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Highlights:

= analysis of the mutual impact of traffic volume, %HV and speed parameters on traffic accident occurrence on Class | 2-lane rural roads;
= data on traffic flow characteristics were collected from ATCs, which enables to avoid any changes in driving behaviour;

= development of the 3 accident prediction models referring to the ACy, ACppp and ACgr

= rise of the AADT, 05? and ASg;, results increase of the traffic accidents in all 3 final models;

= growth of the %HV increase the ACy and ACgf.

Article History: Abstract. Basic traffic flow characteristics, such as volume and speed, represent the key criteria for estimating the
= submitted 8 September 2022; level of service and traffic safety. Numerous studies have been conducted with the aim of determining the im-
= resubmitted 11 April 2023; pact of the basic traffic flow characteristics on traffic accident occurrence. However, the mutual impact of traffic
= accepted 29 April 2023. volume and speed characteristics has not been examined to a sufficient degree. Therefore, the authors of the ar-

ticle analysed the mutual impact of average annual daily traffic (AADT), share of heavy vehicles in the traffic flow
(%HV) and speed parameters (such as speed variance (c%), average travel speed (ATS), speed limit credibility
and percentage of exceeding the speed limit (%ESL) on traffic accident occurrence on Class | 2-lane rural roads
in the Serbia. The article analysed spatial distribution and traffic accidents’ severity on homogeneous segments
equipped with automatic traffic counters, which provided data on speeds and other traffic flow characteristics
during a 5-year period. The application of generalised linear models led to the development of 3 negative bi-
nomial models with an natural logarithm (In) link function for the (1) total number of traffic accidents (AC;), (2)
property damage only accidents (ACpp0) and (3) injury and fatality accidents (AC,q, (). The obtained results show
that 3 variables are statistically significant in all 3 final models: (1) AADT, (2) 0§ and (3) difference between the
free-flow speed and speed limit (AS_;,,). All variables included in the final models are positively associated with
the dependent variable. In other words, the rise of the values of AADT, 0§ and ASﬂf,im variables increases the
expected number of traffic accidents. The variable related to the %HV is statistically significant in the models re-
lated to the ACr and traffic accidents with injuries and fatalities, and it is positively associated with the expected
traffic accident number.

Keywords: traffic flow, automatic traffic counter, average annual daily traffic, speed variance, 2-lane rural road, speed limit credibility.

¥ Corresponding author. E-mail: n.stepanovic@sf.bg.ac.rs

Notations ATS — average travel speed of the vehicles in the flow;
B — unstandardized regression coefficient;

Abbreviations: ASg ;m — difference between the free-flow speed and
AADT - average annual daily traffic; speed limit;
AIC — Akaike information criterion; 052— speed variance;
ANOVA - analysis of variance; %ESL — percentage of exceeding the speed limit;
ATC - automatic traffic counter; %HV — share of heavy vehicles in the traffic flow.
BIC — Bayesian information criterion.
Variables and functions: 1. Introduction
ACjg,r — injury and fatality accidents;
ACppo — property damage only accidents; In the last few decades, numerous studies have been con-
AC; - total number of traffic accidents; ducted with the aim of quantifying the impact of the ba-
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sic traffic flow characteristics on the occurrence of traffic
accidents. Vehicle volume, expressed by AADT, has been
analysed in a large number of conducted studies, which
determined that the increase in AADT led to the increase
in traffic accidents (e.g., Hadi et al. 1995; Cafiso et al. 2010,
etc.). Speed also represents one of the basic parameters
for describing the conditions in the traffic flow, i.e, it is one
of the main criteria for estimating the efficiency (level of
service) of the rural road sections. It is of great significance
in terms of traffic safety, since there are very strong cor-
relations between speed and risk of traffic accidents, i.e.,
between speed and consequences of the accidents (Aarts,
Van Schagen 2006; Elvik et al. 2004). One of the most fre-
quently used models in traffic safety is Nilsson's power
model, showing that the increase in the average speed by
5% leads to the rise of the number of traffic accidents with
injuries by 10% and rise of the number of traffic accidents
with fatalities by 20% (Nilsson 2004). The latest research
shows that the U-shaped relationship between operat-
ing speed and crash occurrence has been identified (Yu
et al. 2018). However, in previous crash-speed relation-
ship models, negative and positive correlations between
speeds and accidents were determined depending on the
different crash data aggregation concepts (link-based or
condition-based) (Imprialou et al. 2016).

Traffic conditions and geometric characteristics of the
road have a considerable impact on the vehicle's travelling
speed in the traffic flow, and consequently on the traffic
accident occurrence rate. Speed limits represent an impor-
tant element of speed management policy. However, post-
ing speed limits does not automatically lead to the com-
pliance with the demanded speed. Exceeding the speed
limit occurs very frequently on all road categories. In gen-
eral, 40...50% of drivers drive faster than the posted speed
limit (OECD 2006). Exceeding the speed limit is a common
self-reported type of driver behaviour (Musselwhite et al.
2010). Speed limit can be exceeded both consciously and
unconsciously, since the selection of speed and reasons for
driving fast depend on numerous factors. The reasons for
exceeding the speed limit can be diverse and can be re-
lated to temporary motives (for instance, being in a hur-
ry), personal characteristics (for instance, risky driving) and
characteristics of the vehicle, road and road environment
(SWOQV 2012). The perception of a safe travelling speed
is very significant and it depends on the road geometry
and its environment, the adjoining land use and weather
conditions (Wilmot, Khanal 1999). Kanellaidis et al. (1995)
concluded that the most important reason for not com-
plying with the speed limits was the fact that drivers be-
lieved that the speed limits were not always realistic. One
of the key factors affecting the driver's speed choice is the
credibility of the posted speed limit (OECD 2006; Van Nes
et al. 2008; Van Schagen et al. 2004). Goldenbeld & Van
Schagen (2007) stated that it could be generally supposed
that drivers would comply with the posted speed limit if
they considered it reasonable or “credible”. On the con-
trary, if the posted speed limit is not in line with the speed

limit considered appropriate by drivers based on the cor-
responding road characteristics, the drivers may conse-
quently disregard the posted speed limit. They also stated
that if non-credible speed limits kept appearing frequent-
ly in the system, the complete speed management system
might be compromised. Most drivers ignore the posted
speed limits, which are set higher or lower than the ones
dictated by traffic conditions (Parker et al. 2003).
Previous studies have determined that drivers whose
speed considerably deviates from the posted speed limit
have greater chances of participating in traffic accidents.
Analysing the dependence between the vehicle speed and
accident rate on rural roads in the US, Solomon (1964)
found that the vehicles travelling by up to 10 km/h fast-
er than the speed limit had the lowest accident rate, while
the vehicles travelling significantly more slowly or quickly
than the posted speed limit had a higher chance of partic-
ipating in traffic accidents. Also, some articles determined
that a large 0% in the flow led to the increased risk of traf-
fic accident occurrence (Aarts, Van Schagen 2006; Mon-
tella, Imbriani 2015) and severity of traffic accident conse-
quences (Yu, Abdel-Aty 2014a, 2014b). Hashim (2006) de-
termined that the absolute difference between the speed
limit and the 85th percentile speed of vehicles in the flow
had the key role in traffic accidents with fatalities or seri-
ous injuries. Namely, it was determined that the increase in
this difference resulted in the rising number of traffic ac-
cidents with fatalities and serious injuries. Milton & Man-
nering (1998) had previously reached a similar conclusion.
Analysing the relationship between the 0% and traffic ac-
cident rate, Garber & Gadiraju (1989) found that the dif-
ference between the values of the posted speed limit and
design speed had a great impact on the o% in the flow.
Namely, they determined that the 0% would be the low-
est if the posted speed limit value were between 8 and
17 km/h lower than the design speed. Outside this range,
0% in the traffic flow increased with a growing difference
between the mentioned speeds. It was also determined
that drivers tended to increase their travelling speed if the
road geometric characteristics were favourable (regardless
of the posted speed limit) and that the rate of traffic ac-
cident occurrence did not necessarily increase with the in-
creased speed, but that it did rise with the increase in 0% in
the traffic flow (Garber, Gadiraju 1989). Quddus (2013) also
determined that o2 was statistically and positively associ-
ated with accident rates, and that 1% increase in speed vari-
ation was associated with a 0.3% increase in accident rates.
Other authors (e.g., Yao et al. 2019a, 2019b, 2020a,
2020b) also studied the impact of road geometry and road
environment on the speed limit credibility, using question-
naires and driving simulators, as well as monitoring the
electrodermal response for risk assessment of respond-
ents. Yao et al. (2019a, 2019b) determined that the speeds
perceived as too low or too high did not provide a feeling
of safety while driving, while the specific credible speed
limit values varied depending on the road configuration. In
similar research, they found that a higher risk factor con-



tributed to a greater compliance with the speed limit; that
a credible speed limit had a positive impact on greater
compliance with speed limits, particularly with drivers con-
sidered to be more serious violators; and that the percep-
tion of a higher risk contributed to the negative estima-
tion of the credible speed limit (Yao et al. 2019a, 2019b).
Yao et al. (2020a) showed that a wide range of respons-
es regarding the credible speed limit (20...80 mph) was
recorded on rural roads, which resulted in the increased
number of overtaking manoeuvres in the actual traffic
flow. Yao et al. (2020b) also showed that the application
of the boosting decision tree algorithm could help devel-
op a model of driver behaviour based on the driver's per-
ception of speed limit credibility and perception of risk.

The analysis of the previous results in the field has
shown that a large number of studies have examined the
impact of vehicle volume, expressed as AADT, and the ve-
hicle speed in the traffic flow on the occurrence of traffic
accidents. However, the mutual impact of AADT and spe-
cific speed parameters on the occurrence of traffic acci-
dents has not been studied to a sufficient degree. There-
fore, the aim of this article is to conduct a detailed exami-
nation of the mutual impact of traffic flow characteristics,
such as AADT, percentage of heavy vehicles in traffic flow
and basic speed parameters such as 62, speed limit cred-
ibility or ASg i, operating speed and %ESL on the oc-
currence of traffic accidents. The mutual impact of traffic
flow characteristics was examined on homogeneous seg-
ments of the Class | 2-lane rural road sections in the Ser-
bia, equipped with ATCs. The contribution of this article is
reflected in the defined methodology — nature of the col-
lected data and the sample size, as well as in the fact that,
for the 1st time, the mutual impact of various speed pa-
rameters and traffic flow characteristics on traffic accident
occurrence was analysed in detail.

Following the description of the problem and the re-
sults of the previous research in the field, the article pro-
vides the definition of the research methodology, which
represents one of the main advantages of this study. Its
advantage is reflected in the method of data collection
and data processing. The chapter related to the research
results presents the developed models related to the ACy,
ACppp and ACgr (accidents with injured and killed peo-
ple). It is followed by the discussion, which explains the
obtained results and compares them with the results of
previous studies. Finally, the article offers concluding re-
marks and directions for future research.

2. Research methodology

2.1. Data collection

The literature review has shown that most previous stud-
ies have been based on the quantification of the speed
impact based on measuring the average speeds on the
section or measuring individual vehicles’ speeds using
a radar in the field on design days (Garber, Gadiraju 1989;
Solomon 1964; Taylor et al. 2000), using software (Kloeden
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et al. 1997, 2001), a driving simulator (Van Nes et al. 2008),
various types of questionnaires (Gardner, Rockwell 1983;
Goldenbeld, Van Schagen 2007; Kanellaidis et al. 1995) or
combining the mentioned methods (Fildes et al. 1991). The
stated methods have numerous advantages but they also
have shortcomings, which might affect the final results.
Namely, the devices for speed measurement, although
hidden in the best manner possible, can prompt drivers
to reduce their speed (Fildes, Lee 1993; Teed et al. 1993).
Fildes & Lee (1993) highlighted this fact in their research
based on the results of a study conducted by the Institute
for Highway Safety. In addition, software output depends
on the precision of the input data, surveys can be incom-
plete and unclear and responses might be insincere and
incorrect (Murgan 2015). Moreover, driving simulators fre-
quently cannot consider numerous factors, which affect
the driving process in the actual environment.

In order to eliminate the possible impact of the men-
tioned factors on the study results, this article used the
data collected from ATCs posted on rural sections of Class
| 2-lane state roads. These are modern automatic QLTC
10C counters operating on the principle of inductive loops.
In addition to the data on volume, time headways, struc-
ture of the traffic flow, and temporal variations, the ATCs
also register the travelling speed of each vehicle. Owing
to the continuous measuring of data during 8760 h in
a year, there are a large number of actual operating vehi-
cle speeds measured at the sections’ points. In compari-
son to the situation when speeds are measured by radars,
here drivers are unaware of the measuring device's pres-
ence, i.e., they do not change their speed and driving style.
The analysis encompassed the ATC impact zones of 1.6 km
(1 mile) upstream and downstream of the ATC, in which
the traffic flow speed representative for the ATC detection
is stabilised. These zones have homogeneous road geo-
metric characteristics, since the ATCs are posted on the
segments having almost ideal rural conditions — the zones
with proper pavement condition, without horizontal and
vertical curve radius, critical grades, roadway width, shoul-
der width, etc. The speed limit on all analysed ATC zones
is 80 km/h, which also represents the general statutory
speed limits for the mentioned road classes. An overview
of the range values of the basic characteristics for the an-
alysed zones is presented in Table 1.

The data were collected for the sample of 235 sections
during the 5-year period. In addition to the data on AADT,
%HV, %ESL and ATS, the ATCs provided the free-flow ve-
hicle speeds, which were calculated for each separate sec-
tion. The free-flow speeds were calculated as the 85th per-
centile speed of the vehicles in the traffic flow. Reviewing
the literature, it was determined that there were no pre-
cisely determined vehicle headway values, which described
the conditions in the free flow. The following values were
obtained in the studies: 4 s (Homburger et al. 2007),
5 s (Fitzpatrick et al. 2005; Hashim 2011; Poe et al. 1996),
6 s (Lamm et al 1990; Lobo et al 2011) and 8 s (Lin et al.
1996). The largest number of studies identified the head-
ways greater than 5 s and 6 s for the free-flow conditions.



Transport, 2025, 40(1): 64-73

Table 1. Range values of the basic geometric characteristics for the analysed ATC impact zones

2-lane road sections of | Minimal horizontal

ATC impact zones curve radius [m] grade [%]
Range values 346...6500 0..1.6
Average values 1792 0.5

In other words, there is no impact on the vehicle speed at
these or greater headway values. Since the threshold value
of 8 s had also been recorded in the literature and since
there were no problems regarding the sample due to the
large number of registered vehicles, this article used the
threshold value 28 s for the free-flow conditions.

On the basis of the stated ATC data (Figure 1) obtained
from the database of the public enterprise “Roads of Ser-
bia" (https://www.putevi-srbije.rs/index.php/en), it was pos-
sible to calculate AADT, %HYV, %ESL, ATS, free-flow speeds
and o2 for each ATC zone.

In order to examine the impact of the mentioned traf-
fic flow characteristics on the occurrence of traffic acci-
dents, the authors conducted a detailed analysis of the
spatial distribution and consequences of traffic accidents
(ACy, ACppp and ACjgf) in the ATC zones. The mentioned
analysis was conducted using the Integrated Database
on Traffic Safety Characteristics by the Road Traffic Safe-
ty Agency of the of Serbia (GDi LOCALIS Visios 2025). Ap-
plying the ANOVA test, it was determined that the COV-
ID-19 pandemic did not affect the traffic accident number
in the observed ATC zones. In other words, the null hy-
pothesis of equality of variances in traffic accidents (p =
0.993) as well as the null hypothesis of equality of means
of traffic accidents from the year 2016 to 2020 (F = 1.247,
p = 0.06) were accepted. Consequently, due to the larger
sample number, the analysis involved the data for 5 avail-
able years: 2016-2020. The analysis included the total of
802 accidents — 387 with property damage only and 415
with injuries and fatalities. Figure 2 shows a graphic rep-
resentation of the spatial distribution of traffic accidents
in the ATC zones.

2.2. Statistical analysis

The analysis of the impact of traffic flow characteristics on
the occurrence of traffic accidents was conducted using
methods of descriptive and analytical statistics, while the
data were processed using the software package IBM SPSS
Statistics 21.0 (https://www.ibm.com/spss).

Independent variables were the variables related to the
traffic flow characteristics in the analysed ATC zones, such
as AADT, %HV, ATS, 02, ASg i, and %ESL.

3 models were developed. In the 1st model, the de-
pendent variable was the variable referring to the ACy, in-
cluding all accidents with property damage only, injuries
and fatalities. In the 2nd and 3rd model, the dependent
variables involved ACppp and ACgf, respectively. The de-
scriptive statistics of the dependent variables are shown
in Table 2.

Maximal longitudinal

Minimal roadway Minimal shoulder Speed limit
width [m] width [m] [km/h]
7.0...85 15..2.0 80

7.9 17 80

Figure 1. An example of the ATC data showing: the ordinal
number of the vehicle per direction, date [dd:mm:yy], arrival
time [h:min:s], travelling direction, vehicle category, speed
[km/h] and vehicle length [cm]

Figure 2. Spatial distribution of traffic accidents (red points) in
the ATC zone — ATC 1122 (green point) on state road 1B 02211

Table 2. Descriptive statistics of the dependent variables

N | Minimum | Maximum | Mean | Variance

ACppo 235 0.00 11.00 | 1.6511| 3.681
ACigF 235 0.00 8.00 1.7660 | 3.240
AcT 235 0.00 15.00 |3.4128 | 8.004

Valid N (listwise) | 235 - - - -

When analysing these models, the review of the de-
pendent variable histogram and the fact that they are
count data led to the conclusion that generalised linear
models would be a good choice. The authors used the Kol-
mogorov-Smirnov test to confirm that the dependent var-
iables did not fit the Poisson distribution well. Using this
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conclusion and the fact that the assumption of equidis-
persion is violated for each dependent variable, the neg-
ative binomial models with an In link function were pro-
posed. After checking the assumptions and excluding the
independent variables that did not contribute significant-
ly to the quality of the fit, the final models were obtained.

3. Results

3.1. Total number of traffic accidents

The Kolmogorov-Smirnov test determined that the distri-
bution of the AC; did not fit the Poisson distribution well
(p < 0.001). After checking the assumption about the pres-
ence of overdispersion (mean = 3.41, variance = 8.01), the
negative binomial regression model was used. The ratio
of Pearson'’s X2 value and df (1.05) leads to the conclusion
that the problem of overdispersion might be overcome us-
ing this model. Another way to confirm that the negative
binomial model is appropriate is to check its residual plot.
It can be seen that the residuals are less spread out than
for the Poisson regression model, where some residuals
extend beyond 3. Following this, the authors performed
a likelihood ratio test to determine if there was a statisti-
cally significant difference in the fit of the 2 regression
models. The p-value of the test was very close to zero
(p < 0.0017), so it was concluded that the negative binomial
regression model offered a significantly better fit to the
data compared to the Poisson regression model. The initial
negative binomial model can be improved by excluding
the variable ATS (p = 0.511) from the model due to its
high p-value.

When it comes to the final model, the ratio of
Pearson's x2 value and degrees of freedom df changes to
1.04. Observing the AIC and BIC criteria, it can be noticed
that their values have decreased, which indicates that the
final model has been improved in comparison with the
preliminary model. The dispersion parameter was estimat-
ed using the maximum likelihood method. All independent
variables included in the final model are positively associ-
ated with the dependent variable. In other words, the rise
of independent variables’ values increases the expected
number of total traffic accidents (Table 3). For every one-
unit increase in the difference between the free-flow speed
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and the speed limit, the expected value of total traffic ac-
cidents increases by 4.2%, provided other predictor vari-
ables are constant. The expected value of total traffic ac-
cidents increases by 0.4% and 2.8% for every one-unit in-
crease in the 02 and the %HYV, respectively. There is only
a minor increase (0.001%) in the expected value of the to-
tal accident number for every one-unit increase in AADT,
owing to the big difference between the scales of meas-
urement of these variables and the fact that this variable
has a small contribution to the final model.

The final model has the following form — Equations (1)
and (2):

In(l) = —0.956 + 0.041-AS; ,, +0.004-02 +
0.028-%HV +0.000097 - AADT, M

that is:
b= exp(~0956+0.041-AS; ;, +0.004-0% +
0.028-%HV + 0.000097 - AADT), @)

where: U represents the mathematical expectation of the
dependent variable of the ACy.

3.2. Property damage only accidents

The distribution of property damage only traffic accidents
did not fit the Poisson distribution well, according to the
Kolmogorov-Smirnov test (p < 0.001). The negative bino-
mial regression model was used (Pearson's x2/df = 1.037)
based on the presence of overdispersion, which was veri-
fied in several ways. The mean and variance of property
damage only traffic accidents are 1.65 and 3.69, respec-
tively. Due to their high p-values, the variables ATS (p =
0.664) and the share of heavy vehicles (p = 0.056) can be
removed from the model in order to improve it.

The ratio between Pearson's x2 value and degree of
freedom df changed to 1.004 in the final model. The AIC
and BIC criteria's values decreased, which suggests that
the final model was improved in comparison with the pre-
liminary model. The dependent variable is positively as-
sociated with the independent variables that were used
to create the final model (Table 4). For every one-unit in-
crease in the difference between the free-flow speed and
the speed limit, the expected value of ACppq increases by

Table 3. Evaluation of parameters of the total accident model for the analysed time period

95% Wald confidence
Standard

Parameter B arror interval

lower upper
Intercept -0.956 0.2304 -1.408 -0.505
ASgiim 0.041 0.0091 0.023 0.059
o2 0.004 0.0007 0.003 0.005
%HV 0.028 0.0085 0.011 0.045
AADT 9.698-10 | 1.0925-10™ | 7.557-107> 0.000
Negative 0.094 0.0342 0.046 0.191

binomial

o -
Hypothesis test 95% Wald confidence

exp(B) interval for exp(B)
Wald %2 df o lower upper
17.224 1 0.000 0.384 0.245 0.604
20.063 1 0.000 1.042 1.023 1.060
38.840 1 0.000 1.004 1.003 1.005
11.010 1 0.001 1.028 1.012 1.046
78.794 1 0.000 | 1.00001 1.000 1.000
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4% provided that other predictors are constant. The ex-
pected value of ACppp increases by 0.4% for every one-
unit increase in the o2. There is only a minor increase
(0.008%) in the expected value of the property damage
only traffic accidents for every one-unit increase in AADT.

The final model has the following form — Equations (3)
and (4):

In(u)=—1.119+0.04-AS; ,, +

0.004-2 +0.000083 - AADT, ®)
that is:

b= exp(~1.119+0.04-AS; . +

0.004-02 +0.000083- AADT ), 4)

where: [ represents the mathematical expectation of the
dependent variable of the ACppo.

3.3. Traffic accidents with injuries and fatalities

The Kolmogorov-Smirnov test determined that the dis-
tribution of traffic accidents with injuries and fatalities
did not fit the Poisson distribution well (p < 0.001). The
mean and variance of the number of traffic accidents with
injuries and fatalities are 1.77 and 3.24, respectively. The
overdispersion is present, like in the previous models. After
checking the residual plots and performing the likelihood
ratio test, we can conclude that the negative binomial re-
gression model offers a significantly better fit to the data
compared to the Poisson regression model. The initial
negative binomial model can be improved by excluding

the variables with high p-values because they did not con-
tribute significantly to the quality of the fit.

4 independent variables were included in the final
model: AADT (p < 0.001), %HV (p = 0.004), o2 (p < 0.001)
and the difference between the free-flow speed and the
speed limit (p < 0.001). The ratio of Pearson's x2 value and
degree of freedom df is 1.03, which shows that the prob-
lem of overdispersion has been overcome. Observing the
AIC and BIC criteria, it can be noticed that their values
have decreased, which indicates that the final model has
been improved in comparison with the preliminary neg-
ative binomial model. All variables presented in the final
model are positively associated with the dependent vari-
able (Table 5). For every one-unit increase in the %HV, the
expected value of traffic accidents with injuries and fatal-
ities increases by 3.3%, provided the other independent
variables are fixed. The expected value of traffic accidents
with injuries and fatalities increases by 4.3% for every one-
unit increase in the difference between the free-flow speed
and the speed limit. There is only a minor increase (0.4%
and 0.01%) in the expected value of the accident number
for every one-unit increase in 0% and AADT, respectively,
which is the consequence of the great difference between
the scales of measurement of these variables.

The final model has the following form — Equations (5)
and (6):

In(t) = —1.855+0.00011- AADT +0.042- AS;, , +

0.004- 0% +0.032-%HV , (5)

Table 4. Evaluation of parameters of the property damage only model for the analysed time period

O,
95% Wald confidence . .95/3 W?Id
. Hypothesis test confidence interval
Parameter B Standard error interval exp(B) for exp(B)
lower upper Wald x2 df (o] lower upper
Intercept -1.119 0.2931 -1.694 -0.545 14.590 1 0.000 0.326 0.184 0.580
ASgiim 0.040 0.0163 0.008 0.071 5.910 1 0.015 1.040 1.008 1.074
0.004 0.0011 0.002 0.006 13.643 1 0.000 1.004 1.002 1.006
2
s
AADT 8.354-107 1.7937-107° 4.839-107 0.000 21.692 1 0.000 | 1.00008 | 1.000 1.000
Negative 0.094 0.0342 0.046 0.191 - - - - - -
binomial
Table 5. Evaluation of parameters of the injuries and fatalities accident model in the analysed period
) 95% Wald
0,
95% W?Id confidence Hypothesis test confidence interval
Parameter B Standard error interval exp(B) for exp(8)
lower upper Wald x2 df o] lower upper
Intercept -1.855 0.3135 -2.469 -1.240 34.998 1 0.000 0.157 0.085 0.289
AADT 0.00011 1.4457-107 8.582:107 0.000 62.348 1 0.000 1.00001 1.000 1.000
ASgiim 0.042 0.0115 0.020 0.065 13.400 1 0.000 1.043 1.020 1.067
0.004 0.0009 0.003 0.006 23.726 1 0.000 1.004 1.003 1.006
2
o}
s
%HV 0.032 0.0113 0.010 0.055 8.209 1 0.004 1.033 1.010 1.056
Negative 0.109 0.0632 0.035 0.340 - - - - - -

binomial



that is:
b= exp(f1 855+0.00011- AADT +0.042- AS, ..+
0.004-02 + 0,032~%HV) , 6)

where: p represents the mathematical expectation of the
dependent variable of the ACg.

The estimated dispersion parameter of the negative bi-
nomial model does not affect the mathematical expecta-
tion of the dependent variable of traffic accidents with in-
juries and fatalities.

4. Discussion

The obtained results of the 3 negative binomial models for
the ACy, accidents with injuries and fatalities and ACppo
show that 3 variables are statistically significant in each
of them: AADT, o2 and ASg jim- All independent variables
included in the final models are positively associated with
the dependent variable. In other words, the rise of the
values of AADT, o2 and ASg i variables increases the
expected number of traffic accidents. The variable AADT
is among the strongest predictors of the traffic accident
number. This result is in accordance with previous research
on the impact of AADT on traffic accident occurrence (e.g.,
Cafiso et al. 2010; Hadi et al. 1995, etc.). The result is logi-
cal considering the fact that the increase in the vehicle
number leads to the greater interaction between vehicles
in the flow, and consequently results in a greater risk of
traffic accident occurrence. The results related to the posi-
tive impact of 02 on the occurrence of traffic accidents
are similar to the results of several previous studies, which
determined that the increase in variance led to the in-
crease in traffic accidents (e.g., Aarts, Van Schagen 2006;
Garber, Gadiraju 1989; Quddus 2013, etc.). The obtained
results are logical because when the 0% increases, or the
speed harmonization in the traffic flow decreases, there
is a growth in the overtaking demand and potential con-
flicts. Also, the ASg n, is positively associated with the de-
pendent variable, which confirms the findings of previous
studies, which state that (non)-credibility of speed limits
is a significant factor for traffic accident occurrence, i.e.,
that a greater difference between these speeds results in
a greater number of accidents (e.g., Hashim 2006; Mon-
tella, Imbriani 2015, etc.). Therefore, there is a necessity of
re-examining the speed limit credibility on the segments
characterised by large differences between the free-flow
speed and speed limits.

In addition to the 3 previously mentioned variables,
the variable related to the %HV also has a statistical sig-
nificance in the models related to the AC; and traffic ac-
cidents with injuries and fatalities. The positive impact of
%HV on traffic accident occurrence was determined in
both models, which is in accordance with the results of
previous research (e.g., Chen et al. 2021, etc.). The ob-
tained result is logical since the increase in %HYV (i.e., ve-
hicles that have poor dynamic characteristics) in the traffic
flow negatively affects the speed of the traffic flow, the in-
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crease in the overtaking demand, etc. In the ACppo mod-
el, no statistical significance of this variable was shown.
Considering the dynamic characteristics of heavy vehicles,
and above all their large mass, it is clear that accidents
involving vehicles of this category involve greater forces
and, therefore, more serious consequences for other par-
ticipants in the accident. This is why multiple vehicle acci-
dents involving heavy vehicles usually result in injuries or
fatalities suffered by the accident participants, and not on-
ly in property damage (Zhu, Srinivasan 2011).

5. Conclusions

In the last few decades numerous studies have been con-
ducted with the aim of determining the impact of basic
traffic flow characteristics on traffic accident occurrence
but the mutual impact of traffic volume and speed char-
acteristics has not been examined to a sufficient degree.
Therefore, the aim of this article and one of its main ad-
vantages was to analyse the mutual impact of AADT, %HV
and basic speed parameters such as 0%, speed limit cred-
ibility or ASg i, ATS and %ESL, on the of traffic accident
occurrence.

One of the crucial advantages of this article is the na-
ture of the collected data and the sample size. In this ar-
ticle, the basic traffic flow parameters such as volume and
speeds of all vehicles in the analysed 5-year period were
obtained from ATCs posted along the sections of Class |
2-lane rural roads in the Serbia. This enables avoiding any
changes of driving parameters (speed, headway, etc.) that
might occur when using other types of equipment, such
as radars. The analysis encompassed 802 accidents, which
had occurred during a 5-year period on the sample of 235
sections of the homogeneous ATC impact zones — 1.6 km
upstream and downstream of the ATC. In order to exam-
ine the impact of the mentioned traffic flow parameters
on the occurrence of traffic accidents with different con-
sequences, 3 models were developed referring to the ACy,
ACppp and ACg.

One of the greatest practical benefits based on the ob-
tained results is the confirmation of the necessity for ana-
lysing the posted speed limit credibility. The need for the
stated measure is reflected in the results, which show that
the differences between the free-flow speed and speed
limit, as well as 0%, are positively associated with the num-
ber of traffic accidents. Namely, in Serbia, as well as in the
other countries worldwide, there are speed limits, which
do not correspond to road and road environment char-
acteristics, and which, consequently, some drivers do not
comply with. Frequent occurrence of non-credible speed
limits threatens the complete speed management system
since drivers’ trust decreases, which in turn increases the
traffic accident number (Goldenbeld, Van Schagen 2007).
Therefore, when creating road design guidelines, it would
be desirable to consider the possibility of introducing an
obligation of sending a design for correction in case of
identifying non-credible speed limits. This should be the
basis for making a decision whether to revise (increase or
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decrease) the speed limit or change road geometric char-
acteristics to correspond to the posted speed limit, since
such inconsistencies have been determined to directly in-
crease the total number of accidents and accidents with
injuries and fatalities. Only the speed limits that drivers
perceived as credible, or adequate for the road and road
environment characteristics, could lead to the reduction
of traffic accidents. Obtained results highlight the need
for speed harmonization in the traffic flow, which reduces
o§ and increases safety and efficiency (level of service).

The obtained results represent a significant basis for
future research, which should be aimed at improving traf-
fic flow conditions from the point of view of efficiency and
traffic safety. 1st, a similar analysis should be conducted
on other types of rural roads, such as motorways and mul-
ti-lane roads or 2-lane roads of lower classes, since they
have different traffic flow conditions. Furthermore, addi-
tional ATC equipment on road sections would increase
the sample, which would consequently improve the mod-
el. Future studies should continue to develop the model
for predicting traffic accidents, since the focus of this ar-
ticle was solely on examining the mutual impact of traf-
fic flow characteristics (AADT, %HV and speed characteris-
tics) on traffic accident occurrence. Namely, future studies
should thoroughly examine the impact of other traffic flow
characteristics (such as time headways, traffic flow varia-
tions per direction), the impact of road geometric charac-
teristics (such as the percentage of no-passing zones, lat-
eral clearance distances), as well as the impact of weather
conditions based on the data from the road weather in-
formation systems in the ATC impact zones, which have
not been sufficiently examined so far. Incorporation of the
traffic flow parameters, which were identified to have an
impact on traffic accident occurrence into future accident
prediction models would present another important prac-
tical significance of this article. In this manner, the find-
ings of the article would represent a good basis for traf-
fic accident cost models used in the feasibility studies of
road infrastructure.
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