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Abstract. The necessity to check requirements for sound insulation of new building facades against outdoor
noise and for estimating noise pollution of the residential area comprise the assessment of environmental noise tak-
ing in situ measurements that are mainly carried out under the standardized method presented in the EU directives
and Lithuanian legislation. For these estimations, annual composite daily equivalent sound pressure level L, becomes
obligatory. When the value of this descriptor is determined from measurements, it is relevant to reasonably reduce a
time interval of the performed measurement. The possibilities of determining the noise level L ;,;, of the day (12h) un-
dertaking annual L ,,, assessment making short-term (15+60 min.) measurements is dealt in this work. In this way, the
sensitivity of the set of statistical descriptors to variations in sound pressure levels was investigated. The paper proposes
that the obtained instantaneous A-weighted sound pressure levels with F (fast) time weighting histogram of distribu-
tion density may be used for characterizing noise pollution in the sites. When traffic noise emitted from arterial town
roads with stationary traffic takes a dominating position, the form of these histograms is close to normal distribution
density with corresponding statistical parameters: average, standard deviation, asymmetry coefficient and percentiles.
The experimental measurements have established that an asymmetry coeflicient and an introduced descriptor - the
rank of percentile N,, % are the most sensitive to noise variations. The last one is more preferable due to its exclusive
relationships with an equivalent level - the corresponding value of this rank of percentile Py, that coincides with the
equivalent level of the measured time interval. It has been found that the introduced descriptor N, is very sensitive for
indicating the dissimilarity of environmental noise (the presence of a casual impulse or high energy noise events). In-
situ measurements of the vicinity of roads with intensive traffic in Vilnius City, where stationary urban traffic noise is
dominating, indicate that the values of N,, rank obtained during short-term (15+60 min) intervals in the period from
7:00 to 19:00 are stable and vary from 69% to 74%. When non-stability occurs, a significant increase in the values of
this descriptor may be applied as criteria for indicating noise events other than traffic noise and may be used for deter-
mining the interval limits of short-term stationary measurement.

Keywords: acoustics, environmental noise, urban traffic noise, statistical analysis, histograms, percentiles, mea-
surements, short-term assessment.

1. Introduction

The origins of environmental noise are in human activi-
ties and are especially associated with the process of ur-
banization and the development of transport (Kaklaus-
kas et al. 2009; Shukla et al. 2009; Akgling6r, Demirel
2008; Daunoras et al. 2008; Jovié, Dori¢ 2010). One of
the main sources of environmental noise in cities is re-
lated to road traffic. Road transport noise is a dominant
source accounting for the nine tenths of the proportion
of the EU’s population exposed to the levels of noise
over 65 dB(A). The same situation can be observed in

the towns of Lithuania (Zavadskas et al. 2008; Kaklauskas
et al. 2009).
There are a few basic approaches for reducing envi-
ronmental noise exposure:
- reducing noise at the source - from machines, en-
gines, tyres and surface;
- reducing speeds and traffic volume as well using
special equipment (Baltrénas et al. 2007b; Vaiska-
naité et al. 2009; Vaisis, Janu$evicius 2009);
- limiting the transmission of noise by placing sound
barriers between the source and people affected
(Baltrénas et al. 2007a; Vaisis, Janu$evicius 2009);
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- reducing noise at the reception point, such as
noise insulation of buildings (Grubliauskas,
Butkus 2009).

To implement the diversity of these methods, the
policy decisions are in use and include the development
of emission standards for individual sources, immission
standards based on noise quality criteria, land use plan-
ning, infrastructure measures, economic instruments,
environmental noise researches, operational procedures
as well as education and information actions (Paslawski
2009).

Taking into account the above proposed approach,
emission limit values are applicable to individual sources
(Baltrénas et al. 2007b; Jaskelevicius, UZzpelkiené 2008)
and additionally may include type approval procedures
to ensure that new products are at the time of manufac-
ture complying with noise limits. Immission standards
are based on noise quality criteria or guideline values for
noise exposure to be applied to specific locations and are
generally built into planning procedures (Kaklauskas et
al. 2009; Baltrénas, Puzinas 2009).

Land use planning procedures (Kaklauskas et al.
2009; Burinskiené et al. 2009, Jakimavicius, Burinskiené
2009, 2010; Daunoras et al. 2008; Sztics 2009; Tanczos,
Torok 2008; Griskeviciuté-Geciené 2010) are one of the
means of putting immission regulations into practice.
The separation of dwellings and other noise sensitive
buildings from noise sources is a key tool for ensuring
noise abatement. In particular applications, noise abate-
ment through land use planning can include restricting
the use of the land that is already subject to high levels of
noise that is one of considerations to be dealt with in en-
vironmental statements for developments requiring the
assessment of environmental impact.

Available measures to protect against high noise
levels include noise walls (Baltrénas et al. 2007a; Vaisis,
Janusevicius 2009), tunnels, cuttings, noise attenuation
dams. Additional possibilities give operational measures
like speed limits (Vaisis, Janusevi¢ius 2009) on sensitive
road and rail sections and the types of economic mea-
sures (Paslawski 2009) that are available and could be
used for noise abatement policy, including taxes and
charges on noise emissions.

Scientific research on environmental noise and
methods for noise abatement are vitally supporting and
often initiate improvements in the state of art of noise
reduction. In such way, noise mapping becomes an ef-
fective and relatively inexpensive method for assessing
data on noise and serving as the basic planning tool.
Such maps present the ranges of noise exposure for a
particular area in, for example, 5 dB(A) steps using dif-
ferent colors. They make it easy to recognize noise ex-
posure and thereby identify the areas where an action
is required and other quiet areas where exposure should
not increase. Noise mapping is mainly based on calcula-
tions, but may be accomplished by measurements (Vaisis
et al. 2008). In the last case, information about transport
flows (Jakimavic¢ius, Burinskiené 2009) must be avail-
able. Thus, such investigations into traffic flows in urban
sites (Grazulevic¢iené, Bendokiené 2009; Bazaras et al.

97

2008; Golmohammadi et al. 2009) allow predicting va-
riety in environmental noise.

To describe environmental noise pollution, an
annual average noise descriptor L, (DIRECTIVE
2002/49/EC) is used. The simplest way is calculating it
considering traffic intensity presented in noise maps.
However, there are cases when this descriptor may be
evaluated by measurements only, e.g. when noise maps
for an interested site are not available and there is a need
(in a few days) to determine the requirements for fa-
cades of new constructed buildings. On the other hand,
when the map of site noise pollution is determined by
measurements, the whole 24-hours are often replaced
by short duration (1+60 min) measurements (Gaja et al.
2003; Morillas et al. 2002; Sommerhoff et al. 2004; Li
et al. 2002; Tang, Tong 2004; Vaisis, Janusevicius 2008) in
a representative time interval of the day. Unfortunately,
reliable methods for such short-term evaluation of the
annual L4, value are not developed yet. The application
of statistical methods for environmental noise measure-
ments to assess long-term equivalent levels may be one
of the ways to reach this aim. Perhaps, for some types
of sites with corresponding environmental noise prop-
erties and specific weather conditions, it is possible to
develop the technique of short-term measurement L.
Thus, (Gaja et al. 2003) statistically shows the possibili-
ties of reducing the number of measurement days to as-
sess annual Ly, In other works (Morillas et al. 2002;
Sommerhoft et al. 2004; Li et al. 2002; Tang, Tong 2004;
Zannin et al. 2002), measurement sites are assigned to
the specific type of sites for the purpose to statistically
determine similarity in results. In (Morillas et al. 2002),
such sites include the categories of roads (arterial roads,
two-way roads, one-way roads), in (Sommerhoff et al.
2004) - the sites where ‘road traffic is their principal
noise generation source’ showing that a 24 h interval
in such sites comprise a stable noise part (14+15 hours
per day), a long (5+7 hours) conversion noise part from
a stable day to stable night, a short (1+3 hours) stable
night part and a very short conversion part (1+2 hours)
from night to day. Graphically, typical daily variations in
Ly eq,15 are shown in Fig. 1.

In (Li et al. 2002), measurement data were grouped
taking into account the main roads of the town; in (Tang,
Tong 2004), site conditions are considered due to differ-
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Whole-day, h
Fig. 1. An example of typical daily L,,, , distribution
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ences in road construction and area usage including road
gradient and reflecting surfaces; in (Zannin et al. 2002) -
resulting data are grouped considering urban zones such
as residential, mixed, services, downtown and industrial.
In these investigations (except Zannin et al. 2002) along
with L, statistical descriptor like L, 5 - N, percent ex-
ceedance level (LST ISO 1996-1:2005) is used because
sometimes equivalent level is not allowed for describing
environmental noise variations, e.g. L g, L4 95 descrip-
tors are often used for background noise estimation; L 4 ;
or L, 5 — for max levels estimation and L, ), is some-
times used instead of L 4 ;.

A good correlation between L, ;g and L, ,, is found
in (Morillas et al. 2002; Tang, Tong 2004; Golmoham-
madi et al. 2009). Nevertheless, the analysis of the re-
sults presented in (Gaja et al. 2003; Morillas et al. 2002;
Sommerhoft et al. 2004; Li et al. 2002; Tang, Tong 2004)
shows that L, 1y values have a 1+4 dB exceeding varia-
tion in L, ,, depending on the site of measurement. In
(Alberola et al. 2005), variations in urban road traffic
noise usually make 2+3 dB.

On the other hand, in researches by (Gaja et al.
2003; Morillas et al. 2002; Sommerhoff et al. 2004; Li et
al. 2002; Tang, Tong 2004; Zannin et al. 2002; Alberola et
al. 2005) the distributions of short-term (from 1 min to
1h) L, are studied statistically.

Note that such random process as urban traffic noise
is formed by the composition of a large amount of similar
noise sources and seems to be close to the normal dis-
tribution density of probabilities. Similarly to these ap-
proaches, the interpretation of environmental noise was
followed in (Farrelly, Brambilla 2003) where confidence
intervals for L, ., 7 and L, y were estimated to achieve
better accuracy determining the parameters of environ-
mental noise. Along with normal distribution density
(Foxon, Pearson 1968; Don, Rees 1985) for describing
environmental or urban traffic noise, comparable distri-
butions such as chi-square (Kurze 1971) are used.

Historically, yet in 1963, for urban traffic noise stud-
ies, Briiel & Kjeer applied the level recorder connected to
a statistical analyzer to produce the histogram of distri-
bution densities (Briiel & Kjaer 1964). When developing
a statistical approach and the results mentioned above in
this work, the statistical analysis of the histogram of dis-
tribution densities and appropriate percentiles as well as
relationship between percentiles and an equivalent level
will be studied. The standardized L, y descriptor is re-
lated to percentiles P, p, where R is a percentile index
(rank) by Ly n= Py n-100 (€:8- L 4,10 = Pa,00)-

The task is to investigate possible applications of
statistical descriptors in order to validate the evaluation
of short-term measurements of daytime (12h) noise level
L which is a component of 24 hour descriptor L,

2. A System for Sound Pressure Level Acquisition

In our studies, the monitoring system developed by
(Jagniatinskis et al. 2004; Jagniatinskis et al. 2005) was
used. This noise monitoring system as input data col-
lect values with a digital sound level meter complying

IEC 61672-1:2002 (LST EN 61672-1:2003) Type 1. The
sound level meter by choice can apply frequency weight-
ing characteristics designed as A and C. The transferred
digital value of the sound pressure level is determined by
exponential time average and 125 ms time constant (F).
These characteristics are achieved by means of r.m.s. de-
tector of the sound level meter. The digits are indicated
with a resolution of 0.1 dB. Dynamic range for data ac-
quisition is 110 dB without commutations.

An interface devise digitizing data at a rate of
100 ms (obtained by the interpolation of data at 125 ms)
allows for reading digital data through computer port RS
232. The results of field noise measurements are proc-
essed as 4 digits and a comma. The acquired data are
stored in PC memory with following post processing ap-
plying special designed software. Thus, data on examina-
tion are the set of a continuous sequence of instantane-
ous A weighted sound pressure levels with F (fast) time
weightings — L4 £, 100ms-

One of the main forms of a statistical presentation
of the acquired data is the distribution density of prob-
abilities. Having a large amount of sampling (L, ;i = 1,
2, ..., N, N - the amount of the registered data in the ob-
servation period) distribution density (histogram) can
be build in such a way. In further investigations, this set
of data {L,, r;} will be treated and denoted as random
quantity X = {x;, i = 1,2, ..., N} representing the random
process of environmental noise.

The histogram is made by dividing the whole dB
range of the acquired data into ] intervals (e. g. a width of
1 dB) and calculating the corresponding densities of the
histogram (sampling probabilities) p;:

Pk = Nk /' N,
J
where: N = an and ;. — the amount of noise levels
k=1

falling into k-th interval.

When applying this monitoring system in 2002-
2007, the measurements of various environmental
sites in the main towns of Lithuania, including Vilnius,
Kaunas and Klaipeda were executed (Jagniatinskis, Fiks
2004; Jagniatinskis et al. 2005). The measurements were
performed in accordance with a standard of ISO 1996-
2:2007 (LST ISO 1996-2:2008). The obtained results will
show a very large variety of the obtained histograms.
Thus, in Figures from 2a to 2d, the examples of the his-
tograms determined from the measured data in some
typical environmental sites are presented. Such kinds of
histogram shapes (see Fig. 2) show that commonly the
true distribution density of environmental noise may be
arbitrary, e.g. from close to uniform (equiprobable) to
normal or nonsymmetrical densities and depends on the
measurement situation. The results presented in Fig. 2
are obtained in the following sites: a and b — about 100 m
from the arterial 4-lane road in day time and night time
respectively; ¢ — 20 m from the 4-lane road from 13:30 to
14:30; d - at night from 22:00 to 06:00 in the ‘green’ area
of the town.

Note that such shapes of the histogram like d in
Fig. 2 were found in sites near traffic lights for crosswalk.
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The site histogram contains much information
about noise situation: the shape and parameters of the
histogram (width, asymmetry, peaks); all ranks of per-
centiles can be calculated from the histogram data and
equivalent level that will be shown in the next section.
Thus, the histogram may be treated as a noise pattern of
the studied environment and may be stored for compar-
ing the latest changes in noise situation in this environ-
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ment. The behavior of the histograms obtained perform-
ing measurements at an interval of 1 h in the site with
dominant urban traffic noise is shown in Fig. 3.

Fig. 3a clearly indicates that within the time peri-
od from 07:00 to 17:00 envelops of 1h histograms (thin
lines) have very close forms and the same placement in
a dynamic range which tells about the stationarity of en-
vironmental noise within this period. Otherwise, within
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Fig. 2. The examples of the histograms of urban traffic noise: a - at noise stationary time interval
(line - approximation to normal distribution); b-d - at non stationary noise time intervals
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Fig. 3. The envelops of the histograms obtained at an interval of 1h depending on daytime: a — when noise is raised: from 3:00
to 4:00 (bold) to 17:00+18:00 (dashed); b — when noise is abated: from 18:00 to 19:00 (bold) to 2:00+-3:00 (dashed)
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the intermediate period of the whole-day from day to
night (from 18:00 to 03:00, see Fig. 3b)) the shape and
place of 1h histograms are significantly changed (are
shifted from right to left).

The above displayed in-situ results conclude that
within a stationary noise period in the site where the
noise of road traffic dominates, noise distribution den-
sity as a random process is close to normal distribution.
For the purpose to statistically represent an equivalent
level, appropriate relationship to statistical descriptors
must be found.

3. Equivalent Level and Percentile Relationship

This work suggests that the theoretical distribution den-
sity of the random process is known as urban traffic
noise p(x) and all noise levels of this process lies within
the range of [L}, L,]. Then, with reference to the quantile
definition (Kruopis 1993), we obtain that equivalent level
L g is related to statistical descriptors by equation:
LAeq
[ p)ydx=py, ()
L

where: p,, is the probability of falling noise levels into
interval [L;, L4,,]. Therefore, the introduced equivalent
rank of percentile N,, is expressed as N,, = 100 p,,, %.

On the other hand, it is clear, that the obtained set
of data on sound pressure has a corresponding equiva-
lent sound pressure level as well as distribution density
which may be expressed in a histogram form.

Thus, to calculate the integral in (1), L 4., must also
be expressed from p(x) and done in the following way.

By definition (IEC 61672-1:2002), time-averaged
(equivalent) A-weighted sound level Ly, is expressed
by the formulae:

12 p2
LAeqT ZIOIg? J._Zdt’ (2)
t, £0

where: T = t, - t,, p% is squared instantaneous A-
weighted sound pressure in pascals; and p; is the
square of reference sound pressure.

When the set of sound pressure levels of instanta-
neous data L, 4 g; (see Section 2) is stored, L,,, is calcu-
lated as the sum of this set:

1Y
L, =101g (ﬁ;mxz/loj, 3)
1=

where x; is defined in Section 2. Similarly to creating
the histogram (see Section 2), all dynamic range of ob-
tained data is divided into J intervals having width Ax
(e.g. 1 dB intervals) by regrouping the elements of the
sum presented in (3). Having performed further trans-
formations, we obtain that:

J
L zlolg izzklo(xjk_XOk+x0k)/lo

k=1j=1

Aeq

1< & (xp—x )/10
101g| — D "| 10%ok/10% 10"k ok
NS =t

where: x; is the noise levels of the registered data falling
into k-th interval with the centre value of x;. The last
sum, taking into account that all values in k-th interval
xj lie within [xy, - 0.5; xo; + 0.5) and are uniformly
djistributed in this interval, may be transformed applying
the Fourier series for exponential functions:

T
Zlo(xjk—xok)/lo _
j=1

% 1n10 1(1n10 Y
LAV U {0 [PV S
]Z:‘; o ik %ok T2 75 ik~ Xok

2
In10 <& 1{In10
1y +—Z(x.k—x0k)+—[—j X
10 5 2

G
Z(x]k —xok)2 +"'Enk.
j=1

It is valid because the sum in the third row is a mean
value of the uniform distribution of difference x;; — xq;
equal to zero, and the sum in fourth row is dispersion
that determines the error of this estimation. As the dis-
persion of uniform distribution in our case is equal to
Ax?/12, this error may be evaluated as equal nearly to
0.002, which is negligible for L ,,, estimation. Finally, for
a discrete case, it can be written that:

]
Lyeq :lOlg(Z%IOka“O} (4)

k=1

In the integral form, applying probability density
for the centre of k-th interval p(x;) and considering that
ni /N = p(xo)-Ax, the formula for an analogous case is
presented in the following view:

LZ
Loy ==101g [ p(x)10+10dx, (5)
Ll
where: p(x) is continuous distribution density and L, -
L, is the range of the registered noise levels in dB. Thus,
equations (1) and (5) can help with determining the
rank of percentile N, the percentile value of which is
equal to the equivalent level for a determined time in-
terval. Such rank of percentile introduced in this work
is named as an equivalent rank of percentile.

Obviously, for symmetrical distribution densities,
the required N,, depends on the width of distribution
density only. For example, for normal distribution, such
width will be characterized by 60 covering 99.73% of the
whole distribution, where o is dispersion.

Fig. 4 shows the dependencies of the equivalent
rank of percentiles N, on the widths of normal distri-
bution.

Fig. 4 displays that the equivalent rank of percen-
tiles for normal density in realistic width ranges from 15
to 35 dB and changes from 60% to 75%. Thus, theoreti-
cally, the most suitable rank of percentile which in the
best way to represent the equivalent level lies between
65% and 75% depending on the width of distribution
density. In this way, it is clear that any rank of percentiles
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Fig. 4. Dependencies of the equivalent rank of percentiles N,
for normal distribution density on the width of distribution

cannot replace the equivalent level for all sites of meas-
urements. It can be useful as an additional descriptor
analyzing environmental noise. The following paragraph
displays possible practical applications of the equivalent
rank of percentiles based on the results of in situ meas-
urements.

4. Analysis of Data Measurement

First, the analysis of data measurement acquired in vari-
ous environmental sites in the main towns of Lithuania,
including Vilnius, Kaunas, Klaipéda (Jagniatinskis, Fiks
2004; Jagniatinskis et al. 2005) shows that the equiva-
lent rank of percentile (the percentile value is coinsident
with L, value) in the obtained data largely depend on
the properties (noise sources) of the measured place, as
shown in Fig. 5.

As can be seen from Fig. 5, N, values in urban areas
are mostly in the range from 70% to 85%; otherwise, in
the presence of aircraft transport noise they vary mostly
from 80% to 95%. So, the equivalent rank of percentiles
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Rank of Percentiles, %
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may characterize the dissimilarity of the investigated
site. In the presence of high energy noise, the value of
this descriptor has a tendency to rising.

For the purpose of this work, a more detailed analy-
sis of data measurement in one of the sites representing
the road in Vilnius centre (Konstitucijos av.) character-
ized by stable traffic noise during the daytime period is
accomplished. G. R. A. S. free field microphone is placed
between two roads on the building facade about 70 m
from the centre of the six-lane road (two lanes - for bus-
es), 40 m from the centre of the two-lane road, 6 m from
the ground surface and 2 m from the building facade
(measurement was done to check whether facade sound
insulation satisfy the requirements corresponding to the
value of environmental noise). The facade surface of the
building is placed perpendicularly to the roads. The data
were acquired applying the system described in Section
2. This example shows the available kind of information
when the acquired data are analyzed applying the histo-
grams of distribution densities and theoretical results of
Section 3.

First, the acquired daily measurement data were es-
timated at an interval of 1 h to examine changes in the
histograms of distribution densities (see Fig. 3) and oth-
er parameters of distributions like percentiles, standard
deviation and asymmetry coeflicient. Figures from 6 to 8
show statistics concerning the parameters of distribution
densities at measurement intervals of 1 h.

Fig. 6 presents the parameters of histogram distri-
bution densities such as an equivalent level and standard
deviation (distribution width) obtained within daily rep-
resentative measurements at an interval of 1 h. A grey
colour in the following figure denotes the period of day-
time, black colour - evening time and the white one -
night.

Similar but more sensitive behavior in these periods
is shown using the ranks of percentile and asymmetry
coefficients (see Figs 7 and 8).

b)
%
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35.0

30.0
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0.0 1
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Fig. 5. The distribution of ranking values of the equivalent percentile (%) within the period from 06:00 to 18:00: a — data
obtained performing noise measurements in 50 different urban areas typical of road transport; b — data obtained performing all
year round measurements on different days of the week in the urban area close to the airport
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Fig. 6. L., ), (black-white bars) and the corresponding
widths of histogram distribution densities (texture bars) at an
interval of 1 h during daily measurements
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Fig. 7. Asymmetry coefficients of histogram distribution
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Fig. 8. The equivalent ranks of percentiles at an interval of
1 h: bars are calculated directly from the histogram, lines are
calculated considering the curve presented in Fig. 4

Fig. 6 displays that a stable noise period is from
7:00 to 21:00 and distribution width (low bars) rise from
20 dB to 30 dB in the intermediate period from 21:00 to
01:00.

The measurement results have determined that the
equivalent rank of percentiles N, ., that corresponds to
real distributions (see Fig. 3) and is related to the meas-
ured equivalent level depends on the real noise situation

in the investigated site and correspondingly varies as
shown in Fig. 8 (also see Fig. 5).

On the other hand, this rank is naturally rises when
the width of the measured distribution (histogram) is in-
creased (see Fig. 4). This fact must be taken into account
by subtracting the value of the equivalent rank of per-
centile from rank N, .. which corresponds to the width
of normal distribution Neg norm (line on Fig. 8). As men-
tioned above, this distribution in an ideal case (in case
there are same infinitive independent sound souses) nat-
urally represents urban traffic noise. The value of N, eq norm
is calculated from the obtained curve presented in Fig.
4 when width is estimated at 60 where o - is a standard
deviation from the measured and stored sound pressure
levels within the determined time period.

Therefore, it is tenable to assume that difference be-
tween N, 0 and Ny 0, can represent the measure or
criteria by which the presence of undesirable noises in
urban traffic noise can be detected. When applying these
criteria, the availability of measuring a short-term inter-
val can be determined. Check this assumption experi-
mentally.

Fig. 9 presents the values of criteria (Nyges —
Negnorm) at an interval of 1 h following the above de-
scribed case.

Fig. 9 clearly indicates that criteria values exceed
Neg norm values only up to 8% in the stable noise period
from 7:00 to 20:00 (white bars in Fig. 9) except from the
value at 19:00 (textured bar). In the intermediate noise
periods, criteria values appear from 21:00 to 04:00 (noise
decreases to night level) and from 05:00 to 06:00 (noise
reaches day level) and are commonly are higher than
10% (grey bars in Fig. 9). Considering the period from
21:00 to 06:00, such large values of the suggested crite-
ria may be explained by the fact that noise at this time
is produced by the superposition of two independent
random processes — urban residual night noise and low
intensity traffic noise, which can be treated as a contribu-
tion of high energy single-events in residual noise.

The most typical histograms of this experimental
site are shown in Fig. 2a indicating stationary noise peri-
ods and Fig. 2b showing intermediate noise periods.
Note that ranks N, .., are very stable within the

day (vary from 69% to 74%) and significantly changes
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Fig. 9. Criteria values (Nog s = Neg norm) at the intervals
of 1 h during the day
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in non-stable noise periods (vary from 77% to 90%).
Corresponding to the appropriate widths of histograms,
‘theoretical’ N,y ,,y, values (see Fig. 4) range from 64%
to 67%.

The above mentioned exception time is from 19:00
to 20:00 and belongs to the stable noise period (see Fig.
6). Therefore, criteria (and N, ,,.,;) take a very high value
(see Fig. 8 and 9) which is due to only one high ener-
gy single-event of 15 s the occurrence in this interval of
which is presented in Fig. 10.
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Fig. 10. A fragment of registered data on a high-energy

impulse in the background of urban traffic noise

It seems to be clear that impulse characteristics pre-
sented in Fig. 10 cannot be produced by urban traffic as
this is a casual noise event and for L)y estimations must
be eliminated. The elimination procedure in the present-
ed studies is very simple: in the resulting histogram of
noise distribution densities, it is enough to make zero val-
ues corresponding to limit noise levels 15 dB or more of
which exceeded the equivalent level (it was suggested that
in the investigated environment, urban traffic noise only
will be taken into account). In our case, this limit level is
about 75 dB and the eliminated amount of values in the
histogram makes about 0.23% of the registered amount
of data at an interval of 1 h. Changes in the values of the
parameters of distribution density after producing the
elimination procedure are presented in Table 1.

Thus, as can be seen in Table 1, the equivalent rank
of percentiles N, ,,.; and asymmetry coefficient are most
sensitive for impulse events and may be used for charac-
terizing the impulsiveness of environmental noise. How-
ever, N parameter is more representative and preferable
due to relationship to the value of L .

Finally, Table 2 shows how L, level varies in short-
term measurement intervals of 1 h, 0.5 h and 15 min
within the day from 7:00 to 18:00.

Data presented in Table 2 show a real possibility of
using shot-term measurement for assessing day’s (12h)
Leq level with standard deviation of +1 dB.
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Table 2. Variation in L Aeq level (dBA) at the intervals of short-
term measurement around real L, 44, 0f 60.6 = 61 dBA

Parameter LAeq,l h LAeq,30min LAeq, 15min
mean 60.6 60.6 60.5
standard deviation 0.6 0.7 0.8
interval 60+61.7 59.6+62.1 59.4+62.5

5. Conclusions

1. Noise measurements of road traffic performed in the
main Lithuanian cities show that the obtained re-
sults of daily measurements comprise four periods,
including a period of stable noise (14+15 hours per
day), a relatively long period (5+7 hours) covering
the length of time from stable noise generated during
the day to that at night, a short period (1+3 hours) of
stable noise at night and a very short period of (1+2
hours) stable noise starting at night and lasting till
the day starts. A statistical analysis of the obtained
data has provided a possibility of establishing noise
level during the day (12 h) necessary for evaluating
the annual noise index L ;,,, performing short-term
(15+60 min) measurements.

2. The paper presents the results showing a statistical
evaluation of environmental noise generated by road
traffic showing the possibilities of calculating the
equivalent sound pressure level from the obtained
statistical distribution density (histogram) of the set
of the acquired sound pressure levels.

3. The article also shows the usefulness of road traf-
fic noise distribution density (histogram) introduc-
ing a new statistical descriptor, the equivalent rank
of percentiles N,,. This new characteristic defines a
percentile the Vatlzue of which coincides with that of
the equivalent sound pressure level within the same
time interval.

4. Assuming the normal distribution of data on envi-
ronmental noise, the conducted research has dis-
closed dependences of the introduced statistical de-
scriptor on the width of this distribution. The analysis
of the results of in-situ measurement show that the
equivalent rank of percentiles N, is sensitive (speed-
ily increase) to relatively high energy sounds sources,
available in the studied environments with dominant
road traffic noise.

5. In-situ measurements of the vicinity of roads with in-
tensive traffic in Vilnius city where stationary urban
traffic is the major noise source indicate that the de-
scribed statistical criteria allows validating short-term
measurements results as the estimation of day time
interval level L; with a standard deviation of +1 dB.

Table 1. The values of the parameters of distribution densities changing after eliminating the noise event presented in Fig. 10

Parameter Ljeq1i» dBA  Equivalent rank N, % Standard deviation s, dB. Mean value, dB  Asymmetry coefficient
before elimination 61.1 87 3.92 57.42 0.86
after elimination 59.2 74 3.75 57.36 0.40
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