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Abstract: The influence of urban morphology of ledensity builtup areas on spatial noise level
attenuation of flyover aircrafts is investigated at a mesoscale. Six urbahatagical parameters,
including Building Plan Area Fraction, Complete Aspect Ratio, Building Surfaiea to Plan Area
Ratio, Building Frontal Area Index, Heigta-Width Ratio, and Horizontal Distance of Firsiwv
Building to Flight Path, have been selected and developed. Effects of fligideabind horizontal flight
path distance to site, on spatial aircraft noise attenuation, arenexhnsionsidering open areas and
facades. Twenty sampled sites, each of 250m*250m, are considered. Ti® sheul that within
1000m horizontal distance of flight path to a site, urban morphology plays an impol¢aimt open
areas, especially for the buildings with high sound absorption facades, Wwherariance of average
noise levehttenuatioramong different sites is abotu6 dB® at 3150 Hz. The effect of flight altitude of
200ft-400ft on average noise level attenuatignnot significant, within abou? dB at both 63z
andl600Hz in open area®Jrban morphological parameters influence the noise attenuation more in
open areas than thah facades. Spatial noise attenuation of flyover aircrafts is mainlglatad to
Building Frontal Area Index and Horizontal Distance of First-row Building ighEPath.
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1. Introduction

The concerns on the impacts of air transport on noise, air quality, watity qna the ecology are
increasing, especially for the higher density population European redipnBhg annoyance of the
population who had bediving near a big European airport for at least 5 years caused by airésaft no
has been raised over recent years and the annoyance ratings due to aisgaftemei higher than
predicted by the EU standard curves [2]. Aircraft noise has been anamipcatise for the degradation
of soundscape in the adjacent areas of airports, especially for the regions ¢hstrévay connections
between noise annoyance and local outdoor life [3,4].

Conventionally, the research on aircraft noise mapping and assessment is based tandérd s
conditions of constant flight speed and flat terrain without reflectingcotdj[5]. At present, much
attention is still paid to largscale aircraft noise modelling [6,7] and mapping with an emphasis on
aircraft flight perfornance, rather than the effects of buift obstacles on noise attenuatiorl(§.
While many prediction tools mainly focus on the noise from taking offs and landings, mapping
tools for aircraft taxing have also been developed [11]. On the other Wwdhdhe expansion of air
transport and injection of airports and kadids into or close to city areas, the effects of morphology of
urbanised areas, for instance, the effects of urban street pattern ,[1&d8]become a concern on
aircraft noise disthution near airports. It is indicated through modelling that noise from arafair
passing overhead in a city street is enhanced compared to thairhaaropen area [14]. Kinney et al
[13] carried out a series of field experiments which confirmed the enhancentkmxplained the
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phenomenon. It has been demonstrated that relative Effective Perceived Noisadreeseis with the
ratio of building height to flying altitude, but the street width litle influence [12]. While the above
research demomnstted the importance of considering timéluence of urban morpholog there are
further important research questions: are there any other parameters fmolzhology which
influence aircraft noise attenuation, considering the mesoscale of urbahategry with a group of
buildings, rather than a street?

The aim of this study is therefore to explore whether and how urban morphology paramietnses
noise attenuation of flyover aircrafts. Lalensity residential areas are considered, because tiiey ha
relatively low noise resistance and they are more common near aiffeetstudy focuses on flyover
landing aircrafts or helicopters, of which the noise is prone to be loud, lastingramdray [12, 1518].

In particular, this study aims to find odt)(the effects of horizontal distance between a site and flight
path; (2) the effects of altitude of flight path. Given the needs fat qodoms for people to relax, sleep
and restore and an impact of quiet side on the aircraft noise annoyangs f2}ibesides open areas,
the noise attenuation on facades is also considered.

2. Methods
2.1 Site selection

To select study sites with diverse urban morphologies frorrdiensity residential areas, Assen in the
Netherlands was considered which has a long history of province capa@l158. It is the fastest
growing city in the North of Netherlands and has an increase of 5,d86n#al buildings per 10 years
since 1960 [19], resulting in a mixture of various urban morphologies generatdtéiardihstorical
periods, representing typical European-gdian morphologies which can often be found near airports.
According to a GIS database of 763 grids of Assen-bpilareas, less than 10% grids are used for
industry and commercial purposes, and the rhamction of the buikup areas is residence and mixed
use (residential and commercial). More than 70% of the residentialrtgsildre lowrise terraced and
detached buildings [19]. Twenty sites, each of 250m*250m, were sampled by using iamglom
Sampe (SRS) method from the GIS database. Figure 1 shows the-fjiopured diagrams of the
sampled sites.
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Fig. 1.Figureground diagrams of the 20 sampled sites, each of 250m*250m, where buildings are in
black, and open areas are in white.
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2.2 Stup of calculation parameters for noise mapping

Noise mapping techniques [22] were employedvith the software package Gfacha/A [23 in this
study.The accuracyn noise mappingalculationdepends more on the quality of input data rather than
specific modelling program 2. It has beerstatedthat the resustof calculation and measurement can
generally reach eather good greemen{24, 25, 26]. Forinstancewhen consideng both traffic noise
and fountain sourgdn urban ares theinaccuracyis within around 2dg25]. The 2D polygon maps of
the sampled sites were obtained from the web of Zoning Pidrafzi TOP10NL of Keaster [3],
which include the 3D information of buildings. As the aim of this study is to examénimfluence of
urban morphology, the atmospheric effect is not taken into account, and geoer& conditions were
considered. The flyover aircraft was set as a line source, considering fizertalidistances from a
given site, namely Om, 100m, 300m, 600m and 1000m, and two flight altitudes, hamely 60.96m (200ft)
and 121.92m (400ft), according to previous studies [12, 13]. The receiver hegheas 1.6m. The
calculation configuration is shown in Fig. 2. Based on the research by Kh&iditligee main
frequencies of aircraft noise, 630Hz (low), 1600Hz (medium), and 3150Hz (high), wecteddior
calculation. Theabsorption oefficient was assigmkeas 0.3 across frequencies, considering the mixture
of windows and masonry fagades, andghmund &sorption was assigned as 0. The reflection order by
buildings was set as 3, based on a previous stuflyd@d comparison was also made by considering
no reflections so that the shielding effects as well as the effectiveness oftaesbrplding facades
like green walls can be examined.

Flight path

- - -8 Y —
Building 3 e e — g . L o SR
height 7 —— ' ??OU?{? (400f1)
ey f ] ¥y = ¥
= Site width =< 100m »

< 300m >

< 600m >

< Horizontal distance 1000m >

Fig. 2. Cross-section of the calculation configuration, showing the locatitigtafgath.
2.3Matlab processing

To transform the RGB raster noise maps into the matrices titilspaise level values, a Matlab
program has been developed. The program can aradirthe spatial noise level values in a descending
order to obtain the indices of spatial, lwhere for example, lax represents the highest value in the
ranking, Ly, represents the lowest value, andig the top 10% valug3Q]. In this study, Lo, Lo and

Lso were chosen to indicate the high, low and middle spatial levels, respedtivatjdition, L. the
mean of all the spatial noise levels of a given site, was calculated. The sceingalaes a building
facades and in open areas were separately processed.

2.4 Calculation of urban morphological parameters

A set of urban morphological parameters have been developed and employedentdiféenains of
environmental studies including environmental performance, atmosphericimtidemvironment and
traffic noise B1-34. To consider various acoustic effects such as distance, barrier and styeet, can
[24,39, in this study six parameters were selected or developed, includifdingurlan Area Faction
(BPAF), Complete Aspect Ratio (CAR), Building Surface AreaPian Area Ratio (BSAPAR),
Building Frontal Area Index (BFAI), Heighib-Width Ratio (HWR) and Horizontal Distance of First
row Building to Flight Path (HDFBFP), as listed in Table 1, wh#re first three parameters are
independent from the source condition, whereas the other three are relatetite@oue locations. In
this paper, they are grouped as independent and dependent parameters, rgs@aitukdtions of the
20 sites show that BPAF is evenly distributed from 0.13 to 0.38, CAR from 1.17 to 1.53, BSAPA
from 0.36 to 0.88, BFAI from 0.04 to 0.15, and HWR from 0.09 to 0.62. When the horizomalcdis
between site and flight path is 0, HDFBFP covers a range of 3.4mto 116.2m.
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Table 1. Calculations of the six urban morphologpEabmeters used in this study.

Parameter Definition Formula Notes
. A A, is the plan area of buildings
Building Plan Area Th_e ratio of the plan area of BPAF = -t at ground level anéy is the
. buildings to the total surface area A .
Fraction (BPAF) of the sudy reaion T total plan area of the region of
yreg interest.
Ac Ac is the combined surface
The summed area of roughness CAR = . area of the buildings and
Complete Aspect  elements and exposed ground A+ j iy exposed grounddy is the wall
Ratio (CAR) divided by the total stace areaof =-% "7 ~“¢  surface ared is the roof
the study region [8] Ar area, A is the area of exposed
ground B7].
Building Surface The sum of building surface area BSAPAR Aclis the plan area of rooftops,
o A+ Ay Ay is the total area of nen
Area to Plan Area  divided by the total surface area « = hori | h |
Ratio (BSAPAR) the study region Ar orizonta’ roughnese ement
surfaces (e.g. walls) 3.
The total area of the facade area:
Building Frontal parallel with the flight direction ~ BFAI(9) = 2— . . N
Area Index (BFAI)  (Apra) divided by the total surface T 0is the flight path direction.
area of the study region
The average of the building
heights H.y) is divided by the
Height-to-Width average of the horizontal distance HWR(8) = —2

@ is the flight path direction.

Ratio (HWR) between two adjacent buildings o avg
the direction vertical to the flight
direction (Syg)

Horizontal

Distance of First
row Building to
Flight Path
(HDFBFP)

The mean of the horizontal
distances from the frontal facade:
of the firstrow buildings to the
flight path

1 n
DFBR=—E d;
n.
i=1

nis the total number of first
row buildings, and, is the
distance from the firatow
building to the flight path.

3. Results

3.1 Effects of thehorizontaldistancebetween site and flight path

Figure 3 shows the maximum, minimum, and mean aircraft noise attenuati@orce power level)
among the 20 sampled sites, in terms gf ht 630, 1600 and 3150Hz, with a rangf horizontal

distance between site and flight path, when the flight altitude is 200ft. In thre fige noise attenuation

of each site is also shown. It can be seen that the difference between the maximuniranchmalues

among the 20 sites in opereas generally increases with horizontal distance between site and flight
path, and reaches 7.9dB at 1000m, at 3150Hz (see fjg.Itlis also interesting to note that from
300m to 600m, namely when the horizontal distance between site and flight gatlbised, the mean

L.y difference among the 20 sites in open areas reduces by 6.9dB at 630Hz, 7.5dB at 1600Hz, and
16.1dB at 3150Hz, as shown in Fig. 3a, 3b and 3c, respectively, demonstrating the signifieance

of urban morphology.

In general, tk sound level variations among the 20 sites are larger in open areas than tlagseles f

For example, by comparing Fig. 3b and 3e, it can be seen that at 1600Hz at 1000m, the difference
between the maximum and minimum values is 7.7dB in open areas and 4.5dB on facades, Hoavev
facades have higher noise attenuation than that in open areassrofdhe mean 4, of the 20 sites.
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For example, by comparing Fig. 3a and 3d, it can be seen that at &80Ba0m, the value is 54.0dB
on facades and 49.2dB in open areas.

Fig. 4 and 5 show the variances of the aircraft noise attenuatjpanhong the 20 sites, in open areas
and on facades, respectively. It can be seen in Fig. 4 that generally speattinthewincrease of
distance, the variances at dletfrequencies go up. Corresponding to Fig. 3, the variances at 1000m are
the largest, where at 3150Hz and altitude of 200ft the variance is?4tégBer than that at 1600Hz and
630Hz (see Fig. 4a, 4b and 4c). By comparing Figs. 4 and 5, it can be seen that the variamees of no
attenuation on facades, mostly below 2dBe lower than those in open areas.

In Fig. 4 and 5 two conditions, with a reflection order of 0 and 3, are considered. r€dragtn the
condition without reflections, the variancestiwB reflections are lower at almost all the distances,
which means that sound reflections by buildings reduce the influence of morplariothe noise
resistance. At a large horizontal distance between site and flight path, Gy, tBe differences in
variances between reflection order of 0 and 3 can be neglected, in open dralas an facades.

The variances in terms ofd, Lso and Lyy are shown in Table 2. It can be seen that the varianceg of L
and Ly are generally higher than those qf,landthe variances in open areas are higher than those on
facades, suggesting that urban morphology may have more influence on thattemisation at the
middle level and the quiet level in open areas. The highest variance occusaibt®00Hz at 1000m,
which is 19.7dB.

Table 2. Variances of the aircraft noise attenuation among the 20 siesi&ndf Ly, Lso and Ly, both
in open areas and on facades.

L10 L50 L90
Frequency(Hz)
630 1600 3150 630 1600 3150 630 1600 3150
Distancefm)
Open 0 14 2.6 0.0 0.6 1.2 3.8 1.8 1.0 57
Areas
100 0.8 14 2.0 4.6 5.2 8.1 0.0 34 1.2
300 3.0 0.5 3.0 3.6 7.6 3.8 2.2 09 33
600 6.8 2.1 5.8 2.1 5.3 1.6 1.0 16 22
1000 0.0 0.8 1.2 8.6 19.7 8.9 1.8 6.2 3.2
Facades 0 0.4 0.9 0.4 0.2 0.8 1.2 1.7 6.0 6.4
100 1.2 0.5 1.0 0.6 1.0 0.6 7.4 90 4.2
300 1.0 0.4 0.8 4.6 0.8 1.0 5.0 33 36
600 3.3 0.4 0.4 1.0 1.6 2.0 2.2 6.1 85
1000 1.0 1.6 2.4 1.0 1.2 4.6 3.7 09 0.8
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Fig. 3. The maximum, minimum, andeamn aircraft noise attenuation (re. source power level) among

the 20 sampled sites, in terms @fdat 630, 1600 and 3150Hz, with horizontal distances between site

and flight path of Om, 100m, 300m, 600m and 1000m, where the flight altitude is 200ft. Irutiee fig
the noise attenuation of each site is also shown, although individual site$ mlentibed.
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Fig. 5. Variances of the aircraft noise attenuatigg an facades among the 20 sites, with increasing
horizontal distance between site and flight path of Om, 200m, 300m, 600m and 1000m.

3.2 Effects offlight altitude

Fig. 6 compares the mean values of aircraft noise attenuation (re. sourcelgp@heof the 20 sites
between the flight altitude of 200ft and 400ft, in terms gf, IL,o and Lg. It is interesting to note &t

the increase to 400ft from 200ft in flight altitude generally does not behnefitdise attenuation. This is
perhaps because although the increase in flight altitude results in largexreaeiver distances, it also
decreases the shielding effectsbaildings. It wasshown in a previous study that the enhancement of
sound level by streets relative to that in the open field decreases with geesaof flight altitude, from
5.0dBA at 200ft to 2.0dBA at 400ft [13]. In Fig. 6 it can be seen tha0@®dr, there is almost no
difference in noise attenuation between the two altitudes.

In Figs. 4 and 5 comparisons of variances of spatial noise attenuation betwega flight altitudes
are also shown. It can be seen that the increase of altitude does not signffiicaimilyh the variances.
In other words, the effect in the change of altitude on the influencebahumorphology on noise
resistance is rather small, less than 1dB mostly.

Compared with fagades, the influence of altitude on noise attenuatbpen areas is more significant
in terms of Ly, as can be seen by comparing Figs. 6¢ and 6f, but surprisingly, the noise atteBuatio
generally higher at the altitude of 200ft than 400ft, which means that in cgittaitions, the increase
of altitude does not decrease, but increase the sound levels in relatively quietfavbas) the reason
might be that the shielding effect that plays a key role in quiet areacfoot decreases with the
increase of flight altitude.
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Fig. 6. The mean values of aircraft noise attenuation (re. source poweokethe)20 sites between the
flight altitude of 200ft and 400ft, in terms of, Lio and Lgo, wWith increasing horizontal distance
between site and flight path of Om, 100m, 300m, 600m and 1000m.

3.3 The relations between amft noise attenuation and independent urban morphological parameters

Relationships between aircraft noise attenuation and independent morphglagicakters have been
examined with the flight altitude of 200ft, since the variances are higherthoseof 400ft. Three
typical horizontal distances between site and flight path are considered, whi€ma 300m, and
1000m.

Among the three independent urban morphological parameters, namely Buildimguiea Fraction
(BPAF), Complete Aspect Ratio (CAR),&aBuilding Surface Area to Plan Area Ratio (BSAPAR), at
the distances of Om, 300m and 1000m, BPAF is not significantly correlated to ang a€dustic
indices, namely spatialland Ls,q Which suggests that building coverage has little influence oratirc
noise resistance, while CAR and BSAPAR hawere significant correlations(p < 0.05) with the
indices, as shown in Tables 3 and 4, respectively.

It can be seen in Table 3 that CAR is more correlated to the indices in opemashsin terms of by,
which means that the total surface area of building and groaydsignificantly influence the noise
level in quiet areas. Fig. 7 further illustrates thedencies of § at 630Hz (B=0.567) and 3150Hz
(R°=0.586) with a change @AR, as examplesa/henCAR increases the regression line of eithgy L
of 630Hz or 3150Hz in open areas goes up and then becomes stable after CAReiisthag
approximately 1.4. In other words, the importance of CAR on noise ditamiraopen areas becomes
less when CAR ikigher than 1.4. The correlations also exist between CAR and the acousts iowlic
facades, but they are not at a significant level statistically.
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From Table 4 it can be seen that BSAPAR #&dsuls to have higborrelations with the acoustic indices,
egecially Ly in open areasThe tendencief Lg, in open areast 630Hz (R=0.592) and 3150Hz
(R?=0.500) with a change of BSAPA&efurther illustrated in Fig. 8. It can be seen in Fig. 8 that the
noise attenuation in open areas atihcreases beforeBAPAR is about 0.7 and then decreases, both at
630Hz and 3150Hz, of which the reason might be that the increase of building sugadaduces
more sound reflections between buildings, so that further increasedenats.

Table 3.Significances of the correlations between acoustic indices and Complete Aspedh Ratits
of p values, where * indicatep<0.05 level (Zailed), and ** indicatep<0.01 level (Zailed) in
Bivariate Correlation.

Distance(m) 0 300 1000
Frequency(Hz)
630 1600 3150 630 1600 3150 630 1600 3150
Open L1o 721 .084 - 0.59 .148 .805 - 449 377
Areas
Lso 402 371 917 272 .614 199 .363 .627 .180
Lo .005** 151 .001** .082 170 477 .008** .005** .037*
Lavg .070 .060 536 .036* .169 .261 .100 130 222
Facades Lig 712 121 712 .072 712 072 .250 .060 919
Lso .325 757 499 .061 .523 .061 .040* .081 147
Lo .681 779 .800 741 .820 741 429 .029* 597
Lavg .150 .553 .565 .284 .806 284  .044*  .067 .168

Table 4. Significances of the correlations between acoustic indioesBuilding Surface Area to Plan
Area Ratio in terms gb values, where * indicatgs<0.05 level (2ailed), and ** indicate$<0.01 level
(2-tailed) in Bivariate Correlation.

Distance(m) 0 300 1000
Frequency(Hz)
630 1600 3150 630 1600 3150 630 1600 3150
Open L1o 379 .140 - .019* 143 .264 - 373 499
Areas
Lso 466 470 .810 453 192 322 .150 .520 .083
Loo .021* 297 .022* 173 .158 966  .027* .018* .088
Lavg .050* .064 .883 151 101 157 .064 .089 .264
Facades Lig 379 .108 379 .051 .379 .051 512 .050* 773
Lso A77 .854 578 115 .584 155 .039*  .106 .352
Lo .665 .695 941 .691 916 .691 239  .010** .735
Lavg .260 .718 .758 315 .504 315 071 .097 319
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Fig. 7. Relationships betweenyin open areas and the Complete Aspect Ratio.

3.4 The relations betweenraraft noise attenuation and sound soutependentirban morphological
parameters

Threesound sourc&ependent parameters, including Building Frontal Area Index (BFAI), Heaght
Width Ratio (HWR) and Horizontal Distance of Firstv Building to Flight Pth (HDFBFP), have
been also investigated. It has been shown that there is nocgighidorrelation between HWR and the
acoustic indices. This corresponds to a study by Ismail and Oldham on the effgcebtanyon on
noise from low flying aircraft [2], which shows that street width, which is indicated by HWR in the
current study, hardly plays a role in the noise attenuationcdinelationsetween acoustic indices and
BFAI and HDFBFP are shown in Tables 5 and 6, respectively. By compeabigs 3& and 5&6, it

can be seen that generally speaking,sthend sourcéependent parameters are more correlated to the
acoustic indices than the independent ones.

From Table 5 it can be seen that BFAI generally has momelations withthe acoustic indicethan
the independent parameters when the distance is 1000m (see Table 3, 4 smghesting that for
aircraft noise attenuation, the barrier effect of urban morphatumy play a more crucial role than the
other effects when the distance is relatively large. However, when the tafidmtance between site
and flight path becomes smaller, such as 300m, there is less correlatveerbeicoustic indices and
BFAI, since the barrier effects by building facades plays a less signifadant r

HDFBFP has th most correlations among the six parameters, especially with thei@adodites in

open areas, as can be seen in Table 6. Unlike CAR, BSAPAR and BFAI, whéfeheer correlations

in terms of lyg and Ls, (see Table 3, 4 &5), HDFBFP is highly corretht® L4 (e.9.p=0.000, at
1600Hz at Om) and & (e.g. p=0.000, at 630Hz at 1000m) in open areas, although on fagades it is
almost not correlated with the acoustic indices, as shown in Table 6.

Figure 9 further illustrates the relationships between acoustiemdimopen areas and HDFBFP. It can

be seen in Fig. 9a that at Om, the megg at 1600Hz decreases slowly with the increase of HDFBFP,
which means if a given lowensity site has a row of buildings that are close to the flyover aircraft
horizortally, the average noise level in open angdght be considerably reduced, due to barrier effect.

At 1000m, the noise attenuations in terms gfdt 630Hz and 3150Hz both decrease constantly when
HDFBFP increases, and the difference between the maximdmmaimum level is rather high, at

about 10dB, as can be seen in Fig. 9b and 9c. In other words, the distance between the first row
buildings to flight pathmight play a rather significant role in the protection of quiet open are@sms

of Laygand Lso.
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Table 5 Sigrificances of the correlations between acoustiices and Building Frontal Area Index
in terms ofp values, where * indicatgs<0.05 level (2tailed) and ** indicate9<0.01 level (Ztailed)
in Bivariate Correlation.

Distance(m) 0 300 1000
Frequency(Hz)
630 1600 3150 630 1600 3150 630 1600 3150
Open L1o .640 .027* - .160 .238 .583 - .390 .265
Areas
Lso .258 401 778 544 221 321 .065 .156 .013
Loo 159 .060 .022* .065 .239 533 .002** .002** .002*
Lavg 149 .049*  .323 110 .078 328 .018* .032* .029*
Facades Lio .640 .016* .640 174 .640 A74 181 .060 421
Lso .601 .842 .918 .303 .158 303 .002** .020* .067
Loo .839 .635 .868 913 .399 913 .662 .798 .187
Lavg 244 .638 .555 .551 .847 551 .029* .033* .064

Table 6.Significances of the correlations between acoustic in@dindsHorizontal Distance of Building
to Flight line in terms op values, where * indicatgs<0.05 level (2tailed), and ** indicateg<0.01
level (2tailed) in Bivariate Correlation.

Distance(m) 0 300 1000
Frequency(Hz)
630 1600 3150 630 1600 3150 630 1600 3150
Open Lo 481  .050* - .768 110 147 - .909 .088
Areas
Lso 194 .062 450 .650 .003** .010** .000** .010** .002**
Loo .687 513 .355 334 .032* .861 132 091  .034*
Lavg .021* .000** .774 712 .001** .007** .001** .002** .003**
Facades Lo 481 .936 481 .033* 481 .033* .165 .253 .309
Lso .570 .360 297 991 194 991 .330 401 .728
Lo .657 .643 .661 .994 .844 .994 337 .833 .750
Lavg .530 .202 321 .894 797 .894 922 .830 .583
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To overview the above results about the correlations between urban mgrghloftarameters and
acoustic indices, Table 7 shows the number of correlations accordingacothtic indices, and Table

8 gives the number of correlations according to the horizord&drdies between site and flight path. It
can be seen from Table 7 thaf [(15) and lyg (13) in open areas are more correlated to urban
morphological parameters thamwhich indicates that control of urban morphological parameters can
bendit aircraft noise attenuation for the relatively quiet areas hedvhole area of a given site. Table 8
shows that when the distance is 1000m, urban morphology has greater inftuenéeraft noise
attenuation, both on facades and in open areas. Overall, two parameters, BFAI (14)F&PHD7)
have more correlations than the others.

Table 7. The number of correlations between urban morphological pararaatk acoustic indices,
according to the acoustic indiceg,LLso, Lo and La,g both on fagades and in open areas.

Urban Open aress Facades Total
Morphological Ly Lsp Lgo Lag Lio Lso Leo Lag ot
Parameters

BPAF 0O 0 O 0 0O O O 0 0
CAR 0O 0 5 1 0O 1 1 1 9
BSAPAR 1 0 4 1 1 1 1 0 9
BFAI 1 0 4 4 1 2 0 2 14
HWR 0O 0 O 0 0O 0O O 0 0
HDFBFP 1 5 2 7 2 0 O 0 17
Total 3 5 15 13 4 4 2 3 49

Table 8. The number of correlations between urban morphological pararaatk acoustic indices,
accordng to the horizontal distance between site and flight path, at Om, 300m and 1000m, both on
facades and in open areas.

Urban Open areas Facades Total
Morphological Om 300m 1000m Om 300m 1000m ' °%¢
Parameters

BPAF 0 0 0 0 0 0 0
CAR 2 1 3 0 0 3 9
BSAPAR 3 1 2 0 0 3 9
BFAI 3 0 6 1 0 4 14
HWR 0 0 0 0 0 0 0
HDFBFP 3 5 7 0 2 0 17
Total 11 7 18 1 2 10 49

4. Conclusions

This studyaimsto explore whether and homvesoscaleirban morphology of lovdensity builtup areas
influence the spatial noise level attenuation of flyoaircrafs. Six urban morphological parameters
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have been selected and developed in the sttty effects of horizontdlight pathdistance to site and
flight altitudeon aircraftnoise attenuation ai®thconsidered

The largestdifferenceand variace of aircraft noiséevel attenuation are at 1000ramong thefive
horizontal flight path distances to site, i.e. Om, 100m, 300m, 600m and 1S@@md reflections by
buildings reducehe influence of urban morphology on noise attenuattmmpared withlthe distances
of Om and 300mthe acoustiéndices have more correlatiomsth the urban morphological parameters
at 1000m The increasdrom 200ft to 400ft in flight altitude generallydoes no benefit the noise
attenuatiorsignificantly.

Thefacadeshave higher noise attenuation than open areas, but the variancesaobtisticindiceson
facadesincluding Lo, Lso, Loo @and Layg are lower,andtheir correlations with the urban morpholoal
parameters are lesk other words, urban morphology plays a more important rolairoraft noise
attenuation for open areas thimn facadesMoreover, the control of urban morphological parameters
can benefit aircraft noise level attenuatimore in quiet open areas arntle whole area, rather than
noisy open aas.

The urban morphological parametéesd tohave considerableorrelations with flyover aircraft noise
attenuationin this study Compared with thesound source locatioindependentmorphological
parameters, the sousdurce dependent parametersy have greateinfluence.The general tendency is
that the Building Frontal Area Index (BFAI) and Horizontal Distance of Fanst Building to Flight
Path (HDFBFPXorrelae with noise attenuatiomost while Building Plan Area Fraction (BPAF) and
Heightto-Width Ratio (HWR) hardly influence theoise attenuation The noiselevel attenuatiorin
terms ofLg in open areatends tancreasewith theincreaseof Complete Aspect Ratio (CARINd then
stays stable after CAR reachepproximately 1.4. fe noisdevel attenuationin terms ofLg, in open
areashas atendencyto increasewhen theBuilding Surface Area to Plan Area Ratio (BSAPAR)
increasebefore approximatel®.7 andit then decreases. The noise attenuatiaierms oflLs, and Layg
showsa constant upwarténdency wheihlDFBFPdecreases.

Acknowledgements

The authors are indebted to D. Krijnders and H. Woertche in ING&Stheir kindly support and
useful discussion. This project is supported by the Northern NalgsrlProvinces and funded by the
Europ@an Union, European Fund for Regional Development and the Dutch Ministry of Economic
Affairs, Peaks in the Delta.

Applied Acoustics, Volume 84, 2014, Pages 73-82 Page 15


http://dx.doi.org/10.1016/j.landurbplan.2015.01.006�
http://www.sciencedirect.com/science/journal/01692046/137/supp/C�

Yiying Hao & Jian Kang: Applied Acoustics [DOI: 10.1016/j.apacoust.2013.12.001]

References:

[1] Morrell P, LUCHY. Aircraft noise social cost and charge mechanismgase study of Amsterdam
Airport Schiphol. Transportation Research Part D: Transport and Enviro20@it 5(4):305-20.

[2] Babisch W, Houthuijs D, Pershagen G, Cadum E, Katsouyanni K, VelongkiSuilley ML,
Marohn HD, Swart W, Breugelmans O, Bluhm G, Selander J, Taglianti FV,i s&faralabidis A,
Dimakopoulou K, Zachos I, Jarup L. Annoyance due to aircraft noise has increased ougarthe
Results of the HYENA stud¥environment Internation&009; 35(8): 11696.

[3] Vogiatzis K. Airport environmental noise mapping and land use managesant environmental
protection action policy tool: The case of thenaka International Airport (Cyprus). Science of the
Total Environment 2012; 424: 162-73.

[4] Klaeboe R. Aircraft noise annoyance in recreational areas after changessen exposure:
comments on Krog and Engdahl. JASA 2004; 116: 323-33.

[5] Speakman JDNoisemapthe USAF's computers program for predicting noise exposure around an
airport. Internoise1980 (2): 823%.

[6] Zaporozhets Ol, Tokarev VAircraft noise modelling for environmental assessment around airports.
Applied Acoustics 1998; 55(2): 99-127.

[7] Khardia S, Abdallahb L. Optimization approaches of aircraft flightt pedlucing noise: Comparison
of modeling methods. Applied Acoustics 2012; 73(4): 291-301.

[8] DataKustik. Calculation and Prediction of Aircraft Noisé&ftp://www.datakustik.com/index.php?
iId=1352&L=1>, accessed on 30 April 2013.

[9] ATAC. Integrated Noise Model (INM), kttp://www.atac.com/inm.html accessed on 30 April
2013.

[10] VogiatzisK. Airport environmental noise mapping and land use managemant ersvironmental
protection action policy toolThe case of théarnaka International Airport (Cyprus). Science of the
Total Environment 2012; 424: 152-73.

[11] Asensio C, Pavén |, Ruiz M, Pagan R, Recuero M. Aircrafts’ taxi noise. Sound f[ewekand
directivity frequency band results. Applied Acoustics 2009. 70: 986—1008.

[12] Ismail MR, Oldham DJ. The Effect of the Urban Street Canyon on tieeNrom Low Flying
Aircraft. Building Acoustics 2002; 9: 233-51.

[13] Kinney WA, Pierce AD, Rickley EJ. Helicopter noise experimentmninirban environment. JASA
1974; 56: 332-337.

[14] Pande L. Model study of aircraft noise reverberation in a city stizgpt. of Mechanical
Engireering, Massachusetts Institute of Technology. Interim Rep.-D&F93;1972.

[15] Crooks MA, Langdon FJ. The effects of aircraft noise in schools around Longort.aliournal of
Sound and Vibration 1974; 34(2): 221-32.

[16] Sijtsma P, Stoker RW. Deternaition of Absolute Contributions of Aircraft Noise Components
using FlyOver Array Measurements. National Aerospace Laboratory NLR. Repo{T¥#F004-167;
2004.

[17] Lavandier C, Barbot B, Terroir J, Schuette lhpact of aircraft sound quality combined with the
repetition of aircraft flyovers on annoyance as perceived actigtyirbance in a laboratory context.
Applied Acoustics 2011; 72(4); 169-76.

[18] Taylor SM. A path model of aircraft noise annoyance. Journal of Sound andafitk@84; 96(2):
243-60.

[19] Assen Municipality. Assen in cijfershitp://assen.buurtmonitor.pllaccessed on 30 April 2013.
[20] Kleeboe R, Engelien E, Steinnes M. Context sensitive noise impact mappingdAfpbustics
2006; 67( 7): 620-42.

[21] Szulecki S, Zwerling E, Agerson C, Turpin BModeling with the use of the commercial
software package CADNAA (Computéided Noise Abatement) to estimate the probability of
awakening associated with train horns. @SA 2010; 127(3): 1764-64.

[22] McGowan EW. The effect of builag reflections on the equivalent noise levelifrom traffic on
Lake Shore Drive]JASA 2012; 132(3): 2085-85.

[23] DataKustik GmbH. Cadna/A for windows — user manual. Greifenberg 2006.

[24] Kang J. Urban sound environment. Taylor Francis, London; 2007.

[25] Huang J. Accuracy and Efficiency in Noigpping. MSc dissertation, School of Architecture,

Applied Acoustics, Volume 84, 2014, Pages 73-82 Page 16


http://dx.doi.org/10.1016/j.landurbplan.2015.01.006�
http://www.sciencedirect.com/science/journal/01692046/137/supp/C�
http://www.sciencedirect.com/science/article/pii/S1361920999000358�
http://www.sciencedirect.com/science/article/pii/S1361920999000358�
http://www.sciencedirect.com/science/journal/13619209�
http://www.sciencedirect.com/science/journal/01604120�
http://www.datakustik.com/index.php?%20id=1352&L=1�
http://www.datakustik.com/index.php?%20id=1352&L=1�
http://www.atac.com/inm.html�

Yiying Hao & Jian Kang: Applied Acoustics [DOI: 10.1016/j.apacoust.2013.12.001]

University of Sheffield, UK, 2003.

[26] Tompsett R. Noise mapping — accuracy is our priority. Acoustics Bulle®?: 27 (4), 9.

[27] Dutch government. Ruiralijkeplannen.nl,<http://www.ruimtelijkeplannen.n accessed on 30
April 2013.

[28] Kadaster. TOP10NL, <http://www.kadaster.nl/window.html?inhoud=/top1Gnkccessed on 30
April 2013.

[29] Khardi S. An experimental analysis of frequency emission and noise diagnosis rokiwigh
aircraft on approach. J. Acoustic Emission 2008; 26: 290-310.

[30] Wang B, Kang J. Effects of urban morphology on the traffic noise distributimugh noise
mapping: A comparative study between UK and China. Applied Acoustics 2011; 72: 556-68.

[31] Adolphe L. A simplified model of urban morphology: application to an analysis of the
environmental performance of cities. Environment and Planning B: Planning and R@8ig 28 (2):
183-200.

[32] Xie X, Huang Z, Wang J. The impact of urban street layout on local atnrisgmeironment.
Building and Environment 2006, 41, 1352—-1363.

[33] Ng E, Yuan C, Chen L, Ren C, Fung JCH. Improving the wind environmédmntjh-densty cities

by understanding urban morphology and surface roughness: A study in Hong Kong.apanasd
Urban Planning 2011; 101: 594.

[34] Salomons EMPont MB. Urban traffic noise and the relation to urban density, form, affdt tr
elasticity. Landscapand Urban Planning 2012; 108 (1): 2-16.

[35] Raydan D Steemers K. Environmental urban design, Santamouris M. ed. Environmental Dlesig
Urban Buildings: An Integrated Approach. Earthscan, London; 2006.

[36] Voogt J,Oke T. Complete urban surface temperatures. J. Appl. Met. B#971117-32.

[37] Burian SJ, Han, WS, Brown MJ. Morphological analyses using 3D buildinpakss: Oklahoma
City, Oklahoma. LAUR-05-1821, Los Alamos National Laboratory, Los Alamos, New Mexico; 2005.

Applied Acoustics, Volume 84, 2014, Pages 73-82 Page 17


http://dx.doi.org/10.1016/j.landurbplan.2015.01.006�
http://www.sciencedirect.com/science/journal/01692046/137/supp/C�
http://www.kadaster.nl/window.html?inhoud=/top10nl/�

