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ABSTRACT

Several factors affect the lane choices made by motor-
way drivers. According to the driving rules, the nearside lane 
is the one that is primarily used. The main reasons for lane 
changes are overtaking, congestion, or restrictions on other 
lanes. The empirical research presented in this paper pres-
ents comprehensive traffic characteristics observed in dif-
ferent traffic lanes on four-lane motorways in Slovenia. The 
research was focused on the influence of adverse weather 
conditions on the lane flow distribution, and on the speed of 
vehicles in different lanes. The lane flow and speed distribu-
tions both directly affect road capacity and safety; therefore, 
estimating these characteristics could improve the reliability 
of active traffic control when traffic flow perturbation is de-
tected. Field test results show that lane flow distributions and 
lane speed distributions at a particular site vary depending 
on weather conditions, namely, dry, wet (rain), low-visibility, 
and snow conditions. 
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1.	INTRODUCTION
Road characteristics, traffic demands, mainte-

nance work, adverse weather conditions, accidents, 
and other unpredictable incidents influence the traffic 
flow characteristics of motorway lanes [1]. In the case 
of maintenance work or road accidents, the number of 
available lanes is usually reduced, and vehicles are re-
distributed to other (available) lanes. Rain, snow, fog, 
or other weather occurrences that reduce visibility and 
vehicle stability generally do not affect the number of 
available lanes, but do affect the driving dynamics and 
reduce lane capacity utilisation [2, 3]. On the other 
hand, traffic demand is also affected by adequate traf-
fic and travel information, including traffic and weather 
forecasts [4, 5]. 

On motorway sections with real-time traffic control 
system (particularly where dynamic lane control has 
been introduced) drivers obey to some extent various 
message signs. Dynamic speed limits affect lane flows 
and speed distributions, resulting in improved capac-

ity utilisation [6]. Traffic control technology is not the 
scope of this paper, but it should be noted that in the 
future this technology will be significant since intelli-
gent speed adaptation systems in vehicles, or autono-
mous vehicles, will perform better than human drivers 
[7].

Generally, drivers change traffic lanes because 
of differential speeds (i.e., overtaking) or because 
of obstacles in the current lane [8]. Some drivers do 
not change lanes because of so-called ‘lane-hogging’ 
behaviour [9]. Driver behaviour can be described by 
traffic lane-changing models [10]. Empirical models 
discussed in [11] are based on a Daganzo traffic-be-
haviour model [12]. Studies have already proved the 
mathematical approach based on the gap-acceptance 
theory to be too complex for practical use; therefore, 
a regression equation has been proposed for linking 
lane flow distributions under arbitrary traffic condi-
tions and traffic demands [13, 14].

The influence of weather and environment on traf-
fic characteristics has been widely researched, par-
ticularly with respect to the type and intensity of rain 
and snowfall, temperatures, and visibility. The results 
of several studies can be summarised as follows: in 
free flow conditions and low intensity rain the vehicle 
speed drops by up to 5%, in medium rain up to 10%, 
in heavy rain up to 15%, in reduced visibility between 
5% and 15%, in low intensity snowfall up to 5%, and 
in heavy snowfall by up to 30% Capacity utilisation in 
adverse weather conditions decreases parallel with 
the speed [3, 15–19]. A wide range of traffic charac-
teristics can be explained by the influence of not only 
weather, but also location and driver behaviour in dif-
ferent situations. No studies were conducted to deter-
mine differences in lane flow and speed distributions 
on multi-lane motorways, which has been recognised 
as a traffic characteristic that can explain the relation 
between traffic flow conditions and safety [20]. The 
coefficient of speed variation (CVS) and minimum av-
erage gap can be interpreted as predictors of unsta-
ble traffic conditions and potential crash occurrence. 
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rain or snow) the dispersion of the coefficient of speed 
variation is different than in normal visibility and dry 
conditions.

3.	EXPERIMENT
Our research was conducted for two four-lane mo-

torway sections near Ljubljana, Slovenia (see Figure 1), 
with AADT 64,050 and 68,587, and 9% and 6% of 
heavy vehicles, respectively; on the first analysed mo-
torway section, hereinafter referred to as ”test site 
178”, where speed limit is 130 km/h, and on the sec-
ond, hereinafter referred to as “test site 855”, where 
speed limit is 100 km/h. Accurate weather data for the 
analysed period were collected from a nearby weather 
station (GPS 46°02'14"N, 14°27'04"E).

Traffic and weather data have been acquired every 
5 minutes. Therefore, a common database was cre-
ated using timestamp reference keys. The traffic data 
set include information on traffic volume by vehicle 
classes, time mean speed, average time clearances 
between vehicles (average gap) and the occupancy 
of loop sensors on different traffic lanes. Traffic data 
were analysed for several weather conditions: dry, wet 
(rainy), low visibility, and snowy. Dry conditions are 
understood as a dry pavement conditions, with good 
visibility and without precipitation. For wet (rainy) con-
ditions, three rainfall intensity classes were defined: 
low (0.8–6 mm/h), medium (6–15 mm/h), and heavy 
(more than 15 mm/h) [25]. Low visibility conditions 
due to both fog and precipitation, with visibility low-
er than 250 m, were analysed. Analysing the impact 
of snow conditions on traffic flows, two factors were 
taken into account, namely, type of precipitation (light, 
moderate, and heavy snow) and type of road surface 
(slush, melted snow, ice). Records obtained for inter-
mediate conditions (e.g. no precipitation but wet pave-
ment), extreme traffic flows, and incident conditions 
(e.g. vacation periods and roadwork) were filtered out. 
Only the data meeting the following conditions were 

Crash potential increases with higher levels of speed 
variation, smaller gap between vehicles, and exposure 
[21, 22].

On motorway sections a traffic control system is of-
ten set up to ensure higher levels of service and safety. 
One of the functions of the traffic control system is traf-
fic lane control, which uses different control strategies 
to restrict speed and to manage lane movement in re-
sponse to different traffic situations, different weather 
conditions, and safety issues such as incidents and 
accidents [23]. With better knowledge of lane flow dis-
tributions in adverse weather conditions, it is possible 
to introduce additional criteria for lane and speed con-
trol, before unstable traffic flow occurs [24].

2.	 ISSUES AND BASIC HYPOTHESES
Density and heterogeneity of traffic flow, speed 

limits and desired speeds in association with road ge-
ometry characterise lane flow distribution. Lane flow 
distribution can be expressed as the traffic flow rate on 
a specific traffic lane or the proportion of the total di-
rectional traffic flow on the traffic lane. The lane speed 
distribution can be expressed as distribution of CVS 
defined as the ratio of the standard deviation to the 
mean lane speed of the traffic flow.

It can be assumed that different weather condi-
tions influence the lane flow and speed distribution 
on motorway carriageways; generally, we could refer to 
this as lane capacity utilisation. The obtained data on 
the lane flow and speed distribution can be used for 
the recognition of flow stability, congestion, and other 
potentially dangerous situations. Recent studies of the 
traffic flow distribution have reported different results. 
Studies commonly neglect the weather conditions; 
therefore, the hypothesis that traffic characteristics 
on particular traffic lanes vary depending on weather 
conditions is rising. It is assumed that due to weather 
conditions, the lane flow distributions at the observed 
road section change, and due to reduced visibility (fog, 

dir. Ljubljana-Kozarje

Lane 2 Lane 1

Test site 855, traffic sensor type
QLTC-8C, dir. Ljubljana-Kozarje

Test site 178, traffic sensor type
QLTC-8C, dir. Ljubljana-Center

Roadside Weather Station, 
type RWS200

Figure 1 – Locations of test sites on motorway network near Ljubljana and lane positions at test site 855
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A single function enables the direct comparison of 
lane flow distribution (4). For two-lane carriageways, 
the lane flow distribution characteristics can be ex-
pressed as [27]:

( )dp q p p, , ,k tot k k k1 2= - 	 (4)

To calculate and analyse the local density di,k under 
k weather conditions on lane i, the equivalent flow rate 
qe,i,k is divided by space mean speed vs,i,k (if vs,i,k≠0). 
However, the data contain only the time mean speed 
vt,i,k. The space mean speed is estimated by using 
Drake’s formula [28].

The coefficient of speed variation for lane i is de-
fined as follows:

CVS v
SD

, , ,

,
i k t i k

i k= 	 (5)

where SDi,k is the standard deviation of speed at 5-min-
ute intervals and vt,i,k is the average speed over the 
same interval under k weather conditions on lane i.

4.	RESULTS 
The research of impact of weather on lane flow 

distribution, time mean speed of vehicles, and gap 
between vehicles was examined on two test sites; 
namely, two motorway sections in Slovenia. Since the 
aim of research is to investigate the impact of adverse 
weather conditions and comparison of the traffic flow 
characteristics in adverse weather conditions with the 
traffic flow characteristics in dry condition, the data ob-
tained in congested traffic flow and in time of incident 
situations have been discharged.

4.1	 Lane position and main traffic 
characteristics under different weather 
conditions

This section summarizes the main traffic charac-
teristics under different weather conditions at test site 
178. The descriptive statistics results are presented 
in Table 1. The results show statistically significant dif-
ferences between the mean values of different traffic 
characteristics for the two-lane positions for all weath-
er conditions. The mean values of equivalent flow 
rates and traffic flow densities are higher for Lane 1 
than Lane 2 in dry conditions, while the mean values 
of time mean speed are lower. These differences are 
expected, but the relative differences of traffic charac-
teristics (Table 1, n1,k - n2,k) between Lane 1 and Lane 
2 had not been foreseen.

The differences in mean values of time mean speed 
decrease with adverse weather conditions from 10% to 
16% (18% for dry condition), while for equivalent flow 
rates and density, they increase; the differences of 
flow rates from 35% to 116% (26% for dry conditions), 
and differences of density from 67% to 163% (59% for 
dry conditions). Comparing traffic characteristics, the 

considered: time mean speed between 60 and 160 
km/h, an average gap between 1 and 30 s, and a 
5-minute traffic volume greater than 3 vehicles.

In total, 18,306 five-minute intervals were analysed 
from October 2012 to February 2013; namely, 13,267 
in dry conditions, 3,469 in low rainfall intensity con-
ditions, 444 in medium rainfall intensity conditions, 
83 in heavy rain conditions, 867 in low visibility con-
ditions, and 159 in snowy conditions. Usually, traffic 
demand in low visibility weather conditions, especially 
in heavy snow, is lower than in normal conditions [26]; 
therefore, the size of the sample is smaller but the ad-
equacy of the results was not affected.

3.1	 Analysis

The analysis of the lane flow distributions and traf-
fic characteristics is based on the assumptions made 
in previous studies. The lane flow distribution pi,k is a 
function of traffic demand flow in one direction, qtot,k. 
In our research, several additional weather conditions 
(k) were investigated; namely, dry (_d), rain and wet  
(w1,w2,w3), low visibility (_lv), and snow (_s). Heavy 
vehicles have been taken into account by including 
the heavy vehicle adjustment factor fHV,i,k, determined 
in accordance with the Highway Capacity Manual’s 
(HCM) methodology [1]. The total equivalent flow rate 
qtot,k (observed traffic demand flow) in one direction 
can be calculated as:

q q f
q

, , ,
, ,

,
tot k e i k

i

n

HV i k

i k

i

n

1

2

1

2
= =

=

=

=

=
/ / 	 (1)

( ) ( )f P E P E1 1 1
1

, ,
, , , ,

HV i k
T i k T R i k R

= + +- - 	 (2)

where qi,k is the 5-minute flow rate for lane i expressed 
in vehicles per hour, and qe,i,k is expressed in passen-
ger-car units per hour; PT,i,k, and PR,i,k are the propor-
tions of heavy and recreational vehicles; and ET and 
ER are passenger-car equivalents for heavy and recre-
ational vehicles, respectively. Our research was con-
ducted on level terrain, and traffic data neglect recre-
ational vehicles (PR,i,k=0). For all weather conditions, 
the parameter ET is set to 1.5. As the test site was set 
up on a four-lane motorway, two lane positions i have 
been considered; namely, lane i=1 as the nearside 
traffic lane and lane i=2 as the offside (overtaking) 
traffic lane (Figure 1).

The lane flow distribution pi,k for i=1, 2 under k 
weather conditions can be calculated as follows:

p q
q

q
q

pp 1
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e k
k

1
1

2
2

1

=
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Z

[

\

]]]]]
]]]]]

	 (3)

where qtot,k is the total flow rate for all lanes; p1,k and 
p2,k are the proportions of the total flow rate under k 
various weather conditions for Lane 1 and Lane 2.
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Table 1 – Descriptive statistics of main traffic characteristics and paired difference results for test site 178

Var. Unit Min Max Mean 
ni,k

Std. 
dev.

Rel. diff. 
(ni,d-ni,k)

Rel. diff. 
(μ1,k-n2,k)

Two-sample t-test. 
Hypothesis: μ1,k-n2,k<> 0 

n1,k-n2,k T df Sig. 
(2-tailed)

qe,1,d

[p
cu

/h
]

53 1,709 812.2 396.8 -

qe,2,d 0 2,675 646.6 511.3 - 26% 165.6 89.4 13,266 0

qe,1,w1 51 1,606 696.0 370.4 -14%

qe,2,w1 0 2,649 515.0 491.2 -20% 35% 181.0 48.7 3468 0

qe,1,w2 93 1,711 674.5 385.6 -17%

qe,2,w2 0 2,093 467.1 463.5 -28% 44% 207.4 23.4 443 0

qe,1,w3 76 1,415 708.1 355.7 -13%

qe,2,w3 0 1,911 482.7 440.6 -25% 47% 225.4 9.7 82 0

qe,1,lv 49 1,392 388.9 283.1 -52%

qe,2,lv 0 1,862 189.1 275.2 -71% 106% 199.8 52.9 867 0

qe,1,s 48 1,036 340.2 292.9 -58%

qe,2,s 0 1,111 157.8 350.6 -76% 116% 182.4 18.5 158 0

vt,1,d

[k
m

/h
]

80 113 97.0 5.3 -

vt,2,d 0 155 118.5 23.3 - -18% -21.5 -104.6 13,266 0

vt,1,w1 69 111 94.7 5.8 -2%

vt,2,w1 0 144 113.2 25.0 -4% -16% -18.5 -44.1 3,468 0

vt,1,w2 75 105 91.7 5.4 -5%

vt,2,w2 0 136 107.8 27.5 -9% -15% -16.1 -12.0 443 0

vt,1,w3 81 103 91.3 5.0 -6%

vt,2,w3 0 131 106.5 30.8 -10% -14% -15.2 -4.4 82 0

vt,1,lv 61 111 94.4 6.0 -3%

vt,2,lv 0 156 105.1 38.9 -11% -10% -10.7 -7.7 867 0

vt,1,s 61 97 70.2 8.4 -28%

vt,2,s 0 125 82.2 13.4 -31% -15% -12.0 -19.2 158 0

d1,d

[p
cu

/k
m

]

0.5 19.7 8.6 4.1 -

d2,d 0 25.7 5.4 4.4 - 59% 3.2 168.7 13,266 0

d1,w1 0.5 21.0 7.5 4.0 -13%

d2,w1 0 24.6 4.5 4.5 -17% 67% 3.0 87.0 3,468 0

d1,w2 0.9 23.2 7.6 4.4 -12%

d2,w2 0 21.1 4.3 4.4 -20% 77% 3.3 33.8 443 0

d1,w3 0.8 17.0 8.0 4.0 -7%

d2,w3 0 20.2 4.3 4.2 -20% 86% 3.7 11.3 82 0

d1,lv 0.5 15.4 4.2 2.9 -51%

d2,lv 0 16.2 1.6 2.4 -70% 163% 2.6 55.2 867 0

d1,s 0.7 17.1 5.0 6.0 -42%

d2,s 0 14.9 1.9 5.9 -65% 163% 3.1 21.9 158 0
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(dispersion, skewness, and outliers) of the traffic char-
acteristics obtained for test site 178. Particularly for 
the time mean speed, differences in distribution can 
be confirmed. In dry weather conditions, there is up to 
a 27% difference in the median of time mean speed 
between Lanes 1 and 2. In wet conditions, the differ-
ence ranges from 24% to 26%, in low visibility it is up 
to 23%, and in snow conditions it is up to 12%.

One can observe that in reduced visibility and 
wet surface conditions traffic flows are lower than in 
good visibility. This can be explained by the fact that in  

values of dry conditions to wet (rainy) and low visibility 
conditions (Table 1, ni,d-ni,k), the mean values are lower 
for the same lane: mean values of time mean speed 
from 2% to 28% for Lane 1 and 4% to 31% for Lane 2. 
The mean values of density are lower from 13% to 51% 
for Lane 1 and from 7% to 70% for Lane 2.

The boxplots graphs in Figure 2 compare traf-
fic characteristics (equivalent flow rate, time mean 
speed and density) under different weather condi-
tions, separate for Lane 1 and Lane 2. Each boxplot 
provides graphical representation of the distribution  
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Figure 2 – Comparison of the a) equivalent flow rate, b) time mean speed, and c) local density, for different lane positions 
and weather conditions for Site 178
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weather conditions, a regression curve was exam-
ined. Different regression models were tested. Best 
results were obtained using a non-linear models with 
least squares Levenberg–Marquardt algorithm, where 
fourth-order (or more) polynomials, exponential, and 
logarithmic models were tested. Regarding the results 
the following generalised regression function dpk(qtot,k) 
for a carriageway with two lanes is proposed:

( )dp q a e
b

1, lnk tot k c d q ,tot k= + + - + 	 (6)

where parameter a generally represents the bottom 
plateau of the regression curve, b is the range of curve, 
c is the qtot,k value when the middle dpk(qtot,k) value is 
attained and d is the slope factor. The lane flow distri-
bution dp can be modelled up to a certain maximum 
of the traffic flow rate qtot,k, which is somehow repre-
senting the capacity of the carriageway under current 
weather conditions .

The results of the lane flow distribution under dif-
ferent weather conditions and of the regression mod-
el for test site 178 are depicted in Figure 3 and sum-
marised in Table 3. The results for test site 855 are 
summarised in Table 4. 

Tables 3 and 4 present a noticeable difference in 
the dpk(qtot,k) regression models for the observed test 
sites. However, the impact of weather conditions on 
lane flow distribution is very similar. In contrast to site 
178, where there is more transit traffic and higher ra-
tio of heavy vehicles, at site 855 there is more local 
and regional traffic. 

The rate of change (slope) of the dpk(qtot,k) function 
is not the same for different weather conditions. This 
can be explained as differences in lane-changing ma-
noeuvres under different weather conditions; at very 
high (but still uncongested) traffic flows dpk values 
converge to -0.3 in dry (_d) and in low rainfall intensi-
ty (_w1), to -0.175 in medium rainfall intensity (_w2), 
to  0.165 in heavy rain (_w3), to -0.135 in low visibility 

adverse weather conditions speed is reduced and the 
distance between vehicles (gap) increases, resulting 
in a reduction of maximum traffic flow rate and density 
[29]. The reduction can also be due to other reasons, 
e.g. fog typically occurs at night or in the early morning, 
when traffic flows (demand) tend to be low. Neverthe-
less, the differences in the time mean speed between 
lanes ∆vt,k at maximum flow rates under different 
weather conditions do not change significantly, espe-
cially when a high ratio of heavy vehicles is recorded 
[30]. On the other hand, at maximum flow rates, the 
differences in local densities ∆dk vary according to 
the weather conditions. In good conditions, the den-
sity is lower for Lane 1. In intensively wet and snowy 
conditions, values are lower on Lane 2. In such condi-
tions, drivers are cautious and usually do not overtake, 
and consequently, higher capacity utilisation can be 
achieved. The traffic characteristics for test site 178 
for different traffic lanes at maximum flow rates Max 
qtot,k for both lanes are summarised in Table 2. 

4.2	 Lane flow distributions under different 
weather conditions

The lane flow distribution can be explained by traf-
fic demand flow. Graphical illustration of lane flow dis-
tribution under different weather conditions consists 
of x-axis presenting total flow rate qtot,k, and y-axis 
presenting lane flow distribution dpk, where dpk=0 for 
evenly distributed traffic flow on both lanes, dpk>0 for 
more traffic flow on Lane 1, dpk =1 for all traffic flow 
on Lane 1, dpk<0 for more traffic flow on Lane 2 (over-
taking lane), dpk=-1 for entire traffic flow on Lane 2. 
Each event with its own qtot,k and dpk is represented 
as an adequate data point (see Figure 3). Graphs de-
pict the phenomena of higher flow on Lane 1 when the 
total flow rate is low (dpk near 1.0). When the traffic 
demand flow increases (including Lane 1), drivers de-
cide to change lanes intensively, seeking faster driving 
in Lane 2. Taking into account all values in different 

Table 2 – Main traffic characteristics at maximum total flow rate under different weather conditions for test site 178 

TFC 
at Max qtot,k

Units
Weather conditions

_d _w1 _w2 _w3 _lv _s
Max qtot,k [pcu/h] 4,285 4,223 3,661 3,272 3,254 2,102

qe,1,k

[pcu/h]

1,610 1,574 1,711 1,407 1,392 991
qe,2,k 2,675 2,649 1,950 1,865 1,862 1,111

∆qe,k -1,065 -1,075 -239 -458 -470 -120

vt,1,k

[km/h]

87 92 75 89 92 68
vt,2,k 107 108 93 105 115 85

∆vt,v -20 -16 -18 -16 -23 -17

d1,k

[pcu/km]

18.7 17.2 23.2 17.8 15.2 14.9
d2,k 25.1 24.6 21.1 15.9 16.2 13.2

∆dk -6.4 -7.4 2.1 1.9 -1 1,7
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Table 3 – Results of dp regression model for test site 178

Weather condition
Parameter

qtot,k at dp=0 R²
a b c d

Dry (_d) -0.927 1.987 6.383 0.836 2,430 0.917

Low rainfall (_w1) -1.622 2.832 5.082 0.618 2,310 0.898

Medium rainfall (_w2) -2.329 3.733 4.245 0.480 2,438 0.915

Heavy rainfall (_w3) -2.590 3.866 5.020 0.555 2,356 0.915

Low visibility (_lv) -0.620 1.611 6.987 0.966 2,251 0.776

Snow conditions (_s) -0.462 1.445 8.632 1.242 1,915 0.744

dp
_d

dp
_w

1

dp
_l
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dp
_w

2

dp
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Figure 3 – Lane flow distributions on site 178 under different weather conditions
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that because of blinding spray the real sight distances 
during rainfall are shorter than those recorded by the 
weather station; therefore, the results do not neces-
sarily reflect the state of visibility during precipitation. 
Therefore, additional studies are required on different 
types of weather stations or methods for on-board vis-
ibility distance measurements. 

4.3	 Lane speed and average gap variations 
under different weather conditions

The lane speed variations (expressed by a stan-
dard deviation or CVS) and the minimum average 
gap are the main indicators representing the rela-
tionship between road safety and motorway traffic  

(_lv), and to -0.075 in snow (_s) conditions. Note, that 
negative values of lane flow distribution correspond to 
higher traffic flow on Lane 2.

Negative values of lane flow distribution can indi-
cate the disturbances in uncongested traffic flow. At a 
given traffic demand flow and speed variability, drivers 
change lanes with more difficulty, indicating the po-
tential for traffic congestion and accidents [27]. The 
results in Figure 3 show that this phenomenon occurs 
earlier in adverse weather conditions, especially those 
that have a significant impact on the decisions of the 
drivers to change lanes. In the case of test site 178 
snow has the most significant effect. Rainfall affects 
lane choice less, despite the fact that sight distance 
is reduced and road slipperiness is increased. Note 

Table 4 – Results of dp regression model for test site 855

Weather condition
Parameter

qtot,k at dp=0 R²
a b c d

Dry ( _d) -0.499 1.417 8.122 1.087 3,084 0.905
Low rainfall ( _w1) -0.683 1.646 7.287 0.953 3,009 0.878
Medium rainfall ( _w2) -1.139 2.056 7.064 0.854 3,032 0.845
Heavy rainfall ( _w3) -0.714 1.582 7.808 0.989 >2,983* 0.821
Low visibility ( _lv) -1.316 2.314 6.486 0.784 2,737 0.737
Snow conditions ( _s) -2.596 3.527 10.963 1.319 >1,520* 0.497

*: dp≤0 was not reached
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operational conditions. Furthermore, CVS values in 
conditions with lower visibility (fog, heavy snowfall) are 
more dispersed than in conditions with normal visibil-
ity at the same site. These findings can result in the 
redefinition of criteria (or use of additional criteria) for 
active traffic control in the case of disturbance in un-
congested traffic flow and different weather conditions 
which depends on speed variability and traffic flow 
rate on Lane 2 (overtaking lane). In this way, it is also 
indicated that through observations and short-term 
weather forecasting, it is possible to predict lane flow 
distribution for a given traffic demand flow. 

In previous studies, lane flow distribution models 
were defined only for specific and similar geoloca-
tions. Accordingly, future research can continue in the 
direction of determining a set of pattern conditions 
that influence lane flow and speed distribution. In this 
manner, it is possible to examine whether the estimat-
ed models from one site can be applied to other sites 
with similar roadway characteristics, traffic-operation-
al rules, and environmental conditions. Studies should 
also include new pavement technology (that ensures 
faster drainage of surface water and reduce blinding 
spray) and extreme and micro-located weather condi-
tions (e.g. very dense fog, unexpected heavy storms, 
hailstorms, and storms with strong wind gusts). On 
road sections with higher ratio of heavy vehicles or 
with higher longitudinal road slope (additional lane 
for slow-moving vehicles) incidents are more likely to 
occur; therefore, the focus should be also on such sec-
tions.
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VPLIV VREMENSKIH POJAVOV NA PORAZDELITEV 
PROMETNEGA TOKA PO PROMETNIH PASOVIH NA 
AVTOCESTI

POVZETEK

Na avtocestah vozniki izbirajo prometne pasove v odvisnos-
ti od različnih dejavnikov. Skladno s pravili vožnje najpogosteje 
izberejo desni prometni pas, levega pa uporabijo za prehitevan-
je, v primeru zastojev, ovir in drugih omejitev na voznem pasu. 
Empirična raziskava predstavljena v tem članku obsega obsež-
no analizo karakteristik prometnega toka na različnih promet-
nih pasovih avtocest v Sloveniji. Poudarek raziskave je na vplivu 
neugodnih vremenskih razmer na porazdelitev prometnih 
obremenitev po prometnih pasovih in na porazdelitev hitrosti 
vozil na posameznem prometnem pasu ter po pasovih. Pozna-
vanje teh karakteristik ima neposreden vpliv na poznavanje 
pretočnosti in prometne varnosti, zato s pravilno oceno lahko  
izboljšamo zanesljivost vodenja prometa v realnem času 
ob pojava nemira v prometnem toku. Rezultati analiz  

characteristics [20]. Figure 4 presents the CVS values 
and 5-minute average gaps under different weather 
conditions at site 178.

A visual comparison of the boxplots shows that 
the median value of CVS in all weather conditions is 
higher on Lane 1, but the maximal value is higher on 
Lane 2 for dry, low rainfall intensity, low visibility, and 
snow conditions (Figure 4a). In general, CVS dispersion 
is the highest in snow, followed by low visibility con-
ditions, low rainfall intensity, and dry conditions. This 
cannot be linked to the fact that the vast majority of 
weather-related crashes happen on dry or wet pave-
ment during rainfall. We can link this fact to exposure 
to events with different weather conditions. However, 
it can be assumed that drivers act more rationally in 
high and medium intensity rainfall. On the other hand, 
many severe motorway accidents in Slovenian histo-
ry have been connected with adverse weather condi-
tions, particularly low visibility and snowy conditions.

The dispersion of average gaps is higher on Lane 
2, irrespective of weather conditions (Figure 4b). Both 
lanes have a very similar minimal average gap for all 
types of weather conditions. Lower values are general-
ly representative of Lane 2 (dry and wet conditions). As 
expected, the median, the 3rd quartile, and maximum 
values of average gaps are higher on Lane 2 for all 
weather conditions. 

5.	CONCLUSIONS
In this paper, the influence of weather conditions 

has been investigated. In particular, the focus is on 
the lane flow distribution on motorway; traffic flow 
characteristics observed for different traffic lanes and 
the choice of the traffic lane. Normal weather condi-
tions (dry, no precipitation, and good visibility), rainy 
conditions (low, medium, and heavy intensity), very low 
visibility (less than 250 m), and snowfall conditions 
were analysed. Most papers on lane flow distribution 
neglect weather conditions. According to Lee and Park 
[29], traffic flow rate cannot properly identify traffic 
conditions, since one traffic flow rate corresponds to 
two mean speeds, namely in uncongested and con-
gested traffic conditions. In our study only data in un-
congested-to-transition traffic flow were considered; 
incident and congested conditions were filtered out.

In this paper, the empirical research results con-
firm the hypothesis that traffic flow characteristics are 
influenced by different weather conditions, and the in-
fluence is not the same for all traffic lanes at the same 
test site. In adverse weather conditions, the time mean 
speed, traffic flow rates, and density are reduced, and 
at the same time, the average gap between vehicles 
increases and diversity between lanes is observed. 
This indicates that weather conditions influence lane 
flow and speed distributions on motorway sections 
with the same geometric characteristics, traffic, and 
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dokazujejo, da se porazdelitev prometnih tokov in porazdelitev 
hitrosti na posameznem pasu specifičnega avtocestnega odse-
ka spreminjajo v odvisnosti od vremenskih pojavov, ki smo jih 
imenovali suho, mokro (dež), slaba vidljivost ter sneženje. 

KLJUČNE BESEDE

nadzor in vodenje prometa na avtocesti; porazdelitev prometa 
po pasovih; porazdelitev hitrosti po pasovih; vremenski pojavi;
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