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Predictability of noise indices in a high-rise residential
environment (L)

S. K. Tang® and W. Y. Chan
Department of Building Services Engineering, The Hong Kong Polytechnic University, Hong Kong, China

(Received 7 November 2002; revised 8 May 2003; accepted 10 Jung 2003

In the present investigation, daily noise level measurements were carried out at 12 independent sites
within the closely packed high-rise residential areas in Hong Kong. Various environmental noise
indices are calculated. Their cross-relationships and correlations with the population density and the
daily traffic volume are also examined. Results suggest thak hendL 4., correlate very well

with a multiple regression model, which involves both the population density and traffic volume, for
the present site conditions. @003 Acoustical Society of Americ4DOI: 10.1121/1.1596171

PACS numbers: 43.50.Rq, 43.50[®/KW]

I. INTRODUCTION studied. This study summarizes an attempt to clarify the en-
vironmental parameters that are important for the estimation
Environmental noise has long been an important probof theLy, in a high-rise urban residential environment where
lem for environmentalists, engineers, and town plannersthe major sources of noise are the traffic and the population.
This problem becomes more acute in densely populated ciBiscussions on their relationships with the 24-hour averages
ies with limited availability of land, such as Hong Kong. The L a197=24nr, LagoT=24nr@NAL peq1=24nr, @nd the derived lev-
population density has also a role in the resultant noise levels TNI and the noise pollution Ievel,np,6 are also pre-
els. The control of noise exposure, and thus the noise pollusented. A simple multiple regression model will be set up.
tion, requires an appropriate noise policy from the local au-
thority, knowledge of the right noise parameters to work||. FORMULATION OF REGRESSION MODELS
with, and also a reliable prediction model. ) ] ]
There have been substantial efforts made in the past few 1 N€ major noise sources in the present study are ground

decades on survey of noise from traffic which has been relraffic and population. In the Hong Kong urban situation,

garded as a very important source of noise in an urbanizeBOpmation and traffic are interrelated, but there may not exist

city. Empirical noise level prediction models, such as the? direct relationship between them. One therefore expects

CRTNZ have also been set up. Most of these empirical for_that the noise levels will depend on the traffic volume and

mulas tend to relaté 5o and/orLxeq with traffic flow vol- average vehicle speed as in most of the traffic noise predic-

ume, vehicle speed, and the percentage of heavy vehicles (El‘?n m_odels. The percentagg of heavy vghiples, which has
the road. een included in many traffic noise prediction modielr

The equivalent sound pressure level and the percentiIgtxaéjmF.’Ie;[hCRTI%?C’j m?yl not be vefry reIe;/an: 0 .thelprelsent
levelsL a9 and L pgq are important for the estimation of the study in the residential areas as far as 24-n NOISe 1evel aver-
traffic noise index(TNI),2 which is believed by many re- ages are concerned. The inclusion of this parameter into the

searchers to be an effective predictor of nuisance resulte&ri?hssl:'tt nrweu?:f?rilopovng?ndeer:t V(\)"rl]l tLheuzt;:r?(;T;?gC::forthAelsr(?otieel
from noise if they are 24-h averagésiowever, in the au- P ' ’

.o . . recent results from a laboratory study of annoyance caused
thors’ point of view, the 24-h averagleaqot=2an Will be , .
. . o . by traffic noise by Versfeld and Vbsuggest the annoyance
biased by the noise events that occur during day-time Wherteeelin is independent of the percentage of heavy vehicles
more than half of the noise sensitive receivéMSR9 con- g P P 9 vy '

. . The regression results of Gallowat al® obtained in
cerned are not at the proximity of the measurement Iocat|on§he United States suagest that the. varies with the looa-
The LagpT-24nr dEpends mostly on night-time events, which 99 il 9

may therefore affect more the noise annoyance feeling. Althm of the population density while the effects of traffic

parameter that caters to the different tolerance of the NSRgaye not been e x_pI|C|tIy taken mtp account. S_ome existing
. . . . : noise level prediction models also include the distance effect.
during a different time of day is therefore required. Param-

eters such as the day-night levely,, and the community However, the high-rise and closely packed built environment

. . . in a congested city like Hong Kong with tall buildings
noise level,Lgen, appear to be the legitimate choicetn erected on the two sides of a road gives rise to a reverbera-

faCt.' the use of t.he former in correlating W't.h annoyance , effect? which tends to reduce the impact of distance
feeling due to noise exposure has been studied extensive

by | ber of heffor inst Fidelbt al5 gnificantly. This site condition is referred to as the “en-
y large number of researc _e( sr instance, Fidelet al”). closed” form by Ko° Therefore and also for the sake of
Despite the established importance of thg (and prob- L .
. .simplicity, the regression model
ably thel 4.,) as a descriptor of annoyance caused by envi-

ronmental noise, the prediction model for it is not thoroughly =~ L=alog,0Q+blog;,oP+c (model 1),

whereL is a 24-h noise index concerngsuch aslL 4, and
dElectronic mail: besktang@polyu.edu.hk, fax: 852-27746146. LaegT=24n), Q is the daily traffic volume ané is the local
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FIG. 1. Typical examples of the se-
lected sitesia) site D and(b) site E.
*. measurement location.
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population density, is proposed. The population density in  The daily average traffic volume dafaand the popula-

the present study is defined as the number of people livingion densityP in the present study were obtained from the

within each square kilometer of area. The coefficietends  official publications of Hong Kong SAR Governmefit? It

to reflect a prevailing value df. Correlation of model 1 with  should also be noted that each selected site is closed to only

various 24-h noise indices will be given and discussed. one major road, which is expected to produce most of the
traffic noise. Such a road is horizontal or slightly inclined. In

IIl. SITE MEASUREMENTS addition, there was no screening device between the roads

and the sound level measurement points during the measure-

In the present site measurement, the sound pressure Ie?ﬁent period

els were recorded using the sound level meteeB&uKjaer
2238F every second at about 1 m from the buildingathes.
Height of measurement varied between low and mlddlqvl RESULTS AND DISCUSSIONS
floors. Each measurement lasted for four days, but not on
holiday or weekend. A total of 12 sites were surveyed. The  The major environmental acoustic indices concerned in
sites were all residential ones in the high-rise urban areas dhe present study are tH€\eqt=24n Lan, Laen, TNI and
satellite districts of Hong Kong and are basically of the “en-L,,. The calculation of the first parameter is straight-
closed” form2° Two typical site maps are shown in Fig. 1. forward. The following formulas are used in the estimation
They are extracted from the official survey maps issued byf the others:
the local authority and thus some symbols for local uses and . . 10
some Chinese characters not related to the present study can Ldn=1010Gio{ 7 16 10-eac7.00-230
be found on them. - _ _ +8x 10/ eazz:00-07.00* 10/10]} (1)

All the 24-h average noise indices involved in the
present study are then calculateq from the reporded sound L ger= 10 log;of 2 [ 12X 10-eq07:00-10:00/10
pressure level time series. The daily macroscopic sound pres-
sure level variation pattern at a particular site does not vary +4X 10/ -eq19:00-23.00* 5)/10
very much, so that all the noise indices concerned can be Lo oo+ 10)/1

. + 8 X eq(23:00-07:00

regarded as reasonably stationgnot shown herge The 8x 10" T 2
megsurements were carried_ out from November to March  TNI=4(La107=24n L agoT=24n) + L agoT=24n— 30, (3)
during the autumn and winter periods of Hong Kong.and
Therefore, the noise from domestic air-conditioning is not

significant. Lnp=Laeqr=24n (Lator=24n Lagor=24n0 - (4)

TABLE I. Summary of survey data.

Noise indicesdBA)

Site  Q P (people/kn?) Laeqr-24nr Lator—2ane Lagor—zanc Ldn Laen TNl Lpp Lg Ly

A 37020 67171 69.4 73.7 59.0 744 749 878 84.1 70.0 67.9
B 37580 26984 70.8 74.6 59.6 748 753 89.6 858 71.7 67.9
C 14 600 80451 69.0 72.1 60.9 735 739 757 80.2 69.8 66.8
D 31860 104 305 71.0 75.7 58.1 748 755 985 886 720 67.6
E 9340 99 508 70.7 74.1 59.3 743 749 885 855 718 67.0
F 112750 71023 73.2 77.3 62.0 76.3 77.0 93.2 885 745 68.6
G 19590 38674 69.1 73.5 59.6 72.6 73.2 852 83.0 70.3 653
H 10630 12793 69.4 73.7 60.5 73.2 73.8 83.3 826 704 66.1
| 67670 33166 711 75.3 58.5 738 745 957 879 724 657
J 28220 926 65.7 70.0 55.9 68.1 69.4 823 79.8 66.9 610
K 13160 7411 67.2 69.8 54.3 69.6 70.3 86.3 827 68.7 61.0
L 23680 46 325 69.2 715 65.4 735 740 59.8 753 70.1 66.7
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TABLE II. Correlations between noise indices.

Laeqr=2anr  Lator=2anr  Lasor=24nc  Lan Lgen  TNI Lnp Lg Ln
LAeqT:24hr 1
L az07=24nr 0.944 1
Lasor_sane  0.476 0.325 1
Lan 0.936 0.869 0616 1
L gen 0.950 0.897 0600 0997 1
TNI 0.443 0.618 0.542 0.298 0.298 1
Lnp 0.689 0.800 0.292 0.516 0.550 0.954 1
Lg 0.992 0.934 0.418 0.886 0.902 0.483 0.721 1
Ly, 0.843 0.793 0.680 0.973 0.967 0.139 0.382 0.769 1

Two additional noise levels, namely the day levgl and  packing of buildings expected. Speeds of vehicles in these
night levelL,, are also calculated in the present study asareas are under stringent control. Certainly, further investiga-
supplementary data and are discussed whenever necessdign will be helpful on this aspect.
Their definitions are Table IV summarizes the results of the present multiple
regressions at 95% confidence level. The corresponding sta-
tistical F-test parameter for the multiple regressks o gsis
The definitions of day and night here follow the local legis-3.01 and the numbers in parentheses refer to the standard
lation. errors of the respective regression coefficients. The coeffi-
Table | summarizes the data obtained in the presentients with noise indices having<0.05 in general survive
study. Site J is a new high-rise town and the population ther¢he statisticalt-test (not shown hergand their percentage
at the time of measurement had not yet reached its expectestrors are usually relatively small. One can find immediately
steady-state value. One can verify immediately that there ighat, despite the possibility of variations in site conditions,
no correlation between lggQ and logoP (R=0.12, p  the correlations related thaeqt—24nr Lan, @andLge, are
=0.7). The magnitudes of the linear correlation coefficientsyery high. One can also notice from Tables Il and IV that
R, between any two listed indices are presented in Table Il. Ithe corresponding correlations are improved when Qth
can clearly be observed that the correlation betweeh fag  and P are taken into account together, suggesting that the
andL g, (and alsoL 4¢) is very high. Since théy, andLge,  contributions fromQ andP in the overall acoustical environ-
have good correlations with annoyance due to noisenent are competitive. The inclusion of nominal vehicle
exposure, the present correlation result appears to be conspeedV into the regression model 1 deteriorates consider-
sistent with the findings of Versfeld and Vowhich show ably the correlationgnot shown herg This may be due to
that theL »¢q is @ good indicator for noise annoyance. Thethe small range of logV in the present study (50 km#hv
correlations between TNI and other indices are in generak 80 km/h) and/or the effects &f have been already catered
very weak. for by Q and/orP under the long term noise level averaging.
The correlations between the present listed noise indice$he partial coefficients of correlations suggest that the popu-
and log,Q are in general not strong. The higher correlationlation densityP is relatively more dominating in affecting
coefficients are those with thegy andL a191-24nr, Which are  the energy based noise indices, Such. s, t—2anrandLgp,.
only around 0.3(Table Ill). This indicates that the ground
transportation does.not dpmmate the overall acoustical eVl ~ONCLUSIONS
ronment of the residential areas. However, the correlation
data does suggef is slightly more important in affecting Twenty-four-hour noise level measurements were car-
the noise level during daytim@7:00 to 23:00. The corre- ried out at 12 independent sites within the closely packed
sponding correlations with lggP are more impressive as high-rise residential areas of Hong Kong, where the major
shown in Table Ill. The relatively higher correlations wkh  sources of noise were the ground traffic and the population.
are probably due to the noise sources related to the mixeBach measurement lasted for four consecutive days. Various
modes of businesses being carried out in the residential anoise indices are calculated and their correlations with the
eas. These businesses include shigssially at ground lev- population densities® and the daily traffic volumeQ are
els), markets, schools, and restaurants. Sometimes, one caramined. Sites with noise screening devices were excluded
find shopping malls of various scales in these residential arffrom the present study.
eas. Reverberation in the street canyons is also one of the Itis found in the present survey that the population den-
reasons. The higher the population density, the closer thsity is in general better correlated with the energy based

La=Leqor:00-23:00 @Nd Ln=Leg23:00-07:00- 5

TABLE IIl. Correlations between noise indices with site parame@mendP.

LAeqT:24hr |-A10,T:24hr LA90,T:24hr Ldn Lden TNI an Ld Ln
l0g10Q 0.519 0.575 0.149 0393 0437 0387 0476 0531 0.329
logyoP 0.763 0.647 0.535 0874 0850 0.140 0.362 0712  0.850
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TABLE IV. Multiple regression result¢émodel 1:L=alog;, Q+b log;o P+c).

Regression formula Partial correlation Statistical test
_ coefficientd coefficient Standard parameters

Noise error

index a b c I'L-logyo Qlloggo P L -logyq Pllogyo Q (dB) R F P

Lacgrzanr 259 233 47.7 0.428 0.704 06 0874 14.62 0.0015
(0.9 (0.549 (4.7

Lator—2anr 351 223 480 0.499 0.581 0.8  0.818 9.07 0.0070
(139 (0.74 (6.9

Lagor—24ne 0.74 250 45.0 0.084 0.520 15 0.514 187 0.2098
(11.79 (1.39 (118

Lan 2.04 323 4938 0.287 0.832 0.6 0.920 24.90 0.0002
(093 (051 (4.9

Lden 222 292 510 0.334 0.802 0.6 0.914 2274 0.0003
(090 (049 (4.3

TNI 11.83 144 269 0.374 0.083 5.9 0.396 0.837 0.4641
(9.68 (5.30 (46.3

Lnp 5.37 2.07 50.7 0.434 0.306 2.1 0.566 2.116 0.1765
(1.8 (3.40 (16.3

Ly 2.71 216 49.1 0.447 0.651 0.7 0.840 10.82 0.0040
(0.60 (1.09 (5.2

L, 1.77 349 426 0.226 0.815 0.8 0.879 15.35 0.0013

(0.689 (1.24 (5.9

aNumbers in parentheses are the standard errors of the regression coefficients.
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