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Road traffic noise is one of the most relevant sources in the environmental noise pollution of the urban areas where dynamics of
the traffic flow are much more complicated than uninterrupted traffic flows. It is evident that different traffic conditions would
play the role in the urban traffic flow considering the dynamic nature of the traffic flow on one hand and presence of traffic lights,
roundabouts, etc. on the other hand. The main aim of the current paper is to investigate the effect of different traffic conditions
on urban road traffic noise. To do so, different traffic conditions have been theoretically generated by the Monte Carlo Simulation
technique following the distribution of traffic speed in the urban roads. The “ASJ RTN-Model” has been considered as a base
road traffic noise prediction model which would deal with different traffic conditions including steady and nonsteady traffic flow
that would cover the urban traffic flow conditions properly. Having generated the vehicles speeds in different traffic conditions,
the emitted noise (𝐿𝑊𝐴) and subsequently the noise level at receiver (𝐿𝐴) were estimated by “ASJ RTN-Model.” Having estimated𝐿𝑊𝐴 and 𝐿𝐴 for each and every vehicle in each traffic condition and taking the concept of transient noise into account, the single
event sound exposure levels (𝑆𝐸𝐿) in different traffic conditions are calculated and compared to each other.The results showed that
decelerated traffic flow had the lowest contribution, compared to congestion, accelerated flow, free flow, oversaturated congestion,
and undersaturated flow by 16%, 14%, 12%, 12%, and 10%, respectively. Moreover, the distribution of emitted noise and noise level
at receiver were compared in different traffic conditions. The results showed that traffic congestion had considerably the maximum
peak compared to other traffic conditions which would highlight the importance of the range of generated noise in different traffic
conditions.

1. Introduction

Highly industrialized living style of modern societies has
produced a dramatic impact on the environment [1]. Nowa-
days, the environment noise and emission [2] have become a
worldwide problem and the environmental impact control is
one of the most important problems in the urban areas [3]. It
is reasonable to affirm that, in urban areas, road traffic noise is
the most relevant source [4] since airports are usually placed
outside the downtowns and railways are usually designed to
move out from the center of the cities [5] and rarely cross
the residential districts [6]. Furthermore, in urban areas, the
concentration of both road networks and city dwellers makes
of traffic flow the main culprit of noise annoyance, which has
to be precisely estimated and treated through relevant road

traffic mitigation [7]. Although the road noise is not usually
loud enough to cause hearing problems, continuous exposure
to unacceptable noise levels can create the adverse effects on
health [8].Moreover, environmental noise exposure is associ-
ated with annoyance [9, 10], sleep disturbance [11], cognitive
ability in schoolchildren [12], and health impacts, especially
cardiovascular conditions [13]. Exposure to environmental
noise is pervasive and increasing in terms of road traffic noise
and the reduction of the night-time quiet period [14]. Traffic-
related noise is one of the major environmental impacts of
roadways [15] and is said to account for over 1 million healthy
years of life lost annually to ill health andmay lead to a disease
burden that is second only in magnitude to that from air
pollution [16]. According to theWHO, the environment noise
costs societies 0.2%-2.0% of the gross domestic product [17].
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Therefore, urban road traffic emission and noise should be
included in the economic evaluation of an urban road traffic
policy [18] since different traffic conditions, as consequence
of these policies, might have a considerable contribution
in the urban road traffic noise emission which would have
a significant impact on the gross domestic product of the
societies. Noise prediction is one of the vital tools for city
planners for noise abatement and control [19]. Traffic man-
agement can be a very effective policy to fight against urban
traffic noise [20, 21] which is increasingly implemented in
European [22] noise reduction projects. By taking a wide look
at the literature, mostly, noise impacts of traffic management
policies have been measured/investigated by conducting the
on-field studies [23]. The current research instead seeks to
provide a theoretical comparison environment in which the
average impact of different traffic conditions on road traffic
noise emission would be compared. Generally, the estimation
of the noise emissions generated by road traffic requires both
a noise emission model that captures the impact of vehicle
kinematics, namely, speed and acceleration, on sound power
levels, and an accurate estimation of the kinematic variables
of interest in the area under study [24]. There are various
models developed recently in order to evaluate the road
traffic noise emissions. For instance, the Federal Highway
Administration Traffic Noise Model (FHWA TNM) of USA
[25] predicts the hourly equivalent sound level of the 𝑖𝑡ℎ class
of vehicles based on the reference energy mean emission level
of the 𝑖𝑡ℎ class of vehicles which refers to the maximum sound
level emitted by a vehicle pass-by at a reference distance of 15
(m) through a series of adjustments as follows.

𝐿𝑒𝑞 (ℎ)𝑖 = (𝐿0)𝐸𝑖 + Δ𝑓(𝑖) + Δ𝑑 + Δ 𝑙 + Δ 𝑠 (1)

where

𝐿𝑒𝑞(ℎ)𝑖 is hourly equivalent sound level (𝑑𝐵(𝐴))
(𝐿0)𝐸𝑖 is reference energy mean emission level(𝑑𝐵(𝐴))
Δ𝑓(𝑖) is traffic flow adjustment
Δ𝑑 is distance adjustment
Δ 𝑙 is length of the roadway adjustment
Δ 𝑠 is shielding adjustment

The CoRTN (Calculation of Road Traffic Noise) model
of the United Kingdom estimates the A-weighted sound
pressure level that is exceeded for 10% of the measurement
period at a reference distance of 10 (m) away from the
nearside carriageway edge as follows [26].

𝐿10 = 42.2 + 10 log10 𝑞 + Δ𝑓 + Δ𝑔 + Δ𝑝 + Δ𝑑 + Δ 𝑠
+ Δ 𝑎 + Δ 𝑟 (2)

where

𝐿10 is A-weighted sound pressure level that is
exceeded for 10% of the measurement period (dB(A))

𝑞 is total hourly flow (veh/hr) calculated at a reference
distance of 10 (m) at an average traffic speed of 75
(km/h)
Δ𝑓 is traffic flow adjustment
Δ𝑔 is gradient adjustment
Δ𝑝 is pavement type adjustment
Δ𝑑 is distance adjustment
Δ 𝑠 is shielding adjustment
Δ 𝑎 is angle of view adjustment
Δ 𝑟 is reflection adjustment

The HARMONOISE (Harmonised Accurate and Reli-
able Methods for the EU Directive on the Assessment and
Management of Environmental Noise) model [27] of the
European Union is defined based on two sound power values
for different vehicle categories as follows.

𝐿𝑊𝑅 (𝑓) = 𝑎𝑅 (𝑓) + 𝑏𝑅 (𝑓) log( 𝑉𝑉𝑟𝑒𝑓) (3)

𝐿𝑊𝑃 (𝑓) = 𝑎𝑃 (𝑓) + 𝑏𝑃 (𝑓) log(𝑉 − 𝑉𝑟𝑒𝑓𝑉𝑟𝑒𝑓 ) (4)

where

𝐿𝑊𝑅(𝑓) is rolling noise generated by tire-road inter-
action and aerodynamic drag (dB(A))
𝐿𝑊𝑃(𝑓) is propulsion noise generated by the power-
train and the exhaust (dB(A))
𝑉𝑟𝑒𝑓 is 70 (km/h)
𝑎𝑅(𝑓), 𝑏𝑅(𝑓), 𝑎𝑃(𝑓), and 𝑏𝑃(𝑓) are given coefficients
in 1/3𝑟𝑑 octave bands in frequency range 25 to 10 kHz

The ASJ RTN-Model (Acoustical Society of Japan Road
Traffic Noise prediction model) considers a single vehicle as
an omnidirectional point source passing along the road under
consideration and predicts the noise emitted by each vehicle
in different categories as a function of the vehicle speed in
different traffic conditions (steady and nonsteady traffic flow,
acceleration, and deceleration running condition) as follows
[28].

𝐿𝑊𝐴 = 𝑎 + 𝑏 log (𝑉) + 𝑐 (5)

where

𝐿𝑊𝐴 is A-weighted sound power level (noise emitted
by each vehicle) (dB(A))
𝑉 is vehicle speed (km/h)
𝑎 and 𝑏 are regression coefficients
𝑐 is correction term for road conditions (pavement
type and road gradient)

Furthermore, noise propagation from the 𝑖𝑡ℎ source
position to the prediction point will be predicted as follows.

𝐿𝐴,𝑖 = 𝐿𝑊𝐴,𝑖 − 8 − 20 log 𝑟𝑖 + Δ𝐿𝑐𝑜𝑟,𝑖 (6)

where
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𝐿𝐴,𝑖 is A-weighted sound pressure level (noise level at
receiver) (dB(A))
𝑟𝑖 is direct distance from the 𝑖𝑡ℎ source position to the
prediction point (m)
Δ𝐿𝑐𝑜𝑟,𝑖 is correction for diffraction, ground effect, and
atmospheric absorption (dB(A))

The main aim of the current research is to investigate the
contribution of different traffic conditions in noise emission
of the urban road traffic flow by preparing a theoretical com-
parison in which each traffic condition would generate road
traffic noise independently. In the current study, different
traffic conditions have been represented by the distribution
of traffic speed in that traffic condition obtained by on-field
data collection. It is worth to mention that the role of speed
distribution on road traffic emission [29] and noise has been
investigated in the literature. For instance, the effects of speed
distributions on the Harmonoise model predictions have
been investigated by [30].They assumed when traffic is freely
moving the speed distribution of a given category of vehicle
approximates to a normal distribution. It is a very general
assumption and they did not consider the situation in which
the traffic flow freelymoves but it is close to the capacity.They
examined the errors in noise prediction which would result
if the mean speed was used for prediction purposes rather
than the actual speed distribution. They pointed out that it is
likely that the assumptions concerning a normal distribution
are not so robust due to the potential periods of congested
traffic so that the estimates of standard deviation could be
misleading. Also, due to the lack of data at the individual
level, they have roughly assumed some other distributions
for the other simple traffic conditions. The main difference
of this paper with our paper is that we have investigated
the effect of different traffic conditions based on the actual
(fitted to empirical data) speed distributions adapted to the
empirical traffic speed data obtained by the on-site traffic data
collection in the city of Budapest, Hungary. In 2013, Iannone
et al. [31] studied the influence of speed distribution on
road traffic noise prediction. In their study, they investigated
the effect of speed distribution (different speed distributions
were simulated following the same average speed, 70 (km/h)
and standard deviation, 10 (km/h)) on road traffic noise
prediction using the “Micro to Macro” approach that adopts
the single vehicle noise emission. The random extraction of
the speed allows running the model also when single vehicle
speed data are not available. In the current paper, the effects
of different traffic conditions (different speed distributions
and different speed specifications obtained by empirical data
collection in city of Budapest) on urban road traffic noise
were theoretically compared to each other using the Japanese
reference noise model which is calibrated for different traffic
conditions.

A majority of the researches in dynamic road traffic
noise prediction topic considered the microscopic traffic
flow characteristics (speed, acceleration, etc. of each and
every single vehicles) instead of the macroscopic traffic
flow characteristics (average parameters of the entire traffic
flow) as the main element of the road traffic dynamics for
noise prediction [24, 32, 33]. In the current paper, different
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Figure 1: Characteristic diagram for traffic moving at a traffic light.

traffic conditions have been theoretically generated based on
the distribution of vehicles speed on that traffic condition.
Furthermore, the reference road traffic noise model of Japan,
the ASJ RTN-Model, has been selected as a base road traffic
noise prediction model due to the fact that it is calibrated
for both steady and nonsteady traffic flow (adapted for
urban condition). Moreover, this model is also calibrated
for acceleration and deceleration running conditions which
would be appropriate in predicting the road traffic noise
emissions close to the intersections. Apart from these, the
base of the model is directly dependent on the speed of
vehicles which is the considered characteristic of different
traffic conditions in this research.

The rest of the paper is organized as follows. In Section 2,
at first, different traffic conditions have been theoretically
generated according to the distribution of vehicles speed in
different traffic conditions and then the generated road traffic
noise in each traffic condition is estimated using the ASJ
RTN-Model. The estimated road traffic noises in different
traffic conditions have been compared and discussed in terms
of magnitude and continuity in Section 3. Finally, the paper
is concluded in Section 4.

2. Methodology

The main aim of the current research is to compare the
effects of different traffic conditions on urban road traffic
noise. To do so, a fieldmeasurement campaign (manual video
recording) has been done by the Stipendium Hungaricum
(2016-2017/MSc) transportation engineering students in the
two-lane Villnyi street and Karolina street intersection in
Budapest, XI district, Hungary, during the entire day. Six
different traffic conditions (scenarios) have been defined
based on the recorded videos. The defined scenarios are
theoretically explained here using a theoretical representation
of a characteristic diagram for traffic moving at a traffic light
when it turns to green as shown in Figure 1. The condition
in which the traffic congestion would not be disappeared in
a cycle (exceeds the capacity) is considered as oversaturated
congestion. This is the region 𝑥𝑗 ≤ 𝑥 < 𝑥𝐿 in Figure 1
where density is close to Jam density (𝑘𝑗).The undersaturated
flow is considered when the traffic is close to the capacity
(and will be discharged in a cycle) in the region 𝑥 < 𝑥𝑗
where traffic is flowing with the density lower than optimal
density (𝑘𝑖 < 𝑘𝑚), as the flow is not unimpeded. The free
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Table 1: Specifications of traffic speed in different traffic conditions.

Traffic condition Fitted speed distribution Minimum
speed (km/h)

Maximum
speed (km/h)

Average speed
(km/h)

SD of speed
(km/h)

Over-saturated congestion Exponential distribution 1 15.5 10.37 2.74
Under saturated flow Normal distribution 25 55 38.14 6.46
Free flow Log-normal distribution 35 55 47.18 5.5
Congestion Gamma distribution 10 25 14.53 3.91
Accelerated flow Beta distribution 1 45 27.41 13.15
Decelerated flow Chi-square distribution 1 35 18.76 11.82

flow traffic is considered when there are a few numbers of
vehicles in the street (much lower than the capacity) in the
region 𝑥 < 𝑥𝑗 where traffic is flowing with the density lower
than optimal density (𝑘𝑖 < 𝑘𝑚), as the flow is not unimpeded.
The deceleration process is considered in the condition where
traffic flow is getting closer to 𝑥𝑗 (where the shockwave, black
curve, travels backward through the traffic in phase 1 shown
in Figure 1). When the traffic light turns green, vehicles are
able to leave the light entirely unimpeded, so the density
would be equal to optimal density (𝑘 = 𝑘𝑚) and obviously
flow would be in its maximum. This condition is considered
as the acceleration process in which the shockwave slows
down and starts to move back towards the traffic light (phase
2). The condition in which traffic light turns to green but
the intersection is not completely empty yet is considered as
congestion.

Having collected the speed of vehicles in different traffic
conditions, the distribution of speed in these traffic condi-
tions was estimated by the Maximum Likelihood Estimation
method as follows.

𝐿 (𝜃) = 𝑛∏
𝑖=1

𝑓 (𝑥𝑖 | 𝜃) (7)

where

𝑥𝑖 is observed traffic speed (km/h)
𝑓(⋅ | 𝜃) is density function of the candidate paramet-
ric distribution

Having estimated different candidate parametric distri-
butions for traffic speed in different traffic conditions based
on (7), the candidate distributions were compared to each
other by three goodness-of-fit tests (Kolmogorov-Smirnov,
Cramer-von-Mises, and Anderson-Darling) in order to find
best-fitted speed distribution in each traffic condition as
follows.

𝐾𝑆 : sup 𝐹𝑛 (𝑥) − 𝐹 (𝑥) (8)

𝐶V𝑀 : ∫∞
−∞

(𝐹𝑛 (𝑥) − 𝐹 (𝑥))2 𝑑𝑥 (9)

𝐴𝐷 : 𝑛∫∞
−∞

(𝐹𝑛 (𝑥) − 𝐹 (𝑥))2𝐹 (𝑥) (1 − 𝐹 (𝑥)) 𝑑𝑥 (10)

where

𝐹𝑛 is empirical cumulative distribution function of the
vehicles speeds
𝐹𝑥 is fitted theoretical parametric distribution

Apart from these three goodness-of-fit tests, two classical
penalized criteria (Akaike and Bayesian information criteria)
based on the log-likelihood were further considered to tackle
the overfitting problems as follows.

𝐴𝐼𝐶 : 2𝑘 − 2 ln (�̂�) (11)

𝐵𝐼𝐶 : ln (𝑛) 𝑘 − 2 ln (�̂�) (12)

where

𝑘 is number of estimated parameters in the model

�̂� is maximum value of the likelihood function for the
model
𝑛 is number of observations

The best-fitted distributions to the traffic speed in differ-
ent traffic conditions along with the statistical specifications
of the traffic speed in different traffic conditions are shown in
Table 1.

Taking Table 1 into account, one would find out that the
fitted distributions are all unimodal distributions. It should
be highlighted that, in the current study, a homogeneous
traffic flow (passenger cars) has been considered in both
data collection and simulation phases. Therefore, single-
mode distributions (fitted unimodal distribution) have been
considered to simulate traffic speed in different traffic condi-
tions since the literature suggests considering bimodal and
multimodal distributions while there is a heterogeneity in
traffic flow [34]. There is a lot of research that has examined
distribution models for motorized vehicle speed data in
uncongested traffic condition. On one hand, [35, 36] found
that, for lightly trafficked two-lane roads where most vehicles
are traveling freely, car speeds measured in time are approx-
imately normally distributed. Also, Minh et al. mentioned
that speed distribution would follow normal distribution on
the urban roads, 2005 [37]. From the other hand, log-normal
distributionhas been considered formodeling speed data [38,
39] since it offers the advantage that the same functional form
is retained when the time speed distribution is transformed
into a space-speed distribution and avoids the theoretical
difficulty of the negative speeds given by the infinite tails of
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Figure 2: Random speed generation by Monte Carlo (MC) Simulation.

the normal distribution. In regard to log-normal distribution,
Haight and Mosher [40] considered log-normal distribution
since the speed data could be well represented by log-normal
distribution in that study. Furthermore, [41, 42] suggested
considering log-normal speed distribution for traffic speed
simulation. Considering the fundamental relationship of the
trafficflow, in the current study, the log-normal distribution is
fitted better to the collected traffic speed in free flow condition
(the condition inwhichmuch lower vehicles than the capacity
were available in the roadway) and normal distribution
is fitted better to the traffic speed in undersaturated flow
condition (close to capacity condition).

2.1. Simulation of Different Traffic Conditions. In order to
study the effect of different traffic conditions on road traffic
noise emission, these traffic conditions were theoretically
simulated by Monte Carlo (MC) simulation technique using
the specifications of traffic speed in different traffic conditions
shown in Table 1. It should be highlighted that the number of
vehicles was considered to be constant (1600 vehicles) in each
traffic condition in order to release the effect of traffic flow on
further road traffic noise estimation. The randomly generated
vehicles speeds which would represent the speed of vehicles
in different traffic conditions are shown in Figure 2.

2.2. Road Traffic Noise Estimation. Having simulated the
traffic speed in different traffic conditions theoretically, the
A-weighted sound power level, 𝐿𝑊𝐴, which would represent
noise emitted by each single vehicle was calculated based
on (5) in which the entire traffic flow has been considered
to be in the same classification (passenger cars) with the
same engine rotational speed, the same engine load, the same

Δli

i P！,i

Road

Prediction

Figure 3: Sound propagation from a sound source to a prediction
point [28].

road pavement type, and the same road geometry in order to
release the effect of determinants other than traffic condition
on emission estimation.

The calculated 𝐿𝑊𝐴 for each vehicle is further considered
as the basis of sound propagation as suggested by [28] and
shown schematically in Figure 3 in which 𝑃𝐴,𝑖 is the A-
weighted sound power, Δ𝑙𝑖(𝑚) is the length of theoretical
road, and V𝑖 (𝑘𝑚/ℎ) is the running speed of vehicle.

Hence, the A-weighted sound pressure level, 𝐿𝐴, which
would represent the noise level at receiver was calculated
based on (6) considering the same distance from the source
position to the prediction point (20 (m)), and the sameΔ𝐿𝑐𝑜𝑟,𝑖 for the entire traffic conditions in order to release the
effect of determinants other than traffic condition on sound
propagation estimation. Moreover, it is worth to mention
that a representative point (fixed point source) has been set
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Table 2: Theoretical upper and lower boundaries of traffic noise in different traffic conditions.

Traffic condition Min𝐿𝐴 (𝑑𝐵(𝐴)) Max𝐿𝐴 (𝑑𝐵(𝐴)) Min𝐿𝑊𝐴 (𝑑𝐵(𝐴)) Max𝐿𝑊𝐴 (𝑑𝐵(𝐴))
Over-saturated congestion 47.97 60.02 82 94.04
Under saturated flow 54.31 64.59 88.33 98.61
Free flow 58.7 64.59 92.72 98.61
Congestion 57.97 61.95 92 95.97
Accelerated flow 47.97 64.51 82 98.53
Decelerated flow 42.38 58.7 76.4 92.72

at the center point of the theoretical road section. In this
case, the A-weighted sound power level 𝐿𝑊𝐴 emitted from
the source (the vehicle) is set, and the A-weighted sound
pressure level at the prediction point is calculated by applying
a formula based on geometrical spreading (inverse-square
law). It should be underlined that setting the fixed point
source at the center point of the theoretical road section
might result in an overestimation of the noise level. In the
current research, this overestimation has been neglected due
to the fact that a theoretical comparison platform has been
provided such that the effects of different traffic conditions
on urban road traffic noise have been theoretically compared
to each other.

Having calculated the A-weighted sound power level and
A-weighted sound pressure level received at the receiver from
each and every vehicle, the single event sound exposure level
(a constant sound level which has the same amount of energy
in 1 second as the original noise level) of the vehicles is
calculated as follows:

𝐿𝐴𝐸 = 10 log( 1𝑇0∑𝑖 10
𝐿𝐴,𝑖/10.Δ𝑡𝑖) (13)

where

𝑇0 is 1 s (the reference time)

𝐿𝐴,𝑖 is A-weighted sound pressure level in the 𝑖𝑡ℎ
section (dB(A))
Δ𝑡𝑖 is the time when the sound source exists in the 𝑖𝑡ℎ
section (s)

The calculated sound exposure level of the entire traffic
flow in each traffic condition is summed up according to
[28], in order to calculate the total theoretical sound energy
emitted from the traffic flow in each traffic condition. Since
the point source has been considered to be fixed in the current
study, choosing the sound exposure level parameter would
help to (to a certain extent) overcome the overestimation of
energy. This is due to the fact that we consider the energy
in 1 second, with little variations. In general, considering the
sound exposure level for calculating the total sound energy is
more preferred for the situations we are facing the transient
noise (e.g., an aircraft fly-over or a vehicle drive-by). These
situations often result in wide variations from background
noise to maximum level and if only the maximum level
is reported, information on the duration of the noise (an

important feature for rating annoyance) is lost. This also
makes it difficult to compare between rapid and slow events
and to combine different events for noise prediction purposes
[43]. It should be highlighted that sound exposure level is
numerically equivalent to the total sound energy.

3. Results and Discussion

Table 2 shows the theoretical upper and lower boundaries of
the emitted noise (sound power level (dB(A)), 𝐿𝑊𝐴) and its
propagation (sound pressure level (dB(A)), 𝐿𝐴) considering
20 (m) distance from the source position in each traffic condi-
tion. Having estimated the noise emitted by running vehicles
in different traffic conditions, 𝐿𝑊𝐴 (𝑑𝐵(𝐴)), the noise level at
receiver considering 20 (m) distance, 𝐿𝐴 (𝑑𝐵(𝐴)), is calcu-
lated based on (6).The theoretical relationship between speed
ranges and sound pressure level in different traffic conditions
were compared to each other in Figure 4 considering the
same number of vehicles (1600 vehicles) in each scenario.
By taking a wide look at Figure 4, one can simply find
out that the vehicles in free flow condition have emitted
sound pressure level in higher ranges compared to the other
traffic conditions. It seems to be logical since the range of
traffic speed in free flow condition is the highest among the
other conditions (35 (km/h) to 55 (km/h)) based on Table 1.
Also, taking the decelerated traffic flow into account, it is
clear that the vehicles emitted sound pressure in a wider
range compared to the other traffic conditions. It should be
highlighted that, considering the speed-sound pressure level
relationship of decelerated flow in Figure 4, the vehicles with
the speeds lower than 10 (𝑘𝑚/ℎ) have emitted the same sound
pressure level as the vehicles with the speed of 10 (𝑘𝑚/ℎ).This
is due to the fact that, in deceleration running condition, the
sound power level at speed of 10 (𝑘𝑚/ℎ) is applied at speeds
of less than 10 (𝑘𝑚/ℎ) according to [28].

Figure 4 suggests the need for considering the dynam-
ics of traffic flow in economic investigations of traf-
fic/transportation policies. For instance, although the vehi-
cles in free flow condition would have the higher sound
pressure level compared to the other traffic conditions, they
would pass the roadway faster than the vehicles in congestion
or any other traffic conditions defined in Figure 1. Therefore,
the overall generated single event sound exposure level in dif-
ferent traffic conditions has been considered for a theoretical
comparison platform. Since the vehicles in decelerated traffic
flow emitted sound pressure in awider range compared to the
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Figure 4: Theoretical relationship between speed ranges and the generated sound pressure in different traffic conditions.
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Figure 5: Comparing generated single event sound exposure levels
in different traffic conditions.

other traffic conditions, the generated sound exposure level
in each traffic condition has been compared to the generated
sound exposure level in decelerated traffic flow in Figure 5.

Figure 5 clearly shows the fact that the vehicles in
decelerated traffic flow would generate considerably lower
sound energy compared to the other traffic conditions.
Furthermore, comparing Figures 4 and 5 implies the fact that
the dynamics of traffic flow which would generate different
traffic conditions are of great importance in road traffic noise

assessment. For example, although the free flow condition
had the highest range of emitted sound pressure level, it has
a lower sound exposure level compared to congestion and
accelerated flow. Taking (13) into account, one would clearly
understand that, apart from the emitted sound pressure level
(𝐿𝐴), the time when sound source exists in the roadway
is of great importance in sound energy (sound exposure
level) calculations. Therefore, compared to decelerated flow,
traffic congestion, accelerated traffic flow, free flow, and
undersaturated flowwould theoretically generatemore sound
energy by 16%, 14%, 12%, and 10%, respectively.

It should be noted that the generated sound energy in
decelerated flow condition is lower by 12% even compared to
oversaturated congestion where cars have lower speed range
(1 (km/h) to 15.5 (km/h)) compared to decelerated flow (1
(km/h) to 35 (km/h)) according to Table 1. This result might
also confirm the suggestion of not just considering the speed
ranges in different traffic conditions but also the dynamic
nature of the traffic flow might have a considerable impact
on the generated sound energy in traffic flow.

According to WHO, continuous exposure to unaccept-
able noise levels can create the adverse effects on health
[8]. Moreover, the research evidence shows that the physi-
ological effect of transportation noise on human sleep may
depend more on the level and number of noise events in
traffic streams than on energy equivalent measures [44, 45].
Therefore, not just the generated sound energy in road traffic
is of great importance but also the distribution (continuity) of
road traffic noise would be important. Hence, apart from the
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Figure 6: Comparing the distributions of emitted noise in different
traffic conditions.

comparison of road traffic noise in different traffic conditions
in terms of generated sound energy (Figure 5), they were
compared in terms of continuity of road traffic noise by
the means of density plots as shown in Figures 6 and 7,
respectively. Most of the researches in this field suggested
that by decreasing the speed rate the road traffic noise will
be decreased. For instance, Ellebjerg proposed that noise
abatement can be obtained through speed reduction [46];
furthermore Robertson et al. said that traffic calming policy
ensures noise reduction since it forbids strong accelerations
[47]. In fact, these statements are both true in terms of the
generated sound pressure level such that the vehicles with the
lower speeds would generate lower sound pressure level (see
Figure 4 for illustration).

But the other parameter that needs to be considered in the
evaluations is the number of noise events that are exceeded
from the maximum thresholds since the physiological effect
of transportation noise on human sleep may depend more
on the level and number of noise events in traffic streams
than on energy equivalent measures [44, 45]. Based on the
abovementioned and considering Figures 6 and 7 which
would clearly show the importance of the range of 𝐿𝑊𝐴 and𝐿𝐴, it is evident that different traffic conditions, even with the
same generated sound exposure level, might have different
effects on their ambience. For instance, comparing Figures
5 and 7 implies the fact that the free flow condition and the
oversaturated condition would generate the same amount of
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Figure 7: Comparing the distributions of noise level at receiver in
different traffic conditions.

sound energy (sound exposure level) but the vehicles in free
flow condition produce higher range of sound pressure level
(58.7 (dB(A)) to 64.59 (dB(A))) compared to oversaturated
congestion that ranges from 47.97 (dB(A)) to 60.02 (dB(A)).
Moreover, Figures 6 and 7 show that the variations of the
generated noise in congestion are the lowest compared to
the other condition. Also, taking the traffic congestion into
account, one would find out that it has, by far, the highest
peak in both Figures 6 and 7. This is exactly due to the
fact that the range of 𝐿𝑊𝐴 and 𝐿𝐴 in traffic congestion (92
(dB(A)) to 95.97 (dB(A)) and 57.97 (dB(A)) to 61.95 (dB(A)))
is shorter than the others based on Table 2. Therefore, the
density plots would suggest paying attention to not just the
maximum possible road traffic noise whichmay be caused by
vehicle characteristics (speed, acceleration, etc.), but also the
possible range of traffic noise which may be caused by nature
of traffic condition in evaluation of the consequence of urban
road traffic policies.

4. Conclusions

The rapid urbanization throughout the world extends the
noise pollution, especially those induced by road traffic in the
urban districts. Environmental noise exposure is associated
with annoyance [9, 10], sleep disturbance [11], cognitive
ability in schoolchildren [12], and health impacts, especially
cardiovascular conditions [13]. In order to tackle these issues
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caused by road traffic, different traffic and transportation
policies might be applied that would generate different traffic
conditions. Hence, the effects of different traffic conditions
on urban road traffic noise have been theoretically compared
in this paper. The results show that when the traffic flow
is in deceleration process it would theoretically generate
lower sound energy compared to congestion, accelerated
flow, free flow, and undersaturated flow by 16%, 14%, 12%,
and 10%, respectively (see Figure 5). It should be noted that
the generated sound energy in decelerated flow condition
is lower by 12% even compared to oversaturated congestion
where cars have lower speed range (1 (km/h) to 15.5 (km/h))
compared to decelerated flow (1 (km/h) to 35 (km/h))
according to Table 1. Furthermore, by taking a wide look at
Figure 5, one would find out that free flow and oversaturated
congestion would theoretically generate equal sound energy
(sound exposure level) whereas they have different traffic
speed ranges according to Table 1. In fact, these results
would suggest that the emitted road traffic noise is the
production of both traffic speed and dynamic nature of the
traffic flow (pay attention to the range of the traffic noise
in Table 2). Most of the researches in this field suggested
that by decreasing the speed rate the road traffic noise will
be decreased. For instance, Ellebjerg proposed that noise
abatement can be obtained through speed reduction [46];
furthermore Robertson et al. said that traffic calming policy
ensures noise reduction since it forbids strong accelerations
[47].

Based on the abovementioned and considering Figures
6 and 7 which would clearly show the importance of the
range of 𝐿𝑊𝐴 and 𝐿𝐴, it is evident that different traffic
conditions, even with the same generated sound exposure
level, might have different effects on their ambience. For
instance, comparing Figures 5 and 7 implies the fact that the
free flow condition and the oversaturated condition would
generate the same amount of sound energy (sound exposure
level) but the vehicles in free flow condition produce higher
range of sound pressure level (58.7 (dB(A)) to 64.59 (dB(A)))
compared to oversaturated congestion that ranges from 47.97
(dB(A)) to 60.02 (dB(A)). Moreover, Figures 6 and 7 show
that the variation of the generated noise in congestion is the
lowest compared to the other condition. Lastly, comparing
the generated noises in different traffic conditions by density
plots revealed the fact that not only is the generated sound
exposure level in road traffic noise important but also the
range of the generated noise in different traffic conditions is
of significant importance. In this paper, the results showed
that different traffic conditions might theoretically generate
the same amount of noise (considering the equal number
of vehicles) but in different ranges. Therefore, it might be
concluded that the traffic condition that would generate the
noise in the higher ranges (considering the distribution of
generated noise in different traffic conditions) might have
more negative effect on its ambience compared to the one that
generates noise in lower ranges.

In the end, it should be highlighted that this research
attempts to study neither the influence of junctions nor the
influence of different driving patterns on noise emissions. But
instead, it seeks to compare the average influences of different

traffic conditions on urban road traffic noise in a theoretical
environment. The scope for the future study is to calibrate the
range of emitted noise in different traffic conditions in a real
practice and build up a comparison environment based on
the collected on-site values for further incorporation in the
economic investigation of the road traffic policies.
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