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Integrated effects of urban morphology on birdsong
loudness and visibility of green areas
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Abstract: The aim of this study is to determine how to increase birdknminessand the visibility

of green aream low-density residential aredsy controlling urban morphological parameters. The
spatial soundevel distributions of birdsong at 12 siteampled from a GIS database of Asdhe,
Netherlandswere simulated by noise mapping techngaed calculated usingATLAB program

on spatial sound level matds The visibilities of green areas are anatlyaad calculated byisibility
Analysis Graph in Space Syntax. Correlation analyses were conducted bttevedtained data on
spatial sound évelindices, the mean visibility and urban morphological parametersieBoés show
that birdsong loudnesdhas significant positive linear relationships with urban morphological
parameters, includinBuilding Plan Area Fraction (R0.491), Green Area Perimeters$RB.491) and
Green Area Dispersion Index ¥R618), while the visibility of green area has negativeedr
relationships withmorphologicalparameters, including Building Plan Area Fractioi=(R431) and
Green Area Perimeters #0.799).1t has also been found that in the proximity of green areas, the
visibility of green areasias apositive relationshipwvith birdsongloudness whereas in most areas
further from green areas, the visibility of green arbas a negative relationship withbirdsong
loudnessEither increasing birdsong loudness or enhancing visibility of the greas by controlling
urban maphologicalparameterss helpful for theoptimisation of soundscape design with masking
effects. Birdhabitats andegetatiorare important ecological issues to consider for the enhancement of
the roles of urban morphology.
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1. Introduction

Green areas are an important natueaburce inurban areaandcanfulfil a variety of humameeds,
such asatural view(Lange et B 2008, air quality (Currie and Bass, 2008)jcroclimate(Shashua-
Bar and Hoffma, 2000and noise reduction (Fang and Ling, 2008an Renterghenet al, 2012
Green areashereforeare significantfor quality of life and havehigh social and economic itses
(Anderson and Cordell, 1988e Hollander and Staatsen, 2003; Kirkpatrick et al, 20bZerms of
natural view green areas hawdtenbeen studied from thgerspectivesf visibility (Yang et al, 2009),
aestheticsrecreation (Lange et al, 2008pfety and preference (Jorgensen et al, 2002)pan life.

Green areas are also mmportantsupplier ofbirdsongdue to their ecological function asbitats for
birds and otheranimals(Hansson, 2000Daniels and Kirkpatrick2006;Pellissier et al, 2(). Birds
are one of the be&nown biological groups in citiefPellissier et al, 2012thus birdsongis a
frequent, distinct andfrequencyadaptablenatural sound source in the ambient nai$eurbansed
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areas(Ryan and Brenowitz, 1985; Halfwerk and Slabbekoorn; 2009; Cardoso tavell,A201)).
Birdsong is ranked at the top thfe desirednaturalurban sounds (Yang and Kang, 2005) bedefits
people’s rejuvenation and health throutghpleasantnesgidlsf-Gunnarsson anGhrstrom, 2007). It
alsocommorty interfereswith traffic noisein urban areagBest et al, 2005; GidléGunnarsson et al,
2007; Kang, 2007; Gold, 2010).

Recently, withthe emergencef the ‘soundscapeoncept Zhang & Kang, 2007; Yu & Kang, 2009;
Kang & Zhang, 2010Brown et al, 2011), research orthe urban sound environment has been
extended to perceptual assessm@ang &Kang, 2005; Kang, 2007; Joynt & Kang, 201@here
“masking has beenemployed to study the interference ieeén natural soundsnd urban noise
(Nilsson et al, 2009De Coenselet al, 2011). Maskingffects also have beerconsidered as an
important urban desigtechnique(Siebein, et al, 2007)Masking, whichrefersto a significant
everydaylife phenomenon in hearing (Yost al, 2008), habeenwidely identified and investigateid

terms of two main categoriésnergetic maskirigand “informational masking(Nilsson et al, 2009;

Durlach et al, 2003; Watson, 200%Vatson(2005)defined the interference amondfeient sounds
based only on the physical propertiestbé sound as “energetic masking” and the masking or
interference caused byaking thestimulus context variable and uncertain as “informational masking”.
It has beerdemonstrateé that as a result denergetic maskirigand “informational masking dther
increasingbirdsong loudneser erarging the visibility of green arescan significantly improvethe
pleasantness and naturalnessthad traffic noise environmen{Hao, 2014).Therefore,the main
motivation of this studys to determine how to enhance thesitiveeffectsof maskingfor soundscape
optimisation from these two perspectivesi.e, increaing birdsong loudness and enlargirige
visibility of green aregin urban design

Urban morphology, whicks at the root of urbanism and urban degigropt, 2005; Larkham, 2005)

has direct andubstantiaimpactson both outdoor sound propagation (Raydan and Steemers, 2006;
Kang, 2007) andpace visibility (Yang, et al, 2009; Sander and Manson, 200pjeliousstudies a

urban environmentse(g., solar potential, atmospheric environment and traffic Npisgban
morphologcal factors for examplebuilding density, building pattesnstreet layout and coverage and
landscapinghave beenepresentedndstudied usinga number of quantitative urban morphological
parameter§Cheng et al, 2006; Xie et al, 2006; Salomamsl Pont, 2012 However,there is a
shortageof integratedresearch on green assimom the perspectives of both birdsologidnessand
visibility of green aregain the context of urban morpholodgy suggest practicdhndscape and urban
designguidelines.

Therefore, liis study aims at explorinthe integrated effects afrban morphologal parametershat
reflect the 3Dnatureof green agas and buildingen birdsong loudness awikibility of green ares.
Correspondingly, this papéirst will show how urban morphologynfluencesthesetwo aspects and
then how the two aspects aetated

2. Methodology
2.1Site sampling

The study sitesveresampledn Assen, which ishe capital city of the province of Drenthssencan
be regarded as a typical Europeawn with diverselow-density urban morpholoigs and traffic
characteristicsHao and Kang, 2033Usinga GIS databaseith 763 grids (each 25 x 250m) of
the builtup areas of Assen, approximately 5d%ihe grids haveboththe trafficarboreal greeareas,
which may result imasking effects betwedhetwo main sound sourcesthe siteqi.e.,traffic noise
and birdsony In theseareas, lie daytime traffic noiseis relatively constant;the sound levelsre
typically 50-60dBA, and most of the energy lietweenl 001600 Hz.The green ratio of Assen City,
including garders and foress, is approximate36% according toofficial statistcs releasedby the
Assen Municipality(2011),thereforethe gridsthathave this representative green ratio and main roads
were randomly sampled Figure 1 shows figureground maps of thd2 sampled sites, with the
buildings in black, roads in grey andegn areas ilight green
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Figure 1.Figureground maps of thel2 sampled study sites. The IDs of the sites are composed by
letters and numbers. Green areas are presented igiaght, buildings in black, main roads in grey
and all other open areas in white.

2.2 Sound mapping of birdsong

To simulatethe spatial distribution of birdsongound levelssoundmaps were calculatedsing a
common nhoisanapping package, Cadna/A (DataKustik GmbH, 2006; Szulecki et al, 2010; McGowan,
2012).For noise mapping, the propagation of the frequency components of bindsgieglculated in

the models. First, in the simulationydsongis emitted from green areas (250 x 250m) in eight
idealisal wild open spacesee Section 2.1); thisis a pilot studyof birdsongloudnesdor the further

study of birdsong in thactualurban morphologpf the sampled sites (see Sectiah 2).

The representative heightof major bird habitatsn urban treesvere used for the simulation sound
source heightbecauseén town centres birds nest more in trees thathemground orin shrulkbery, as
is the casén the countryside. pproximately 70% of Passeriformes nest higher thamin thecentres
of European tows (Clergeau et al, 2006)ree nesters are cadsredto bebetter urban adaptorshé
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increasd plantingof trees may provide more suitable nesting habitats for tlee nesting guild,
furtherincreasingheir abundance (Huhta et al, 1999; Clergeau et al, 2006; Pellissier et al, 2012)

Patch size and its influence amian habitatsare also important issues to considerthe modelling
becausehe green areas atemposedf patchesof different sizes in botidealisedwide open spaces
andthe morphologyof the study sitesPatch sizes indealised open spacegary from 0.28 to 2.25 ha,
and the patch sizes in tlaetualurban morphology are 0.1 to 2.02 lxceptfor one patchwith an
area of0.06 ha.The effects of patch size on avian density and nestiegdebated; it has been
suggestedhat they are not clearly influenced by patch size but vary among regions, nurgbarsof
of vegetation and specie®V{nter et al, 2006 Davis 2004; Schmiegelow and Mo&nkkdnen, 2002;
Schieck et al1995 Andrén 1994;Van Dorp and Opdam, 1987However,van Dorp and Opdam
(1987) utilised0.1 ha as a lower limit for the habitat of birds and proved that muliipllespecies
inhabited patches of 0.1 ha. Moreover, roads in the residential areas inafaspemarily two-lane
without a disturbed roadside, so they are not considered as patchsk@iiiter et al, 2006 Birds in
the small patcheganstill use the resources of tineighbouring patchesAdrén, 1994)Therefore,
although there is a risk thhirds may notinhabitthe small patche$or this study itwasassumed that
the fragmentation of the green areas has little influence on avian dertsieysame regioand with
similar vegetation and avian speci€venthe same green area ratio, thenberof birds ineach site
was set as a constant parameter to compare the effects of urban morphology.

2.2.1 Healsedwide open spaces

To initially examine the influence of geometric configurations of greeasaand distributions of
sound sources on birdsomgudness \thout sound obstacle®.g., buildings) eight idealisedwild
open spacesere simulated. The open spabese aconsistent green ratio of 36%hich isa control
parametemn the sound mapping he ratiois the same as the green ratio of Assesmentianed above.
The geometricconfigurationsof the green areaare abstracted from the commonly seksign of
green areas ithe residential communities in the Assen GIS databBg@song may attenuate less
rapidly at an intermediatéfrequency window from 16002500 Hz, particularly in longrange
communication in lowforest habitats (Morton, 1975), the birdsong wvm@itially simulatedusing a
songband source at a representative frequency000 iz and arepresentative habitaeight of 4m.
Figure2 showsthe sound maps of the birdsong emitted from the eight green areas.

The distribution of sound sourge<.,where birdsongare emittedn the green areas asubstantial
issue in the simulatiorBecause of the effects of edges on bird habimats,(Eeding, foraging, and
nest selection as noted in several studi¢$afpisson, 1994; D McCollin, 1998; Huhta et al, 1998y
becausealeciduous trees are most widely plantedjreen areas and along the local streetdsisen
(Gemeente Assen, 2006; Gemeehssen, 2009)ourceghat ardocalised ortheboundaries of green
areaswereconsidered along with uniformly distributed sources throughout the green®neesfore,
as showrin Figure 2, four different types of sound sourdéstributiors were examing, including an
idealised situation of full distributiorof sound sourceis rectangular arraydRF), random distribution
of 50% sound sourcen rectangular arrayfRR), full distribution of sound sourcealonggreen area
boundariegBF), anda random distribution 060% sound sourcealonggreen area boundariéBR).
For the two types of full distribution®F and BE-thetreespacing wad.0 m x10 m. To makethe 4
typescomparablethetotal sound energy of birdsong BF wasthe same as thaf BF, basel on the
assumption that a same size of green area affoshme bird populatiofiReceiversin a rectangular
array of 5m x 5m wereplaced to obtain theound leved of birdsongoutside of the green areat
each site in the simulations
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Figure 2. Sound maps of birdsong emitted from 8 typical patterns of green areastf€@nt dypes
of sound source distributions in green areas are considered and confRectahdular arrayull

distribution of birdson and random distribution of 50% birdso ; Boundary, full
distribution of birdson and randondlistribution of 50% birdson.)
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Figure 3 shows thepercentagef the areast differentsound levels of birdsong e eightidealised
open spaces. Although the total birdsong energy and green area ratio are tha sagaight open
spacescertain geometric configurations have more area with louder birdsong thas &ttreexample
asshown in Figureé8-b&d, when examining the RF (Rectangular array, full distribution of birdsong),
256% ofthe area in Pattern 2 has68 dB birdsong and only 10.1% thfe area in Pattern B ha&8
dB birdsong. It is also important to note that in general, the four types of sounoe slistributions of
each pattern have rather similar distribution curves (see F&juvehich indicates that thgeometric
configurationsof the green aremrather than the distributions of individual sound sounces/
influence the spatial distribution forms of t8mhg sound levels outside thie green areas, even when
the density of sound sources is reduced by half by random samplingforean accordance with
Adolphe’s study (2001) on the model of urban morphology, vithéuseful area’ is defined as an
elemen in highly mineral urban spaces from the perspective of the environmentatnpenfeto
simplify the paramet&ationof vegetation and bodies of waténe green aredn this studycanalso
be studied as an integrated componevith a ‘circumscribed clinder’ shape (Adolphe, 2001)
composed ofvegetation and birds imn urban morphology, without particular attentivo the
distributions of individual sound souscandasdemonstrated by the resultslomogengation effects
of urbanisation on biologicabenmunities are also an important reason for the hypothesis.
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Figure 3. Area ratioat differentsound levels of birdsongutside of the green arefas Pattern AH
(shown in Figure) inthe eightidealised open spaces, with the 4 types of sound source distributions
(i.e., RF, RR, BF and BRThe abbreviation RF means rectangular array, full distribution ofdrigds

; RR means rectangular array, random distribution of 50% bir ; BF meansrigpunda

full distribution of birdsont: ; BR means boundary, random distribution of 50% birg

It can also be seen in FiguBea&b, that in Patterns A and B, more areas have high sound levels of
birdsong when birdsong energy is emitted entirely from the boundarieex&mple 10.5% of the
area has 71 dB birdsong in Pattern A when it is BF thiatvalue is only 3.0% when it is RF. The
reason might be that Patterns A and B have smaller green area perimeters, tihersfunad level of
birdsong per meter is higher than the osirpatterns under the condition of the same total amount of
soundenergy, which results in more peak sound levels in proximity to the greenfargreen area

perimeter increases, this effect of peak sound levels is geneéeallgased, as shown in Figare, d,
e, f &h.

Therefore, in the presestudy of birdsongn the actualurban morphology of the sample sites, the
geometric characteristics of green areas rather than the types of sound sotilgiatisare the
principal factors examined. Thetal sound energy of birdsong wseatto a constant valubased on
the assumption that a same size of green area affords a same bird population.

2.2.2Actualurban morphology

In the sound mappingf birdsong in he actualurban morphologythe 3D information of the sampled
sites that can be converted into vector mapsdadn@/A was obtained from a GIS database of Assen
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from TOP10ONL of Kadaster (Kadaster, 2004). The conditions of building facaal ground were
gained from the isitu investigation and Google MaBecause the study is more a parameter study
on urban morpblogy, to make the analysis results comparable, the sound sources are adtdocali
along the green area boundaries with a constant distancarb&@veen two treeendemit the same
total amount of sound energy of birdsong in each site. The groungtabisevassetto O outside of
green aresand 0.6nside the green arga

Great Tit Parus major), Common Blackbird Turdus merula) and Sparrow Rasser) are the three
common urbarpasserinéird communitiefound in Assen. The energy of the birdsong oé tiree
communities concentrat@s the frequency range of 2000 to 8000 Hrapcoand Slabbekoorn2009;
Pohl et al, 2013; Nemeth et al, 2013; Schmidt et al, R@H8l the frequencies between 2@EID0 Hz

are especially impacted lifie shape material ad height ofnoisebarriess between the noise source
and bird breeding habitafSlabbeckoorn and Ripmeester, 200&herefore, the ildsong was
simulated asingleband sound sourced three representative frequencies, i.e., 2000, 4000 and 8000
Hz. There are two main reasons for the generic setting of the birdsong frequeRicily, the
homogenization effects of urbaation has altered the composition of biological communities (Turner
et al, 2004; Marzluff, 2001) and increased species similarity (BRfl01). In European cities,
heterogeneity of avifauna species in towns is low, especially in the ,dedicating simple urban bird
communities and the replacement of specialist species by generalist species (Gerged006;
Pellissier et al, 2092Secondlyurban noiséhas caused eeductionin avianspecies richnesandthe
adaption of birdsong to higher frequenciesafciset al, 2009Pohlet al, 2013Nemethet al, 2013).

As mentioned above, because the buildiegghtsare primarily betwee 8 to 10 metersthebirdsong

sources are set two representativéeights in trees in the site$ m (lower than the typical building
height)and 10m (higher than the typical building height); sound reflections by buildimgs these

two conditionscan be compared-igure 4 shows soundnaps of birdsong at0®0 Hz with a sound
source height o4 m,for example

It is also important to modéiow urban morphology can impact birdsong distribution wheretage
fewerbirds @s there might be unddifferent ecological environment®.g.,vegetation and climatg)
therefore the modield number of birds was reducealyz and %of the initial setting.

2.3 Selection and calculation of urban morphological parameters

To quantitativelycompare diverse urbdextures, urban morphological parameters have been explored,
developed and employed in studifsenvironmental performance, landscape, land use, atmospheric
and wind environmen(Xie et al, 2006 Adolphe, 2001 Esbah, 200Big et al, 2011Van de Voorde,
2011) The urban morphological parameténatmight be related to birdsong distribution and view of
green area have been selected and developed from the perspective of possible feffidizia o
morphology on outdoor sound propagatierg(,distance and groundalrier and canyon effegtand
urban view block. The parameters can indicate the characteristics of pldtestghattern, ground and
building surface condition and building (barrier) geometry (Kang, 2007; Ragnld Steemers, 2006;
Stamps, 2001). é&venquantitative parameters were dsi@ this study:Building Plan Area Fraction
(BPAF), Complete Aspect Rati(CAR), Building Surface Area to Plan Area RafRSAPAR), First

row Building Frontal Length Inde¢FBFLI), Distance of Firstow Building to Green Aga(DFBGA),
Green Area PerimetdGAP), and Green Area Dispersion Ind@RADI). The first three parameters
are for 2D and 3D charactsationsof buildings, the fourth and fifth charactegitherelative locations
between buildings and green areas, andas$ietwo parameters are for the 2D characteristics of green
areasdhased on the results of the pilot study.

More than 70% of theesidential buildinggn Assen are lowise terraced and detached buildings with
heights primarily betwee® to 10 meters (Kabter, 2008). Table 1 shows thmmulas for the
calculation of the urban morphological parameters.
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Figure 4. Sound maps of birdsong at 46X0ata height of 4 m inthe 12 sites.

2.4 Matlab processing

The RGB rastesoundmapsof the 12 sitesre transformed into matrices of spatial sound level values
in dB to obtain the spatial sound level indid®saMatlab prograndevelopedor this study(Hao and
Kang, 2013)For each case, atif the spatial sound level valuaseach site are ranked in descending
order. The spatial sound levahdices of L, include Limay Lio, L2o, Loy Lao, Lso, Leo, L7, Leo, Loo @and
Lmin, WhereL, specifies one certain sound level valughat position of n% in all of the descending
values.For example, kois the value located at the top 10% in the rankingslladf the spatialnoise
level values L.y means the highest value in the rankiagd L., means the lowest value (Wang and
Kang, 2011). L, is used to indicate the mean af of the spatial noise levels of a given sifeo
investigate the birdsong environments both ind@ord outdoas, thespatialsound level values on
building facades and in open areasre processedseparatelyIn this studythe green aremwere
studied asintegratedcomponentghat impact birdsong distributionin the space®utside of green
areassothespatial sound levelwithin the green areas wesecluded.

2.5 Space syntax for visibility

To evaluatethe visibilities of green areast the sites, Visibility Graphsvere calculated with a
commony used Open Source application, UCL Depthmap, which performs visibility analysis of
architectural and urban systems under a theoBpateSyntaxrelated to spatiatognition Jiang and
Claramunt, 2002; Bafna, 2003; Turner, 2003; Hillierl20Visibility Graphs can analyse how much
any onepoint in a spatial network is currently visible from any otpeint (Turner, 2004) Desyllas
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and Duxbury (2001) conducted a study to test the correlation of graph measurentzoth Byial
Maps and Visibility Graph Analysi@/GA) with observed flow in central London, which shows that
the measure of visibility byisibility Graph Analysis performed significantly better than tiaal
Map measuresTherefore, m this study, the visibilit of the green areasf each sitevasmeasured as
the mean value of visuabnnectivity inVGA. Theseed pointsverespaced orall of the green areas
with a5 mx 5 mgird, withvector planof the stesat an eye level of 1.8. The connectivityof each
location refers to how many locations each nodeduaattly see(Turner, 2004)and the value ranges

of connectivity vary widely depending on thige situatioranalysed (e.g., area size and obstgcle

Table 1.Calculations of the seven urban morphological parameters.

Parameter Definition Formula Notes Range
Building Plan Area  The ratio of the plan are Ap A, is the plan area o 0.100.21
Fraction (BPAF) of buildings to the total BPAF = A_T buildings at ground level
surface area of the stuc and A is the total plan
region. area of the region o
interest.
Complete Aspect The summed area ¢ Ac Ac is the combined 1.20 1.48
Ratio (CAR) roughness elements ar CAR=A—T surface area of th
exposed ground divider Ay + A+ A; buildings and expose
by the total surface are =A—T ground, Ay is the wall
of the study region (Voog surface area, As the roof
and Oke 1997; Grimmon area, and Ais the area of
and Oke, 1999) exposed ground (Buria
et al, 2005).
Building Surface The sum of the buildinc  BSAPAR A, is the plan area o 0.31-0.69
Area to Plan Area  surface area divided b A+ Ay rooftops, and 4 is the
Ratio (BSAPAR) the total surface area « — Ar total area of non
the study region horizontal roughnes:
element surfaces (e.g
walls) (Burian et al,
2005).
First-row Building  The total length of the BFAI(6) 0 is the direction of the 0.23 0.77
Frontal Length first-row buildings L green area edge.
Index (FBFLI) parallel with the greer — _paral
area edges (k) divided Ly
by the sum of the
perimeters of building
footprints of the study
region (Ly)
Distance of First The mean of the distance 1w n is the total number o 4.24
row Building to from the frontal facade: DFBR = —z d; first-row buildings, and d 17.34 m
Green Area of the firstrow buildings = is the distance from th
(DFBGA) to the green area. first-row building to the
green area.
Green Area The sum of the perimetel N N is the total number o 869
Perimeter (GAP) of all green areasvithin  GAP = 2 C; Oreen areas, and; & the 2340m
the study region. o perimeter of the greel
area.
Green Area The variance of the linea 2 o” is the variance, and pis 10.1%
Dispersion Index distances between th  GADI=-— the mean value. 18.62 m
(GADI) geometrical centre of th
study egion and eact
vertex of green area
divided by the mean valu
of the linear distances.
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3. Results

This sectionaddresse threeissues:(1) what are the characteristics of biaigy distribution in the
actual urban morphology{2) how do theurban morphological parameteirsluence audibility of

birdsong andvisibility of green areas(3) doesvisibility of green areadave any relationshipto

birdsong loudness

3.1 Birdsong loudessin actualurban morphology

Figure5 shows the mean sound levels of birdsohthe 12 sampled sites ad@, 4000and &00Hz

in terms of spatial sound level indices of Lso, Lgg and La,g Where it can be seen that the mean
sound levels aré-4 dB highewhen the sound sources arendighthanat 10 m for Lig, Lso OF Layg

in both open areas and on facades, whiteLq,, the mean sound levels in open areas(CagedB
higherwhen the height i40 m. Therefore, t@enerallyincrease théirdsongloudness in low-density
residential areashe species of tredwelling birdsthat have lower habitats are prefetrethereas to
raise thebirdsong loudnesén areas far from green areas, bingidth more elevatechabitats are
preferred

72 72
70 ul @ 70
~~
= 68 a @ = o8
Z . by S
66 - 66 é
- ) *
B G4 T 64 a
g o g o
3 = n|
=~ 60 +4m, on fagades ~ 60 +4m. on fagades o
O4m. in open areas ) O4m. in open areas
58 O 10m, on facades 58 O 10m, on facades
) A 10m, in open areas ; A 10m. in open arecas
56 56
2 4 8 2 4 8
I'regency (kITz) Freqency (kHz)
(@ Lo (b) Lso
= il
0 A 2 +4m, on fagades
54 o 70 O4m. in open areas
= o - O 10m. on fagades
g 52 + pa 68 A10m. in open areas
= A =
~ 50 @ ~ 66
> g
B 43 B 64 4
-
= 46 2 g &
o 8 <
— N —
< 44 +4m, on facades =60 6
O<m, in open areas t
42 O 10m. on facades 58 A
A 10m, m open areas o
40 56
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(C) I—90 (d) I-avg

Figure 5.Mean sound levels of birdsong &, H00and 8000 Hz in the 12 sites in terms ¢f (&),
I—50 (b): I—90 (C) and I-avg (d)
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Different urban morphologies indeed induce différgpatial birdsong distributions, as indicated b
the standard deviations of the spatial sound level indices amorsani@edsites in Figures. The
spatial sound level indices;d. Lgo and Lgy have higher variations than tl¢her indicesat 2000 and
4000Hz, both onfacadesandin open aregsas show in Figure6, which meansspatial sound level
distributionsof birdsongare more sensitives urban morphologat 2000 and 400(Hz in relatively
quiet areasThelargestvariation occursat Lgy at 00Hz in open areas when sound sources are 4
high, with a standard deviation as @B, followed by L, at 2000 Hz in open areas (6.6B) (see
Figure6). The standard deviationsf the indices for louder birdsong areasy(, Ly, Lzo, Lsg @and Lsg)

at 800 Hz arelargerthanthose at 200 and 00 Hz (see Figire 6), especiallyfor a height of4 n
this may be becaudauilding barrier effects arerucial for the attenuationof high frequency sound
componentst shorter distance which increasethe influence of urban morphology ¢me birdsong
environment intie proximity of green areas
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Spatial Sound Level Indices Spatial Sound Level Indices

(c) 10m high, on facades (d) 101m loign areas

Figure 6. Standard deviations of spatial sound level indices of the 12asiftesjuencies of(Q,
4000and ®00Hz.

It is also important tmotethat the spatial sound level distribution on fagades and in open areas shows
different characteristics from the perspective of variatieee (Figure6-a&b, c&d), although the
differences of mean values of the indiees not large in Figurg. Accordingly, this study will further
investigate birdsong attenuation from the viewpoints of bothdes and open areas, which concerns
not only indoor birdsong from green ardmg alsotheincidence of birdsong in open space.

When the number of birds is reducedtmr ¥, thespatial sound levslare all reduced by 3 or 6 dB
when the birdsong propagatm the same sitd.he standard deviationsf the spatial sound levels are
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the same as those of the full number of birds, which mdasmpacs of urban morphologyon
birdsong distributiomemainconstant, andhe rules still workwhen the number of kis is reduced
However,the perceived loudness of birdsomgy be significantly reduced when the spatial sound
levels are reduced by 6 dB.

3.2 Relationships with urban morphological parameters

The values of the seven urban morphological parameters of the sampled sites weadciitated
according to the formutan Table 1.In general, the values of each parameter evenly distribute in th
ranges(see Table l)indicatinga quantitativediversity of the urban morphologies of tlsges within
theranges.

3.2.1 Birdsong loudness

To investigate whether and haive spatial sound level distribution of birdsasgrelated tourban
morphology a correlation analysiwas conductedetween urban morphological parameters ted
indices ofLgo, Lo, Lgo @and Lgo, Which havehighervariations as shown in Figuré. Table2 shows the
R-squared values dhe linearregressiondetween the parameters and indices, which have significant
bivariate correlationgp<0.05, two tailed) The results showhat thespatial soundevel indicesare
related taheurban morphologicgtarametersThe indicesare morecorrelated to the parameters when
the sound sources are at a height aithan when the sources are a height of 1@ee Table 2)it is

not surprising that the indicet 8000 Hz are more strongly correlatatian at 2000 and 900 Hz
becausebuilding barier effects playa more significant role on attenuatiam the relatively high
frequency components of birdsong.

Table 2. Significant relationstspbetween spatial sod level indices of birdsong and urban
morphological parameters in terms of thesdqRiared values of linear regression, where * indicates
p<0.05 level (Zailed), and ** indicates p<0.01 level {2iled) in Bivariate Correlation.

Urban Morphological BPAF CAR  BSAPAR FBFLI DFBGA GAP  GADI
Parameters
Indices
4m, 2 kHz Facades Lo .341*
4m, 4 kHz Facades Lo .340*
4m, 8 kHz Facades Lo .463* .357%  591**
Open L+ 491* .400* .397* .380*
Areas
Lgo .375*
10m, 8kHz Facades Lgo .395* 409*  514*
Lo .618**
Open Lso A491*
Areas
Lo 347* 409*

The parameterfor the characteristics @reen ares (i.e., GAP and GADI)havestronger correlations
with the sptial sound level distribution of birdsong ththosefor the characteristics of buildings
(BPAF, CAR and BSAPARandfor therelative locations between buildings and green afeBEL(l
and DFBGA, which means thahe geometryof a green arednas thelargestinfluence onbirdsong
propagatiorin low-density residential urban morpholodiigure 7 further shows two examples of the
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relationships between the indices and urban morphological pararaetigseen areadn the range
869 to 2340m, when Green AreRerimeter increaseks, at 8000 Hz constantlyincreasesand the
differences among the sites are rather |drge, 11dB) (see Figur&/-a); even the Green Ratios of the
sites areconstant L, at 8000 Hz increases withan increase ofGreen Area Dispersn Index in the
range 10.1 to 18.6, and the value differences;ghreup to 10dB (see Figur@-b). In conclusionto
enhance the birdsorigudnessn a site with a certain Green Ratio, it is importanségment green
areas, increagbeboundary lengthsf green areasnd scatter green arethsoughouthe whole site.

Building Plan Area Fraction, whictefers only to 2D building information,is the mostsignificant
building+elated parameterccording to the correlation analysis in Tabléigure 8 shows theositive
relationshipsbetween the indices and BPAF in a range from 0@ 2¢indicatingthat the reflections
of birdsong by buildingarecrucialfor increaing birdsong loudnesis relatively quiet areas.
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(a) 10 m, 800z, in open areas (b) 10 m, 8000 Hz, on facades

Figure 7.Relationshig between spatial sound level indices of birdsong and urban morphological
parameters of green areas.
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Figure 8.Relationshig between spatial sound level indices of birdsong and Building Plan Area
Fraction.

3.2.2Visibility of greenareas

The results of the mean visibility of green areas of the sansipesdvidely and evenlycover arange
of 88.9 to 710.3A bivariatecorrelationstudywasalsoconducted that compardake visibility of green
aread with respect to urban morphological parameters. The results show that sthiityiis
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significantly correfited toBuilding Plan Area Fractio(p=0.020), Building Surface Area to Plan Area
Ratio (p=0.043) and Green Area Perimeter (p=0.000)ccordance with the analysis results on
birdsong and urban morphology, the parametetherelative locations betwedsuildings and green
areas (FBFLI and DFBGA) have little influence on visibility of greeeaa Unsurprisingly, the
visibility of green area decreases when BPAF incre@sesFigur®-a), whichmeans sitewith lower
building densityhave higher visibility of green areasAs shown in Figured-b, another important
parameter is Green Area Perimetethich has a rather significant negative relationship with the
visibility of green areabecausd¢he segmenting of green asaaay enhance the effects of view t#o

by buildings.

It is important to notice thatin contrast tothe positive relations betwedrirdsong loudnesin
relatively quiet aremand urban morphological parametetbe significant relations between the
visibility of green ares and thethree corelated parametersare all negativeHence, m practical
desigrs, the control of the parametérsthis studyalmost entirelydepends on whichspect ithemain
concern.
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Figure 9.Relationshig between \gibility of green areas and urban morphological parameters.

3.3 Relationshifpetween visibility of green areand birdsong loudness

To examine possibleelationshipetweervisibility of green areaandspatial sound level distribution

of birdsongananalysiswas performedTable3). It can be seen that the measibility hassignificant
correlationgp<0.050, 2ailed)with spatial sound level indices of birdsopgmarily at4 m, both on
facades and in open areaghen the height is 16, the significant correlationsierely exist at 8000

Hz. Comparedo the 2000 Hz frequency,the 4000 and &00 Hz frequencieshave moresignificant
correlationgsee Table3), whichmears that the visibility of green area is more correlated to the sound
propagation of higher frequency components of birdsong.

The visibility of green aressis much less correlated to the indices for relatively quietsaiea, Ly,
Lgo and Lgo, which indicatesha the sites with higher visibility of green aremay nothavenecessarily
quieter birdsonghanthe areas far from the green arésee Table 3)Thelinear regressiomnalysis
results show an interesting phenomenon between visibility and birdsong propagae visibility
has positive relations to the indicét represent sound levels the proximity of green areasi.e.,
Lmax @nd Lig) andnegative relations to the other indides., Lyo, Lao, Lao, Lso, Leo @Nd Liin), @S shown
by the examples in Fige 10. This means thathe more visiblegreen areas are, thauderbirdsong in
proximity of green areass compared to most of the areas that are further a#ayn the viewpoint of
urban morphology, the reason for this phenomenon is that buildiloge to green areaplay
important role as both sound barrieandview block, but buildings furthefrom green areas, which
still block the view ofgreen areas, are primarily sound reflectors rather soamd barriersthis
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enhances thaudibility of birdsong in theelatively quietareas, in accordance with the results in
Section 3.2.1.

Table 3. Significant relationstspi.e, p<0.05 level (Zailed), between spatial sound level indices of
birdsong andanean visibilityin terms of p value in Bivariate Getation.

Height of Frequency Indices p value
4 2 L max .001
4 L max .020
) Leo .013
8 L3o .024
Lo .025
Facades 8 Leo 035
8 I—min 032
10 8 L max .028
L2o .034
8 Lao 039
8 I—min 034
4 2 L max .001
4 L max .020
Lo .010
4 Lso 022
4 Lso .018
Open 8 L3o .018
areas g Lso .038
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8 I—min 032
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8 Leo 036
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Figure 10 Relationshig between visibility of green areasdspatial sound level indices of birdsong.

4. Discussion

Based on actual situations of birdsong and traffic noise in Assen, parall=tgariments have been
conducted to investigathe impact ofthe acousticcharacteristics of the two sounds the masking
effects(Hao 2014) The results showhat when birdsong loudness increasbe masking effectef
birdsongbecome more significanthe naturalnessand pleasantnessf the soundscape increasand
annoyancedecreasesThe study also showthat acurrencefrequency of birdsong is significant
factor thatinfluences masking effectsAs the occurrence frequency of birdsorigcreases the
soundscape quality increasemtinuously(Hao, 2014), so it is also meaningful to attract bird species
that chirp more frequently to inhabit the areas.

Theecology of bird habitat and vegetation structisghe basgfor the studyof birdsong distribution.
The ecological issues, such as patch size, bird density, effects of simgponise and habitat height,
can be seeim this study. For exampléo geneally enhancéirdsong loudnessvera whole sitén an
actual urban areapecies of tree birdbat live in lower habitats are preferrdmbcausat has been
demonstrated that with eitheggl Lso or Lagthe mean sound levedd all of the sampled sites are4l
dB higher when the sound sources are High (lower than the surrounding buildirg8-10 m)than
thoseat 10 m. Additionally, compared to 1@n, when the height of sound sourcedisn, urban
morphology hasa greaterimpact on birdsong loudness ithe low-density residential area&reen
ared canbe studied as integrated composdot their birdsongemissionsand the impacts of urban
morphology orbirdsong propagatioare notreducedby a reductiorof bird densityin one regiorin a
certain range

The urban morphological parameters do have effects on both birdeodgessand thevisibility of
green areas. In terms tife 2D geometic configurationof green areasat 800 Hz andwith Green
Area Perimetemcreasing fom 869to 2340m, the sound évek of birdsong in theareasfurther from
green areasan be increasdoly up to 11dB; with a Green Area Dispersion Indeikat increaseom
10.11 to 18.62, the sound levels can gobyplO dB. However, the siewith higher Green Area
Perimetes have a lower visibility of green areasTherefore,for a given Green Ratip segmering
green areas, incraéag boundary lengths of green areas and sdatfegreen areashroughoutthe
whole sitecan increaséirdsong loudness anmdduce thevisibility of greenareasin terms ofbuilding
characteristigsBuilding Plan Area Fraction ithe mostimportant urban morphological paramefer
the audibility of birdsong. It is possible ittccreasehe sound level of 80081z birdsongat L;o up to 12
dB in open areaandup to10 dB onfacadedy increasinghe Building Plan Area Fractiofrom 0.10
to 0.21 However,in accordance witlthe Green Area Perimeter, siteith higher Building Plan Area
Fractiors have lower green areavisibility; Mean Visibility decreasedrom 710.3 to 88.9 The
parametersor the relative locations between buildings and green aieasBuilding Frontal Length
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Index and Distance of Firsow Building to Green Area, have little influence either birdsong
loudnesor green areaisibility.

In aparallelstudy(Hao, 2014) it wasalso demonstrated that visibility of green areas can enhance the
masking effects through aurgkual interactionln this study, it has been showrat n areasfurther

from green areasirban morphology that hdmsgher green area visibilithaslower birdsong loudness

due to the reduction of soumdflectedby the buildings Therefore, “nformational maskingin the
visual contextcanplay an important roleon the masking effectfy compensatindor the redued
“energetic maskingin these areas

Additionally, the masking effects of birdsong are more efficient when the road traffic noise
environment isrelatively low, i.e.approximately 50 dBA (Hao, 2014)herefore, tooptimise
soundscape desigm addition toincreasing the loudness arwtcurrencefrequency of birdsong,
attenuating the traffic noise levielessential.

5. Conclusions

This study explore how urban morphology influences the incidence of green area from the
perspective of audibility of birdsong andswMiility of green areasn mesaescale low-density
residential areas. Seven urban morphological parameteénatated to building characteristics, the
relative location®f buildings and green area@ndcharacteristics of green areasredefined. MNise
mapping techniques and Visibility Graph Analysis in Space Sywine employed to analyse the
sampled sites with diverse urban morphologies.

The results show thabirdsong loudneséas significant positive linear relationships with urban
morphologi@l parameters, includinBuilding Plan Area Fraction (R0.491), Green Area Perimeters
(R=0.491) and Green Area Dispersion IndeX=(B18), while visibility of green area has negative
linear relationships witmorphologicalparameters, including Buildinglan Area Fraction (}0.431)
and Green Area Perimeters®fR.799).It was also found that irthe proximity of green areas, the
visibility of green areasas positive relationships withirdsong loudnesswhereas in most areas
further from green areas, thasibility of green areashas a negative relationship withbirdsong
loudness.

To conclude,controlling the urban morphological parameters (eGreen Area Perimeteand
Building Plan Area Fractignis an efficient and integratathplementation measurt® optimise the
sonic and visual environment of birdsong. Thaskingeffects of birdsong can be considered as a
design techniquim terms ofboth “energetic maskirigand “informational maskingin the soundscape.
Meanwhile, it iscrucial to carefully consiérthe ecology obird habitatand vegetation to enhance the
role of urban morphology on birdsong loudnessthedisibility of green ares.
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