evidence base should direct 

future action, ensuring that the most efficient life-saving measures are implemented. 

Effective safety management should involve infrastructure improvements at targeted locations 

throughout the road network and should not focus on just a few black spots that might have high 

short-term crash experience.  
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4  Road Assessment Programmes  

4.1 Risk Mapping and Performance Tracking 

Where complete, accurate, and plentiful 

data are available, two RAP protocols that 

use real crash data can provide clear 

information on risk and can guide 

infrastructure improvements.   

Risk Mapping: Maps are produced using 

crash history data, showing the risk of 

being killed or seriously injured. 

Performance Tracking: RAP enables 

tracking of the rate at which high-risk roads are eliminated.  Performance tracking identifies 

‟consistently high-risk roads‟ where authorities need to do more and the ‟most improved roads‟ to 

highlight good practice and encourage competition in excellence.  To date, the RAP programmes 

have used Risk Mapping data to track performance based on historical crash data, however it will 

also be possible to use road inspection data to measure improvements in road infrastructure. 

4.2 Star Rating roads for safety 

The Star Rating of roads provides a methodology to measure the safety performance of a road 

network.  This is particularly valuable where crash data records are unavailable, inaccurate or 

sparse.   

Inspectors record over 30 road attributes known to influence the likelihood and severity outcome of 

road crashes.  The road attributes are scored and combined to reflect the overall safety of the road 

for car occupants, motorcyclists, bicyclists and pedestrians.  Scores are then assigned 1-5 stars, 

allowing cartographic presentation. 

The Star Rating focuses on the road design and the standard of road-based safety features and 

describes protection from accidents (elements of primary safety) and protection from injury when 

collisions do occur (secondary safety).  It reflects: 

 the design elements known to affect the likelihood of an accident occurring – eg carriageway 

width, bendiness, the provision of pedestrian facilities 
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 the safety features known to mitigate injury severity – eg the use of barriers, the frequency and 

design of intersections and the presence of unforgiving roadside objects 

 the observed speed limit (with fundamental physical laws, observational and biomechanical 

studies relating fatal and serious injury likelihood to speed in a cubic relationship) 

Road sections are not scored for these users when it is apparent that none is routinely using this 

part of the network or it is clear, such as in the case of motorway routes and pedestrians, that the 

network is not designed for these road-users. 

The examples below show urban and rural roads that would achieve a low Star Rating (black and 

red) and a high Star Rating (yellow and green). 
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4.3 The iRAP process  

The diagram below shows the scope of the iRAP methodology, from road selection through to the 

recommendation of a network level investment programme.  Local knowledge and detailed 

planning and design are then required to finalise the exact countermeasures. 
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5 The Star Rating demonstration in Crete 

Crete was selected as a suitable location for a demonstration project using the iRAP methodology 

for the following reasons: 

 Crete‟s positioning as a premier Mediterranean tourist location where the road network 

plays a crucial part in communication and the economy 

 Awareness within Crete, and more widely in Greece, of the importance of a safe road 

environment and knowledge that there are parts of the Greek road infrastructure that may 

benefit from safety upgrading 

 The timing of the FIA Foundation safety conference in Crete on 29 October 2008 and the 

opportunity to demonstrate the use of the Road Assessment Programme techniques 

5.1 Road safety in Greece 

In Greece overall, pedestrians form 16% of road-user deaths overall, bicyclists 1%, motorcyclists 

30% and car occupants 43%.  The remaining road-users account for 10%.  The death rate of about 

15 per 100,000 population is amongst the highest in Europe (IRTAD database, November 2008).    

Population: 11.2 million (July 2008 estimate: CIA World Fact Book) 

Roads: 118,000 km (CIA World Fact Book, rounded), 92% paved.  The European, national and 

regional road (non-urban, mainly inter-urban) network is approximately 40,000 km, 

Fatalities: 1612 (2007) 

Death rate per 100,000 population: 14.9 (Great Britain 5.4) 

Cost to economy: road crashes have a cost equivalent to 2-3% of GDP   

Targets: support for the European Community target to reduce deaths by 50%, 2000-2010. 

Traffic: data presented in the IRTAD database estimates cars as about two-thirds (65%) of the 

vehicle stock in Greece and motorcycles around 30%.  There is a very large variation in traffic mix 

and very large seasonal variation.  (In the current study motorcycles formed 6-10% of traffic on the 

major roads but this is likely to be much lower in the winter season.) 

Note that these figures relate to Greece and not to the particular case of Crete.  
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5.2 The EuroRAP team in Crete 

The EuroRAP core team coordinated the work for iRAP in Crete.  The rating team included the 

Road Assessment Programme chief inspector and a consultant from Swedish consultants Sweco. 

5.3 Road inspection survey method 

   

 

 

 

 

 

 

 

The study was undertaken 26-29 August 2008, with analysis and review undertaken in September 

2008.  Inspectors drove the routes using a collecting data using a touch-sensitive survey tablet 

similar to that shown here (Figure 1) to gather large amounts of data as they travel.  The inspectors 

added complementary data, collected by an on-board portable video camera, on their return to the 

office.   

The videos were then rated in 

accordance with the iRAP 

inspection manual. The touch-

sensitive survey tablet shown 

below illustrates how the road 

inspectors collate the data. Those 

elements shaded orange illustrate 

how currently “live” items in the 

survey are portrayed. 
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6 Project scope, assumptions and road condition survey 

The study in Crete involved a survey of approximately 320km.  The map below shows the network 

that was surveyed.  The major part of this was the east-west Sitia-Kissamos “north road axis of 

Crete” (the “Borios Odikos Axonas Cretes” – BOAK).  Formally, this is the E75 from Sitia-Chania 

(238km), becoming the E65 (39km) from Chania-Kissamos.  It is the connection for many of 

Crete‟s important ports.  The survey also included a north-south spur section of some 43km from 

Chania onto the Omalos plateau, a popular tourist attraction.  

 

6.1 Assumptions within the study 

Most iRAP studies involve the close involvement of stakeholder groups and the relevant road 

authorities.  It is intended to involve these groups in this study as a later part of the consultation 

process.  Without this local contact and advice it has been necessary to make several assumptions 

in the analysis shown here.  These assumptions include: 

 Traffic level estimates (AADT – Annual Average Daily Traffic) taken during the survey of 

inspected roads vary as follows: E75 – between 11,600-16,500 vehicles per day, Chania-

Omalos 1000 and E65 11,600 

 Those elements of the model relating to casualty estimation are based upon the 

assumption that there were approximately 30 fatal casualties per annum on the E75 and 

E65 (28 in 2005) and 1 on the Chania-Omalos road.  (The 2005 casualty data for Crete 

show 93 fatal casualties, 95 seriously injured and 369 slight injuries.  The corresponding 

figures for the E75-E65 are 28 fatal casualties, 15 seriously injured and 44 slight injuries.  It 

is likely that there is substantial under-reporting of non-fatal injuries.) 
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 The iRAP model assumes a ratio of 1:10 fatal:serious casualties 

 Costs of countermeasures are estimated from values used elsewhere in the Mediterranean 

region.  These are presented in the Appendix in the detail of the countermeasure 

programme and should be discussed with highway authorities in Greece.  Generally, they 

are “full costs” and include some planning and related costs.  Where costs are less than 

those actually used in the model, benefits will be greater 

 Seasonal variation effects are not fully reflected in the model – traffic flows and other 

activity from late October-March would typically be lower than that observed during the 

survey period 

 All elements of the survey and reporting are consistent with the level of detail that can be 

achieved from a drive-through survey undertaken at or below local speed limits 

 All countermeasures proposed need to be individually screened on a site-by-site basis in a 

sense-checking process to assess whether or not they are feasible, useful and appropriate 

to local conditions.  Again, this is a process best achieved by working with and in 

consultation with local highway authorities 

 As outlined elsewhere, speed plays a major part both in crash and injury generation and is 

therefore a major part of the iRAP model.  Evidence from the survey in Crete indicated that 

travel speeds on the E75 and E65 were around 20km/h higher than the posted speed limit 

and these road sections have therefore been Star Rated at that speed 

 The iRAP model in Crete assumes that a reduction of a third in fatal and serious injuries is 

achieveable by means of infrastructure-related measures 

 The model assumes zero traffic growth over the coming 20 years – the benefits of the 

countermeasures are therefore likely to be even greater than presented here 

6.2 Road condition survey results 

6.2.1 Key characteristics of the E75 section from the survey  

The E75 is a mixture of dual and single carriageway and shares many of the characteristics of 

similar principal roads in Mediterranean countries. 
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 The road section surveyed is 238.1km in length.  It is predominantly single carriageway with 

a centre line median (74%) or central hatching (2%).  23% is dual carriageway with high-

quality median barrier 

 74% is recorded as single-lane in each direction, 26% as two-lane in each direction.  (In 

Greece it is not uncommon for the nearside emergency lane to be used as a running lane, 

but the lengths reported here assume that such lanes are not used in this way.)      

 Lane widths are wide (88%) medium width (11%) and narrow (1%) 

 Paved shoulder width is greater than 2.4m (9%), 1-2.4m (71%), 0-1m (14%) and none (6%) 

 Over 2.9km (1%) the road there was high pedestrian activity crossing the road 

 Over 25% of the road there was high pedestrian activity walking along the road 

 Motorcycle use was estimated at 6-10% of total traffic along the length of the route (73%) 

 81% was recorded as rural, 18% as semi-urban and (1%) as urban 

 Land-use was either residential (4%), commercial (2%) other (9%) or undeveloped (85%)  

 6% is recorded as having a speed limit of 100 km/h, 5% as 90 km/h, 33% as 80 km/h, 19% 

as 70 km/h, 25% as 60 km/h and 8% as 50 km/h  

 57% is described as straight or gently curving, 36% having moderate curvature, 7% as 

having sharp curvature 

 Delineation is described as adequate (97%) over its entire length and (3%) as poor 

 Road condition is of good (89%) or medium (11%) quality 

 There is no sidewalk provision, no pedestrian crossing facilities and no specific facilities for 

bicycles and motorised two-wheelers 
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 The roadside has 32% adequate barrier. 1% steep fill embankment slopes and 66% had 

objects 0-5m from the road 

 There are 14 merge lanes, four unsignalised 3-leg junctions with a right turn lane, thirty 

unsignalised 3-leg junctions with a no right-turn lane and one unsignalised 4-leg junction 

 

6.2.2  Key characteristics of the E65 section from the survey 

 

 

 

 

 

 The road section surveyed is 39.4km in length.  It is predominantly single carriageway with 

a centre line median (93%) or central hatching (4%).  3% is dual carriageway with high-

quality median barrier 

 97% is recorded as single-lane in each direction, 3% as two-lane in each direction.    

 Lane widths are wide (4%) medium width (96%)  

 Paved shoulder width is greater than 2.4m (49%), 1-2.4m (20%), 0-1m (21%) and none 

(10%) 

 Over 3.2km (8%) the road there was high pedestrian activity crossing the road 

 13% of the road there was high pedestrian activity walking along the road 

 Motorcycle use was estimated at 6-10% of total traffic along the length of the route (100%) 

 The area type was recorded as 87% was rural, 6% as semi-urban and (7%) as urban 

 Land-use was either residential (3%), commercial (7%) or undeveloped (90%) 

 14% is recorded as having a speed limit of 100 km/h, 47% as 80 km/h, 22% as 70km/h, 4% 

as 60 km/h and 12% as 50 km/h 

 95% is described as straight or gently curving, 5% having moderate curvature 
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 Delineation is described as adequate (90%) over its entire length and (10%) as poor 

 Road condition is good (100%) 

 There is no sidewalk provision, no pedestrian crossing facilities and no specific facilities for 

bicycles and motorised two-wheelers 

 There is adequate safety barrier over 14km of the route 35% of sides, about 63% of the 

length had objects 0.5m from the side of the road 

 There are 12 merge lanes, five unsignalised 3-leg junctions with no right turn lane, One 

unsignalised 4-leg junctions with a no right-turn lane 

6.2.3 Key characteristics of the Chania-Omalos section from the survey 

The road to the Omalos Plateau is a hilly and twisty single-carriageway, as shown in the photos 

below.  

 

The road markings are either of a poor quality or are non-existent and there is substantial 

deterioration of the shoulder with associated land-slip.  Roadside crash protection is intermittent 

and often of a very poor quality or damaged.  Signing is generally poor and there are many blind 

curves.  A several points and particularly where there is development, there is narrowing of the 

road.   
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 The road section surveyed is 43.1km in length.  It is single carriageway with a centre line 

median 

 Lane widths are narrow (59%) or medium width (41%) 

 72% has no paved shoulder, 28% has a shoulder of 1 meter or less 

 Over 8.5 km on the road there was high pedestrian activity crossing the road (20%) 

 Over 30.2 km (70%) of the road there was high pedestrian activity along the road.  (This is 

likely to be an artefact of the time of day and year when the survey was conducted and 

would be considerably less in the quietest months of the year) 

 Motorcycle use was estimated at 41-60% of traffic along the length of the route.  (Again, 

this is likely to be a seasonal effect)     

 64% was recorded as rural, 33% as semi-urban and 3% as urban 

 Land-use was either residential (32%), commercial (3%) other (14%) or undeveloped (51%) 

 85% is recorded as having a speed limit of 50 km/h and 15% as 40 km/h 

 22% is described as straight or gently curving, 40% having moderate curvature, 28% sharp 

and 10% very sharp 



Page 23 Crete iRAP demonstration project: draft for consultation  

 

   

 

 Delineation is described as poor over 73% of the length and adequate over 27% 

 Road condition is good (21%), medium (73%) and poor (6%) 

 There is no sidewalk provision except in very localised parts of villages. 

 Side friction is low (98%) and medium (2%) 

 There is adequate barrier over 1km of sides, steep fill embankment slopes over about 2km, 

about 65% of the length had objects 0-5m from the side of the road 

 There are 14, 3-leg junctions 
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7 Star Rating Results 

The Star Ratings represent the safety of the road infrastructure as it relates to the risk faced by an 

individual member of each road user group (Car Occupants, Bicyclists and Pedestrians).   

 A 5-star rating represents the safest road infrastructure design for the prevailing speed 

environment 

 A 1-star rating represents a road with relatively poor infrastructure design for the prevailing 

speed environment. 

It is important to note that the Star Rating represents the safety risk faced by an individual road 

user if they (and the traffic around them) are travelling within the speed limit.  Where it is apparent, 

as is the case in Crete on the E75 and E65, that traffic is travelling substantially higher than the 

posted speed limit then adjustments are made to the speed at which the road is rated to correct for 

this.  The E75 and E65 were therefore rated at a speed 20km/h higher than the posted speed limit 

and the Chania-Omalos section at the speed of the posted limit. 

The graph below shows the Star Ratings achieved by the inspected network in Crete.  

7.1 Car occupant Star Ratings 

This map shows the individual risk faced by a car occupant travelling on the inspected road 

network in Crete.    
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A 5-star rating represents the safest road infrastructure design for the prevailing speed 

environment; a 1-star rating represents a road with relatively poor infrastructure design.  Ratings 

were as follows: 44% was 1-star; 34% -- 2-star, 8% -- 3-star, 13% -- 4-star and 2% achieved 5-star.   

7.2 Motorcyclist Star Ratings 

This map shows the individual risk faced by a motorcyclist travelling on the inspected road network 

in Crete.  80% of the inspected network in Crete was Star Rated for motorcyclists.  The map below 

shows the variation of risk for motorcyclists.  This ranges from 2-star road at 48%, 3-star 19% and 

4 -star 13%.  Note that Star Ratings cannot be directly compared for safety across road-user types. 
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7.3 Pedestrian Star Ratings 

This map shows the individual risk faced by a pedestrian travelling on the inspected road network 

in Crete.  29% of the network was rated for pedestrians, 10% was 3 star and 19% was 4 Star. 
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8 Recommended countermeasure programme in Crete 

8.1 Costs and benefits of the programme 

The iRAP team recommends that those countermeasures with a minimum BCR of 3 be considered 

for future funding.   

The overall recommended programme1 is expected to save 1640 lives and serious injuries over 20 

years.  Overall, the investment benefits are estimated to be worth approximately 620m Euros over 

20 years at an outlay of 90m Euros. The average cost would be EUR 56,000 per death or serious 

injury saved.  The BCR would be 7. 

8.1.1 Priority countermeasure programme (all countermeasures) 

 
Minimum BCR 

  3 

Estimated cost to build and maintain (EUR) 90m 

KSI (killed and seriously injured) saved 1640 

Value of safety benefit (EUR) 620m 

Cost per KSI saved (EUR) 56,000 

Benefit cost ratio 7 

 

8.1.2 Top 5 recommended countermeasures 

Within the overall programme, the top 5 countermeasures for immediate investigation are shown in 

the following table (all figures are rounded but quotients are prepared on unrounded values.) 

 

 

 

 

             

1 Safety benefits are present value figures discounted over 20 years at a rate of 4% per annum.  
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Countermeasure type 
Sites / 
length 

Estimated 
cost (EUR) 

KSI 
saved 

Value of 
safety 
benefit 
(EUR) 

Cost 
per 
KSI 

saved 
(EUR) 

BCR 

Duplication with median 
barrier 

65km 56m 710 270m 78,200 5 

Additional lane 62km 10m 330 120m 29,700 13 

Roadside barriers – left and 
right 

210km 19m 270 100m 70,400 5 

Shoulder sealing (>1m) 30km 1.6m 180 70m 8,900 43 

Signalised pedestrian 
crossing 

12 sites 0.3m 50 20m 8,200 46 

  87m 1540 580m 56,500 7 

KSI = killed and seriously injured.  Ratios and rates computed on unrounded values  

As listed above, the “top-5” cost-effective countermeasures includes:  

 Duplication (dualling) of some sections of the E75-E65 

 Inclusion of an additional lane on some parts of the E75-E65 

 The provision of roadside barriers 

 Shoulder sealing  

 Signalised crossings for pedestrians 

All such measures and figures are subject to sense-checking and scrutiny in partnership with local 

road authorities. 

These recommendations provide a starting point for detailed engineering studies to plan the most 

appropriate safety improvements for each road section.  They account for the great majority (more 

than 9 in 10) of all the fatal and serious injuries likely to be saved over the 20-year period. 

8.2 Other measures recommended 

In addition, there are a further EUR 3-4m worth of investment recommended: 

 Installation of roundabouts of basic design (at 17 sites) 

 Other junction improvements such as provision for protected turns (4 sites) 

 Maintenance measures such as road resurfacing 
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 Traffic management solutions (such as parking improvements and regulation of roadside 

activity) and 

 Other measures likely to reduce the chance or effect of run-off crashes (eg rumble strips 

and flexi-posts) or head-on collisions (eg central hatching).     

8.3 The overall effect 

The measures recommended would have an effect equating to an approximate reduction in death 

and serious injury of about a quarter on the roads inspected.  Initial priority for funding should be 

given to those lower-cost, high return countermeasures that can be implemented quickly. 

Early action is desirable to begin to see benefits from the highway infrastructure safety 

improvement programme.  A key component of the programme implementation should be traffic 

volume and accident data collection for a before-and-after evaluation of the improvements that will 

demonstrate their success and enable a second-phase improvement programme for the next 

investment period to be developed based on documented local experience.  

8.4 The Chania-Omalos route 

It is of note that most of the benefits would come from a countermeasure programme on the E75-

E65 section rather than on the Chania-Omalos route.  Fewer than 30 deaths or serious injuries 

could be expected to be saved on this section over a 20 year period but on the Chania-Omalos 

route the programme does recommend the following countermeasures: 

 11km of shoulder sealing 

 9km of roadside barriers 

 15km of improved delineation 

 3km of road surface improvement 

 4km of central hatching 

 0.2km of clearance of roadside hazards. 

The estimated cost of this element would be Eur 2.1m and an average cost of Eur 75,000 per 

death or serious injury saved.  The BCR would be 5.  
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8.5 Examples of proposed countermeasures in Crete 

The following pages show examples of the types of measures that may be implemented.  They 

also demonstrate the means by which the iRAP tools operate to highlight potential locations for 

countermeasure implementation.  As described previously, all proposals should be subjected to 

rigorous sense-checking to ensure that local conditions are such that the proposed 

countermeasures are realistic and feasible and that costs are within those that would be 

recognised.  Not all of the countermeasures illustrated fall within the high priority category.         

8.5.1 Example of the carriageway with and without a median barrier 

                                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Page 31 Crete iRAP demonstration project: draft for consultation  

 

   

 

Carriageways without median protection clearly have higher probability of head-on collisions and 

the consequences of such impacts on roads where speeds are high are severe.  Note that 

roadside protection is also a potential risk to road users on the stretch of road shown immediately 

above, with posts being exposed and close to the carriageway edge. 

Decisions about what type of median barrier should be used will be based on several factors, 

including: traffic volume, traffic speed, vehicle mix, median width, the number of lanes, road 

alignment, crash history, and installation and maintenance costs. 

One of the countermeasures which should be discussed with Cretan engineers is the potential 

applicability of the new form of the 2+1 road, with wire rope median barrier, as implemented in the 

last decade in Sweden, Iceland, Ireland (see immediately below) and elsewhere.  This road type 

can achieve a death and serious injury rate comparable with high quality motorways, but every 

proposed countermeasure must be considered alongside local circumstances to ensure that it is 

appropriate and meets the needs of a particular location.   
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The iRAP tools software enables the location of all suggested countermeasure to be shown using 

Google mapping.  The Crete location described above is on the E75 near Linoperamata (below). 
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8.5.2 Signalised crossing 

The iRAP software has indicated a series of locations where pedestrian crossings may be 

considered.  As an example, the potential location for signalised crossings is primarily through the 

town of Kissamos on the E65.  Not all locations generated automatically by the software would be 

the site of a countermeasure – the package simply selects potential locations to choose from. 
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8.5.3 Delineation 

The road markings on the roads below are either of a poor quality or are non-existent.  Both roads 

below are relatively narrow so the risk of some collisions is typically greater than on wider sections.  

The absence of road markings on bends is often a particular problem. 

 

 

 

 

 

 

The location of the proposed delineation countermeasure is shown by the software and is just 

north of Pygros and Kissamos, on the E65 Kissamos to Chania. 
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8.5.4 Clear roadside hazards 

Crashes between vehicles which leave the road and strike roadside hazards are a major safety 

problem, in many countries accounting for more than half of all non-pedestrian road fatalities.  

Where possible, roadside hazards should be removed or road-users protected from them.  Trees 

provide benefits (including shade for pedestrians and reduced soil erosion), but large trees and 

poles (more than 100mm in diameter) that are close to the edge of the road can be a serious 

hazard. 

Sometimes hazards that cannot be removed can be replaced by equipment (poles and sign posts) 

that is designed to collapse on impact.  In other cases, the road can be re-aligned or protection 

such as barriers or safety fencing can be placed between the hazard and the road.  

The route between Chania and Omalos has roadside hazards such as rubble and exposed posts.  

Below are some examples from near the village of Lakki at the location shown in the Google maps. 
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8.5.5 Central Hatching 

Central hatching (or painted medians) increases the separation between traffic travelling in 

opposite directions on undivided roads.  This reduces the risk of head-on incidents.  In addition, 

central hatching can be used to narrow wide lanes and therefore encourage lower speeds. 

The location of the section where the iRAP model proposes the use of central hatching is travelling 

on the Chania-Omalos route.  There are multiple sections upon this route where central hatching is 

recommended.  Suitable locations may be identified from the photos and subsequent site visits.   
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8.5.6 Signalised intersection 

Typically, most crashes happen at intersections.  Traffic signals stop conflicting flows of traffic 

entering the intersection and reduce crash risk.   

In the example shown below, a van has pulled out into the path of the inspection vehicle. 

Again, all countermeasure proposals would require scrutiny of local conditions and, in particular, 

additional information about traffic volumes entering the junction. 

The location of this proposed countermeasure is south of Geogioupoli travelling on the E75 Ethniki-

Odos to Chanion 
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8.5.7 Turn lane (unsignalised) 

At unsignalised intersections, (left) turn lanes provide a safe place in the centre of the carriageway 

for turning drivers to wait for a gap in the opposing traffic without affecting the flow of through 

traffic.  Dedicated right turn lanes also allow vehicles to slow down, pull in on the nearside and 

turn.  Both reduce the risk of rear-end crashes.   

Providing a protected left turn (see overhead photo, below) enables a safe area to wait for 

conflicting flow to pass before turning.  Similarly, providing a right turn at the junction below may 

increase safety by allowing the traffic to filter off of the carriageway (see photo, below).  

The location of this proposed left lane (unsignalised) countermeasure is between Georgioupoli and 

Koupva, travelling on the E75 Chanion-Rethymnon. 
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8.5.8 Road surface improvement 

Skidding results in many crashes. Poor skid-resistance can occur when the road surface becomes 

worn, if there is a build-up of oil or debris on the road or if road drainage is poor.  

As can be seen below, the road surface on part of the Chania-Omalos road is in general poor 

condition and there is deterioration of the shoulder with land-slip.   
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9 Conclusions 

In addition to producing results and a recommended countermeasure programme, the iRAP 

programme in Crete had a number of objectives – to demonstrate the use of the tool and to explore 

the development of partnerships in the region.  It was also an opportunity to trial the portable 

RAPtool and test it as part of the process in a real application.   

9.1 iRAP countermeasure programme 

This project proposes that countermeasures with a BCR of more than 3 should be considered for 

funding.  This implies a programme investment value of about EUR 90m, a safety benefit value of 

EUR 620m and a BCR of 7.  The recommended programme (sections 8.1-8.2) has the potential to 

save an estimated 150 lives and prevent around 1500 serious injuries over a 20-year period.  This 

equates to a reduction in death and serious injury of about a quarter on the roads inspected. 

9.2 iRAP inspections 

The iRAP inspection methodology has been successfully applied in a variety of environments 

through the pilot studies in Chile, Costa Rica, Malaysia and South Africa.  Following the iRAP pilot 

study, a small inspection was completed in Nigeria.  The Crete work was a demonstration 

inspection.  Results from the inspections in Peru, Argentina and Kenya are following.  In Crete 

inspections were completed using the portable RAPtool, rating part of the roads in transit and 

followed by rating in the laboratory.  The process worked well. 

9.3 iRAP analysis 

Scope for continuous improvement is built into the architecture of the Star Rating calculation: as 

more inspections are done, the learning can be captured and the Star Ratings improved.  The 

analysis tools have been further refined following the pilot inspections; and the Cretan data are 

among the first to be analysed using the new version of the tools.  The Star Rating of roads for 

each of three different user groups (car occupants, motorcyclists and pedestrians) was successful.   

The summary data presented here of the estimated casualty savings and countermeasure 

programme and should be taken as indicative since there has not yet been the opportunity to work 

with local highway authorities, to receive from them data for the input models and work with them 

in “sense checks” of the output data and the recommended countermeasures and their precise 

locations. 



 Crete iRAP demonstration project: draft for consultation  Page 42 

 

   

 

9.4 Speed management 

Vehicle speeds have an important role in the safety level of a road network.  Speed management 

is a critical aspect of managing a safe road system.  The risk of death or serious injury is minimised 

in any crash, where:  

 vulnerable road users (eg motorcyclists, bicyclists and pedestrians) are physically 

separated from cars and heavier vehicles, or traffic speeds are 40km/h or less 

 opposing traffic is physically separated and roadside hazards are well managed 

 traffic speeds are 70km/h or less for occupants of cars on roads where opposing traffic is 

not physically separated or roadside hazards exist. 

An issue to have emerged from the pilot inspections, and now from the Cretan inspection, is how to 

deal with discrepancies between permitted (posted) and travelled speed.  In some cases, posted 

speed limits are set at very low speeds that are unlikely to be achieved even with the best 

enforcement, compliance and engineering solutions are in place.  In other cases, motoring culture 

means that non-compliance to speed limits is very common. 

iRAP star ratings are generally based on the posted speed limits of the inspected roads and so 

implicitly assume that traffic operates at that speed.  However, where posted traffic speeds are not 

enforced or accompanied by other engineering solutions such as traffic calming, their effectiveness 

may be reduced.  Traffic speeds also vary greatly during the day as a function of congestion, 

volumes, side friction, incidents, enforcement activities and the general conformance of the driving 

population with speed limits. 

The iRAP model may therefore underestimate the casualties and associated countermeasure 

benefits on roads where typical speeds are in excess of the posted speed limit.  Moreover, traffic 

calming countermeasures may not be triggered, even though they may offer good investment 

returns. 

In the iRAP results, roads with very low posted speed limits may achieve a relatively high star 

rating (eg 4- or 5-star), even though the engineering features may be of a lower standard and/or 

the road environment does not support the speed limit (eg lack of traffic calming).   

It is possible to perform the iRAP analyses using speed estimates or survey data in order to ensure 

that Star Rating results reflect travelled speeds and the most appropriate countermeasures are 

triggered.  This is the approach that has been taken in the current exercise, where there was  

evidence to suggest that a speed limit of 20km/h above the limit on the E75 and E65 would be a 

more realistic reflection of the risk to road-users.       
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Once the broad shape of the countermeasure programme has been agreed with stakeholders, it is 

necessary for travelled speed profiles to become part of the detailed project planning and site 

assessments.   

The raw condition data collected as part of the iRAP process will provide a valuable resource to 

authorities investigating appropriate speed management initiatives.  This may include a more 

detailed analysis of results to investigate where there are low speed limits without accompanying 

engineering solutions, or may include a review of the speed limits and facilities in place on roads 

that rate poorly for pedestrian or bicycle safety.   

9.5 Partnership building  

Success in each iRAP country has been largely dependent on the formation of an enthusiastic and 

highly-skilled multi-agency stakeholder team to steer, lead and help execute the programmes.  The 

nature of the project in Crete is such that this has not yet happened but there is the potential for 

stakeholders to work with highway authorities in raising the profile of road safety through this work 

and ensuring that the aims of the programme are communicated effectively in the media.   
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11  Key iRAP resources 

Vaccines for Roads – The new iRAP tools and their pilot application.  This report describes the 

development of new inspection tools and the results from their pilot application over 10,000km in 

four countries - South Africa, Malaysia, Chile and Costa Rica (see www.irap.net). 

Road Deaths in Developing Countries – The challenge of dysfunctional roads.  This paper explores 

the link between economic development, rising motorisation and road deaths.  Dr John Mumford 

OBE finds that road deaths do not rise and fall inevitably with growing income, and examines the 

contribution that tackling dysfunctional roads can make (see www.irap.net).   

The True Cost of Road Crashes – Valuing life and the cost of a serious injury. Development banks 

want to assess investment opportunities on a consistent basis geared to the state of economic 

development in each country.  This work provides economic values suitable for use in any country.  

iRAP is grateful to the World Bank for its support in this work (see www.irap.net). 

The iRAP Road Safety Toolkit.  iRAP is grateful to the Global Transport Knowledge Partnership 

(gTKP) who funded this web-based Toolkit.  This toolkit allows engineers in developing countries to 

explore local casualty problems, known countermeasure solutions and share experiences (see 

www.irap.net). 

International Transport Statistics Database.  An essential step when the iRAP team visits a country 

is to understand its transport data and statistics.  In a separate FIA Foundation funded project, 

iRAP has now released its international transport statistics database website at which collates 

transport statistics from many countries worldwide and permits site visitors to build their own charts 

and tables (see www.iraptranstats.net).   

© Copyright International Road Assessment Programme 2009.  Content from this report, except for 
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the source is acknowledged. 

Exclusion of liability: This material is not to be relied upon as advice, and in particular the Authors 

and Publishers accept no responsibility for loss or injury suffered by any person as a consequence, 

direct or indirect, of anything contained in this report. 
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