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Background
➢ Road safety constitutes a major societal and public health 

problem, with road crashes being one of the leading causes 

of death globally. 

➢ More than 1.35 million people are killed in road crashes and 

up to 50 million are injured every year (WHO, 2018). 

➢ Great discrepancies in road safety performance exist among 

the countries worldwide. 

➢ Low- and middle-income countries bear the greatest burden 

of road crash fatalities and injuries.

➢ The UN General Assembly proclaimed the Decade of Action 

for Road Safety 2021-2030 and developed a Global Plan for 

the Decade of Action.
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Objective

➢ The objective of the current study is to develop a global road 

safety model to be used for policy support:

➢ Global assessments (i.e. monitoring the global road safety 

progress towards the UN road safety targets)

➢ Individual country assessments of policy scenarios

➢ Data for 129 countries with the highest population worldwide 

were collected:

➢ Time series data for road traffic fatalities and GDP per 

capita for the period 2000-2019

➢ Data for the latest available year for 45 road safety 

indicators 
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Literature Findings
➢ The review of several road safety management systems has highlighted 

the existence of different levels and pillars in the road safety systems.

➢ A methodological approach was introduced in the SUNflower project 
based on a road safety target hierarchy of “social costs - final outcomes 

- intermediate outcomes - programmes/measures - structure/culture”.

➢ Another family of models link road safety outcomes developments with 

the development of exposure and / or the economy, as well as in 
relation to the road safety policies and measures.

➢ The SafeFITS project developed a road safety decision-making tool for 
national and local governments, through an improved version of the 

SUNflower pyramid.

➢ The UN Global Plan of Action proposed national road safety activities in 

five pillars: Road Safety Management, Road Infrastructure, Vehicle, Road 
User and Post-Crash Services.
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Methodology

1. Two-step cluster analysis, in order to classify the 

countries into groups of countries with similar 

characteristics. 

2. Confirmatory factor analysis, it was selected to keep one 

composite indicator per road safety pillar: Infrastructure, 

Vehicle, Road User, Post-crash care, Country 

characteristics.

3. Generalized Linear Mixed Model, in order to correlate 

road safety outcomes with indicators through 

composite variables.
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Data Sources
➢ Global Health Observatory (GHO) of WHO: road traffic fatalities, 

information and data on road safety management, road safety 

strategies, basic risk factors (i.e., speeding, drink-driving, use of 

protective systems, mobile phone use while driving) and post-

crash care.

➢ International Road Federation – World Road Statistics (IRF-WRS): 

road network length, length of paved roads, length of motorways, 

number of vehicles in traffic (in total and by vehicle type: 

passenger cars, motorcycles, heavy goods vehicles, buses), vehicle-

kilometers travelled

➢ World Bank database: Area, Demographics, i.e., total population, 

population per age group, population per type of residence area 

(urban/rural), life expectancy at birth and at 65 years old, Gross 

Domestic Product.
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Data Overview (1/2)

➢ Time series data for GDP per capita and traffic fatality rates 

per population (2000-2019)

➢ Road Safety Indicators for 129 countries worldwide

(data for the latest available year, mainly 2016)

➢ Pillar 1. Infrastructure (5 indicators)

➢ Pillar 2. Vehicle (6 indicators)

➢ Pillar 3. Road User (19 indicators)

➢ Pillar 4. Post-crash care (6 indicators)

➢ Pillar 5. Road Safety Management and Country 

Characteristics (6 indicators)
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Data Overview (2/2)

➢ Low data availability is observed for few variables, mainly 

regarding exposure data, performance indicators and post 

crash care. 

➢ Missing data per indicator were retrieved from other data 

sources, ensuring that the different data sources can be used 

in a complementary way.

➢ In case that data were not available in other sources, the 

latest available data were used, if time-series data were 

available. 

➢ If no data were available, missing values for each country 

were imputed with the mean value of the indicator of the 

group in which the specific country has been classified. 
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Cluster Analysis
➢ A two-step cluster analysis was performed 

➢ Five clusters were defined, with an average silhouette measure 

of cohesion and separation equal to 0.6, based on 5 inputs: 

➢ vehicles per population, 
➢ road network density, 

➢ life expectancy at birth, 

➢ percentage of passenger cars in total vehicle fleet,

➢ percentage of motorcycles in total vehicle fleet.

➢ Cluster 1: highest ratio of vehicles per population, high network 

density, high life expectancy at birth

➢ Cluster 2: densest road network, highest life expectancy at birth

➢ Cluster 3: medium motorization level, road network density 

lower than the global average, large proportion of passenger 
car 

➢ Cluster 4: least motorized countries 

➢ Cluster 5: highest ratio of motorcycles in the vehicle fleet



Katerina Folla, Development of a Global Road Safety Model

Estimation of composite variables

➢ Factor analysis per road safety pillar 

(constrained to yield to one factor per pillar)

➢ 45 road safety indicators were included in the 

analysis

➢ For communalities more than 0.3, the extracted 

components represent the variables well
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Composite Variable - Infrastructure

➢ All five indicators were considered for the estimation of 

this composite variable.

➢ This factor represents 42.37% of the overall variance in 

the data.

➢ The ratio of paved roads in the total road network and 

the Safe Urban Mobility indicator are those with the 

highest communalities.

[P1_Infrastructure]i = 0.288*[Road Network Density]i + 

0.277*[Motorways(%)]i + 0.362*[Paved Roads (%)]i  + 0.259*[Infrastructure 

Safety]i  + 0.334*[Safe Urban Mobility]i,
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Composite Variable - Vehicle

➢ 4 out of 6 indicators were considered for the estimation 

of this composite variable (communality higher than 0.3).

➢ This factor represents 43.35% of the overall variance in 

the data

➢ The vehicle rate per population, the ratio of passenger 

cars in the vehicle fleet and the application of UN vehicle 

standards in the national legislation are those with the 

highest communalities.

[P2_Vehicles]i = 0.303*[Vehicles per population]i + 0.319*[% of passenger 

cars in vehicle fleet]i - 0.260*[% of motorcycles in vehicle fleet]i + 0.302*[UN 

Vehicle Standards]i 



Katerina Folla, Development of a Global Road Safety Model

Composite Variable – Road User

➢ 10 out of 19 indicators were considered for the estimation of 

this composite variable.

➢ This factor represents 35.82% of the overall variance in the 

data

➢ Indicators related to the use of protective systems (seat-belt 

and helmet) and the assessment of traffic enforcement are 

those with the highest communalities.

[P3_Road User]i = 0.079*[Drink Driving Law]i + 0.093*[Seat Belt Law]i + 

0.090*[Child Restraint Law]i + 0.106*[Assessment of seat belt law 

enforcement]i + 0.100*[Assessment of drink-driving law enforcement]I + 

0.105*[Assessment of speed law enforcement]i + 0.107*[Assessment of helmet 

law enforcement]i + 0.108*[Seat belt use rates - driver]i + 0.114*[Seat belt use 

rates - front passenger]i + 0.112*[Helmet use rates - driver]i
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Composite Variable - Post-crash care

➢ 3 out of 6 indicators were considered for the estimation 

of this composite variable.

➢ This factor represents 37.70% of the overall variance in 

the data.

➢ The indicators related to the density of hospitals and the 

ratio of available hospital beds per population are those 

with the highest communalities.

[P4_Post-crash care]i = 0.279*[Hospital beds per population]i + 

0.406*[Hospital Density]i + 0.367*[Rural Hospital Density]i
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Composite Variable – Country Characteristics

➢ 4 out of 9 indicators were considered for the estimation 

of this composite variable.

➢ This factor represents 38.73% of the overall variance in 

the data.

➢ The indicators related to the demographic characteristics 

of the countries are those with the highest 

communalities.

[P5_Country characteristics]i = -0.267*[% of population aged <15 y.o.]i + 

0.245*[% of population aged >65 y.o.]i + 0.216*[% of urban population]i + 

0.264*[Life expectancy at birth]i
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Generalized Linear Mixed Model

➢ A panel dataset is constructed, including repeated 

measurements of the same set of individuals (i.e., countries) 

over time. 

➢ Dependent variable is the logarithm of the fatality rate per 

population

➢ The main explanatory variable is the logarithm of GDP per 

capita, the repeated measures of which allow for the analysis 

of changes in the fatality rate over time

➢ Five composite variables (Infrastructure, Vehicle, Road User, 

Post-crash care, Country Characteristics) as control variables 

aiming to capture individual-level variation
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GLMM Results
➢ Increase in the GDP per capita leads to reduction of 

road fatalities per population

➢ All the parameter estimates of the composite 

variables, except the post-crash care composite 

variable, were found statistically significant.

➢ An increase in the composite variable score results in 

a decrease in the fatality rate

➢ The parameter estimate of the P5 Country 

Characteristics has a positive sign, which is attributed 

to the fact that demographic characteristics are 

included in this factor

➢ There is significant between-countries variation in the 

fatality rates per population
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Statistical Model Assessment

➢ The model is satisfactory for almost all countries tested. 

➢ The mean percentage prediction error is estimated at 13.9% of the observed value.

➢ 75% of values (country-years) in the dataset have less than a 20% prediction error
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Mortality Change 2019-2030

➢ An overall decrease by 5.7% is predicted for 

road fatalities in 2030

➢ African region: +14.6%

➢ Asian Region: -9.8%

➢ Eastern European Region: -15.61%

➢ Latin American and Caribbean: -6.3%

➢ Western European & Other: -10.9%
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Conclusions (1/2)
➢ Data for 129 countries with the highest population worldwide were 

collected:
➢ time series data for road traffic fatalities and GDP per capita for the 

period 2000-2019 and 

➢ data for the latest available year for 45 road safety indicators, 

covering the five road safety pillars introduced by UN (Infrastructure, 

Vehicle, Road User and Road Safety Management). 

➢ A Generalized Linear Mixed Model was developed, using historical 

data of 20 years (2000-2019) for the fatality rates and the Gross 

Domestic Product per capita.

➢ The composite variables, calculated through the factor analysis, 

were also included in the analysis as control variables in order to 

capture any country-level variations.

➢ It was found that road safety is improved with the increase of the 

economic level of a country over time.
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Conclusions (2/2)

➢ The model could be used to serve key purposes in road 

safety policy analysis, i.e., forecasting road traffic fatalities, 

testing policy interventions.

➢ Indicators related to infrastructure, road user (e.g., protective 

systems use rates) and post-crash care (e.g., number of 

available hospital beds) had the most missing values. 

➢ This concerned to a greater extent the less developed 

countries (mostly African and Asian). 

➢ Lack of historical data for almost all road safety indicators 

does not allow to explore the effects of their evolution over 

time on the fatality rate trends.
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