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The analytical discussion of acousmatic music can benefit

from being based on spatial concepts, and this article aims to

provide a framework for investigation. A personal experience

of soundscape listening is the starting point, and uncovers

basic ideas relating to the disposition and behaviour of

sounding content, and listening strategy. This enables the

opening out of the discussion to include source-bonded sounds

in general, giving particular consideration to how experience

of sense modes other than the aural are implicated in our

understanding of space, and in acousmatic listening.

Attention then shifts to a source-bonded spatial model based

on the production of space by the gestural activity of music

performance, prior to focusing in more detail on acousmatic

music, initially by delving into spectral space, where ideas

about gravitation and diagonal forces are germane. This leads

to concepts central to the structuring of perspectival space in

relation to the vantage point of the listener. The final section

considers a methodology for space-form investigation.

1. INTRODUCTION

Acousmatic music is the only sonic medium that

concentrates on space and spatial experience as

aesthetically central. Although there has been much of

value written about spatial attributes and the role of

space, mainly by composers, the thinking is somewhat

scattered, and as yet there is no substantial, unified text

on the topic, nor any solid framework which might

provide a reasonably secure basis for investigating

space. This essay seeks to begin to provide such a

framework, and to offer a sense of direction for future

study.

Firstly, I set out the experiential basis on which

our understanding of space resides, since this is

necessary if we are to be able to identify how acousmatic

music relates to spatial experience in general. Then I

move on to discuss ways of defining spatial forms,

through source bonding approaches, through the

composition of spectral space, and the creation of

perspective, taking into consideration that the effective-

ness of spatial conceptions depends on the vantage point

of the listener. Spatial forms add up to space-form,

and my main purpose is to propose that analytical

investigation of acousmatic music focused on space-

form is a way of integrating the multiple facets of the

acousmatic image. A space-form approach is different

from other methodologies in that it places time at the

service of space.

While I concentrate on acousmatic music, there is

much that can be taken over to other electroacoustic

music genres which possess an acousmatic component,

and since I also discuss the conventional model of

‘performed space’, it should be possible for others to

extend what I have to say to investigate live and

interactive genres.

Focusing on space as the key, integrating element

requires a reorientation of listening priorities and

attentions: in my experience we are not that used to

listening out for spatial attributes, for spatial forms, and

space-form, partly because there is so much else to listen

out for. But perhaps this is also because we are not sure

what space really is, in sonic terms, or that we lack a

sufficiently comprehensive bundle of concepts to talk

about it, or that we think it tangential rather than

central.

I start by discussing a personal listening experience.

2. ORBIEU SOUNDSCAPE

It’s after 9 p.m. Late June. Night is closing in. I am

sitting near a first-floor window in a house on the edge

of a village in the south of France. The house is one in a

variegated row, set on the quay of the Orbieu River. A

road passes along the quay in front of the house – only

the odd vehicle at this time of day – and on the other side

of the road, high, shade-providing plane trees planted in

1900, line the quay. Almost immediately on the other

side of the trees’ trunks is a low stone wall, and then a

drop of about twenty feet to the river. A gap between

two of the trees affords me a view of the river, and the

landscape beyond. The river flows and laps noncha-

lantly (at this time of year) directly towards the house

(always audible from inside), turning left to continue

along the quay; the stone wall and height of the quay

hide from view the stretch of the river flowing parallel to

the quayside. The river has broadened its domain as it

approaches the quay from the distance, creating an

extensive stony riverbed to the left (dry for most of the

year), dotted with plant clumps nearer the water’s edge.

On the right of the river approach are some allotments,
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sleeping at this time of day. My vantage point is nigh

perfect. Sitting by thewindow I don’t see the road or any

other houses, just the river and the landscape, the only

sign of obvious human intervention being the, more or

less, cultivated allotments. At its closest visible point the

river lies at about forty-five degrees below me.

In the dusk, sounds of day and nightmingle. I lean on

the windowsill and put my head outside to let my ears

enter the outdoors space. My listening space is bounded

by the housewalls, now to each side just behindmy ears.

The conditions are acousmatic: I may be able to make

out the lie and shapes of things but cannot see the

sources of any of the sounds I hear. There are four,

longer-term sounding participants – the river, frogs,

cicadas, swifts.

The river’s sound is a permanent texture – a

generalised ground (as opposed to a figure). Its space

spreads over a central area of the sonic image. Because it

moves towards me its textural resolution offers both

more generalised, distant features (flow), and closer

detail (lapping in the shallows). Despite the distance

frommy vantage point I can focus on a certain degree of

micro-detail if I am attentive, but I am less interested in

this habitual sound right now, and I tend to background

it.

Over to the left of the river (and the sonic image),

close to the water, among stones and plant clumps, is

the frogs’ territory – a zoned space.1 We can also regard

this, in ecological terms, as a signal space.2 Furthermore,

the collective practice of near-field call communi-

cation makes this a type of behavioural space.

Spectromorphological3 similarity, married to an appro-

priate proximity of the inhabitants, creates the relation-

ship between zone, signal and behaviour. The frog calls

are short, repeated units, whose polyphonic layering

shifts. There are not so many individuals as to create a

congested texture, and some have more distinctive

spectromorphological identities than others, as well as a

more relaxed rate of repetition. Some are fairly loud, no

doubt amplified a little through reflection off the stones

and the river wall, adding a slight resonance to the

zone’s identity. They are not easy to localise precisely

without listening effort (just a few too many individuals

to keep track of). I ammore aware of the dispersal of the

zone’s texture, with some more soloistic individuals

standing out in relief (not really a chorus); knowing that

these frogs do not move, I regard the texture as an array

of fixed spatial points.

There was a curious intervention in the frog texture –

a singular event that appeared related to the loudest frog

calls, in terms of morphology and timbre. Hidden from

view, below the river side of the wall (where there is

some vegetation down towards the water), came two

crow-like cries, the first to the left, and a short time later

the second to the right. Why, I don’t know. Was it one

bird displaced in space, or two birds signalling each

other? Reflecting off the wall, the sound projected out

towards the frogs, seeming temporarily to expand, and

add elevation to, the frogs’ zone.

Cicadas, residues of the sinking daylight, sound in the

two plane trees framingmy river view; they inhabit their

own spatial zone, which starts not that far above my

vantage point, but around twenty or so feet away. These

are the sounds closest to me, occupying the most

proximate space4 of the sound image, but not close

enough for me to feel as if they are approaching my

personal space. The iterative, but also granular noise-

bands, coagulate, oscillating in wave-like fashion

between the trees, creating a continuity in space, almost

as if I had composed them to cover and balance the

space between two tree-loudspeakers. (Mind you, these

trees are over forty feet tall.) I know that the cicadas do

notmove, and I therefore regard the perceived collective

rhythm of the spatial movement as the result of the

relative time-shifts emitted by multiple fixed sources.

Loud though the cicadas may be, their occupancy of

spectral space does not mask any of the other sounds.

However, I need to blot them out of consciousness,

treating them as a proximate ground, in order to

concentrate on the more variable frogs.

Air-bound, above and stretching out beyond the

plane tree to the right, is the swifts’ zone, their high-

frequency calls delineating the canopy of the sounds-

cape’s space.At this time of day they have confined their

space to a limited, higher zone, rather than practise, over

a wider and sometimes proximate space, their rapid

swooping approach contours to catch insects, at which

they are very adept. (They could pass within a few feet of

me outside the window.) This is another example of

signal/behavioural space, but this time the sources are

mobile, though it is impossible to tell how far successive

calls are separate source instances, or the utterance of a

same individual displaced in space: I assume amixture. I

cannot see the swifts’ spatial texture but the perspectival

space5 created by the calls makes me imagine I can see it

in action. The morphology of the calls, if one quickly

focuses on an individual shape, approaches the

1New terms representing key concepts appear in italics when
initially introduced.
2Slabbekoorn, in Marler and Slabbekoorn (2004) discusses birds’
space; this idea is applicable to other living beings, and can be
applied to textures in acousmatic music, where sources are not
‘living’ or identifiable. We might also interpret an instrumental
musical context that has repeated call- or response-like elements in
a similar way. See also Wallin (1991).
3Spectromorphology is ‘the interaction between sound spectra
(spectro-) and the ways they change and are shaped in time
(-morphology)’ (Smalley 1997).

4I use the term ‘proximate’ to designate space nearest to the listener,
and ‘distal’ for space furthest from the listener. The relationship
between proximate and distal space creates depth of image.
5Perspectival space – the relations of spatial position, movement
and scale, viewed from the listener’s vantage point – is the subject
of Section 8.
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graduated continuant archetype;6 the slight pitch dip

seems to express the birds’ physical contour drift, and

this impression is enhanced by the grouping of multiple

calls. This is an elevated distal space, where the distance

between me and them, their known and deduced

mobility, and the close similarity among the call-signals,

combine to form a collective behaviour, a spatial texture

with free-drifting internal motion. This contrasts with

the frogs’ rhythmic polyphony of grounded, sometimes

individualistic, fixed point-sources. For a moment I

wonderwhat would happen to the swifts’ spacewere I to

record it and bring it indoors for loudspeaker listening.

The recorded image could not reproduce the spatial

elevation, but I would nevertheless deduce it: in

acousmatic music actual spatial localisation is not

essential to create elevation. Aerial cues can be

interpreted from morphological features set in spectral

space (spectromorphology), the behaviour of texture,

and the spectral resolution of the sound that informsme

about relative distance. Of course there is also strong

source bonding7 involved: I recognise the swifts’ calls as

flight calls. So doing away with the actual elevation will

have no effect on my diagnosis of elevation. Identified

sources carry their space with them.

There were twomore singular sonic events, caused by

passing cars. Each of these outlined a vectorial space.8

The first, approached from the right, creating an

extension of the panoramic space,9 passed along the

quay, then turned left about 250 feet away, moving out

of earshot into the village. It had emerged from distal

space at the extreme right of the image, and in

journeying past my vantage point, turned out to be

the most proximate of all the sounds. Its vector was

articulated through changes in spectral quality, and its

graduated-continuant morphology was the most

extended of the soundscape. Some time later the second

car approached, its sound emerging relatively rapidly

from the village at the spot where the other car had

turned, 250 feet away, but instead of coming along the

quay, it continued straight on over the only bridge in the

area, heading off into the landscape. This vector

extended the left of the panorama, fading gradually

into the reaches of distal space. The first car is an

example of the vectorial wipe, a sound travelling across

proximate space, that wipes out, in this case only

temporarily, the ongoing distal image behind it.

Unlike water, frogs, cicadas or swifts, the cars

represent cultural artefacts and human presence,

possibly to be regarded as intrusions in the ‘natural’

environment, but for me they fulfilled a welcome

quasi-compositional function: each created a different

distal-proximate vector, extending lateral space in

both directions, the second car extending into deeper

distal space, and the first drawing proximate space

forward.

3. HOLISTIC SPACE AND SPACE-FORM

By now the perspectival and spectral space of this

soundscape had, to my mind, become as satisfying and

fully formed as it could be, and I could arrive at an

holistic view. This holistic space comprised an array of

zoned spaces. I could regard the frog-river-crow zone as

a nested space (spaces within a space) in which three

adjacent sub-zones combine to create a riverbed zone,

invested with a slight elevation due to the crow event;

the cicada, swift and riverbed zones are independent of

each other. The two cars taken together (forgetting that

they happened at different times), meet to describe a

vector that delineates the peripheral border of the

whole. Three of the zones – the frogs, cicadas and swifts

– are behavioural, signal spaces, each differentiated

from the other by its spectromorphological structure

and perspectival site.10 The river itself, through its

central placement, its permanence, and the generality of

its oblivious textural flow, anchors and grounds the

holistic space, yet in relation to the figural interest of

other zones it is inevitably backgrounded. The swifts, in

elevated space, act as the river’s foil.

A listener needs time to progress from an initial

listening encounter with the soundscape to a state of

engaging actively and fully in scanning and exploring

the spectromorphological and spatial properties on

offer. I cannot listen to everything simultaneously and

need to devote attention to each of the zones in turn,

accumulating a global view, which emerges over time.

Note that in my account of the soundscape I used the

present tense to describe the longer-term, ongoing

activity and space, as if they embody a certain

permanence, even though, in fact, the swifts’ presence

was relatively brief, the cicadas stopped once it became

darker, and the frogs went on into the night; the river is

still sounding as you read this. I chose to discuss passing

events in the past tense, as completed actions, thereby

recognising their more compressed temporality. I did

not state how long I listened, and this is not important: I

listened as long as I could, or needed to.

Possibly the most important strategy in arriving at an

holistic viewof the space-form of this experience is that I

disregard temporal evolution: I can collapse the whole

6A graduated continuant is a morphology that enters gradually,
faded in without attack (though this could happen quite rapidly),
and exits in the same fashion; see Smalley (1997: 112–13).
7Source bonding is ‘the natural tendency to relate sounds to
supposed sources and causes, and to relate sounds to each other
because they appear to have shared or associated origins’ (Smalley
1997: 110).
8The space traversed by the trajectory of a sound.
9The breadth of frontal space, extending to the limits of the
listener’s peripheral view.

10The behaviour of the sounding identities of the zones accords with
the gestalt grouping principles of similarity, proximity in space
and/or time, continuity, organisation, context, belongingness and
common fate as discussed in Handel (2006: 377–81) and Bregman
(1990: 196–203)
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experience into a present moment, and that is largely
how it rests inmymemory. The temporal disposition of,

and relations among, sounds serve to articulate and

shape spectral and perspectival space, but even though

my perception of sound is the product of time, I

ultimately sideline time’s formative role. So space can be

more significant than time, or at least we can profit by

starting with the idea that time can be placed at the

service of space rather than the reverse. Time becomes
space.

4. SOURCE-BONDED SPACES

Henri Lefebvre, in his classic book The Production of

Space, originally published in 1974, underlines that

space is

… neither a mere ‘frame’, after the fashion of the frame

of a painting, nor a form or container of a virtually

neutral kind, designed simply to receive whatever is

poured into it. Space is a social morphology: it is to lived

experience what form itself is to the living organism, and

just as intimately bound up with function and structure.

(Lefebvre 1991: 93)

While Lefebvre hardly ever mentions music/sound,

what he has to say draws attention to attributes

central to sonic arts. In particular, space is concerned

with energy and its release, energy which ‘has to be
deployed in space’ (my italics) (ibid.: 12), and physical

space ‘has no ‘‘reality’’ without the energy that is

deployed in it: energy modifies space or generates a new

space’ (ibid.: 177). This is precisely how spectro-

morphologies, however directly or marginally source-

bonded, function with regard to space in acousmatic

music.

Sounds in general, and source-bonded sounds in

particular, therefore carry their space with them – they

are space-bearers. Imagine that I had recorded the

Orbieu soundscape in stereo, and listened to it over

loudspeakers. Despite the squashing of panoramic
space, despite the disappearance of the elevation of the

image (including my elevated vantage point), and

despite the consequent compression of holistic space

and the blurring of the zonal spaces, and despite the

reduced textural resolution of the behavioural spaces, I

would still be able to infer the zones and elevation,11 and

the nature of the behaviour/signal spaces: the holistic

structure would be preserved. Although I will intuitively
pick up various cues of position in space, particularly

the relationship between proximate and distal space,

these cues are not the prime space-bearers. It is

the behaviour of the source-causes themselves that

transmits the main spatial information.12 I know from

experience about the spectromorphologies created by

frogs, rivers, cicadas, birds and cars, and how they

behave, but it is not so much that they act in an already

existing space. Rather, they produce space through their

action. These spaces did not exist before the source-

causes created them. Source-causes produce space.

Source-bonded spaces are significant in the context of

any acousmatic musical work, not just in those works

where clearly defined source bonding occurs, but also in

musical contexts where I imagine or even invent possible

source bonds based onmy interpretation of behavioural

space. For example, as we discovered with the Orbieu

soundscape, the natural environment can provide us

with amodel capable of assuming variegated guises that

can be carried over into acousmaticmusic. This could be

taken fairly literally in that the soundscape itself might

be the subject of acousmatic experience (though

transferral to a recorded format is never a literal act).

On the other hand, the kinds of spatial forms and

organisation found in the natural environment could be

taken on by spectromorphologieswhose surface identity

might appear tangential in source-cause terms. The idea

of source-bonded space is never entirely absent.

4.1. Source-bonded spaces – nature and culture

Source-bonded spaces cover a variety of contexts

occupying the territory between nature and culture.

The purest type of natural-based domain focuses on

source-causes where one is not aware of human

intervention, and the Orbieu example, despite the car

presence, indicates ways in which nature-based spatial

forms are structured. In the cultural domain human

activity produces source-causes, either intentionally, as

with music-making and purposeful sound-play, or

unintentionally, where the sounds produced are by-

products of human activity. Spaces produced by human

activity I refer to as enacted spaces, and they can be

divided into two primary types – utterance spaces, which

are articulated by vocal sound, and agential spaces,

where space is produced by human movement and

(inter)action with objects, surfaces, substances, and

built structures; we can also include human intervention

in the landscape. In Section 6 I shall be discussing one

type of agential space in some detail – performed space,

which is concerned with intentional sound-making and

musical activity.

11Source-bonding and spectromorphology may not be the only
factor at work here: the perception of (virtual) elevation can be
deduced from the existence of quarter-octave frequency peaks
between 7 and 9 kHz (Blauert 1997: 310–12); 7 kHz is about four
octaves above A440 Hz. However, in recorded sound this effect is
extremely fragile.

12In listening to a mono recording from a small radio, with an
earpiece in one ear only, I will find that proximate-distal
information is preserved. However, panoramic space, technically
is not. But I reconstitute panoramic space: I imagine an orchestra,
or a recording of the natural environment, as occupying
panoramic space. This is most likely due not only to source
bonding, but also to the variety and multiplicity of sources, their
proximate/distal resolution, and the shifting textural resolution of
the image detected over time, the whole implying a certain
panoramic distribution.
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significant virtue ofmaking space the centre of attention

is that this facilitates an integration of diverse

approaches to the acousmatic image: we can use spatial

concepts to investigate soundscapes, source-bonded

approaches, and more ‘abstract’ or ‘abstracted

approaches’, celebrating the unique richness of the only

aesthetic medium that can truly explore sonic space.

But above all, acousmatic space-form is centred on

us, not only as receivers and perceivers, but also as

producers and inhabitants of space.

Agential space A space articulated by human (inter)action with objects, surfaces, substances, and built
structures, etc. Combines with utterance space to create enacted space.

Approach/recession Typical relational processes in perspectival space, concerned with shifts and movement between
proximate and distal space, and/or between periphery and proximate centre.
Associated with ouverture/enclosure.

Arena space A sub-category of performed space – the whole public space inhabited by performers and
listeners, within which gestural space and ensemble space are nested.

Automated mode of delivery Where automated processes and systems are used to deliver perspectival space in public listening.
Behavioural space A zone of perspectival space produced by the interaction of sounds which,

spectromorphologically and texturally, indicate collaborative, group identity. See also ‘signal
space’.

Circumspace In perspectival space – the extension of prospective and panoramic space so that sound can move
around the listener and through or across egocentric space.

Circumspectral space The spatial distribution or splitting up of the spectral space of what is perceived as a coherent or
unified spectromorphology.

Containment/transcendence How far the acousmatic image appears bounded within the physical confines of the listening
space, and how far the image appears to transcend such confines.

Diagonal forces The motion of spectral energy towards or away from a spectral region which acts as a plane.
Planes can be expressed or implied. See ‘gravitation’.

Distal space The area of perspectival space farthest from the listener’s vantage point in a particular
listening context.

Distal interpolation A temporary rupture in ongoing proximate space thereby permitting access to a distal view.
Egocentric space The personal space (within arm’s reach) surrounding the listener.
Elevated space A high zone in perspectival space. Not to be confused with ‘levitation’.
Enacted mode of delivery The active diffusion of perspectival space in public listening.
Enacted space Space produced by human activity – a space within which humans ‘act’. See also ‘agential space’

and ‘utterance space’.
Ensemble space A sub-category of performed space – the collective space within which gestural spaces are nested.

Can be thought of as a type of behavioural space.
Fixed mode of delivery Where the delivery of perspectival space is integrated into the format of the composition, and is

not further diffused via the enacted mode of delivery.
Gestural space The intimate or personal, source-bonded zone, produced by the energy of causal gesture moving

through space, as with performer and instrument, or agent and sound-making apparatus.
Gravitation The attraction towards lower or higher regions of spectral space. See ‘diagonal forces’.
Holistic space An analytical stance, realised by mentally amalgamating an array of spatial forms into a unified

spatial view.
Immersive space The filling of spectral and perspectival space in circumspace so that the listener feels immersed in

the image.
Lateral space The extension of panoramic space towards the rear of the listener.
Levitation A relatively effortless ascent in spectral space.
Mechanised space A source-bonded space produced by sound-emitting machines, mechanisms and technologically

based systems, independently of human activity. Can participate in enacted spaces.
Mediatic space An amalgam of spaces associated with communications and mass media, creating an image of

spaces, places, distances, events, etc.
Mediatised performed space A type of arena space within which the transmission of gestural/ensemble space is mediated by

technology (microphone, loudspeakers, video) in order to preserve the intimacy of gestural
space.

Microphone space A performed gestural or utterance space where intimacy of the image is magnified. Used for
creating proximate and intimate spaces in the acousmatic image.

Nested space In perspectival space – the embracing of one space within another.
Ouverture/enclosure Typical relational processes in perspectival space, concerned with the opening up of spatial view

by ceasing proximate activity, and the (en)closing of space through introducing proximate
activity which masks or cuts off any distal image. Associated with approach/recession.

Panoramic space The breadth of prospective space extending to the limits of the listener’s peripheral view.

GLOSSARY
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Performed space Spaces produced by intentional sound-making, as in musical performance. See ‘gestural space’,
‘ensemble space’, and ‘arena space’.

Perspectival space The relations of spatial position, movement and scale among spectromorphologies, viewed from
the listener’s vantage point.

Prospective space In perspectival space – the frontal image, which extends laterally to create panoramic space.
Proximate space The area of perspectival space closest to the listener’s vantage point in a particular listening

context.
Signal space A type of behavioural space produced by the signal calls of the participants, either to

communicate with each other, or to communicate their presence to other inhabitants. See also
‘behavioural space’.

Source-bonded space The spatial zone and mental image produced by, or inferred from, a sounding source and its
cause (if there is one). The space carries with it an image of the activity that produces it.

Space-form An approach to musical form, and its analysis, which privileges space as the primary articulator.
Time acts in the service of space.

Spatial form A smaller or larger spectromorphology or musical passage (but not necessarily an identifiable
‘unit’) that may be analysed according to its various perceived spatial attributes. Space-form is
made up of spatial forms.

Spectral space The impression of space and spaciousness produced by occupancy of, and motion within, the
range of audible frequencies.

Tonal pitch space The subdivision of spectral space into incremental steps that are deployed in intervallic
combinations – a sub-category of spectral space.

Transmodal perception The interaction and interdependence of various sense modalities.
Utterance space A space produced by vocal sound. This may be an intimate, personal, or social space, and in

communicational contexts can also be regarded as a behavioural space. Combines with
‘agential space’ to create ‘enacted space’.

Vantage point The position from where the listener views perspectival space, and perceives and receives the
acousmatic image. The vantage point may be fixed, variable or peripatetic.

Vectorial space The space traversed by the trajectory of a sound, whether beyond or around the listener, or
crossing through egocentric space.

56 Denis Smalley

Dennis Smalley, Space-form and the acousmatic image. In: Organised Sound 12(1), pp. 35-58. Cambridge University Press, 2007. (Auszug: S.35-
38, Auslassungen = [...])
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S.91/93, Auslassungen = [...])

soundscape could be rather different, the description should consider a number of typical
receivers.

For each sound source, the SPL, spectrum, temporal conditions, source location, source
movement, and the psychological and social characteristics should be considered. In terms of
sound level, both the steady-state SPL and statistical SPL should be taken into account. In
terms of frequency, if tonal components are noted, it would be useful to consider a
narrowband spectrum.

Urban soundscape 93

Figure 3.19 A model for describing the soundscape of urban open spaces.

the 18–24 age group, according to a series of independent samples t-tests (p < 0.05). Further
statistical analysis shows that the difference between architectural students and the general
public is similar to the above when only the 18–24 age group is considered for the latter.

The architectural students were asked to select one or more important environmental
factors from a given list. The results are shown in Figure 3.18. It can be seen that in general
sound is a rather important consideration, ranked as second/third on the list. It is important to
note that there are considerable variations between different squares, especially for some
factors such as view, temperature, air quality and sun, suggesting that for different types of
squares different evaluation and weighting systems should be used. A further question was
also asked: when you choose a location to sit/relax in this square, is the acoustic environment
an important factor? The percentage answering ‘yes’ is 75, 54, 87 and 63 per cent in the Peace
Gardens, Barkers Pool, Devonshire Green, and Union Square, respectively. This again
demonstrates the importance of sound environment in the opinion of those future designers.

3.8 Soundscape description in urban open public
spaces

To investigate the acoustic environment of an urban open space or to design a soundscape, it is
important to develop an appropriate description system. Raimbault et al. (2003) suggested that three
categories of analysis should be considered for urban open public spaces: activities such as human
presence or transport, spatial attributes like location, and time history including moment or period.

Urban soundscape 91

Figure 3.17 Comparison between the four squares in terms of the comfortable–uncomfortable index.

Pe
rc

en
ta

ge
(%

)

Evaluation

[. . .]

[. . .]



SOUNDSCAPE DESCRIPTION

However, the sonic environment has been for a long time a focus of several

different disciplines, ranging from animal behavior studies to urban engineering

(Fig. 1.1).

The relationship between the landscape and the soundscape is very strict; in fact,

the soundscape is an extension of the concept of landscape. The (geographic)

landscape is the physical spatial dimension in which every population, community

and ecosystem process occurs in an explicit (multidimensional) way. The landscape

dimension is indispensable to fully understand the patterns and the processes that

concern a soundscape. We describe later the different models that try to connect the

soundscape with the landscape, but most of the patterns that we observe at

soundscape level are the result of the character of a landscape matrix. Nevertheless,

new models that integrate soundscape with landscape must be elaborated in the

future to better connect these two dimensions.

Definitively, soundscape ecology requires several approaches and competencies

for its transdisciplinary character where its goal may be focused:

– Analysis of spatiotemporal acoustic patterns borne by the interaction between

geophonic, biophonic, and anthrophonic sonic components.

– Analysis of the relationship between patterns and processes of the landscape and

patterns and processes of the soundscape.

– Conservation of soundscapes as important components of the landscape.

– Short- and long-term monitoring of ecosystem dynamics.

1.6 The Three Sources of the Sonic Environment

The soundscape is the result of the mixture of different and concurring sounds.

According to the source of such sounds it is possible to distinguish a geophonic

component, a biophonic component, and an anthrophonic component. We refer to a

physical dimension of the soundscape as a first descriptive approach, and this

represents the more simplified and objective classification of a soundscape.

This distinction is particularly useful especially when we intend to explore

the relationship between soundscape patterns (sonic patches or sonotopes) and

landscape configurations.

Fig. 1.1 Landscape

ecology, bioacoustics,

psychoacoustics,

biosemiotics, and acoustic

ecology concur to create the

transdisciplinary character

of soundscape ecology
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1.6.1 Geophonies

The geophonies are represented by all the sounds produced by nonbiological

natural agents such as winds, volcanoes, sea waves, running water, rain,

thunderstorms, lightning, avalanches, earthquakes, and floods and represent the

sonic background with which other sounds can overlap, mix, or mask. The

geophonies are strongly affected by the geomorphic trait of a region (steepness,

exposition, etc.) and by climatic conditions and local weather.

The morphology of a region, the presence of valleys, canyons, ridges, and cliffs,

determines a different propagation of sounds strongly affecting the sonic degrada-

tion. Breeze regime, air humidity, and temperature affect the propagation patterns

of sound waves. In the water environment, depth, salinity, and temperature are

important drivers of the sonic processes.

1.6.2 Biophonies

The biophonies are defined as the emerging nonhuman sound produced by living

organisms in a given biome (Krause 2012, p. 68). Every biome, and inside the

biomes every landscape patch (ecotopes), have distinct biophonies.

In temperate terrestrial biomes, the majority of the biophonies are produced by

birds, frogs, insects, and mammals.

In tropical regions, insects and frogs dominate, followed by birds and mammals.

In the freshwater environment, insects and fishes are important components. In

shallow seawater, crustaceans are the dominant “musicians,” but in deep-sea waters

whales, dolphins, and killer whales (orcas) are the most frequent biophonic sources.

Although not included by Krause, human voices must be considered to pertain to

the biophonies. The complexity and plasticity of such acoustic expression known as

voice is a human peculiarity.

Biophonies have different patterns according to latitude, season, and hours of

day. In fact, vocal animals are more active during the day in particular hours (e.g.,

birds and frogs perform choruses at dawn and at dusk), varying with the seasons

(e.g., birds are acoustically active in springtime), and according to latitude (e.g., in

intertropical regions birds are acoustically active at all times, but are silent outside

the breeding season at high latitudes) (Fig. 1.2). In subtropical regions, seasonal

invariance reduces the seasonal effect, whereas the effects of seasonal changes are

maximal in boreal and polar regions. This reasoning can be applied to terrestrial

biomes: in marine biomes, other factors are concurrent such as currents, light

penetration, sea depth, and water transparency.

A long-term fluctuation of vocal activity can be expected according to the

changes in phenological cycles under climatic changes.

The acoustic activity of animals is finalized to communicate actively or passively

with other intra- and interspecific individuals for several reasons and functions.

8 1 Soundscape and Landscape Ecology
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This phenomenon activates communicative channels that concur to the acoustic

complexity that we can hear around us. The apparent complexity of the acoustic

communication largely depends on factors such as species-specific acoustic perfor-

mance, population density, number of species composing the local aggregation

(community), time of the day, and season, and finally by the typology of the

vegetational cover (biomes and ecoregions). All these factors are strongly affected

by geographic positioning along the parallels.

With the use of digital technology, the expansion of magnetic memory and

highly sophisticated microphones and amplifiers assembled into programmable

devices for long-time autonomous (in terms of power supply) operation, the

recording of soundscapes has made a leap forward during the last decennia. Despite

these tremendous improvements, however, until now there have not been processes

able to identify automatically every type of sound. This limitation poses problems

in the identification of the components of a soundscape and largely reduces the

possibility of efficient evaluation of the potentialities expressed in distinct sites.

At the moment it is not possible to identify all the species that compose a

soundscape, but nevertheless new approaches are available.

Acoustic diversity, expressed in terms of frequencies, became an important

matter of investigation and of estimation of the complexity that we can expect in

a specific site or habitat. Acoustic diversity cannot be correlated with biological

diversity, at least in birds (Gasc et al. 2013), but nevertheless a high acoustic

diversity is associated with a specific assemblage of species. In fact, species such

as birds that have a special organ, the syrinx, to produce sounds, are able to produce

a great variety of sounds.

Biophonies present different dynamics according to the temporal scale of

resolution.

Observations of a breeding colony of European starlings at the University Farm,

Wytham (Oxfordshire, UK) by Wright and Cotton (1994) have demonstrated the

alternation of singing momentum with feeding activity at the ground. This alterna-

tion occurred twice per hour, but as egg-laying time approached, the majority of

birds spent their time close to the breeding colony.

Fig. 1.2 Biophonies have different patterns during the year according to latitude. (a) At intertrop-
ical latitudes, animals are acoustically active all year around. (b) In temperate regions, biophonies

have a major peak in spring and a second peak in early autumn. (c) At the highest latitudes, there is
a peak only in the middle of summer, with a dramatic reduction of biophonic sounds during the rest

of the year

1.6 The Three Sources of the Sonic Environment 9
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This behavior decreased in sharpness and intensity later in the season when

breeding behavior was more demanding: the switch between episodes of feeding

and singing was less definite as the breeding season advanced. Singing time at the

breeding stage represents a way to affirm social cohesion and to transmit a focused

message to the females.

1.6.3 Anthrophonies

The anthrophonies are the results of the movements of artificial devices such as

cars, train, airplanes, industrial machinery, and bells. This component of the

soundscape is becoming intrusive and dominant in large parts of the Earth,

associated with urban development and globalized trade. Antrophonies are the

major cause of noise pollution, a phenomenon that has revealed dangerous

consequences to all organisms and to human health also, producing relevant

modifications of behavior in both human and nonhuman animals. In humans, high

levels of noise can cause annoyance and aggression, hypertension, hearing loss,

additional stress, tinnitus, hearing loss, sleep disturbance, etc. Long-term exposure

to high levels of noise can contribute to cardiovascular pathology and to an

increment in blood pressure. In Chaps. 5 and 6 are presented more details about

the characteristics and consequences of exposure to noise.

Anthrophonies increase in importance moving toward urban areas and close to

industrial and transport infrastructures (Fig. 1.3) such as highways, airports, and air

corridors. Anthrophonies change according to the different structure and function of

cities and the social and economic context. A sonic gradient across a city is

intercepted by the economic value of houses, fixing their price.

Fig. 1.3 Along a gradient of increased human intrusion (from intact natural landscape, through

rural landscape, and to urban landscape), geophonies seem to be not affected, biophonies show

a clear decrease, and finally anthrophonies increase

10 1 Soundscape and Landscape Ecology
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1.6.4 The Relatioships Between Geophonies, Biophonies
and Anthrophonies

The interaction between geophonies, biophonies, and anthrophonies determines

peculiar patterns in the sonic environment. The geophonies represent the indepen-

dent variable when compared with the other two sources; its influence is the main

constraint especially affecting the biophonies (Fig. 1.4).

It is demonstrated that high levels of geophonies or anthrophonies depress the

biophonies or modify the way in which organisms emit sounds (songs, calls, alarms,

vocalizations).

For instance, a windy day depresses the song of most birds, and proximity to a

heavily traveled highway prevents acoustic communication among the majority of

vocal species living in the neighborhoods. Figure 1.5 shows a map of a soundscape

created plotting recording sessions with sampling stations.

The depression in soundscape activity that is observable on the right side of the

picture is coincident with the presence of a small river, whose noise masks or

depresses the biophonies (mainly produced by birds).

Climatic events are important constraint for biophonies. The anthrophonies can

produce severe changes in biophonies when these are of strong intensity, as close to

an airport. Anthrophonies (ship engines, drilling platforms) have dramatic effects in

both shallow and deep waters, affecting the survival of whales and other cetaceans.

In urban areas, the presence of vegetation in parks and along the avenues reduces

the effect of traffic noise and noise in general, as well documented by Voichita

Bucur in the 2006 book Urban Forest Acoustic (Bucur 2006).

1.7 Foreground and Background Sonic Environment

Sonic events have qualitative (e.g., frequency categories) and quantitative (e.g.,

pressure level) characteristics. The spatial and temporal variations of these

characteristics create a dynamic sonic gradient across the landscapes, providing

additional information not otherwise available.

In fact, the addition of sonic variables to a landscape analysis allows us to

consider the temporal variability of the landscape.

Fig. 1.4 In the soundscape,

geophonies are the sonic

sources that have a

direct influence on

biophonies and secondarily

on anthrophonies.

Anthrophonies can strongly

impact on biophonies
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