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Executive Summary 

The ISABELA project aims at identifying clear and repeatable social key performance 
indicators (S-KPI) in combination with existing technical parameters, described in projects 
like COST354, FORMAT, EVITA and SBAKPI. 

To achieve its objectives, the project is subdivided into 5 technical work packages (WP): 
WP1 Social benefits investigation, WP2 Social benefits indicators, WP3 Social benefits 
modelling, WP4 Social benefits implementation and WP5 Social benefits in practice and 
dissemination. This report is the outcome of WP2. 

The main task of WP2 is the definition of S-KPIs, based on existing asset management 
procedures and (technical) performance indicators, and viewed from a maintenance 
perspective. 

Two subsets of indicators were assessed in the report, one resulting from a literature review, 
and an additional one resulting from interviews. 

The literature review has identified a high number of indicators related to four major 
maintenance aspects. For the “Availability and disturbance” aspect, 16 indicators were 
identified in five subcategories: accessibility, condition, congestion, restrictions and travel 
time. For the “Road safety” aspect a total of 23 indicators were identified in five 
subcategories: accidents, condition, overall safety, safety costs and users’ perception; most 
of these indicators are classified into the “accidents” sub-category. The “Environment” aspect 
includes 18 indicators divided into five subcategories: air quality, CO2 emission, natural 
resources, noise and soil and water quality. Finally, for the “Wider socio-economic” aspects 
45 indicators were identified in the literature, divided into eight subcategories: asset value, 
condition, cost efficiency, environmental costs, safety costs, wider socio-economic costs, 
stakeholder satisfaction and users’ costs. 

The indicators identified in the literature served as a base for interviews with experts from 
interested road authorities in order to identify indicators that are currently either used or there 
is interest for their use in the development of authorities’ asset management programs. 
Based on these interviews, the list of indicators was complemented with additional S-KPIs 
used by road authorities. 

The assessment of the collected indicators was performed in two phases.  

In the first phase, a preliminary assessment of the set of indicators coming out of the 
interviews, together with the indicators gathered from the literature review, was carried out. It 
consisted in organizing the indicators within each area according to the social aspect that 
they cover and merging the indicators that were repeated or very similar, taking into account 
the description of each indicator.  

In the second phase, the consolidated indicators were assessed based on: 

• identified stakeholders’ needs and expectations, 

• general or asset specific applicability, 

• level of applicability and use, 

• spread of use, 

• data requirement, availability and reliability. 

Finally, the indicators that will be used in the WP 3 on modelling of social benefits and risks 
were selected. The focus of the ISABELA project is on indicators that can be applied at the 
network level and that can be related to road maintenance activities. However, most of 
indicators gathered are defined at the project level and then aggregated for the whole 
network. In addition, it was taken into account if indicators can be monetized and if there are 
any existing models or if it is possible to develop models for social benefit, social risk and 
social backlog. 

Therefore, the following major criteria were used as the basis for the selection of indicators: 
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• Can the indicator be related to maintenance activities? 

• Is it the primary purpose of the indicator to be used for asset management at the 

network level? 

• Can it be used in existing models of social benefits or is it possible to use it for 

modelling? 

• Is it possible to monetize it? 

The selected indicators are grouped in four major areas: availability and disturbance, road 
safety, environment and socio-economic impact. 

The report also provides a comparison of indicators from the CEN Workshop agreement 
entitled “Indicators for the sustainability assessment of roads” with indicators selected for the 
ISABELA project. The CEN document provides a recommended common set of 21 indicators 
grouped in three sustainability pillars—environmental, economic and social—and nine 
categories. The indicators can be used for the sustainability assessment of future or existing 
roads. 

For most of the indicators there are identical, almost identical or very similar indicators 
selected in the ISABELA project. However, there are some specific indicators for which there 
are no counterparts in the ISABELA project. This difference is the result of different 
objectives of the two sets of indicators. While the primary purpose of the indicators in the 
CEN document is to enable road sustainability assessment at the project level, the goal of 
the indicators used in the ISABELA project is to include social aspects into road network 
asset management. 
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Glossary of terms 

ISABELA uses a number of terms that pertain to road asset management, S-KPIs and 
performance indicators in general. The following words are used in line with the definitions 
given. Some of the definitions presented here were developed in previous projects EVITA [1] 
and COST 354 [2]. 

 

Expectation in societal areas 

Anything that a stakeholder is expecting / desiring from the road infrastructure. It may be 
some services, some benefits or it may be the reduction of some nuisances or risks. 

Road Infrastructure / road asset 

All constructions (pavements, bridges, drainage structures…) and equipment (safety barriers, 
signs, lights…), including all the land devoted to the highway corridor. 

Road asset management 

All studies, decision making processes and operations which are specifically concerned with, 
or required to, build, maintain and operate the road infrastructure/road asset. 

Road performance 

Generally, the ability of the road to meet expectations and to provide a stakeholder with what 
she / he is expecting from the road. More specifically, road performance is a measure of this 
ability to meet expectations, of the quality of the road regarding the expected service or 
characteristics or impacts.  

Road Stakeholder 

All people (physical or social persons), all organisations, and more generally all bodies, 
which have some interaction with road infrastructure. The road network can provide benefits 
to stakeholders as well as impose constraints upon them. Conversely, the needs of 
stakeholders may also impose constraints on, or determine the requirements of the 
infrastructure. 

Social benefits 

A social benefit is defined as a (positive or negative) societal consequence of any 
intervention strategy on one or more stakeholders, which is related to the disturbance and 
availability, safety, environment and socio-economy.  

Social Performance Indicator (S-PI) 

A comprehensive term which quantifies the impact of road assets/infrastructure on societal 
areas. It can be expressed in the form of a technical parameter (dimensional) and / or finally 
in the form of an index (dimensionless) evaluating the performance indicator on a predefined 
scale 

- S-KPI ……Key performance indicator related to social effects and benefits 

Technical Parameter (TP) 

A physical value/characteristic, derived from various measurements, or collected by other 
forms of investigation (e.g. noise level). 
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1 Introduction 

The main objective of ISABELA is the definition of a holistic asset management framework 
for S-KPIs and social benefit modelling in the form of social effects (monetary and non-
monetary), social backlog and social risk. ISABELA provides an essential enhancement for 
the life-cycle-assessment of maintenance strategies and enables the incorporation of social 
aspects and benefits into classical asset management. 

ISABELA aims at identifying clear and repeatable S-KPIs in combination with existing TPs, 
described in projects like COST354, FORMAT, EVITA and SBAKPI. The use of these new 
indicators in parallel with existing technical performance indicators will help to underline the 
necessity of road infrastructure maintenance and, of course, is the basis for a holistic 
definition of a new maintenance benefit taking into account maintenance aspects such as: 

• Availability and disturbance (travel time, vehicle operating costs); 

• Road safety (fatal and severe accidents related to asset condition); 

• Environment (noise, air pollution, natural resources); 

• Socio-economy (asset value, wider social effects). 

To achieve the project goals and objectives, a close cooperation between the Consortium 
and the Roads Directorates (RD) is essential. Thus, the whole project is based on an 
intensified multi-party dialogue between interested RDs and the Consortium in the form of 
interviews. This approach will focus on the following main tasks: 

• Identifying good practices of social benefit incorporation in asset management 
processes; 

• Defining a framework for social benefits; 

• Development of procedures for the calculation and implementation of S-KPIs; 

• Applying results from the investigations and developments in practice. 

The RDs of the PEB-countries were invited to participate in this multi-party dialogue and to 
provide the project consortium with the necessary initial information. 

With regard to the objectives of ISABELA, the following technical work packages (WP) were 
established: 

• WP1 Social benefits investigation; 

• WP2 Social benefits indicators; 

• WP3 Social benefits modelling; 

• WP4 Social benefits implementation; 

• WP5 Social benefits in practice and dissemination. 

The implementation packages of ISABELA, which will be carried out in close cooperation 
with interested RDs, should clearly show how the theoretical approach, considered in earlier 
WPs, can be applied in practice under certain framework conditions. Using these results, an 
extended way of benchmarking on social levels will be possible, taking actual needs and 
requirements of different stakeholders into account.  

The deliverable D1.1. Investigation report [3] has summarized the work performed within WP 
1 and includes a summary of stakeholder’s expectations and a list of indicators drawn from 
literature, as well as from interviews with road directorates. 

The main task of WP2 is the definition of S-KPIs, based on the existing asset management 
procedures and (technical) performance indicators, and viewed from a maintenance 
perspective. 
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2 Outcome of investigation 

 

The review started with the assessment of stakeholder requirements and expectations and 
included a literature review on used S-PIs, as well as interviews with experts from RDs 
regarding their current practice and use of S-KPIs. The objective was to check and complete 
stakeholders’ expectations and requirements along with the inventory of available indicators, 
data, models and methods already available from existing groups/projects. 

Five groups of stakeholders were identified: users, neighbours, road authorities (with 
subcategories of road owners and road operators), financial institutions and society. 

Users are defined as direct and immediate users, i.e. persons (or companies) that use road 
infrastructure for transportation and/or commuting, whereby representing the primary ability 
of infrastructure to provide services. In general terms, most of the users expect safe and 
timely communications between two locations.  

Secondly, neighbouring society is defined as all the households and properties in close 
proximity to the road infrastructure, whose everyday functioning is closely linked to the 
performance of an infrastructure. Neighbours may have numerous benefits due to the 
proximity to the road; however, they may be annoyed by traffic noise, maintenance activities 
and closures, traffic accidents and the like.  

On the other hand, road authorities, and especially road operators for sure tend to provide 
safe and reliable infrastructure, but in line with budgetary constraints and strategies for the 
development of a certain aria. Therefore, the financial aspect in many cases may be the 
decisive one in road network asset management.  

Finally, it is a duty of society (defined as both individuals and numerous organisations and 
associations) to assure that infrastructure does not have a negative influence on the quality 
of life, ecosystems, cultural heritage, etc.  

Evidently, stakeholders are unanimous in many of their expectations—in the importance they 
place on the providing of adequate services; however, in order to consider holistically road 
network assets as a functioning system with many interactions, it is important to address all 
the requirements in line with all five groups of abovementioned stakeholders when defining 
future maintenance strategies. 

Stakeholder requirements and expectations were grouped into four areas related to the 
following maintenance aspects: 

• Availability and disturbance; 

• Road safety; 

• Environment; 

• Socio-economy. 

The project group found 30 single stakeholder requirements and expectations from the 
literature review. However, some of these expectations are related to more than one area, 
which was the reason that 63 expectations were finally obtained, 15 of which were related to 
Users, 11 to Neighbours, 8 to Financial Institutions, 8 to Road Authorities, and 21 to Society. 

In order to adequately respond to stakeholders’ requirements, road asset managers use a 
number of indicators that provide an opportunity to measure, quantify, compare and monitor 
all aspects of a complex system. 

The literature review identified a high number of indicators related to four major maintenance 
aspects. For the “Availability and disturbance” aspect 16 indicators were identified in five 
subcategories: accessibility, condition, congestion, restrictions and travel time. For the “Road 
safety” aspect a total of 23 indicators were identified in five subcategories: accidents, 
condition, overall safety, safety costs and users’ perception; most of these indicators were 
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classified into the “accidents” sub-category. The “Environment” aspect includes 18 indicators 
divided into five subcategories: air quality, CO2 emission, natural resources, noise, and soil 
and water quality. Finally, for the “Wider socio-economic” aspects 45 indicators were 
identified in the literature, divided into eight subcategories: asset value, condition, cost 
efficiency, environmental costs, safety costs, wider socio-economic costs, stakeholder 
satisfaction, and users’ costs. 

Indicators are derived from TPs that represent a certain measure of road asset performance. 
An effort was made, within this investigation, not just to define the scope of possible 
parameters (and derived indicators) that have the ability to cover the widest range of 
stakeholders’ expectations, but also to provide adequate assessments of the parameters 
(and indicators) with respect to several objectives. For example, it is important to define 
indicators with detailed knowledge of mutual interactions and overlapping, which are 
adequately responsive to well established stakeholder needs, and to assess the level of their 
objectivity (whether the indicator is based on a measurement or estimate) and applicability 
and reliability, assuming timely, non-costly and reliable data sources.  

This report consists of three major parts. Firstly, it investigates the existing literature, followed 
by assembling the data obtained through a large number of interviews that involved all 
stakeholders. This enabled gathering a substantial number of indicators and related TPs, and 
a close insight into the current practice in strategic asset management.  

The report then provides the methodology, and preliminary and detailed assessment of 
indicators, and, based on that, the proposed set of indicators to be used in the ISABELA 
project. 

Finally, the report provides the assessment of indicators included in the CEN Workshop 
Agreement (CWA) entitled “Indicators for the sustainability assessment of roads” and a 
comparison with the proposed set of indicators selected for the ISABELA project.  

2.1 Indicators from literature 

2.1.1 Availability and disturbance 

 
Availability and disturbance was found to be very important from the standpoint of a number 
of stakeholders, and to almost directly represent the ability of the infrastructure to provide 
services to its users. However, the availability of infrastructure also represents a measure of 
the efficiency of an operator, while disturbance may be equally important for the neighbours 
as for the users. Therefore, it is not surprising that some aspect of availability and 
disturbance is depicted by a number of indicators and parameters.  

Availability- and disturbance-related indicators include five subcategories: 

A. Accessibility 
B. Condition 
C. Congestion 
D. Restrictions  
E. Travel time 

Three indicators related to Accessibility, provided in Haas et al. [4] include: 

• Percent of population within 1 km of surfaced road, defined as the ratio of the 
population within 1 km of a surfaced road to the country's total population, 

• Road density, defined as ratio of the length of the country's total road network to the 
country's land area, and 

• Road availability, defined as the ratio of the length of the country's total road 
network to the country's total population. 
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The Condition subcategory includes only the longitudinal roughness expressed through IRI 
(International Roughness Index).  

The Congestion subcategory includes two indicators: 

• Congestion level defined as the ratio of the actual traffic volume to the design 
capacity (Haas et al., [4]), and 

• Maximum total length of congestion between A and B (or on a network) that is 
defined as a maximum cumulative length of congestion on the selected route or 
network over the given period (PIARC TC D1, [5]). 

The fourth subgroup includes indicators that define Restrictions resulting in the 
road/network not being available to users. This subgroup includes three indicators, all of 
them identified in Haas et al. [4]: 

• Closures, defined as the period of time during which the road/network is closed, and 
expressed in a unit of time (e.g. days, hours).  

• Clearance and load restrictions, which indicates restrictions to traffic movements, 
and is expressed through the number of load restricted roads, or number of trucks 
detoured. 

• Number of days of snow and/or ice-free surface.  The indicator is used to 
calculate road unavailability due to winter conditions. 

Finally, the group related to Travel time, includes three indicators. The first one is referenced 
in OECD [6]. 

• Delays is an indicator of mobility quality, which is based on the total hours of delay 
calculated as the difference between the travel time with and without delays.  

The remaining two indicators are referenced in PIARC TC D1 [5] and include the mean and 
standard deviation of travel time between two points: 

• Mean travel time between A and B, defined as the average travel time between 
points A and B, measured at different hours, on different days and weeks. 

• Variability of travel time between A and B, defined as the standard deviation of 
travel time between points A and B, measured at different hours, on different days 
and weeks. 

Both indicators are measured with probe vehicles. 

 

2.1.2 Road safety 

 
Road safety is also one of the vital aspects of overall road network performance, affecting 
users, neighbours, road authorities, but also the overall society. 

The Road safety category is subdivided into five subcategories: 

A. Accidents 
B. Condition 
C. Overall safety 
D. Safety costs 
E. Users’ perception 

The Accidents subcategory represents the largest group with 10 indicators. It typically 
includes indicators that summarize the number of fatalities, injuries and fatalities or accidents 
over a certain time frame or per vehicle-km.  
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• Number of fatalities includes fatalities in all road accidents (involving two-wheelers, 
cars, busses and trucks) per vehicle-km, and indicates the frequency of road 
accidents with fatalities on a part of, or on the whole network. The indicator can be 
typically calculated from police reports. The indicator is defined in PIARC TC D1 [5]. 

• Number of accidents involving vulnerable users is defined as the number of 
accidents involving vulnerable users (pedestrians and/or two wheelers) on part of, or 
on the whole network. The indicator is defined in OECD [7]. 

• Serious Casualty Crashes (SCC) per Population (P) is defined as the number of 
serious casualty crashes per year, normalized per 100,000 heads of population. 
Serious casualty crashes are defined as crashes in which at least one person has 
been killed or hospitalized, and that occurred within the road reserve. The indicator is 
calculated as  

PCCPSCC // =  
where:  
CC – crashes involving hospitalized persons or fatalities, and 
P – population.  
The indicator is taken from Austroads, and presented in the PIARC report [5]. 

• Injury is the impact indicator that is defined as the number of fatalities and injured 
persons incurred in a specific time interval. The value of the indicator can be 
calculated using the users’ willingness to pay to avoid injury or death. The impact is 
defined in the SABARIS project [8]. 

• Death is a similar indicator to Injury, except that it includes only the number of 
fatalities that occurred in a specific time interval. 

• People killed or seriously injured (KSI) in road traffic accidents. This indicator 
includes the annual reduction in the number of people killed or seriously injured in 
road traffic accidents, as a three year rolling average. The indicator is defined in the 
SBAKPI project [9]. 

• Number of fatalities and injuries per million vehicle kilometres. This indicator is 
defined by Haas et al. [4] 

• Number of accidents per million vehicle kilometres. This indicator is defined in the 
Haas et al. [4]. 

• Accident victims includes the number of injured and fatalities within a time period 
(persons/year). The indicator is defined by Walter at al. [10]. 

• Accidents include the number of accidents within a time period (accidents/year). The 
indicator is defined by Walter at al. [10]. 

The Condition subcategory includes four indicators: 

• Condition rating is the general condition rating. The indicator is defined in Haas et 
al. [4]. 

• Bridge sufficiency rating (Federal sufficiency rating) is based on a method of 
evaluating highway bridge data by calculating four separate factors to obtain a 
numeric value which is indicative of bridge sufficiency to remain in service. The result 
of this method is a percentage in which 100% would represent an entirely sufficient 
bridge and 0% would represent an entirely insufficient or deficient bridge. The 
National Bridge Inventory (NBI) factors include: 

o Structural adequacy and safety (S1)—maximum 55%; 
o Serviceability & Functional Obsolescence (S2)—maximum 30%; 
o Essentiality for public use (S3)—maximum 15%; 
o Special Reduction (S4)—maximum 6%. 
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The sufficiency rating (SR) ranges from 0% to 100% and is calculated from the 
following formula: 

SR = S1 + S2 + S3 – S4 
The indicator is based on the FHWA Reporting and Coding Guide [11]. 

 

• Deficiency rating. The original deficiency algorithm was developed by Richardson & 
Turner [12]. The algorithm compared certain characteristics for each bridge recorded 
in the state bridge database against performance criteria. Bridges not meeting the 
performance criteria were assigned “deficiency points.” The output of the algorithm 
was a list of bridges ranked from most to least deficient. The bridge deficiency 
rankings were used to help select bridges for replacement. The deficiency algorithm 
consists of four factors (load, width, vertical clearance and structural condition 
inspection rating). The indicator is referenced in AISCE [13]. 

• Hydraulic Vulnerability Rating Score. The main goal of the evaluation of this rating 
score is to identify bridges vulnerable to failures caused by scour or related hydraulic 
forces. The indicator is based on the following formula: 

VRS = Likelihood Score + Consequence Score (Failure type score, 
Exposure Score (Traffic volume, Functional classification)) 

The indicator is defined in NYSDOT [14]. 

The Overall safety is expressed through EuroRAP score that is referenced in the 
SAFENET project [15]. 

The Safety costs subgroup includes three indicators: 

• Accident costs includes general accident costs per km, and is calculated based on 
police reports. The indicator is referenced in the COST action 313 [16]. 

• Annual accident costs are defined as an indicator by Haas et al. [4]. 

• Safety costs are equivalent to the costs of traffic accidents that occurred during 
maintenance works or were caused by the road’s condition. The safety costs are 
calculated using a model presented in the TRIMM project report [17]. 

Finally, the Users perception is defined through two indicators, referenced in the SABARIS 
project [8], that reflect the physical and psychological impact of travelling on the user: 

• Operation quality (Comfort), physical impact of travelling on the user. This 
indicator includes the societal impact of obtaining for example, bruises from an 
extremely bumpy ride. 

• Operation quality (Comfort), psychological impact of travelling on the user. This 
indicator includes the societal impact of having for example, anxiety due to a 
perceived increase in the probability of being involved in an accident or of seeing 
things while travelling. 

 

2.1.3 Environment 

 

The environmental impacts are still insufficiently used in asset management although they 
are crucial for the quality of life, and overall well-being of society. There are a great number 
of indicators available in the literature. 
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The indicators for environmental impact are separated in the following subcategories: 

A. Air quality 
B. CO2 emission 
C. Natural resources 
D. Noise 
E. Soil and Water quality 

 

The first two indicators for Air Quality are taken from the EVITA project [1]: 

• Emission and Exposure EPI for oxides of Nitrogen (NOx) includes an emissions 
rate indicator for each NOx, based upon total modelled emissions using traffic data 
and vehicle emission factors per km of road. 

• Emission and Exposure EPI for PM10 and PM2.5 includes an exposure indicator for 
each particulate matter (PM), reflecting its health impact, based upon an assessment 
of the exposed population to concentrations above EU limit values. 

The Direct toxicity of air pollutants indicator, defined in the COST action 356 [18], 
includes thenumber of persons affected by several diseases that may be caused by polluted 
air: 

o short term mortality (all causes), 
o short term mortality (non-accidental), 
o short term mortality (cardiac), 
o short term mortality (pulmonary), 
o hospital admissions for respiratory reasons, 
o hospital admissions for cardio-vascular reasons, 
o hospital admissions for acute bronchitis, 
o hospital admissions for children’s asthma attacks, 
o hospital admissions for adult acute asthma attacks, 
o long term mortality, 
o chronic bronchitis, 
o lung cancer. 

The following two indicators are presented in the SBAKPI project [9]: 

• Air Quality KPI - Level 1 - Number of Air Quality Zones and Agglomerations 
(AQZAs) /1000 km of NRA road network is defined as the number of road traffic-
related AQZAs through which the road network passes per 1000 km of road network. 
AQZAs are defined according to the Directive 2008/50/EU [19]. 

• Air Quality KPI - Level 2 - Length of road network within AQZAs /1000 km of 
NRA road network is defined as the length of the road network within road traffic-
related AQZAs per 1000 km of road network. 

The final five indicators for Air Quality are taken from the SABARIS project [8] and define the 
impact on people due to the environment being impacted by particle emissions: 

• Environmental index for Air Quality: Emission and Exposure EPI for CO, 

• Emission and Exposure Aldehydes, Sulphur dioxide, polycyclic aromatic, 
hydro-carbons, and 

• Emission of CO2. However, this indicator, although indicated in the SABARIS project 
as part of Air Quality-related indicators, actually belongs to the group of indicators 
related to CO2 emissions, as categorized in the ISABELA project. 

The first three out of four indicators related to CO2 emissions are defined in the EVITA 
project Error! Reference source not found. and include: 

• Environmental index for GHG – Emissions rate for CO2 emissions from 
vehicles: EPIemissons,CO2. The purpose of the indicator is to assess the CO2 
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emission rate, taking into account the emissions model using traffic flow data and 
vehicle emission factors per km of road. 

• Environmental index for embodied carbon reduction: EPIECR. The purpose of 
the indicator is to assess the difference in CO2 emissions for building and maintaining 
the infrastructure with different strategies. 

• Environmental index for GHG – CO2 equivalent emissions during road 
construction and maintenance activities. The purpose of the indicator is to assess 
the difference in GHG emissions for building and maintaining infrastructure with 
different strategies. 

• Emissions of ozone precursors is the fourth indicator that is mentioned in 
Environmental Indicators in Slovenia. Ozone precursors are chemical compounds 
that contribute to the formation of ground level (tropospheric) ozone. They are 
nitrogen oxides, carbon monoxide, and methane and non-methane volatile organic 
compounds. Traffic is the main generator of nitrogen oxides (NOx) and carbon 
monoxide (CO).  

The third subcategory of Environmental indicators includes indicators related to Natural 
resources: 

• Material Resource Efficiency Indicator (MREI): EPIResources is defined as the ratio of 
the amount of recycled material used in construction to the total used material. The 
indicator allows a selection from a number of optional weighting factors which enable 
the user to encourage certain behaviour from a project based on the local factors that 
affect natural resources. The indicator is defined in the EVITA project [1]. 

• Energy consumption in transport is closely linked to the volume of transport, which 
is correlated with economic growth. The negative impacts of energy consumption in 
transport can be decreased through a reduction in the use of fossil fuels and transport 
demand, increased energy efficiency of the means of transport, and an increased 
proportion of energy generation via alternative or more sustainable energy sources 
(particularly biofuels), and increased use of public transport, cycling, and other 
sustainable modes. The indicator is expressed as Energy consumption by modes of 
transport, [MWh/year], and is mentioned in several reports: EVITA [1], Haas et al. [4], 
and Walter et al. [10]. 

• Consumption of non-renewable raw materials and recycling of waste in 
construction is defined as the ratio of the amount of recycled material used in 
construction to the total used material. The indicator allows a selection from a number 
of optional weighting factors which enable the user to encourage certain behaviour 
from a project based on the local factors that affect natural resources. The indicator is 
expressed as Ton (Mg) or m3 of construction material and percentage of recycled 
materials in it, and referenced in several reports and papers (EVITA [1], COST 350 
[20], COST 356 [18], SABARIS [8], Walter et al. [10] and Haas et al. [4]). 

• Use of fossil fuels/renewable energy. The indicator varies with respect to data 
availability: for Low data availability it uses Level of Service (LoS) and transport 
volume, while for Intermediate and High data availability it is based on Use of fossil 
fuels/renewable energy. The calculation is based on models for fuel consumption and 
emissions for motor vehicles and is refereed in the report of COST action 350 [20]. 

The next group of indicators is those related to Noise. This subcategory includes the 
following indicators: 

• Noise Maps, Vehicle Noise that includes development of maps of the level of noise 
generated by traffic along the roads. The method uses complex propagation models 
calibrated with road side measurements, and compares actual noise level (dBA) vs 
acceptable level. The procedure is mentioned in the EU Directive on Traffic noise [21] 
and by Haas et al. [4]. 
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• Traffic Noise Exposure (TNE). The L10-18h is the arithmetic average of the sound 
levels which are exceeded for 10% of each of the 18 h between 6 a.m. and midnight 
on a normal working day. Leq-24h is the equivalent or steady state noise level which 
represents the varying noise levels throughout the normal working day. The indicator 
is based on the percentage of people living in the area exposed to a noise level 
higher than the legal (or recommended) threshold during the day-evening-night 
period or only the night period. The indicator is calculated from the following equation: 

TNE = log10 * mean (101st measure, 102nd, …), also number of 
affected people (day >55dBA / night >45 dBA) 

The indicator is referenced in the PIARC TC D1 [5], EVITA [1], and Walter et al. [10]. 

• Noise annoyance to humans is defined through 13 indicators:  
o Equivalent Level Leq,  
o Traffic Noise Index,  
o Noise Pollution Level,  
o Sound Exposure Level,  
o Transit Exposure Level,  
o Perceived Noise Level,  
o Effective Perceived Noise Level,  
o Noise Number Index,  
o Noise Exposure Forecast,  
o Weighted Noise Exposure Forecast,  
o LVA Indicator,  
o Day-Night Equivalent Level,  
o Day-Evening-Night Equivalent Level 
 

and indicates the percentage of the exposed population highly annoyed by the 
road traffic noise during the day-evening-night period or the night period only. A 
mathematical formula exists for each indicator, based on the density of 
population, distance to settlements and sensitive areas and equivalent noise level 
ranges. For the definition of Lday, Levening, Lnight, Lden levels, number of affected 
people is provided through models. The indicator is referenced in the EVITA [1], 
COST 350 [20] and COST 356 reports [18]. 

• Environment preservation (Noise) is defined as the societal impact due to the user 
and neighbours coming in contact with sound emissions. The impact indicator is the 
amount of sound emissions, and the value can be determined through the willingness 
to pay. The indicator is referenced in the SABARIS project [8]. 

• Number of noise complaints provides an indication of the level of nuisance from 
noise and is expressed as Complaints per year per 1000 km of road network. The 
indicator is referenced in the SBAKPI project [9]. 

• Number of dwellings exposed to excessive noise identifies the number of 
dwellings exposed to noise levels above 55 dBA during the night. It is based on noise 
maps and should be collected annually. It is expressed as the number of dwellings 
over the 55 dBA threshold per km of the NRA road network (for roads with more than 
6 million vehicles/year). The indicator is referenced in the SBAKPI project [9]. 

In addition to noise, vibrations caused by traffic also have a substantial impact on public 
health. Vibrations are captured by one indicator: 

• Vibration Maps that include the development of maps of the level of vibrations 
generated by traffic along the roads. This method is relevant in urban areas, and uses 
complex models of vibration propagation in soils. The method is referenced in the 
PIARC TC D1 report [5]. 
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The indicators for Soil and water quality include: 

• Environmental index for Water quality and drainage system: EPIWater. The 
purpose of this indicator is to assess the capacity of the drainage system to collect, 
transport and potentially treat the pollution before being finally discharged into the 
environment. The indicator takes into account the pollution loading, the risk of spills, 
the drainage outfall, its design and location, the ability to handle the expected 
quantities of water without causing flooding and the functional condition of the 
drainage system. The indicator is referenced in the EVITA Project [1]. 

• Environmental index for Water Pollution from winter maintenance activities 
(salting): EPISalt. The purpose of this indicator is to compare salt loadings for the 
road section against the average for the network, weighted by local requirements 
(intensity of winter maintenance) and the sensitivity of the environment. The indicator 
is based on the average usage of salt for the section of road being considered in 
comparison with the whole network, weighted by the intensity of winter maintenance 
in the area and the sensitivity of the area. The indicator is referenced in the EVITA 
project [1]. 

• Emissions of substances that cause acidification and eutrophication includes 
emissions of substances that cause acidification like sulphur oxides, nitrogen oxides 
and ammonia. Nitrogen oxides and ammonia also contribute to eutrophication. Traffic 
generates nitrogen oxides (NOx). The indicator is mentioned in the Environmental 
indicators in Slovenia [22]. 

• Concentration of pollutants in soils. The indicator varies with respect to data 
availability: for low data availability there is no indicator, for intermediate data 
availability the indicator is Risk of pollution of sensitive soils and for high data 
availability the indicator is Concentration of lead, PAH, pesticides and salt in soil. 
Pollutant production and levels of pollution figured out are based on vehicle flows and 
emission characteristics as well as meteorological conditions. Modelling is based on 
models for pollution. 

• Concentration of pollutants in surface water. The indicator varies with respect to 
data availability. For low data availability, the indicator is Risk of pollution of sensitive 
water. For intermediate and high data availability, the indicator is Concentration of oil 
derivates, pesticides and salt in water. The indicator includes the emission of 
pollutants in run-off water. It is based on the concentration of each pollutant in the 
run-off water and on a distance to natural reservoirs from the road/railway axis. 

• Acidification. The indicator varies with respect to data availability: for low, 
intermediate and high data availability it is the emission of pollutants with acidification 
potential. Emissions computed with the ARTEMIS or other model, based on transport 
data and emission factors for NOx, NHy, SO2. Emission objective values are given 
relative to the European Directive 2001/81/EC (the so-called "NEC Directive") [23]. 

• Toxicity. The indicator varies with respect to data availability. When it is low the 
indicator is Emission of toxic or ecotoxic gases; when it is intermediate the indicator is 
Risk of affecting highly populated areas or sensitive habitats; when it is high the 
indicator is the number of people or protected areas exposed to toxic or ecotoxic 
pollutant immission exceeding standards. The calculation of indicator is based on the 
measurement of toxic pollutants immission (heavy metals, POC, particulates, NOx, 
SOx, etc.), the identification of those pollutants above the limit values and on the 
number of people living in a highly populated area near the transport infrastructure. 

• Eutrophication. Indicator varies with respect to data availability. Low data 
availability—no indicator; intermediate and high data availability—Emission of 
pollutants with eutrophication potential. The indicator corresponds to the quantity of 
NOx emissions (t/year). 
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• Release of dangerous goods due to accidents. The indicator varies with respect to 
data availability. Low data availability—no indicator; intermediate data availability—
Probability of accidents causing ecological catastrophes; high data availability—
Probability of accidents causing ecological catastrophes within vulnerable areas. 
Probability of serious environmental catastrophes. Percentage (counts using weights 
for different sensitivity of the environment in proximity). Sensitivity assessed using 5-
grade scale (very low to very high). Different weights for different situations. 

The last six indicators are referenced in the COST 350 report [20]. 

 

2.1.4 Socio-economy 

 

The socio-economic indicators include the following sub-categories: 

A. Asset value 
B. Cost efficiency 
C. Environmental costs 
D. Safety costs 
E. Wider socio-economic costs 
F. Stakeholder satisfaction 
G. User costs 

 

The Asset Value subcategory of indicators includes: 

• Asset Value that presents the total asset value based on assets size and condition. 
The indicator is referenced in the PIARC TC D1 report [5]. 

• Mean Residual Life Span of the Asset is the number of years before the value of 
the asset has vanished. It is calculated based on the asset condition using 
deterioration models, and also referenced in the PIARC TC D1 report [5]. 

• Loss of asset value (reconstruction value) represents the loss of asset value, and 
is defined as the ratio of the net value (depreciated value of deteriorated pavement or 
structure) to the gross value (current replacement value of the roadway and 
foundation). The indicator is referenced in the PAV-ECO project [25], based on the 
paper of Gaspar and Rosa [24]. 

• Salvage value is defined as the monetary value of the residual life. The residual life 
or remaining life is the number of load applications or time to reach the intervention 
level. The salvage value of the pavement at the end of the analysis period must 
depend on the condition of the pavement at that time, and hence, the type and timing 
of maintenance works carried out during the analysis period (e.g. a pavement in need 
of structural maintenance at the end of the analysis period will have a lower residual 
value than a pavement recently strengthened). There are several different ways to 
relate the pavement condition and its value / cost of rehabilitation. The pavement 
salvage value is usually expressed in terms of the remaining value before the 
pavement fails completely and can no longer be trafficked (option 1). In this case, the 
salvage value is equal to the proportion of the initial construction cost representing 
the remaining life to failure. This cannot be calculated directly as the residual life to 
zero value cannot be easily determined. The salvage value, in this case, can be 
estimated by using the formula (option 1): 

 

Salvage value = Initial construction cost - Pavement preservation cost 
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In option 2 the salvage value can be expressed in terms of the (residual) life to the 
next structural intervention. In this case the salvage value can be calculated using 
models that predict pavement behaviour to the intervention level. It is equal to the 
proportion (related to the intervention level being used) of the treatment cost 
representing the remaining life to the next intervention level. The time to the next 
intervention level depends on the type and timing of the previous treatment and the 
performance of the pavement following that treatment. 

Salvage value to intervention level = Cost of last treatment * Residual life of the 
treatment / Design life of the treatment 

In option 3 the pavement preservation (PP) is expressed as the cost of rehabilitation 
to bring the road into its initial condition. The cost of rehabilitation depends on the 
measures that need to be taken to restore pavement serviceability. If only 
maintenance works that affect the surface courses are required, the salvage value of 
the pavement will be higher and pavement preservation cost will be lower. However, if 
the lower pavement layers have to be reconstructed, the salvage value of the 
pavement will be lower and the pavement preservation cost will be higher. Where the 
subgrade also requires reinforcement, the pavement may be considered to have very 
little or even a negative salvage value, as the cost of removing and reconstructing the 
structure (pavement preservation) can be higher than the cost of new construction. 

The indicator is referenced in the PAV-ECO project [25]. 

• Preservation of road investment is based on the cost of maintenance treatment 
required to reinstate the initial condition of the asset. The maintenance treatment is 
defined based on the asset condition and stage of deterioration. The indicator is 
referenced in the PAV-ECO project [25]. 

• Condition related asset value pavement is defined as the asset value of the 
pavement based on the Structural Condition Index (SCI, scale from 1-very good to 5-
very poor) and unit costs for reconstruction/rebuilding; a linear function, where full unit 
costs will be used if SCI = 1 and 0 value will be used if SCI = 5; it can be calculated 
either for single sections or based on the SCI-distribution of the whole network. The 
indicator is referenced by Litzka et.al. [2]. 

• Bridge Health Index (BHI) is a single-number assessment of a bridge’s condition 
based on the bridge’s economic worth, determined from an element level inspection. 
The index makes it possible to ascertain the structural quality of a single bridge or a 
network of bridges and to make objective comparisons with other bridges or 
networks. It is computed as the ratio of the remaining value of the bridge structure to 
the initial value of the structure. Since it is expressed as a percentage value, the BHI 
could provide an intuitive measure for bridge engineers, legislators, and the public. 
The BHI is referenced by Sheppard and Johnson [26]. 

The Cost efficiency subcategory includes the following indicators: 

• Return on Construction Expenditure is a graph showing the percentage distribution 
of programmed expenditures by the benefit - cost ratio (BCR) range. The BCR value 
that is used is the one attributed to the project when the decision to fund it was made. 
The purpose of the indicator is to monitor the predicted community benefits from road 
transport and traffic authority programs. The indicator is taken from Austroads, and 
presented in the PIARC TC D1 report [5]. 

• Preservation of road investment, as described above. 

• Impact of executing the interventions reflects the impact on the owner of executing 
the interventions. The impact indicators are the amount of labour, equipment and 
material to be used to execute interventions. The indicator is defined in the SABARIS 
report [8]. 
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• Road Maintenance Effectiveness (RME) is defined as the expenditure to maintain 
the network to target condition per km of road network 

RME = TME / L 
where: 
TME - three-year average total maintenance expenditure, calculated for the current 
and the two previous year 
L - total carriageway km for which the targeted quality condition is met, measured as 
a set point in time. The indicator is referenced by PIARC TC D1 WG3 [5]. 

• Program B/C or cost effectiveness includes benefits or effectiveness or B/C 
(benefit-cost ratio). The indicator is referenced by Haas et al. [4]. 

• Network depreciation reflects the current value of roads/replacement cost. The 
indicator is referenced by Haas et al. [4]. 

• Cost recovery. The indicator includes revenues or revenues/expenditures ratio, or 
revenues/maintenance expenditures ratio. The indicator is referenced by Haas et al. 
[4]. 

• Asset Sustainability Index (ASI). A composite metric computed by dividing the 
amount budgeted on infrastructure maintenance and preservation over time by the 
amount needed to achieve a specific infrastructure condition target over the long 
term. ASI = Amount budgeted / Amount needed is composed of three ratios: 
Pavement Sustainability Ratio, Bridge Sustainability Ratio and Maintenance 
Sustainability Ratio. When combined, they form an Asset Sustainability Index which is 
a composite of all three. The indicator is referenced in FHWA [27]. 

• Bridge sufficiency rating (Federal sufficiency rating). A method of evaluating 
highway bridge data by calculating four separate factors to obtain a numeric value 
which is indicative of a bridge’s sufficiency to remain in service. The result of this 
method is a percentage in which 100% would represent an entirely sufficient bridge 
and 0% would represent an entirely insufficient or deficient bridge. The indicator is 
also referenced in the Road Safety category, under the Condition subcategory. 

• Deficiency ranking. The original deficiency algorithm was developed by Richardson 
& Turner [12]. The algorithm compared certain characteristics for each bridge 
recorded in the state bridge database against performance criteria. Bridges not 
meeting the performance criteria were assigned “deficiency points.” The output of the 
algorithm was a list of bridges ranked from most to least deficient. The bridge 
deficiency rankings were used to help select bridges for replacement. The deficiency 
algorithm consists of four factors (load, width, vertical clearance and structural 
condition inspection rating). The indicator is referenced in AISCE Bridge Health 
Monitoring Metrics [13]. 

The following two subcategories include Environmental and Road Safety Costs. The 
Environmental Costs indicators include: 

• Environment preservation (Noise). The indicator has been already explained under 
Environmental indicators, Noise subcategory. 

• Noise costs. Exceeding legislated threshold sound levels (40 dB at night; 50 dB 
during the day), causes noise, which may be cost-equated. These threshold-
exceeding sound levels (i.e., noise) are transformed into factors that are multiplied by 
the number of people (inhabitants) affected, to give Inhabitant coefficients (Ic). 

Ic = noise intensity * number of people (inhabitants) affected by the noise 

Each Ic is valued at 42.5 Euros. The social costs of noise per day are: 

Total costs of noise per day = Ic * 42.5 Euros 
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The indicator is referenced in the PAV-ECO project from the German document 
EWS-97 [28]. 

• CO2 emission costs. CO2 emissions are direct emissions. They disperse readily and 
spread widely in the atmosphere creating damage that is independent of the distance 
from the sources of the emissions. Therefore they have to be distinguished from 
indirect air pollution by NOx, SO2, CO, HC, PA (in which the distance between the 
source of the pollutant output and the place of its registration is a main determinant). 
CO2 emissions per vehicle km are determined by EWS [28] based on fuel 
consumption. CO2-emission functions are quantified separately for Diesel and Petrol 
fuel. CO2-emission costs result from the product of the CO2 emissions quantity by the 
costs per ton (90 Euros per ton of CO2). These costs are multiplied by the number of 
relevant vehicle types, the road length and the number of days within the analysis 
period. The total sum of these costs represents the investment necessary to avoid the 
damages resulting from CO2 emissions. The values of these costs are estimated from 
the costs of those general measures that are necessary to cause a decrease of CO2 
emissions (e.g. by a more economic use of limited energy resources, or by the 
substitution of limited energy resources by non-limited energy resources). The 
indicator is referenced in the PAV-ECO project [25] from the German document EWS-
97 [28]. 

• Air pollution costs. The quantity of indirect air pollution is determined by applying 
the EWS speed emission functions, which determine the quantity of air pollution 
caused by different kinds of vehicle emissions (NOx, SO2, CO, HC, PA), and which 
depend upon the different vehicle types and their vehicle km of travel. These different 
kinds of vehicle emissions are transformed by applying toxicity factors into 
standardized units of nitrogen x-oxide. The cost for one x-oxide unit is 850 Euros per 
ton. The estimated amounts of x-oxides emitted are multiplied by 850 Euros to 
determine the total costs of air pollution resulting from vehicle exhaust emissions. The 
indicator is referenced in the PAV-ECO project [25] from the German document EWS-
97 [28]. 

• Noise cost (affecting Users). The purpose of this indicator is to capture the changes 
that occur in the interactions between people due to sound emissions, e.g. the 
inability to communicate between a driver and a passenger while driving. The impact 
indicator is the amount of sound emissions to which the users is exposed. The value 
of an amount of sound emissions can be determined through the willingness to pay 
investigations. The expected values concerning noise reduction for the directly 
affected public in the period between interventions and during an intervention f(t,x) 
and g(d,x) are functions in the impact hierarchy. It is assumed that the values of the 
two functions are transformed into monetary values. 

f(t,x) and g(d,x) = BI(t) * c 
where:  
BI - impact indicator = t * dBA * U 
c - unit costs in Person/dBA/day 
t - number of days in between interventions and during intervention 
dBA - expected increase unit of noise (in dBA) compared to a baseline 
U - expected number of users within a specific period. 

The indicator is referenced in the SABARIS project [8]. 

• Particle emissions cost includes the expected values concerning the reduction of 
particle emissions for the indirectly affected public in the period between interventions 
and during an intervention  

f(t,x) and g(d,x) = functions in the impact hierarchy = BI(t) * c 
where: 
BI - vector of impact indicators (CO2, PM10, NO, CO, NO2, ...) 
c - unit cost of particle emitted 
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BI = EF - the fleet-average emission factor = S(FVMT(EC)) 
FVMT - the fractional vehicle-mile travel  
E, C - the basic emission rate and correction factor. 

It is assumed that the values of the two functions are transformed into monetary 
values. The indicator is referenced in the SABARIS project [8]. 

• Energy consumption cost includes expected values concerning energy 
consumption for the indirectly affected public in the period between interventions and 
during an intervention  

f(t,x) and g(d,x) = functions in the impact hierarchy = BI(t) * c 
where: 
c - unit cost for consuming a certain amount of an energy source  
BI - vector of impact indicators for each type of energy source. 

It is assumed that the values of the two functions are transformed into monetary 
values. The indicator is referenced in the SABARIS project [8]. 

• Material consumption cost. The expected values concerning material consumption 
for the indirectly affected public in the period between interventions and during an 
intervention. 

f(t,x) and g(d,x) = functions in the impact hierarchy = BI(t) * c 
where: 
c - unit cost for consuming a certain amount of material  
BI - vector of impact indicators for each type of material. 

It is assumed that the values of the two functions are transformed into monetary 
values. The indicator is referenced in the SABARIS project [8]. 

• Land consumption cost. The expected values concerning land consumption for the 
indirectly affected public in the period between interventions and during an 
intervention  

f(t,x) and g(d,x) = functions in the impact hierarchy = BI(t) * c 
where: 
c - unit cost for consuming a certain amount of material  
BI - vector of impact indicators for each type of material 

It is assumed that the values of the two functions are transformed into monetary 
values. The indicator is referenced in the SABARIS project [8]. 

• Emissions during maintenance periods. This indicator has been developed as Part 
of the TRIMM project indirect action-related cost: models developed for heating costs, 
transport costs and traffic costs for maintenance works. A management strategy 
should enable the reduction of the amount of motorized kilometres and influence the 
traffic speed (by avoiding traffic congestions and slow driving traffic). Emissions 
during maintenance periods are caused by the heating of materials, transport of 
materials related to asphalt concrete and traffic conditions during maintenance. The 
corresponding model has been developed and referenced in the TRIMM project [17]. 

The group of indicators related to Safety Costs includes two indicators: 

• Accident cost. EWS [28] accident quotas (accidents / 106 heavy vehicle km) are 
used depending on the road type. Accidents can be separated into those affecting 
cars only and commercial vehicles only using these quotas, together with the input 
data of the model (traffic volume, road type, share of freight transport).  
Subcategories of accident costs in PAV-ECO are economic loss of earnings, loss of 
full health due to disablement, loss of spare time, medical treatment costs, repair 
costs, and the administration costs of insurance institutions, law institutions and the 
fire, hospital and police services. The accidents are multiplied by the EWS [28] cost 
rates per accident (e.g. commercial vehicle accident with personal injuries = 8,500 
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Euros per accident, commercial vehicle accident with property damage = 8,100 Euros 
per accident). The indicator is referenced in the PAV-ECO project [24] from the 
German document EWS-97 [28]. 

• Persons – Health. Indicator describing the health for the indirectly affected public in 
the period between maintenance interventions and during a maintenance 
intervention. It is calculated by multiplying an impact indicator with unit costs including 
index for injury and death. The indicator is primarily intended for project level 
assessment. The indicator is based on the number of injuries and deaths incurred in 
a specific time interval, index for injury and death and unit cost (e.g. average wage). 
The indicator is referenced in the SABARIS project [8]. 

The Wider socio-economic set of indicators includes four indicators. The first two have 
been already referenced in the Road Safety category, under Users perception subcategory 
(see 2.1.2): 

• Operation quality (Comfort), physical impact of travelling on the user.  

• Operation quality (Comfort), psychological impact of travelling on the user. 

The remaining two indicators are: 

• The contribution of the road operation to socio-economic development, 
Employment indicates the impact of interventions in terms of employing people. The 
impact indicator is the amount of work provided. The value can be estimated using 
economic impact assessment models, using predictions of business output, value 
added, employment level, wages and salaries, and wealth (CUBRC [29], Davis [30], 
and Sinha and Labi [31]). The indicator is referenced in the SABARIS project [8]. 

• Total costs/capita is defined as maintenance costs per capita and is referenced by 
Haas et al. [4]. 

 

The Stakeholder satisfaction subcategory includes two indicators, both referenced in the 
SBAKPI project: 

• Stakeholder satisfaction KPI - Ind. 1- Number of complaints to NRA / km NRA 
road network. Complaint is defined as an enquiry related to the responsibilities and 
work of the NRA requesting some form of action or intervention that the NRA could 
conceivably act on. 

• Stakeholder satisfaction KPI - Ind. 2- Number of responses from NRA / km NRA 
road network. Response is defined as the direct response to individuals and 
organizations e.g. personal reply, e-mails, telephone calls, letters, plus other types of 
responses may be applicable, e.g. website update, newsletter, press release. 

Finally, the User Costs subcategory includes three indicators: 

• Time costs. The basis for the estimation of time costs are the EWS [28] speed-
volume functions. They specify the average speeds for cars and commercial vehicles, 
depending on average traffic volumes and the share of freight transported on different 
types of road. The time costs are separated into the following subcategories: 
- Freight transport (Labour costs and the drivers’ expenses, Provision costs 

(interest charges for loans and depreciation of the capital invested, garaging, and 
other general costs)). 

- Passenger transport (Time costs for working hours, Time costs for leisure hours, 
Provision costs (commercially-used cars only)). 

The travel time is multiplied by the EWS [28] time costs for one hour, which are: 
- Car: 5.5 Euros 
- Commercial vehicle: 21 Euros 
- Semi-trailer: 30 Euros 
- Bus: 62.5 Euros 
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The time costs per vehicle are multiplied by the number of vehicles of that type and 
by the number of days within the investigation period. The indicator is referenced in 
the PAV-ECO project [25] from the German document EWS-97 [28]. 

• Vehicle operating costs. The bases for the estimation of vehicle operating costs are 
the EWS [28] speed-volume functions. They specify the average speeds for cars and 
commercial vehicles, depending on average traffic volumes and the share of freight 
transported on different types of road. The estimation of vehicle operating costs is 
based on two components. The first component is fixed for every vehicle type, and 
includes the basic costs of vehicle operation. This cost component is independent of 
vehicle km travelled. The second term is the product of fuel consumption and fuel 
price. Fuel consumption is determined for different vehicle types by the EWS speed-
fuel consumption functions (fuel consumption depends on the average vehicle 
speed). The costs per vehicle are multiplied by the number of relevant vehicle types 
and the number of days within the period of analysis. The indicator is referenced in 
the PAV-ECO project [25] from the German document EWS-97 [28]. 

• Reliability of travel time is defined as the change of reliability of the expected travel 
time to the destination. The indicator is based on the assessment of the congestion, 
section length and AADT and is expressed in vehicle km/year. The indicator is 
referenced by Walter et al. [10]. 

 

2.2 Indicators identified in interviews with road administrations 

 

The indicators identified in the literature served as a base for interviews with experts from 
interested road authorities in order to identify indicators that are currently either used or there 
is interest for their use in the development of authorities’ asset management programs. 
Based on these interviews, the list of indicators was complemented with additional S-KPIs 
used by road authorities. 

Tables 2-1 to 2-4 present indicators used for Availability and disturbance, Road safety, 
Environment and Socio-Economy, respectively, which were identified in interviews with road 
administrations. 

Table 2-1. Indicators for “Availability and disturbance”, used by road administrations 

Subcategory Indicator 
Road Directorates 
that use indicator 

Comments 

Accessibility 

Criteria for accessibility to the state 
road network (distance less than 
500 m to a state road if more than 
500 people live in this area) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Accessibility of emergency phones 
along motorways 

CEREMA (formerly 
CETE), France 

 

Possibility of using other transport 
modes during maintenance closures 

RWS, the Netherlands 
 

Importance of the road connection  RWS, the Netherlands  

Condition 

Comfort and Safety Index Pavement 
(scale 1-very good to 5-very poor) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Safety index (combined index, 
based on skid resistance and 
rutting) 

ASFINAG, Austria 
 

Comfort index (combined index, 
based on roughness and surface 
defects) 

ASFINAG, Austria 
 

Pavement Condition Index (IQRN: CEREMA (formerly  
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Subcategory Indicator 
Road Directorates 
that use indicator 

Comments 

Condition Index of National 
Highways Pavements) 

CETE), France 

Road condition  RWS, the Netherlands  

Condition rating for pavement 
sections 

DOT Canton Zurich 
& FEDRO, Switzerland 

classical pavement 
management 
requirements for 
condition distribution 

Friction Index 
DARS & DRSI, 
Slovenia 

 

Bearing capacity DRSI, Slovenia  

Maintainability RWS, the Netherlands  

Bridge condition rating (scale 1-very 
good to 5-very poor) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Bridge Condition Index (IQOA: 
Condition Index of the Bridges) 

CEREMA (formerly 
CETE), France 

 

Bridge health index 
Transport Infrastructure 
Ireland, Ireland 

 

Condition rating for structures 
DOT Canton Zurich 
& FEDRO, Switzerland 

classical bridge 
management 

Key-object definition for structures 
(as a function of traffic, size of 
object, condition of object, available 
alternative routes) 

ASFINAG, Austria 

 

Condition of electro-mechanical 
equipment in tunnels 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Condition traffic lights (traffic lights 
calculator) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Congestion 

Congestion time RWS, the Netherlands  

Loss of time due to construction 
(work) sites (max 5 min per 100 km) 

ASFINAG, Austria 
 

No. of congestions due to works DARS, Slovenia  

Restrictions 
to availability 

Restrictions for HGV due to snow 
(in hours) 

DARS, Slovenia 
 

No. of vehicles affected RWS, the Netherlands  

No. of sections/locations prone to 
avalanches/rock slides that have 
been secured/improved last year 
(also relevant for safety) 

Norwegian Public 
Roads Administration, 
Norway 

 

No. of restrictions due to severe 
wind 

DARS & DRSI, 
Slovenia 

 

Non-construction-site indicator (on 
network level) 

ASFINAG, Austria 
 

Construction site length (max length 
and loss of time) 

ASFINAG, Austria 
 

Travel time 

Lost hours (passenger or goods) RWS, the Netherlands  

Loss of time due to construction 
sites (max 5 min per 100 km) 

ASFINAG, Austria 
 

Loss of travel time (public 
transportation, in general) 

Agency for Roads and 
Traffic, Belgium 
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Table 2-2. Indicators for “Road safety”, used by road administrations 

Subcategory Indicator 
Road Directorates 
that use indicator 

Note 

Accidents 

Accidents rate: how many accidents 
per 100 000 000 km driven  

CEREMA (formerly 
CETE), France 

 

Accidents density: how many 
accidents per km and per year 

CEREMA (formerly 
CETE), France 

 

Sum of accidents weighted by type 
of accidents (light, severe, killed) 

Agency for Roads and 
Traffic, Belgium 

 

User safety (accidents), property 
damage 

DOT Canton Zurich
1 

& FEDRO
1
, Switzerland 

Low level indicator 
(for accident cost 
calculation) 

Higher than average occurrence for 
route segment  

Transport Infrastructure 
Ireland, Ireland 

 

Accident points/Black spots 

Amt der Tiroler 
Landesregierung, 
Austria & 
Roads of Serbia

1
, 

Serbia 

 

No. of crashes/impacts on 
queuing/stopped vehicles 

DARS, Slovenia 
 

Condition 

Comfort and Safety Index Pavement 
(scale 1-very good to 5-very poor) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Safety index (combined index, 
based on skid resistance and 
rutting) 

ASFINAG, Austria 
 

Percentage of roads with 
satisfactory pavement condition 

Norwegian Public 
Roads Administration, 
Norway 

 

International roughness Index (IRI) 

BASt, Germany; 
Infraestruturas de 
Portugal, S.A.; Roads 
of Serbia; DARS & 
DRSI, Slovenia; 
Swedish Transport 
Administration

1 

Germany: Own 
national index in use 
 

Rutting (TP and index, scale 1 to 5) 
Amt der Tiroler 
Landesregierung, 
Austria 

 

Rutting 

ASFINAG, Austria; 
Agency for Roads and 
Traffic, Belgium; RWS, 
the Netherlands; Roads 
of Serbia; Swedish 
Transport 
Administration

1 

Sweden: Rut depth 
– With water 
accumulation. Not 
so easy to capture. 

Skid resistance 

ASFINAG, Austria; 
Agency for Roads and 
Traffic, Belgium; RWS, 
the Netherlands; Roads 
of Serbia; 
Infraestruturas de 
Portugal, S.A. 

 

Friction Index 
DARS & DRSI, 
Slovenia 

 

Ravelling RWS, the Netherlands  

Edge depth – weaknesses on 
secondary roads 

DRSI, Slovenia; 
Swedish Transport 
Administration

1
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Subcategory Indicator 
Road Directorates 
that use indicator 

Note 

Bearing capacity DRSI, Slovenia  

Condition bridge pavement (scale 1-
very good to 5-very poor) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Investigatory Level % above 
threshold 

Transport Infrastructure 
Ireland, Ireland 

 

No. of existing tunnels that comply 
with the European Tunnel Safety 
Act 

Norwegian Public 
Roads Administration, 
Norway 

 

Overall 
safety 

Road safety inspection (treatment in 
combination with the construction 
program) 

ASFINAG, Austria; 
Transport Infrastructure 
Ireland, Ireland; 
Infraestruturas de 
Portugal, S.A.

1
, DARS 

& DRSI, Slovenia; 
Swedish Transport 
Administration

1 

 

Minimum of rutting and skid 
resistance 

Agency for Roads and 
Traffic, Belgium 

 

Km of roads with milled sinusoidal 
grooves in connection with centre 
road marking 

Norwegian Public 
Roads Administration, 
Norway 

 

Safety cost Fatality costs 
CEREMA (formerly 
CETE), France 

 

Users’ 
perception 

CSI (customer satisfaction index) ASFINAG, Austria  

International roughness index (IRI) RWS
1
, the Netherlands  

Note: 
1
Road administrations that would like to use indicator 

 

Table 2-3. Indicators for “Environment”, used by road administrations 

Subcategory Indicator 
Road Directorates 
that use indicator 

Note 

Air Quality 

Distance of material transport (in the 
context of maintenance treatments) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

No. of cities/urban areas that 
exceed the permitted values for 
PM10 (max daily values or annual 
average values) 

Norwegian Public 
Roads Administration, 
Norway 

 

No. of cities/urban areas that 
exceed the permitted values for NO2 
(max hourly values or annual 
average values) 

Norwegian Public 
Roads Administration, 
Norway 

 

Natural 
resources 

Amount of recycling—asphalt 
Amt der Tiroler 
Landesregierung, 
Austria 

 

Percentage of recycled material ASFINAG, Austria  

Use of fossil fuels/renewable energy 
BASt, Germany., 
Roads of Serbia 

 

Noise 

Traffic Noise Exposure (number of 
people exposed to excessive noise) 
in sensitive areas, like schools and 
hospitals. 

RWS, the Netherlands 

 

Distance of material transport (in the 
context of maintenance treatments) 

Amt der Tiroler 
Landesregierung, 
Austria 

 

Including CPX measurements 
Agency for Roads and 
Traffic

1
, Belgium 
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Subcategory Indicator 
Road Directorates 
that use indicator 

Note 

No. of residential homes or 
institutions (hospitals, retirement 
homes, etc.) exposed to noise 
values above limit values 

Norwegian Public 
Roads Administration, 
Norway 

 

Change in no. of people exposed to 
indoor noise levels above 38 dB  

Norwegian Public 
Roads Administration, 
Norway 

 

Number of inhabitants protected 
against excessive noise 

DARS
1
, Slovenia 

 

Soil and 
water quality 

Pollution of the verge RWS, the Netherlands 
 

Note: 
1
Road administrations that would like to use indicator 

 
 

Table 2-4. Indicators for “Socio-economy”, used by road administrations 

Subcategory Indicator 
Road Directorates 
that use indicator 

Note 

Asset value 

Asset value per road section 
DARS & DRSI, 
Slovenia 

Road section as 
defined in road 
inventory or 
databank 

Asset value per network per asset 
(pavements, bridges/viaducts, other 
structures including tunnels, 
furniture) 

DARS
1
 & DRSI, 

Slovenia 

 

Condition 

Condition rating 

BASt, Germany; 
Infraestruturas de 
Portugal, S.A.; DARS & 
DRSI, Slovenia; 
Swedish Transport 
Administration 

Portugal: Pavement 
condition 
rating/Quality Index; 
DARS: Including 
friction 
 

Percentage of national roads with 
Pavement Condition Index under 12 

CEREMA (formerly 
CETE), France 

 

Bridge sufficiency rating (Federal 
sufficiency rating) 

BASt, Germany; 
Transport Infrastructure 
Ireland

1
, Ireland; 

Infraestruturas de 
Portugal, S.A.; DARS & 
DRSI, Slovenia; 
Swedish Transport 
Administration 

 

Maintenance backlog (in monetary 
value). Not a formal indicator, but 
has been estimated in preparation 
for the last two revisions of the 
National Transport Plan  

Norwegian Public 
Roads Administration, 
Norway 

 

International Roughness Index 

BASt, Germany; 
Transport Infrastructure 
Ireland, Ireland; 
Infraestruturas de 
Portugal, S.A.; DARS & 
DRSI, Slovenia; 
Swedish Transport 
Administration 

 

Friction index DRSI, Slovenia  

Bearing capacity DRSI, Slovenia  

Condition of engineering structures Amt der Tiroler  
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Subcategory Indicator 
Road Directorates 
that use indicator 

Note 

(scale from 1-very good to 5-very 
poor) 

Landesregierung, 
Austria 

Structural condition of assets – 
structural condition index 

ASFINAG, Austria 
 

Hydraulic Vulnerability Rating Score 

BASt, Germany; DRSI
1
, 

Slovenia; Swedish 
Transport 
Administration 

Germany: Own 
national index in use 

Deficiency ranking 
BASt

1
, Germany; 

Swedish Transport 
Administration 

 

Cost 
efficiency 

Maintenance budget in relation to 
monetary maintenance needs 

ASFINAG, Austria; 
Swedish Transport 
Administration 

 

Aiming accuracy of investments 
(need due to others vs need due to 
condition) 

ASFINAG
1
, Austria; 

Swedish Transport 
Administration 

 

Safety costs Fatality cost 
CEREMA (formerly 
CETE), France 

 

Social 
economy 

Maintenance budget (in general) 
Amt der Tiroler 
Landesregierung, 
Austria 

 

Stakeholder 
satisfaction 

CSI (customer satisfaction index) ASFINAG, Austria  

Questionnaires to public regarding 
public satisfaction with the condition 
of the road network under summer 
and winter conditions (carried out as 
two separate surveys every 4 years) 
Not used as a formal indicator  

Norwegian Public 
Roads Administration, 
Norway 

 

No. of uses (clicks, phone calls, 
downloaded apps) of available 
means for traffic information 
(website, traffic info centre, app) 

DARS, Slovenia 

 

Note: 
1
Road administrations that would like to use indicator 

 
 

Most of the identified S-KPIs are not used in a systematic way in the development of asset 
maintenance programs, and very few of the identified indicators are used by a substantial 
number of road authorities. However, there is considerable interest to implement and use 
some of these indicators in the future, especially those for which data are available in some 
form within road administrations. 

The importance of considering expectations in the area of road availability and disturbance in 
maintenance planning is recognized in all countries but to a varying extent. The indicators 
used mostly include some form of condition rating for pavements and bridges, while other 
indicators, related to accessibility, congestion, availability and travel time are used to a lesser 
extent. 

All countries are using some of the S-KPIs related to road safety. The indicators used are 
mostly related to the number of fatalities, injuries or simply to the number of accidents. Based 
on these data, more complex indicators related to safety costs or to the frequency of 
occurrence of accidents may be calculated. In addition, many administrations are using some 
of the condition parameters in order to identify adequate maintenance treatments to achieve 
certain safety-related levels of these parameters. The S-KPIs for overall safety, safety costs 
and user perception are currently not seen as significant to most in maintenance planning. 

Noise stands out as the most important environmental parameter that is used by most RDs 
as a result of the implementation of the European Noise Directive. Other parameters, such 
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as air quality, CO2 emissions, environmental costs, natural resources, soil and water quality, 
do not affect planning at the moment, but are up to a point the integral part of national 
legislations. Nevertheless, as the environmental impact is becoming a principal mission for 
all European societies, there is a large interest for the application of the related parameters in 
the future. 

Among the parameters related to the economy, cost efficiency, and particularly benefit/cost 
ratios of maintenance programs appear to be used by most administrations in order to 
assess socio-economic impacts of maintenance policies. All other parameters are used to a 
smaller extent. 
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3 Methodology for the assessment of indicators 

 

The assessment of existing indicators was performed in two phases (Figure 3-1).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1. Work procedure of the ISABELA WP2. 

 

The objective of the preliminary assessment was to consolidate indicators coming out from 
the interviews together with indicators gathered from the literature, according to the social 
aspect they cover in order to avoid redundancy and enable a more efficient assessment of 
indicators.  

In the second phase, the consolidated indicators are assessed based on: 

• identified stakeholders’ needs and expectations, 

• general or asset specific applicability, 

• level of applicability and use, 

• spread of use,  

• data requirement, availability, and reliability. 

For this purposes, a template for indicator assessment was produced, which allows easy and 
systematic evaluation of the indicators (table 3-1). The detailed assessment of all identified 
indicators using this template is provided in the Annex 1 of this report. 

In addition, it was taken into account whether indicators can be monetized and used in the 
modelling of social benefit, social risk and social backlog. 

Finally, all indicators were categorized based on the spread of use, data availability, 
possibility of data collection and reliability of measurements or modelling, as well as 
possibility to be monetized. For each of these criteria categories are presented at the 
beginning of Chapter 4.2. 

 

Availability & disturbance Road safety Environment Socio-economy

Stakeholders’ expectations 

Literature review 

Interviews 

II - Detailed 
assessment 

Template for assessment 

Use? 

Need? 

Availability? 

Reliability? 

I - Preliminary 
assessment / 

Indicator consolidation 

Integration and 
classification 
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Table 3-1. Template for indicator assessment 

ISABELA Area: 

AREA NAME 

Assessment ID 

 

Indicator Name: Name of the selected indicator 

Description: Short description of the indicator. 

Technical 

Parameters 

Technical parameters which can be used to 

represent the selected indicator. 

Units:  

Indirect 

indicators and 

relations 

For some indicators, there have been identified relations between the 

selected indicator and other characteristics of the road asset condition 

(called indirect indicators in this report). These relations can be either 

positive (increase in one indicator also increases the other) or negative 

(increase in one indicator decreases the other). 

Related/derived 

indicators: 

Indicators that can be used to express same or similar effects on the 

socio-economic environment. 

Measurement/ 

monitoring 

methods:  

Known and established methods for measuring or monitoring the 

technical parameter value. 

Sources: 
List of projects, standards or literature where information about the 

indicator can be found. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

List of main stakeholder(s) and their expectations which the selected 

indicator addresses. Possible stakeholders include: Users,  

Neighbours, Financial Institutions, Road Authorities, and Society. 

 

General or 

asset specific 

applicability 

General applicability on the road section, or list of individual assets for 

which the selected indicator can be used. 

Level of 

applicability 

and use 

List of decision making levels (i.e. network or project level) for which the 

selected indicator can be used. Brief explanation of possible indicator use 

based on the literature review. 

Spread of use:  

Already in use Where the indicator is used (based on questionnaires) 

Interested to use 
What agencies are interested in using the indicator (based on 

questionnaires) 

Data:  

Requirement What data are needed for calculating or estimating the indicator? 

Availability: 
To what extent are data available? Is it possible to collect data at a 

reasonable cost and within reasonable time? 

Reliability: 

If the indicator measuring/monitoring/forecasting is based on well-

established/standardized/recognized methods, or it is based on 

estimates. 
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4 Assessment of indicators 

4.1 Preliminary assessment of indicators 

 

A preliminary assessment of the set of indicators coming out from the interviews, together 
with the indicators gathered from the literature review, consisted in organizing the indicators 
within each area according to the social aspect that they cover and merging the indicators 
that were repeated or very similar, taking into account the description of the indicator.  

Each indicator is associated with a code (Assessment ID) that is used for a detailed 
assessment of the indicator. The code includes two letter abbreviation of one of four main 
areas related to different maintenance aspects (“AD” for Availability and disturbance, “RS” for 
Road safety, “EN” for Environment and “SE” for Socio-Economy), followed by an 
abbreviation of a subcategory within the area to which the indicator belongs (i.e. “A” for 
Accessibility, “CD” for Condition, “CG” for Congestion) and an indicator number within the 
subcategory. For example, the code AD-RA02 indicates that the indicator belongs to the 
category “Availability and disturbance”, to the subcategory “Restrictions to availability” and 
that it is the second indicator in this subcategory. This code is associated with the indicator 
related to restrictions to availability due to infrastructure limitations. 

This preliminary assessment led to the structure of indicators presented below: 

Availability and disturbance 

The indicators for availability and disturbance were organized into the following main groups: 

a) Accessibility 

There are two main types of indicators related to accessibility: road density (road km 
per area or road km per person) or road availability, which evaluates how close the 
population is from a surface road. The first type of indicator is more suited for 
strategic decisions on new developments. The second one can be split into different 
categories, depending on the impact (number of people affected, importance of the 
road connection and possibility of using alternatives). 
An extra indicator reported under accessibility was the accessibility of emergency 
phones along the motorways. 
 

b) Condition 

Disturbance is often related to road condition. The main indicators that describe road 
condition can be organized into the following main groups: (overall) pavement 
condition index, comfort index, safety index, pavement bearing capacity and bridge 
condition. Maintainability was also suggested as an indicator; however, it is difficult to 
quantify. Pavement and bridge condition is already used in current asset 
management procedures; nevertheless, these indicators will be assessed in the 
context of this project, in order to get a complete set of indicators. 
 

c) Congestion 

The original data comprised basically 3 types of indicators concerning congestion: 
number of congestions, congestion time and congestion length. It was found that the 
indicator “number of congestions” would be more difficult to quantify in an objective 
manner, therefore, only the indicators congestion time and congestion length were 
retained.  
 

d) Restrictions to availability 

The indicators concerning restrictions to availability were organized into 3 categories 
concerning reasons for restrictions: weather, infrastructure condition or maintenance 
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works. In general these can be quantified through the number of sections with 
restrictions or closures or through the number of vehicles affected, possibly split per 
type of user. 
 

e) Travel time 

The indicators for travel time included lost hours (also referred as delays), mean 
travel time and variability of travel time. Some road administrations quantify lost hours 
separately per type of user, which provides further detail on the impact of delays. 
 

f) User satisfaction 

Although user satisfaction may be related to other areas, such as economy, it was 
found that it is more closely linked to availability and disturbance. There are several 
indicators for user satisfaction, normally determined based on the interaction between 
the users and the administration (complaints, use of websites, etc.). 
 

Figure 4-1 presents the structure of indicators for availability and disturbance. 

 

Road safety 

The indicators for road safety were organized into the following main groups: The indicators 
for safety costs, which were previously considered in this group, will be included in the socio-
economy group.  

 
a) Accidents 

The indicators for accidents were split into 3 groups: by impacts (deaths, injuries, 
material damage), by user types (vulnerable users, passenger cars, buses, trucks) 
and site specific (number of crashes in queuing vehicles and black spots). 
  

b) Condition  

Although there are many indicators for road and bridge condition, as reported in the 
previous section, the condition indicators associated with road safety are mainly skid 
resistance, roughness, rutting and ravelling. There are also site-specific condition 
indicators related to road safety, such as edge depth on secondary roads or number 
of tunnels complying with EU safety acts. 
 

c) Overall safety 

Overall safety can be expressed through the EuroRAP score that is referenced in the 
SAFENET project [15]. 
 

d) Users perception 

Two indicators that reflect the physical and psychological impact of road safety to the 
user were reported in the literature, although they are not used by any of the 
interviewed road agencies (RA). 
 

Figure 4-2 presents the structure of indicators for road safety. 
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Figure 4-1. Availability and disturbance. 
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Figure 4-2. Road safety. 

 

Environment 

The indicators for environment were organized into the following main groups: 

a) Air quality  

The main indicators for air quality refer to emissions of and exposure to specific 
pollutants, which can be determined from models presented in previous projects, 
such as EVITA [2] and SABARIS [8]. There is no model for calculating the “direct 
toxicity of air pollutants indicator”, referred in the literature and furthermore, the 
previous indicators provide information on air pollutants, therefore the later was not 
considered. The two indicators related to Air Quality Zones have not raised interest 
from any of the road administrations. 
 

b) GHG emissions 

The GHG emissions indicators can be divided into two groups: emissions due to 
traffic (CO2 emissions rate from vehicles and emissions of ozone precursors) and 
GHG emissions during road construction and maintenance activities (embodied 
carbon reduction and CO2-equivalent emissions). 
 

c) Natural resources 

There are two main families of indicators concerning natural resources: the ones 
relating to energy (energy consumption, use of fossil fuels/renewable energy) and the 
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ones relating to materials used for construction and maintenance (material resource 
efficiency; use of raw materials and use of recycled materials).  
 

d) Noise 

The main indicators for noise can be split into 3 groups: emission (noise maps), 
exposure and annoyance to humans. The exposure indicators can be associated with 
the type of stakeholder (number of people in general, number of dwellings and 
sensitive areas such as schools and hospitals). 
 

e) Soil and water quality 

The indicators referring to soil and water quality can be associated with the adequacy 
of the drainage system (Environmental index for Water quality and drainage system), 
with the emissions of pollutants (from winter maintenance activities, from dangerous 
substances due to accidents or substances that cause acidification) or directly with 
the concentration of pollutants in soil and water.  
 

Figure 4-3 presents the structure of indicators for environment. 

 

Socio-economy 

The indicators for socio-economy were organized into 3 main categories: asset value, cost 
efficiency, costs and wider socio-economic indicators. The stakeholders’ satisfaction 
indicators, which were previously considered in this group, are taken into account in the 
“availability and disturbance”. 
 

a) Asset Value  

Although there are many indicators in this group, with distinct names, they can be 
organized into two groups: the total asset value at a given time, per section or per 
type of asset and the loss of asset value / salvage value. They are generally 
dependant on the asset condition. 
 

b) Cost efficiency 

There are many reported indicators for cost efficiency, in most cases related to the 
Benefit / Cost ratio of road investments although different designations are used. 
Apart from these, another concept is included in this group, which is the “asset 
sustainability index”, which provides the relation between the available maintenance 
budget and the maintenance needs. 
 

c) Costs 

The indicators related to costs can be organized into the following groups: accident 
costs (deaths, injuries and material losses), user costs (vehicle operating costs and 
time costs), environment costs (air pollution, CO2 emissions, noise, energy and 
material consumption costs), and maintenance costs. 
  

d) Wider socio-economic effects 
The indicators associated with wider socio-economic effects include the two comfort 
indicators reflecting the physical and psychological impact of travelling (already 
reported for road safety) and the contribution of the road operation to socio-economic 
development and employment and the total costs per capita. 
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Figure 4-3. Environment. 

 

 

Figure 4-4 presents the structure of indicators for socio-economy. 
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Figure 4-4. Socio-economy. 
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4.2 Detailed assessment of indicators 

 

The detailed assessment of indicators for all four areas is presented in Annex 1 of this report. 
The summary of the assessment of indicators is provided in this chapter. 

All indicators were categorized based on the spread of use, data availability, possibility of 
data collection and reliability of measurements or modelling, as well as the possibility to be 
monetized. For each of these criteria, categories were defined and separately presented in 
tables 4-1 to 4-4.  

Regarding the spread of use of an indicator (table 4-1), if six or more agencies are using the 
indicator, it is considered that it is widely used and marked as green. If three to five agencies 
are using the indicator, the use is assessed as moderate (yellow), whereas if less than three 
agencies are using the indicator, the use is assessed as limited (red). 

Table 4-1. Use of indicators 

Category Number of agencies using or would like to use an indicator 

Green ≥6 

Yellow 3–5 

Red <3 

 

If data for an indicator are collected as part of routine road asset management practice and 
are already available, the data availability is marked as green. If data are not available, but 
can be easily obtained, it is marked as yellow, while if data collection requires substantial 
resources, it is marked as red (table 4-2). 

Table 4-2. Data availability 

Category Data availability 

Green Data available, can be easily obtained 

Yellow Data can be easily obtained 

Red Costly and timely data collection 

 

If an indicator is based on accurate measurement methods, reliable and/or well established 
models, the reliability of measurements and/or modelling is marked as green. If the reliability 
is limited, it is marked as yellow, and if the calculation of an indicator is based on estimates, it 
is marked as red. 

Table 4-3. Reliability of measurement and/or modelling 

Category Reliability of measurements and/or modelling 

Green Accurate measurements / Reliable models 

Yellow Limited reliability of measurements / modelling 

Red Based on estimates 

 

Finally, if an indicator can be easily monetized, it is marked as green, and if it is not possible, 
it is marked as red (table 4-4). 
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Table 4-4. Possibility to monetize indicators 

Category Indicator can be monetized 

Green Yes 

Red No 

 

Table 4-5 presents the involved stakeholders for each indicator, as well as the assessment of 
four main criteria presented in Chapter 3 for Availability and disturbance area. 

 

Table 4-5. Availability and disturbance 

Assessment 
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Indicator name 
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AD-A01 Road density          

AD-A02 Road availability          

AD-CD01 
Pavement 
condition index 

         

AD-CD02 Comfort index          

AD-CD03 Safety index          

AD-CD04 Bearing capacity          

AD-CD05 Bridge condition          

AD-CD06 Maintainability          

AD-CG01 Congestion          

AD-RA01 
Restrictions to 
availability / 
weather 

       
  

AD-RA02 

Restrictions to 
availability / 
infrastructure 
limitation and 
condition 

       

  

AD-RA03 

Restrictions to 
availability / 
construction / 
maintenance 

       

  

AD-TT01 
Loss of travel 
time 

         

AD-TT02 
Mean travel time 
and variability of 
travel time 

       
  

AD-US01 User satisfaction          
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Road density and road availability are two indicators mostly used at the planning stage. More 
road administrations are using different forms of the road availability indicator. Data are 
based on statistical surveys and are reliable. However, it may be difficult to monetize them. 

Condition data are typically collected as part of routine pavement and bridge management 
practice. However, the extent of use differs. Maintainability is used only by the RWS in the 
Netherlands. The Comfort index as such is used only by two road administrations in Austria, 
but one should bear in mind that it is strongly correlated to the road longitudinal roughness, 
for which some form of indicator is used by road administrations in six countries. The Safety 
and Friction indices appear to be currently used by three road administrations only. However, 
it is very likely that other road administrations are using this indicator related to road safety. 

The Congestion indicator includes different forms, some of which are related to construction 
zones. For congestion data few road administrations, like DARS – Slovenia, indicated that 
data are available. However, many others indicated that data are available only for urban 
areas, on certain parts of the network, or for a limited number of roads. 

The indicator for weather related restriction to availability is used by two road administrations 
in Slovenia and Sweden. In addition, Norway uses the number of sections prone to 
avalanches and landslides. However, this indicator is mainly related to winter maintenance. 

Indicators for restrictions to availability due to load restrictions and clearance and due to 
construction, are used in many countries and data should be available. 

Two indicators for travel time are used in some form by many road administrations. However, 
the question is to what extent are data routinely available to be used in asset management.  

The users’ satisfaction data are currently collected by only two road administrations. Data 
can be collected at a reasonable cost. However, users’ satisfaction is very difficult to model 
and monetize. 

Table 4-6 presents the summary of indicators for Road Safety area. 

The first group of indicators is related to accidents and includes four indicators. Most of 
interviewed road administrations use some form of accident data related to victims or to 
users’ type, which means also that data should be available and these data can be 
monetized based on existing models. The Number of crashes on queuing vehicles is used 
only by DARS in Slovenia and Roads of Serbia would like to use data on Black spots, which 
are probably available based on the generic accident data.  

As already mentioned, condition data are collected as part of routine asset management 
practice. Three most relevant indicators include skid resistance, rutting and longitudinal 
roughness. Ravelling and edge depth between pavement and shoulder on secondary roads 
have been used in the context of road safety by one road administration each. In addition, 
the number of tunnels complying with the EU Tunnel Safety Act has been mentioned by the 
Norwegian Road Directorate only. However, all road administrations are required to improve 
safety in tunnels longer than 500 m on the main road network under their jurisdiction by 
2019, and should have data available on the condition of their tunnels. 

The EuroRAP score is a result of an independent initiative related to asset management from 
the point of improving road safety in European countries. It may be compatible with other 
asset management systems. However, very few road administrations (Ireland, DARS and 
DRSI in Slovenia) have been involved so far in the EuroRAP surveys. 

Finally, users’ perception in the context of road safety has been used by very few agencies, 
and it would be difficult to monetize it. 
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Table 4-6. Road safety 

Assessment 

ID 
Indicator name 

Stakeholders Criteria 

R
o
a
d
 U

s
e
rs

 

N
e
ig

h
b
o
u
rs

 

R
o
a
d
 A

d
m

in
is

tr
a
ti
o
n
 

F
in

a
n
c
in

g
 I

n
s
ti
tu

ti
o
n
 

S
o
c
ie

ty
 

U
s
e
 o

f 
in

d
ic

a
to

r 

D
a
ta

 a
v
a
ila

b
ili

ty
 

R
e
lia

b
ili

ty
 o

f 

m
e
a
s
u
re

m
e
n
ts

/ 

m
o
d
e
lli

n
g
 

In
d
ic

a
to

r 
c
a
n
 b

e
 

m
o
n
e
ti
z
e
d
 

RS-A01 
Accidents by 
impact 

         

RS-A02 
Accidents by 
users’ type 

         

RS-A03 
Number of 
crashes on 
queuing vehicles 

      
   

RS-A04 Black spots          

RS-CD01 Skid resistance               

RS-CD02 
International 
roughness index 
(IRI) 

          
    

RS-CD03 Rutting               

RS-CD04 Ravelling               

RS-CD05 
Edge depth on 
secondary roads 

              

RS-CD06 
No. of tunnels 
complying with 
EU safety act 

          
    

RS-OS01 EuroRAP score              

RS-UP01 Users’ perception              

 

Table 4-7 presents the summary of indicators for Environment. 

The indicators for air quality include indicators for emission and concentration of many 
different pollutants that are currently used by a relatively small number of agencies. Some of 
the agencies use air quality indicators only in tunnels, like DARS – Slovenia. Some road 
administrations, like in Sweden, or RWS, in the Netherlands are interested in collecting data 
only for specific pollutants, like PM10 and CO2, respectively. 

The CO2 emission indicators are separated regarding the emission source, to traffic related 
and road construction and maintenance related emissions. 

For both, Air Quality and traffic related CO2 emission indicators, detailed dispersion 
modelling requires a significant amount of input data and computational effort, including 
meteorological data, road layout and background pollution. 

Two indicators that reflect the use of natural resources were included in the assessment, and 
cover the use of energy and materials. The Energy consumption indicator is used more 
frequently compared with the use of fossil fuels. The Material Resource Efficiency Indicator 
(MREI) is recommended to be used for materials compared with the other two indicators for 
materials related to the percentage of recycled materials used. However, the indicators 
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related to the use of materials are currently used only by road administrations in the 
Netherlands and Portugal, with a few more agencies interested to use them. 

 

Table 4-7. Environment 

Assessment 

ID 
Indicator name 

Stakeholders Criteria 
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EN-AQ01 Air Quality          

EN-GE-01 
GHG Emissions 
/ Traffic 

         

EN-GE-02 

GHG Emissions 
/ Road 
construction and 
maintenance 

      

   

EN-NR-01 
Natural 
resources / 
Energy 

      
   

EN-NR-02 
Natural 
resources / 
Materials 

      
   

EN-N01 Noise map          

EN-N02 
Traffic noise 
exposure 

         

EN-N03 
Noise 
annoyance to 
humans 

      
   

EN-SW01 

Soil and water 
quality / 
Adequacy of 
drainage system 

      

   

EN-SW02 

Soil and water 
quality / 
Emissions of 
pollutants 

      

   

EN-SW03 

Soil and water 
quality / 
Concentration of 
pollutants 

      

   

 

The noise maps and traffic noise exposure are most widely used and available indicators 
related to traffic noise. Noise annoyance to humans is currently used only in Sweden and 
data may not be routinely available in other countries. 

Out of the three indicators related to the pollution of water and soils, the adequacy of 
drainage system is the only one that is being used by several road administrations. For other 
indicators data can be hardly available, and these indicators may be difficult to monetize. 
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Regarding socio-economic effects, for most indicators data are available and it is possible to 
monetize them. Some indicators have a clear advantage regarding their use, like total asset 
value compared to salvage value and loss of asset value. In addition, more administrations 
are using Users’ costs compared with safety and environmental costs. 

The models for cost efficiency and salvage value are not exact and can be used to estimate 
these parameters, while asset value is a more exact parameter. 

The only set of indicators that has not been used and for which data are in general not 
available, includes wider socio-economic effects. It includes two indicators for users’ 
perception that indirectly indicate the operation quality. 

The summary of the detailed assessment of socio-economic indicators is presented in table 
4-8. 

 

Table 4-8. Socio-economic effects 

Assessment 

ID 
Indicator name 

Stakeholders Criteria 
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SE-AV01 
Total asset value 
at a given time 

         

SE-AV02 
Salvage value / 
Loss of asset 
value 

      
   

SE-CE01 Cost Efficiency          

SE-C01 
Costs / 
Accidents 

         

SE-C02 Costs / Users          

SE-C03 
Costs / 
Environment 

         

SE-C04 
Costs / 
maintenance 

         

SE-WE01 
Wider socio-
economic effects 
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5 Proposal of ISABELA S-KPIs 

 

The focus of the ISABELA project is on indicators that can be applied at the network level 
(although most of the indicators gathered are defined at the project level and then 
aggregated for the whole network use) and that can be related to road maintenance 
activities. In addition, it was taken into account if indicators can be monetized and if there are 
any existing models, or if it is possible to develop models for social benefit, social risk and 
social backlog. 

Therefore, the following major criteria were used as a basis for the selection of indicators: 

• Can the indicator be related to maintenance activities? 

• Is it the primary purpose of the indicator to be used for asset management at the 

network level? 

• Can it be used in existing models of social benefits or is it possible to use it for 

modelling? 

• Is it possible to monetize it? 

The following sections present lists of selected indicators in four major areas: availability and 
disturbance, road safety, environment and socio-economic impact that can be used for socio-
economic analyses in the context of road asset management. 

Based on the list in Chapter 4.1 a selection was made according to the following 
explanations. 

5.1 Availability and disturbance 

 

Most of the Availability and disturbance indicators can be to some extent related to travel 
time. A functional correlation can be established between the density of the road network and 
the loss of travel time. On the other side, road availability is important from a maintenance 
point of view and possibility for detour. There is also a potential link between these two 
parameters and road importance.  

The vehicle operating costs (VOC) are highly correlated to road conditions. However, the 
“Maintainability” indicator is hard to define and is to some extent covered by other indicators 
(length of construction sites, delays). In addition, it is used only by one road administration, 
and therefore it will not be used in modelling.  

Travel time (at the project level and aggregated at the network level) depends on the 
congestion caused by maintenance works. Therefore, congestion-related indicators can also 
be related to travel time. 

The weather-related restrictions to availability are important for winter or routine 
maintenance, and not for construction maintenance. The other two indicators related to 
restrictions due to load restriction and clearance and due to the length of the construction 
site, will be used in modelling. 

Finally, the users’ satisfaction aspect is covered by other indicators (condition, travel time) in 
a more objective way, and that is the reason why it has not been selected for further phases 
of the project. 

The selected indicators in the “Availability and disturbance” group are presented in the table 

5-1. 
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Table 5-1: Selected indicators for Availability and disturbance 

Sub-category Parameter 
Assessment 
ID 

Accessibility 

Road density 
Road km per area 

AD-A01 
Road km per person 

Road availability 

No. of people within X 
km of surfaced road 

AD-A02 
Importance of road 
connection 
Possibility of using 
alternatives 

Condition 

Pavement condition index AD-CD01 

Comfort index 
Roughness 

AD-CD02 
Surface defects 

Safety index 
Skid resistance 

AD-CD03 
Rutting 

Bearing capacity AD-CD04 

Bridge condition 

Health index 

AD-CD05 

Sufficiency rating 

Deficiency ranking 
Condition index 
Hydraulic vulnerability 
rating score 

Congestion 
No. of congestions 

AD-CG01 Congestion time 
Congestion length 

Restrictions to 
availability 

Infrastructure 
Load restrictions 

AD-RA02 
Clearance 

Construction / 
Maintenance 

Construction site length AD-RA03 

Travel time 

Loss of time 
Public transportation 

AD-TT01 Passengers 

Goods 
Mean travel time 

AD-TT02 
Variability of travel time 

 

5.2 Road safety 

 

Road safety indicators include indicators related to accidents, road condition, overall safety 
and user’s perception. 

Within the “Accidents” sub-category, indicators are divided between accidents by impact, 
accidents by users and site-specific accidents. However, there is redundancy between the 
first two groups, since they both reference the same set of accidents. This group will be 
modified to distinguish between construction site-specific accidents, and other accidents. The 
“Black spots” are indirectly included in the first group, since any action to reduce impact of a 
black spot would be reflected in the reduction of the number of accidents and their impact. 

Within the “condition” sub-category most indicators, like longitudinal roughness, skid 
resistance, rutting and ravelling, are routinely collected at the network level for asset 
management systems. This may not be the case with “Edge depth for secondary roads”, 
which is currently used by only one road administration, and therefore will be excluded from 
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the next phase. Finally, “No. of tunnels complying with EU safety act” (RS-CD06) is 
considered a general indicator that may have implications on the available budget for 
maintenance of the remaining road infrastructure. Therefore, it is moved to the “Overall 
safety” sub-category, in addition to the EuroRAP score. 

Users’ perception, reflected through physical and psychological impacts will not be used in 
the modelling. 

Table 5-2 presents the selected indicators for the “„Road safety”“ sub-category. 

 

Table 5-2: Selected indicators for Road safety 

Sub-category Parameter 
Assessment 
ID 

Accidents 

By impacts 

Deaths 

RS-A01 Injuries 
Light 
Serious 

Material damage 

By user type 

Vulnerable users 

RS-A02 
Vehicles 

Passenger cars 
Buses 
Trucks 

Construction Site-specific RS-A03 
Black spots RS-A04 

Condition 

Skid resistance RS-CD01 
International roughness index (IRI) RS-CD02 
Rutting RS-CD03 
Ravelling RS-CD04 

Overall safety 
EuroRAP score RS-OS01 

No. of tunnels complying with EU safety act RS-CD06 
 

5.3 Environment 

 

The Environment category includes indicators related to air-quality, greenhouse gas (GHG) 
emissions, use of natural resources, noise and soil and water quality. 

The air-pollution indicator covers emissions of different air pollutants, including aldehydes, 
sulphur dioxide, polycyclic aromatic hydro-carbons, CO, NOx, PM10 and PM2.5, and CO2.  

The GHG emission is separated into two indicators that cover emissions related to traffic, 
and emissions related to road construction and maintenance activities. 

Similarly, the indicators related to the use of natural resources are separated into those 
related to energy use and use of materials. Out of two available sub-indicators for energy 
use, “Energy consumption” is recommended as the one which has been more elaborated in 
the literature. 

The index for water pollution of winter maintenance, EPISalt, is important for winter 
maintenance. It will be indirectly included in the assessment of the adequacy of the drainage 
system, and therefore it will not be used in modelling of soil and water pollution. The other 
two indicators, that include consequences of the improvement of roads: “Release of 
dangerous substances due to accidents” and “Emissions of substances that cause 
acidification” (from EN-SW02) will be taken into account in the modelling.  
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Concentration of pollutants is the outcome of the emission of pollutants, and it will be 
excluded from the modelling to avoid double counting of this effect. 

Table 5-3 provides the summary of selected indicators for environmental impact. 

Table 5-3: Selected indicators for Environment 

Sub-category Parameter 
Assessment 
ID 

Air quality 

Emission and exposure aldehydes, sulphur dioxide, 
polycyclic aromatic hydro-carbons 

EN-AQ01 
Emission and Exposure EPI for CO 

Emission and Exposure EPI for NOx 
Emission and Exposure EPI for PM10 and PM2.5 
Emission and Exposure EPI for CO2 

GHG 
emissions 

Traffic 
CO2 emissions rate 

EN-GE-01 
Emissions of ozone precursors 

During road 
construction and 
maintenance 
activities 

CO2-equivalent emissions 

EN-GE-02 
Embodied carbon reduction 

Natural 
resources 

Energy Energy consumption EN-NR01 

Materials 

Material Resource Efficiency Indicator 

EN-NR02 
Consumption of non-renewable raw 
materials and recycling waste in 
construction 
Percentage of recycled material 

Noise 

Noise map (European Noise Directive) EN-N01 

Traffic noise 
exposure 

People 

EN-N02 
Number of dwellings exposed to 
excessive noise 
Sensitive areas 

Noise annoyance 
to humans 

Number of noise complaints EN-N03 

Soil and water 
quality 

Adequacy of 
drainage system 

Index for Water quality and drainage 
system: EPIWater 

EN-SW01 

Emissions of 
pollutants 

Release of dangerous substances due 
to accidents 

EN-SW02 
Emissions of substances that cause 
acidification 

 

5.4 Socio-economic impact 

 

The indicators related to asset value and cost efficiency are included in the group of 
indicators for socio-economic effects. This group also includes indicators on cost of 
accidents, users’ costs, cost of environmental impact and cost related to maintenance 
activities that reflect the preservation of road investments and/or environmental 
preservations. All of these indicators are compatible with the anticipated approach that will be 
taken in the modelling phase, assuming monetization of social benefits for different social 
effects. 

Users’ perception, reflected through physical and psychological impacts will not be used in 
the modelling, similarly to the approach taken for the road safety indicators. 
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One of the remaining indicators for wider socio-economic effects that is related to the 
contribution of road operation to socio-economic development and employment will be 
expanded to cover the impact of road maintenance on social benefits. 

Table 5-4 presents the summary of selected indicators for socio-economic effects. 

 

Table 5-4: Selected indicators for socio-economic impact 

Sub-category Parameter 
Assessment 
ID 

Asset value 

Total asset 
value at a 
given time 

Section 

SE-AV01 
Asset 

Pavements 

Bridges 
Tunnels 

Furniture 
Salvage value / Loss of asset value SE-AV02 

Cost Efficiency 
Benefit cost ratio 

SE-CE01 Asset sustainability index (maintenance budget in 
relation to monetary maintenance needs) 

Costs 

Accidents 
Deaths 

SE-C01 Injuries 

Material damage 

User 
Vehicle operating costs 

SE-C02 
Time costs 

Environment 

Air pollution costs 

SE-C03 

CO2 emission costs 

Noise costs 
Energy consumption cost 

Material consumption cost 

Maintenance 
Preservation of road investment 

SE-C04 
Environment preservation 

Wider socio-
economic effects 

Contribution of road operation/maintenance to socio-
economic development and employment SE-WE01 
Total costs per capita 
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6 The assessment of indicators in the CEN TC WI 
document “Indicators for the sustainability assessment 
of roads” 

The CEN Technical Committee WI has produced, during the last phases of the preparation of 
this deliverable D2.1, a CEN Workshop Agreement (CWA) entitled “Indicators for the 
sustainability assessment of roads” [32]. The document provides a recommended common 
set of 21 indicators grouped in three sustainability pillars—environmental, economic and 
social—and nine categories. The indicators can be used for the sustainability assessment of 
future or existing roads. 

The indicators are defined within the LCE4Roads research project based on the analysis of 
the most relevant methods and indicators for road sustainability assessment, such as 
Envision TM, FHWA INVEST, and European research projects like COST 354, EVITA, 
SUNRA, EDGAR and others, as well as the work performed by the Joint Research Centre 
(EC) to develop the Green Public Procurement Criteria. 

Table 6-1 provides the assessment of CEN indicators and a comparison with relevant 
ISABELA indicators. 

For most of the indicators there are identical, almost identical or very similar indicators 
selected in the ISABELA project. However, there are some specific indicators for which there 
is no counterpart in the ISABELA project. This difference is the result of different objectives 
of the two sets of indicators. While the primary purpose of the indicators in the CEN 
document is to enable road sustainability assessment at the project level, the goal of the 
indicators used in the ISABELA project is to include social aspects into road network asset 
management. 

For 7 out of 14 indicators related to environmental impact there are identical or almost 
identical indicators used in ISABELA.  

Two indicators, SPI 3 - Materials or components to be reused or recycled, and exported 
energy and SPI 5 – Waste, deal with the potential of materials used for the project to be 
recycled and waste generated and do not have direct equivalents in ISABELA. Both of them 
are primarily related to new road construction projects. The Material Resource Efficiency 
Indicator (MREI), used in ISABELA (EN-NR02) indirectly accounts for the waste generated.  

Additionally, five indicators in the CEN document are very specific, like SPI 8 - Depletion 
potential of the stratospheric ozone layer (ODP), SPI 11 - Abiotic depletion potential for non-
fossil resources (ADP-elements) and SPI 12 - Abiotic depletion potential for fossil resources 
(ADP-fossil fuels), as well as SPI13 – Human Toxicity Potential (HTP) and SPI 14 –
Ecotoxicity potential (ETP), and can hardly be applied in the context of road network 
maintenance decision making. 

The only indicator included in the economy pillar is the SPI 15 - Whole Life Cost. However, 
life-cycle costs are the result of the analysis, and therefore this indicator is already indirectly 
included in the road asset management process. 

The set of indicators in the social pillar in the CEN document includes indicators related to 
comfort, safety, sources (climate change), noise, resilience and congestion. Most of these 
areas are covered with indicators in ISABELA.  
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Table 6-1. Comparison of CEN and ISABELA indicators 

CEN document „Indicators for 
the sustainability assessment of 

roads“ 
ISABELA 

Note 
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SPI Indicator 
Indicator 

code 
Indicator name 

E
n
v
ir

o
n
m

e
n
ta

l 

P
a
ra

m
e
te

rs
 

1 

Primary 
materials 
consumption 

EN-NR02 Material Resource 
Efficiency Indicator 
(MREI),  
Consumption of 
non-renewable raw 
materials and 
recycling waste in 
construction, 
Percentage of 
recycled material 

The SPI1 indicator is related to total 
material consumption for each 
project component, including water.  

This is the outcome of project 
design. The use of new materials 
is included in the MREI. 

2 

Secondary 
materials used 

EN-NR02 Material Resource 
Efficiency Indicator 
(MREI),  
Consumption of 
non-renewable raw 
materials and 
recycling waste in 
construction, 
Percentage of 
recycled material 

The SPI2 includes a quantification of 
material recovered from previous 
use or from waste, which substitutes 
primary material. It can be 
expressed as a mass unit (t) or a 
percentage of recycled materials 
related to the total mateerial 
consumption.  

The ISABELA indicator MREI best 
matches the percentage of 
recycled materials. 

3 

Materials or 
components to 
be reused or 
recycled and 
exported 
energy 

  The SPI3 includes a quantification of 
all materials used in the project that 
have the potential to be recycled or 
reused instead of being disposed of. 
It also includes exported energy.  

There is no equivalent indicator in 
ISABELA. Except in case of use 
of some special materials, all 
materials used for road 
maintenance are fully recyclable. 

4 

Energy use EN-NR01 Energy 
consumption 

The indicator includes a 
quantification of the energy used, 
expresed in MJ. 

The ISABELA indicator is 
equivalent. 

5 

Waste   The indicator includes a 
quantificaton of waste generated. 

There is no equivalent indicator in 
ISABELA. The waste generated is 
indirectly accounted for by the 
MREI indicator. 

6 

Global 
warming 
potential 
(GWP) 

EN-GE-
02 

CO2-equivalent 
emissions and 
Embodied carbon 
reduction for road 
construction and 
maintenance 
activities. 

The GWP is equivalent of GHG 
accumulation. 

The ISABELA indicator is 
equivalent. 

 

7 Formation EN-GE- CO2 emission rate / The indicator is related to the 
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CEN document „Indicators for 
the sustainability assessment of 

roads“ 
ISABELA 

Note 

S
u

s
ta

in
a
b

il
it

y
 

p
il
la

r C
a
te

g
o

ry
 

SPI Indicator 
Indicator 

code 
Indicator name 

potential of 
tropospheric 
ozone (POCP) 

01 Emissions of ozone 
precursors 

(resulting from 
traffic) 

formation of reactive substances 
(mainly ozone) which are injurious to 
human health and ecosystems, and 
which may also damage crops. The 
foration occurs when nitrogen oxides 
(NOx), carbon monoxide (CO) and 
volatile organic compounds (VOCs), 
react in the atmosphere in the 
presence of sunlight. NOx, CO, and 
VOCs are called ozone precursors. 
„The indicator is the most widely 
used value in Europe for describing 
this phenomenon“.  

The ISABELA indicator ( Emission 
of ozone precursors)  is 
equivalent to the one proposed by 
CEN. However, it is related to 
traffic emissions only, and for 
now it is used only in Slovenia in 
asset management, based on our 
interviews. The CEN indicator is 
related to road works. 

Im
p
a
c
t 
c
a
te

g
o
ri

e
s
 

8 

Depletion 
potential of the 
stratospheric 
ozone layer 
(ODP) 

  Ozone depletion is the potential of a 
substance to destroy ozone layer in 
the atmosphere.  

There is no equivalent indicator in 
ISABELA. The indicator is 
complementary to GWP and CO2 
emissions, but does not include 
the same effects. 

9 

Acidification 
potential of soil 
and water (AP) 

EN-
SW02/c 

Emissions of 
pollutants with 
acidification 
potential 

The accidifying pollutants SOx, NOx 
and NHx cause a wide variety of 
impacts on soil, groundwater, 
surface waters, biological 
organisms, ecosuystems and 
materials. The indicator is expressed 
in kg SO2-equivalent. 

The ISABELA indicator matches 
the CEN indicator well. The issue 
is that it seems based on 
interviews, that data are not 
available and that not many 
agencies are using this indicator. 
In addition, it is questionable if 
there is a model to monetize this 
effect. 

10 

Eutrophication 
potential (EP) 

EN-
SW03 

Concentation of 
pollutants (in water 
and soil) 

Eutrophication (also a form of 
nitrification) includes all impacts due 
to excesive level of macro-nutrients 
(nitrogen and phosphorus) in the 
environment caused by emissions of 
nutrients to air, water and soil.  

Eutrophication was only 
mentioned by Bast – Germany, 
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CEN document „Indicators for 
the sustainability assessment of 

roads“ 
ISABELA 

Note 

S
u

s
ta

in
a
b

il
it

y
 

p
il
la

r C
a
te

g
o

ry
 

SPI Indicator 
Indicator 

code 
Indicator name 

that they would like to use it. No 
other road administration 
identified this indicator. It can be 
to some extent used through EN-
SW03. 

11 

Abiotic 
depletion 
potential for 
non-fossil 
resources 
(ADP-
elements) 

  The indicator is related to the 
extraction of non-renewable 
resources such as minerals and 
metals due to input in the system.  

To some extent it is covered by 
the EN-NR01 ISABELA indicator 
related to the use of material 
resources. 

12 

Abiotic 
depletion 
potential for 
fossil 
resources 
(ADP-fossil 
fuels) 

  The indicator is related to the 
extraction of energy resources.  

There is no equivalent indicator in 
ISABELA. The indicator EN-NR01 
– Energy consumption can 
probably be related to some 
extent. 

13 

Human 
Toxicity 
Potential 
(HTP) 

  The indicator concerns the effect of 
toxic substances on the human 
environment. Expressed in kg of 1.4-
DCB (Dichlorbenzene) eq. It is 
divided between “cancer effects” 
and “non-cancer effects”. 

There is no equivalent indicator in 
ISABELA. 

14 

Ecotoxicity 
potential (ETP) 

  The indicator refers to the impact on 
ecosystems, as a result of emissions 
of toxic substances to air, water and 
soil. Correlated with toxic effects of 
substances causing direct and 
indirect dissapearance of animal and 
vegetable species of an ecosystem. 
Has three aspects: freshwater 
aquatic ecotoxicity, marine 
ecotoxicity, terrestrial ecotoxicity.  
Expressed in kg of 1.4-DCB 
(Dichlorbenzene) eq. The model 
includes effects on soft water, soft 
water sediments, marine sediments, 
the terrestrial environment, and 
human beings. 

There is no equivalent indicator in 
ISABELA. 
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CEN document „Indicators for 
the sustainability assessment of 

roads“ 
ISABELA 

Note 

S
u

s
ta

in
a
b

il
it

y
 

p
il
la

r C
a
te

g
o

ry
 

SPI Indicator 
Indicator 

code 
Indicator name 

E
c
o

n
o
m

ic
 

C
o
s
t 

15 

Whole Life 
Cost 

  This indicator includes initial costs 
(covering, design, construction, and 
start-up) maintenance and “„end of 
life”“ costs and residual value. It 
includes labour, material, and other 
related costs. 

This indicator is included in the 
modelling in ISABELA, but not as 
an indicator, rather as the 
outcome of the analysis. 

S
o
c
ia

l 

C
o
m

fo
rt

 

16 

Comfort index  AD-
CD02 

Comfort Index The Confort index is taken from 
COST 354, and includes road 
pavement condition (IRI, rutting, 
texture, surface defects, cracking). 

The ISABELA Comfort Index is 
included as a part of the AVAILA-
BILITY AND DISTURBANCE 
category. 

S
a
fe

ty
 

17 

Safety audits 
and safety 
inspections 

RS-A01 

 

RS-A02 

RS-A03 

 

RS-A04 

 

RS-OS1 

Accidents by impact 

Accidents by users 

Accidents – site 
specific 

Accidents – Black 
spots 

EuroRAP score 

The Indicator is qualitative and 
refers to the European directive 
2008/96/EC on road infrastructure 
safety management that established 
procedures for road safety impact 
assessment (RSIA), road safety 
audit (RSA) and road safety 
inspections (RSI). 

The safety issue is covered by 
different indicators in the “Safety” 
category in ISABELA, including 
Accidents and Overall safety.  

S
o
u
rc

e
s
 

18 

Adaptation to 
climate 
change 

  The indicator is related to the impact 
that climate change, including sea 
level rise, increased risk of draught, 
increased risk of flooding, higher 
temperatures and increased 
frequency and intensity of storms, 
have on the resilience of road 
infrastructure. The particular 
indicator represents the sum of the 
road project budget allocated to 
mitigation of any of the above effects 
against the total budget, calculated 
as a percentage. 

There is no equivalent indicator in 
ISABELA. The CEN indicator is 
related to the project level, but 
can be extended to the network 
level. 
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CEN document „Indicators for 
the sustainability assessment of 

roads“ 
ISABELA 

Note 

S
u

s
ta

in
a
b

il
it

y
 

p
il
la

r C
a
te

g
o

ry
 

SPI Indicator 
Indicator 

code 
Indicator name 

N
o
is

e
 

19 

Tyre-
pavement 
noise 

EN-N01 

EN-N02 

EN-N03 

Noise map 

Traffic noise 
exposure 

Noise annoyance 

The SPI 19 indicator is described as 
the reduction of the tyre-pavement 
noise level in dB compared with the 
reference pavement. It is mostly 
based to measurements of tyre – 
pavement noise. 

The ISABELA indicators are more 
appropriate for network level 
asset management. 

The ISABELA indicator is 
classified under the 
ENVIRONMENT category, while 
the CEN indicator is classified 
under the SOCIAL pilar. 

R
e
s
ili

e
n
c
e
 

20 
Responsible 
sourcing 

  The SPI 20 indicator is related to 
voluntary commitment of 
organizations to take into account 
social and environmental 
considerations in relation with 
suppliers to ensure long-term 
sustainability.  

There is no equivalent indicator in 
ISABELA. Any road agency that 
would include social and 
environmental indicators in their 
asset management practice would 
to some extent respond to this 
requirement.  

C
o

n
g

e
s
ti
o
n

 

21 

Traffic 
congestion 
due to 
maintenance 
activities 

AD-
CG01 

No of congestion, 
Congestion time, 
Congestion length 

The SPI 21 indicator defines traffic 
congestion due to maintenance 
activities, expressed as the 
reduction of the availability of the 
road. It is stated that “the User can 
select the calculation method for this 
indicator”. This SPI can be 
expressed in vehicle lost hours over 
the Reference service life assessed. 
This is the amount of time lost by 
road users in traffic caused by 
maintenance activities. 

The ISABELA indicator can match 
SPI 21. The ISABELA indicator is 
classified under the 
AVAILABILITY AND 
DISTURBANCE category, while 
the CEN indicator is classified 
under the SOCIAL pilar. 

 

The comfort related indicator SPI 16 - Comfort index, is taken from COST 354, and an 
identical indicator is included in the ISABELA project. The safety related indicator, SPI 17 - 
Safety audits and safety inspections, is qualitative and specifies whether the safety audit and 
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safety inspections according to European guidelines are performed on a road section or not. 
The indicator related to the impact of climate change on the road infrastructure, SPI 18 - 
Adaptation to climate change, is equal to the proportion of the maintenance budget on some 
project spent on mitigation measures for climate change. It can be extended to the network 
level, but the question is if data are available. The SPI 19 - Tyre pavement noise is based on 
two standardized methods for the measurement of tire–pavement noise, and does not 
include the impact on people living along the road. The ISABELA indicators related to noise 
are more appropriate for the network level asset management analysis. The SPI 20 – 
Responsible sourcing indicator is related to the voluntary commitment of an organization to 
take into account social and environmental considerations in relation to suppliers to ensure 
long-term sustainability of the projects in which it is involved. There is no equivalent indicator 
in ISABELA. However, any road agency that would include social and environmental 
indicators in their asset management practice would to some extent respond to this 
requirement. Finally, the congestion related indicator SPI 21 - Traffic congestion due to 
maintenance activities is matched with the AD-CG01 indicator in ISABELA. 

In summary, most of the indicators included in the CEN Workshop Agreement have been 
covered by selected indicators in the ISABELA project, presented in Chapter 5, meaning that 
there are identical, almost identical or very similar indicators selected in the ISABELA project. 
However, there are some specific indicators for which there is no counterpart in the ISABELA 
project. This difference is the result of different objectives of the two sets of indicators. While 
the primary purpose of the indicators in the CEN document is to enable road sustainability 
assessment at project level, the goal of the indicators used in ISABELA is to include social 
aspects in the road network asset management. Therefore, indicators that are not covered 
are not of interest/influence in relation to the targets of the ISABELA project, and no change 
in the selected set of indicators is necessary. 
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Annex 1 – Detailed assessment of indicators 

A1.1 Availability and disturbance 

ISABELA Area: 

Availability and disturbance / Accessibility 

Assessment ID 

AD-A01 

Indicator Name: Road density / Road km per area/road km per people 

Description: 
Ratio of the length of the country's total road network to the country's land 

area. 

Technical 

Parameters 

Road network length Units: L/area 

 

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

Road availability (Road length per population, No of people within X km 

of the road) 

Measurement/ 

monitoring 

methods:  

Based on statistical data   

Sources: 

R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 

Indicators for Roads: Canadian and International Practice, 2009 Annual 

Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users, road authorities, society  

General or 

asset specific 

applicability 

General applicability on the road network 

 

Level of 

applicability 

and use 

Network, eventually regional level 

Spread of use:  

Already in use 3 road administrations (Portugal, Serbia, Sweden) 

Interested to use  

Data:  

Requirement Road network length, area, population 

Availability: Data should be available from national/regional statistics 

Reliability: Based on statistical data  
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ISABELA Area: 

Availability and disturbance / Accessibility 

Assessment ID 

AD-A02 

Indicator Name: 

Road availability 

No. of people within X km of surfaced road 

Importance of road connection 

Possibility of using alternatives 

Description: 

Road availability: Ratio of the length of the country's total road network to 

the country's total population. 

No. of people within X km of surfaced road: Ratio of the population within 

X km of surfaced road to the country's total population. 

Technical 

Parameters 

Road network length/Section length 

Population living in the vicinity of section 

Units: L/No.pop. 

No.popX km 

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

Road density 

Measurement/ 

monitoring 

methods:  

Based on statistical data   

Sources: 

R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 

Indicators for Roads: Canadian and International Practice, 2009 Annual 

Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users, road authorities, society  

General or 

asset specific 

applicability 

General applicability on the road network (Road network 

length/population) or on the road section (No. of people living within X 

km, importance of road connection, possibility of using alternatives) 

Level of 

applicability 

and use 

Road per No. population: Network, eventually regional level 

Number of people living within X km of the road. p 

Spread of use:  

Already in use 

Road availability: 4 RA (Germany, The Netherlands, FEDRO and DOT 

Zurich – Switzerland). Notes: Germany: In some PPP projects, FEDRO: 

% of scheduled length of finished maintenance intervention in the 

network, DOT Zurich: At the moment qualitative assessment, decision 

making based on experiences 

Population living within  X km of road: Portugal (1 km) TYROL, Austria: 

Accessibility to the state road network, Number of people living 500 m 

from the road 

The Netherlands: Importance of road connection, possibility of using 

alternatives 
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ISABELA Area: 

Availability and disturbance / Accessibility 

Assessment ID 

AD-A02 

Interested to use Sweden for secondary roads 

Data:  

Requirement 

Road network length, area, population 

For importance and using of alternatives: qualitative assessment, 

probably not readily available, except in Netherlands 

Availability: Data should be available from national/regional statistics 

Reliability: Based on statistical data  
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 01 

Indicator Name: Pavement condition index 

Description: 
This indicator provides a rating, on a commonly accepted scale, of the 
condition of the pavement. 

Technical 

Parameters 

The indexes are usually calculated as a combination of 
several technical parameters: 

• Structural distresses (fatigue cracks, potholes, 
transverse deformations...) 

• Bearing capacity (deflection, radius of curvature…) 

• Longitudinal unevenness (IRI or WLB) 

Units: No unit 

Indirect 

indicators and 

relations 

1. The Pavement Condition Index can be related with the Structural 
Number (SN) or with the Structural Condition Index (SCI) used in 
some PMS. 

2. On some networks, the pavement condition is assessed through the 
roughness (IRI), which is also used to assess the Comfort Index. The 
higher the IRI, the poorer the pavement condition. 

3. On some networks, the Pavement Condition Index may alter the 
travel time (when PCI is very low). 

Related/derived 

indicators: 

Pavement Condition Index can be used to assess the pavement residual 
life span, using pavement performance models 

Measurement/ 

monitoring 

methods:  

• Visual inspection or automated images collecting and processing for 
structural distresses 

• FWD or (High Speed) Deflectograph for bearing capacity 

• Profile measurement devices (Bump, APL, dipstick…) for unevenness 

Sources: 

• Gaspar, L., and D. Rosa (1994). Condition, Safety, and Asset Value 
Monitoring in Hungary, Transportation Research Board Conference 
Proceedings, Vol. 1, No. 1. 

• Jameson, G., Shackleton, M. (2009). Austroads Guide to Pavement 
Technology Part 5: Pavement Evaluation and Treatment Design. 
Austroads. 

• Litzka, J., Antunes, M.L., Brittain, S., Kokot, D., Mladenovic, G., La 
Torre, F., Leben, B., Viner, H., Weninger-Vycudil, A. (2008). The Way 
Forward for Pavement Performance Indicators Across Europe, COST 
Action 354 Performance Indicators for Road Pavements Final Report. 
FSV – Austrian Transportation Research Association, Vienna, 
Austria. 

• PAV-ECO (1999). Pavement and Structure Management System, 
Economic Evaluation of Pavement Maintenance, chapter 7. PAV-
ECO Consortium. 

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

PCI interests Road Agencies first. It mainly helps these stakeholders to 
monitor the condition of their pavements and assess the performance of 
their maintenance policy. PCI may also interest the Road Owners which 
can use it to assess the performance of the Road Agency (relation 
between the allocated budget and the variation on PCI). 

General or 

asset specific 

applicability 

Applicable to the pavement of any road section, any road network. 
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 01 

Level of 

applicability 

and use 

PCI is used at the network level to 1) allocate budget between different 
districts, 2) prioritize the maintenance works, 3) monitor the evolution of 
the overall pavement condition, 4) evaluate the performance of 
maintenance policy.  

Spread of use:  

Already in use 
• According to the interviews: 7 Road Operators, among which France, 

Ireland, Netherland, Slovenia, Switzerland. 

• Toll motorway companies in France, Austria, Slovenia.  
Interested to use  

Data:  

Requirement 

Any data reporting structural pavement condition. It may be: 

• Deflection 

• Transverse unevenness (rutting, depressions…) 

• Longitudinal unevenness (IRI…) 

• Structural distresses (fatigue cracks, potholes…) 

• Wearing course distresses (ravelling, bleeding, alligator cracking…) 
or a combination of these indicators. 

Availability: 

• Data such as transverse deformation, structural and wearing course 
distresses are commonly available since almost all Road Operators 
are using a PCI. Furthermore, these data are useful if not required for 
maintenance programming. 

• Some Road Operators prefer to use the longitudinal unevenness 
(IRI). 

• Deflection is not commonly available since it is expensive. It is mostly 
use to prepare structural maintenance works on relevant sections. 
This may change if the cost of deflection measurement decreases, 
thanks to the use of high speed deflectographs.  

Reliability: 

The measurement of technical parameters (longitudinal and transverse 
profiles, deflection…) can be performed according to standards, either 
national, European, international. These data can be considered as 
objective and reliable if they are obtained in such conditions. 

Distresses collected by visual surveys are more uncertain. There is no 
standard to govern visual inspection. Especially, assessing the severity of 
a distress is subjected to human appreciation.  
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 02 

Indicator Name: Comfort index 

Description: 

This indicator mainly reflects the ability of the pavement to provide the 
users with a comfortable journey, avoiding shocks, vibrations, random 
accelerations and jerks. 
The comfort index can also reflect the quality of the guiding signs and of 
the lights, both contributing to the comfort by avoiding user’s stresses. 

Technical 

Parameters 

This index is derived either from a longitudinal 
profile characterization (IRI) or a longitudinal profile 
measurement (pseudo profile) and processing (e. g. 
ratings in short, medium and long wave length). 

Units: No unit 

Indirect 

indicators and 

relations 

Road comfort can be assessed from user’s interviews which deliver 
ratings on a subjective scale. The relation between the user’s perception 
and the Comfort Index depends on this one. 

Related/derived 

indicators: 

Some technical parameters collected by visual inspection (potholes, 
deformations, signs and lights quality) can be used for a rough estimate 
of the comfort index. 

Measurement/ 

monitoring 

methods:  

Longitudinal profiles are measured with different devices (bump 
integrator, APL, dipstick…). Different official guidelines and/or standards 
are regulating this type of measurements, at national, European and 
international levels. Quality of signs and lights are assessed by visual 
inspection but no standard is applicable. 

Sources: 
PIARC (2012). PIARC Technical Committee D.1 - Management of road 
infrastructure assets: High level management indicators. PIARC/WRA. 
Paris, France.  

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

Comfort concerns, at first, the users. Indirectly, it concerns the road 
operators since it provides an evaluation of the performance of the road 
to satisfy the user’s expectation. 

General or 

asset specific 

applicability 

Applicable to the pavements, bridges and tunnels of any road section, 
any road network. 

Level of 

applicability 

and use 

Comfort Index is used at the network level to 1) monitor the evolution of 
the overall performance of the network, 2) identify the sections which are 
below specifications, 3) rarely to trigger works. 

Spread of use:  

Already in use Mentioned by ASFINAG and Amt der Tiroler Lendesregierung in Austria. 

Interested to use  

Data:  
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 02 

Requirement 

Basically, the data required to calculate the indicator is related with the 
longitudinal profile. It may be: 

• a record of potholes, depressions, other deformations, obtained by 
visual inspection;  

• a characteristic of this profile (IRI) measured by bump integrator; 

• a measurement of the profile (often called pseudo-profile) measured 
by profilometers 

Other information which contributes to comfort are usually the guiding 
signs and the lights quality.  

Availability: 

Profile characteristics (IRI) or measures (pseudo profile) are often (but 
not always) available at the network level. When IRI is available, it is 
mainly used for structural pavement assessment, but can also be 
considered as a Comfort Index.  

Reliability: 
Profile measurements proved to be reliable, provided they are performed 
with calibrated devices and according standardized procedures. 
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 03 

Indicator Name: Safety index 

Description: 

This indicator mainly reflects the ability of the pavement to provide the 
users with a safe journey, minimizing the risk of accident under a normal 
driver behaviour. The Safety Index mainly reflect the quality of the 
wearing course surface (high skid resistance, no rutting, no severe 
deformations) and the quality of paintings. On specific sections of the 
network (tunnels), safety is also depending on the road equipment. 

Technical 

Parameters 

This index is primarily derived from the skid 
resistance. This parameter is sometimes interpreted 
in connection with the road geometry (curves, 
crossroad…). Rut depth and/or deformations are 
also considered when they can generate 
aquaplaning phenomena. Painting retro-reflection is 
also a parameter which governs the user safety 
during rainy nights. Efficiency of lighting and 
information system is also important for safety in 
tunnels. 

Units: No unit 

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

Road safety is related to all other safety indexes: statistics of fatal 
accidents, accidents with injured people, etc. The higher the road safety, 
the lower these statistics. 

Measurement/ 

monitoring 

methods:  

Skid resistance or pavement friction are measured with different devices 
(SCRIM, Adhera, Grip Tester…). Longitudinal and transverse 
deformations are measured by profilometers (see Comfort Index). 
Paintings retro-reflection is also measured by specialized devices. 

Different official guidelines and/or standards are regulating this type of 
measurements, at national, European and international levels. 

Sources: 

• European Conference of Ministers of Transport (ECMT, 2000). Safety 
in Road Traffic for Vulnerable Users, Technical Report. 

• SafetyNet (2005). Report on Road Safety Performance Indicators, 
Technical Report. 

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

Safety concerns, at first, the users. It also directly concerns the insurance 
companies (Society), which pay for accidents. Indirectly, it concerns the 
road operators since it provides an evaluation of the performance of the 
road to satisfy the user’s expectation. Road owners are sensitive to 
safety since it vehicles the “image” of their networks. 

General or 

asset specific 

applicability 

Applicable everywhere on the road networks. 

Level of 

applicability 

and use 

Safety Index is used at section level as well as at network level to 1) 
trigger urgent maintenance on sections which are close or below 
specifications, 2) prioritize maintenance works, 3) monitor the evolution of 
the overall performance of the network. 

Spread of use:  
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 03 

Already in use 
In the interviews, mentioned by 4 organizations, among which two 
mention a Friction Index, in fact. Probably, almost all road operators are 
using a Safety Index.   

Interested to use  

Data:  

Requirement 

1. Skid resistance 
2. Road geometry (curves, crossroad…).  
3. Rut depth and/or deformations 
4. Painting retro-reflection 

5. Efficiency of lighting and information system in tunnels. 

Availability: 

1. Skid resistance (Transverses Friction Coefficient) is often available on 
major road, generally measured by SCRIM or similar devices. 

2. Road geometry can easily be assessed by specific devices but, until 
now, is not largely recorded in data bases. 

3. Rut depth and deformation are currently measured by profilometers 
on road networks and largely available in road data bases. 

4. Marks retro-reflection is measured by specific devices (e.g. Ecodyn in 
France), but generally used at section or route levels rather than 
network level. It is rarely available in road data bases. 

5. Efficiency of lightening and information panels are now continuously 
monitored in tunnels (according to safety regulation at national and 
European levels), almost never on other road sections. 

Reliability: 

1. Skid resistance measurements are more and more often performed 
with SCRIM or similar devices, and according to guidelines (PIARC?) 
and/or National or European standards. 

2. Road Geometry (curvature, long. slope) measured by GPS still lack of 
reliability; When GPS is associated with inertial sensors, reliability can 
be reliable enough to estimate a Safety Index. Crossroad 
characteristics can be acquired by visual inspection. 

3. Rut depth measured by transverse profilometers based on laser 
technology is reliable enough to estimate the potential water 
thickness in ruts, and therefore the risk of aquaplaning. 

4. Retro-reflection measured by optical sensors is reliable provided it is 
done in specified condition and according to an accepted procedure.  

5. Due to the emphasis put on this aspect of safety, monitoring of 
lightening and panels in tunnels is strictly controlled and very reliable. 
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 04 

Indicator Name: Bearing capacity 

Description: 

The bearing capacity of a pavement reflects its ability to support traffic 
loads applied by trucks axles. It is often quantified by the deflection under 
a standard axle, which is the vertical maximum amplitude of the 
depression (deflection basin) formed under the wheels. 

Technical 

Parameters 

The technical parameter is the maximum (M), 
average (m) or characteristic (m+2sd) deflection. 
In some countries, the cross section of the 
deflection basin is also considered, whereas 
some others are using the radius of curvature of 
the deflection curve.  

Units: Micron or 
hundredth of 
millimetres 

Indirect 

indicators and 

relations 

The bearing capacity, as characterized by the deflection, is directly 
related to the thickness and the E-modulus of the different layer of the 
pavement. The higher the thickness and the modulus are, the smaller the 
deflection is. And the smaller the deflection is, the longer the pavement 
life is. 

Related/derived 

indicators: 

Usually, the deflection, or the deflection basin, is used, in combination 
with the layer’s thickness, to estimate the modulus of these layers by 
retro calculations. At network level, it provides an approach of the 
structural damages. At section level, this approach is used to build a 
model adjusted on the characteristics of the real pavement, which can 
then be used to design the structural maintenance solution. 
The bearing capacity may be a component of the Pavement Condition 
Index. 

Measurement/ 

monitoring 

methods:  

Bearing capacity is measured either by a rolling Deflectograph, or by a 
static (motionless) FWD. Another device, the Curviameter, is a special 
type of Deflectograph. 

Sources: 
 
 

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

Bearing Capacity only interests Road Agencies and their experts. It 
mainly helps these stakeholders to design the structural maintenance 
works, where they are required. It can contribute to the Pavement 
Condition Index, with some reservations.  

General or 

asset specific 

applicability 

Applicable to flexible pavements and, with a specific procedure, to semi-
rigid (cement treated) pavements. 

Level of 

applicability 

and use 

Mainly applicable at section level, to build an adjusted pavement model 
which will then be available to design the overlay.  
The systematic use of deflection to monitor pavement structural condition 
at network level, which was largely accepted in the 70’s and 80’s, has 
been less in favour since the 90’s. 

Spread of use:  

Already in use 
Almost all NRAs are using this indicator, but most of them are using it at 
section level. Only one DRA (Slovenia) mentions it as an Index.   

Interested to use 
Different agencies (UK, DN…) are considering using it again at network 
level, taking benefit from the new high speed measurement technology. 
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 04 

Data:  

Requirement The indicator is based on the measurement of the deflection by either 
Deflectographs or FWD. 

Availability: 

Depending on NRA, it may be available: 

• On some sections (but recorded in the data base) 

• On the whole network 
Note that the deflection doesn’t vary so quickly, which mean that when it 
was measured on a section, whatever was the purpose, it remains 
available during a significant period (until severe failure of the road 
structure or until next structural works).  

Reliability: 

Deflection measurements are performed by either Deflectographs or 
FWD, and according to national guidelines or standards. As long as these 
regulations are correctly applied, the result is reliable.  
However, to take a real benefit from the deflections, one must measure at 
the same time the temperature of the pavement (at least the surface 
temperature) and know the thickness and nature of the layers. This 
information may be less reliable.  
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 05 

Indicator Name: Engineering Structure Condition Index (ESCI) 

Description: 
This indicator provides a rating, on a commonly accepted scale, of the 
condition of the bridge (or any type of engineering structure).  

Technical 

Parameters 

To calculate this index, the structure is split in 
different components: 

• Deck, piles, abutments, foundations 

• Retaining walls 

• Hydraulic nozzle, culvert... 
Each component is inspected and rated. The index 
is a combination of these individual ratings.  

Units: No unit 

Indirect 

indicators and 

relations 

The longitudinal profile of the road on the structure may be affected by 
the condition of this structure. For instance, settlements of piles or 
abutments, which result in road profile variations, may reflect problems in 
foundations. The deflection of a deck under a given loading may betray a 
structural defect.  

Related/derived 

indicators: 

ESCI is related to the “Bridge Health Index” as used by some NRAs. The 
“Deficiency ranking” is also in relation with the ESCI. 

Measurement/ 

monitoring 

methods:  

The inspection of engineering structure is always done visually by 
qualified inspectors, according some guideline. There are different levels 
of inspection, e.g. periodic inspections, depth reviews, exceptional 
examination. Routine inspections are performed at network level, and the 
resulting data are stored in data base.   

Sources: 

• Federal Highway Administration Report (FHWA, 1995). "Coding 
Guide for the Structure Inventory and Appraisal of the Nation's 
Bridges", Federal Highway Administration Report FHWA-PD-96-001. 

• Johnson, M. B., and R. W. Shepard (1999). California Bridge Health 
Index. 8th International Bridge Management Conference, TRB, 
National Research Council, Washington, DC. 

• New York State Department of Transportation (NYSDOT, 2003). 
Hydraulic Vulnerability Manual, Technical Guide. 

• Richardson, James, et al (2009). Bridge Health Monitoring Metrics: 
Updating the Bridge Deficiency Algorithm, No. ALDOT 930-661. 

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

Road owners and road operators are directly concern by the condition of 
their structures. Most NRAs systematically perform periodic inspections 
on their bridges since it’s a safety issue. Furthermore, these structures 
represent a very significant part of the asset. Other engineering 
structures are or aren’t subjected to periodic surveys, depending on the 
road operator. 

General or 

asset specific 

applicability 

Basically, Engineering Structure Condition Index is applicable on all 
bridges. Specific indexes can be calculated for other engineering 
structure, such as retaining walls, nozzles… Tunnels are considered as 
special engineering structure in which the proper operation of 
electromechanical systems is as important as the structure condition 
itself.  

Level of 

applicability 

and use 

The index, as it results from periodic inspections, is used at the network 
level, to 1) assess and monitor the condition of the set of engineering 
structures, 2) trigger the maintenance interventions and 3) prioritize the 
maintenance and repair works. 
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 05 

Spread of use:  

Already in use 

In the interviews, the use of structure condition index is explicitly 
mentioned in 10 answers, among which: 

• The “Amt der Tiroler Lendesregierung”, Austria 

• The French Road Administration 

• Transport Infrastructure Ireland, Ireland 

• The DOT Canton Zurich & FEDRO, Switzerland 
ASFINAG, Austria, mentions “Key-object definition for structures” as a 
function of traffic, size of object, condition of object, available alternative 
routes. 
Condition of electro-mechanical equipment in tunnels is mentioned by 
Amt der Tiroler Lendesregierung, Austria 
 
It’s highly probable that other NRAs are using at least Bridge Condition 
Index. 

Interested to use  

Data:  

Requirement 

Data required to calculate Engineering Structure Condition Index are 
collected by visual inspection and concern: 

• Piles and abutments settlements and/or scouring 

• Walls partial collapse 

• Piles, abutments and deck cracks and/or peeling off 

• Bearings condition…  

Availability: 
As far as bridges are concerned, the data required to calculate the index 
should be available in most NRAs data base. Note that the “Structure 
Data Base” are often distinct from “Road Data Base”. 

Reliability: 

As for pavement, distresses collected by visual surveys are relatively 
uncertain. Reliability is depending on: 

• The existence of clear and precise guideline, completed by a 
catalogue of distresses; 

• The training that structure inspectors were submitted to; 

• The procedures applied to qualify these inspectors. 
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ISABELA Area: 

Availability and Disturbance / Condition 

Assessment ID 

AD-CD 06 

Indicator Name: Maintainability 

Description: 

The likelihood that a particular maintenance activity for an asset can be 

performed under given conditions within a set time when maintenance is 

performed under fixed terms and on the basis of established procedures 

and resources.  

Technical 

Parameters 

Maintainability is expressed in this time to make 

something again prevalent 

Units:  

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

 

Measurement/ 

monitoring 

methods:  

 

Sources:  

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

 

General or 

asset specific 

applicability 

 

Level of 

applicability 

and use 

 

Spread of use:  

Already in use Mentioned by the RWS (The Netherlands) 

Interested to use  

Data:  

Requirement  

Availability:  

Reliability:  
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ISABELA Area: 

Availability and disturbance / Congestion 

Assessment ID 

AD-CG01 

Indicator Name: 
No. of congestion 
Congestion time 
Congestion length 

Description: 

The indicator has different forms: 
Congestion time, Loss of time due to construction works, the length of 
construction sites, (Max. total length of congestion between A and B, No. 
of congestions due to works 

Technical 

Parameters 

Depending on indicator, as outlined under 
description 
 

Units: Min 
Min/km 
No. of 
sites 

Indirect 

indicators and 

relations 

Travel time, variability of travel time 

Related/derived 

indicators: 

Users satisfaction 

Measurement/ 

monitoring 

methods:  

Based on surveys and statistical data   

Sources: 
R. Haas, G. Felio, Z. Lounis, L. Cowe Falls. Measurable Performance 
Indicators for Roads: Canadian and International Practice, 2009 Annual 
Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users, society  

General or 

asset specific 

applicability 

General applicability on the road network (Road network 
length/population) or on the road section (No. of people living within X 
km, importance of road connection, possibility of using alternatives) 

Level of 

applicability 

and use 

Road section 
The data can be summarized at network level, for general statistics. 

Spread of use:  

Already in use 
6 RA are using some form of indicator related to congestion (ASFINAG-
Austria, Germany, The Netherlands, Slovenia, Sweden FEDRO – 
Switzerland).  

Interested to use 
6 RA are interested to use some of the indicators related to congestion: 
Ireland, Portugal, Serbia, DARS & DRSI Slovenia, and Sweden.  

Data:  

Requirement 
Number of congestion sites, Loss of time due to congestion, congestion 
length 

Availability: 
Some road administrations (DRSI Slovenia) indicated that data are 
available 

Reliability: Data should be obtained based on surveys. 

 



ISABELA Deliverable D2.1 “Definition of S-KPIs to be used in road asset management“ 75 

ISABELA Area: 

Availability and Disturbance / Restrictions to availability 

Assessment ID 

AD-RA01 

Indicator Name: Weather related road closures and restrictions 

Description: 
Road closures and/or restrictions to traffic movements due to weather 
conditions. 

Technical 
Parameters 

• Time. 

• Number of units (vehicles, roads). 

Units: Closures: 

• Weeks, days, or 
other time unit. 

• Number of 
closed roads 
due to weather 
conditions. 

Restrictions: 

• Number of 
vehicles 
detoured. 

• Number of 
roads with 
temporary 
restrictions due 
to weather 
conditions. 

Indirect 
indicators and 
relations 

• Loss of time, mean travel time and variability of travel can be 
affected by road closures and restrictions to traffic movements. All 
these indicators tend to increase if there are road closures and/or 
restrictions to traffic movements. 

• The same effect applies to the number of congestions, congestion 
time and congestion length. 

• Customer satisfaction index can decrease with the number and 
duration of road closures and restrictions to traffic movements. Also, 
the number of complaints to road administrations per kilometre of 
road network (Stakeholder satisfaction KPI – Ind. 1) tends to 
increase if the number and duration of road closures/restrictions 
increases. 

• The number of days of snow, ice free surface and/or severe wind is 
likely to increase the occurrence of road closures and/or restrictions 
to traffic movements. 

Related/derived 
indicators: 

N/A 

Measurement/ 
monitoring 
methods:  

• Road closures and restrictions are placed by road administrations. 
As a consequence, all the related information should be available in 
the reports of the road administration. 

• The number of vehicles detoured can be estimated by counting, 
video analysis, representative samples, questionnaires and/or traffic 
simulations. 

Sources: 

• Haas, R., et al. (2009). Measurable Performance Indicators for 
Roads: Canadian and International Practice, Annual Conference of 
the Transportation Association of Canada. 

• Brewer, K. A. (2007). AASHTO Maintenance Manual for Roadways 
and Bridges. AASHTO. 

• Bourne, J. S., Eng, C., Ullman, G. L., Gomez, D., Zimmerman, B., 
Scriba, T. A., and Stargell, R. (2010). Best practices in work zone 
assessment, data collection, and performance evaluation (No. 
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ISABELA Area: 

Availability and Disturbance / Restrictions to availability 

Assessment ID 

AD-RA01 

NCHRP Project 20-68A). 

ASSESSMENT 

Meeting 
stakeholder(s) & 
related needs 
and expectations 

• Users. Road availability. 

• Road authorities. Maximize infrastructure availability. 

General or asset 
specific 
applicability 

• General. 

Level of 
applicability and 
use 

• Network and project level. 

Spread of use:  

Already in use • 2 agencies (Slovenia, Sweden) 
Interested to use N/A 
Data:  

Requirement: 
• Reports on road closures and restrictions. 

• Traffic information. 

• Weather indicators. 

Availability: 
• Detailed data should be available since it is common data in asset 

management practice. 

Reliability: 

• Road administration reports on road closures and restrictions can be 
seen as reliable. 

• Traffic information and weather indicators can be considered 
reliable, even if estimated (estimation methods are well established). 
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ISABELA Area: 

Availability and Disturbance / Restrictions to availability 

Assessment ID 

AD-RA02 

Indicator Name: Infrastructure related road closures and restrictions 

Description: 
Road closures and/or restrictions to traffic movements due to 
infrastructure conditions. 

Technical 
Parameters 

• Time. 

• Number of units (vehicles, roads). 

Units: Closures: 

• Weeks, days, or 
other time unit. 

• Number of closed 
roads due to 
infrastructure 
conditions. 

Restrictions: 

• Number of load 
restricted roads. 

• Number of roads 
with temporary 
restrictions due to 
infrastructure 
condition. 

• Number of 
detoured vehicles. 

• Number of 
clearances. 

Indirect 
indicators and 
relations 

• Loss of time, mean travel time and variability of travel can be affected 
by road closures and restrictions to traffic movements. All these 
indicators tend to increase if there are road closures and/or 
restrictions to traffic movements. 

• The same effect applies to the number of congestions, congestion 
time and congestion length. 

• Customer satisfaction index can decrease with the number and 
duration of road closures and restrictions to traffic movements. Also, 
the number of complaints to road administrations per kilometre of 
road network (Stakeholder satisfaction KPI – Ind. 1) tends to increase 
if the number and duration of road closures/restrictions increases. 

• Indicators such as the safety index and accidents (by impacts, by 
user type or site specific) play a key role in the establishment of road 
closures and/or restrictions to traffic movements. Lower values of the 
safety index or a high number of accidents make the road more prone 
to closures and restrictions. 

• The structural condition of the road is also decisive in the 
establishment of road closures and restrictions. If the bearing capacity 
of the road or the pavement condition index is low, a higher number of 
restrictions and/or closures is expected. 

Related/derived 
indicators: 

N/A 
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ISABELA Area: 

Availability and Disturbance / Restrictions to availability 

Assessment ID 

AD-RA02 

Measurement/ 
monitoring 
methods:  

• Road closures and temporary restrictions are placed by road 
administrations. As a consequence, all the related information should 
be available in the reports of the road administration. 

• Parameters like the number of load restricted roads or the number of 
clearances should figure in the asset inventory. 

• The number of vehicles detoured can be estimated by counting, video 
analysis, representative samples, questionnaires and/or traffic 
simulations. 

Sources: 

• Haas, R., et al. (2009). Measurable Performance Indicators for 
Roads: Canadian and International Practice, Annual Conference of 
the Transportation Association of Canada. 

• Brewer, K. A. (2007). AASHTO Maintenance Manual for Roadways 
and Bridges. AASHTO. 

• Bourne, J. S., Eng, C., Ullman, G. L., Gomez, D., Zimmerman, B., 
Scriba, T. A., and Stargell, R. (2010). Best practices in work zone 
assessment, data collection, and performance evaluation (No. 
NCHRP Project 20-68A). 

ASSESSMENT 

Main 
stakeholder(s) 
& related needs 
and 
expectations 

• Users. Road availability. 

• Road authorities. Maximize infrastructure availability. 

General or 
asset specific 
applicability 

• General. 

Level of 
applicability 
and use 

• Network and project level. 

Spread of use:  

Already in use • 5 agencies (Germany, Netherlands, Slovenia, Serbia, Sweden) 
Interested to use N/A 
Data:  

Requirement 

• Reports on road closures and temporary restrictions. 

• Traffic information. 

• Asset inventory (number of load restricted roads, number of 
clearances). 

Availability 
• Detailed data should be available since it is common data in asset 

management practice. 

Reliability 

• Road administration reports on road closures and temporary 
restrictions can be seen as reliable. 

• Traffic information can be considered reliable, even if estimated 
(estimation methods are well established). 

• Asset inventory can be classified as reliable. 
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ISABELA Area: 

Availability and Disturbance / Restrictions to availability 

Assessment ID 

AD-RA03 

Indicator Name: Construction and/or maintenance related road closures and restrictions 

Description: 
Road closures and/or restrictions to traffic movements due to construction 
and/or maintenance works. 

Technical 
Parameters 

• Time. 

• Number of units (vehicles, roads). 

• Length. 

Units: Closures: 

• Weeks, days, or 
other time unit. 

• Number of closed 
roads due to 
construction/mainte
nance works. 

• Construction/mainte
nance site length 
(km or m). 

Restrictions: 

• Number of roads 
with restrictions due 
to construction 
and/or maintenance 
works. 

• Number of detoured 
vehicles. 

• Construction/mainte
nance site length 
(km or m). 

Indirect 
indicators and 
relations 

• Loss of time, mean travel time and variability of travel can be affected 
by road closures and restrictions to traffic movements. All these 
indicators tend to increase if there are road closures and/or restrictions 
to traffic movements. 

• The same effect applies to the number of congestions, congestion time 
and congestion length. 

• Customer satisfaction index can decrease with the number and duration 
of road closures and restrictions to traffic movements. Also, the number 
of complaints to road administrations per kilometre of road network 
(Stakeholder satisfaction KPI – Ind. 1) tends to increase if the number 
and duration of road closures/restrictions increases. 

• The condition of the road influences road closures and restrictions to 
traffic movements. Poor performance of indicators like the pavement 
condition index, comfort index, safety index and bearing capacity, 
increase the chances of road closures and restrictions. 

• A higher number of accidents (by impacts, by user type or site specific) 
can lead to a higher number of road closures and restrictions, as more 
construction/maintenance works can be necessary to correct the 
causes of the accidents. 

Related/derived 
indicators: 

N/A 

Measurement/ 
monitoring 
methods:  

• Road closures and restrictions are placed by road administrations. As a 
consequence, all the related information should be available in the 
reports of the road administration. 

• The number of vehicles detoured can be estimated by counting, video 
analysis, representative samples, questionnaires and/or traffic 
simulations. 
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ISABELA Area: 

Availability and Disturbance / Restrictions to availability 

Assessment ID 

AD-RA03 

Sources: 

• Haas, R., et al. (2009). Measurable Performance Indicators for Roads: 
Canadian and International Practice, Annual Conference of the 
Transportation Association of Canada. 

• Brewer, K. A. (2007). AASHTO Maintenance Manual for Roadways and 
Bridges. AASHTO. 

• Bourne, J. S., Eng, C., Ullman, G. L., Gomez, D., Zimmerman, B., 
Scriba, T. A., and Stargell, R. (2010). Best practices in work zone 
assessment, data collection, and performance evaluation (No. NCHRP 
Project 20-68A). 

ASSESSMENT 

Main 
stakeholder(s) 
& related needs 
and 
expectations 

• Users. Road availability. 

• Road authorities. Maximize infrastructure availability. 

General or 
asset specific 
applicability 

• General. 

Level of 
applicability 
and use 

• Network and project level. 

Spread of use:  
Already in use • 5 agencies (Austria, Netherlands, Slovenia, Sweden, Switzerland) 

Interested in use • 2 agencies (Ireland, Portugal) 
Data:  

Requirement 
• Reports on road closures and restrictions. 

• Traffic information. 

Availability: 
• Detailed data should be available since it is common data in asset 

management practice. 

Reliability: 

• Road administration reports on road closures and restrictions can be 
seen as reliable. 

• Traffic information can be considered reliable, even if estimated 
(estimation methods are well established). 
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ISABELA Area:  

Availability and Disturbance / Travel time 

Assessment ID 

AD-TT01 

Indicator Name: Loss of time 

Description: Loss of time due to delays 

Technical 

Parameters 

Time, time per km Units: min (hours),  
min (hours)/km 

Indirect 

indicators and 

relations 

Number of construction sites, Length of construction sites (delay due to 
construction) 
Average number of accidents (delays due to accidents) 
Ratio of AADT vs. max. capacity (delays due to traffic) 

Related/derived 

indicators: 

Variability of travel time 

Measurement/ 

monitoring 

methods:  

Probe vehicles (delays due to traffic) 
Estimation based on reduced speed and possible congestion (delays 
due to construction works and accidents).   

Sources: 

OECD/ITF. Improving reliability of surface transport networks (2009) 
Different variations of indicator are used in several road agencies: 
ASFINAG (Austria): Loss of time due to construction sites (max. 5 
minutes per 100km), Belgium: Loss of travel time (public transportation, 
in general), The Netherlands: Lost hours (passenger or goods) 

ASSESSMENT 

Main 

stakeholder(s)  & 

related needs and 

expectations 

Users: Travel time & reliability of travel time  

General or asset 

specific 

applicability 

General 

Level of 

applicability and 

use 

Both project & network levels. 
Total loss of time for different maintenance alternatives/strategies at 
project/network level can be monetarized and used for comparison. 

Spread of use:  

Already in use 3 agencies (ASFINAG-Austria, Belgium, the Netherlands) + Sweden 

Interested to use 
5 agencies (Ireland, Portugal, DARS and DRSI - Slovenia, and DOT 
Zurich-Switzerland) 

Data:  

Requirement Probe vehicle surveys or estimation based on traffic simulation 

Availability Limited 

Reliability Mostly based on estimate 
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ISABELA Area:  

Availability and Disturbance / Travel time 

Assessment ID 

AD-TT02 

Indicator Name: Mean travel time/Variability of travel time 

Description: 

Average value and Standard Deviation of travel times measured at 
different hours, on different days, on different weeks. The indicators aer 
related mostly to urban environment according to the PIARC report. 
Variability of travel time (VTT) is based on measurement of variability ot 
travel time on arterial roads to evaluate the impact of the arterial road 
system on the level of service to road users. 

Technical 

Parameters 

Time, time per km 
Percentage of variability 

Units: min (hours),  
min (hours)/km 
Percentage 
(VTT) 

Indirect 

indicators and 

relations 

Actual travel speed 
System reliability 
 

Related/derived 

indicators: 

Variability of travel time 

Measurement/ 

monitoring 

methods:  

Probe vehicles. Measured 15 times per year. 
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where: 
StDh – standard deviation of travel time on route h 
Th – mean travel time on route h 

Sources: 
PIARC, TC D1, « Indicateurs de Gestion de Haut Niveau – Rapport », 
Paris, 2011 

ASSESSMENT 

Main 

stakeholder(s)  & 

related needs and 

expectations 

Users: Travel time & reliability of travel time  

General or asset 

specific 

applicability 

General 

Level of 

applicability and 

use 

Both project & network levels. 
Total loss of time for different maintenance alternatives/strategies at 
project/network level can be monetarized and used for comparison. 

Spread of use:  

Already in use 2 agencies (Germany(Comment: BVWP, EWS, HBS) & Ireland) 

Interested to use 3 agencies (Portugal, DARS and DRSI – Slovenia) 

Data:  

Requirement Measurements using probe vehicle  

Availability Limited, but possible to collect at reasonable cost 

Reliability Reasonably reliable data 
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ISABELA Area: 

Availability and Disturbance / Users satisfaction 

Assessment ID 

AD-US01 

Indicator Name: 

Customers Satisfaction Index (CSI) 
Stakeholder satisfaction KPI – Ind. 1 – Number of complaints to NRA / 
km NRA road network 
Stakeholder satisfaction KPI – Ind. 2 – Number of responses to NRA / km 
NRA road network 
Number of uses (clicks, phone calls, app downloads) of available means 
for traffic information (website, traffic info centre, app) 

Description: Short description of the indicator. 

Technical 

Parameters 

Technical parameters which can be used to 
represent the selected indicator. 

Units:  

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

Road safety/Users perception 

Measurement/ 

monitoring 

methods:  

Based on surveys/questionnaires/responses through    

Sources: 

Customer Satisfaction Index (CSI): ASFINAG 
Stakeholder satisfaction KPIs: Strategic Benchmarking and Key 
Performance Indicators (SBAKPI) - Final Project Report, 2012. 
No. of user clicks: DARS - Slovenia 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users, road agencies  

General or 

asset specific 

applicability 

General applicability on the road network 

Level of 

applicability 

and use 

General network level.  

Spread of use:  

Already in use Some form of indicator is used by ASFINAG 

Interested to use What agencies are interested to use indicator (based on questionnaires) 

Data:  

Requirement Surveys of user satisfaction through different means 

Availability: 
Some data are available in the agencies performing surveys and already 
using the indicator.  

Reliability: 
If the indicator measuring/monitoring/forecasting is based on well-
established/standardized/recognized methods, or it is based on estimate. 
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A1.2 Road safety 

 

ISABELA Area: 

Road safety / Accidents / By Impact 

Assessment ID 

RS-A01 

Indicator Name: Accident victims 

Description: Number of injured and fatalities within a time frame 

Technical 

Parameters 

 Units: persons/year 

Indirect 

indicators and 

relations 

Accidents 

 

Related/derived 

indicators: 

Accident costs. Serious Casualty Crashes (Population). Safety KPI - 
People killed or seriously injured (KSI) in road traffic accidents. 

Measurement/ 

monitoring 

methods:  

Directly reported from site (police reports) 

Sources: 

F. Walter, F. Gubler and H. Sommer (2003) NISTRA: 
Nachhaltigkeitsindikatoren für Strasseninfrastrukturprojekte (Indicators of 
sustainability for road infrastructure projects) Federal Roads Office 
FEDRO, Bern, Switzerland 

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

Users, Society – no accidents, no accidents with fatalities/severe injuries 
Operator – lower the number of accidents with fatalities/severe injuries 
 

General or 

asset specific 

applicability 

General applicability on a network 

Level of 

applicability 

and use 

Used to assess overall safety of a network in a country and evaluate 
accident costs 

Spread of use:  

Already in use 
All countries except France use this indicator or indirect/related indicators 
from this group. Belgium considers type of accidents; Switzerland 
additionally considers property damage 

Interested to use  

Data:  

Requirement Police reports 

Availability: Accident databases 

Reliability: Reliable (data recording is enforced by law) 
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ISABELA Area: 

Road safety / Accidents / By User Type 

Assessment ID 

RS-A02 

Indicator Name: 
Number of accident involving vulnerable users & Number of fatalities 
(involving two-wheels, cars, bus and trucks) per veh.km 

Description: Clear from the name of the indicators. 

Technical 

Parameters 

 Units: Number 
Num/veh.km 

Indirect 

indicators and 

relations 

RS-A01 group 

Related/derived 

indicators: 

Accident costs.  

Measurement/ 

monitoring 

methods:  

Directly reported from site (police reports) 

Sources: 

Safety in Road Traffic for Vulnerable Users” ECMT 2000 – ECMT 
Publications is distributed by: OECD Publications Service; European 
research project PROMISING, 2001; 
Highway Research Board Mentioned in: PIARC, TC D1, « Indicateurs de 
Gestion de Haut Niveau – Rapport », Paris, 2011. 

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

see under RS-A01  

General or 

asset specific 

applicability 

General applicability on the road network 

Level of 

applicability 

and use 

Used to assess overall safety of a network in a country and evaluate 
accident costs 

Spread of use:  

Already in use 

Accidents including vulnerable users are considered in 4 countries 
(Germany, Ireland, Serbia, Switzerland, Sweden); Number of fatalities in 
vehicles is considered in 8 countries (Austria, Germany, Ireland, the 
Netherlands, Portugal, Serbia, Switzerland, Sweden) 

Interested to use 
Portugal is interested to use the number of accidents including vulnerable 
users  

Data:  

Requirement Police reports 

Availability: Accident databases 

Reliability: Reliable (data recording is enforced by law) 
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ISABELA Area: 

Road safety / Accidents / Site specific 

Assessment ID 

RS-A03 

Indicator Name: Number of crashes/impacts on queuing/stopped vehicles 

Description: Clear from the indicator name 

Technical 

Parameters 

Location in the network and number of accidents. 

 

Units: Number 

Indirect 

indicators and 

relations 

Groups RS-A01 and RS-A04. 

Related/derived 

indicators: 

Accident costs  

Measurement/ 

monitoring 

methods:  

Directly reported at site (police reports) 

Sources:  

ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

Users, Society – no crashes/impacts on queuing vehicles 

Operators – lower the crashes/impacts on queuing vehicles 

General or 

asset specific 

applicability 

General applicability on the road section. 

Level of 

applicability 

and use 

Section level, Network level 

Used to identify locations in a network with safety issues 

Spread of use:  

Already in use 1 country (Slovenia) 

Interested to use  

Data:  

Requirement Police reports 

Availability: Accident databases 

Reliability: Reliable (data recording is enforced by law) 
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ISABELA Area: 

Road safety / Accidents / Site specific 

Assessment ID 

RS-A04 

Indicator Name: Black spots (Accident points) 

Description: 
Locations in the network where accidents have been historically 

concentrated 

Technical 

Parameters 

Location in the network (specific route segment) Units: / 

Indirect 

indicators and 

relations 

Accidents rate. Accidents density (per km, per year). Number of 

accidents per million vehicle kilometres. Average occurrence of accidents 

on a road segment 

Related/derived 

indicators: 

 

Measurement/ 

monitoring 

methods:  

Data recording on an accident site (police report). 

Sources: 

Swiss standard SN 641724 Road Safety Black Spot Management, VSS 

Research and Standardization in the field of Road and Transportation. 

Zurich 2015 

  ASSESSMENT 

Main 

stakeholder(s) 

& related needs 

and 

expectations 

Users, Society – no black spots at road sections/network  

Operators - lower the number of black spots at road sections/network 

 

General or 

asset specific 

applicability 

General applicability on the road section / network 

Level of 

applicability 

and use 

Section level, Network level 

Used to identify locations in a network with safety issues 

 

Spread of use:  

Already in use 

3 countries (Austria, Switzerland, Ireland); 4 countries (Sweden, 

Slovenia, Germany, France) use related or indirect indicators from the 

group 

Interested to use 1 country (Serbia) 

Data:  

Requirement Police reports 

Availability: Accident databases 

Reliability: Reliable (data recording is enforced by law) 
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ISABELA Area: 

Road safety / Condition 

Assessment ID 

RS-C01 

Indicator Name: Skid resistance 

Description: 
It is a technical parameter that describes the interaction between the 

vehicle and the road in terms of skid resistance 

Technical 

Parameters 

Skid resistance Units: - 

Indirect 

indicators and 

relations 

This is a important parameter for assessing road safety, and it is related 

to micro and macro texture, and adhesion of the tires and road surface   

Related/derived 

indicators: 

Dept of micro texture (e.g. sand patch method), Friction Index 

Safety index (combined index, based on skid resistance and rutting) 

Comfort and Safety Index Pavement (scale 1 very good to 5 very poor) 

Measurement/ 

monitoring 

methods:  

Specialized equipment or pendulum 

Sources: 

R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 

Indicators for Roads: Canadian and International Practice, 2009 Annual 

Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users and neighbours, but also overall society in terms of preventing 

accidents.  

General or 

asset specific 

applicability 

Road pavement  

Level of 

applicability 

and use 

This parameter has been routinely used. Can be used both on project 

and network level 

Spread of use:  

Already in use 

5 agencies: ASFINAG, Austria; Agency for Roads and Traffic, Belgium; 

RWS, The Netherlands; Roads of Serbia; Infraestruturas de Portugal, 

S.A. 

Interested to use - 

Data:  

Requirement Field measurements 

Availability: Often available, or if not, it is easily obtainable 

Reliability: 

The indicator is based on accurate measurements. However, different 

types of measuring devices are being used worldwide, which obscures 

comparison of results in some cases. 
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ISABELA Area: 

Road safety / Condition 

Assessment ID 

RS-CD02 

Indicator Name: International roughness index (IRI) 

Description: 

This is technical parameter that describes cumulative difference between 

actual pavement surface and the ideal flat pavement longitudinally, i.e. 

it’s a measure of unevenness of a pavement 

Technical 

Parameters 

International roughness index Units: m/km, 

mm/m 

Indirect 

indicators and 

relations 

It can also be expressed as ride quality 

Related/derived 

indicators: 

Comfort and Safety Index Pavement (scale 1 very good to 5 very poor)  

Measurement/ 

monitoring 

methods:  

Specialized vehicles or surveying equipment (for shorter sections).  

Sources: 

R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 

Indicators for Roads: Canadian and International Practice, 2009 Annual 

Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users and operators, as driving on smooth pavement (low roughness) is 

generally users’ preference (oppose to driving on rough pavements).  

General or 

asset specific 

applicability 

Road pavement 

Level of 

applicability 

and use 

Widely used, fast and comparable method. Can be used both on project 

and network level 

Spread of use:  

Already in use 
BASt, Germany; Infraestruturas de Portugal, S.A.; Roads of Serbia; 

DARS & DRSI, Slovenia; Swedish Transport Administration 

Interested to use - 

Data:  

Requirement Field measurements 

Availability: Often available, or if not, it is easily obtainable 

Reliability: The indicator is based on accurate measurements. 
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ISABELA Area: 

Road safety / Condition 

Assessment ID 

RS-CD03 

Indicator Name: Rutting 

Description: 
This is technical parameter that describes difference between actual 

pavement surface and the ideal flat pavement, transversally  

Technical 

Parameters 

Rut depth Units: mm 

Indirect 

indicators and 

relations 

none 

Related/derived 

indicators: 

Safety index (combined index, based on skid resistance and rutting) 

Comfort and Safety Index Pavement (scale 1 very good to 5 very poor) 

Measurement/ 

monitoring 

methods:  

It can be measured manually using specific measuring device or with the 

vehicle equipped with laser sensors.   

Sources: 

R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 

Indicators for Roads: Canadian anad International Practice, 2009 Annual 

Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users and neighbours, but also overall society in terms of preventing 

accidents. 

General or 

asset specific 

applicability 

Asphalt road pavements 

Level of 

applicability 

and use 

Widely used, fast and comparable method. Can be used both on project 

and network level 

Spread of use:  

Already in use 
Amt der Tiroler Lendesregierung, Austria, ASFINAG, Austria; Agency for 

Roads and Traffic, Belgium; RWS, The Netherlands; Roads of Serbia 

Interested to use Swedish Transport Administration 

Data:  

Requirement Field measurements 

Availability: Often available, or if not, it is easily obtainable 

Reliability: The indicator is based on accurate measurements. 
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ISABELA Area: 

Road safety / Condition 

Assessment ID 

RS-CD04 

Indicator Name: Raveling 

Description: 
This is technical parameter that describes deformities of asphaltic surface 

in terms of material loss 

Technical 

Parameters 

None Units: m2 or % 

of surface 

area 

Indirect 

indicators and 

relations 

None 

Related/derived 

indicators: 

Ravelling can be included in any of overall performance indicators that 

consider pavement surface condition, e.g. PCI, Percentage of roads with 

satisfactory pavement condition, etc 

Measurement/ 

monitoring 

methods:  

Visual survey, or visual or software analysis of videos/photographs 

Sources: 

R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 

Indicators for Roads: Canadian and International Practice, 2009 Annual 

Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users are generally affected by change in this indicator as this parameter 

influences ride quality. 

General or 

asset specific 

applicability 

Asphaltic roads 

Level of 

applicability 

and use 

Can be used both on project and network level.  

Spread of use:  

Already in use RWS, The Netherlands 

Interested to use - 

Data:  

Requirement Visual inspections, or analysis of recorded video of road surface 

Availability: 
It may be available to some extent. However, gathering and analyzing the 

data may be time consuming.   

Reliability: The indicator is based on estimate.  
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Template for the K-SPI assessment 

ISABELA Area: 

Road safety / Condition 

Assessment ID 

RS-CD05 

Indicator Name: Edge depth on secondary roads 

Description: This is a technical parameter providing edge depth of roads 

Technical 

Parameters 

none Units: mm/cm 

Indirect 

indicators and 

relations 

none 

Related/derived 

indicators: 

none 

Measurement/ 

monitoring 

methods:  

Simple measurements of depth  

Sources: 

R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 

Indicators for Roads: Canadian and International Practice, 2009 Annual 

Conference of the Transportation Association of Canada 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Mainly users 

General or 

asset specific 

applicability 

Roads 

Level of 

applicability 

and use 

Secondary road network 

Spread of use:  

Already in use DRSI, Slovenia; Swedish Transport Administration 

Interested to use - 

Data:  

Requirement Visual inspection, measuring device.  

Availability: 
Usually not available. Requires detailed survey that may be time 

consuming rather than costly.  

Reliability: The indicator is based on measurements. 
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ISABELA Area: 

Road safety / Condition 

Assessment ID 

RS-CD06 

Indicator Name: Nº of tunnels complying with EU safety act 

Description: 
Number of tunnels longer than 500 m on the Trans European Road 

Network (TERN) complying with the EU tunnel safety act. 

Technical 

Parameters 

 Units: No. 

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

 

Measurement/ 

monitoring 

methods:  

The tunnels have to satisfy prescribed safety requirements.   

Sources: 
European Union Directive 2004/54 on road tunnel safety. 

 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users, Road administration, Financing bodies  

General or 

asset specific 

applicability 

Applicable to tunnels only. 

Level of 

applicability 

and use 

Network level 

Spread of use:  

Already in use Norwegian Public Roads Administration, Norway 

Interested to use - 

Data:  

Requirement Number of tunnels meeting safety requirements. 

Availability: 
Tunnel inventory and condition data should be available for each road 

administration. 

Reliability: Data are reliable 
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ISABELA Area:  

Road safety / Overall safety 

Assessment ID 

RS-OS01 

Indicator Name: EuroRAP score 

Description: 

EuroRAP has developed four standardized protocols for showing the 
road safety level: 

• Risk mapping 

• Performance rating, and 

• Star rating 

• Safer road investment plans 
Technical 

Parameters 

Star rating for the level of safety, on a 
scale 1 (high risk) to 5 (low risk) 

Units: - 

Indirect 

indicators and 

relations 

Different color-coded maps can be produced based on target audience, 
like: 

• crashes per km 
• crashes per km travelled 
• crash costs per km and per km travelled 
• potential crash savings per km and per km travelled 

Related/derived 

indicators: 

- 

Measurement/ 

monitoring 

methods:  

Visual Inspections are undertaken using specially equipped vehicles to 
collect digital, panoramic images or videos of roads as they are driven. 

Sources: www.eurorap.org 

ASSESSMENT 

Main 

stakeholder(s)  & 

related needs and 

expectations 

Users: Safety  

General or asset 

specific 

applicability 

General 

Level of 

applicability and 

use 

Both project & network levels. 
Risk mapping and star rating. Maintenance cost estimation and 
prioritization of interventions. 

Spread of use:  

Already in use 3 agencies (Ireland, DARS and DRSI – Slovenia)  

Interested to use 
2 agencies (Portugal, Sweden (with comment that it is in some cases 
too general for Swedish roads)) 

Data:  

Requirement 

Visual surveys using specially equipped vehicles.  
The attributes recorded at 100 meter intervals include: 

• traffic speeds 
• number of lanes and lane width 
• paved shoulder width 
• audio tactile lines 
• median type 
• curvature and curve quality 
• roadside design/obstacles 
• delineation 
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ISABELA Area:  

Road safety / Overall safety 

Assessment ID 

RS-OS01 

• pavement condition 
• overtaking demand 
• intersection layout, volume and quality 
• minor access point density 
• bicycle facilities 
• pedestrian crossing facilities and quality 
• sidewalk provision 
• side friction/roadside activities 

Availability 
Limited, depends from country to country. Possible to collect data at 
reasonable cost. However, there is data redundancy with other 
routinely collected road asset management data. 

Reliability Based on developed iRAP/EuroRAP protocol 

 

 

  



ISABELA Deliverable D2.1 “Definition of S-KPIs to be used in road asset management“ 96 

ISABELA Area:  

Road safety / Users Perception 

Assessment ID 

RS-UP01 

Indicator Name: Physical impact/Psychological impact 

Description: 

• The societal impact of obtaining for example, bruises from an 
extremely bumpy ride 

• Operation quality (Comfort), psychological  impact of travelling on 
the user 

• Customer Satisfaction Index (CSI) 

Technical 

Parameters 

Satisfaction rating on a scale 0 to 5 
Importance-satisfaction rating on a scale 0 
to 1 

Units: - 

Indirect 

indicators and 

relations 

• Operation quality (Comfort) 
• International Roughness Index (IRI)  

 

Related/derived 

indicators: 

Customer satisfaction Index (CSI) 

Measurement/ 

monitoring 

methods:  

Surveys/Questionnaires  
Willingness to pay investigation 

Sources: 
ERANET ROAD, project SABARIS - Stakeholder benefits and road 
intervention strategies - Final Report, sept 2012 

ASSESSMENT 

Main 

stakeholder(s)  & 

related needs and 

expectations 

Users: Safety  

General or asset 

specific 

applicability 

General 

Level of 

applicability and 

use 

Both project & network levels. 
 

Spread of use:  

Already in use 
One agency (Germany) uses the indicator 
ASFINAG uses CSI (Customer Satisfaction Index) 

Interested to use 
Few more are interested to use it (Portugal, DARS-Slovenia, Sweden, 
RWS-The Netherlands) 

Data:  

Requirement Specific survey data 

Availability 
Limited, depends from country to country. Possible to collect data at 
reasonable cost.  

Reliability No information available. 
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A1.3 Environment 

 

ISABELA Area: 

Environment / Air Quality 

Assessment ID 

EN-AQ01 

Indicator Name: Emission and exposure to specific air pollutants 

Description: 
Emission of CO, NOx, PM10 and PM2.5, CO2. 
Number of people exposed to concentration of pollutants above EU imits 

Technical 

Parameters 

Total emission of vehicles per km of road 
Number of people exposed 

Units: t/km/a for 
vehicles 

t/t, t//m3 
for 
materials 

Indirect 

indicators and 

relations 

Emission from vehicles is proportional to fuel consumption, rolling 
resistance, average speed, number of vehicles 
 

Related/derived 

indicators: 

Concentration of pollutants 

Measurement/ 

monitoring 

methods:  

EN standard methods for measurements of concentration of air pollutants   

Sources: 

• EVITA ; Practical Guide for the use of E-KPIs in pavement 
management practice, report D4.2 - August 2012 

• COST Action 356 - Robert Joumard, Henrik Gudmundsson. 
Indicators of environmental sustainability in transport. INRETS. 
INRETS, pp.422, 2010 

• Strategic Benchmarking and Key Performance Indicators (SBAKPI) - 
Final Project Report, 2012. 

• ERANET ROAD, project SABARIS - Stakeholder benefits and road 
intervention strategies - Final Report, sept 2012 

• Air Quality Clean Air For Europe Directive (2008/50/EC) 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Neighbours and society – related to public health expectation 

General or 

asset specific 

applicability 

General applicability 

Level of 

applicability 

and use 

Detailed modelling of air pollution is related to project level. Data can be 

aggregated at network level. 

It is feasible to be used for few the important pollutants, like NOx, PM10, 

CO2. 

Spread of use:  

Already in use 

5 road administrations (ASFINAG - Austria, Germany, The Netherlands, 

Norway, DARS – Slovenia (in tunnels only)) use some form of the air 

quality indicator 
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ISABELA Area: 

Environment / Air Quality 

Assessment ID 

EN-AQ01 

Interested to use 
3 additional agencies (The Netherlands (for emission of CO2), Portugal, 

Serbia, Sweden (only for PM10) 

Data:  

Requirement 

Input data that are required include emission rates from traffic on the road 

being assessed, usually derived from traffic flow (vehicle number, 

average speeds and split by vehicle type) and average-speed vehicle 

emission factors. 

Detailed dispersion modelling requires significant amount of input data 

and computational effort, including meteorological data, road layout, and 

background pollution. For exposure levels are needed the location of 

properties along the road, and population living there. 

Availability: 
Available air quality information varies significantly across Europe, and 

even within the Member states. 

Reliability: 

The measurement methods for concentration of air pollutants are well 

developed and reliable. The modelling of dispersion of pollutants is 

reliable. 
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ISABELA Area: 

Environment / GHG emissions / Traffic 

Assessment ID 

EN-GE01 

Indicator Name: 
CO2 emission rate 
Emissions of ozone precursors 

Description: 

CO2 Emissions rate from vehicles: EPIemissons,CO2. The purpose of 
the indicator is to assess the CO2 emission rate, taking into account the 
emissions model using traffic flow data and vehicle emission factors per 
km of road. 

Emissions of ozone precursors is the fourth indicator that is mentioned 
in Environmental Indicators in Slovenia. Ozone precursors are chemical 
compounds that contribute to the formation of ground level (tropospheric) 
ozone. They are nitrogen oxides, carbon monoxide, and methane and 
non-methane volatile organic compounds. Traffic is the main generator of 
nitrogen oxides (NOx) and carbon monoxide (CO).  

Technical 

Parameters 

Total emission of vehicles per km of road 
 

Units: t/km 

Indirect 

indicators and 

relations 

CO2 emission from vehicles is proportional to fuel consumption 

Related/derived 

indicators: 

Emission of CO
2
 equivalent (CO

2
e)  

Concentration of CO2 

Measurement/ 

monitoring 

methods:  

CO2 emission rate can be measured directly on the road. 
 

Sources: 
EVITA ; Practical Guide for the use of E-KPIs in pavement management 
practice, report D4.2 - August 2012 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Neighbours and society – related to public health expectation and general 

concern regarding the climate change 

General or 

asset specific 

applicability 

General applicability 

Level of 

applicability 

and use 

Data can be used on both project and network levels.  

Spread of use:  

Already in use 

CO2 emission rate is used by 2 road administrations (DARS – Slovenia 

(in tunnels only), and Sweden).Swedish Transport Administration 

assesses the CO2 emissions from road traffic with a model called HBEFA 

http://www.hbefa.net/e/index.html    

Emission of Ozone precursors is mentioned in the “Environment 

indicators in Slovenia”, but is not mentioned to be used by DARS nether 

by DRSI in Slovenia. 

Interested to use For CO2 emission 5 additional agencies (Germany, Ireland, The 



ISABELA Deliverable D2.1 “Definition of S-KPIs to be used in road asset management“ 100 

ISABELA Area: 

Environment / GHG emissions / Traffic 

Assessment ID 

EN-GE01 

Netherlands, Portugal, Serbia) are interested to use it. 

Only Germany is interested to use Emission of ozone precursors. 

Data:  

Requirement 

Input data that are required include emission rates from traffic on the road 

being assessed, usually derived from traffic flow (vehicle number, 

average speeds and split by vehicle type) and average-speed vehicle 

emission factors. 

Detailed dispersion modelling requires significant amount of input data 

and computational effort, including meteorological data, road layout, and 

background pollution. For exposure levels are needed the location of 

properties along the road, and population living there. 

Availability: Data on CO2 emission due to traffic is mostly available. 

Reliability: 
The measurement methods for concentration of CO2 are well developed 

and reliable.  

  



ISABELA Deliverable D2.1 “Definition of S-KPIs to be used in road asset management“ 101 

ISABELA Area: 

Environment / GHG emissions / During road construction and 

maintenance activities 

Assessment ID 

EN-GE02 

Indicator Name: 
CO2 equivalent emissions  
Embodied carbon reduction 

Description: 

Environmental index for embodied carbon reduction: EPIECR. The 
purpose of the indicator is to assess the difference in CO2 emissions for 
building and maintaining the infrastructure with different strategies. 

Environmental index for GHG – CO2 equivalent emissions during 
road construction and maintenance activities. The purpose of the 
indicator is to assess the difference in GHG emissions for building and 
maintaining the infrastructure with different strategies 

Technical 

Parameters 

Total emission resulting for road construction and 
maintenance 

Units: t/km 

Indirect 

indicators and 

relations 

CO2 emission is proportional to energy consumption 

Related/derived 

indicators: 

Emission of CO
2
 equivalent (CO

2
e)  

Concentration of CO2 

Measurement/ 

monitoring 

methods:  

CO2 emission rate can be measured directly on the road. 
 

Sources: 
EVITA ; Practical Guide for the use of E-KPIs in pavement management 
practice, report D4.2 - August 2012 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Neigbours and society – related to public health expectation and general 

concern regarding the climate change 

General or 

asset specific 

applicability 

General applicability 

Level of 

applicability 

and use 

Data can be used on both project and network levels.  

Spread of use:  

Already in use 
CO2 emission rate is used by 2 road administrations (RWS, The 

Netherlands, and Sweden).  

Interested to use 
4 additional agencies (Germany, Ireland, Portugal, Serbia) are interested 

to use it. 

Data:  

Requirement 
Input data that are required include emission rates for production of 

construction materials and the quantity of materials used. 

Availability: Data on CO2 emission for construction materials is mostly available. 

Reliability: 
The measurement methods for concentration of CO2 are well developed 

and reliable.  
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ISABELA Area: 

Environment / Natural resources / Energy 

Assessment ID 

EN-NR01 

Indicator Name: 
Energy consumption  

Use of fossil fuels/renewable energy 

Description: 

Energy consumption in transport is closely linked to the volume of 

transport, which is correlated with economic growth. The negative 

impacts of energy consumption in transport can be decreased through a 

reduction in the use of fossil fuels and transport demand, increased 

energy efficiency of the means of transport, and an increased proportion 

of energy generation via alternative or more sustainable energy sources 

(particularly bio fuels), and increased use of public transport, cycling, and 

other sustainable modes. Accordingly, the quality of air will improve. 

Indicator varies with respect to data availability: 

Low: LoS and transport volume 

Intermediate and High: Use of fossil fuels/renewable energy 

Technical 

Parameters 

Energy consumption by modes of transport and per 

type of motor vehicle. 

Fuel consumption and emissions for motor 

vehicles. 

Units: MWh/year,  

ton/year 

Indirect 

indicators and 

relations 

Positive relations (increase in one indicator increases the other also): 

Reduction in the use of fossil fuels and transport demand, increased use 

of public transport, cycling, and other sustainable modes will decrease 

energy consumption and negative impacts of consumption and GHG 

emissions. 

Negative relations (increase in one indicator decreases the other):, 

Increased energy efficiency of the means of transport, an increase in 

production from more sustainable energy sources will decrease energy 

consumption and negative impacts of consumption and GHG emissions 

as well. 

Related/derived 

indicators: 

Use of fossil fuels 

Use of renewable energy 

Measurement/ 

monitoring 

methods:  

To estimate the total fossil fuel consumption one will consider: 

- specific fuel consumption of different types of vehicles and their GHG 

emissions, 

- vehicle operating circumstances (average speed, distances travelled), 

- traffic volume, and 

- traffic composition. 

Sources: 

I. Environmental Indicators in Slovenia. 

II. ERANET ROAD, project SABARIS - Stakeholder benefits and 

road intervention strategies - Final Report, sept 2012. 

III. R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable 

Performance Indicators for Roads: Canadian and International 

Practice, 2009 Annual Conference of the Transportation 

Association of Canada. 

IV. F. Walter, F. Gubler and H. Sommer (2003) NISTRA: 

Nachhaltigkeitsindikatoren für Strasseninfrastrukturprojekte 
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ISABELA Area: 

Environment / Natural resources / Energy 

Assessment ID 

EN-NR01 

(Indicators of sustainability for road infrastructure projects) 

Federal Roads Office FEDRO, Bern, Switzerland. 

V. COST 350 Integrated assessment of environmental impact of 

traffic and transport infrastructure, editors Calderon, E.J., 

Pronello, C., Goger, T., COST Office , 2009. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Main stakeholders: Users, Owners/Operators, Society  

Expectations: Consumption (see D1.1 Investigation Report) 

General or 

asset specific 

applicability 

Applicable for international corridors, national or regional networks. 

Level of 

applicability 

and use 

Monitoring to assess policies with the aim of fulfilling mid-term and long-

term targets; monitoring to assess measures taken to reduce fuel 

consumption; to compare policies and measures of different regions 

Spread of use:  

Already in use 

Energy consumption indicator is used in the Netherlands, Serbia, 

Slovenia (to report the consumption for the whole transport network), and 

Sweden (in use at a small scale). Use of fossil fuels not used, according 

to the survey. 

Interested to use 

Germany and Portugal are interested to use “Energy consumption” type 

indicator, while Germany and Serbia are interested into “Use of fossil 

fuels”. 

Data:  

Requirement 

To estimate the total fossil fuel consumption one will need: 

- specific fuel consumption of different types of vehicles, 

- average travelling speed, distances travelled, 

- traffic volume, and 

- traffic composition. 

Availability: 

Traffic volume and composition, average speeds and distances travelled 

are nowadays basic traffic information and rather simply to collect. Some 

databases or models exist that calculate GHG emissions but fuel 

consumption as well (e.g. ARTEMIS model). 

Reliability: 
Indicator is based on well-established methods to determine traffic data 

and models with specific fuel consumption data of vehicles. 
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ISABELA Area: 

Environment / Natural resources / Materials 

Assessment ID 

EN-NR02 

Indicator Name: 

Material Resource Efficiency Indicator (MREI) & Consumption of non-

renewable raw materials and recycling waste in construction & 

Percentage of recycled material 

 

MREI indicator is recommended to be used. The other two indicators are 

less developed. 

Description: 

Material Resource Efficiency Indicator (MREI): 

Ratio of the amount of recycled material used in construction and the 

total used material. The Indicator method allows a choice from a number 

of optional weighting factors which enable the user to encourage certain 

behaviour from a project based on the local factors that affect natural 

resources. 

Consumption of non-renewable raw materials and recycling waste in 

construction: 

Ratio of the amount of recycled material used in construction and the 

total used material. The Indicator method allows a choice from a number 

of optional weighting factors which enable the user to encourage certain 

behaviour from a project based on the local factors that affect natural 

resources. 

Percentage of recycled material 

Technical 

Parameters 

Type of asset and material used; functional 

items if one includes more detail as well. 

Amount of recycled and of total material. 

Several weighting factors, normalization unit 

(costs, emissions etc). 

Units: dimensionless 

indicator 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

Consumption of non-renewable raw materials and recycling waste in 

construction 

Percentage of recycled material 

Measurement/ 

monitoring 

methods:  

Calculation requires the amount of recycled material used in construction 

and the total used material to be known, broken down to assets, material 

types and functional items. 

Sources: 

I. EVITA D4.2 Practical Guide for the use of E-KPIs in pavement 

management practice. 

II. R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable 

Performance Indicators for Roads: Canadian and International 

Practice, 2009 Annual Conference of the Transportation 

Association of Canada. 

III. Project SABARIS - Stakeholder benefits and road intervention 

strategies - Final Report, sept 2012. 

IV. F. Walter, F. Gubler and H. Sommer (2003) NISTRA: 

Nachhaltigkeitsindikatoren für Strasseninfrastrukturprojekte 

(Indicators of sustainability for road infrastructure projects) 
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ISABELA Area: 

Environment / Natural resources / Materials 

Assessment ID 

EN-NR02 

Federal Roads Office FEDRO, Bern, Switzerland. 

V. COST 350 Integrated assessment of environmental impact of 

traffic and transport infrastructure, editors Calderon, E.J., 

Pronello, C., Goger, T., COST Office , 2009. 

VI. COST 356 - Robert Joumard, Henrik Gudmundsson. Indicators of 

environmental sustainability in transport. INRETS, 2010. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Main stakeholders: Society, Owners/Operators, Neighbours 

Expectations: Natural resources preservation, environment and land 

preservation 

General or 

asset specific 

applicability 

Applicable at project level and for whole networks. 

Level of 

applicability 

and use 

Applicable in construction/maintenance phase to compare alternative 

variants in terms of environmental sustainability; to compare and verify 

and assess environmental policies and strategies. 

Spread of use:  

Already in use 

MREI is used in the Netherlands, consumption of non renewable 

materials and recycling are in some forms used in the Netherlands and 

Portugal. 

Interested to use 

Germany, Portugal, Serbia and Slovenia are interested to use MREI or 

other forms of consumption of non renewable materials and recycling. 

Input data is in Slovenia already collected through different sources. 

Data:  

Requirement 

To calculate indicator the following is needed (depending on how much 

into detail one decides to step into): 

- type of asset (a), 

- type of material used (m), 

- functional item (f), 

- amount of recycled and of total material used for 

construction/maintenance per a, m and f above, 

- several weighting factors, 

- normalization unit (costs, emissions etc). 

Availability: 

Amounts of total and recycled materials are nowadays basic information 

and rather simply to collect. Source (I) gives default values for weighting 

factors. Calculation procedure allows the user to normalize the equation 

and compare different construction or maintenance alternatives. The 

normalisation factor could be costs, emissions released to the air, or 

energy consumed during/for processing and transportation of the 

recycled material and the virgin material. 

Reliability: 
Indicator is based on determining the amounts of total and recycled 

materials. 
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ISABELA Area: 

Environment / Noise 

Assessment ID 

EN-N01 

Indicator Name: Noise map (European Noise Directive) 

Description: 

Noise map includes development of maps of the level of noise generated 

by traffic along the roads. The method uses complex propagation models 

calibrated with roadside measurements, and compares actual noise 

levels (dBA) vs. acceptable levels. 

Technical 

Parameters 

Lday – day-noise indicator 

Leveninig – evening-noise indicator 

Lnight – night-time noise indicator 

Units: dB 

Indirect 

indicators and 

relations 

Lden – day-evening-night noise indicator 

 

Related/derived 

indicators: 

/ 

Measurement/ 

monitoring 

methods:  

Computation method: the French national computation method "NMPB-

Routes-96 (SETRA-CERTU-LCPC-CSTB) 

Measuring method: Assessment points must be 4,0 ± 0,2 m above the 

ground and at the most exposed façade   

Sources: Directive 2002/49/EC 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Neighbours  

Operators 

General or 

asset specific 

applicability 

General 

Level of 

applicability 

and use 

Network level 

Spread of use:  

Already in use 
8 countries (Austria, Belgium, Germany, the Netherlands, Portugal, 

Serbia, Slovenia, Switzerland) 

Interested to use Ireland 

Data:  

Requirement Lden, Lnight 

Availability: EU member states are obliged to make noise maps so data is available. 

Reliability: 
Measuring/monitoring/forecasting is based on well-

established/standardized/recognized methods. 
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ISABELA Area:  

Environment / Noise 

Assessment ID 

EN-N02 

Indicator Name: Traffic noise exposure  

Description: 

Number of people exposed to excessive noise. 

The percentage of people living in the area exposed to a noise level 

higher than the legal (or recommended) threshold during the day-

evening-night period or only night period. 

Technical 

Parameters 

L10, 18h is the arithmetic average of the sound 

levels which are exceeded for 10% of each of the 18 

hours between 6 a.m. and midnight on a normal 

working day.  

Leq-24h is the equivalent or steady state noise level 

which represents the varying noise levels 

throughout the normal working day. 

Units: % 

dwellings 

exposed  

Indirect 

indicators and 

relations 

Number of noise related complaints, number of dwellings exposed to 

excessive noise and Number of inhabitants protected against excessive 

noise are all in direct or indirect relation to the traffic noise exposure. 

Related/derived 

indicators: 
No of residential homes or institutions (hospitals, retirement homes etc) 
exposed to noise values above limit values. 

Measurement/ 

monitoring 

methods:  

Sound level meters in combination with related GIS information about 

road network and population density.   

TNE = log10 * mean (101st measure, 102nd, …), also number of 
affected people (day >55dBA / night >45 dBA) 

Sources: 

PIARC, TC D1, « Indicateurs de Gestion de Haut Niveau – Rapport », 

Paris, 2011 Annexe 2,   

EVITA ; Practical Guide for the use of E-KPIs in pavement management 

practice report D4.2 - August 2012  

F. Walter, F. Gubler and H. Sommer (2003) NISTRA: 

Nachhaltigkeitsindikatoren für Strasseninfrastrukturprojekte (Indicators of 

sustainability for road infrastructure projects) Federal Roads Office 

FEDRO, Bern, Switzerland 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Noise concerns all users. Predominantly, Society and Neighbours have 

interest in noise exposure. 

General or 

asset specific 

applicability 

General applicability on the road section. 

Level of 

applicability 

and use 

It is used on network level to identify sections which need further action 

and to trigger necessary works to mitigate its effect. 

Spread of use:  

Already in use 
In use in 6 countries (Germany, The Netherlands, Portugal, Serbia, 

Sweden and Switzerland) 
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ISABELA Area:  

Environment / Noise 

Assessment ID 

EN-N02 

Interested to use / 

Data:  

Requirement Level of noise, density of population in relation to the road network. 

Availability: 

Information about road network is freely available. Some of the 

information about density of the population is also available. Amount of 

noise level measurements varies from country to country. 

Reliability: Noise measurements are standardized. 
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ISABELA Area:  

Environment / Noise 

Assessment ID 

EN-N03 

Indicator Name: Noise annoyance to humans 

Description: 
The percentage of the exposed population highly annoyed by the road 

traffic noise during the Day-Evening-Night period or Night-only period. 

Technical 

Parameters 

Based on the density of population, distance to 

settlements and sensitive areas, equivalent noise 

level ranges. Definition of Lday, Levening, Lnight, Lden 

level, number of affected people through models. 

Units: % 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

Equivalent Level Leq,  

Traffic Noise Index,  

Noise Pollution Level,  

Sound Exposure Level,  

Transit Exposure Level,  

Perceived Noise level,  

Effective perceived Noise Level,  

Noise Number Index,  

Noise Exposure Forecast,  

Weighted Noise Exposure Forecast,  

LVA Indicator,  

Day-Night Equivalent Level,  

Day-Evening-Nigh Equivalent Level 

Measurement/ 

monitoring 

methods:  

A mathematical formula exists for each indicator, based on the density of 

population, distance to settlements and sensitive areas, equivalent noise 

level ranges. Definition of Lday, Levening, Lnight, Lden level, number of affected 

people is provided through models. 

Sources: 

EVITA ; Practical Guide for the use of E-KPIs in pavement management 

practice report D4.2 - August 2012 

COST 350 Integrated assessment of environmental impact of traffic and 

transport infrastructure, editors Calderon, E.J., Pronello, C., Goger, T., 

COST Office , 2009 

COST Action 356 - Robert Joumard, Henrik Gudmundsson. Indicators of 

environmental sustainability in transport. INRETS. INRETS, pp.422, 2010 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Society and Neighbors have interest in noise annoyance. 

General or 

asset specific 

applicability 

General applicability on the specific geographical areas. 
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ISABELA Area:  

Environment / Noise 

Assessment ID 

EN-N03 

Level of 

applicability 

and use 

Mainly applicable at section level, to initiate actions in the areas, affected 

by noise to the annoying level. 

Spread of use:  

Already in use Sweden 

Interested to use Germany, Serbia, Slovenia 

Data:  

Requirement Lday, Levening, Lnight, Lden, # humans/km2  

Availability: 
Noise level measurements are not that widespread in the traffic area as a 

relation to annoyance to the humans. 

Reliability: 
Noise measurements are standardized, but measurement of annoyance 

to the humans is very subjective. 
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ISABELA Area: 

Soil and water quality / Adequacy of drainage system 

Assessment ID 

EN-SW01 

Indicator Name: Adequacy of drainage system 

Description: 

An indicator that takes into account the pollution loading, the risk of spills, 

the drainage outfall, its design and location, the ability to handle the 

expected quantities of water without causing flooding and the functional 

condition of the drainage system. 

Technical 

Parameters 

Traffic information (density, volume, min, max. 

Several weighting factors, impact scores and 

condition grades. 

Units: dimensionless 

indicator 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

/ 

Measurement/ 

monitoring 

methods:  

Calculation requires traffic data to be known and is based on qualitative 

assessment of infrastructure and any associated pollution control 

measures. It also includes information on the sensitivity of the local 

environment. 

Sources: 
EVITA D4.2 Practical Guide for the use of E-KPIs in pavement 

management practice. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Main stakeholders: Neighbours, Owners/Operators, Society and User 

Expectations: Environment preservation, prevention of natural disaster 

and taking care of public health 

General or 

asset specific 

applicability 

Applicable at project level. 

Level of 

applicability 

and use 

Applicable in construction/maintenance phase to compare alternative 

variants in terms of environmental sustainability; and to verify and assess 

environmental policies and strategies. 

Spread of use:  

Already in use 

Similar assessment is already in use in Sweden for some relevant 

projects according to national permits.  In Switzerland there are 

requirements for water treatment (from FOEN) in place. 

Interested to use 

Germany (where risk assessment is done and measures are taken 

according to RAS Ew during planning process), Portugal, Serbia and 

Slovenia are interested to use such indicator. 

Data:  

Requirement 

The indicator uses information quite readily available to the road operator 

and directly linked to factors within its control: 

- the total amount of pollutants generated (using data on the volume and 

type of traffic), 

- the quality of the drainage system, expressed with qualitative 
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ISABELA Area: 

Soil and water quality / Adequacy of drainage system 

Assessment ID 

EN-SW01 

assessment of infrastructure (records, drawings etc. of systems installed, 

visual inspections of condition etc.) and any associated pollution control 

measures, 

- the sensitivity of the local environment and ability of receiving 

watercourses to dilute and disperse any contaminants, 

- several weighting factors, impact scores and condition grades. 

Availability: 

Traffic data is rather simply to collect.  

Obtaining sufficiently detailed data for individual projects would usually be 

very costly and has the difficulty that there are many other sources of 

water pollution affecting water courses, making it harder to link the results 

directly to an individual project. However, the indicator proposed uses 

information more readily available to the road operator and more directly 

linked to factors within its control, possible to collect at reasonable costs. 

Source (I) includes tables with weighting factors, impact scores and 

condition grades for qualitative assessment. 

Reliability: 
Indicator is based on qualitative assessment not on measurements 

(except for traffic data). 
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The “Emission of pollutants” indicator is sub-divided into 3 groups which are substantially 
different, and assessed separately.  

 

The combined “Emissions of pollutants” indicator can be used: 

 

EPIpollutants = W1 × EPIsalt + W2 × EPIaccidents + W3 × EPIacidification 
 

ISABELA Area: 

Soil and water quality / Emissions of pollutants 

Assessment ID 

EN-SW02/a 

Indicator Name: Water Pollution from winter maintenance activities (salting) 

Description: 

Average usage of salt for the section of road being considered in 

comparison to the whole network, weighted by the intensity of winter 

maintenance in the area and the sensitivity of the area. 

Technical 

Parameters 

Average amounts of salt to be used on a road 

section and on the whole network over a 

defined period. 

A weighting and additional slope factor applied 

as well. 

Units: dimensionless 

indicator 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

Concentration of pollutants in soils (Assessment ID: EN-SW03); salt from 

winter maintenance is taken into account among other pollutants. 

Measurement/ 

monitoring 

methods:  

Calculation combines the extent of winter maintenance (amount of salt 

used) and qualitative assessment of the sensitivity of the area addressed. 

Sources: 
EVITA D4.2 Practical Guide for the use of E-KPIs in pavement 

management practice. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Main stakeholders: Neighbours, Owners/Operators, Society and User 

Expectations: Environment preservation 

General or 

asset specific 

applicability 

Applicable at network level. 

Level of 

applicability 

and use 

Applicable in construction/maintenance phase for network level 

assessment and identification of sensitive spots. 

Spread of use:  

Already in use 
Not used yet, case study has been prepared for the Effective asset 

management meeting future challenges 2010-2013 final seminar. 

Interested to use 
Germany (where risk assessment is done and measures are taken 

according to RAS Ew during planning process), Portugal, Serbia and 
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ISABELA Area: 

Soil and water quality / Emissions of pollutants 

Assessment ID 

EN-SW02/a 

Slovenia are interested to use such indicator. In Sweden, salt loads are 

known on all roads and there are restrictions on sensitive stretches 

(protection areas etc.) 

Data:  

Requirement 

The Indicator indicates how much salt will be used relatively to the 

average usage of salt, where the weight takes the extent of winter 

maintenance and the sensitivity of the area into account. 

Availability: 

Both input parameters could be based on the experience of local 

engineers, where the sensitivity of the area should reflect the impact of 

salt on the nature and the water situation (e.g. fresh water area). 

Amount of salt used can be also estimated as an average of amount 

used in a defined past period. 

Reliability: 
Indicator is based on qualitative assessment and estimations (that could 

in turn be based on averages of known amounts). 
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ISABELA Area: 

Soil and water quality / Emissions of pollutants 

Assessment ID 

EN-SW02/b 

Indicator Name: Release of dangerous goods due to accidents 

Description: 
Probability of accidents causing ecological catastrophes (within 

vulnerable areas) 

Technical 

Parameters 

Probability of serious environmental catastrophes.  

% (counts using weights for different sensitivity of 

the environment in proximity) 

Sensitivity assessed using 5-grade scale (very low 

to very high). Different weights for different 

situations. 

Units: % 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

/ 

Measurement/ 

monitoring 

methods:  

The basic information required concerns the routes of transport of 

dangerous goods. There is a need to assess the sensitivity of the 

environment in the proximity of every route. 

Sources: 

COST 350 Integrated assessment of environmental impact of traffic and 

transport infrastructure, editors Calderon, E.J., Pronello, C., Goger, T., 

COST Office , 2009. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Main stakeholders: Neighbours, Owners/Operators, Society and User 

Expectations: Environment preservation, land preservation, taking care of 

public health 

General or 

asset specific 

applicability 

Applicable at national, regional and local levels. 

Level of 

applicability 

and use 

Applicable in use phase of transport infrastructure in proximity of 

sensitive spots. 

Spread of use:  

Already in use Already used in the Netherlands and Sweden. 

Interested to use 

Germany (where risk assessment is done and measures are taken 

according to RAS Ew during planning process), Serbia and Slovenia are 

interested to use such indicator.  

Data:  

Requirement 

The likelihood of an accident varies depending on road parameters, traffic 

volume, transport safety in general, and sensitivity of the environment in 

the proximity. 

Availability: 

There are no modelling methods; it is about comparing alternatives as 

long as the sensitivity of the environmental elements is known. A 

suggestion to assess sensitivity is given in the source (I). 
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ISABELA Area: 

Soil and water quality / Emissions of pollutants 

Assessment ID 

EN-SW02/b 

Reliability: Indicator is based on estimations. 
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ISABELA Area: 

Soil and water quality / Emissions of pollutants 

Assessment ID 

EN-SW02/c 

Indicator Name: Emissions of pollutants with acidification potential 

Description: 

Acidification is characterised through acidification potential (AP). This 

type of pollution mainly involves the contribution of three gases: SO2, 

NOX, NHY. 

Technical 

Parameters 

The indicator establishes the AP for each of three 

gases and multiplies it by the quantity of the 

substance emitted. 

Units: kton H+ 

equivalent 

emissions 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

/ 

Measurement/ 

monitoring 

methods:  

ARTEMIS (2006) model.  

Sources: 

COST 350 Integrated assessment of environmental impact of traffic and 

transport infrastructure, editors Calderon, E.J., Pronello, C., Goger, T., 

COST Office , 2009. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Main stakeholders: Neighbours, Owners/Operators, Society 

Expectations: Environment preservation, land preservation, taking care of 

public health 

General or 

asset specific 

applicability 

Applicable at national, regional and local levels. 

Level of 

applicability 

and use 

The importance of the contribution to acidification can be assessed by 

calculating the emissions before and after the construction of the 

infrastructure. 

Spread of use:  

Already in use Not yet in use 

Interested to use 

Germany (where risk assessment is done and measures are taken 

according to RAS Ew during planning process) and Serbia are interested 

to use such indicator. In Sweden, monitoring is done by the county 

boards. 

Data:  

Requirement 

The basic information required for modelling includes classification by 

type of vehicle; no of km by type of vehicles; average speed, share of km 

by each type of vehicles on urban roads, regional roads and highways. 

AP should be known as well. 

Availability: 

AP is given in literature including the source (I). Generally speaking, 

traffic data would be available but breaking information down to a more 

detailed level (type of vehicles) may show to be more problematic.  
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ISABELA Area: 

Soil and water quality / Emissions of pollutants 

Assessment ID 

EN-SW02/c 

Reliability: Indicator is based on traffic data and recognized model. 
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ISABELA Area: 

Soil and water quality / Concentration of pollutants 

Assessment ID 

EN-SW03 

Indicator Name: Concentration of pollutants in soils 

Description: 

The soil is considered polluted when it cannot support plant life and is 

protected in order to keep the vegetation on it as well as the groundwater. 

The concentration of pollutants in the soil measures impacts on the 

vegetation. The maximum acceptable concentration levels for every 

pollutant are known, implying too high levels impede survival of particular 

species. Some species can accumulate some pollutants making their 

consumption dangerous for people. The following pollutants should be 

taken into account in the transport sector: lead, PAH (polycyclic aromatic 

hydrocarbons), pesticides, salt 

Technical 

Parameters 

More or less sophisticated modelling techniques 

enable computation of pollution levels as a function 

of distance to the transport infrastructure, taking 

into account: 

- the mix of vehicle types, 

- the maximum vehicle speed, 

- the presence of protection facilities, 

-elevation of road relative to surrounding ground 

level. 

Units: lead & 

PAH in 

ppm, 

pesticides 

& salt in 

g/kg of dry 

mass 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

Risk of pollution of sensitive soils; the assessment is based on the 

distance of sensitive soils to the transport infrastructure (e.g. direct 

collision – high risk, distance of less than 250 m – low risk, distance of 

more than 250 m – no risk). 

Concentration of pollutants in surface water; emission of pollutants in run-

off water. 

Measurement/ 

monitoring 

methods:  

Prognoses of pollutant emissions using more or less sophisticated 

modelling techniques; regular monitoring of pollutants. 

Sources: 

COST 350 Integrated assessment of environmental impact of traffic and 

transport infrastructure, editors Calderon, E.J., Pronello, C., Goger, T., 

COST Office , 2009. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Main stakeholders: Neighbours, Society, Owners/Operators 

Expectations: Land and environment preservation, taking care of public 

health. 

General or 

asset specific 

applicability 

Applicable at regional and local levels, potentially for corridors. 

Level of Applicable for prognoses in terms of comparisons with roads (railways) of 
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ISABELA Area: 

Soil and water quality / Concentration of pollutants 

Assessment ID 

EN-SW03 

applicability 

and use 

similar characteristics and traffic on them. 

Spread of use:  

Already in use 

The indicator is used in some form in Serbia, and in Sweden when 

applicable (following National guidelines for inventory and remediation of 

contaminated land; Transport Administration has own guidelines for 

handling road, ditches, soils etc.). 

Interested to use Germany is interested to use such indicator. 

Data:  

Requirement 

To calculate indicator the following is needed: 

- types of soils in the vicinity of infrastructure, 

- average range of pollution of different types of soils, 

- traffic flows forecast. 

Availability: 

To forecast the emission of pollutants, the only required information is 

traffic flows (usually already available) and the average concentration of 

pollutants in the combustion gases (for lead and PAH) or the average 

amount of pesticides or salt annually used for winter maintenance (often 

available in Operator’ documents). 

Reliability: 

There is no model for immission of pollutants in the soil. For improved 

assessment, monitoring should be performed constantly; with yearly 

measurements, which should start few years after infrastructure being 

operational 
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A1.4 Socio-economy 

 

ISABELA Area:  

Socio-economic impact / Asset value 

Assessment ID 

SE-AV01 

Indicator Name: Total asset value at a given time 

Description: Presents the total asset value based on assets size and condition. 

Technical 

Parameters 

Size of the components (road sections, bridges, 
etc.), Condition of the asset components 
 

Units: Monetary 

unit 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

Asset value per network per asset (pavements, bridges/viaducts, other 
structures including tunnels, furniture), Asset value per road section. 
 

Measurement/ 

monitoring 

methods:  

Book value. Calculated loss of value due to the condition of the road 

network and objects. 

Sources: 
PIARC, TC D1 (2011). “Indicateurs de Gestion de Haut Niveau – 

Rapport”, Paris 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Financial institutions, road owners and road operators are highly 

interested in the asset value. Financial institutions which invest in the 

construction, maintenance and operation of road infrastructure, consider 

investment as any other investment. Road owners and road operators 

monitor closely condition of their assets.  

General or 

asset specific 

applicability 

General applicability on the road network. 

Level of 

applicability 

and use 

This information is needed for budgetary purposes on the highest level of 

decision making.  

Spread of use:  

Already in use France, Serbia, Slovenia 

Interested to use Austria, Germany, Ireland, Portugal, Sweden  

Data:  

Requirement Initial value of the assets, book value. 

Availability: 
Input information is available as it is one of the primary information, 

collected by the road owners/operators. 

Reliability: Depends on data collection model, but in most cases it is highly reliable. 
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ISABELA Area:  

Socio-economic impact / Asset value 

Assessment ID 

SE-AV02 

Indicator Name: Salvage value / Loss of asset value 

Description: 

The pavement salvage value is usually expressed in terms of the 

remaining value before the pavement fails completely and can no longer 

be trafficked. In this case, the salvage value is equal to the proportion of 

the initial construction cost representing the remaining life to failure.  

The salvage value can also be expressed in terms of the (residual) life to 

the next intervention. In this case the salvage value can be calculated 

using models that predict pavement behaviour to the intervention level. It 

is equal to the proportion (related to the intervention level being used) of 

the treatment cost representing the remaining life to the next intervention 

level. The time to next intervention level depends on the type and timing 

of the previous treatment and the performance of the pavement following 

that treatment. 

The loss of asset value is expressed as the ratio of the net value 

(depreciated value of deteriorated pavement or structure) to the gross 

value (current replacement value of the roadway and foundation). 

Technical 

Parameters 

Pavement condition, cost of last treatment, residual 

life of the treatment, design life of the treatment  

Units: Monetary 

unit 

Indirect 

indicators and 

relations 

/ 

Related/derived 

indicators: 

Preservation of road investment 

Measurement/ 

monitoring 

methods:  

Salvage value = Initial construction cost - Pavement preservation or 

Salvage value = cost of last treatment * (residual life of the treatment)/ 

(design life of the treatment) 

Sources: 

• PAV-ECO - Economic Evaluation of Pavement Maintenance, Final 

Report for Publication, December 1999 

• Gáspár L. and Rosa D., Condition, Safety and Asset Value Monitoring 

in Hungary. The Proceedings of the Third International Conference on 

Managing Pavements, Transportation Research Board, Washington, 

USA, 1994. 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Financial institutions, road owners and road operators. Financial 

institutions as investors, looking for a return of investment, and road 

owners and road operators in the area of costs of the treatments.  

General or 

asset specific 

applicability 

General applicability. 
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ISABELA Area:  

Socio-economic impact / Asset value 

Assessment ID 

SE-AV02 

Level of 

applicability 

and use 

Used on a network level (assess and monitor the condition of the assets 

and estimation of the maintenance intervention costs). 

Spread of use:  

Already in use Slovenia (Loss of asset value only) 

Interested to use Germany, Ireland, Portugal, Sweden 

Data:  

Requirement 
Cost of treatment/intervention, initial construction cost, design life of the 

treatment  

Availability: Data should be available. 

Reliability: 
Cost of the treatment / intervention is based on estimation and is not 

always very reliable. 
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ISABELA Area: 

Socio-economic impact / Cost efficiency 

Assessment ID 

SE-CE01 

Indicator Name: 

Benefit cost ratio 

Asset sustainability index (maintenance budget in relation to monetary 

maintenance needs) 

Description: 

Benefit/Cost ratio: Ratio of benefit and costs for maintenance 

treatment/alternative at project level. Typically used for prioritization of 

projects at program level. 

Asset sustainability index: A composite metric computed by dividing the 

amount budgeted on infrastructure maintenance and preservation over 

time by the amount needed to achieve a specific infrastructure condition 

target over long term. 

Technical 

Parameters 

/ Units:  

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

Many different forms of the Benefit/Cost ratio or maintenance costs 

related indicators are used: 

A graph showing percentage distribution of programmed expenditures by 

benefit cost ratio (BCR) range (PIARC). 

The impact indicator: the amount of labour, equipment, and material to be 

used to execute interventions (SABARIS) 

Road Maintenance Effectiveness RME is equal to total maintenance 

expenditure over three years divided by network length (PIARC) 

Measurement/ 

monitoring 

methods:  

The indicators are mostly related to the cost of maintenance work, that 

should be available based on the accounting reports. The benefits are 

calculated based on traffic estimates that heavily rely on historical traffic 

data. The maintenance backlog should be available from the asset 

management system based on condition data. 

Sources: 

Benefit/Cost ratio: 

• PIARC, TC D1, « Indicateurs de Gestion de Haut Niveau – Rapport », 

Paris, 2011, Annexe 2 

• PAV-ECO refers to Forschungsgesellschaft für Strassen- und 

Verkehrswesen, Empfehlungen für Wirtschaftlichkeitsuntersuchungen 

von Strassen EWS-97, (In German). Köln 1998; 

• ERANET ROAD, project SABARIS - Stakeholder benefits and road 

intervention strategies - Final Report, sept 2012 

• High Level Management Indicators - Report / PIARC TC D1 WP3 [6] 

• HDM4 models 

Asset Sustainability Index: 

Asset Sustainability Index: A Proposed Measure for Long-Term 

Performance; Gordon D. Proctor, Shobna Varma, Steve Varnedoe; 

FHWA Report (2012) 
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ISABELA Area: 

Socio-economic impact / Cost efficiency 

Assessment ID 

SE-CE01 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Road operator/road directorate and financial institutions 

Society in general 

General or 

asset specific 

applicability 

General applicability on a network 

Level of 

applicability 

and use 

Generally applied at network level. 

Spread of use:  

Already in use 

Benefit/Cost ratio: 

Amt der Tiroler Lendesregierung, Austria, ASFINAG, Austria, Belgium, 

Germany, RWS Netherlands, Serbia, DARS, Slovenia, Sweden.   

Asset sustainability Index: 

ASFINAG (Austria), Sweden 

Interested to use 

Benefit/Cost ratio: 

Ireland, Portugal, DRSI - Slovenia,  

Asset sustainability Index: 

Germany, Ireland, Portugal 

Data:  

Requirement 

Necessary data include cost of maintenance treatments/alternatives, 

traffic data and calculation of related benefits, condition data and 

calculation of maintenance backlog 

Availability: 
Most of data should be available from multi-year maintenance programs 

for each administration. 

Reliability: 
Data are in general reliable. Cost data are more reliable. Benefit data 

depend on traffic projections. 
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ISABELA Area: 

Socio-economic impact / Costs 

Assessment ID 

SE-C01 

Indicator Name: Accident costs 

Description: Costs caused by accidents (deaths, injured, material damage) 

Technical 

Parameters 

Number of accidents of different types of accidents 

and costs per type of accident 

Units: € 

(currency) 

Indirect 

indicators and 

relations 

Relationship of pavement condition (rutting, skid resistance, see 

COST354) and accident rates 

Related/derived 

indicators: 

 

Measurement/ 

monitoring 

methods:  

Accidents will be collected by police; condition of pavement will be 

monitored by condition inspections and measurements 

Sources: 

• PAV-ECO refers to Forschungsgesellschaft für Strassen- und 

Verkehrswesen, Empfehlungen für Wirtschaftlichkeitsuntersuchungen 

von Strassen EWS-97, (In German). Köln 1998; 

• HDM4 models 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users, Society – no accidents, no accidents with fatalities/severe injuries 

Operator – lower the number of accidents with fatalities/severe injuries 

General or 

asset specific 

applicability 

General applicability on a network 

Level of 

applicability 

and use 

Used to assess overall safety of a network in a country. 

Spread of use:  

Already in use Germany, Sweden 

Interested to use Slovenia, Portugal 

Data:  

Requirement Number of accidents (in different categories); cost rates per accidents 

Availability: Accident data available in accident databases 

Reliability: Reliable (data recording is enforced by law) 
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ISABELA Area: 

Socio-economic impact / Costs 

Assessment ID 

SE-C02 

Indicator Name: User costs 

Description: User costs due to pavement condition and due to construction sites 

Technical 

Parameters 

Vehicle operating costs; Time costs Units: € 

(currency) 

Indirect 

indicators and 

relations 

Pavement condition (rutting, roughness, etc.) fuel consumption for 

different vehicle types; duration of construction sites, capacity of 

construction sites, traffic routing in construction site (capacity) 

Related/derived 

indicators: 

 

Measurement/ 

monitoring 

methods:  

Condition of pavement will be monitored by condition inspections and 

measurements 

Sources: 

• PAV-ECO refers to Forschungsgesellschaft für Strassen- und 

Verkehrswesen, Empfehlungen für Wirtschaftlichkeitsuntersuchungen 

von Strassen EWS-97, (In German). Köln 1998; 

• HDM4 models 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Users – travel time and less fuel consumption 

Environment – less fuel consumption and less emissions 

 

General or 

asset specific 

applicability 

General applicability on a road section (mainly related to pavements in 

the context of condition); user costs due to construction site related to all 

type of assets, which are effecting the traffic flow in the context of 

maintenance treatments 

Level of 

applicability 

and use 

On management level (network level) mainly 

Spread of use:  

Already in use Germany, Serbia, Sweden 

Interested to use Ireland, Slovenia, Portugal 

Data:  

Requirement Pavement condition, characteristics of construction sites 

Availability: Pavement management databases; construction programs 

Reliability: Reliable 
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ISABELA Area: 

Socio-economic impact / Costs 

Assessment ID 

SE-C03 

Indicator Name: Environment costs 

Description: Environment costs due to different types of emissions 

Technical 

Parameters 

Air pollution costs, CO2 emission costs, Noise 

costs; energy consumption costs, material 

consumption costs 

Units: € 

(currency) 

Indirect 

indicators and 

relations 

Emissions; affected people (neighbours); costs per ton emission due to 

effect on environment or people; use of material in tons; cots per ton 

material; traffic volume 

Related/derived 

indicators: 

 

Measurement/ 

monitoring 

methods:  

Traffic volume; noise emission 

Sources: 

• PAV-ECO refers to Forschungsgesellschaft für Strassen- und 

Verkehrswesen, Empfehlungen für Wirtschaftlichkeitsuntersuchungen 

von Strassen EWS-97, (In German). Köln 1998; 

• SABARIS project; Final report, Appendix 8 

• HDM4 models 

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Neighbours – low effect of emissions 

Environment – low effect of emissions 

 

General or 

asset specific 

applicability 

General applicability on a road section and network 

Level of 

applicability 

and use 

On management level (network level) and policy level 

Spread of use:  

Already in use Sweden (in some parts) 

Interested to use Ireland, Slovenia, Portugal, Germany 

Data:  

Requirement Traffic volume, average emission values, unit costs, affected people 

Availability: 
Traffic volume available, emission and effect of emissions from studies, 

noise mapping 

Reliability: Reliable 
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ISABELA Area: 

Socio-economic impact / Costs 

Assessment ID 

SE-C04 

Indicator Name: Maintenance costs 

Description: 
Maintenance budget as a sum of the asset specific maintenance 

treatment costs 

Technical 

Parameters 

Maintenance costs for different types of assets Units: € 

(currency) 

Indirect 

indicators and 

relations 

Costs per maintenance treatment type 

Related/derived 

indicators: 

Benefit cost ratio, cost efficiency 

Measurement/ 

monitoring 

methods:  

 

Sources:  

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Owners and operators, financial body 

 

General or 

asset specific 

applicability 

General applicability per asset type and on total network 

Level of 

applicability 

and use 

On all levels 

Spread of use:  

Already in use All countries 

Interested to use  

Data:  

Requirement Maintenance costs per assets 

Availability: Construction program 

Reliability: Reliable 
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ISABELA Area: 

Socio-economic impact / Wider socio-economic effects 

Assessment ID 

SE-WE01 

Indicator Name: 

Users perception (physical and psychological impact) 

Contribution of road operation to socio-economic development and 

employment 

Total cost per capita 

Description: 

Users perception is based on physical and psychological impact of 
travelling on the user. (SABARIS) 
The contribution of the road operation to socio-economic 
development and employment indicates the impact of interventions, 
expressed through the amount of work provided, in terms of employing 
people. Estimated using the economic impact assessment models. 
(SABARIS) 
Total costs/capita is defined as maintenance costs per capita and is 
referenced in the Haas (2009). 

Technical 

Parameters 

/ Units:  

Indirect 

indicators and 

relations 

 

Related/derived 

indicators: 

Users’ perception indirectly defines the operation quality. 

Measurement/ 

monitoring 

methods:  

Users’ physical and psychological impact is difficult to assess.  

The contribution of maintenance work on economic development and 

employment is estimated using economic models that are quite reliable.  

Total costs/capita are easily assessed based on available data. 

Sources: 

Users perception and the contribution of the road operation to 
socio-economic development and employment: 
ERANET ROAD, project SABARIS - Stakeholder benefits and road 
intervention strategies - Final Report, sept 2012 
Total cost per capita: 
R. Haas, G. Felio, Z. Lounis, L.Cowe Falls. Measurable Performance 
Indicators for Roads: Canadian and International Practice, 2009 Annual 
Conference of the Transportation Association of Canada  

ASSESSMENT 

Main 

stakeholder(s)  

& related needs 

and 

expectations 

Society in general, users 

General or 

asset specific 

applicability 

General applicability 

Level of 

applicability 

and use 

Users’ perception is related to project level, but can be extended to 

network level. 

The other two indicators are related to network level. 

Spread of use:  

Already in use No road administration is currently using this indicator, or any similar. 



ISABELA Deliverable D2.1 “Definition of S-KPIs to be used in road asset management“ 131 

ISABELA Area: 

Socio-economic impact / Wider socio-economic effects 

Assessment ID 

SE-WE01 

Only Amt der Tiroler Lendesregierung, Austria  has referenced 

Maintenance budget as indicator. 

Interested to use Ireland, Portugal, DARS & DRSI - Slovenia, Sweden 

Data:  

Requirement 

Users’ satisfaction data may be obtained by questionnaires. 

The other two indicators are based on general statistical data. The 

question is to what extent this data can be related to maintenance works 

on road network. 

Availability: Data are hardly available in the necessary detail. 

Reliability:  

 

 

 


