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Abstract—Traffic Noise predictive Models (TNMs) are often
used in order to predict and/or monitor road traffic noise impact on
environment. Usually a statistical approach is followed in the most
used model building and compiling. A large set of experimental data
is collected on one or more sites under investigation and on these
data a best fit is performed with a functional relation. A logarithmic
function is generally postulated and the fit parameters are evaluated
and used to predict noise level for any traffic flow. This procedure
produce of course a kind of "site bias" in the prediction, since the
parameters are evaluated on data collected in that specific area and
conditions.

In this paper, after having summarized some of the most known
models, a comparison between simulated and experimental data is
performed, in order to highlight the behaviour of models in two
different sites.

The strong dependence on the site, and consequently on the
vehicle flow volume and typology, will be sketched, together with the
influence of climatic parameters.
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Models.
Road traffic noise pollution in urban environments is a
quite relevant problem in the framework of human health
care. The impact of long term noise exposure, in fact, has been
deeply investigated in literature (for instance see [1-4]). On the
other hand, road infrastructures and vehicles number have
undergone a period of improvement and development,
especially in recent advancing countries, where transport
facilities are improving in order to support the economical and
industrial growth.
In this framework, the development and the utilization of a
suitable mathematical predictive model, i.e. a Traffic Noise
Model (TNM), is quite relevant in order to perform an
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estimation of noise immitted in the environment, even without
the aid of experimental measurements.

This issue can be of fundamental importance when a new
infrastructure has to be settled down, that is in a preliminary
planning program, or when a road is already "in operam", in
order to monitor the noise impact on the surrounding
environment just by knowledge of few traffic and road
parameters.

In [5] the authors performed a detailed description and
analysis of some of the most used TNMs, first presenting the
historical development of the earliest models and then focusing
on some countries adopted models. One of the conclusions of
that study was that models are strongly influenced by data on
which regression formula are applied, since they are all
statistical models. The Federal Highway Administration
(FHWA Phase 1 report [6]), for instance, at the end of the first
evaluation phase of its TNM, concludes that there may be a
kind of “site biases”. This discrepancy can be due to many
environmental factors, such as pavement type, driving skills,
road and vehicles maintenance, speed limits, etc., and, in
FHWA case, is used to "calibrate" the model in each site, via
experimental measurements.

In this paper, the authors ideally continue the work
presented in [5], where the models have been quantitatively
described and compared in function of the number of vehicles.
The comparison is here extended to experimental
measurements. The behaviour of the models in different sites
and in different hours is sketched.

In this section, some of the most used TNMs, in particular
the ones used in the comparison, are briefly sketched. In all the
formulas, Leg is the equivalent noise level, Q is the vehicles
flow, P is the percentage of heavy vehicles, d is the distance
source-receiver.

REVIEW OF SOME TRAFFIC NOISE MODELS

A. Burgess [7]

L., =555+10.2Log(Q)+0.3P +19.3Log(d) (1)
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One of the most used is the Burgess Model [9] applied for

the first time in Sydney in Australia.

B. Griffith and Langdon [8]

Loy =Lso + 0.018(L,, - I-go)2 2

where the statistical percentile indicator are evaluated with
the following formulas:

L, =61+8.4Log(Q) +0.15P -11.5Log(d)
L;, =44.8+10.8Log(Q) +0.12P —9.6Log(d) (3)
Lyo =39.1+10.5Log(Q) +0.06P —9.3Log(d)

C. CSTB [9]

Leg =0.65L5, +28.8 [dBA] (4)

The value of L is calculated taking into account only the
equivalent vehicular flows (Q.), and is given by:

Ly, =11.9L0gQ+31.4 [dBA| (5)

for urban road and highway with vehicular flows lower than
1000 vehicles/hour;

Ly, =15.5L0ogQ—10LogL +36 [dBA] (6)

for urban road with elevated buildings near the carriageway
edge, with L the width (in meters) of the road near the
measurement point.

D. German standard: RLS 90 model [10]
L% =37.3+10Log[Q (1+0.082P)] ©)

where Ly, g is an average level measurable at a distance of 25
m from the centre of the road lane, for given standard
conditions.

To this formula, one can apply additive correction terms. In
this study we added only the correction for the “real speed”,
that is

01D _
R, = Loy —37.3+10Log(100+ 10 DP] ®)

100+8.23P

with
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Lpe = 27.7+10L0g[L+(0.02vp, )|
L =23.1+125L0g(vp, ) 9)
D=Ly — Lo

where vpy, is the speed limit in the range of 30 to 130 km/h
for light vehicles and vy, is the speed limit in the range of 30
to 80 km/h for heavy vehicles.

E. Italian C.N.R. model [11]

Lyeq = +10L0g(Q, + AQp )—10L0g(di] +AL  (10)

0

where Q_ and Qp are the traffic flow in one hour, related to
light and heavy vehicles respectively, d, is a reference distance
of 25 m and d the distance between the lane center and
observation point on the road’s edge. In AL all the additive
correction terms are included.

In particular « is related to noise emission from the single
vehicles and £ is the weighting factor that takes into account
the greater emission of heavy vehicles (very frequently for
Italian roads « = 35.1 dBA and S = 8 are assumed - see for
instance [12]).

It is easy to notice that all the presented models can be
deducted by the general expression of the equivalent level
calculated according to a statistical traffic noise model is:

Ly = A LogQ[1+%(n —l)}tb- Log(d)+C (11

Since a heavy vehicle generates a stronger noise than a light
one, a factor n, called acoustical equivalent of heavy vehicles,
has been considered. Therefore an equivalent traffic flow, Qg
can be formulated as follows:

Qu =Q[1+i(n—1)} 12)

100

The A, b and C coefficients may be derived, for a fixed
investigated area, by linear regression methods on many L,
data taken at different traffic flows (Q,P) and distances (d).
The acoustical equivalent, n, (defined as the number of light
vehicle that generate the same acoustic energy of an heavy
one) can be estimated both by regression method or by single
vehicle emission measurements. Similarly it is possible to
define an acoustical equivalent for other categories such as
motorcycles, buses, etc..
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The experimental campaign has been planned in details,
with a preliminary acquisition of all data and documents
needed to a better understanding of the areas under
investigation. In particular, the local cartography and design
have been considered, in order to evaluate the best points of
measurement.

Noise levels have been detected with a first class apparatus,
according to national and international regulations (DM
16/03/1998, EN 60651/1994, EN 60804/1994, EN61094-1-2-
3-4/1994, CEI 29-4).

The apparatus is based on a SOLO sound level meter, with a
proper calibration. Before and after each measurement the
calibration has been verified with a CAL21 calibrator.

All measurements have been taken with A-weighting and the
noise indicator is the hourly equivalent level.

The first site is in Fabriano, Ancona (Italy). The
measurement point is placed in an urban area, in Via Dante,
with a speed limit of 50 Km/h. In this site 13 blocks of
measurements have been performed during all the day. Each
blocks is about 10 minutes long and sampling time is 1 second.
The overall observation time is 2 hours and 10 minutes. All the
experimental data have been collected in absence of rain, with
a wind speed below 5 m/s and relative humidity below 79%
(maximum value).

The second site is in Francavilla a Mare, Chieti (Italy). The
measurement point is placed along the national road S.S. 16, in
the urban area of the town, with a speed limit of 50 Km/h. In
this site 8 blocks of measurements have been performed during
all the day. Each blocks is about 50 minutes long and sampling
time is 1 second. The overall observation time is 7 hours and
15 minutes. All the experimental data have been collected in
absence of rain, with a wind speed below 5 m/s and relative
humidity below 82% (maximum value).

EXPERIMENTAL SESSION DESCRIPTION

IVV. ANALYSIS AND RESULTS

In this section, a quantitative comparison between TNMs
and experimental data is performed.

Of course, since the experimental setting is the same in both
sites, one should expect a similar behaviour of data. This is not
always true because the acoustical measurement is in general
strongly influenced by propagation effects and environmental
influence.

In Fig. 3, in fact, the comparison of measured data and
models predictions are plotted versus hourly vehicle flow. Let
us underline that the x axis is not on scale.
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Fig. 1: Fabriano site of measurements. The ar

ea under

investigation is in the circle, the dashed line represents the

road and the triangle points to the sound level meter p

osition.
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Fig. 2: Francavilla site of measurements. The triangle

indicates the sound level meter position.
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Experimental data and simulations vs vehicles flow
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Fig. 3: Measured and simulated L., plotted versus hourly vehicles flow for various measurements in both sites. x axis is not on

scale.

One should expect a logarithmic growth in the experimental
data, according to formula (12). Also the slope of models is
not regular due to different percentage of heavy vehicles in
each measurement point.

It is clear that when data are taken in different sites, there
can be a kind of "site bias", due first of all to the different
percentage of heavy vehicles, then to other elements, such as
for example to pavement type, driving skills, traffic flow
conditions, vehicle typologies and maintenance, etc.. This has
been studied, for instance in [6], where the discrepancy
between measured and predicted results has been used as a
"correction factor”, in order to adjust levels predicted and
perform a sort of “calibration” process to be performed in each
site. Even if this process improved the sensibility of the model,
in some sites measured and predicted results still differ by
each other of 3 to 5 dBA. Moreover, the calibration needs a
measurements campaign, which usually the TNM aims to
avoid.

In [13] some explanations for this discrepancy at each site
and point of measurements are given.

In some sites noise walls, parallel barrier reflections, and
undulating terrain produced reflected acoustical energy that
could not be accounted by models.
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In flat and free of reflections sites, one possibility for the
measured levels being lower than predicted is the fact that
average traffic speeds may not have been as high as those used
in the model due to the stop lights to the north and south.

Also, there could be different weather conditions, such as
wind, temperature and humidity, that affect the measurement
and are not accounted by predictive models.

In other sites the presence of noise barriers generated errors
in the prediction because of overestimated noise reduction.

All these elements should be considered when one uses a
TNM to predict the impact of acoustical noise in a specific
environment, because they strongly affect the prediction and
may cause high discrepancy between simulated noise levels
and real noise perception and annoyance.

In our case studies, some of these considerations can be
applied in order to explain the behaviour of experimental data
with respect to simulated levels.

In Fig. 4 the comparison in different sites is performed
versus time of measurement. Again, the x axis is not on scale.
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Fig. 4: Measured and simulated L., plotted versus time of measurements in both sites (up: Fabriano; down: Francavilla). x axis
is not on scale.
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It is evident that in Fabriano site there is a strong
underestimation in the early morning. A similar trend can be
evidenced in night time. Similarly to [13], there are different
explanation of this phenomenon: reflections, speed of vehicles,
traffic conditions, etc.. One of these explanation is the
environmental conditions, in particular temperature and
humidity values. In ISO 9613, the attenuation due to
temperature and humidity is given and, even if this attenuation
is related to long range propagation, one can think that a
similar order relation can be adopted in proximity of the
source. Thus, in early morning and late evening, when
temperature is lower and humidity is higher than during day
time, according to 1SO 9613 the attenuation is reduced and the
equivalent level is higher than the predicted values, in which
no climatic factors are included. Let us underline that this is a
partial explanation, that needs further investigation since the
attenuation is function of the frequency and have to be
quantified and integrated with other environmental factors. In
Table 1 and Fig. 5, data on temperature and humidity in
Fabriano site are resumed for a sample evening-night-early
morning period.

Tab. 1: Temperature and humidity data in Fabriano

Temperature | Humidity

Date Time € %
21/04/2011 | 19:00:00 19,3 43
21/04/2011 20.00.00 18,4 44
21/04/2011 21.00.00 17,2 43
21/04/2011 22.00.00 15,1 54
21/04/2011 23.00.00 13,9 59
22/04/2011 0.00.00 12,6 63
22/04/2011 1.00.00 11,6 67
22/04/2011 2.00.00 10,8 70
22/04/2011 3.00.00 09,9 73
22/04/2011 4.00.00 09,4 74
22/04/2011 5.00.00 09,3 75
22/04/2011 6.00.00 08,7 76
22/04/2011 7.00.00 08,6 79
22/04/2011 8.00.00 09,7 76
22/04/2011 9.00.00 11,5 68
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Temperature and Humidity in Fabriano site
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Fig. 5: Temperature (°C) and relative humidity (%) plotted
versus time in Fabriano.

In Francavilla site, instead, there is a quite constant
overestimation of the models with respect to experimental
data. This is mainly related to high traffic volume conditions
(always higher than 1000 veh/h, except for last measurement),
in a urban environment, with 50 km/h as a speed limit. The
statistical models, in fact, do not consider the traffic flow
conditions and let just the vehicles produce a certain amount of
acoustical energy, such as if they are isolated sources. This is
not true in the reality, where vehicles interact each other,
breaking if traffic is going to be congested and accelerating if
it is going to be more fluid. This approximation, together with
a general lower speed because of not fluid flow, leads to a
quite strong overestimation of the equivalent level predicted
by the models.

These results represent the main motivation to the
development of "bias-free" models, based on microscopic
approach that considers the contribution of the single vehicle
to the overall amount of acoustical energy in the environment.

In the end, it is interesting to plot simulated data versus
measured ones, with the measured hourly vehicle flows, in the
so-called "bisector plot", shown in Fig. 6. In this plot, of
course, the most data are close to the bisector, the best the
predictions are. One can notice that data have a quite big
spread, that confirms the not perfect suitability of some models
in some environments and highlights the existence of the "site
bias" that makes impossible a statistical model to be
universally adopted without a "tuning" on experimental data.
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Bisector plot Theoretical vs Measured values
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Fig. 6: Simulated versus Measured Leq, for both sites and all the measurements.

V. CONCLUSIONS

In this paper the review of models presented by some of the
authors in [5] has been extended to experimental
measurements comparison.

The "site bias" that is expected to appear when one is
dealing with statistical models, is strongly confirmed on both
measurement sites, Fabriano and Francavilla. In particular, in
Fabriano there is a strong discrepancy between models and
experimental data. This discrepancy, that is quite always an
underestimation, is mainly due to the influence of
environmental conditions, for instance climatic parameters
(temperature and humidity), presence of reflecting surfaces,
etc.. The other important factor is the low traffic volume, that
let the flow be very fluid and the vehicle run at the desired
speed. This leads to a higher equivalent level, since the
acoustical power level increases with the speed of the vehicle
(see for instance [14]-[15]).

In Francavilla, instead, the models predictions resulted to be
quite always in an overestimation regime. This behaviour can
be explained again with the traffic volume values (always
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higher than 1000 veh/h, except for last measurement). Since
the road is in an urban environment, with 50 km/h as a speed
limit, a so high number of vehicles can give a quite strong
discrepancy in the prediction. Vehicles, in fact, are forced to
reduce their speed because of congestions, traffic jams and
safety distance, resulting in a lower than expected equivalent
level.

These results confirm the main conclusion of [5]. The main
limit of the statistical models is that they don’t take into
account the intrinsic random nature of traffic flow, in the sense
that they don't take care of how vehicles really run,
considering only how many they are. This result gives
motivation to the development of dynamical TNMs, able to
consider vehicle speed distributions, traffic flow conditions,
etc.. An example of this attempt is given in [16], where the
authors proposed a TNM that integrates in noise predictions, a
Cellular Automata model, able to furnish dynamical
parameters.
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