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ABSTRACT

Environmental appraisals of transport infrastruetptans are generally conducted in situations whegee will be
an abrupt change in noise exposure. In 2009 wewed the literature on response to step changesxposure.
Theweight of evidence was that for road trafficdé#s with changes in exposure, there is a charfgetéh addition
ton exposure effect. In a subsequent paper weogmtdland reviewed the different explanations fie ¢éixcess reac-
tion to change. This paper provides a partial up@étthe two reviews by considering more recenngeastudies.
The focus is on further evidence for the existesicthe change effect and its explanations. Alsoene focus of
our earlier reviews was on adverse effects of twaustic environment, here we extend the concepitsctode com-
munity response to changes in the acoustic envieammesulting from measures designed to enhandéveosx-

periences e.g. soundscaping projects).

INTRODUCTION
In 2009, Brown and van Kamp (2009a, 2009b) reviewed
literature covering three decades of studies gfaese to a
step change in transport noise exposure. Step ebaimgy
transport noise occur, for example, where:
e new roads and railways are constructed or ex-
isting ones closed;
« there are major increases or decreases in road,
rail or air traffic;
e noise mitigation measures are implemented;
e new airport runways are constructed, or exist-
ing ones closed;
« there is a major change in the mix of vehicle
types or rearrangements of flight paths.

These types of changes are usually significanttercom-
munity affected, and understanding how it respoisdsin
important part of noise assessment in such situstidhe
2009 reviews were of studies which included botltéments
and decrements in transport noise exposure letels,all
werefocused on assessing community response to thgehan
in terms of annoyance or similar negative reactionthis
paper we revisit the importance of studying hunesponse
under situations of change and provide an updatthe ex-
tent possible, byexamining the limited number of change
studies that have been reported since the 2008wsvi

CHANGE IN NOISE EXPOSURE

A step, or an abrupt, change in noise exposure otayr
through three different mechanisms. Type 1 chamgssit
from a new or eliminated source, or change in sitgrof the
source — a large number of transport change stade3ype
1, resulting from changes in traffic flow ratesadobypass
construction or change in runway configurationspdy?2
changes result from some mitigation interventiosyally in
the propagation path (e.g. noise barriers besidgways)
and, in these types, there are no changes in #msport
source flow rates or source noise emissions, jusixposure
of the respondents. Another possible Type 3 ch@gdere
an individual may relocate from one dwelling to tes that
has a different noise exposure. Type 3 changesdmose-
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fully be included in future studies seeking to istigate the
nature of human response to change.

Dimensions of the change in exposure include thection
of the change — increment or decrement - the magmibf
the change; and whether the change is a step cluarggad-
ual and, if gradual, the rate of change. Some nexp®sure
changes, such as shutting a runway for maintenanag,be
temporary.

THE CHANGE EFFECT

Brown and van Kamp (2009a, 2009b) built their work
several previous reviews of response to changesnmmu-
nity noise exposure, particularly those of Horohjahd
Robert (1997), Schuemer and Schreckenberg (200@), an
Fields, Erlich and Zador (2000). They concluded thare is
sufficient, though not always consistent, evidetha human
response to changed transport noise exposure gxlbdth
an exposure effect and a change effect. The chefiget is
manifest as an excess response to the new noisEsierp
over that predicted from steady-state exposuresresp
curves (which predict the exposure effect). Exaesponse
was found, unambiguously, for changes in roaditrafbise,
in noise annoyance responses though not in aciivigyfer-
ence responses, where the change in exposureek$tdtn
an increment or decrement in source levels (Typbahges)
rather than from the insertion of barriers or othath mitiga-
tion interventions (Type 2 changes).

The results for the airport studies were, in gdneypate dif-
ferent to those for the roadway studies. The chaffget in
the airport studies was very small - in some casesjnder-
reaction - compared to the predominance of excesgsonse
in the roadway studies. While this may demonstaatkiffer-
ence in response to change between aircraft noidecad-
way noise, the more likely explanation is that tiféerence
is an artefact of the nature of noise changesdbatirred at
most of the airports studied. These included eitbeporary
changes, or small changes of 3 dB or less, in r@ipesure,
and some airport change studies were of gradualgehan
noise exposure over years rather than a step chakge
Fields et al. (2000) have previously noted, these \ery
different situations to where there is an abrupgtep change
in exposure and, because of these differencesputidvbe
inappropriate as yet to draw conclusions that nespcto
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change around airports is different to responsettange
from roadway sources.

For Type 1 change studies of roadway sources @&riywn
and van Kamp (2009a) demonstrated that all availebhnge
studies exhibit, with remarkable consistency, anesg re-
sponse in situations of both increments and deartsmef
noise exposure. Respondents whose noise exposur@-has
creased report more annoyance than expected freaadyst
state studies; respondents whose noise exposureddras
creased report less annoyance than expected freauyst
state studies. The effect is present even for gsitell
changes in noise exposure.

The reader is referred to Figures 1 and 2 in Brownah zan
Kamp (2009a) for the magnitudes of the changesaisen
exposure reported in the studies reviewed (thesgethfrom
decrements of 18dB to increments of 15dB, with mbent
half of the changes in the range -5dB to +5dB, idicig
some in the range -1dB to +1 dB). The same figurss al
show the magnitude of the decibel-equivalent chaffget
associated with these changes in exposures. Fa Typad
traffic noise changes, the magnitude of the excesponse
change effect: was always in the same directidch@shange
in noise exposure; was always non-zero; and rariiged
+14dB to -22dB, tending to be greater, often mucdkatar,
than the change in noise levels itself.

There is some evidence that people may responelreiiftly
in Type 2 changes, reporting less response ard &tt no
change-effect. While Fields et al. (2000) concluttext stud-
ies aimed at evaluating the effect of noise-shigjdnterven-
tions (barriers, double glazing), rarely lead todfngs of an
excess response, evidence of the presence andiadired
change effects in Type 2 studies to date is amhigué
reasonable conclusion at this stage is that thdtsesf Type
1 and Type 2 studies should be separated in fanagysis of
change studies given the mixed evidence regardiktgss
response in Type 2 changes.

IMPLICATIONS OF THE CHANGE EFFECT
Response to a change in noise levels

Conventional wisdom is that human response to a step
change in transport noise should be able to beqtestifrom
existing synthesized exposure-response curves. Yowe
most, if not all, of the human response measuresnesed in
these syntheses would have been conducted aasivesich
the prevailing noise environment had changed lidler
preceding years. Exposure-response curves derivaah f
these studies thus reflect human response to moisiéua-
tions of effectively steady-state exposure. As mmmental
appraisals are generally conducted in situationsravtthere
will be a step change in noise exposure, the poesamd
magnitude of the excess response warrants consaterd a
change-effect in assessing the impact of such @saramd in
policy making with respect to them.

The evidence of the magnitude, and the persistaves
time, of the change effect, and the existence afigible ex-
planations for it, suggest that it is a real effautl needs to be
taken into account in assessing the response ofmcaities
in situations where noise levels change. Within lheta-
tions of existing evidence on change (for examible,avail-
able evidence is primarily from road transport sesj com-
munities that experience an increase in noise expoare
likely to experience greater annoyance than isipred from
existing exposure-response relationships, and cariti@si
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that experience a decrease in exposure experierezeg
benefit than predicted. Policy makers need to fanimed of
these potential change effects, particularly asasins in
which noise levels increase are always likely tocbaten-
tious. To do otherwise would be to deny them ingoatr
information regarding potential community respoirs¢hese
contexts. There is no evidence that the changetaffdran-
sient, and it is likely to be present until the mat turnover
of residents in any particular community resultsxewcom-
ers replacing those who experienced the change.

Explanations of the change effect

A wide range of explanations had been put forwamdytfie

change effect and Brown and van Kamp (2009b) tebiesk
against the available evidence. Their analysis ggduthe
residual plausible explanations into three categorieach
representing a different mechanism. These mechanigre:
change effects resulting from a change in variafedifying

the exposure-response relationship before and dfter
change, differential scaling criterion for the apace scale
at different levels of exposure, and retentionaging strate-
gies following a change.

While there is insufficient evidence to choose et these
categories (this remains the case even after edimm of
several new studies below) if the mechanism of ghaim
modifying variables, either alone or in combinatiaith
other mechanisms, is the reason for the changet efffeere is
the potential for considered interventions to bedusas in-
struments to change the annoyance response ofteaffec
populations. Evidence of the existence of chanfgesf sug-
gests that actions that result in changes to knowdifiers
such as attitudes to the source/authorities, orathvattitudes
to a neighbourhood, should not be perceived maslyna-
nipulative public relations, but bona fide and pgsi contri-
bution to managing the magnitude of the annoyaree r
sponses of the community subject to the change.

RECENT LITERATURE ON RESPONSE TO
CHANGE

A literature search of papers published after gbmission
of the 2009 reviews, making use of the same seanatile,
yielded 19 papers — including 12 peer reviewedlagiand 7
conference papers. Two of these were rejectedegsdid not
directly address change, though they did make epter to
the change reviews. Papers below include: studfethe
effects of step changes in exposure; those dealitigfac-
tors modifying the exposure-response relationshlgvant to
change studies (including interventions aimed ahroonity
involvement and behavioral change); documentatibra o
future change study; and several others pertinenstéep
changes in noise exposure — the latter includeddalitional
review paper. The number of new studies quantifyting
change effect was insufficient to add to the presiquantita-
tive estimates (Brown, van Kamp, 2009a) of the ntagiei
of excess response.

Changes in exposure: new evidence

A study by Brown et al. (2006) to manage road tcafidise
exposure involved a traffic management interventiorre-
duce trucks using an urban road corridor in Brisb@n€&ype
1 change). This was one of the first studies talesigned
according to the protocol for change studies sugdeby
Brown and van Kamp (2005). The traffic managemenait-st
egy affected only the night-time truck flows on taridor;
truck traffic in the day-time hours and other véhitaffic at
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all hours would remain unchanged. A longitudinahgla

study was used to measure residents’ responseheto t

changed noise environment, using four successived® of
interviews, from prior to the change to twelve nienafter
the change. The initial panel had 99 respondeeatkiaing to
45 by the fourth interview. The change in exposuas in its
night-time truck noise load only - respondents i@ ex-
posed to otherwise high levels of road traffic eodésposure.
The panel benefitted far more from small reductionsight-

time truck flows (hence small reductions in nighte noise
events from heavy vehicles, even if not in Lnighgn would
be predicted from the resultant changes in coneeratinoise
exposure measures. This represented a strong clediege
with highly significant and enduring reductionsrinise an-
noyance as a result of the intervention - bothniight-time

annoyance and for overall annoyance. This was tabée,

given that reductions in the frequency of truck emments at
night was relatively small, and conventional measuof
their road traffic noise exposure (eg Leq, and elmight)

showed no movement with the traffic managementete

tion. In this study, many residents would have bewemre
that attempts were being made to reduce their pnoblasso-
ciated with living on a major urban corridor. Thesults of
the study fit with previous findings of a large olga effects
being associated with Type 1 changes in road ¢raffise.

Amundsen et al. (2011) evaluated the large scabteimen-
tation of a facade insulation program for roadficafoise in
Norway that yielded, on average, an indoor noiskicgon
of 7 dB. The study measured before (637 respondants)
after (415 respondents) annoyance responses ofgetta
group (161 respondents with high exposure weréabddidor
the insulation and participated in both before aftér sur-
veys), a control group (high exposures, but nohegough
to receive insulation) and a supplementary low exp®
group (112 respondents). Results show that mogsteofdsi-
dents were still annoyed by the indoor road trafficse level
after the noise reduction, but to a much lesseregethan
before the insulation installation. The changenidoor noise
levels achieved a reduction of the percentage afplee
highly annoyed by noise inside their dwellings frd2p6 to

16%. The authors concluded that the average anneyan

reduction could be adequately explained by the ameire-
ductions in noise levels. That is, the changesnmogance
from noise reduction due to the fagade insulatie@rewin

accordance with what would be expected from theosupe-
response curves obtained indoors in the beforet&itu
(based on the whole sample of target, control apglsemen-
tary respondents) — in short, no change effect eteserved.
The absence of a change effect is in line withfifgings in

the review by Brown and van Kamp (2009a) in whichraye
effects had not been observed in studies of Tyghahges
where change was due to building insulation or ibesr
However, Amundsen et al. (2011) also reported utaéngd

differences in annoyance scores between the tgrgap and
control group in the before-situation and betwelea first

and second round of surveys of the control groamd- sug-
gested these may be due to modifiers such asdastto the
authorities who were seen to be taking action, desire to
encourage authorities to insulate their premiseghé time
of the before studies, most target and controlaedpnts had
received information that their dwellings were undensid-
eration for facade insulation, but most not infodrigthey

would actually receive it.

Oka et al. (2012 compared community response teenamnd
vibration before and after the opening of the Kyush
Shinkansen line (see also Tetsuya et al. (2011) rtha
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largely parallel to a conventional rail line. Therpose of this
study was to examine the change in community respon
changing noise and vibration exposures as theyatem and
line configurations changed. Noise and vibratiopasures
were slightly decreased after the opening dueweidevels
from the high speed Shinkansen than from the cdioueal

trains. Results showed a decrease of percentagéy lagh

noyed after the opening of the Kyushu Shinkansea, Ibut
unfortunately no observations were made with respec
whether there had been a change effect.

Krog et al. (2010) examined data from a 1998 shaiyed on
telephone surveys of a panel of visitors to reaeat areas
near Oslo. The two study areas were affected byelea-
tion of the main Norwegian airport. In one areareation-
ists’ aircraft noise exposures (in terms of eacthAéq, pro-
portion of time over 55 dB, and proportion of timeceaft
noise was heard) decreased. In the other areaafaimoise
exposure increased. In the panel studies, intesviewgre
conducted for each area, questioning respondentthe&in
experience of use of the study areas for recreatioth be-
fore and after the changes. The noise effects megsuas
annoyance, over a season, with aircraft noise whgg a
recreational area (different to most other changealiss
where noise effects are those when at home). Thwo=u
reported a very large change in visitors’ noiseogance, in
both the area where exposure decreased and thevheza
exposure increased. They were not able to exanfitigisi
effect attenuated over time (habituated). Apantifibbeing a
study of noise effects away from the home, thisris of the
first change studies in which large change efféetd been
reported for aircraft noise.

Also of interest in this work was that the auth@&eog, et al,
2010) used their data to examine potential chaffgeteex-

planations summarised by Brown and van Kamp (2009b).

They could not rule out that a differential respomsiteria
could explain the observation of a large changecefin re-
sponse to aircraft noise, though this would notlarpthe
systematic changes they also observed in annoyaitbe
other area factors which did not change in conjonctith

the change in aircraft noise annoyance. Krog e{2410)
suggested the latter might be explained by a civgnibnsis-
tency theory, whereby individuals seek internalezehce in
their evaluations of the various components oftaation -
components influencing the experience of the whoiet,
overall impression also influencing perception loé fparts.
They also suggested that the changes in noise @rgpas
their study may have affected both a broader seisitors’

experiential dimensions that interact with noise@mance,
and their general impression of the area. Thimigffect, an
alternative construction of the surrogate effectgiea-wide
or halo effect) explanation. In the latter explaomat actual
changes in other environmental dimensions direnflyence
overall opinion — compared with Krog and Engdalfilisling

(2010) that a change in noise exposure leads togesain
perception of other, non-acoustic, environmentalatisions
of the area. In either case, the overall opinionth& area
changes with the changing noise exposure. The eutiaie
that this fits into the Brown and van Kamp (2009&jegory
of explanation of change-effect based on a chamge\ari-
ables modifying the exposure-response relationship.

An intervention study by Gidl6f-Gunnarson et al01R) , in
a residential area exposed to high sound levels froad
traffic, used several intervention measures (filligaps be-
tween buildings, renovation of the dwelling,s ane ¢rection
of a noise barrier) to create courtyards and sidekvellings
with lower levels of noise exposure. Although theeflish
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criterion for a “quiet side” (LAeq,24h <45 dB, frdeld
value) was not reached in every case, the inteomntre-
sulted in considerable noise reductions of level§5-10 dB
at the most traffic exposed side and of 4-10 dBhatléess

noise-exposed side. Reactions were measured befme a

after the interventions (five year interval) by meaf postal
questionnaires. Of the original study populatiob¥®partici-

pated in both surveys. While these were Type 2 gdsifrom

road traffic sources, the reduction in noise leerposure
resulted in a large change effect, with a much fopvepor-

tion annoyed after the change (25% annoyed afeechiange
compared with 84% annoyed before the change) tharidw
have been predicted from known exposure-responsesu
Gidléf-Gunnarson et al. (2010) ascribe this chaeffect to

change in variables modifying the exposure-respaete

tionship, viz overall opinion of the neighbourho@deasured
to have increased positively), surrogate effectsnfrother
physical changes (such as the general improvenfeatea

by placing new playground, flowers, measures torawe

traffic safety as well as the construction of a ngwapping
center) and also presumably to attitude to auilesrivho had
implemented the physical changes to improve resstiem-

vironment.

Lam and Au (2008) examined annoyance reactionslbesi
11.4 km railway line extension in Hong Kong, withngeys
at six months before, and at three months and atyear
after, opening. Respondents reported some redutti@m-

noyance with railway noise over the successiveniiges,

but while one third of the respondents experienaezmall

increase in rail noise of 2 to 4 dB(A) with thetram increase
of less than 1 dB(A), overall, the noise from anothaurce,
road traffic, overwhelmed the noise from the ralise for

most respondents. This makes it impossible tosatilhe
results of this work to examine the effects of thige 1

change in rail noise.

Changes in contextual and personal factors: new
evidence

In nearly all of the change studies discussed abihee au-

thors referred to the potential for, or in someesaseasured,
change in variables that could modify the exposasponse
relationship between the before and after conditienand

these have been discussed above in the contextiog @

possible explanation for the existence of the chagffect.

Chan and Lam (2008) also attempted to investigate rian-

acoustic factors modified response to noise regyftiom the

opening of the rail line extension reported in Lamd Au

(2008). Given the potential for these modifyingiahtes to

be used as instruments to change the annoyancensespf

affected populations in their own right, severdevant pa-

pers outside of the context of change studies lasa been
examined.

Vos (2010) reviewed experimental and field studiéshe
effect of such modifying factors on annoyance. kangined
studies of the effects of: attitude towards theliguaf noise
management; availability of information about naisgigat-
ing measures; information exchange; equity in thsridu-
tion of noise load; and having a voice in decisioaking.
Whilst all these non-acoustic factors (except thet)l had a
systematic effect on annoyance, he notes that witte
studies had methodological imperfections which eréed
firm conclusions being drawn. Schlachter et al.1@0put
individual behavioral changes forward as poterstahtegy
for noise reduction. Current governmental informataibout
noise pollution and its health effects have sorfat been
very successful in creating awareness of the npisblem
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and have not lead to changes in noise behavitreantlivid-

ual level. The potential for noise reduction usindividual

motivation for noise-reducing behavior can be insesl
significantly when the interventions are tailoredthe target
group, since major differences were found betweeums
based on age, gender and other characteristics.

New study into the change effect of an airport ex-
pansion

The NORAH study (2011) is a current major beford-after
study associated with expansion of Frankfurt Aitp@nd
includes comparative studies of change at Berlin @zan
burg International Airport and steady-state coodsi at two
other German airports. The NORAH study will provide
opportunity to study noise annoyance and healdétedlqual-
ity of life effects (aircraft, road and rail sous}eeffects of
transport noise on hypertension and cardio-vasalikgase
(participants will be trained to assess their ouoob pres-
sure), effects of changing nocturnal noise exposuarsleep,
and noise effects on children’s’ cognitive perfonoa. The
NORAH study has been designed in the knowledge that
change effects are likely to be associated withngha in
noise from Frankfurt airport, and though no spedifypothe-
ses have been formulated concerning change becéuke
complex multiple configurations that will occur e airport
expands, the study should shed light on changetsffaot
just in annoyance, but also in other noise outcosueh as
sleep disturbance and cardiovascular effects.

Other new papers relevant to step changes in ex-
posure

We note that there has been a literature reviebsequent to
those by Brown and van Kamp (2009a, 2009b) of change
studies by Laszlo et al. (2012). This duplicatesimaf the
previously reported work, and while it does docutr@rang-

es in outcomes, other than annoyance, to changed oon-
ditions, it does not provide additional insighttoithe nature
and magnitude of change effects or potential meshamf
change effects.

None of the previous change literature has death wco-

nomic valuation of noise effects as a result ofngea Veit-

sen et al. (2012) note that their economic valumatd noise
attenuation (attenuation of quiet side noise lgwatss based
on steady state exposure-response relationships iiply,

in their discussion, that change situations rasglfrom in-

terventions may produce different results.

Finally, Stack et al. (2010) reported a 3 dB(A) stbpnge in
noise exposure, but in this case the change wtwitevels
of human-generated sound, and achieved by expetdnen
management actions (educational signs of quiet dagsliet
zones) encouraging quiet behavior amongst visiiora US
national park. While the acceptability of the masragnt
interventions to visitors was assessed, the effettte reduc-
tion in sound levels on human enjoyment of the peaik not
— thus no observations were made on the existenother-
wise of a change effect in this context. We mentios study
here because we are of the opinion, though witkuoittence
as yet, that our findings on “response to changehé acous-
tic environment may prove as relevant to intenargi de-
signed to enhance positive experiences of the #coersvi-
ronment as they are to interventions designed ao@h nega-
tive experiences of noise.
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DISCUSSION AND CONCLUSIONS

It has been demonstrated (Brown, van Kamp, 200%&)ah
change-effect is unequivocally present for roadfitranoise

studies where the intensity of the road trafficrseuchanges
(Type 1 changes). For these change situationsdéekibel-

equivalent magnitude of the excess responses (bettex-

cess benefit arising from reductions in exposurg] the

excess disbenefits arising from increases in exgdsian be
greater than the change in noise levels itself. fmanges
resulting from the insertion of barriers or othathp mitiga-

tion interventions (Type 2 changes) the evidencafchange
effect is not clear (Brown, van Kamp, 2009a). Simiansis-

tent evidence of a change effect for aircraft naise railway
noise changes is lacking, but this is most likakg do limita-

tions in the change studies available for thesaspart

modes.

This evidence regarding response to change hascajmh
in all noise management interventions becauseth@yele-
vance to intervention studies arises directly frtima exis-
tence of a change effect when exposure levels ehdhgess
response warrants consideration in assessing impact
needs to be part of the information available taisien-
makers, and (b) relevance to interventions alssearfrom
the possibility that the change effect is causedhmnges in
exposure-response modifiers such as attitudes ® th
source/authorities, or overall attitudes to a nledrhood.
This suggests that interventions not specificalleaed at
achieving a change in noise exposure, but insteadtdd at
consultation, community education and behavior et
tion, or at other positive changes in the environtnean be
bona fide and positive contribution to managing tiwagni-
tude of the annoyance responses of the community.

The results of intervention and change studies wcied
since the original reviews generally confirm, ceiado not
conflict with, the above observations - though nluenber of
new studies quantifying the change effect was figenht to
add to the previously quantitative estimates ofrtfagnitude
of excess response (Brown, van Kamp, 2009a). Tlsemew
eveidence from one study (Krog et al. 2010) (albéannoy-
ance during recreational activities) of a large ngjea effect
for aircraft noise. The likely existence of excessponse in
change studies has begun to influence both thegmlesi
further studies (e.g. the NORAH study) and the ysislof
data sets where change has occurred. Several okteat
studies (e.g. Krog et al., 2010) have also attechfmieempiri-
cally test the alternative explanations for thesttice of the
change effect. At this stage, each of the diffeexpianations
canvassed by Brown and van Kamp (2009a) remainsiplau
ble.

Finally, since the 2009 reviews, there has beemvigigp in-
terest in soundscapes. We suggest, though withopirieal
evidence from appropriate studies as yet, thafindings on
“response to change” in the acoustic environment prave
as relevant to interventions designed to enhancstiym
experiences of the acoustic environment, such esugh
soundscape projects, “quiet sides”, green areab samilar,
as they are to interventions designed to changativegex-
periences of noise. If so, one would look in futetadies for
excess effects in outcomes such as restorationymejt,
recreation and enhanced (social) quality.
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