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Abstract. Soundscape research could provide more information about urban acoustic environment, which should be
integrated into urban management. The aim of this study is to test how landscape spatial pattern could affect sound-
scape perception. Soundscape data on specifically defined spatial and temporal scales were observed and evaluated in
a multi-functional urban area in Rostock, Germany. The results show that urban soundscapes were characterised by
artificial sounds (human, mechanical and traffic sounds) overwhelming the natural ones (biological and geophysical
sounds). Major sound categories were normally mutual exclusive and dynamic on temporal scale, and have different
spatial distribution on spatial scale. However, biological and traffic sounds seem to be co-existing on both temporal
and spatial scales. Significant relationships were found existing between perception of major sound categories and a
number of landscape spatial pattern indices, among which vegetation density (NDVI), landscape shape index (LSI)
and largest patch index (LPI) showed the most effective indicating ability. The research indicated that soundscape
concepts could be applied into landscape and urban planning process through the quantitative landscape indices to
achieve a better urban acoustic environment.

Keywords: landscape spatial pattern indices, multi-functional urban area, urban soundscape, human perception,

landscape management.

Introduction

“Noise” has been considered as a global problem affecting
the well-being of humans and organisms (André et al.
2011; Butkus, Janu$evic¢ius 2011). The traditional appro-
aches of noise control, such as noise mapping, noise zo-
ning, noise monitoring and abatement have been pointed
out by many researches as not effective enough (Paozalyté
et al. 2012), as the physical parameters such as A-weighted
sound pressure level (L, ) ignore to a certain extent the
physiological and psychological consequence on human
(De Ruiter 2004; Raimbault, Dubois 2005).

The concept of soundscape, initiated by Schafer
(1969), advocates treating “noise” in cities objectively and
emphasises human experience. Thus it overcomes the li-
mitations of quantitative approaches focusing only on

the physical measurements of noise, and is advocated by
many researches (Schulte-Fortkamp, Fiebig 2006; Kang
2007; Kang, Zhang 2010; Liu et al. 2013a, b). Soundscape
research is also thought to be an integrated and multidis-
ciplinary approach (Raimbault, Dubois 2005; Kull 2006;
Brown et al. 2011), and concerted efforts have been made
in this area (Genuit, Fiebig 2006; Schulte-Fortkamp, Fie-
big 2006; Adams et al. 2006; Lavandier, Defreville 2006;
Zhang, Kang 2007; Kang 2007; Brambilla, Maffei 2006,
20105 Joo et al. 2011; Pijanowski et al. 2011). Although
using the same term “soundscape”, the focuses of these
researches mainly fall into two groups, i.e. one presented
soundscape as the collection of all sounds that occur at a
place (Schafer 1969), the other presented soundscapes as
an ecological reflection of underlying ecological processes
occurring in ecosystems (Pijanowski et al. 2011).

Corresponding author: Jian Kang
E-mail: j.kang@sheftield.ac.uk

Copyright © 2014 Vilnius Gediminas Technical University (VGTU) Press

www.tandfonline.com/teel

e Taylor & Francis
Taylor &Francis Group



Journal of Environmental Engineering and Landscape Management, 2014, 22(3): 208-218 209

Particularly in the area of urban acoustics, combining
soundscape concept into the planning process is thought
to be the most effective and practical way to realise a bet-
ter acoustic environment (Raimbault, Dubois 2005; Gu-
astavino 2006; Adams et al. 2006; De Coensel et al. 2010).
In terms of planning, urban planners thought that “how
to conceive and design desirable soundscapes” was more
important than “a simple decrease of noise level or the eli-
mination of noises” (Raimbault, Dubois 2005). However,
how could planners and decision makers easily apply the
soundscape concept into practical urban planning mana-
gement is still to be considered, where an inter-disciplina-
ry approach could be helpful.

In the research area of landscape ecology, landscape
spatial patterns are mainly analysed in terms of eco-
logical processes (Turner 1989), and a series of spatial
metrics that quantitatively measure landscape structu-
res have been developed (Turner ef al. 2001). Based on
the area and spatial distribution of different landscape
patches, these indices could be used to characterise
landscapes in two main aspects, i.e. landscape compo-
sition, namely the variety and abundance of patch types
within a landscape, and landscape configuration, name-
ly the spatial distribution of patches within a landscape
(McGarigal, Marks 1994; De la Fuente de Val et al. 2006).
Recently, landscape metrics have been widely applied in
indicating landscape changes and different landscape
functions such as habitation, regulation and informa-
tion (Uuemaa et al. 2012). In particular, for the infor-
mation function, numerous studies have revealed the
close relationship between landscape visual attributes
and landscape patterns (Palmer 2004; Dramstad et al.
2006). The visual aspect of landscape has also been, up
to now, paying more attention in urban planning process
(Adams et al. 2006).

On the other hand, researches on the aural aspect of
landscape have been drawing more attention, but mainly
focusing on aural-visual interactions in landscape per-
ception, treating sound as an important factor affecting
landscape preference by human beings (Pheasant et al.
2008). As an auditory correspondent of landscape(Schafer
1969), soundscape and its quality are closely related to
characteristics of the underlying landscape. For example,
Matsinos et al. (2008) revealed that spatial sound varia-
bility in a coastal rural area in Greece was mainly shaped
by landscape attributes. In the same rural area, Mazaris
et al. (2009) pointed out later the interactions between
soundscapes and several landscape features. Liu et al.
(2013b) found that urban soundscape perception also
showed a relationship with underlying landscape characte-
ristics. Compared with visual perception, which is related
only to the landscape characteristics in viewshed, sounds
can propagate and be perceived by humans through the lo-
cal landscapes even the sound sources are visually hidden.

Although the previous studies revealed at an early stage
how landscape spatial patterns could affect soundscape
perception, their relationship needs to be explored in a
more detailed way.

The key aim of this research is therefore trying to
do so by examining the soundscape-landscape relations-
hip at a relatively large scale. Concepts from landscape
ecology were applied into the soundscape approach, at-
tempting to combine soundscape perception with urban
ecological processes, aiming to reveal the relationships:
1) among the perceptual sound categories; 2) between
each of the perceptual sound categories and landscape
spatial pattern. Urban soundscapes in a multi-functio-
nal urban area were subjectively observed and evaluated
on specifically defined spatial and temporal scales, in
which soundscape was treated as an assembly of diffe-
rent sounds that were perceived by humans (Brown et al.
2011). Then based on the characteristics of the urban
soundscapes, relationships between the major sound ca-
tegories and the landscape spatial pattern indices were
analysed. If landscape spatial indices could be indicators
of soundscape perception, they could be an effective tool
for planners and decision makers in creating a better
acoustic environment.

1. Methods
1.1. Study area

The study was conducted in a coastal area of the Bal-
tic Sea named Warnemiinde, in Rostock, Germany, as
shown in Figure 1. The area was chosen because of its
rich landscape diversity and multiple land use types. As
indicated in Figure 1, the local landscape includes 17

Beach M Green space I Residential area W Urban park
Commercial area Industrial area M Port B Wetland
I Construction site W Parking lot M sa
M Forest " ResidentialS&commercial Sport area
BN Garden B EducationSadministration Road

Fig. 1. Location of the study area and the 23 sampled sites
(W01-W23), and land use structure of the study area
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different types of land use according to the digital topo-
graphic-cartographic information system (ATKIS) 2010
from the Working Committee of the Surveying Autho-
rities of the States of the Federal Republic of Germa-
ny (AdV), and actual on-site situation. Moreover, as a
tourist resort, this area is subject to high leisure activity
demands especially in summer time. As a result, on the
one hand, different urban functions and human activi-
ties here generate diverse soundscapes; and on the ot-
her hand, different types of landscape appearing in this
relatively small area can facilitate the analysis between
soundscape perception and landscape spatial patterns
on a human scale.

1.2. Soundscape observation and evaluation

Understanding the characteristics of urban soundscapes
is the prerequisite of a soundscape-landscape re-
lationship research. Urban sounds that form the urban

Table 1. Classification of major sound categories in the study
area

Sound category Major sound Code
Human sound Children voice CS
(Hum) Adult voice AS

Footstep ES
Mechanical sound  Airplane flying AF
(Mech) Bicycle riding BC
Bell ringing BR
Construction CT
Emergency ES
Grass mowing GM
Music MS
Ship moving SM
Other mechanical sounds OA
Traffic sound Train moving ™
(Traf) Traffic sound (foreground) TSF
Traffic sound (background) TSB
Motorcycle rumbling MR
Geophysical sound  Grass rustling GR
(Geo) Raining RS
Sea wave SW
Tree rustling TR
Wind blowing WEF
Water sound WS
Biological sound Bird song BS
(Bio) Chicken clucking CcC
Dog barking DB
Frog FR
Insects IS

soundscapes are rich and diverse. In soundscape resear-
ches, sounds were usually classified into different cate-
gories (Brown et al. 2011). In this research, according to
the sources and nature of major sounds, urban sounds
were decomposed into five major categories, i.e. human,
mechanical, traffic, geophysical and biological sound
(Table 1). Traffic sound was chosen to be independent
from other mechanical sounds mainly because it is more
concerned in urban areas.

Soundscape data was collected by a group of obser-
vers in terms of on-site perception and evaluation. Firs-
tly, based on 350*350 m fishnet cells created in ArcGIS
9.1, 23 sites were randomly sampled in the study area
(Fig. 1). During a pilot study, major sounds that frequ-
ently appear in this area were recognised and coded,
as shown in Table 1, as a reference for the observers.
A team of 12 people, including 10 students, one audio
engineer and one musician conducted the investigation
(7 male and 5 females; average age: 26 £2.8). All of them
went through a training process one month before on-
site investigation, to ensure a good inter-user reliabi-
lity. The training included (a) getting familiar with all
the major sounds on the list by presenting videos shot
recorded on site; (b) remembering the code names to
ensure a fast recording; and (c) performing pilot studies
to test the investigation procedure and to minimise ob-
servation bias. After the training process, the observers
could achieve an average inter-user reliability of 0.91 for
loudness evaluation of the five major sound categories.
Thus, in order to promote the observation efficiency, the
observers were divided into 6 small groups of 2 to work
together in responsible for 3 or 4 of the sampled sites
(Matsinos et al. 2008; Mazaris et al. 2009).

Soundscape data were recorded in eight two-hour
successive sampled periods in two days, covering main
daily active periods in summer time (1st period: 06:00-
08:00, 2nd period: 08:00-10:00, 3rd period: 10:00-12:00,
4th period: 12:00-14:00, 5th period: 14:00-16:00, 6th
period: 16:00-18:00, 7th period: 18:00-20:00, 8th peri-
od: 20:00-22:00). Within each sampled period, a random
10 min sub-set was chosen to carry out the on-site obser-
vation-evaluation, which was further divided into twenty
sequential time-steps, each of 30 s. The observers filled in
a form with recognised sounds, evaluated their perceived
loudness by using a five-point linear scale (1 = very quiet,
2 = quiet, 3 = normal, 4 = loud, 5 = very loud), respectively,
and at the end of each time-step, evaluated soundscape
preference by using a five-point linear scale (1 = very ple-
asant, 2 = pleasant, 3 = normal, 4 = unpleasant, 5 = very
unpleasant). Overall 3680 samplings (8*20*23) of urban
soundscapes and corresponding preference data were ob-
tained. All the recognised major sounds were reclassified
into five sound categories to simplify the analysis pro-
cess, according to Table 1. The perceived loudness of each



Journal of Environmental Engineering and Landscape Management, 2014, 22(3): 208-218 211

sound category and overall soundscape loudness were cal-
culated by accumulating scores.

1.3. Landscape spatial pattern indices

Although landscape metrics are usually used to indicate
ecological functions on a large scale, this research is more
concerned with their ability to quantify landscape spatial
patterns (Corry, Nassauer 2005). Considering that sound
generation is more related to the activities in a certain area
with particular functions, raster land use map (resolution
1 m) of the study area was used to calculate landscape me-
trics (Fig. 1). Among the several landscape metrics avai-
lable, the following landscape metrics that may affect the
composition and/or perception of soundscapes were selec-
ted. For the landscape composition, metrics used include
largest patch index (LPI), patch density (PD) and evenness
(SIEI). Landscape configuration was measured according
to landscape shape index (LSI), contagion (CONT), and
fractal dimension (FRAC). All the metrics mentioned
above were calculated in Fragstats software (McGarigal,
Marks 1994), based on a 175 m radius buffer area centred
on each sampled site, according to some previous studies
(Mazaris et al. 2009; Liu et al. 2013b).

Considering the land cover factors that may influ-
ence soundscape generation and/or propagation, another
three indices reflecting landscape composition status were
introduced, including construction density (CD), road
density (RD) and vegetation density. For vegetation den-
sity, normalised difference vegetation index (NDVI) was
chosen to be the indicator (Liu et al. 2013b), and the cal-
culation was based on the Landsat TM image (30 m) on
July 27, 2011 from U.S. Geological Survey (USGS). The
three indices were also calculated based on the 175 m ra-
dius buffer area of each sampled site in ArcGIS 9.1. Ta-
ble 2 lists all the indices and their descriptions according
to McGarigal and Marks (1994).

1.4. Statistical analysis

Based on the daily accumulated perceived loudness of
each sound category on each sampled site, interpolation
method (regularised spline with tension in GRASS) was
used to show the spatial patterns of them across the stu-
dy area (GRASS Development Team 2008). Kruskal-Wal-
lis independent samples non-parametric test was used to
examine the possible differences on perceived loudness of
each sound category among 23 sampled sites and among
8 sampled periods. Regression analysis between overall
soundscape loudness and loudness of each of the five
sound categories by time-step per-period was conducted
to find out their relative contributions in different sam-
pled periods. Spearman’s roh correlation analysis betwe-
en perceived loudness of different sound categories and
corresponding soundscape preference, among perceived

loudness of different sound categories, as well as between
perceived loudness of different sound categories and each
of the landscape indices were conducted by time-step per-
period. Although the landscape indices chosen all have
their specific intention, Pearson correlation coeflicients
among all the landscape pattern indices were calculated
too, in order to detect colinearity in landscape indices
(Turner, Ruscher 1988). All the statistical analyses were
conducted in SPSS 16.0.

Table 2. Indices used to describe the landscape spatial patterns
(McGarigal, Marks 1994)

Indices Acronym Description
Construc-  CD Density of buildings of different
tion uses
density
Road RD Density of main traffic roads
density
Vegetation NDVI Normalized Difference Vegetation
density Index. A simple graphical indicator

that assess whether the target
being observed contains live green
vegetation or not
Patch PD Patch density has the same basic
density utility as number of patches as an

index, but facilitates comparisons
among landscapes of varying size.
It is used as a measure of landscape
fragmentation

Landscape  LSI Landscape shape index can be

shape interpreted as a measure of the

index total shape complexity of patches,
indicating landscape fragmentation
status

Largest LPI Largest patch index quantifies the

patch index percentage of total landscape area
comprised by the largest patch. It is

a simple measure of dominance

FRAC Area-weighted mean fractal
dimension for all patches. It reflects
shape complexity of patches. As
polygons become more complex,
the fractal dimension changes from

1to2

It measures the aggregation extent
of landscape patches. Higher values
may characterise landscapes with

a few large, contiguous patches.
Lower values might be resulted by
many small and dispersed patches
formed landscapes

Fractal
dimension

Contagion =~ CONT

Evenness SIEI Simpson’s evenness index
indicates a structural component
of diversity. An even distribution
among landscape types results

in maximum evenness, and low
evenness indicates that either one

or just a few elements are dominant




212

J. Liu et al. Landscape spatial pattern indices and soundscape perception in a multi-functional urban area, Germany

Table 3. Kruskal-Wallis independent samples non-parametric
analysis for each sound category by sampled period and

sampled site

Sound Sampled period Sampled site
category X p % p
Hum 43917 <0.001 85.859 <0.001
Mech 27.929 <0.001 77.525 <0.001
Traf 5.439 0.607 137.55 <0.001
Geo 25.5 0.001  78.555 <0.001
Bio 20.093  0.005  67.981 <0.001

Table 4. Spearman’ rho correlation among different sound
categories by time-step per-period (*p < 0.05, **p < 0.01)

Period  Sound Hum Mech Traf Geo

Mech -0.003

. Traf -0.212%*  -0.340**
Geo -0.242%%  0.102*  -0.128**
Bio 0.081 -0.245**  0.081 -0.125**
Mech -0.098*

5 Traf -0.051 -0.394**
Geo 0.033 -0.121**  -0.087
Bio -0.05  -0.193** 0.269**  -0.067
Mech 0.099*
Traf -0.283** -0.419**

: Geo -0.104* 0.025 -0.069
Bio -0.087 -0.316** 0.194** 0.05
Mech 0.043
Traf -0.488** -0.364**

! Geo 0.002 -0.116*  -0.004
Bio -0.335%*  -0.269** 0.219** 0.086
Mech -0.064
Traf -0.340** -0.354**

° Geo 0.106* 0 -0.176**
Bio -0.166** -0.191** 0.163** -0.132**
Mech 0.06
Traf -0.266** —-0.347**

6 Geo -0.011  -0.113*  -0.072
Bio -0.201** -0.261** 0.431** 0.003
Mech 0.102%
Traf -0.397**  -0.430**

7 Geo 0.058 -0.031 -0.205**
Bio -0.312%*  -0.078  0.157** -0.139**
Mech 0.403**
Traf -0.441%* -0.333**

5 Geo -0.041 -0.026  -0.269**
Bio -0.293** -0.332** 0.373** -0.397**

2. Results
2.1. Urban soundscape characteristics

Correlation analysis showed that soundscape preference
was significantly and positively correlated with geophysi-
cal sound (correlation coeflicient: -0.155) and biological
sound (correlation coeflicient: -0.106), and negatively
correlated with mechanical sound (correlation coeflicient:
0.267) and traffic sound (correlation coefficient: 0.238),
but there was no significant relationship with human
sound. This, corresponding to previous research (Yang,
Kang 2005a, b; Nilsson, Berglund 2006), suggests that
soundscapes with more natural sounds (biological and
geophysical sounds) are more preferable, while too much
artificial sounds (mechanical and traffic sounds) could re-
duce soundscape quality.

Table 3 shows the results of non-parametric analysis
of each sound category by sampled period and sampled
site. It can be seen that perceived loudness of all five ma-
jor sound categories had significant differences among
both different sampled sites and different sampled peri-
ods, except that traffic sound had no significant difference
across all sampled periods, indicating a dynamic charac-
teristic of urban soundscape patterns.

Table 4 shows the correlation results among different
sound categories by time-step per-period. It can be seen
that human sound was negatively correlated with traffic
sound and biological sound in seven and five periods,
respectively. Mechanical sound was negatively correlated
with traffic sound and biological sound in all and seven
periods, respectively. Biological sound was positively cor-
related with traffic sound in seven periods except the first
one. Geophysical sound was negatively correlated with
biological sound and traffic sound both in four periods,
but showed no consistent relationships with other sound
categories. It seems that different sound categories were al-
most mutually exclusive, except that biological sound was
not lessened by traffic sound.

Figure 2 shows the contributions of the five sound cate-
gories to the overall soundscape loudness during all sampled
periods. In general, artificial sounds, namely human, mecha-
nical and traffic sounds dominated the urban soundscapes,
while contributions from natural sounds, i.e. geophysical
and biological sounds were less to the overall soundscape
loudness. It could also be seen from Figure 2 that, contribu-
tions of each sound categories to the overall soundscape lou-
dness were changing in different sampled periods, indicating
the dynamic temporal pattern of urban soundscapes again.

Figure 3 (map a-e) shows the interpolation results
of human, mechanical, traffic, geophysical and biologi-
cal sounds, respectively. It can be seen that, more human
sounds appeared across the beach area, as many local pe-
ople and tourist concentrated in this area. More mecha-
nical sounds concentrated along the south-eastern and
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Fig. 2. Contributions of major sound categories to the perceived
overall soundscape loudness during all sampled periods (P1-P8)

eastern boundary of the study area, where the rail way
passes through and construction work was carried out at
site W16. It is clear that traffic sounds concentrated almost
along the direction of W09-W15, where the widest traf-
fic road in the study area is located. Geophysical sounds
were mainly perceived along the beach area, especially on
the two ends, where the sea wave and wind were stronger.
More biological sounds appeared in the central and south-
eastern parts of the study area, mainly because dense
constructions of the residential area form a quiet environ-
ment thus prevent fragile biological sounds from masking
by other sounds, and dense vegetation of the urban park
is ecologically good habitats for vocalising organisms such
as birds and insects.

These maps indicate that artificial sounds, i.e. human,
mechanical and traffic sounds permeated a larger part of

Fig. 3. Daily accumulated perceived loudness of human (a), mechanical (b), traffic (¢),
geophysical (d) and biological (e) sounds across the study area
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the study area and were louder than natural sounds, i.e.
geophysical and biological sounds, which show the do-
minating reality of artificial sounds in urban areas. Do-
minating areas of each sound category were usually not
overlapping, or in other words, different sound category
has different spatial arrangement, with an exception of bi-
ological and traffic sound, which indicates that biological
organisms survived in urban areas may get used to the
chronic traffic sound (Brumm 2004). From these maps,
the underlying landscape characteristics show obvious re-
lationships with soundscape perception.

2.2. Relationship between soundscape perception
and landscape indices

Given the dynamic temporal characteristic of the urban
soundscapes, and the stable characteristic of the landscape
spatial patterns in the study area in a daily temporal peri-
od, the relationships between them were studied in each
sampled period. The correlation results between landscape
indices and each sound category were shown in Table 5.
Though the relationship between the same landscape in-
dex and sound category may change in different period as
supposed, some relatively stable significant relationships
could still be found, i.e. mainly positively or negatively re-
lated with certain sound categories in most periods. The
results showed that all the landscape indices correlated
with at least one of the sound categories, except for pat-
ch density. Specifically, CD showed positive relationships
with traffic and biological sounds, and negative relations-
hip with geophysical sounds. RD only had stronger posi-
tive relationship with traffic sound, and possible negative
relationship with geophysical sounds. FRAC showed simi-
lar effects with LSI, but stronger relationships were shown
with human, traffic, and geophysical sounds. CONT and
SIEI showed reverse effects on the same sound categories,
namely human, traffic and biological sounds. In particular,
NDVI, LSI and LPI showed the most significant relations-
hips with all the five sound categories, making them the
most potential “predictors” for soundscape characteristics.

3. Discussion

Landscape indices have several attributes, such as effici-
ent, accessible, easily acquired, fully documented, and
applicable to digital data, which make them attractive
for planners and designers to apply to several alternati-
ve plans (Botequilha-Leitdo, Ahern 2002; Corry, Nassau-
er 2005). Considering that landscape fragmentation is a
common result of urbanisation process (Antrop 2004), all
the landscape metrics used in this research could to some
extent indicate landscape fragmentation pattern from
different aspects, i.e. patch size (LPI), shape (LSI, FRAC),
distribution (CONT), and heterogeneous status (PD, SIEI)
(McGarigal, Marks 1994). The relationships between these

indices and perception of different sound categories could
be explained as following.

Construction density. Construction density is usually
high in urban areas, which may form a kind of acoustic
space termed “hi-fi area’, a relatively quiet area formed
by preventing a large part of sounds from outside (Scha-
fer 1969), which makes it easier for human to recognise
more sounds such as biological sounds. As most of the
constructions are near traffic roads and form another kind
of acoustic space termed “street canyons” to some extent
(Table 6) (Kang 2007), this may explain the positive corre-
lation between dense constructions and traffic sound (Ta-
ble 5). Dense constructions also mean more barriers for
geophysical sounds (e.g. tree rustling, grass rustling and
wind blowing) before they are perceived, thus may impede
the perceived loudness of this kind of sound.

Table 5. Spearman’ rho correlation between each of the
landscape indices and different sound categories by time-step
per-period, where at each cell the number of periods when
significant positive or negative correlations existed is given
(*p < 0.05, **p < 0.01). See Table 1 and Table 2 for full names
of the acronyms

Lands- Positive/Negative
cape .
indices Hum Mech Traf Geo Bio
*ok [ 4
CD 1 13 > 3% iiad —5* 7Hr
RD 13,1 315,
gx» 1*/1** 7**/_ 1**/4** I/x-
NDVI 7 /8¢ 4%/ g 404/
ok [ kk
PD lx»x»/l»(» 1*/1** 2*/1* 1 /13 > 4**/2*
X%
LPI lf/l):* 5**,1*/_ _/8** 7><-><-/_ —/6**, 2%
] A%+ o ot
LSI Lok 7 /1 :1 " e 1a /1*5 b e 1310
FRAC 1+ 74% 1**/1*2**’ 6/ — —/8%* /0t
CONT _/ 7**’ 2>+x»/ 1**, _/ 5**’
A 1 1* 1*
SIEI _23**) 19, 142 44— 2*/13*»’ .

Road density. As the artery of urban areas, traffic ro-
ads are one of the main sound sources of urban acoustic
environment. The result suggests that higher road density
associates with more traffic sound. The possible negati-
ve effects on geophysical sound could be indirectly from
masking by traffic sound, as they both contain low frequ-
ency components. Road effects on other sound categories
have no obvious positive or negative trend.

Vegetation density. Vegetation density is indicated
by NDVI value, and could act in two aspects in relations-
hip to soundscape perception. On the one hand as sound
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Table 6. Pearson correlation among landscape indices (*p < 0.05, **p < 0.01)

Indices CDh RD NDVI LPI LSI FRAC CONTAG
RD 0.521* 1
NDVI -0.194 -0.176 1
PD 0.482% 0.447* -0.136
LPI -0.402 -0.274 -0.096 -0.37 1
LSI 0.536** 0.617** 0.087 0.849** -0.516* 1
FRAC 0.365 0.546** 0.092 0.656** -0.053 0.837** 1
CONTAG -0.263 -0.099 0.039 -0.318 0.776** -0.323 0.059 1
SIEI 0.29 0.083 -0.059 0.271 -0.776** 0.242 -0.152 -0.972**

sources, areas with dense vegetation are usually ecologi-
cally good habitats for organisms such as birds and in-
sects, so that dense vegetation may possess rich biological
sounds (Gasc et al. 2013). As in urban areas traffic roads
are usually planned with roadside trees, dense vegetation
may also be related to traffic sound, as indicated in this
study. On the other hand, dense vegetation could also act
as barriers, thus affect sound propagation and perception.
As revealed in this study, dense vegetation could minimise
the perception of human sound, mechanical sound and
geophysical sound.

Largest patch index. LPI indicates land use scale, and
high value means existing of certain large scale and domi-
nating land use patch in the landscape. As land use is re-
lated to certain activities happening in this area and furt-
her determines main sound sources, high LPI values may
indicate more perception of certain sounds in the local
landscape. In this study, the LPI values were mainly rela-
ted to land use patches such as residential and commercial
mixed area, beach, garden and urban park. As these areas
are usually where human outdoor activities concentrate,
e.g. chatting, shopping, relaxing and entertainment, it is
reasonable that the positive relationships exist between
LPI and the perception of human and mechanical sounds.
The negative relationship between LPI and biological
sound indicated that large areas with too many human
activities may frighten off singing birds, for example. High
LPI value could also mean less penetration by other land
use types, such as traffic roads (Table 6), so that high LPI
value is related to less traffic sound.

Landscape shape index and fractal dimension. Both
LSI and FRAC could reflect shape complexity of land use
patches. Although they are highly correlated, as shown in
Table 6, LSI showed more indicating ability than FRAC.
As indicated by both of them, complex land use shape
may result in more traffic sound and less human and ge-
ophysical sounds. A possible reason of this pattern is that,
in urban areas roads are usually the boundaries and/or
connections of different functional areas, so that land use
patches with complex shapes may be surrounded by more
traffic roads, and a landscape penetrated by more roads

could result in high landscape shape complexity. This
point could also be verified by the positive relationships
between road density and both LSI and FRAC (Table 6).
As for human sound, since LSI (also FRAC) and LPI are
negatively correlated and human sound was perceived
more in certain large functional areas as indicated by LPI,
it was reasonable in this case that less human sound was
perceived in landscapes with high LSI and FRAC values
and relatively small scale land use patches. For geophysical
sound, either from far distance (e.g. sea wave) or sound
caused by wind (e.g. tree or grass rustling), high LSI and
FRAC means more “boundaries” during propagation be-
fore they are perceived, thus negative relationships betwe-
en them were shown.

Contagion and Simpson’s evenness index. CONT
indicates the spatial distribution of land use patches,
while SIEI indicates the distribution of diverse land use
types in terms of structural component. They are highly
negatively correlated, and both correlated with LPI (Ta-
ble 6). It is suggested again that landscape with one lar-
ge functional area could reduce the perception of traffic
sound, and if there are a few large patches, they should
be better contiguously and evenly distributed. This way
of land use arrangement in planning could largely redu-
ce the length of traffic roads as boundaries and/or con-
nections among land use patches. However, biological
sound require a total different pattern if more of them
to be perceived, i.e. landscape with diverse and scattered
land use types, since in this case biological organisms
like birds could have more chance to find suitable ha-
bitats in a heterogeneous landscape (Andren 1994). Of
course, landscapes with a large area of contiguous green
areas would be definitely better for biological organisms,
but at the scale of this research, this point could not be
revealed.

It needs to be noted that, the relationships between
the landscape spatial pattern indices and perceptual sound
categories in this study were analysed at a relatively small
scale. Thus, the effectiveness of certain landscape indices
as soundscape indicators at larger scales still needs to be
testified. Moreover, more landscape indices are available in
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the field of landscape ecology, and they could be further
explored for soundscape evaluation. On the other hand,
because parameters of soundscape quality have not yet
come to a general accepted standard, the method of tre-
ating soundscape as an assembly of different meaningful
sounds perceived by a certain user group as in this study
could be adjusted in practical planning process by consi-
dering a more detailed user profile (Yu, Kang 2008, 2010;
De Coensel et al. 2010).

Conclusions

The work shows how soundscape perception might be re-
lated to landscape spatial pattern. Based on the assumption
that sound categories play a decisive role in soundscape
perception, urban soundscapes were analysed in terms of
five major sound categories. It has been found that:

1. Urban soundscapes were characterised by arti-
ficial sounds (human, mechanical and traffic sounds),
overwhelming the natural ones (biological and geophysi-
cal sounds) which were more preferred by the observers.

2. Major sound categories were normally mutually
exclusive and dynamic on a temporal scale, and have diffe-
rent spatial arrangement on a spatial scale. However, bio-
logical and traffic sounds seem to be co-existing on both
temporal and spatial scales.

3. Significant correlations have been revealed betwe-
en perception of major sound categories and a number
of landscape spatial pattern indices, including vegetation
density (NDVI), construction density (CD), road density
(RD) and fragmentation status resulted from scale (LPI),
shape (LSI, FRAC), composition (SIEI) and distribution
(CONT) characteristics of different land use patches.
Especially, NDVI, LSI, and LPI showed the most effective
indicating ability.

4. As landscape spatial pattern indices are all quanti-
tative, they could be adopted to compare different plans in
terms of creating a better soundscape.
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