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Italian Road Network: functional and safety performance evolution
(2021 - 850,000 km)
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In Italy, Highway and telephone infrastructures are the oldest, and in 2019 75%, and 81% has exceeded the useful
life period respectively (...). Other three (electricity, railway, gas) in 2019 had half of seniority and were similar to
each other (between 34 and 43%).
Riccardo Gallo - Basic Infrastructures - Sapienza University of Rome, 2021



The 2008/96/EC Directive evolution and innovated approach
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The European Directive 1936/2019 has innovated the road safety management process, through the introduction 
of the network wide road safety assessment (NWA) approach, based upon the measurement of in-built safety 

performance combined with accident data.

NWA Italian Methodology



The 2008/96/EC Directive evolution and innovated approach
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The routine periodic check of 
features and defects that require 
maintenance for safety reasons
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Targeted Road Safety Inspection
A targeted investigation to identify
dangerous conditions, defects, and 
problems that increase the risk of 
accidents and injuries, based on an 
inspection of an existing road or 
stretch of road.

Network wide assessment 
art. 5
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The European Directive 1936/2019 has innovated the road safety management process, through the introduction 
of the network wide road safety assessment (NWA) approach, based upon the measurement of in-built safety 

performance combined with accident data.
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The European Directive 1936/2019 has innovated the road safety management process, through the introduction 
of the network wide road safety assessment (NWA) approach, based upon the measurement of in-built safety 

performance combined with accident data.

In order to promote the uniform application of the directive in the EU countries, specific
guidelines were published by the EC in January 2023. These guidelines, however, revealed 

limitations in terms of results (due to the need to test valid segmentation criteria and implement the set of 
performance indicators)

The EU framework to enable authorities to identify priorities for future actions and investments is 
based both on a reactive (accident based) as well as on a proactive (feature based) safety 

assessment aiming at defining a common safety rating system for classification of the existing road network 
which should allow to rate each road section according to a 5-level scale.

The EU proactive safety assessment procedure covers issues such as the lane width, road curvature, design of 
junctions, roadside layout and potential conflicts between motorized vehicles and vulnerable road users

• (https://road-safety.transport.ec.europa.eu/eu-road-safety-policy/priorities/infrastructure/road-infrastructure-guidelines_en)

The 2008/96/EC Directive evolution and innovated approach
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However, after the first application in Italy of the European Commission guidelines, several significant 
aspects requiring further procedural and analytical examination and improvement emerged.

A. the main criticalities emerged in the first practical application tests of the EU guidelines were related to
both the exact definition of criteria for road network segmentation as well as to the correct identification
of indicators capable of correctly expressing the in-built safety performance of each road segment in the
proactive approach

B. other significant critical aspects related to the application of the cited guidelines (requiring a more in-
depth methodological analysis) concern the correct combination (integration) of the results of proactive
safety performance assessments (based on the evaluation of the design characteristics of the road) and
reactive evaluations (based on crash data)

NWA Italian Methodology
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The need to define a NWA procedure suitable to the features of the Italian road network, led ANSFISA, in
cooperation with the main Italian road managers and some researchers, to develop a risk assessment-based 

approach more strictly related to the use of the different categories of existing roads

The resulting procedure was structured according to well-defined sub-processes, involving the acquisition
of data and geometric indicators descriptive of the one hand of the in-built safety performance, on the other
hand of the safety performance in termsof crashdata. The sub-processes can be summarized as follows:

• the process of segmenting the road network into homogeneous sections;
• the process of assessing the in-built safety performance relating to individual segments, through a system of 

reference indicators (proactive);

• the reactive assessment process based upon crash data;

• the comparison of the results of the proactive and reactive approaches;

• the network classification process, resulting from the combination of reactive and proactive indicators/risk 
factors associated with each network segment.

NWA Italian Methodology
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A. SEGMENTATION PROCEDURE

The segmentation procedure to divide of the network into homogeneous segments is
based on the following features:

1. the type of infrastructure (rural undivided roads, rural divided roads, motorways);

2. the average annual daily traffic;

3. the presence of intersections;

4. the number of lanes, the presence of a shoulder and an emergency lane;

5. the plano-altimetric profile;

6. the presence of tunnels;

7. the presence of urban centers or high-density populated areas.

NWA Italian Methodology
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A. SEGMENTATION PROCEDURE

The segmentation proceeds by "subsequent overlays" considering each of the seven steps 
corresponding to the one-by-one identification of the seven characteristics considered for the 

consequent overlay.

An example which refers to the first overlay application through the identification of 
intersections/junctions (nodes) whereas each segment is identified by the string that 

describes its characteristics is reported below

The procedure also defines segments length limits: for undivided rural roads, Lmin= 500 m; for divided 
rural roads, Lmin= 1000 m; for motorways, Lmin= 2000 m.

NWA Italian Methodology
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B. Definition of the PROACTIVE INDEX

The proactive safety assessment defined by ANSFISA is based upon a Proactive Index (PI) which 
measures the relative safety performance of each road segment.

The PI is formulated by combining two components of risk: the exposure of road users to road 
hazards (Expo) and a Risk Index (RI) which measures the probability for drivers of being involved in 

a crash

𝑷𝑰 = 𝑬𝒙𝒑𝒐 × 𝚷𝑹𝑰𝒊 = 𝐸𝑥𝑝𝑜 × 𝑅𝐼𝑔𝑒𝑜 × 𝑅𝐼𝑠𝑒𝑐 × 𝑅𝐼𝑎𝑐𝑐× 𝐼𝑅𝑝𝑎𝑣× 𝑅𝐼𝑚𝑎𝑟× 𝐼𝑅𝑟𝑠× 𝐼𝑅𝑡𝑢𝑛

NWA Italian Methodology

Procedure for Network-Wide Ro Safety Assessment in Italyda
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𝟏𝟎𝟎𝟎
where PI is the Proactive Index, Expo is equal to 𝑨𝑨𝑫𝑻𝒂𝒗𝒈 × 𝒆𝟎 .𝟐×𝑷𝒂𝒗𝒈, AADTavg is the Average Annual Daily

Traffic in the analysis period, Pavg is the average proportion of heavy goods vehicles (weight greater than 3,5 
tons) in the analysis period, RIgeo is the Risk Index of the alignment, RIsec is the Risk Index of the cross section, RIacc is 
the Risk Index of the accesses and minor intersections, RIpav is the Risk Index of the pavement, RImar is the Risk Index of

the markings, RIrs is the Risk Index of the roadsides, and RItun is the Risk Index of the tunnels.

The exposure factor considers both the amount as well as the composition of the traffic flow, correcting
for the presence of heavy goods vehicles



B. Definition of the PROACTIVE INDEX

The proactive safety assessment defined by ANSFISA is based upon a Proactive Index (PI) which 
measures the relative safety performance of each road segment.

The PI is formulated by combining two components of risk: the exposure of road users to road 
hazards (Expo) and a Risk Index (RI) which measures the probability for drivers of being involved in 

a crash

NWA Italian Methodology
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𝑷𝑰 = 𝑬𝒙𝒑𝒐 × 𝚷𝑹𝑰𝒊 = 𝐸𝑥𝑝𝑜 × 𝑅𝐼𝑔𝑒𝑜 × 𝑅𝐼𝑠𝑒𝑐 × 𝑅𝐼𝑎𝑐𝑐× 𝐼𝑅𝑝𝑎𝑣× 𝑅𝐼𝑚𝑎𝑟× 𝐼𝑅𝑟𝑠×
𝐼𝑅𝑡𝑢𝑛

• Expo = Risk Exposition
• RIgeo = Plano-altimetric geometry Risk index
• RIsec = Cross-section Risk Index
• RIacc = Access Risk Index
• RIpav = Pavement Risk Index
• RImar = Risk Index of horizontal road markings
• RIrs = Roadsides Risk Index
• IRtun = Tunnel Risk Index
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B. Definition of the PROACTIVE INDEX

The Risk Indices consider the presence of infrastructural risk factors associated with an increase in the 
frequency and/or severity of expected crashes.

In the IP, each Risk Index depends on the numerical values of the detailed safety issues associated to a general
safety issue. The values of coefficients and the formulas for calculating the Risk Indices were obtained on the basis

of experimental studies carried out in Italy (Cafiso et al., 2021; Montella, 2023) or on the basis of the literature results 
published in the Highway Safety Manual (AASHTO, 2010) and in the FHWA CMF clearinghouse (FHWA, 2022)

NWA Italian Methodology
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C. Definition of the REACTIVE INDEX

The ANSFISA reactive safety assessment procedure is based on the
Empirical Bayes (EB) method.

In the EB procedure, a safety performance function (SPF) is used to first estimate the 
number of crashes that would be expected in the analysis period at locations with traffic 

volumes and other characteristics similar to the one being analyzed.
The crash estimates are then combined with the count of crashes to obtain a better estimate of the expected 

number of crashes according to the following equations (Elvik, 2008; Hauer et al., 2002; Montella, 2010)

•

where EB is the estimation of the expected number of crashes, k is the negative binomial parameter (also called the 
inverse dispersion parameter) and is estimated from the SPF calibration process; count is the observed crash frequency; 

and 𝐸�(𝑌) is the predicted crash frequency

NWA Italian Methodology
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C. Definition of the REACTIVE INDEX
According to common practice (Cafiso et al., 2021; Lord and Mannering, 2010; Montella and Imbriani, 2015), 

generalized linear modelling techniques were used to fit the SPFs and a negative binomial distribution error structure 
was assumed. Different SPFs were fitted for Italian primary undivided rural roads, primary divided rural roads, and 

motorways. The expected number of crashes is divided by the segment length (L) and the analysis period length (N) to 
obtain the crashes per year per kilometer:

𝑬𝑩
𝑹𝑰 = 𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝐼𝑛𝑑𝑒𝑥 = 𝑳× 𝑵

NWA Italian Methodology
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D. PROACTIVE AND REACTIVE APPROACH INTEGRATION
For each road network (primary undivided rural roads, primary divided rural roads, and motorways) segment,
the Proactive Index and the Reactive Index are combined into a Safety Index (SI) in order to rank segments

according to the article 5 of the EU Directive 2019/1936. Formulation of the SI is as follows:

𝒊𝑺𝑰 = 𝟎.𝟓
×

+ 𝟎.𝟓
×

𝑷𝑰𝒊 𝑹𝑰𝒊
𝑷𝑰𝒎𝒂𝒙 𝑹𝑰𝒎𝒂𝒙

where SIi is the Safety Index of the segment i, PIi is the Proactive Index of the segment i, PImax is the maximum Proactive Index in 
the road network, RIi is the Reactive Index of the segment i, and RImax is the maximum Reactive Index in the road network.

Road segments are subsequently ranked according to the decreasing value of the Safety Index.
Percentiles of the distribution of the Safety Index (for each cathegory of road) are calculated 

and the homogenous segments are classified in five classes

aProcedure for Network-Wide Ro d Safety Assessment in Italy

NWA Italian Methodology
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9 layers:
3 layers (segment-node-tunnel) per each category of roads:
A. Motorways
B. Divided rural roads (dual carriageway)
C. Undivided rural roads (single carriageway)

Eng. Stefano Zampino 24/02/2026 Final Conference - Shaping the future ofmobility: planning sustainable solutions across European regions



Data included in the NWA GIS shapefile per each segment

NWA Italian Methodology
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Data collection and elaboration

NWA Italian Methodology
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The methodology developed by ANSFISA assesses a Proactive Index, based on in-build safety of the network
segments, a Reactive Index, based on the EB estimation of the expected number of crashes, and a Safety
Index which combines the results of the proactive and reactive evaluations. Key points of the methodology are:

• the quantitative evaluation of infrastructural risk factors based on crash modification factors and functions 
recently developed in Italy

• the use of the empirical Bayes method based on new safety performance functions fitted in Italian road 
network

The statistical tests conducted show that the correlation between the results of the proactive safety evaluation,
and the reactive safety evaluation, is highly significant.

NWA Italian Methodology
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Development and application of procedures for conducting "targeted inspections" on 
the segments characterized by the highest priority, defined on the basis of the 
combination of proactive and reactive risk indicators

Updated framework of the so-called "targeted inspections" in relation to the 
widespread and periodic inspections already envisaged in the first formulation of the 
directive

Methodological and procedural coordination between classification results and 
inspection procedures, as well as with Road Safety Impact Assessment (RSIA) 
procedures, for the purposes of investment planning

RSIA
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NWA Targeted inspections
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