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1 ACTUALITY OF THE RESEARCH TOPIC 

Road transport has an important role in supporting European integration and cohesion and 

ensuring the high level of welfare. High level of road safety must be implemented as a basic 

criterion to reach these goals, thus road traffic safety was set as an aim of high importance in 

the White Paper of European transport policy between 2010 and 2020.  

In the aspects of the improvement of the overall performance of the traffic system and the 

fulfilment of the requirements of the citizens and businesses the reduction of the number of 

road users involved in accidents is of high priority, thus “A coherent holistic and integrated 

approach is therefore needed, taking into account synergies with other policy goals. Road 

safety policies at local, national, European or international level should integrate relevant 

objectives of other public policies and vice versa.” (European Commission, 2010).  

“The highest number of fatalities occurs on rural and urban roads (56% and 44% respectively 

in 2008, compared to 6% on motorways). Therefore, ways should be found for gradually 

extending the relevant principles of safe management of infrastructure to the secondary road 

network of the Member States, taking into account the principle of subsidiarity.  

The Commission will ensure that requests for funding from the EU funds related to road 

infrastructure within Member States incorporate safety requirements. An extension of this 

principle to external aid will be explored. (European Commission, 2010). 

Therefore the Commission formulated basic measures. “The Commission will:  

1. Ensure that European funds will only be granted to infrastructure compliant with 

the road safety and tunnel safety Directives 

2. Promote the application of the relevant principles on infrastructure safety 

management to secondary roads of Member States, in particular through the 

exchange of best practices.” (European Commission, 2010). 

In the light of all these special attention should be paid to the fact, that the European sources 

will provide proper intensity funding only those infrastructure investments corresponding with 

the safety Directives and meet the expectations of the Commission of evincible socio-economic 

usefulness. 

One of the goals of The White Paper on transport “Roadmap to a single European transport area 

– Towards a competitive and resource-efficient transport system” published on the 28th of 
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March 2011 was to move fatalities in road transport close to zero by 2050 and to decrease the 

number of accident injuries by half.  

A number of traffic safety indicators have improved in recent years, owing to the successful 

measures among others. On the other hand the report “Road safety in the European Union” of 

the European Commission in March 2015 said that the fatalities decreased only by around 1% 

in 2014 compared to 2013, which is significantly lower than the 8% in previous years (2012-

2013).  

The Commitment of the European Parliament on the 9th of September 2015 in the report on the 

implementation of the 2011 White Paper on Transport: taking stock and the way forward 

towards sustainable mobility (2015/2005(INI)) –  that was based on the knowledge of the White 

Papers of the Commission “Roadmap to a Single European Transport Area – Towards a 

competitive and resource efficient transport system” (COM(2011)0144), „European transport 

policy for 2010: time to decide” (COM(2001)0370), and the Communications of the 

Commission „A Digital Single Market Strategy for Europe” (COM(2015)0192) and “Together 

towards competitive and resource-efficient urban mobility” (COM(2013)0913) – calls in the 

34th point, with regard to road safety, for: 

 – the swift adoption of a 2020 target of a 40 % reduction in the number of people 

seriously injured, accompanied by a fully-fledged EU strategy; calls on the Member States to 

provide without delay all relevant statistical data so as to enable the Commission to set that 

target and strategy, 

   – a strengthening of actions aimed at reducing the number of deaths and injuries on 

the road, 

   – action to attain the 2020 road safety target of less than 15 000 fatalities, through the 

introduction and implementation of cost-effective road safety measures at EU and national 

level, 

   – actions to reduce accidents among vulnerable users, in particular users of two-

wheeled vehicles, pedestrians in urban environments and older drivers, 

   – road safety measures within the upcoming Road Package and a mid-term review of 

the Commission’s Road Safety Programme 2011-2020, 

http://www.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2015/2005(INI)
http://ec.europa.eu/prelex/liste_resultats.cfm?CL=hu&ReqId=0&DocType=COM&DocYear=2011&DocNum=0144
http://ec.europa.eu/prelex/liste_resultats.cfm?CL=hu&ReqId=0&DocType=COM&DocYear=2001&DocNum=0370
http://ec.europa.eu/prelex/liste_resultats.cfm?CL=hu&ReqId=0&DocType=COM&DocYear=2015&DocNum=0192
http://ec.europa.eu/prelex/liste_resultats.cfm?CL=hu&ReqId=0&DocType=COM&DocYear=2013&DocNum=0913
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   – the extension, within the revision of Directive 2008/96/EC on road infrastructure 

safety management, of its four main measures to other parts of the road network, including all 

parts of motorways and rural and urban roads.” (European Parliament, 2015) 

With the approval of Directive 2008/96/EC a common framework for road infrastructure safety 

management was created for the first time in the EU. This Directive only applies to the TEN-T 

corridors and is subject to different interpretations and dissimilar implementation across the 

EU and it focuses only on procedural aspects of road safety monitoring.” (European 

Parliament, 2014) 

The national strategic documents are corresponding with the expectations, directives and 

guidelines of the EU.  

The 3rd Action Plan of the European Union encourages the Member States to establish national 

plans for the development of the road safety. This objective gives the basic conditions and the 

essential tasks of the road traffic safety program of Hungary. One of the goals of the Hungarian 

Transport Policy 2003-2015 strategic document is the development of the road safety. Thus the 

transport policy program of Hungary is named “Hungarian Transport Policy 2003-2015”. The 

program recognized by 19/2004. (III. 26.) OGY decision of the Hungarian Parliament contains 

more moderate targets than the ones established by the European Union in the fields of road 

safety. The previously formulated target: the decreasing of accidents and fatalities by 30% until 

2010 and 50% until 2015 compared to 2001. (“Road Transport Safety Action Plan (2014-

2016),” 2014).  

The road safety directions were determined based on the previous results in the National 

Transport Strategy of Hungary (NTS). The areas of interventions signed in the NTS are more 

closely aligned with the European program, and the national actions and goals are more easily 

to be adapted to.  

The detailed action plan of the road safety objectives in the Union’s Strategy Documents is the 

Road Transport Safety Action Plan (2014-2016), which summarizes the needed actions, 

recommendations and founding to improve the road safety of Hungary in the following 3 years. 

The second main column determines the topic of safe infrastructure, where the strategic goal 

set is to reach a higher safety level of the road network.  
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2 OBJECTIVES 

The aim of my thesis was to develop a model to establish the improvement of the traffic safety 

of road infrastructure according to the Directive 2008/96/EC of the European Parliament and 

of the Council and the 176/2011. (VIII. 31.) Government Regulation, which will help to reach 

the road safety objectives of the European Union in practice.  

Working out my thesis I have put emphasis on the detailed knowledge and the analysis of the 

possibilities of application and Hungarian adaptation of the applied theoretical road safety 

models – especially on the mathematical-statistical procedures estimating the development of 

road accidents. 

My goal was to develop a model based on the experiences of applied processes in national and 

international practise, the exploration of the correlation between the accidents and infrastructure 

and the applied estimation models – to provide additional input data of the data available and 

derived, according to the methodology of cost efficiency and cost-benefit analysis applied by 

the assessment of investments. According to this, the key goal of this thesis is to determine the 

accident loss values and accident frequencies related to the examined road networks. 

For this goal I take a sight on the demarcation of the road network based on the improvement 

potential according to the socio-economic aspects too, to serve as a base for future analysis. 

My aim is to develop a modular process – capable of automatic processing of measured data – 

to provide additional input data likely to be required for modelling.  

After the determination of the measured and derived data my goal is to analyse the spatial 

distribution of the accidents with personal injuries by modern spatial statistical procedures.  

Based on the results of spatial analysis, my additional goal is to determine the Safety 

Performance Functions to predict the rate of accidents, fatalities and injuries of the national 

road network.  
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Hypotheses 

 The modular process can be improved to be able to elaborate measured road GPS data 

to determine the arc parameters of the horizontal and vertical tracing.  

 The application of the Safety Performance Function based on the Poisson distribution is 

limited on the secondary road network.   

 The spatial distribution of the road accidents on the secondary road network regularities 

can be observed.  

 The Safety Performance Functions – applicable to model the rate of accidents, fatalities 

and injuries of the national road network – can be determined. 

 The accident loss values can be predicted based on the parameters characterizing the 

road infrastructure, the traffic and historical data. 
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3 THE METHOD OF RESEARCH 

In accordance with my goals, a wide range of classic research methods were applied in my 

thesis. The application of GIS and mathematical methods used for the spatial mathematical 

statistical analysis must be highlighted, and furthermore the procedures and models improved 

for their applications.  

In the course of my research I have explored the estimation and approximation methods of the 

consumer negative external mechanism of the road safety of the road transport sector based on 

international and national literature. The literature research is based on international articles, 

national research monographs and the results of European research projects. The papers 

examining the national adaptation were written by Gulyás, Holló, Jankó, Koren, Reimann and 

Borsos – the latter closely related to my topic – and they are referred at the corresponding parts 

of my thesis.  

The methods implemented and improved are detailed in my thesis apropos of the application 

possibilities of the methods uses in European practice. These statements are based on the results 

I have elaborated myself or by the help of my students as their supervisor – as a member of the 

Department Research Board1. In my work I analysed the most significant of the external 

economic effects of road traffic vehicles: the occurring accidents. 

 

Fig. 1.: The external cost categories of passenger vehicles in EU-27 in 2012 

source: (Becker et al., 2012)  

  

                                                           
1 BME (Budapest University of Technology and Economics) Department of Transport Technology and 

Economics 
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4 NEW SCIENTIFIC RESULTS  

1. A modular procedure was implemented to provide additional input data for the 

modelling of the accident rates that is able to elaborate measured road GPS data 

to determine the arc parameters of the horizontal and vertical tracing. 

The basic available parameters were assessed to be less than needed for the model I planned, 

thus I had to complete them with the radius of the horizontal tracing. A methodology was 

proposed to determine this parameter, and I showed the application of this methodology through 

an example, later generalized on the whole network.  

A software was developed to help the determination of the arc radius of public roads based on 

GPS coordinates. A modular procedure was implemented to process and evaluate measured 

data.  

After retrieving the measured WGS 84 coordinate type GPS data the program projects the 

values measured in the ellipsoid coordinate system on the Unified National Projection map 

(EOV in Hungarian). The analysis of the public road is happening in this coordinate system. 

The geometrical analysis divides the road section on linear sections, circular and other curve 

sections, and the specific characteristics are calculated. Based on these determined geometrical 

parameters the road safety factors can be calculated.   

My goal is the identification of the longer linear sections. A sequential process was applied with 

the continuous increasing of the data points (Björk, 1996). From the starting coordinates of the 

road section I fitted a line on 3 points and calculated and analysed the R2 value. If it was higher 

than the previously determined threshold value, the number of the data points was extended and 

the fitting and goodness test was repeated. This was repeated until I got a goodness value 

smaller than the previously determined threshold. This way the linear sections in the data series 

can be determined and saved by coordinates of the starting and end points and the length of the 

sections (Nocedal & Wright, 2006). 
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Fig. 2.: Circle sessions on the No. 82. secondary road 
source: own edition 

The circular sections were determined by an optimization procedure on the points between the 

previously defined linear sections. To ensure the more accurate fitting a two-step optimization 

was applied (Nocedal & Wright, 2006). 

The data points that cannot be described by linear or circular sections were modelled by cubic 

spline interpolation procedures.  

After the determination spline functions on the data point intervals it is possible to determine 

the local curvature (κ) and the local tangential circle radius (ρ).  

Publications related to this thesis: (Baranyai és Sipos, 2015; Sipos, 2014, 2011a; Sipos és 

Török, 2010, Sipos és Török, 2011a) 

2. In the course of the modelling of the frequencies of accidents on the secondary road 

network, I concluded that the application of the Safety Performance Function 

based on the Poisson distribution is limited in this category. 

The determination of the SPF-s was based on the Generalized Linear Model regression, and the 

IBM SPSS software package was used to determine the parameters of the SPF-s.  

Based on the several different combination of the explanatory variables 56 model variations 

were run to determine the proper parameters. The most important aspect was to find a model, 

which describes the dependent variable the better based on the application of the least 

parameters. So my goal was not to find a “perfectly” fitting model, but to find one to give the 

best prediction of the data series for the following years. The fitting on the data series can be 

improved by adding new variables, but the parameter estimation will be more difficult. To 
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compare the models I calculated several different factors characterizing efficiency during the 

GLM procedure. The most important factors were the Akaike’s Information Criterion and the 

Bayesian Information Criterion.  

Tab. 1: Model goodness of fit 

source: own edition 

Goodness of Fita 

 Value df Value/df 

Deviance 33914.174 72071 .471 

Scaled Deviance 33914.174 72071  

Pearson Chi-Square 114334.477 72071 1.586 

Scaled Pearson Chi-Square 114334.477 72071  

Log Likelihoodb -22348.195   

Akaike's Information Criterion 

(AIC) 
44716.391 

  

Finite Sample Corrected AIC 

(AICC) 
44716.394 

  

Bayesian Information Criterion 

(BIC) 
44808.246 

  

Consistent AIC (CAIC) 44818.246   

The AIC value of the most effective model running was 44716, while the BIC value was 44808. 

All the other running resulted in higher values, thus this model seemed to match based on only 

the analysis of the goodness of fit. After this, the implementation of other tests is reasonable, at 

first the Omnibus-test to show if there significant effect compared to the Intercept-only model 

is.  

The Omnibus-test showed that the explanatory variables have significant effect compared only 

to the Intercept-only model. Running the models an over dispersion occurred in every case, 

with values between 1.2 and 2.4. This values are not extremely high, but violate the basic 

hypothesis.  

Tab. 2: Test of model effects 

source: own edition 

Tests of Model Effects 

Source Type III 

Wald Chi-Square df Sig. 

(Intercept) 1216.297 1 .000 

HOSSZ * log_ANF 1346.214 1 .001 

FSVV 294.575 3 .001 

SZAKJEL 174.606 1 .002 

TEREP 79.584 2 .003 

VSUGOK_KM 58.976 1 .002 

RKSZ 146.256 1 .001 
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The most serious consequence is that the estimated standard errors of the parameters will be 

smaller than the actual values, and this means, that the significance tests show fake, more 

favourable picture than the real one (Moksony, 2006). Thus we can get statistically significant 

results despite the fact that our hypothesis is false, during the determination of standard errors 

we assume the mean and the variance to be equal. As the temporality is not crucial in my 

research, I considered the spatial formation of the accident clusters to be one of the possible 

causes of the problem.   

Publications related to this thesis: (Baranyai és Sipos, 2015; Sipos, 2017, 2011a; Sipos et al., 

2012b; Sipos és Török, 2011b) 

3. I have found by the help of the Global Moran’s I autocorrelation index that 

regularities can be observed in the spatial distribution of the personal injury 

accidents on the secondary main road network: the spatial autocorrelation of the 

accident frequency is positive on the whole analysed time range.  

Applying the spatial statistical tool systems I analysed the spatial clustering of the road 

accidents. The spatial autocorrelation procedures were applied to analyse the clustering of 

accidents on the secondary main road network between 2010 and 2012. The accidents occurred 

on the national main road network between 2010 and 2012 were analysed. 

The autocorrelation of the accidents were analysed by the ArcGIS 10.2 software. The accidents 

were referred by a single point based on the Cartesian planimetric coordinates. In this case these 

are the proper coordinates of the Unified National Projection System (EOV in Hungarian) 

HD72.  

A so-called fishnet was shaped to cover the country from several 1 km2 elements and the 

cumulative value of occurred accidents covered by the element were assigned to the actual 

element of the net. The standardized value of the Moran’s Index was determined by interval 

increasing of the d distance value. The lower bound of the d distance was 4000 meters, which 

was increased by 200 meters until 6000 meters. Based on this method, the optimal distance can 

be determined for the Getis’ filtering, where the autocorrelation effect is maximal.  
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Fig. 3.: Global Moran’s Index determined at optimal distance 
source: own edition based on ArcGIS 10.2.  

The probability of the clustering to be random was under 1%. The accidents occurred on the 

spatial elements of the secondary main road network between 2010 and 2012 were spatially 

auto correlated; thus the statistical analysis must be performed being aware of this fact.  

Publications related to this thesis: (Sipos, 2017; Sipos and Tánczos, 2013) 

4. Based on the short-term historical frequency data I determined those Safety 

Performance Functions suitable for the prediction of the accident, fatality and 

injury frequencies of the secondary national main road network. 

The linear regression was applied for this, which was originally found to be suitable for the 

over dispersion problem and was generalized during the further modelling (Generalized Linear 

Regression – GLM), but to eliminate the over dispersion problem applying the Poisson 

distribution, I switched to the negative binomial regression. 

The results of the models were examined and the possible distortion points were analysed by 

the help of the residuum. To identify the distortion points the so-called Cook’s D statistics or 

Cook’s distance was calculated for every observation. Besides the Cook’s distance a Leverage 

analysis was performed. The fine-tuning of the model parameters was done by the 

determination of the outliers.  

 

 

Moran’s Index:   0.204  

z-value 55.099 
 

p-value  >0.01   

D threshold 5 030 m  
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Tab. 3: Parameters of the SPF model of accidents  

source: own edition 

Parameter 
β 

Std. Error 
95% Wald Confidence 

p 
Index Value Lower Upper 

(Intercept) 0 -2.621 .0817 -2.781 -2.461 .000 

HOSSZ 1 3.948 .2133 3.529 4.366 .020 

ANF_ATLAG 2 8.091E-005 2.6358E-006 7.574E-005 8.607E-005 .012 

PSZEL_ATL 3 -.237 .0289 -.294 -.181 .000 

[SZAKJEL=1] 4 -.323 .0377 -.397 -.249 .002 

[SZAKJEL=2] 5 0a . . . . 

[JP_OTGK_OJ=1] 6 .222 .0798 .065 .378 .005 

[JP_OTGK_OJ=2] 7 .263 .0715 .123 .403 .003 

[JP_OTGK_OJ=3] 8 .128 .0715 -.012 .268 .037 

[JP_OTGK_OJ=4] 9 .139 .0791 -.016 .294 .044 

[JP_OTGK_OJ=5] 10 .117 .0906 -.060 .295 .025 

[JP_OTGK_OJ=6] 11 0a . . . . 

[VVJL=1] 12 -.108 .0399 -.186 -.030 .007 

[VVJL=2] 13 -.080 .0402 -.158 -.001 .048 

[VVJL=3] 14 0a . . .  

The Safety Performance Function predicting the frequency of accidents is the following based 

on the previous information: 

40 3 3 51 2 _ _ji k
VVJL jPSZEL SZAKJEL i JP OTGK OJ kHOSSZ ANF

BBTF e e e e e e e
      

      
        (1) 

where: 

 BTFB  accident frequency [case], 

 β   model coefficients [-], 

 HOSSZ  section length[km], 

 ANF   annual avarage daily traffic [v/d], 

 PSZEL  width of the roadside [m], 

 SZAKJEL  type of the road-section [1 rural, 2 urban], 

 VVJL   type of horizontal tracing by increasing road-section number 

  [1 left curve, 2 right curve, 3 linear], 

 JP_OTGK_OJ      the category of the rate of heavy vehicle [1-6]. 

Tab. 4: Categories of the rates of heavy vehicle by the BTF accident modelling 

source: own edition 

Rate of heavy vehicle 

Categories derived from the OTGK/OJ rates [%] 

1 0 – 5 

2 5 – 10 

3 10 – 15 

4 15 – 20 

5 20 – 25 

6 25 – 

where OTGK is the number of heavy vehicles, and OJ means all vehicles. 
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The coefficients of model parameters were analysed. The standard error and the Wald-type 95% 

confidence interval was determined for each parameter. After the hypothesis analysis the 

empirical significance level was calculated for the parameters. The coefficients for the fatalities, 

serious injuries and minor injuries were determined in addition to the same analysis of the 

model for the prediction of the frequencies of accidents.  

Publications related to this thesis: (Sipos, 2017; Sipos et al., 2012b) 

5. The accident loss value of each section was estimated - based on the determining 

parameters characterizing the road infrastructure and traffic and historical data 

– by the application of the Plausibility Theory and the Weighting Factor.  The loss 

value based road safety improvement potential values of the secondary national 

main road network were determined based on the categorical loss values and the 

loss value of each individual section. 

Besides the analysis of the effect of infrastructure and traffic data on accident frequencies I 

showed that the Plausibility Theory can be a proper tool to unify the accident frequency values 

from different sources (estimated and historical), and its use is appropriate and reasonable in 

case we have data available.  

Based on the result of the accident, fatality, serious and minor injury SPF modelling the 

accident, fatality and injury frequencies were estimated for the whole secondary main road 

network. These estimated accident, fatality and injury frequencies were corrected by the 

accident data of the Hungarian Central Statistical Office (KSH in Hungarian) between 2011 

and 2013. 

After the plausibility estimation the loss value for each section was calculated based on the 

estimated fatality, serious and minor injury number, where the loss value of 2013 was chosen 

as equivalent value. The improvement potential was generated for each individual section based 

on the section’s loss value corrected by the help of the historical accident, fatality and injury 

data.  

The general form of the plausibility estimation equation from the historical data of accident 

frequencies and the BTF can be written as:  

 
(1 )i i i i iw w BTF    

 (2) 
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where: 

 BTFi  is the accident frequency determined by the estimation model, 

 w  is the plausibility weight, 

 i   is the historical accident frequency, 

 i  is the index of the section. 

The Bühlmann (plausibility) coefficients of the parameters generally can be defined as: 

 
( )

( )

i E

D

N
w

N



 


 
(3)

 

where: 

 E(θ)  is the mean of the estimated parameter, 

 D(θ) is the standard deviation of the estimated parameter, 

 N  is the length of the available historical data series. 

The determination of the Over Dispersion Parameter of the sections is essential for the 

determination of the Plausibility Weights. (Hauer, Harwood, Council, & Griffith, 2002). 

The Plausibility Weights can be calculated based on the accident frequencies determined by the 

SPF and the Over Dispersion Parameter of the sections: 

 
i

i

i BTF

N
w

N

 


 
(4) 

where: 

 φi is the over dispersion of section No. i,  

 BTFi  is the estimated frequency of section No.i.  

 

Fig. 4.: The change of the plausibility weight as function of the standard deviation of the estimation and the 

length of the historical data series. 
source: own edition  
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As seen in Fig. 4 the longer the data series or the higher the standard deviation of the SPT 

estimation the historical data get the higher plausibility weights in plausibility estimation.  

The estimated improvement potential of each section was generated based on the loss values of 

the section corrected by the historical accident, fatality and injury data.  

The results of the estimations were attached to a geodatabase and the results were demonstrated 

in the ArcGIS environment to get a visual picture of the outcome.  

Publications related to this thesis: (Sipos, 2017; Sipos et al., 2012a, 2012b; Sipos and 

Tánczos, 2015) 

5 APPLICATION AND ENHANCEMENT OPTIONS OF THE NEW 

SCIENTIFIC RESULTS  

1. Introduction of application options 

In recent years my second employer, the Institute for Transport Sciences, Department of Road 

Safety and Traffic Technology, later Centre for Road Safety was entrusted to evaluate the 

efficiency of road safety investments. Parts if my results were applied and I used the developed 

methodology in the efficiency evaluation and cost-benefit analysis tasks.  

Major assignments:  

- Cost-efficiency and cost-benefit analysis of 11 road safety investment package 

(planning permission required) implemented on the clearway network operated by the 

National Highway Authority Ltd. (ÁAK Zrt. in Hungarian) between 2012 and 2019.  I 

managed to calculate accident and injury frequency values and estimated accident loss 

values of 20 years on the planned investments.  

- Cost-efficiency and cost-benefit analysis of almost 600 road safety investment package 

(planning permission not required) implemented on the clearway network operated by 

the National Highway Authority Ltd. (ÁAK Zrt. in Hungarian) between 2012 and 2019; 

I managed to calculate accident and injury frequency values and estimated accident loss 

values of 20 years on the planned investments. The social benefits were also determined 

from the external items, resulting from the cost reduction of road safety.  

- Efficiency analysis of 534 low cost road safety investment between 2007 and 2011, 

where the efficiency of the investments were analysed by the application of historical 

data and modelling procedure.  
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- The loss value based safety hierarchy of the national intercity bus stops, based on the 

accident frequency and the socio-economic aspects. 

 

Fig. 5.: Accident loss value of bus stops 

source: own edition based on ArcGIS ArcView 

I was working on the “2+1 – 1+2 lane problem of the national clearways and highways” 

research material entrusted by the “The Hungarian Road Society, financed by the KözOP-3.5.0-

09-11-+2012-0018 project.  

The goal of my chapter - concerning my research area too - was the analysis of the applicability 

of the new road type, and as additional proposal, the analysis of the overtaking sections regarded 

as local three-lane road sections.   

Clearway and main road sections were presented based on the analysis of research results of 

the network, geometrical, cross-section, traffic and road safety data, where the implementation 

of the 2+1 lane roads can be necessary and reasonable because of the impossibility of 

overtaking, the speed development, the traffic composition or the accident situation.  

During the elaboration of the selection of the 2+1 lane road and the local overtaking sections 

based on road safety I attended, I have utilized the procedures too, I have worked out in my 

Ph.D. thesis.    

Legend 
Accident loss value of bus stops [Ft] 
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2. Enhancement options 

The application of the continuously improved Safety Performance Functions – providing more 

precise estimates – is inevitable in the cost-efficiency and cost-benefit analysis of 

traffic/transport – and especially the traffic safety – investments. Besides the SPF-s for the 

secondary main road network in my Ph.D. thesis, only the SPF of accidents for the primary 

main road network of dr. Attila Borsos is available in Hungary. The extension of the SPF-s for 

the whole national road network would be necessary in order to be able to estimate the accident 

and injury frequencies for the whole road network and based on these results to be able to 

analyse the cost-efficiency and cost-benefit aspects of any optional future investment – based 

on the available and quantifiable up-to-date methods.  

To develop the proper SPF-s, the accurate localization and the correction of false coordinates 

is necessary. These inaccuracies can result in the significant distortion of the evaluation of the 

accident and injury frequencies.  

The SPF-s based on a number of false input data are estimation error laden, thus the 

determination of the expected values of accidents and injuries can be incorrect. The assessment 

of the reasonableness of the planned investment can be misleading caused by the incorrect 

results in the economic analysis.  

After the correction of input data, it can be subservient to increase the sample size and to extend 

the historical data series to improve the efficiency of estimation of the developed model.   

One of the enhancement option of the SPF-s are the categorization of the depending variables 

resulting in the possibility of the estimation of different types of accidents, thus the option of 

the completion of the impact assessments of type-specific investments.  

By the extension of the spatial statistical methods - applied in my Ph.D. thesis to analyse the 

spatial autocorrelation of the secondary main roads – an up-to-date model suitable for the 

selection of accident clustering places can be developed.  
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