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Abstract

Visual impactis one of the major environmental impacts of motorways and requires
adequate assessment. This study investigated the effect of traffic noise on the perceived
visual impact of motorway traffiby comparing impact with sourtd impact without
sound. Computer visualisation and edited audio recordings weretassohulate
different traffic and landscape scenarios, varyimdour traffic conditions, two types

of landscape, and three viewing distances. Subjective visual judgments on the simulated
scenes with and without sound were obtaiimed laboratory experiment. The results
show that motorway traffic induced significant visual impbacboth sound conditions,
increasesin traffic volume ledto higher visual impact and changes traffic
composition changed the impact significantly when traffic flow was low. Visual impact
was significantly highein the natural landscape and the increment was largely constant
and independent from the effect of traffic conditietoth sound conditions. The effect

of viewing distance was also significant and there was a tegjdntle decrease of
visual impacby distance both with and without sound, but the decrease with sound was
less rapid and the decrease pattern less clear. Overall, introduction of traffic noise
increased the visual impably a largely constant level which did not show clear
dependence with noise level, traffic condition, landscape type, or viewing distance,
although there was a possible effect of viewing distance on the indteasggests that

the additional impact causdxyy traffic noise should be considered visual impact
assessment of motorway projects.
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1. Introduction

Visual impacts are changes in visual landscape quality brought lapdatelopments

in association with human experience of the changes, and are reguiedssessed

asan essential component of the Environmental Impact Assesdm&itt regulations

(The Landscape Institute and Institute of Environmental Management and Assessment,
2013).

A considerable amount of research has been tiodevelop methods for visual impact
assessment (VIA) of various developments. Many of the studies attetomjedntify
visual impactby developing objective indices (e.g., Torres-Sibi#e al., 2007;
Rodrigueset al., 2010;, Chamberlain & Meitner, 2009; Domingo-Samtioal., 2011),
while some others investigate human resptm#iege visual effect of developments (e.g.,
Bishop and Miller, 2007; Cloquell-Ballestest al., 2012; Tempestat al., 2014).
Objective indicexanbe helpfulin reflecting changem the physical properties of the
visual landscape, however, how viewers resporitie changess also very important
in measuring visual impaasvisual landscape quality determinedy the interaction
of the physical properties of the landscape and the perception of human viewers (Daniel,
2001).

While great effort has been made understand the relationship between human
perception of the visual landscape and the visual landscape settings (e.g., Shafer, 1969;
Anderson & Schroeder, 1983; Palmer, 2004; Dramstadl, 2006; Odet al., 2009),
whichis helpful and essentiah achieving more reliable VIAs where human response

Is associated, findinga studies involving multisensory environmental perception have
shown that sound also plageimportant rolan visual landscape perception. Cares

al. (1999) studied the interaction of image and somnthe perception of general
landscape quality, and found that natural sounds increased the perceived pleasantness
of both urban and natural images, while man-made sounds degraded the appreciation
of natural landscapes. Andersehal. (1983) found similar results for natural sites
where natural sounds were shoterhave enhancing effect on the aesthetic evaluation
whereas mechanical sounds had detracting effects, howettee, downtown areas the

effect of sounds were relatively neutrial regardgo the specific effect of traffic noise,

Mace et al. (1999) found that helicopter noise had negative influences on visitor
experiencean national parks including decreasing the perceived scenic beauty of the
landscapeln a later expended study, Benfiedtlal. (2010) showed that aircraft and

road traffic noise decreased ratingscenic evaluation of natural landscape especially

for scenes of high scenic beauty. Using similar landscape evaluation procedure and
aesthetic indicators, Weinzimmet al. (2014) investigated the effect of noises of
propeller planes, motorcycles, and snowmobilagational parks. The results indicated

that all the three motorised noises detracted from the evaluation of landscape quality
and the motorcycle noise had the most detrimental impact. Contrastimgse cases,
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however, Andersoret al. (1983) observed that road traffic noise turtedavean
enhancing effect on the aesthetic evaluation of urban streets.

The effect of traffic noise on visual landscape percepsiofnparticular importance for

VIA of motorway projectsasthe visually intrusive motorway traffic induces high level
noiseaswell. However, while there are a lot of studies on the effect of visual settings
on traffic noise perception (e.g., Joynt & Kang 2010; Magteil., 2013a; Wattst al.

1999), much fewer effect has been manlénvestigate the effect of noise on traffic
visual impact perceptiorin an evaluation of visual impact of rural road and traffic

Lake District, Huddart (1978) used composite cine films both with and without sound
to show controlled combinations of road projects and background sites for subjective
assessment, and concluded that traffic noise had no significant effect on the assessment.
However,it should be noted that traffic volume on the rural raadbat study were
much lower than that of motorways today, and scenes with generally far digiances
traffic were used duw the restrictionin video simulation using composite cine films.

In a study that specifically focused on the visual impact of moving traffic, Gigg (1980)
also compared the subjective ratings giterfiimed video scenes of moving traffic
with and without sound, and found that traffic noise had a dominant effect on the visual
assessmenin this study, while traffic volume was still relatively low, viewpoints close

to the traffic (about 5 m-45 m) were selected.

The contradictory results of the two studies might be asciibeéde very different
stimuli used. A possible hypothesis could be that traffic noise has significant effect on
the perceived visual impact of moving traffic but only from short viewing distances.
However,it is hardto draw any further conclusions regarding the changes of this effect
with different traffic conditionsn different background landscapes. Moreover, these
two studies failedo achieve a full-factorial experiment design with accurate variable
control and a more thorough understandihghe perceived visual impact of moving
traffic itself is thus also needed, based on which the effect of traffic noise on the visual
impact can be studied.

Therefore, the aim of this studkyto first have a more systematic investigation on the
perceived visual impacf motorway traffian different traffic and landscape conditions,
and then explore the effect of traffic noise on the perceived visual impact. Using
computer visualisation, four traffic conditions, variedtraffic flow and composition,
from three viewing distances, were simulated accordiodJK motorway traffic
statistics; two background landscapes, natural and semi-rural residential landscapes,
which are typical along the motorway corridors, were modelled based on a reas site,
well as a baseline scenario without motorway and trafficdachlandscape. Traffic
noise was recordedt the real site where the visualisation was based and ¢oteakch

the simulated scenarios. Subjective respotstee visual effect of motorway traffio

the simulated scenes both with- and without-sound conditions were obtaiired

LANDSCAPE AND URBAN PLANNING, VOLUME 150, JUNE 2016, PAGES 50-59 3


http://dx.doi.org/10.1016/j.landurbplan.2016.02.012

Like Jiang & Jian Kang: Landscape and Urban Plan |doi:10.1016/j.landurbplan.2016.02.012]

laboratory experiment. The effect of traffic noise was explsedomparing results
from the two sound conditions.

2. Method

2.1.Visual stimuli

This study used computer visualisatida create visual stimuli for subjective
assessment since computer visualisasanore advantageouis scenario creation and
experimental control (Bishop & Miller, 2007). The validity of using computer
visualisationn visual landscape research was suppdstestudies which examined the
degree of realism of virtual landscape visualised using updated computer and GIS
technologies (Appleton & Lovett, 2003; Bishop & Rohrmann, 2003; Lange, 2001).
While the result of these studies showed that computer visualisation still could not be
used with full confidencas a surrogate of real landscape or photograph for visual
landscape assessment, generally reliable responses could be achieved.

Figure 1. The base site for computer visualisation.

1 ———
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A site along a segment of thMl motorway near Ecclesfield (Sheffield), UK, covering
anarea of 2500 m x 250, was chosemsthe base site for visualisation (Figure 1).
The dimensions of cross-section components for rural motorway mainline proyided
Highway Agency (Highway Agency, 2005) was usedodel the motorway, of which

the detailed informatioran be foundin Figure 2. With DTM data of the site from
Ordnance Survey, the motorway aitd surrounding landscape were modelied
Autodesk 3ds Max Design. Modelled landscape features included trees and buildings,
for which the geo-data was obtained from OrdnancecSir MasterMap. All the
buildings were site-typically textured using images captured from Google Street View.
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Figure 2. Dimensions of cross-section components for the simulated motorway,
reproduced based on the Figure 4-1a in Highways Agency (2005).

Based on this 3D model of the existing landscape, the natural landscape scenario was
simulatedby removing all the buildings and replacing the original draped satellite
image with a satellite image of grassland captured near the base sitantirarak
residential landscape scenario was simulbtealdding more buildingat some suitable
positions where there are spacious open areas but not too close to the motorway. Trees
were added and/or removed for both scenariosvoid or mask conflict feature
combinations after the alteration§o create the baseline scenarios, the modelled
motorway was deleted and the land was drapedawitiitered satellite imaga which

the existing motorway was maskbg grassland. Foeachscenario, the lanth the
foreground was textured with a bitmap of grassland since the draped satellite image
blurs when getting close to the camera.

Three viewing distances were assignedefachlandscape scenarios. According to the
Federal Highway Administration, views of three distances were defined for road project
VIA (Federal Highway Administration, 1981): foreground vie{@sto 400-800 m),
middle ground views (400-800 to 4.8-8 km), and background views (4.8-8 kmn
infinite). Roads and traffiecn foreground views are most potenttal induce visual
impact (Jonet al. 2006), while thosen background views are unliketp havean

effect (Federal Highway Administration, 1981; Highways Agency, 1993). Field
observation on the study site suggests that even from a distance oB@0outthe
visibility of the road and traffic has declinéd a level that they only form a small
elementin the view.So distances (from road central lite@ the viewpoint) of 100m,

200 m and 30fn, which covered the most affected area, were used for the three distance

1 ———
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levels. Each viewpoint was set 1.6 m above the ground and with a view angle
perpendiculato the road. The finished visualisations of the two landscape®ll as
their baseline scenarios over the three distances are shown in Figure 3.

Four traffic conditions, varied with two levels of both traffic flow and percentage of
heave good vehicle (HGV), which were shown to be predictive for the visual impact
Hopkinson & Watson (1974) and Gigg (1980), were designed for moving traffic
simulation. The exact values of traffic flows and percentagelSdf were determined
based on the annual traffic countdi motorways (Department for Transport, 2014,
Highway Agency, 2004). The general criteria i@snake adequate variations while
keep them representative and reasonable for a motorway like M1. A summary of the
four traffic conditions can be found in Table 1.
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Figure 3. Computer visualisation of the two landscapes over the three distances.

LANDSCAPE AND URBAN PLANNING, VOLUME 150, JUNE 2016, PAGES 50-59 6


http://dx.doi.org/10.1016/j.landurbplan.2016.02.012

Like Jiang & Jian Kang: Landscape and Urban Plan |doi:10.1016/j.landurbplan.2016.02.012]

Table 1. The four traffic conditions and their sound pressure levels (dBA) at the three

distances
i i r centage No. of HGV PCU** in
H°”rf'%$5aﬁ'° e, ﬁfz\éeyhlde " Hov in 255" 255+ SPL 100m SPL 200m SPL 300m
Traffic condition 1 5464 38 10% 4 46 69.6 65.0 62.7
Traffic condition 2 5464 38 20% 8 54 70.9 66.3 63.9
Traffic condition 3 10928 76 10% 8 92 72.6 68.0 65.7
Traffic condition 4 10928 76 20% 15 106 73.9 69.3 66.9

*25sis the lengthof each scene with traffic.
** PCU: passengearunit,car=1; HGV = 3.

Changesn vehicle speed were not considenethis study because introducing various
speeds would make the experiment design over complicated, wad assumed that
traffic flow is fairly consistent on motorways and vehicles mava speed around the
speed limits.So 110 km/h was assignet cars and 90 km/h assignéd HGVs
accordingto the UK motorway speedimits (GOV.UK | 2019. Vehicles for the four
traffic conditions were added into the 3D modelAutodesk 3ds Max Design for
animation rendering. Colour and other detailed attributes of individual vehicles were
excludedasthey were beyond the scope of this study.

The resolution of the rendering output was 1800 x 600 pixels, which was much wider
than most of the standard frame sizes but was thaadig suitable and preferred for
road project which extends transverselythe view (Landscape Institute, 201Tp

avoid distortion of distance perception, the camera and render8dy Max were set

in such a way that the vertical field of the widened view remained the asthe
vertical field that a 3 x 2 image captudega 35mm format camera fitted with a 50

mm lens would have from the same distance.

Each scene of moving traffic lasted 25 seconds, which was thtwlgétlong enough

for making judgment yet not too lorig avoid boredom. The frame rate was &20

fpsto ensure smooth movement of the vehicles. The scenes of baseline scenarios were
still images and each was 8 secomdength whichs a proper exposutéeme for visual
landscape assessment using images (Daniel & Boster, l1a7@®}al, 24 scenes of
moving traffic covering four traffic conditions, three viewing distances, two landscapes,
plus 6 scenes of corresponding baseline scenarios, were compiled for the experiment.

2.2. Audio stimuli

Audio recording of thé1 traffic noise was made on site using a digital recorder Sound
Devices 722 and a pair of DPA 4060 Miniature Omnidirectional Microphones, but only
from a distance of about 230 m diethe limited accessibility. Estimated based on the
simultaneous video recording, the traffic flow during recording was about 6300/h with
a 14%HGV rateat speeds around 80-110 km/h, and was generally consistent. The
recording was made on 29ctober 2013. The weather was dry and the wind speed
was very lowat about 2.2 m/s. The temperature during the recording hour was about
12°C.
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A 25-second audio recording sample was extracted from the full audio recording for
reproductionTo calibrate the recording sample, the playback system (see Section 2.4),
was first calibratedy playing back a calibrator signal recording (94 dB/1 kHz) and
adjusting the setting-ups accorditmgthe sound pressure level (SPL) read on a sound
level meter (SOLO Black 01dB) placatithe participant head position. The recording
sample was then played back using the system with the same setting-ups. The received
SPLof the recording sample was 70.4 dB(A).

In orderto produce the traffic noise of the simulated moving traffic that would be
receivedat the viewpoints of the three distances, SPLs for the three receiver positions
in eachof the four traffic conditions were predicted using the noise prediction software
CadnaA.In CadnaA, 3D models for the two landscape scenarios were built using the
same terrain and land cover dasused for the 3D modellingh 3ds Max. The
absorption coefficient of the ground, which was grassiartdis study, was se&ts0.5.
TheUK CRTN model was used calculate the noise levels (Departmehiransport,
1988) and the obtainedio 1snlevels were further converted toady 1snlevels (Abbott

& Nelson, 2002)). The results showed that change of land aotee backgroundf

the two landscape scenarios did not make the predicted SPLs any different. The SPLs
for eachtraffic conditions are showim Table 1. The original recording sample was
then edited using Adobe Audition CS6, eithgiincreasing oby decreasing the level,

to produce traffic noise files of the needed SPLs.

For baseline scenarios where there would be no traffic, bird song was thought
suitable for the soundtrat¢é be addedasit was the main background soumtdhe base
site and was also containadthe extracted traffic noise recording sam@@e.audio
recording of bird sound was obtaineda quiet parkin Sheffield andan 8-second
sample was extracted and attacteeelach of the baseline images. The played-back SPL
of the bird song sample was 47.8 dB(A).

In total, 12 sound files of moving traffic for the four traffic conditions at three viewing
distances, and 1 sound file of bird song for all the baseline scenarios, were produced
for the experiment.

2.3. Combining visual and audio stimuli

Two copies of the 30 visualised scenes were made, one for the without-sound condition;
and the other were matched up and combined with the sound files for the with-sound
condition; The total 60 video clips were put togethex random ordepo create a single

long video, with the scene number (Scene Scene 60) appearing for 4 seconds before
eachscene andn8-second blank interval for the participatdsio the rating aftezach

scene. The overall length of the video was 35 mindiesliminate the possible bias

in judgment that would inducdaly the showing order of the scenes, another video was
made with scene showedaninverse order. The two videos were equally but randomly
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assignedo the participant sessions. Correlation between ratings tpvee two videos

was tested after the experiment and a significantly high correlation was found
(Pearson’s r = 0.953, p < 0.001), which means that the inter-group agreement was high
and the bias in judgment caudgdshowing ordecanbe ignored.

2.4. Participants and the experiment procedure

To decide the sample size needed for the 4x3x2 within-subject dedigs study, a
power analysis was conducted using G*Power 3.1 (Erdfetdér2007). Withaneffect

size f = 0.25an] = 0.05, and a power = 0.95. The result suggested that a sample of 12
participants was needed. For this study, thirty participants (14 male and 16 female),
aged 1847 (Avg. = 24.2, S.D. = 6.2), with normal hearing and normal or adjusted
normal vision, were recruited via email invitationthe university and other online
social media. Each participant received five poundsasstmpensation for their time.

The experiment was carried onta 3.5 m x 3.5 m x 2.3 m anechoic chamber equipped
with a playback system which consisted of a Dell Studio 1535 laptop, a RME BabyFace
USB Audio Interface, a pair of Genelec 8030B loudspeakers which are self-powered,
and a Genelec 7060B subwoofer. Loudspeakers and subwoofer were praatred
reproduces sound contribution of traffic nois¢ low frequencies better than
headphones (Maffeital. 2013b). The video was projected via a Hit&hiX33 LCD
projector onto a 203cm x 152cm Duronic floor stand projector screen about 2.2 meters
away from where the participants were seated (Figure 4).

1.7m

1.5m

2.2m

Figure 4. The layout of the anechoic chamber.

In the experiment, participants were asked to rate the visual pleasantnesssaieeach
using visual analogue scale, thatagmarking &°<” on a bar which was 10@m long

on the printed questionnaire and had oibgw pleasantness” and‘high pleasantness”
labelled at the two ends. Before start, participants were reminded that visual
pleasantnesm this study could be understo@d visual landscape qualityr scenic
quality of the scenes, and there were no clear criteria for the rating, and they aould dr

upon whatever value judgements they deemed necessary. However, the purpose of this
I ——
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study was not mentioned. During the experiment, some participants did the rating
beforeeachscene finished, while the others waited for the 8 or 25 seconds. Since the
content withineachscene was very consistent throughout the scene |emgths
experiment, errors causég variationin rating time would be minimalAt the end of
eachparticipant session, a short interview was carried out asking ahoi¢ipants’

rating criteria.lt was also attemptet ask the participant® rank the importancef

the factors he/she mentioned but some foincery difficult. Participants were also
askedto give comments on the experiment, e.g. the quahitthe visualisation and
sound playback, the length of the experiment, and the rating instrument used.

2.5. Dataanalysis

Visual pleasantness score was measured on questiorastineslength from the low-
pleasantness end of the visual analogue scald¢obidwe markedx” on the barin
millimetre. For exampléef the lengthis 60 mm, then the visual pleasantness store

60. So possible visual pleasantness scores would range frim100. The perceived

visual impact of traffian eachscene with traffic was calculatéy subtracting visual
pleasantness score of the scene from visual pleasantness score of the corresponding
baseline scene. Possible visual impact values would thus range froto 100) where

a negative value means the traffic enhances the visual pleasantness whereas a positive
value means the traffic decreases the visual pleasantness, the larger the absolute value
the higher the degree of impact.

The significances of visual impaicteachscenario was tested using t-test. A4 x 3 x 2

x 2 within subjectANOVA was runto analyse the effects of traffic condition, viewing
distance, landscape type and sound condition on the visual impact. All the statistical
analysis was carried out using IBBMPSSStatistics 21.

3. Reaults

3.1 An overall analysisof the results

The t-test was applietb testif there were significant changaesvisual pleasantness
when motorway traffic was introduces compared with the baseline scerlestotal,

48 t-tests were run and the results show that changesual pleasantness were highly
significantin all the traffic-landscape-distance-sound scendriegt.339to0 19.559, df

= 29, p < .001), which means the introduction of traffic induced significant visual
impactin all the scenarios. Table 2 shows visual pleasantness of the baseline scene and
visual impact of traffic averaged across the 30 participantsdoinscenario. All the

visual impact values are positive, ranging from 14.96.6 withan average value of
30.9in the without-sound condition, and from 2%9dl58.2 withan average value of
42.5in the with-sound condition. Given that the average visual pleasantness of the
baseline scenes is 73.6 and 77.4 in the without- and with-sound condition respectively,
the visual impact values indicate substantial deterioratiopgrceived visual quality

of the views causeoly motorway traffic in both sound conditions.
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A 4 x 3 x 2 x 2 within subject ANOVA was carried out @oroverall analysis of the
effects of traffic condition, viewing distance, landscape type and sound condition on
the perceived visual impact of motorway traffic. The result shows that all the four
factors had significant effect (Greenhouse-Geisser correction was applied where
assumption of sphericity was violated), traffic condition: F = 50.193, df = 2.175, 63.082,
p < .001,5% = .634; viewing distance: F = 32.919, df = 1.426, 41.359, p < $p1,

= .532; landscape type: F = 24.763, df = 1, 29, p < Q% .461; sound condition: F
=44.496, df = 1, 29, p <.00§5, = .605, but nonef their interactions was significant.

The values of partial eta squared indicate that the effect of sound condition was even
stronger than the effects of viewing distance and landscape type. Marginal mean
comparisons show that differences between traffic condition 12amahd between
traffic condition 2 and 3 were highly significaget = .001 and p < .001 respectively).

The difference between traffic condition 3 and 4 was also significarat@utower

level (p = .019).As for the viewing distance, difference was significant between 100 m
and 200 m(p < .001) but not between 200 m and 300 m.

The results indicate that all the studied factors plaennportant rolein perceived
visual impact of motorways. More detailed analyisipresentedn Section 3.2 and
Section 3.3.

Table 2. Visual pleasantness of the baseline scene and visual impact of tesfib in
scenario (visual pleasantness: O for lowest pleasantness and 100 for highest
pleasantness; visual impact: decrease in visual pleasantness).

Natural Residential Mean
100m 200m 300m mean 100m 200m 300m mean 100m 200m 300m mean
Baselinevisual pleasantness 80.7 838 843 829 644 630 653 642 726 734 748 736
Trafficconditionl 34.0 278 246 288 314 169 149 211 327 224 198 24.9
Without Trafficcondition2 41.7 304 293 338 301 227 200 243 359 266 247 29.0
sound I\{T:;l;ilt Trafficcondition3 46.6 38.9 314 39 335 26.7 226 276 40.1 328 27.0 333
Trafficcondition4 46.3 40.1 353 406 410 302 246 319 437 352 300 363
mean 422 343 302 355 340 242 205 262 381 292 253 309
Baselinevisual pleasantness 81.0 84.7 900 852 687 704 700 697 749 775 799 774
Trafficconditionl 44.8 36.4 40.0 404 38.2 321 291 331 415 343 345 36.8
With Trafficcondition2 50.7 434 408 450 412 340 29.7 350 459 387 353 40.0
sound i\r/Ti;‘:z't Trafficcondition3 56.8 45.9 473 50.0 47.7 386 36.6 41.0 523 423 419 455
Trafficcondition4 58.2 50.0 495 526 523 394 380 432 553 447 438 479
mean 526 439 444 470 449 360 334 381 487 40.0 389 425

1 ———
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3.2. Effects of traffic condition, viewing distance and landscape type

Correspondingo Table 2, Figure 5 compares visual impact for traffic condition,
viewing distance and landscape typehe two sound conditions. While the resits

the with-sound condition might be of more interest, sinceal situations visual impact

of motorways almost always occursthe presence of traffic noise, the resuitshe
without-sound conditiorcan provide a useful comparison for understanding how
effects of the examined factors might change when presence ofisicesidered,

which would help better interpretation and utilisation of findings from many of the
visual impact studies that have been conducted without consideration of present noise.

In the without-sound condition, Figure 5-a shows that visual impact increased from
traffic condition 1to 4 and decreasduly distance. The rates of decrease by distance
kept largely the same across the four traffic conditions, and were faster between 100 m
and 200 m than between 200 m and 8@0Figure 5-b shows that visual impant
natural landscape was higher than thatesidential landscape, and again the rates of
decreasdy distance were largely the sammethe two landscapes. A similar trersd
shownin figure 5-c where visual impaah natural landscape remained consistently
higher than thain residential landscape across the four traffic conditions. The similar
patterns of lines withireachsub-figure indicate that the effect of each of the three
factors on visual impact was largely independent from the others two.

In the with-sound condition, overall, visual impact increased from traffic condition 1
4, decreasedyy distance, and was highan natural landscape than residential
landscape. However, although tABIOVA shows no significant interaction between
any of the three factorgh association with sound condition, patterns of lines within
eachsub-figure with sound are nassimilarto each otheasin the case without sound,
and decreasby distance became smaller and less clear between 200 m amd. 300
Figure 5-d shows that visual impact decredsgdistance between 100 m and 200 m
at similar ratesasthosein the without-sound condition for the four traffic conditions,
but remained largely unchanged from 20@a800 m except for traffic condition 2
where visual impact kept dropping. A noticeable differanceecreasdy distances

also shown between the two landscape typésgure 5e. The two lines drop parallel
from 100 mto 200 m, however, while visual impaadt the residential landscape kept
decreasingat a less rapid rate, that the natural landscape increased and became
slightly higherat 300 m tharat 200m. The minor decrease and no decreashe with-
sound conditiorcan explain the overall insignificant difference between distances of
200 m and 300 nm the ANOVA result.No clear possible interactios shown between
traffic condition and landscape typeFigure 5¢.
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Figure 5. Comparisons of visual impact for traffic condition, viewing distance and
landscape typén the two sound conditions (visual impastthe decreasen visual
pleasantness which ranges frorto@00, O for lowest pleasantness and 100 for highest
pleasantness).

3.3. Effect of traffic noise

The ANOVA in Section 3.1 shows a significant difference between the two sound
conditions. Figure 6 illustrates the difference. Generally, traffic noise incrélased
perceived visual impaab all the traffic-landscape-distance scenarios and the increases
were relatively constant across the scenarios anithverage of 11.6. The relatively
constant increases reflect the insignificant interactions between sound condition and the
other factors reporteloy ANOVA.

Specifically, Figure 6-a compares the effect of traffic noise over the four traffic
conditions. Increases in visual impaégttraffic noise remained largely the same in the
four traffic conditions, despite the different noise levels associated with them. Similar
noise effect was founth Figure 6-b where increasgsvisual impacty traffic noise
were nearly identicain the two landscapes. Figurec6however, shows potential
changesn noise effect with viewing distance, where increasesisual impactby
traffic noise was slightly higheat the distance of 30@. This has also been mentioned

in the analysis of the effect of viewing distance. Oveitaianbe concluded that the
effect of traffic noise on visual impact was not affected very nimydhaffic condition,
landscape type, or viewing distance, but thera potential interaction with viewing
distance.

To test the possible dependermdfenoise effect on SPat receiver positionPearson’s
correlation analysis was carried out fach of the two landscapes respectively.
However, the results were not significant either.
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Figure 6. Differences visual impact between the two sound conditions (visual impact
is the decreasén visual pleasantness which ranges fronto0100, O for lowest
pleasantness and 100 for highest pleasantness).

4. Discussion

4.1. Implications for visual impact assessment.

The results of this study show that motorway traffic induced significant visual impact,
and the higher the traffic volume, the higher the impactuddart (1978), passenger
car unit (PCU),asthe index of traffic volume, was usadanindependent variabl®
predict the visual impact of roads and traffic, wheraasopkinson & Watson (1974)
and Gigg (1980), traffic flow and percentageHBV were usedo reflect not only
changesn traffic volume, but also changestraffic composition, whichs analogous

to the prediction of traffic noisdn this study, comparisons of the marginal mean of
visual impact ofeachtraffic condition indicate that traffic composition made highly
significant differenceon visual impact when traffic volume was low, and less
significant difference when traffic flow was high. Figure 7 shows the increase of visual
impactby traffic volume whichis measuredn PCU (car = 1IHGV = 3).In both sound
conditions, visual impact increased rapidly when PCU increased by only 8 freon 46
54 but with the number diGVs doubled. The increase of visual impact was much
slower from PCU 54 t82 where the number of HGVs remained the same. From PCU
92 to 106, visual impact increased a rate more similato that from PCU 540 92
despite the doubled number of HGWssuggested that simply calculating or measuring
PCU for visual impact assessment may be sufficient for projects where traffic volume
is high enough, but may not be a proper method when traffic vakitoa since the
extra effect of HGVs would be eliminated.
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Figure 7. Increase of visual impdmt traffic volume measured in PCU (car =HGV
= 3) (visual impact is the decrease in visual pleasantness which ranges from 0 to 100,
0 for lowest pleasantness and 100 for highest pleasantness).

It had been expected that the pattern of the increase of visual bypadfic condition
would be differentn the two landscapes, given different sensitiviteegisual intrusion

of different landscape$n Huddart (1978), equations using P@tkthe predictor were
developed for different landscapes and larger slopes of the linear regressiomequatio
were found for the more visually pleasant sites. However, the neshis study shows

that whether with sound or not, the pattern of incrdaséraffic condition did not
change significantly with landscapes, although with the same traffic, visual impact did
tendto be higheiin the natural landscape. The findiofythis study indicates thi#tis
possibleto simplify the VIA of motorway projectasthe effect of landscape seetns

be rather independent from the effect of traffic condition. However, studies covering a
wider range of landscape types are still needed.

Independent effect on visual impact was also found of viewing distance. However, the
effects were slightly differenin the two sound conditions. While visual impact
generally decreasdul distance, the decrease from 20Qa300 min the with-sound
condition was very small. Specifically, visual impact at 300m was even sliggtigmhi
thanat 200min the natural landscape. This might be explaimgthat traffic noise and
traffic visibility declineat different rates by distancig this case the decline of traffic
noise was less rapid and thus the intensification effett lmécame more obvioust
further distances. Also, the negative effect of traffic noise would be strionipermore
vegetated landscape (Anderseiral., 1984; Mulliganet al., 1987). However, on the
other hand, no significant interaction between sound condition and distance or between
sound condition and landscape, or among the three factors, was repaonisdstudy.
Further studies are needixbetter understand the complex decrease of visual impact
by distance when noise present. The possible effect of noise would require a different
approach for studying the visual impact of motorway project. Conventional visual
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impact research only focuses on the effect of visual stimuli when studying visual
perception relatetb visibility or distance issues (Shang & Bishop, 2000; Bishop, 2002;
Bruce HulllV & Bishop, 1988)In the cas®f motorways where noise impastsevere,

the effect of noise should be addressed and visual threshold for visual arg&oger
distance might need to be considered.

While traffic noise was fountb haveanoverriding effect on visual assessmienGigg

(1980) but did not significantly affect the ratingsHuddart (1978), the resuh this

study suggests somethimng between.t shows that traffic noise had a considerable
effect which however was constant and did not show clear dependence with noise level,
traffic condition, landscape type, or viewing distance, although there was a possible
increasan the effectby distanceSotraffic noise significantly increased the perceived
visual impact, but the variatian visual impact with sound was still largely determined

by visual stimuli. One possible reason for this constant effect might be the high but
small-ranged level of noise appliedthis study (62.7 - 73.9 dBA)n this study, the
contrast between with and without sound was sharp, but noise levels in the with-sound
condition might not have varied widely enoughsignificantly diversify participants'
responsedAt a lack of more improved knowledge from further studies, findimgisis

study suggests that the effectti@ffic noisecanbe accounted for in VIAf motorway
projects by adding on a constant level of additional imfmattie visual impact which

is evaluated based on visual factors. This may not offer more useful information than
when noise effeds ignored for comparing alternative plans within the issue of visual
impact, butit will give more accurate weight on visual impact when balanitingth

other environmental impacts of motorways, and also enable more cooperative and
efficient measures for mitigations of visual and noise impacts.

4.2. Possible effects of vehicle speed and colour on perceived visual impact

Some participants mentioned the effect of vehicle speed on their judgment and gave
lower visual pleasantness rating when the speedwgser”. While speed was fixed

in this study, the movement of vehicle did look faster from shorter distances,is/hich
also the casn Gigg (1980) using filmed scenes of real trafficimplies that higher

visual impact of traffic being expected from a shorter distance may not only hesbeca
the traffic forms a larger elemeint the view but also becauseappeargo be faster

than traffic passing the vieweasthe same speed from longer distantieslso reveals

the potential effect of speed which was not addresséus study and would require
further investigation.

Colour has also showan effectin this study. Some participants mentioned that the
colour contrast between the white lorry cargos and the greenery backgrouwctedetra
from the visual pleasantness. This inclinai®noonsistent with findings or emphasis
research that addressed the effect of colouandscape perception (Bishop, 1997,
Garciaetal, 2003; Grof3, 1991). While these findimgsbe usefuln minimising visual
impact of new constructiona sensitive areas, they are hardly applicablenoving
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traffic of which the colour cannot be definiedthe proposal of development. However,
awareness should be raised that traffic consisting of brighi@ured vehiclas likely
to have higher visual impact.

5. Conclusions

This study aimedo have a systematic investigation on the perceived visual impact of
motorway trafficin different but controlled traffic and landscape conditions, and
examine the effect of traffic noise on the perceived visual impacomparing with-

to without-sound conditions. Using computer visualisation, four traffic conditions, two
types of landscape, three viewing distances were simulated, and a sample of motorway
traffic noise recording was edited and added for the with-sound condition. Subjective
responsew the simulated scenes of motorway traffic both with and without sound were
gathered in a laboratory experiment.

The results of this study show that motorway traffic induced significant visual impact,
and the higher the traffic volume, the higher the impact. Specifically, when traffic flow
was low, the composition of the traffic could change the impact dramatically; while
when traffic flow was high, the composition made no significant changes, implicating
that different concernen traffic composition might be needed for V& motorway
projects with different traffic volumes.

Consistently higher visual impact was fouimd the natural landscape tham the
residential landscape, indicating a significant effect of landscape types. However, this
effect seemedo be largely independent from the effect of traffic condition, which
suggested that it might be possible to simplify VIA of motorway projects.

The effect of viewing distance was also significant and largely independent, and there
was a rapido-gentle decrease of visual impégstdistance. However, the decrease was
less rapid and the decrease pattern less elefrther distancen the with-sound
condition. Further studies are needecddress this issue and different approaames
deciding visual threshold might be required for VIA of motorway projects where loud
traffic noise is present.

Comparing visual impact with sound without sound, this study shows significant
effect of traffic noise on the perceived visual impact of traffic. Generally, the effect
noise was consistent and increased visual impaatrelatively constant level despite

the changing noise levels, traffic conditions, landscape types, and viewing distances.
There was a possible effect of distance on noise effect but would require further studies
to draw more confident conclusiort this stage, findings in this study suggest to add

on a constant level of additional impdotvisual impact evaluated based on visual
factors to account for the effect of traffic noise in the \6lAnotorway projects.
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