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Abstract 
Danish road authorities have since the 1970s been handling hazardous road locations - i.e. black 
spots – with great success.  However, recent developments have undermined this approach as 
present-day accidents are far more widely scattered over the road network than in the 1970s, 
1980s and 1990s. This situation is due to generally significant improvements in traffic safety, 
which have reduced the number of accidents since the 1970s, and due to the fact that the 
reporting rate of accidents has fallen. 10 years ago almost 20% of the persons injured in road 
accidents were recorded by the police and included in the official accident recording system in 
Denmark, whereas today only about 10 % of the injuries are recorded by the police. 

Consequently, many municipalities are faced by the paradox that they are unable to identify any 
black spots on the basis of accident recordings in rural areas even though more than 2/3 of the 
persons killed in road accidents are killed on rural roads. In order for the road authorities to 
continue to spend traffic safety budget money most effectively there is a requirement for 
workable non-accident based approaches.  

A PhD project at Aalborg University in Denmark is addressing this problem in seeking to develop 
a workable method based on road characteristics to identify hazardous road locations in the 
secondary rural road network in Denmark. This approach will leave road administrations 
independent of accident recordings in their site specific road safety work. 

As part of this PhD project the influence of road characteristics on accident density on secondary 
rural roads in Denmark is analyzed. The analysis is performed on 180 km rural two-lane roads in 
the municipality of Aalborg. The relationship between road characteristics and accident density 
is modeled using Poisson regression.  As road characteristics AADT, carriageway width, shoulder 
width, presence of hard shoulder, intersection density, road access density, presence of bicycle 
path and the use of centerlines and lines along the shoulders are used. As accident data records 
from the official accident database in the years 2003-2011 are used. Poisson regression is used 
to analyze data rather than the negative binomial regression, since the Poisson model fits data 
better and data is not significantly over dispersed. The results show that AADT, intersection 
density and road access density have significant influence on accident density on secondary 
rural two-way roads. Furthermore, the results indicate that carriageway width and the extent of 
road markings – no road markings, only centerline, or both centerline and lines along the 
shoulders – also affect the accident density.    
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1. Background 
Since the 1970s, identification, analysis and treatment of hazardous road locations have   been 
the cornerstone of the Danish site specific traffic safety work. However, recent developments 
have undermined this approach for two various reasons. The most hazardous locations have 
now been treated, the remaining locations are less hazardous, and the safety effect of measures 
in these locations are less effective (SWOV 2010). Furthermore, the identification of hazardous 
roads is based on deteriorated data. Data is registered by the police, but the coverage of this 
registration has lessened in the past 10 years. In 2011, police registered 10 % of people injured 
in traffic accidents in Denmark, whereas in 2001 the rate was 18.5 % (Danmarks Statistik 
2012). 

New ways of identifying hazardous road locations thus need to be explored. Three possible 
solutions to the current situation can be identified: 1) Identification and treatment of hazardous 
road locations is stopped and traffic safety work concentrated on other matters; 2) The existing 
accident data is supplemented with data from for example emergency rooms in order to secure 
a better foundation for the identification; or 3) New methods using other types of data are 
developed. At the Traffic Research Group of Aalborg University, two research projects are 
exploring opportunities to develop new methods. One project is looking at the opportunity of 
using GPS data from cars, the other is looking at the opportunities of using data about road 
characteristics as the foundation of identifying hazardous road locations. This article is part of 
the project concerning road characteristics. (Andersen, Agerholm 2012) 

The analysis in this article is part of a research study with the objective of setting up a workable 
non-accident method to identify hazardous road locations on secondary rural roads in Denmark. 
6 Danish municipalities participate in the project: Hjørring, Aalborg, Viborg, Ringkøbing-Skjern, 
Haderslev and Vordingborg. A workable method is in this project defined as a method where the 
cost of identification of hazardous road locations does not exceed 10 % of the cost of measures 
at hazardous road locations. This means that the data used in the method should be accessible 
for the municipalities or at least fairly easily obtained.   

The accident- based methods that are used to identify hazardous road locations in Denmark 
were developed back in the 1960s by Ole Thorson (Thorson 1967, Thorson 1970). In developing 
the methods, Thorson defined black spots; or more generally hazardous road locations, as sites 
containing local risk factors related to the road layout or the traffic regulation, which causes 
accident risks above the normal level. 

According to Thorson certain identification of such hazardous sites would require that all parts of 
the network are inspected and analysed. At that time such an approach was, rightly, perceived 
as far too expensive and demanding. Hence Thorson argued that the sites should not be 
detected by the specific identification of specific risk factors, but by their consequence; 
abnormally high accident counts. Consequently, Thorson developed a set of methods by which 
sites with high accident counts were detected, as the high accident counts were regarded as an 
indicator of the existence of such local, site-specific risk factors (Overgaard Madsen 2005). 

In the development of the currently applied accident based methods, Thorson specifically states 
that basing the identification and treatment of hazardous road locations on the observed 
accident counts is not an ideal approach, as the accident counts are subject to random variation 
(Thorson 1967, Thorson 1970). The existence of site-specific risk factors being related to the 
road layout, their identification should ideally be based upon the road layout. The aim of this 
research project is to revisit the idea of using data about road characteristics to identify 
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hazardous road locations since data now, 50 years later, is more accessible. One of the 
prerequisites for revisiting Thorson’s idea is knowledge about the statistical relation between 
road characteristics and accident density on secondary 2-lane rural roads in Denmark, which is 
the objective of this article. More specifically, this article analyses the relation between accident 
density and annual daily traffic, carriageway width, presence of hard shoulder, width of soft 
shoulder, density of intersections, density of road access, presence of bike facilities and the 
extent of road markings. The analysis is based on rural secondary 2-lane roads in the 
municipality of Aalborg.  

2. Literature review 
The relation between road characteristics and number of accidents is reported in several studies. 
The character of the studies varies in types of roads studied, number of road characteristics 
studied and choice of method of analysis. In spite of the said variations, the literature still 
provides an estimate of which characteristics are expected to influence the number of accidents 
on a certain road section, and therefore which to include in an analysis. On the basis of the 
literature reviewed, a number of hypotheses are presented in this paragraph.  

As a measure for the exposure of a road section Annual Average Daily Traffic is often used, a 
characteristic which is expected to have a large impact on the number of accidents. Some 
studies assume the relation between the number of accidents and the AADT to be linear, and 
here the accident frequency is used as a dependent variable in the analysis (Lee, Mannering 
2002, Polus, Pollatschek et al. 2005, Othman, Thomson et al. 2009). In other studies the AADT 
is an independent variable, which means that the relation is not necessarily linear. These studies 
all find an increase in the number of accidents with an increase in AADT (Hadi, Aruldhas et al. 
1995, Milton, Mannering 1998, Karlaftis, Golias 2002) 

Carriageway and lane widths indicate the room for maneuvers by the road users. In all 
likelihood the chance of getting an out-of-control vehicle back on track is higher when the room 
for maneuvers is big. Some studies find no significant relation between the number of accidents 
and carriageway/lane width. Most of the studies that do find a relation show that the number of 
accidents decreases as the carriageway/lane width increases (Hadi, Aruldhas et al. 1995, 
Zegeer, Council 1995, Nielsen, Nielsen 1998, Karlaftis, Golias 2002). Another kind of relation is 
showed in two studies from the USA and Sweden respectively. In these studies an increase in 
the number of accidents was found with an increase in carriageway width up till 5.8 m and lane 
width up till 3.5 m, At widths above this level the number of accidents decreased with an 
increase in width (Milton, Mannering 1998, Othman, Thomson et al. 2009). 

The shoulder gives the road user room for maneuvers in case of lost control. Several studies 
have included width of the shoulder with or without hard shoulder in their analyses. In studies 
where the width of the shoulder is showed to have a significant influence on the number of 
accidents it is always the case that the number of accidents decreases as the width increases 
(Hadi, Aruldhas et al. 1995, Milton, Mannering 1998, Zegeer, Council 1995, Lee, Mannering 
2002, Polus, Pollatschek et al. 2005).  

Crossing traffic flows create potential conflicts; therefore, the number of potential conflict points 
along a road increases as the number of access points increases. Access points can either be 
intersections or road access to fields or private property. Some studies distinguish between 
intersections and road access, whereas all access points are seen as one variable in others. 
Equal for all studies they find that the number of accident increases with the density of access 
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points (Hadi, Aruldhas et al. 1995, Karlaftis, Golias 2002, Polus, Pollatschek et al. 2005, 
Vejdirektoratet, Trafitec 2011).  

Most studies of the effect of bicycle paths are performed in urban areas. A major reason for the 
lack of studies in rural areas is the lack of data about the number of cyclists and accidents 
involving cyclists. In the Handbook of Road Safety Measures from the Institute of Transport 
Economics in Norway, a number of evaluations of bicycle paths are gathered in a meta-analysis. 
The analysis shows that the number of accidents involving bikes decreases on road sections 
between intersections after a bicycle path is constructed, but the number of accidents increases 
at intersections (Elvik, Høye et al. 2009). Most of the studies, however, examine urban areas 
and furthermore, in almost none of the studies is a change in the number of cyclists taken into 
account. At several locations in Denmark, bicycle paths are established along the road in rural 
areas, usually separated from the road by a brink of grass. This article includes the presence of 
bicycle paths in the analysis. Data might not be sufficient, but since there are several bicycle 
paths along rural roads in Denmark, it would be interesting to know if they have any effect on 
the number of accidents.   

The effect of road markings along the road – centerline and lines along the shoulder – has not 
been studied in recent years. Some older studies  are gathered in a meta-analysis in the 
Handbook of Road Safety Measures from the Institute of Transport Economics in Norway. This 
analysis points to a minor decrease in the number of accidents as road markings are 
implemented on roads with no previous markings (Elvik, Høye et al. 2009). More recent studies 
of road markings along the road are concentrated on road markings with acoustic features. The 
present article analyzes secondary rural roads where these features are seldom used, therefore 
the data will not be sufficient to study these types of road markings.   

The literature review amounts to a number of hypotheses which are presented in Table 1. 

Table 1. Hypotheses on the effect of road characteristics on accident density on secondary rural 
2-lane roads. The hypotheses are based on literature review.  
 

Variable Hypotheses 

Annual average daily traffic Increase in ADT � Increased Accident density 

Carriageway width Increase in width � Decreased Accident density 

Width of hard shoulder Increase in width � Decreased Accident density 
 

Width of soft shoulder Increase in width � Decreased Accident density 
 Density of intersections Increase in density � Increased Accident density 
 Density of road access Increase in density � Increased Accident density 
 Bicycle path Presence of path � Decreased Accident density 
 Road markings Increase in markings � Decreased Accident density 
 

In general, the literature agrees upon the relation between the number of accidents and the 
Annual Average Daily Traffic, the width of hard and soft shoulder, and the density of 
intersections and road access. For these variables the hypotheses are generated directly from 
the literature. Most studies find that the number of accidents decreases as the carriageway 
width increases. However, two international studies find that the narrowest roads have the 
lowest number of accidents, after which there is sudden rise in accidents as the carriageway 
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width increases, up to a certain point where the accident rate starts declining as the width of 
the carriageway increases further. The hypothesis in this article is formulated according to the 
majority of the studies.    

3. Method 
When modelling accident data it is interesting to model the accident occurrence over a period of 
time on a given road section. Road sections either defined as sections of equal length or of 
homogeneous design but uneven length. In accident modeling several different statistical 
methods have been used, of which Poisson, Negative Binomial, or variations of these are the 
most common, and they will also be the basis of this study.  

The regression analysis is performed in STATA version 1.2. In this study sections of 
homogeneous design and of various lengths are used. The length of the section is an exposure 
variable in the analysis to correct for the accident risk being proportional with the section length.  

Theoretical background: Poisson and negative binomial regression 
The Poisson model is defined (Hilbe 2011): 

����� =
��	
 ∙ ����
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Where ����� is the likelihood that n accidents occur on section i. λi is the expected number of 
accidents on section i. λ is defined as follows: 

�� = ����
�  

Where Xi is a vector representing the value of regressor variables on section i. β is a vector 
representing a set of parameters to be estimated, which can be done using maximum likelihood 
methods.     

Poisson regression can be used to estimate β as long as data is not overdispersed. If data is 
overdispersed a negative binomial regression can be used to estimate β instead; in this case λ is 
defined as follows:   

�� =  ����
��
� 

Where εi is a Gamma-distributed error-term with a mean value of 1 and a variance α. If α equals 
0 the negative binomial distribution reduces to a Poisson distribution. The Poisson distribution is 
a negative binomial distribution where � = 0. In this article, it is tested whether data is Poisson 
distributed by testing the null hypothesis � = 0 using the “boundary maximum likelihood test” 
(Hilbe 2011). 

A dataset of road sections with related accident data will contain a number of sections with zero 
accidents.  As the number of sections with zero accidents can become too large for the data to 
be handled with a general Poisson or negative binomial regression, it may be necessary to use 
zero-inflated Poisson or zero-inflated negative binomial regression (Hilbe 2011). The logical 
meaning of zero-inflated models is questionable, however. In the zero-inflated models, sections 
with zero registered accidents are analyzed as sections with zero expected accidents, which is 
not logically possible; and in a 2012 OECD report, it is encouraged not to use zero-inflated 
models (OECD 2012). Vuong’s test can be used to test if a zero-inflated model fits data better 
than an ordinary model (Hilbe 2011). In this article Voung’s test is used to get an indication of 
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whether or not the data includes too many sections with zero accidents for a general Poisson or 
negative binomial model to handle. 

Variables in the regression analysis 
To determine in what functional form the independent variables should enter the regression 
analysis an analysis of the variables’ relation to the accident density was performed. Several 
functional forms of the variables were mapped against the natural logarithm of the accident 
density to identify the best fit. The following forms were tried; square, square root, inverse 
square root, the natural logarithm, and the mere form of the variables. The analysis of the 
variables showed that some variables fitted better as categorical variables than continuous 
variables.   

4. Data acquisition 
Data for this article was collected on 179 km secondary 2-lane rural roads in the municipality of 
Aalborg; hereafter called test network. The test network consists of main- and distributer roads 
and is split into 145 sections. The sections are of homogeneous design, which is assured by 
keeping the following features constant within one section; Administrative class, Annual Average 
Daily Traffic, carriageway width, ribbon development, forest stand along the road, biking 
facilities, and the extent of road markings along the road. In order to take the influence of 
speed into account to some extent the speed limit is 80 km/h in all sections. Optimally, actual 
speed data should be a variable in the model, but unfortunately these data are rarely available 
on secondary roads. Instead, all sections with speed limits lower than the general speed limit of 
80 km/h have been omitted from the dataset, so the speed limit is constant for the sections in 
the analysis even though the actual speed will vary.  

Accident data were retrieved from the national accident database, which holds all police 
recorded accidents which have occurred on the roads. These accident data only amount to part 
of the actual number of accidents that occurs in reality. As mentioned earlier, about 10 % of 
those injured in traffic accidents are registered by the police, while the registration rate of 
property damage only accidents is presumably lower. The registration rate varies among 
different road users, with the lowest rate amongst vulnerable road users. Presumably, the 
registration rate is higher than 10 % on the test network, since there are few vulnerable road 
users in rural areas compared to urban areas. Even though the national accident database only 
contains part of the actual number of accidents, these data are still used in the present analysis 
since it is the only nationwide register of accidents including fairly precise locations. A precise 
location identification is important in this article as all accidents must be connected to the 
particular road section which form the part of the analysis. 

The accidents were retrieved for the period 2004 – 2011 and contain both injury- and property 
damage only accidents. A comparison of the accidents along the test network with accidents 
along the nationwide secondary rural roads shows that the test network accidents reflect the 
general picture quite well.  

Data on road characteristics were retrieved from different sources. Annual Average Daily Traffic 
was retrieved from the database “k-mastra”, which is a database for municipalities that contains 
information about traffic volumes. There only exist traffic measurements of about half of the 
sections in the test network. As for the other half, the AADT was estimated looking at AADT on 
neighboring road sections. In a few cases there is no measurement for an entire road. The 
AADT on these roads was estimated in cooperation with the employee from the municipality of 
Aalborg responsible of traffic data. Data on carriageway width and hard shoulder width was 
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retrieved from the database “vejman.dk”, a database for municipalities for storing a large variety 
of road data. The remaining data on road characteristics were collected through? road 
inspections. Table 2 is a description of the data.  

Tabel 2. Description of data for the 145 sections in the analysis. 

 
Minimum Maximum Mean 

Std. 
Deviation 

Sum 

Length (m) 112 6.548 1.233 976 178.783 
AADT 96 10.361 1.899 2.227  
Carriageway width 
(m) 

4,4 11,6 6,4 1,4  

Soft shoulder (m) 1 6,7 2,7 1,3  
Hard shoulder (m) 0 1,2 0,01 0,02  
Intersection density 
(intersections/km) 

0 5,4 0,5 0,8  

Road access density 
(access/km) 

0 29,1 9,2 5,9  

Bicycle Path No Bicycle 
path 

Bicycle path    

Road markings 
No 

markings 

Center- and 
shoulder 
line  

   

Accidents 
(Accidents/section) 

0 12 0,97 1,67 141 

Accident frequency 
(Accidents/year/Veh
icle km travelled) 

0 7,70 0,15 0,95 
 

5. Model specifications 
The data was tested for overdispersion. Since the dispersion parameter, α, is not significantly 
different from 0 (p=0,500), the data is not over dispersed.  Consequently, the Poisson model fits 
data better than the negative binomial model. Vuong’s test showed that a zero-inflated Poisson 
regression does not fit data better (p=0,268). This indicates that the number of sections with 0 
registered accidents does not exceed the number theoretically possible handled in a Poisson 
regression.   

Table 3 shows the result of the analysis of the variables. Three variables changed from 
continuous to categorical variables. Four variables stayed continuous and two variables stayed 
categorical.  

The data analysis regarding carriageway width shows that the lowest accident frequency occurs 
on accident frequency. Our analysis thus supports earlier results from two studies from Sweden 
(Othman, Thomson et al. 2009) and the USA (Milton, Mannering 1998) regarding the influence 
of carriageway width on accident frequency. The variable carriageway width is transformed from 
continuous to categorical with two possible outcomes – under 6.5 m and over 6.5 m. 

The variable hard shoulder width where also changed from continuous to categorical with two 
values – with or without hard shoulder. In data there is no basis for a continuous relationship 
between accident counts and the width of the shoulder. This means that after the regression 
analysis it will not be possible to conclude whether or not the width of the shoulder has any 
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influence on the risk of accidents, only whether or not the presence of a hard shoulder has any 
effect. Along 29 % of the sections, there is a hard shoulder which varies in width from 10 cm to 
120 cm. Therefore the basis for an analysis of the effect of shoulder width is too slender.     

  Tabel 3. Description of the dependent variables in the analysis. 

Variable Description 

Accidents Dependent variable. Number of accidents in an 8-year period 
AADT Independent continuous variable. In analysis: lnADT  
Carriageway width Independent categorical variable, 0/1, 0 is carriageway width < 6,5 

m and 1 is carriageway width >= 6,5 m.  
Soft shoulder Independent continuous variable. In analysis: 

�

��� !	�"�#$%&'
 

Hard shoulder Independent categorical variable, 0/1, with/without hard shoulder 
Density of 
intersections 

Independent continuous variable. In analysis: 
�(��)*+,	-.	*�+�/)�0+*-�) 

Density of access Independent continuous variable. Number of road accesses per km. 
Biking facilities Independent categorical variable, 0/1, with/without biking facilities 

Road markings  Independent categorical variable, 0/1/2, 0 no markings, 1 is 
centerline, 2 is centerline and lines along the shoulder. 

 

The continuous variables; Annual Average Daily Traffic, width of soft shoulder, density of 
intersections and density of road access enter the analysis in different functional forms. The 
functional form was chosen because of linearity with respect to the natural logarithm of the 
number of accidents and the accident frequency. 

6. Results from the regression analysis 
Table 4 shows the results from the regression analysis. The estimated coefficient for annual 
daily traffic is 0.517 with a standard error of 0.135 and the result is statistically significant 
(p=0.000). A positive regression parameter means that the accident density increases as annual 
daily traffic increases, which is a confirmation of the hypothesis. The accident ratio is 1.68, 
meaning the accident density increases by 68 % when lnÅDT  increases by 1, for example from 
ADT = 500 (lnÅDT =6,22) to ADT = 1360 (lnÅDT=7,22). 

The accident ratio for carriageway width shows that accident density increases by 64 % if the 
width is 6.5 m or more compared to narrower roads. This contradicts the original hypothesis 
that accident density will decrease with an increase in width. The results of this analysis are not 
significant (p=0,209), however, the analysis rediscovers the findings of two previously 
mentioned Swedish and American studies. In the literature, carriageway width is often not 
specified.  In two studies from Sweden and the USA respectively, it is specified, however, that 
data contains rather narrow roads (Othman, Thomson et al. 2009, Milton, Mannering 1998), as 
it is the case in this article. Therefore the results seem plausible even though they are not 
significant. 

In the analysis, the variable carriageway width was also tried as a variable with 3, 4 and 5 
categories instead of 2. Only the change from below or above 6.5 m seems to contribute to the 
level of accident density though. Data below and above 6.5 m were divided into smaller 
categories and coefficients estimated. These estimates were distinctively smaller than the 
estimate for the change between below and above 6.5 m. This indicates that carriageway width 
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does not explain variation in accident density other than dividing data into sections below and 
above 6.5 m. 

The accident ratio for hard shoulders is 1.22, meaning accident density increases by 22 % if 
there is a hard shoulder along the road, which is contradictive of the hypothesis. However, the 
result is not statistically significant (p=0,671) and the standard error for the estimate is more 
than twice the value of the estimate. The standard error and high p-value could mean that data 
is too scarce regarding hard shoulder. This result is too insecure to reject the hypothesis.  

Table 4. Results from a Poisson regression with number of accidents as dependent variable and section 
length as exposure variable. For each independent variable the following is stated; Estimate of 
coefficient, standard error used to assess the validity of the estimate, P-value in order to assess the 
estimate’s statistical significance, Accident ratio and the corresponding 95 % confidence interval. 
Nagelkerke and McFadden’s pseudo R2 is stated as an indication of how large a part of the total 
variance in accidents the variables explain.  

 

The estimated coefficient for the width of the soft shoulder is negative, meaning accident 
density increases as the width increases – since the width enters the analysis as the inverse 
square root. This result contradicts the hypothesis in Table 1. However, the results are too 
uncertain tor use since the p-value is 0,760 and the standard error is triples the value of the 
estimate.  

Density of intersections has a significant (p=0,001) influence on the number of accidents. The 
accident ratio is 1.93, meaning accident density increases by 93 % when the square root of 

Variable Estimated 
coefficient 

Standard 
error 

P-
value 

Accident 
ratio 

95% 
conf. 

9:;;<= 0,517 0,135 0,000 1,68 1,29 – 
2,18 

Carriageway width  (0/1) 0,494 0,393 0,209 1,64 0,76 – 
3,54 

Hard shoulder  (0/1) 0,195 0,459 0,671 1,22 0,49 – 
2,99 

>

�?@AB	?C@D9EFG	HIEBC
 -3,271 10,720 0,760 0,04 2,85·10-11 

– 5.06·107 

�<F:?IBJ	@A	I:BFG?FKBI@:? 0,659 0,193 0,001 1,93 1,32 – 
2,82 

Density of access 0,052 0,017 0,002 1,05 1,02 – 
1,09 

Biking facilities  (0/1) -0,191 0,543 0,667 0,83 0,45 – 
1,53 

Road markings , 1 
(center) 

-0,277 0,299 0,354 0,76 0,42 – 
1,36 

Road markings, 2  
(center+shoulder) 

-0,489 0,485 0,314 0,61 0,24 – 
1,59 

Constant -11,669 1,209 0,000 8,56·10-6 8,00·10-7 – 
9,16·10-5 

Nagelkerke R2 0,488     
McFadden’s R2 0,231     
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accident density increases by 1, for example if the density increases from 4 to 9 intersections  
per km. The results confirm the hypothesis stated in Table 1.  

Equally, the density of road access has a significant (p=0,002) influence on the number of 
accidents. The accident density increases by 5 % whenever the number of road accesses 
increases by 1 per km, which matches the hypothesis of an increase in accidents following an 
increase in the number of accesses.   

The hypothesis for bicycle paths was a decrease in accident density with the presence of bicycle 
paths. The regression analysis confirms this; however, the results are far from significant 
(p=0,667) with a large standard error. About one fourth of the sections have bicycle paths and 
the small amount of data may explain the lack of significance.  

The results indicate that the greater the extent of road markings the fewer accidents, which 
confirms the hypothesis in table 1. The influence of centerline compared to no lines is -24 % 
(p=0,354), meaning a decrease in accidents of 24 % if there is a centerline on the road section 
compared to no lines. The effect of a combination of centerline and lines along the shoulder 
compared with no lines is a 39 % (p=0,314) decrease in accidents. As the p-values indicate the 
results are not statistically significant. On the other hand the results are logical and should be 
studied in a larger dataset.  

6. Conclusion and discussion 
This article analyzes the relation between accidents on 2-lane secondary rural roads in Denmark 
and a number of road characteristics. A statistical analysis of accident density as a function of 
annual daily traffic, carriageway width, presence of hard shoulder, soft shoulder width, density 
of intersections, density of road access, presence of bicycle path and the extent of road 
markings  has been performed. The statistical analysis was performed as a Poisson regression 
with the number of accidents as dependent variable and section length as an exposure variable 
in order to take the varying sections length into account.   

A statistically significant relation between accident density and annual daily traffic, density of 
intersections and density of road access was found in the article. The significance of annual daily 
traffic and intersections is already well-documented in the literature. The influence of density of 
road access, however, has rarely been studied. This article shows a strong relation between 
accident density and density of road access, this relation will thus be essential to study in a 
larger set of data.   

Roads wider than 6.5 m are found to have a higher risk of accidents than narrow roads. The 
result is not significant (p=0,209), however, the analysis rediscovers results found in two 
international studies of narrow roads. Even though the results are not significant, it would be 
interesting to study this phenomenon in a larger set of data on the secondary rural roads in 
Denmark. Results for the impact of road markings show a decrease in accidents as centerline 
and lines along the shoulder are implemented. The results are not significant but as it is the 
case for carriageway width it would be interesting to study this relation in a larger dataset to 
see if a significant relation can be found.  

As mentioned earlier, this article is part of a larger research project with the objective to 
develop a workable non-accident based method to identify hazardous road locations on rural 
two-lane secondary roads. The next step in this project will be to expand the road network 
analyzed by including extra three municipalities. Five road characteristics’ influence on accident 
density will be analyzed on the expanded network: Annual Average Daily Traffic, density of 
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intersections, density of road access, carriageway width and the extent of road markings. These 
road characteristics were chosen on the basis of this article.  

The objective for future work is to confirm or disconfirm the relation between accident density 
and Annual Average Daily Traffic, density of intersections, density of road access, carriageway 
width and the extent of road markings on 2-lane secondary rural roads in Denmark and to 
adjust coefficients for the significant characteristics. This article implies that there is a possibility 
to identify hazardous road locations on the basis of road characteristics data, completely in line 
with Ole Thorson, the developer of black spot identification In Denmark. The authors see 
perspectives in developing a nationwide method for identification of hazardous road locations on 
rural secondary roads based on analyses of a part of the secondary roads if the results found in 
this article can be confirmed by analysis of a larger proportion of the Danish road network.  

There are clear advantages to using data about road characteristics rather than accident data. 
One of the biggest advantages is that road authorities have full control over both the amount 
and quality of data. Another advantage is that an identification based on a method using road 
characteristics is more preventive than one based on registered accidents. Most likely, several 
locations identified using data on road characteristics will show no registered accidents in the 
past five-year period. These locations, however, do represent a higher risk of accidents and 
treatment of these locations will help increase the general safety level on the roads.   
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