. o ,-.’:-‘/%//2_5“’

 n- % Dl
G- Ausz

|sE : ATEMENT:"

i

B AT
. gl
- © . CHATEAUDE LA MUETTE S .

', 1, RUE ANDRE PASCAL 75016 PARIS e o

e wheml e e el el



ORGANISATION FOR ECONOM IC CO-OPERATION AN P PEVELOPMENT

CONFERENCE ON

NOISE ABATEMENT
POLICIES 75t May 1980

CHATEAU DE LA MUETTE
2, RUE ANDRE PASCAL 75016 PARIS



X TN IR P o T 2 A e

e

o A arr b L T T Tt T

PART 1
CONCLUSIONS OF THE CONFERENCE

PART TI
INTRCDUCTION
SUMMARIES

BACKGROUND REPCRTS
(Each report is preceded by a dotailed table of contents)

1.
2.
3a
4,
5,
6.
7.
8,
9.

10,

THE PRESENT AND FUTURE.STATE OF THE NOISE ENVIRONMENT
THE IMPACT OF NOISE

REGULATING FOR NOTSE ABATEMENT

LOCAL ACTIONS ALD PILOT “QUIET TOWNS®

ROISE CHARGES

COMPENSATION FOR DAMAGE DUE TC NOQISE

EDUCATTON AND INFORMATION

THE COSTS OF NOISE ABATEMENT

NOISE ABATEMENT IN THE CONTEXT OF LENERGY CONSERVATION
AND OTHER POLICY OBJECTIVES

INTERNATIONAL CO-OPERATION AND HARMONIZATION IN THE
FIELD CF NOISE ABATEMENT POLICIES

PART IIT

{Technical Annex)

THE CO3T OF NOISE APATEMENT:
A COMPREHENSIVE STUDY

11
21
49
a1
121
135
147
157
179

191

213




PART I

CONCLUSTONS OF THE CONFERENCE

Part I {Conclusions of the Confarence) will
be included in the final veralon of this
publication to he issued after the Confarence.
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PART TT

TNTRCDUCTTON
by

Lourens Jan Brinkhorst
Preaddent of ithe Conference

In the sourae of the laat decade, the governments of OECH coun-
tries have adopted comprehensive policiea to protect the environment,
These poliecles were aimed gt reducing the principal couses of pollu-
tion and nuisonce, and ot protecting the natural environment and the
quelity of life, What have been the results of these policles?
Exactly one ycar hefore this Confercnce on Noise Abatement Policies,
Environment Ministers meoting at ORCD{*) were able to stote that,
although gignificant improvements had becn brought about in some
areas of environmental protection and the quality of life, this was
not the case with regard to noise,

Indeed, during the lost twenty years, the quality of the noise
environment has steadily deterlorated, moinly us a result of rapid
urbanisetion, the growth in mohility, and the rgpid development of
mechanised activities in OECD countries, Currently, 15 per cent of
the pepulation of OECD countries, that is about 100 million people,
are expoped in thelr daily envirenment to levels of nolse which are
regarded a5 unacceptable (more than 65 dBA), and more than hulf the
population of these countries is exposed te a level of noisc higher
than that corresponding to & level of comfort {**) {more than 55 dBA).
To thls disturbing statement may also now be ndded peasimistic fere-
cagts which show that, unless vigorous noisc abatement policies are
gulekly put into effect, the situstion will continue to worsen over
i the gourse of the next twenly ycars,

Why haa this worrying situatlon arisen?

The public authorities were slaow te recognise the problem, and
it can be a difficult problem to grasp in & coherent and effuctive
way; both these factors have deloyed progreas in nolse abatement at

*) LEnvironment Committae Meeting ut Ministerial lovel, Tth-8th May,
1979,

##) Baytime outdoor neise levela measured at the most oxpozed fagade
of dwellinga, The measure 1s expressed ip decibels (A) on the
Log index. oOutside nolce level concidered to be the maximum
limit of acceptebility; 65 dBb: outside neise level considered to

i be the maxlmum limit for comfort; 55 dBA.
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the internatienal, natlonal and local lewvels. DHut it {5 clear that
the quality of 2ife cannod be acceptable withoul o swbinfoclory noise
environment and thot there can be ne roal envilronmental pollcy with-
out an naverall and sustained policy aguinuyit noise,

It is the apecific objective of the OECD Conference cn Noise
Abatement Policiea (7th-9th May, 1980} to study and to make propesals
for such strategies. In particular, the aimn of the Conference aret

- to assess progress to date in the fleld of nolse abatement ond
to examine prospects for the future}

- to evalunte ond discuss the policy instruments availasble feor
a more effective implementation of noisc abatement policles;

- to toke into nccount the eccenomic aspects of nolse (abatement
cogts, social costs, naise charges and compensation for
damage); and

- to recommend meagurey that would lead to greater international
co=-operatlon and hapmonization in noise abatement policies.

These different wapects of nolse sbatement strategy are snalysed
in the Conference Reports which follow, and rather than gummarising
them here, I should simply like to highlight what I see as the main
implications concerning future pollcy directlena.

Firstly, nolse abatement must be systematlie, Lhal i{s to gsay
progress must be based on a co-ordinated runge of actions and metheds
progrommed over time. In accordance with the OECD Recommendatien(*),
comprehenalve programmes and leglslatlion for noige abatement are now
more necessary than ever,

Secondly, the implementatien of legislatlion and policles muat
be strengthened and supperted: 1l 1s often beeouse of a lack of meons
or of the polltical will to enforce regulations and through a lack
of public informatlon and octive public participation that noise has
continued te incpeasc. Foch partner, whether pubklic autherltiy,
priyate individual or community, has o part to play: It 1z not simply
a queatlen of improving legisletion, it is also necegsary to change
behaviour.

Egqually, noise obatement must be dynamic, that 13 to smny poliey
must include veried and complementary strategles, such as economic
incentives, in order to malntaln o copstant atimulus on efforts and
technology aimed at reducing noise.

One esscntial element of this dynamic approach must be u pro-
gressive and marked reductfon In nelse emissicen limits, in particular
with regard to means of tranaport which censtitute the main source of
nolse ln OECD countries, Forecasting studles on transporlt noise show
that & major reduction of Lthis noilse ot source is the essential ele-
ment In obtaining n signlficant improvement In the nelse environment
In the years to come,

*} ?ecommendution on Nolse Abatement Policles adopted on 3rd July,

8,
7 ..
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Finally, and above all, nolse abatement policy must alm at pre-
vention, through being integrated from the outset in the conception
of infrastructure projects, town planning, housing developments, ete.
It is in thia way that noise abatement meapures can be fully included
in pelicies conceorned with managing ond improving the quality of
1ife,

This principle can ond must equolly be applied In measures aimed
at energy conservation: na far as possible, such measures must be
drawn up in such a way os to take nolge problems inte account. In
fact, nolse abatement is not in general incompatible with energy
congervation; on the contrary i{ often happens that both policles
are complementary. For example, acoustic insuletlion of buildings
can be combined with good thermnl insulation; in the same way, care=
ful motor vehicle design almed at reducing fuel consumption can alae
bring about a reduction in noise emissian,

Unlike alr or water pollution, nolse does net constitute a form
of transfrontier pellution (although noisy aircraft fly acrosa con-
tinents and motor vehicles crosg frontiers); on the other hand, there
15 a significant amcunt of international trade in wany noise-producing
products, such ss motor vehicles, International co-operation must
therefore be strengthened, in particulor to compare experlence and
Lo encourage a strengthening of noige limits. T hope that this
Conference of OECD countries will not only constitute a significant
stoge in this proceas, but that it will also give o new stimulus to
the fight ageinst nolse within ecach country.

On the basls of on anolysis end an asseasment of noise abntement
policies, the following reports put forward proposals for new and
innovative policles for the future,



SUMMARTES

1, THE PRESENT AND PUTURE STATE OF THE NOTSE ENVIRONMENT

Pest trends and current surveys show an increase in noise, es—
peclally traffic noise, with ever increasing oreas of OECD countries
belng affected and for lenger perleds of time. The repert examines
the main factors causing this increase, and looks at how exposure
to noilse varies from one country teo another and from one city o
another. Current forecasts demonstrate thail, unless more stringent
nolse abatement policies are adopted, there is 1little likolihood of
any general improvement in the noise environment; or the contrary
the evidence suggests that nolse, especially from read traffic,
could Iincrease serlously in the future. The report therefore sug-
gegts that existing noise abatement pollcles should be reassesscd,
and new approaches to the problem investigated,

2. THE IMPACT OF NOISE

The firat part of this report examines the way in which noise
affects mants physicel and mental health; in particular the physlo-
logical effects {e.g, damage to hearing, increased blood pressure),
the effect on dally activities (disturbance of sleep, interference
with conversation), and the psycho~sociological effects {annoyoence,
stress, etc,). In the light of these effects, the report addresses
the guestion of what lovels of emblent noise capm be regorded as pro-
viding satisfactory protection from the point of view of health ond
wolfare.,

Howaever, health and welfare effects are not the only element
to be taken into account in noilse abatement decisions; there are
also economic, technical and other elements which have to be welpghed
up., The second part of this report discusses the rationsale and the
varfous metheds that have been adopied for assessing the impact of
neise on people ond the bepefits of noise abatement measures in
monetary terms, The report concludes that the present state of the
art is not setiafactery for policy decisiona, and that further work
iz needed to value the soclal cest of nolae in monetary terms, On
the other hand, cost effectiveness analyses using physilcal measures
of nolse nuiszance, health damnge, etc. do enable the policy-maker to
make mere informed decisiens.




3. REGULATING FOR NOISE ABATEMENT

Nelse control presents a difficult legislative problem which
requires somewhat different solutions to those which have clasai-
cally been applied to other pollution problems, Thia report exam-
ines the major featurea of noise abatement legislation in OECD
countries, and assesses what has been achieved so far, and what
difficulties have been encountered. In many countries a "secotiercd”
system of legislation has evolved, where individual measures have
been pursued separately to deal with aspecific mspects of noise pol-
lution. A few countrlies, however, have adopted a comprehensive ap-
proach, binding together all the elements of an averall noisc abates
ment strategy inte a single legislative framework and/or inte o
comprehengive programme. The report concludes that this latter ap-
proach is the most eppropriate for the properly co-ordinated erfort
over o bread front which 1s nocessary for a fully eifective nolse
abatement pollcy. For the future, the report suggeats that the key-
note should be planning, firancing and enforcement, HNeoise program-
mes need to be fully thought cut; they should have a clearly de-
fined overall Iramework, looking ahead as far as possible, and spe-
cifying objectives, prierities and means of enforcement.

4 LOCAL ACTIONS AND PILOT "QUIET TOWNSY

Local government has an important nolse-abatement rele, and a
varioty of appreoaches have beon adopted ot the leocal level in OECD
countrles, The report conalders the conclusions thet can be drawn
from experience gained so far, for example Irom the pllot Yguiet
town' experiments in some countries and the innovative traffic mon- ;
agement schemes etc. in others., It can be difficult to evaluate the i
success or fallure of local measures nimed at reducing nolse, hut
the report concludes that far effective results, local government }
authorities need to be highly motivated and well organised, and :
should cencentrate their efferts on types of noise that are omenable t
to action at the local level, seeking the co-operation of the public
as far as possible, The report proposes a number of strategies that
are likely to bring effective results,

5.  NOISE CHARGES .

Thig report considers the effectiveness of noise charges as an
incentive measure to complement legislation. This 1s an approaoch
which has been goining ground considerably over the last fow years,
Some countries are considering the iniroduction of chargez on the
noisieat cars, lorries and motoreycles; while others already impoze
charges on aircraft noise. The repert discusses the ratlonale for
gieh an approach and concludes that there ds muzsh in its favour.

-6 -
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Variocus methods of calculating und implementing the charges are
examined in detail,

= COMPENSATION FOR DAMAGE DUE T0 WOISE

It often happens that no satisfactory preventive or protective
measures can be taken o avold serious nolse nulsance, Such i3 the
case particularly for people who live slongaide main roads or rail-
ways or in the vicinity of sirports. Thisg report considers whot can
be done te provide some messure of relief, as far as one can, to
people exposed to this sort of nolse; 1t exoamines the role of com-
pensation as an clement of noise abatement policy; ond sets out
the various forms of compensatien that are avallable, for example
the provision of nolse insulation or wmonctary payments to compen-
sate for a fall in land or preperty values. The report concludes
that, while compensation must remsin a last resort, fair and effec-
tive leglsletion and administrative procedures for compensstion must
be available when ell else fails,

7. EDUCATION AND INFORMATION

Some types of noise nuisence, e,g. from uircraft, cen be dealt
with only at the natiocnal or internationsl level, This report
arguos, however, that a greot deal of the nolse we sulfer in our
dally lives could be reduced ot little cost 1f people generally were
more nolse-conscioua, Subatantial nolse reductions could be achieved
i1f engineers, designers and planners were better informed of the
scope for simple noise control techniques. The general public could
help by buying guict productc rather than nelsy ones, and by using
potentially noisy cquipment in & considerate manner. The repert
propeses & number of measures which could help Lo improve the situa-
tion, for example more widespread study of accoustics ond noise-
related motters, specialised troining courses, publlcity campaigny
ond preduct labelling systems; and stresses the role of schoola in
creating a greater cense of altruism in futurce generations.

B, THE COSTS_OF HOISE ABATEMENT

This report contains s detalled anslysis of the costs fnvolved
in reducing noise at source, in transmission, and at reception of
all the major nodse sources; read traffic, aireraft and industrial
installations, Some globel ecstimates are glven, and the report usses-
se8 the cost elffectiveness of various noise abatement measures, One
general conclusion ic that substantially dncrensed research on noisc
abatement cogts is neoded to help policy-making.



9. NOISE ABATEMENT IN _THE CONTEXT OF ENERGY CONSERVATION AND OTHER
POLICY OBJECTIVES

This repart considers how far measures taken to reduce nolse
can be compatible with other poliecy objectives, especilally the need
to save energy. Paortlcular attention is puid to road transport,
since motor vehicles are both a major source of nedse nuisance ond
mejor consumers of energy. On this aspect, the report concludes
that in general there is ne significant conflict between noise
abatement end energy conservation, Other sources of neise (railways,
pireraft, industriael plants) and aboltement measures (such as sound
insulation of bLuildinga) are also considered in the context of
energy policy., Agaln, the broad cenclusion 1s thet noise abatement
is not incompatible with energy censervetion. Indeed, as with metor
vehicles, in some cases the best strategles for each objactive ara
mutually reinforcing. The report identifies some other policy ob-
Jectives which may have u bearing on noise pollicy; for cxample vis-
ual pellution, safety, urban planning, and so on. Little systema-
tic evidence 1s available, howaever, on the relationship between such
policy areas and nolse control.

10, INTERHATICHAL CO-OPFHATION AND HARMONTZATTON T THE FIHLD OF
HOISE ABATEMENT POLICIES

This report censiders what benefits might be golned from greater
international hormonization and co-cperation in the field of noise
abatement policiea, and examines the role of the various interna-
tional organisations invelved, The report suggests that a dynamic
approach to harmonization could do much io promete steady pregress
towards a better nolse environment, aos well as benefitting wanufuc-
turers and internaticnal trade, The report suggests, In particular,
that benefits could be gained from greater co-operation in the fileld
of motor vehicle nelse limits and meaaurement procedures, construce
tion equipment standards, product labelling, the conditlony of use
of nodsy equipment, and from regular exchanges of expericnce and

infarmation,
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The follewing reports were prepared by the QECD Secrotariat
under the guidance of a Steering Group which was set up to help in
+the preparation of the Conference, The reports remain the respen-
sibility of the Secretariat and do not necessarlily reflect the
vicws of QECD Member Governments,
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THE PRESENT AND FUTURE STATE OF THE NOISE ENVIRONMENT
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1. INTRODUCTTON

Surveys, records of complalnts, and physlesl nensurements gene-
rally show noise to be one of the major nuisances of megdern life,
particularly in urban areas. Indeed, recent opinion surveyc in the
United States and Japan put nolse fipat anopg the nuisahces pxpers
ienced in resldential wsreas, end show that It has Increased cver the
last five years.{!) In the United States, nelse ranks very high as
4 reason why people move out of their neighbeurhood, (2} In Jupan
there are currently mere complaints about noise than about nuy other
form of pollution. (%) This is the measure of the impertance which
people attach to the roduction of nefse. In everyday 11fe, at home,
in the street and during leisure time, people are exposcd to a nolse
level varylng between 30 and 90 declbels and semctimes exceeding that
figure,{4)

Various indices exist for measuring synthetlically the overall
level of fluctuailing sound scurces but there 1s a definite tendency
to adopt the Leg index in decibela(A), internationnlly, (5) which

1} a) Noise - Toward o Strategy for Neise Control, United States,
EPA IOV

Haige PollY, Sound and Vibration, Junuary 15v9, United States
Publlz Opinion Poll on Pollution, Prime Minlster's Qfflce of
Japan, 1974

d} Japan Envlroament Summary, Vol, 7, No, Z, 10th Februnry, 1979

Annual Housing Survev, Port B, Indicators of Houcine and Neirhe
bourhood Qualitv, turrenl llousing Heporis, Ruresa ol Census
Unltrd Stafes Department of Commerce and United States Department
of Housing and Urban Development, 1973-19%6.

3) Quality of the Environment in Japapn, 1978, Japanese Environment
AEGNCY .

In workplaces, and especlally some nolsy ractorles and workshops,
the neise Llevel may cxeeed 90 decibels, butl the question of neise
gt work is not dealt with here,

;) wed {equivalent contlnyous sound level in f-welghted decibels) =
a level of constant sound (in dBA} which would have the same
vound energy over a given period as the meagured fluctuating
sound under conslderation, The decivel (dB) is o unlt of measure-
ment of sound pressure level related to & standard reference level
of 0,00002 Newlens per square metre, The decibel ceale 1s logu=-
rithmic, 86 that a very wlde range of uudible sound can be desc-
ribed in terms of a manageobly small roage of numerleol expres-
sions, A sound of 0 dB at 1,000 cycles 1s just audible to n
person with good hearing, A scund of 120 dE causcs paln in the
eur, The accuatical pressurc of the second 15 one wmilllen times
grester than that of the first.

The decibel (A-welghted) (dBA) is a unit of sound measurement in
which greater emphasis 15 given to the medium and high frequencies,
to which the human ear is most sensitive, The dBA measure, which
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enables overall acousticnl energy to be mensured over a given period
end 13 a sultable inatrument for measuring exposure to neise {slthough
doubts are sometimes expressed os to how valid an index Lt ig for
measuring the impact of night-time noises).

Figure 1 below is an exsmple of a "noise barometer" showing the
sound levels of different types of nofse {rough approximatichs -
laveln can vary widely around the figures shown).

FIGURE 1: HOISE BAROMETER_IN JBA

Typleal sound scurces and places

120 Alreralt at toke-eff
110 Pop musle greup
160 Prieumatic drill (at % m. distance)
Peok levels aepr on alrport
ae Lorry, moteoreycle, or older type bus sccelerg-

ting {(at 7 m. distonce)
Clder type underground traln

B0 Busy erosaroads
Prieumatic-tyrod underground train
70 Qutdoer noine lovel near o motorwoey
Helsy office
60 Busy street through open windows
50 Busy street through closed windows
[ils] Duiet llving-roon
0 Quiet bedronm
Rustling of lewves
20 Broadeasting studio
Desert

Boekground Report No, 2 entitled "The Immpact of Noise® contningo
a deacription of the effects of noise on people.

This report describes the past development and present sgtate of
the sound onvironment, and sttempts to annlyse the feresceable trends
go far as nolise is concerned.

2, THE DEVELOPMENT OF NOISE OQVER_TIE LAST TWENTY YEARS

Over the last 20 years noise hag extended in time (evening and

night-time trefric, wechkend and holiday activitles) and space
Footnote b continued. from.pyrevious pRge
ig the one most commonly empleyed In nolse sbatement and control
activities, glves a good correlation with the subjective impres-
alon of loudness,
When a sound increagses by 10 decibels its subjective intensity,
1.0, its perceived strength or loudness, doubles, while deubling
the acoustical energy {for instance by doubling the number of
ldentical nodse pources such as private cars) produces an increasc
of only 3% decibels,

- 13 -



{extension of noisc into suburbas and the country), This extension

is due to continuous urbanisation, increased activities ond increased
traffic; the number of motor vehicles (including heavy lorries) in
the OECD countries has trebled, and air traffic (in passenger/kms)

haa increased tonfold in 20 years, The urban population of the OECD
gountries has increased by 50 per eent in 20 years, and the number

of towns of more than a million inhabitants has doubled. In addition,
large-scale urban renewal and Infrapgtructure building projects {moter-
ways, alrports, etec.} have been carried out in mony OECD couniries
during the laat twe decades,

It i3 in the field of transport that noise sources have 1nep-
eased most rapidly in numbers ond Impact; mainly motor vehicles and
to a leaser extent nlreraft, In the five yeara from 1973 to 1578
the percentage of the pepuletion of the United States exposed Lo road
traffic nolse greater than 069 dBA incressed from 6.4 to 10 per cent.
At the same time measurements and surveys show that the number of
people expesed to road traffle noise, and affected by it, is greatly
in excess of the number expesed to 2]l other sound sources cambined.
It is eatimated thet in Eurepe snd Japan the nolae of read traffic
1s an annoyance tc 20 times more people thoan the nelse of aireraft
{compared with 3 times more in the United States).(1) Admlittedly
in sédvernl countrioes nelghbourheod neolses, especislly in residential
suburba, are alse an appreciable gsource of annoyance, {acmething,
mentioned ng the second source of nolse annoyanee, ofter traffic
noige), but there is no satinfactory index for measuring these and
no complete atatistiecal survey, The impact of railwaya is compara-
tively emaller; generally 1 te 2 por cont of people are subjocted to
more than 65 dBA by troins (except in Bwitzerland where it 13 estima-
ted that 4 per cent of the population are exposed to such o nelse
level), Industrial establishments and worksheps arc often the main
agource of complaints (Japan, United Kingdom) and building sites the
second. This however ls due to the foct that it is casier to find
out to whom to moke a complaint where fixed sound sources are concer-
ned, than with moving cnes {vehicles). Tt should beo noted that
nelther the acousitical measurements nor the surveys of representative
samples of the population include the noige or industrinl establish- ‘
ments or bullding altea among the meat significant sourcea of noise. :

It is estimated that in 20 yeara, the teotal aceustical energy ‘
has more than doubled in the OECD countries, But this general state-
ment masks a rather more complex pattern of development, In arcas
which are already heavily built up, and where the noise level waa
already high, it has increased prather slowly, On the other hond, in
areas that were formerly quiet {residentisl suburba) the average

1) The State of the Environment in OECD Countries, 0ECD, Paris, 1979,

T -



increases in nolse in Leq have been from 7 te 10 dBA and sometimes
even more. A difference of 10 dBA, incidentally, is that between
the average noise in a small town such oz Blois in France and o
large capltal city such aa Peris or London.

Table 1 shows the percentage of the population exposed to the
nolse of rozd and air traffic in varlous OECD countries,

It appears that for these 12 countries talen together {(umcunt-
ing to 78 per cent of the total population of the OECD srea}, 15 per
cent of the population are exposed to an autdoer noise level granter
than 65 dRA(1}, correspondilng to approximately 108 million inhahit-
ants Tor the whola of OECD, This level of 65 dBA is regarded as an
abasolute upper acceptable limlt, and in several cases is used as the
basis for regulationa concerning sound insulation and compensation,

In a large capital city like Parls, nearly half the pepulation
1a exposed to this 65 dDA noise level,{2) It is also estimated that
over 50 per cent of the popylation of the OECD countries is exposed
to a noise level exceeding 55 dBA, considered by severnl countrics
a3 a target figure specifically mentioned in their nolge apbatement
programmes. There are sometimes significant differencea from one
country to another, These diffeprences can moreover be exacerbated
by the level of sound ingulation in buildings, Thus in countrics
where cutdoor sound levels are fairly high, where many houses are
stil) bullt of wood, and where there is a high populetion density,
indoor sound levels are distinetly higher thon in some other count-
ries where outdoar sound levels are lower and whore the houses are

usually double-glazed,

3. NOISE IN TUE FUTURE

Forecasts in some counlries(3) suggeat that despite the current
regulations the impact of noise will increase from now until the year
2000, mainly on account of road trafflc,(4)

S0 for as the Moise of commercial” direrdlt 1a conceraed, diffur-
ent national estirpetes of nois¢ exposure use different timesenles,
If all known nolse reduction measures were applied it has been

1) Measurement expressed in daytime Leq, It should he noted that
such & nolge level is measured in front of the fagede of the
nouge which la the mest expesed to noaiae,

2) Enqufite nationnle sur 1lexpositlon des Frangais aux nuisances de
'I'E’IHBIJCIT 8 » s Yon 1 rance [ .

3) Forecasting models have been developed in the United States (for

road traffic and aircraft noise}, in France (mainly for road noise),

Switzerland (for rosd, rail and air noiae), and the United Kingdom
{for traffic noise and aireraft nolse),

4) The DECD forecasts are for 360 million passenger cars in 2000
(compared with 260 in 1980) and 90 million commercial vehicles in
2000 (compared with 60 in 1980 and 20 in 1960),
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POPULATION EXPOSER TO AIRCHART AND ROAD TRAFFIC NOTSE,
SELECTED COUNTHIES OR REGIONS, mld-1970s {poer cent)
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estimated that in the United States, the ares Impacted by aireraft
noise could be reduced to 20 or 30 per cent of 1979 values{!) but ‘hat
could not be achieved until well beyond the yvar 2000 aince the more
realistic projections of possible nelse oxposure for thot year indi-
cate substantlally less reductien. In terms of the percentage of
pepulation exposed to an aircreft nolse of more than 65 dBA, the
impact in the year 2000 could be reduced in the United States to

58 per cent of what it waa in 1975 (end to 50 or oven 15 per cent 1if
stricter stratepgies are adopted),(2) In thoe United Kingdom, it is
forecast that in 1990 the number of people In the vicinity of
Heathrow Alrpert, Londonr, predicted to live within the 5 NNI con-
tour {i,e., around 60 dBA in Leq), will be one ceventh of the number
in 1974, (3) Forccasts heve been mede Tfor Schipel Airporl in the
Netherlonds which show a reducticn by the year 1990 in the number of
households affected to 42 per cent of 1975 figures with a fully
noise-certificated flect., These results will be achieved mainly by a
reduction in the noise made by new sireraft, the use of less nolsoy
flight procedures, and so on. There are s numger of uncertaintles
to be taken into gecount when ferecasting future levels of ajrcraft
nelgse, but in general terms thers arc good grounds rfor asylng that
the population seriously affected in OECD countriea will be halved
by the end of the century, if nolse reductlions arc nat counterbalanced
by teo large an increase in air traffic volume,

So far as the noise of road troaffic in the United States ia
concerned, however, the impact in the year 2000 will be 23 por cent
greater than 1t was in 1970 if the present regulations (concerning
heavy lorries) continue unchanged; it weuld in fact hove been twice
as great in 2000 as compared with 1970 if thero had heen no regula-
tiong at all. Ewen if new, stricter stondords are opplled to heavy
lorries in about 198%, the impact in the year 2000 will s5till bLe the
same ag8 in 1970.(4)

Moreaver 1f the noise of private cars increascs - as may happen
in the United States with the Increase in the mumbers of averapge und
small-gized cars -« the effect of stricter standards for heavy lorries
will be cancelled out, Rozd traffic in terme of velhicle/kms {5 expec=
ted to double in the United States bhetween 1970 and 2000,(%) In the

1) Noise Expasure of Civil Aircarrier Alrplanes ‘rhr'ou 11 _the Year
aboratory lor Unlted otaCes L olse ntement Uffice,
2) Ihid,
3} Alrport Strategy for Great Pritain, United Kingdem Department of
‘I‘rage FE-TSU 15{).
4) » Wyle
y 1979

5} Tronsportation Pro;jection.; 1%5 1090 2000 by Jack Foucett for the
nlited Ltates aghington,
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United Kingdom, while 11 per cent of the population wna subjected to
a level of 65 aBA (leq) daytime nolse in 1970, this proportion wiil ;
be 14-16 per cent in 1985 and 17-20 per cent in 2000, thus nearly
doubling between now andg 2000,{1) For the overall situatien not to
deteriorate, the noise of heavy lorries will have to be reduced by
10 dBA; and for it to improve it will also Lo nccessory to reduce
the noige of cars, without overlooking the serious problem of motor-
cycles, In Switzerland by the year 2000 the proportion of the popu-
lation exposed to n traffic noise level higher than 65 d4BA (daytime
Leq) will reuch 15-20 per coent compared with 8-12 per cent in 1974,
unless greatly reduced neise limits are introduced for motor vehic-
les. But Lf very stringent noilae emisslon limits are introduced

by the year 1986 (75 dBA for cora, 80 dBA for buses nnd metercycles,
82 dBA for heavy lorples), the propertion of peaple exposed to o i
level of noise of 65 dBA would Tall to 3<4 per cent.(2)

The lmpact of diffcvent development scenarios and anti-noise
strategien (higher stondardg; trafflc plana; changes in urban devee
lopment and traffic routes) hos nlse been simulated in a French study
on traffic noise in urban areas of over 20,000 populstion in the year
2000.(3) This study indicates thot even if emission limits ore
slightly strengthened, the number of people exposed to more than
65 dBA will not diminish (about 8 million people out of a population
in 2000 of 40 million living in urban areas with o population of
mere than 20,000); moreover the number of people exposcd to more
than 55 dBA will increase Ly about 20 per cent., On the other hand,
1f a very vigorous strategy of reduction of noisc at source is app-
lied { - 7 dBA for cara and -~ 9 dBA for heavy vehiclea) the number of
people exposed to more than 65 dBA could he reduced to 1 millien
{i.e. eight times less than in 1975). In order to substantially
reduce exposure to more than 59 dBA, urbon development and traffic
route constructien would alge have to be modified to take inta
scecount noise reductlon reguirements, In this woy the number ef
people expoged to more than 55 dBA could be reduced by half. The
French study concludes that o significant reduction of exposure to
more than 65 dBA (acceptable 1imit) cen be achieved by reducing
nelige at source, while for a reduction of cxposure to more than
55 dBA (quality target), action affecting the bullt environment

iteell must be undertaken.
1) Forecasts of E¥F05ure ta Traffic Noige in Restdential Areas,
.U, Hariand, THHL, Onlted Ringdom, T97L {Leq G-2& NI,

2} Report presented by the Swiss Delegation ol the Miniaterial meet-
ing of the OLCD Environment Committec, Pards, 7th and 8th May,
1979,

3} Noigse dn the year 2000 - Perspectives and strateples, report of

‘Tene natitute o ransport Hesearch an : s 1or the Helge
and Vibration Committee of the Ministry of the Environment and

Quality of Life, Paris, Jonuary 1980,
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These forecasts suggeat that unless road traffic noise is sig-
nificantly reduced, the properticn of the pepuletion expoesed te mare
than 65 dBA (the nolse level conaidered in several countries te be
a maximum acceptable threshold) will exceed 20 per cent of the popu~
lation in the year 2000, or on increase in the scund impact cn the
population of at least 30 per cent compared with the present bime,
What ls perhaps more serious is the suggestion in some forecnsts
that noise will increase not only in urban oreas but also in tourist
reglons (the seaside, mountains, inland waters), and wild country
(forests, isolated arcas, natural parks), especially at weekends
and holiday periods.(1) The causes of this will be the continuing
growth of leisure activities ond teurism, and the lncrease in the
number of secoendary resldences, The increase in the number of recw-
reational vehicles, the invasion by moter vehicles of areas hitherto
apared, and the greater use ef tourist aircraft and helicopters,
will tend to veduce the number of places and times where there i
5ti1l silence (or only natural noise},

4,  CONCLUSIONS

Many surveys show that noise is considered to be cne of the
mogt important envirenment problems. Therc are many forecasts sug-
gesting that nolse, and especinlly road traffic neise, 1s going to
increase seriously in the future {f much mere atringent neise abate~
ment strategies are not implemented.

Present legislation and neilse sbatement measures will not in
themselves suffice to reduce the present impact of noise. At the
most, they will stabilize the situation in somc cases while allaw-
ing it to detericrate in others.

Only ambitiocus and comprehensive noise ebatement programmes,
using a variety of techniques and policy instruments, will enable
the preaent state of the noise environment to be improved. What
are those techniques and policy instruments? To answer that gues-
tion i3 the precise purpoese of this OECD Conference on noise abate-
ment pelicles.

T ———————————

1) Exposaition des Francals ay druit et & s notlution dfe & 1a
zirculation nu’Eg_:_noB%Ie, TNT-CERNE, Lyon, 1975,
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THE IMPACT OF NOISE

PART I. THE EFFECTS OF NOISE ON MAN

1. INTRODUCTION

Severnl surveys and cpinlon poll: have shown that noize 1a a
major {somctimes the major) dizturbance and source of complaint in
the dpily 1ife of citizens in OECD countries{1), noicze being defined
aa any sound that may cause undesirable or adverse physicloglicol
and/or psychological effects on Individugls or groups.(2)

The erfects of nofse on preople are various and often Interrg-
lated, For instanece, uspeech Interferenve cen result in tlredness and
annoyance; but tiredness may exocerbate annoyance and exacerbuted
gnnoyance may increase the feeling of tiredpnessz,  There are alue
interrclationships botween the general ztate of health of an indivi-
dual and the varlous effecte of nolse; streszes due to polse induce
various reactienn in the bady ond ¢ permenent effect of "adaptotion®
to nolse, That is why the idea that people "get used™ to noise lo
cansidered by some experts to be n myth: apparent habituatlon to
nolse may mean, in fact, biologica) changes and psychological reac-
tions even il thege are unpoticed or unconsclous, (3}

Control (results of 1974
Environmentyl Protectlen

for Nolse

1) a) Toward a Natlonzl Strutes
pnnual nearing survey), Un ]

sgency (EPA), Washingten, D.C. 1077,
hg Results of a poll reported ip Sound snd Yibration, Janunry, 1979,

JaEnn Envi ronmont, Swemary, Vol. 7. Ho. 4, Epvirohment Agency,

QRYyO Y4,

d} Ja nn'EnvlromnenL Summary, Vol. 7, No. 2 {(results of a curvey
unsurEaEcn n 197537, ];'rw*romnent Ageney, Tokyo, 10th Februsry,
1979.

e) The State of the Environment in OECD Countries, CECD, Paris,

EEER

3} a) Effects ef Moise on People, Unlted Stoates EPA, Washilngton, D.C.,

171,
b) The Social Tmpact of Noise, ® " n "

ke
]



The effects of noise can be classifled In three maln categaries:

- the physiologlecal effects;
= the ellects on activitiesy
~ the paychoseclologlcal effects,

2, DHYSIOLGUICAL EFFECTS OF NOTSE

2.1 Hearing Lous

It is well known that long-term exposure to high nolse levels
can result in permanent hearing loss., This is, in particular, the
case for people working in o noisy foctory. Permanent deafness will
probably arise if one Lls exposed over mere than twenty years and
durlng eight hours per day to o nolse level of more than 90 JBA
Leq. (1)

There is now some fear, however, that noise levels experlenced
in the day-to-dey envivonment, e,g, in noisy strects, very clese to
airports, or in some transportation or recrestlonal vehicles, may
cauge, in the long term, loss of auditory acuity {partial hearing
loss), In fact, it scems that hearing dumage 15 determined by the
total sound ecnergy entering the car on a& dally basls (nolse at work,
plus nolse in transport, plus nelse ot home, ete.). As a result, in
the Unlted States, the Envircenmental Protectlon Agency hos concluded
that there is risk of permenent hearing damage after 40 years of
exposure bto a steady dally noise level expressed in Leq, of:

- 75 dBA during elght hours per day, op

= 78 d4BA during four houra per day, or

= B1 dBA durlng two hours per dey, or

~ B4 dBA during one hour per day,{2)

Along Busy stracts, near highways, and arcund olrports, nolse
levels higher than 75 dBA are not uncommon. That 15 why there is
now a fear thut auditory acuity of pepulaticns living in noisy cn-
vironments (neisy citles, airports, industrial zones, etc.) could be
progressively decreaaing with all the psychological consequences af
deafening, For ipstonce, 1t ls estimated that 13 million Amerlcans
arc exposed to an Loy, of 75 dBA or greater lIn transportation and
recreational vehlcles(3) and recent OECD eatlmales suggest that

1) The 180 recommendation Ho, R 1999 indicates that the risk criteris
lg gituated nt an Leq. ol 90 dba,

2) See Reducing Noise in OECD Countries, OECD, 1978 and Protective

tates EPA,

3) Toword a Natfonal Strategy for Nolse Control, United States EPA,
1577,
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0.1 to 1 per cent of the populatien (the preportion varying from
one country to another) are exposed to daily ncise levels above
75 dBA.{1)

It is also importsnt to reslise that the levels quoted above,
and those levels actually in current legislaticon (generally 65 or
90 dBA for eight hour occupational exposure), are baged on an assump-
tion of total guiet for the remainder of the day, High environmen-
tal noise levels are theretore of great concern, slnce they will not
2llew the hearing of a worker in a noisy industry to recover adeguate-
1y during the period assumed to he "quiet™ by protective lepgislation,
rendering the levely in that leglslation of limited value.

2.2 Non-Auditery Physielugical Effects

Wotse Enduces in the vegetative system o series ef functienal
changes as physiological response reactions; for lnstance, blooad
pressure rises, heart rate and breathing speed up, muscles tense,
and hormones are released into the bloedstream. This 1s perticularly
true tor high rodse levels or sudden nolse events, but it i also
true for nelse levels cammonly expericnced in najsy cenvironments
sych ag busy atreets, otc,

It ls now consldered pleusible thot some disorders {espectally
cardiovascular disorders snd lncrease of susceptibllity to disease)
are coused or accelerzted by higher levels of noise,(2) Thls has
been and 1s still the subject of epldemiologlceal studles,

3, EFFECTS ON ACTIVITIES
The effects of neise on acltivities are the most significant and
the best ldentified oncs, They cen be clussifled under three maln

categorieg:
- the effects on slecp;
- the effects on communication;
- the elfects on performance,

3.1 Bieep

The lmpact pf noise on sleep moy at the same Llme produce phy-
slologlcal effects, disturk an cssentinl activity and, as an indirect
effecr, reduce performance during the day and create a feellng of
annoyance, Such an impact depends (i) on the type and level of
noise, (11) on the psychophyslologlcal state of the person, and {111}
on the time of the night when nolse ls produced, since sleep 1a not

1) Ihe State of the Environmont in OECD Countries, OECD, Paris, 19%9.

2) The Effects of Noise on Man, K,D, Kryter, Pergamon Preas,
OnTted Stoten, 1977,




a continuum but L3 composced of varleus stages organlsed in repetitive
cycles over the night (light sleep, deep sleep, dreams). (1)

Many studies undertsken uso fur have been undertoken in the
laboratory under artificial conditions. In recent years, howevor,
several studies have been undertaken in situ, i,e, at home, {in
France, the United States, elc.). According to these varlouy studles,
disturbance of sleeop, (prolongatien of time for getting to slecp,
awakenings, shortening of certain sleep steps) lncreases above levels
of 35~40 dBA Leq., and thio disturbance ls particularly pronounced in
cages of noise peaks above o low background level, The stages of
light sleep (50 per cent of the night) seem to be particularly sensi-
tive to nolse and the sleep of aged people is even mare affected by
the impact of noise, (2)

Blnge the ptage of uleep varlen from one persen to anotlier at
any time of the night, one camnot say thot one period of the night
needs less protection then another, On the same grounds, slnce apfed
people are distributed randomly among the pepulaticn, onre cannot have
different limits for the generol adult population and for the aged.
In order to protect the sleep of the whole populuation, one ghould
therefore take Into account the special sensltivity of that important
group compesed of ared people, cspecinlly since thls group wlll be-
come Ilncreesingly numerous lp OECD countries, accerding to demographic
forecasty,

The questlon of adaptation to noiasc during sleep 15 stlll sub-
Jeot to debate, Some apparent habltuntion (no awakenlng) secms Lo
oceur for low intensity levels of well Known, usunl neive, However,
there seems to be very little or no adaptuatlen of the cardlovascular
system to high nolse levels {above £0 dBA indoors),(%) This raises
g double problem; there seems Lo be Llttle or no hgbituatlion to
neise; the mest importanl offect of noise on people (in the long run
and in terms of public health) may be thut nelsc could lead to or i
accelerate chronic disorders of the cardlovascular system, (4)

1) Noige and Audliolopy, Ed, D. Lipscomb, llnjverslty Park Press, 1978,

2} n} Report to the President and Congress on Noise, op clt.
b) ProceedIngs of the Inlernalionsl Conpress on Nojue ns a Publie
eglth Problem, Dubraviilk, '
c) Protfracted Holse Exposure and Cardiovascular Functliona, Federal
Qlsp Hedearch in s wmlfocls nited otales arch
Prablems

d) Naticnal Approochos Lo tomunity Nelnso , ECE Task
force, Genova, 1978,

3) Effecta of Noise on People, op clt,

4) @) "The Cardlovascular Response to Acoustic Stimuli", Gerber, §,E,.

et al., sudivlogy 16, 1-10, 1977.
b) Urban irnlILc No%se:' Audiolopy and Extra-Audilory Effecie,
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3,2 Communicotion

The most obvious effect of environmental noise ls lts inter-
ference with communication - apeech, and listening to radlo and tele-
viafon - becpuse at a certaln level nolse masks the sound one is
listening to,.(1) If the communicatien i4 impalred, {.e, If a part
or the totaliiy of ihe sound ls lest or if specinl eclforts have to
be made to gvercome tic interference (speaking louder, greater atten-
tion, etc.) there Ls a double effect of annoyance and of loss of In-
formation, The fundamentnol nature of speech and llstening, and the
Iyrequency of their use in almost all human activities, make 1t clear
that interference with speech and listening is one of the worst of-
fects of noise {effects of loss of expresslon and cmotional tone
through raised velce, simplified specch forms, etc,}. The degrada-
tion of our main channel of cemmunication with the world is of
serious concern for the protection of human well-belng, Lous of in-
formation caused by nolse intcrference c¢an be particularly dangerous
in cases of masking of ouditory warnings, cries of childrem, molfunc-
tion of equipment ond npproach of vehlcles. It can alsoe seriously
reduce the quality of teachlng and affect the ability of children to
learn reading and speaking.{2) The level of a normal voice inside a
dwelling ranges around 50-00 dBA,. Therefare a safe, background, In-
deor holse limit for percelving communicailen with good intelllipgl-
bility is between 45 and 50 dBA,(3)

Because of the number of circumstances in whlich interference
with communication caon happen - at heme, in the offica, at scheol,
in recreation arees = and since such lnterference can occur day and
night, this limit i1s of utmest importance to protect dally 1ife, It
should be noted that the level whlch Interferes wlth communication,
contrary to annoyance or sleep disturbance, does nut vary greatly
from person to persen and doca not heve subdective connotatlons since
the precess of commenication interference by noise is a strajghtfor-
ward matter of physlcal objective masking of desired sounds (speech,
music). The losy of communication may, howover, also result [n arn-
noyance and other more serious effecis in the long term, Thege In-
¢lude breakdown of group cobeslon, inhlbition of close soclal bonds,
and particular problems with cducatlion of heoring-alded deaf children.

1} a) Reducing Nelse In ORCD Countries, OECD, Paris, 1078,
h epor o e Pregldent an ongress on Noise, op clt,

2) "Noise and Children: a Review of Literature®, J.H, Mille,
JASA 58(4), pp.767-89, 1975,

2) Damape _and _Annoyance Caused by Nolse, Commisslon of the European
Communlliéa, Brussclt, 1470.




3.3 Performance

There have been few, if any, vealistic studies on the effects
of nolse on human productivity in general, as the World Heeclth
Organisation points out(1), and the ecffect of nolse on specific
tasks and perfarmance has mainly been studied in the laboratory.
Knowledpge concerning this type ol eoffect is slight and contradie-
tory.{2) Nolse can distract a persen invelved in n specific taask,
this distractlon depending on the meoningfulness of the noise and on
the psychophysiologlcal state of the person. Because nolse cun
chonge the state of slertness, 1t moay decrense or increase eftficiency,
It secms, howover, that mentsl activitices invelving vigllance, lis-
tening and intormation gathering, and high-comploxity tasks are par-
ticularly sensitive to Intruding noise,

Posgsible indlcaters of the offwects of neise on performance
could be (1) an increase of acoldents in very noisy places, ond (il)
a less than everage langueage development and roading ability among
children exposed to high noise levels at school und at home (sec
the above section on cffects of nolsce on communication).

4, PSYCHOSOCIGLOGICAL EFFECTS

In addition to the direct effects of nulse on sleep, communica-
tion wnd perforpance, there are indireet and nmore {ll-defined cffects
of annoyance whlch result from these direct efrects, but which are
influenced by verlous nsychological and soclal factors, These direct
ond indirect effects can culminate, In certain instances, in com-
plaints and even in erganiced movements of protest,  fSuch o culmina-
tion depende not only on psychephysioclogleel factors but alse on
sociol, economic: and political varlables which are difficult to pre-
dict and questieneble as o basis for the decislon-melking proceza,

In several surveys concernlnpg living condltlons, neise ls one
of the most Iregquently cited of annoysnces in the neighbourhond.

The anneyance people feel when expoced Lo nolse ls Lhe moust outward
exprossion of the atress bullding up inslde them. In certaln encep-
tionul circumstances, nolse seems to act as o trigger for wucls of
vielence, Sevoral murders and suicides hnve beoen initioted by this
mechanism, ond study in Lhis erea s commencing.{3) There are pos-
sible poycholaglcal effects of noelse other than onnoyoance, but these
have not yet boen studied ln detall with well-deflined methods,

These are:  the Latigue that some peaple feel when expased to noise,

1) WHO document EHE/EHC/T77.4.
2) "Effects of Noisc on Human EfficiencyY, G.R.J, ilookey, J. Sound
znd Vibration 20(3%), 299-304, 1972,
3) a) The Impact of Helse Poliutlom, Bugliarcllo ot al,, Pergaman
Presy, 1YV,
b} Information Sheet on Nolse~Induced, Anti-Socinl Behaviour,
Unitcd States BRA,
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the irritability and nervousness caused by nelse, and even perhapa
some mentel henlih cffocts, Much more rescarch is necded in this
area before one con draw precise concluaions,{1)

According to the World Health Organisation(?}, neize nnnoyance
may be defined as o feecllng of displeasure cvoked by the noise, It
is generally measured through guestionnnires administered to a rep-
resentative sample of the populatlen, But becpuse of the complexity
of subJestive reactions and the unrellability of present survey and
measurement metheds, individual annoyance cannot be predicted as ac-
curately ms one would need (correlntions generally below 0,45),

The individual anncyance due to noelse depends upon the person-
ality ond physiclogical state of the persons cxposed, thelr sociel
hablts and activity, and the time of the day.(3)

In order to accommodate the range of Individual varistlons
around the average reactlon, certain poljcy deciclons pely on statis-
tical relationships showing the percentage ol peaple annoyed or high-
ly onnoyed as a function of the noise level. A recent astudy by
T. Schultz tends to indlcate that Lhe proportion of people "hishly
annoyed™ increnses sharply abave an outdoor noise level of
60 _dBA Leq.{4) Below an cutdoor level of 45 dBA, almost nobady Lo
highly annoyed; around 10 per cent are highly annoyed at a level of
55 dBA; cvar one-fourth of the population are hlghly anncyed nt o
level of 65 dBA; half the people are highly annoyed ot 75 dBA and
three-quarters ape highly annoyed when the nolse reaches 3% dBA Log,
[This is In fact & "power" function which may reflect the intensity
{asceverity) of the noise impact as well as its extensity (number of
people exposed)/. Some studles (o.z. in Sweden) find even hipgher
proportions however of highly annoyed: 40-45 per cent at 65 dBA,
for cxpmple and many studies find a llnear or sigmo¥dal relatienship
between the proportion of "highly annoyed™ and the noise level,

Roughly speaking, the percentege of highly annoyea doubles for
each 10 decibels increase on the Leq. index except at very hipgh
nojise levels, where the increase of the proportion of highly annoyed
may somewhat flatten. It {s on the basis of pusychozoclologlcal sura
veys on nolse annoyonce that some countrisg have alresdy adopted
limits of noise acceptabillity to protect residential areas (in the
Unlted Kingdom ond France, for example), In some countries tiwesc
upper limits are set at a moxlmum outdoor noisc level of 65 dBA Leg,,
which however are consldered by meny countrics es fairly high, in

1} Effects of Noise on People, United Stotes EPA, 1571,
2) WHO document EHE/EHC/77.4,

%) "subjective Annoyance Ifrom Noise Compared with Some Directly
Measurable Effects™, 0. Arvidoson ond Y, Lindvall, Arch. Env,
Health 33(4), 1978. -

4} A Synthesis of Soclel Surveys on lelae Anneyanecc", 1.J, Schultz,
Journnl of the Acoustical Socletv o Amcrilcu, bh(Ei Auguat, 1978,
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partjcular for the night perlod. That 1o why, for instpnce In the
United States, nolaoe levels percelved during the night are "welghted®
10 decibels more than if they were percelved during the day time. (1)

5. CONCLUSTON

The most precicse and accepled health criterla concerning nofse
relate to (1) its interference with communication and {1i) its impact
on auditory acuity. In certain countrles communlly respense is algo
an accepted criterion (in the United Stotes, for example)., Policy
decisions can be taken, and in fact already are, on the basis of

these criteria.

Limits based on shnoyance and stress criteria are not 5e easily
defined since, for cxumple, rcactions te the same seund level vary
according to the source type, frequency spectrum, seclpl conditions
and many other factors. However, levels con £till be set based on
current knowledge, provided Lhe necessity ls recognised to refine
these as more precise informailen becomes avallable,

fhe results of research cofcerning sleep interference gre not
widely accepted bul they allow derivation of cipesure limits which
seem to be statistlcally valid, even If these limits do not take
into account all individual reacticons. Here agoin and in splte of
some uncertainty, pullcy decislons have already been taken,

The knowledge concerning performance pffects, cardlovasculor
effects, combined effects with other physlical and chomical Influchces
(including vibraticn) and more generally the possible long-term medi-
cal offccts, does not yel gllow one to derlve preclse limits of ex-
posure, But these effects are now a subject of cencern and need to
be further lnvestigated.

Taking into account the above nbservations, it la posaible to
propose limits for exposure to nolse, In the first column of Tuble 7,
the nolse exposure limits already adopted by some countrieu are
shown; in the seccond column, targets fer nolse exposure limits are
praesented, (2)

A1) these levels refer to relotively steady sounds in urbaon
arcas, Irom e.g., trafflc noise.

1) The United States EPA has adopted the Ldn lndex which adds a
"popnalty" of 10 decibels to the nolse events percelved at night,

2} ag Reducing Noise ln: OECD Countries, OECD, Paris, 1978,
b amare an goyunce Cauged b oise, Commicalon of the
suropenn Lommurn 05, russe
c) PrntnctiVe nolse levels, Unttnd atutoﬂ EPA, 1978

d) Noise Reqourch and Criterin, J.B. Large (mimeograph from the
Thalltutc of Sound and VIDratlon. Southampton, United Kingdom).
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Table 1

Situntion

Limits adopted by
some countries {JdBA)

Taprgets {dBA)

Frotection of auditory
acuity

Protection angainst exces-
slve fndeor intrusicn

Protection against exces-
sive communication dls-
turbance (spesch, music,
televisien, radio Listen-
ing)

Protectlon against exces-
sive daytime anneyance

Protection against exces-
sive sleep disturbance

85~-90 Leq. 8 hours

65 Loq. 24 hours
outside

75 =80 Leq, 8 hours
55 Leg. 24 hours
outsaide

40 Tieq, doytime
inside

40 Leq. daytime
inside

30 Leq, night-
time(#*) inside

#) It should be noted that in several countrles

the Leq. index 1s

consdidered as probably jnsurficient to take into account pos-
sible sleep disruptien by nolae penks,

It ia lmportant to note that due to the subjective nature of
some nolse reactlens, even these levels will not protect nil people

all the time.

In cevrtain cazes, at night, In rural areas, for very

aensltive groups, eteg., levels below the Indicated tarpets may pro-

duce annoyance.

which are lower than these in gome arcas.
limits and tergets arc expressed in Leq.

fPar this reason, some countries w-uld faveur limits
In oddltiaen, the indicated
whereas it is consldered

that even at low Leq, values, disturbance mry be coused by noice

peaks which are not teken Into account in the above table. (1)

Finala

ly, 1t should be stressed that more scvere nolze limits mny be re-
qulred in new sltuations than Ln exiating situatlena, {e.g., conatruc-
tion of new roads or new districts).
In splte of stlll important gaps of kpowledge concornlag some
of the blologicul effects of nolse, lt ig Lherefore possible, with-
out awalting the results of further regearch, to define nolse Limlts
and targets which would protect the population.
However, in order to help those responsible Lo take decisions
whleh ape more offective from the point of ¥lew of neise prevention
and the protectlon of the lfuture noise ecnvironment, more research
ta needed in the fleld of long term effects of noise, including pos-
gible cardiovascular effects, {especlally the riask of hypertenslon),
stressz, sleep disturbsnce and progredsgive effects on the hearing

1} The Leq. 1s an Index, integrating the total noise encrgy,

It is

a better mecsure of fluctuating nolse Lhan of lsolated eventls.



aculty of the peneral populaticn. Relationships between nolse and
these oeffects have now been csteblished, but what is not certnln are
the long-term heolth cffects of the shert-term chuapges, It must be
roecagnlsed, however, that uncertainty in this area ls not a reaseon
for delaying action. It isg rather a rcasen to set limitas oa sbrin-
gent as practicable untll we are more cortain of the wider cffects
of nolse.

It appears else that the Leq, scele s nnt without its short-
cemings {at low levels, with diacrete eoveats at night, etc,) and
therefore, in splte of the widespread use of the Leq, scale, much
remains to be done in order te improve the measuremenl af nolse and

i1ts effects,

PART II:. THE ECONOMIC EVALUATION OF THE SOCIAL COST OF NOTGE

6. THE RATIONALE FOR PRICING NOISE

Abating noise costs money(1), although some abatement measurcs
may take place "naturally" through technolopgical progress and through
changes In behaviour, The cest of abating nolae is measured in money
terms but the corresponding benefits sre not, I we could expreas
this benefit in money terms, we would have a simple methed of calcu-
lation that would permit us to define the "best" level of abatement.
This wlll be where the difference between the money beneflts of
abatement and the money costs of sbatement ls greatest, It mudt be
underlined that costs and benelits in the sense we will be using are
social costs and benefits - they Include ony costs berne by Ilrms
and any benefits received by the public at large.

However, the practlce of ceost benefit calculation ls not neccs-
sarily well fltted te the noige problem; slpce 1t requires o money
estimate af benefits, it ralses several theoretlcal and practlicel
difficulties which will be analysed below,

Neverthelcsa, for the policy maker, there in a ncod far an
evaluatlion of social cost, for, in the abzience of moncy measures,
he muat take his decislons on the basis of costs and whatever
tphysical® or secloiogical dato exilst. Perbaps he has knowledge of
fithreshold!? values for nolse beyond which htealth damage is feored;
perhaps he has date on amnoyance talken from gsoclal surveys, and so
on. He can relste thls to the money coots of achleving any specific
level of noise {this ia "cost-effectiveness" analysis) and make o
Judgement. based on the amount of fipunclal rescurces available for
noise abatement or en the number of people who wlll be exposcd to

1) See Background Keport No, 8, The Cests of Noise Abatement.,
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high nolse levels, The attractlon of the cost-benelit spproach,
where both coafs and beneflts are in money Lerms, is that this judge-
ment is aupposed to be avoided, and what wes necesuarlly a partly
subjoctive and political exercise becomes o more ebjective exercise,
ot least In economlc torms,

There is an addltiennl thoorotleal advantape to Lhe pollcy
maker, When secking methods and instruments for controlling noise
hui sance, outright prohibltion or regulatjon providesz one set nf
measurcs, More likely ls that some standard mipght be Set elther for
the receiving cenvircnment or at the source of nolue emlsuilean, To
set those standards aguin requires some knowledge of tho bhenellts of
abatement and we might legitlmately argue that the "besth op
foptimum" atandard (in ccenomic termns) 13 the one that maximiszes the
net benefits from nolse centrol.(1)

Finally, there sre Lfar more valuable apopects of knowing the
money value af nolse nulsance, One example chould auffice.  In many
discusslions on noise gbatement pollcy onc comes across the view that
the alm 18 to eliminate noise, or ta gecure maxlmum possible noise
reductions. This connet be a legitimate policy cbjeatlive siince ftu
invites the response "at what cost®™.  That Lls, such objectives may
well mean incurring expenditures which yleld extra benefits {measupred
in money) which mre less than the expenditures pade o achiove them,
These extrn oxpendltures could have beon diverted elsewhere.  The
cogt-benefit "medel" therefore enables the pellicy muker to be fore-
armed wlth onswers and queries about policy stalements of thils Kind,

Some examples of how the cest-benefit approsch might be ospplicd
can be given ln order to focua stitention an the policy Implleaticens,

In building a motorway planners may wish to plve attentlon to
its impact on urbagn neise levels {noice levels are <leoarly less lm-
portant for lnter-urben roads, but other effects, such wb acscthetic
impact can then be more important). The option will pencrally exist
to cut the road below ground level, Lhus attepuating the notuse. Or
nolse barriers may be placed oleng the sldes of the road. Or specilal
road surfaces to reduce surfoce nolae moy be used,  The Firso twoe
policies and probably the last will add to the coot ol the road com-

pared to a situatlon ln which these abutement pollcics were nol

1) Morcover, the policy maker may wish to set a noise charge on the
source of noise, whether {t {5 motor traffic, alreraft or o sta-
ticnary source., Such charge propesals exlst and some nolue
charges actually cperate, although il would be untrue to gay that
they are related to wnything like the economic caleulations out-
lined above., HNonetheless, 1! o neloe charge [s under consldera-
tion, the cost beneflt approach ogaln permits determinatlon of
that charge. For lt sheould be just equal to the exira benefit
obtained from reducing nolse by oene unit at the Yoptimum® level
of nojse as previously determined,  Such o charpge cannot be de-
tormined without knowledge af the "optlmel?® level of nolse.  Sow
alse Background Repert No, 5, Nolse Charpes.
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undertaken. Clearly, then, the planter and policy maker necd to know
whether such measurca are worth the expenditure, If it {5 posalble
to secure a money value for the benefit that urbsn resldents place
oni the reduced neise level {compared to what it would have been),
then this value can be compared to the costs, If It exceeds the
costs, the measures are worth undertoking, If the value is less
than the costs this does not mean thot the measures should not be
undertaken. Rather, consideratlon should boe glven to intraducing
gome of the measurcs, or providing barrlers In some places only, and
go on, Then the cest af these lesser measures con be compared to
the hepefits. Perhaps this time the beneflts will outweligh the
cogts. If not, a furiber analysls should be carried ocut fopr even
more limited measures, and so on, Only iIf the poliuy maker Ls sutlse
fied that ne measure of abutement can be Just!fled by the benefits
should he permlt the road to be built without any nolse attenuatlon

measures.,

This example underllines the idea of comparing costs and benefits,
It also serves to remind us that we need to loolk at the cosnts and
benefits for difforing lovels of noise abatement, Maklng onn obhser-
vation i{s not enough.

With an airpert, abotement measures way be ol iwe general typoa.
To reduce noise at scurce requlres abatement technologles In aireraft
and the same principles a3 outlined for the road would apply. But
care sheuld bo taken to ensure that a glven noise reductlon Ls
achieved ut the lowest cost, For example, it may be chenper to re-
duce nolge by the double-glazing of heuaing, schools and so on rather
than replacing aircrart engines by quinter oncs. The 1ssue Lo coms-
plicated by the fact that insulatlen measures do not reduce "out-of.
doaps! noise.  The cost-bonelit approack would then require thot nn
cstimate be oblained for the money value of reducing this kype of
nulsonce alone. Thls value should then be compared te the coat of
reduclng out-of-doors neise, s reduction that wlll gencrally only be
achlevable by abplement measurces In Lthe nlreralt (some olher mensures
are possible - e.g. careful speoclfication of talkeeofd and landlag
routes),

It should be npoted however thot in additlon to nolse abatement
at source, there are olher efflcient measures Lo reducy the polue
impact of un airport:

= reduction ol alrcruft movements;

= time limits (curfews};

- nolue charges;

= guleter toke-off and landing proecedures,
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7. THE BASIS OF BENEFIT VALUATLON t

llow then can we attempt to measure the money value of noulse
nuisance? The economic loglc proceeds roughly as follows. I nelse
is percelved and is not liked, the individual will undertake some
avertive behaviour. He may install double-glazing, take sleeping
pllls ot night, engoge in politlical activity to re~route heavy lorries
ar change flight paths, or he may try to move house a0 as to secure
a quieter (nut necessarily a nolse Iree) environment.{1} If we can
Suppode that there exists some continuum of people, cach sensitive
to noise in different degrees, and cach free to meve to that location
which satisfies them, then we shall observe changes in the housing
market which should show up In the form of differential house priceu.
In general, we would expect prices in the noislest districts to be
lower than those in the qulct districts. Similarly, the nolsiest
districts would be inhabited by the leaat noise sensitive persons and
the quiet districts by those who are most noisc sensitive,

If housing markets operated this way we might argue that thoese |
who have moved have incurred costr which represent their willingness
to_pay to achleve the level of peace and quiect they desire. All that
is left is to obscrve these costs and we con take them as a proxy for
the individuals? willingness to pay for peace and quiet. When summed
across all individuals affected by nolse we then have the ppgresate
willingness to pay for noise abatement, Of courae, It could be im-
partant te try and observe ns many different noiae levels ns we could
and te obtain the willingness to pay at cach of these levels., In
other words, we would have nply one observation when what we need are
many at differing levels of noise. Otherwise we would net be able to
trace out the functien relating money values te nolse levels and 1f
wn could not do this we could not determine the optimum level of noise
using cur cost-benefllt principles, Whether the studies that have
taken place succeed in deing this is something we shall discuss
ahortly. For the mement let us observe one peasible oddity in this

cost-beneflt approach.

Nolsap nulsance ls lnvarisbiy Introduccd into n community as a
by-product of some legltimate activity (driving a car, flying by air,
Ilndustrial production)., The costs of that noise nulsance are not in-
corporated into the decislons af those who drive cars, fly by air or
produce induastriel goods. fThis is becouse sacieties have generally
evolved in such a way that "preperty rights" are vested in the creator i
of nofse and not in the sufferer. That is, the person suffering nolse
often does not hove the Y“right" to peace and guiet, whercas the noise

1} It might not be always possible Lo fdentlfy guch behaviour as
noise often induces changes in attitudes rather then in ohservahle
actlions.



crentor doea have the "right" ta produce pndfor use the product
which happens te generate neise as a by-product,{1)}

If we adept what we have called the "willlngness te pay™ ap~
proach, what has implicltly happened ls that property rights have
been vested in the polluter, We are asking the victinm to express a
valuation of what nolse nuisance means to him in monecy terms and we
seck that exprecslon by observing how ne behaves in spending his
money.,

Glven the facit that concepts of fairness would scem to demand
the opposite - that there is some right to peace and quiet = Lt scems
appropriate te look for different measures ol soclal cost. The one
that would fit the argument expressed above is one hased on
compensntion: i.e. findlpg out whac the individual wants by way of
compensation te tolerate the noise, HNotice thet this does not mean
the noise levels that exlst should be tolerated, After all, the ob-
Jective of the exercise is te seck values to bhe used in a costebenefit
atudy to determine Just by how much noise levels should be reduced,

Thia argument matiers a great deal, for twe reosops. As we
shall see, most studies of polse costs have vosed the concept of wil-
lingness to pay and not compensation, Sccond, while there are cir-
cumstances in which willingness to paoy and compeasatlon measures will
differ 1ittle in practice, for signiflcant changes in nolse levels
they will matter, Mareover, the compepsation figure will generally
exceed the willingneas te pay figurae for the simple reason that the
former 1s not {or is5 less) constrained by the individualts income

whereas the loatter is,

8, MONETARY INDICALORS OF THE SOCTAL COST OF NOISE

We may briefly survey the three main methods that have beoen
used to value nolge In money terms., The first of these methods has i
been the most thoreughly rescarched.(2) The methods are:

1) The house price differcntiel appreach;
11} The exclusion facilities approach; '
iti) The survey approach
We amit seme other metitods which rely on experimentol situatlons
in which Indivlduals are placed in "simulated® conditions snd asked
te gtate preferences for certaln alternative statees of the environ-
ment which are artificiclly prescnted to them, We also omit some
survey approaches which seek to soliclt reaponces from individuals

1) Of course, In seme countries, sufferers do claim such vights and .
often succeed in having them honoured through court awards,

2) For fuller details see QECD (1978}, (See Annex 3 for a list of
the References clted in Part I1 of this Buckground Roport).
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whno are presentod with hypothetleal budgets and who are aosked to dis-
tribute these between onvironmentol benefits such ns peace and qulel,
proximity to cheps and so on. It secems falr to suy that these stu-
dies remaln in their infancy end that thelr success ig open te quos-
tion.

8.1 The House Price Differential Approach

8,1.1 Theory

The Housc Price Differential (1IPD) approach attempts to transe
late obaerved HPDa between nojsy and less neisy zones into Llhe moncy
valuatlons that refloct the preferences of the nolse suffereras. It
18 also worth noting that the JIPD approach ls now widely referred to
as the "hedenic" approach, Any house may be thought of as comprising
a bundle of attributes whether pumber of reoms, slze ol gorden,
avallablliiy of garage, proximity te shops or schools and so on.

The level of nolse ia one more attribute amd indeed, can be Lhoupght
of as a negative attribute. Alternatively, the "inverze" of polse -
peace and quiet - can be thought of as a posltive attribute, Any
heusehold is assumed to aim to satisly as many wants as possible
within its Incoeme constralnt,

This maximisation procodure lends to the idea of housing expen-
ditures being a function of the various attrlbutes of the house, or
in other words, the rental of any houso will be determlned by the
attributes of the house. We may then convert from a rental to a
property value since the latier is only the capitalised value of the
former at some discount rate ruling in the housing market, In this
way, the value of the house is dependent upon the attributes of the
house, Noisc levels will then be one of the many attributes contri-
buting (in this cagse negotively} to tho property price,

To find the willingneas to pny of the houzcholder for on extra
unit of any sttribute (the "marginal® valuation) we zimply sce how
the price of the property would change if that attribute was changed
by one unit. This change In valuation is the Phedonic price" or the
tmargiaal willingness to pay" for the attrlbute. If we can oblain
this change in house price with respect to & small change in nolise

levels we shall have secured the requisite hedonle price.

What 1t essentlally reduces to, 1s a stotistleal exercliuze of
observing the values of the gelected ottributes of houses including
nelse, observing house prices and relating them te each other through
o statistical regresslen praocerdure,

8.1.2 Practice

Numerous studles exlst which adopt the approach outlined above.
Annex 1 cuwmmarises the results for aircraft noise, although it must
be borne in mind that there are some serious problems of comparing
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one atudy with another, PFew studies use the same nolse mepsure and
all use differcnt functions forms for the regressien equationa. Nor
ls the methodology always cleor Lrom the studies. Annex 1 is there-
fore o "best guess" ppproach te comparing these studles,

cf course, there {5 no partlcular reason why HPDa in any two
areas should be the same. Advocates of HPD approwches might argue
that individuals in nolasc-offected zones in Chicage and Les Angeles
have similar taste patterns such that thelr wveluations will be the
same. I this were so, one might odduce the similarity of results
as confirming the similarity of "Yutility" functions., However,

Annex 1 shows thot estimates are not the some and, Indewed, diverge
quite widely between arcas.

Annex 1 has attempted to "normalise® the various results in
terms of a percontage depreciation for a standard house of US5$28,000
in 1970, There nre formidable difficulties in dolng thls sfinee nolse
measures diffor between studies and in some cases functicns have been
used which Imply voluations which ere increasing functlons of housc
price, as noted above, As far as possible, hawever, the results have
been standardized.

Tne comparable stntistics In Annex 1 are shown in the penulti-
mate columng inside "boxes". The mador peint to note ia that a one
unlt change in NNI leads in all Unlted Staotes cases to o leas than
one per cent change In house price. Arguably, o one per cent change
in house price per unil NNI change in the United States is therefore
an upper limit of the dumage cost eotimate. Note, however, that the
Third London Airport study results are well mbove unlty, Certainly,
the one per cent fipure has been selzed upen in other practical stu-
dles of noise changes (see COWAPS, 1977}, However, the range of
cstimates 1n Annex 1 is wide and is certoinly too wide to support the
view thet the aimilority of results is evlidence of the validity of
HPD approaches,

Thus, the depreciation index varles from 0.18 to 1,46,
Waiteps'(1) ronge for the United States studles is 0,4 to 0.8, al-
though he takes the range C.4 to 0.7 to be representative, In foct,
however, the ronge for the United States studies 13 G,18 to 0,90,
Thus, whereas Walters suggesis a valuation of USE100 to US§175 per
unlt NNT in the United States, Annex 1 wnakes the range USEH0 fo
Us$252, The data suggest that little falth con be placed in policy
proposnla that rost on interpretotions of the empiricel results of
HPD studies.

The situatlon with respect to urbon traffic nelsde is cven more
unsotizfactory, Annex 2 pttempts to draw together in as comparable

1) Walters (1975},
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a form na posslible the results of property price approaches which
relate to noigse from rond traffic,(1) If we consider thece results
we find a signiflcant range in the houge price depreciubion index:
0.18 te 2.20, However, the Gamble study ranges over fuour aress and
the depreclation indlces roange from 0,20 to O.43 for USEX3,000 houses
in North Springfield {Virginia), Rouedale and Towsaon, up Lo 2,20 tor
a US$29,100 house in Bogota, New Jersey, These figures may be com-
pared with Nelson's value of 0.18 for a similarly priced house.
Annex 2 also shows that the Vaughun and Hucking rosult relates to a
US§25,000 house. They report values for diffcerently prleed houses
and different noilse levels, Their value of depreciation rises
{rather slowly} with the level of dBA - l.e. 1t is not a linear func-
tion, but for any glven noise level the depreciotlon value is a con-
stant percentage regardless of the vulue of the property,

To try and secure some comparison we take the 7% dBA lovel in
the Vaughan/lluckins study since thls i3 nearest te the levels in the
Gamble study and the Hall study. Thoen for a US$33,000 house wo gecure
a deprecintion index of 0.76 per cont per dBA, Thus, Interestingly,
1L 1t were logltimate simply to Pseasle up" In torms of heouse prices,
this would imply aboul US§240 per dBA coempored to the USE500 per dBA
reported In llall for o very wuch higher prleed house.  The Veughon
and Huckins study sccures results well obove those obtained by Nelson
and only one of the results sccurad by Gamble can be thought of as
giving support tou Nelson's findings, MNote that the astudy yezrs arve
cloge together so thaot houwse price inflation is not likcly to have
much influence,

Clearly, the results for tralffic noise indicate that one can
have no faith at all In money measures of beneflts based on 1IPD ap-
proaches. Even where results are positive and comparable, we must
conalude thot houge price studies show o wide divergence of outcamo,

Now, J)f we draw attention to the studies securing me correlation, we
note that Nelsonts urban study and Diffey?s study sccurs stotistically
insignificant relotionships, Townets study also sccures 1lttle Lm-
pact, while Colony?s study secureg a result Lut we have no direet way

1) Four results ip Annex 2 can bo considered comparable.  The Voughan
and Huckins study uses dBA as its acise measure, while Helson's
study uses dBA but mensured as the difference botween peak (L10)
and background (Lgg) nolse. Moreaver, the Nelson result is cen-
strained To areas where Lyg - Lgg is at least 8 dBA.  The Gamble
study uses NPL which has two components -~ the fipst of which ls
noise Intensity and the sccond o vorinbllity (standard deviation)
measure, NPL as used by Cuwnble has dBA a2 a measure and termy in
Lo - Lgg {as suggested by Roblnson - See foolnote to Amnnex 2).
Hence, ghe noise measures used by Camble, Vaughan/Huckine and
Nelson asre brondly comparable, The flnll study olso uses JBA but
notes that a gtatictically meaningful result emerges only ot
lewvels abhove ¥3 dBA,
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o comparing It to the otheors. When the statlatically incignirficant
results are ullied with the variation obaerved in the atudies yeport-
ing positive results, we must cenclude that the "state of play" in
traffic nolsce/property value studies is very much inferlor to that
for eircratt noisc,

8,1,2 Conclusicrs.about.the.ilouse . Price.Differential. Approach

What con be concluded about the house price depreciation
approach?

As o matter of fact, neise secems to influence house and land
prices, but results are widely dispersed and semotlmes of little sig-
niflcaonce. The general guestion is whether those figures mean any-
thing: what do they mensuro? In fect the socisl cost of nolae en-
compassces meny e¢lements, and various types of damapes:(4) which types
of damnge arc actually measured by house price depreciation?

An important criticism relates to the faet thet the theoretical
conditions to be fulfilled in order to ensure that an observed price
differentlal ho a valld measure of benefits are so restrictive that
‘they are never likely to be met,

One of these assumptiens is that all indlvldusls have the same
utility function, i,e. they value the components ol their welfare and
bappiness {lncludlng neise and quict) the same way. It is immediate-
1y ppparent thot, since peoplets tastes differ, aguch o requirement is
for too restrlctivaes(2) In fact, one is measuring single observations
ol many dliferent individuanl utility functlions, whereas it 18 the re-
verse which 15 required, I,e., many obscorvations of the same function,

Also, the housing murket must itaself be very efficlent 1n the
sense that Immediately when there 1s any change in nelse levels,
people pust move houses so thiat the population adjusts itself to loe
cating cach Individual in the arca where he findo the level of noise ;
most acceptable {given that high noise will, on this analysis, be :
uffgel by lower house prices, other things being equal), Even casual
observatlon of the houslng market suggests that no such adjustment
procedure tukes place except in the most limlted fashlon, Only the
rich can afford to move with such comparative cage and many residents
will be "tled" to nn area by thelr job of work or by the simple fact
thot they cannot aiford to move {an effect which is of course made |
worse Lf thelr house falls in price).

Now, looking at the empiricel results shows that indeed HPD
estimates diverge qulte widely between arems. I some depreclation
Lg actually identifled, the most one con gny is that o financial loss
1s taklng plece, But 1t deoes pnot reflect the goclal cost of noise.

See Part 13 The Effccts of Noisce on Man.

The thegretlcal criticism {5 somewhat complex; it iz detalled In
Harric (1978) ond Pearce Harris and Edwards {1979).

—
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What are the implicatlons fLor pelicy maeking? The cenclusion
must bBe thot no relisnce can he placed on house price studige.for
uee in the forpulntion.af.policy mepsureg. That Ls, house price de=-
preciation measured should not be used for the formulatien of noise
charge proposals nor for declalon-making about the level of neise
abatement to be introduced surrounding alrports, industrisl instal-
lations or rovads. Nor can they be aggregated to secure some measure
of "national! benefit to be secured by natlional anti-noise leglsla-
tion, The empirical pesults simply do not support the use of such
approaches; nelther does the theeretical analysia,

8.2 The .Exclusion.Pacilities Approach

We have dwelt cxtensively on the HPD approach since this method-
ology has dominated the literature and appears to be the only one
which haa so far influenced policy-makers. We may briefly look at
the excluslon familities approach as doveloped by Starkle and
Johnson (1975)., This rests on the ebacrvation of one of the other
forms of avertive bohavicur that noise sufferers may take, nomely to
double-glake their houses.  Clearly, in spending money bo reduce
noise these householders have indicated semething about thelr wil-
lingneas te pay to reduce neise., The full methodology 1s glven in
Starkie and Johnson (197%) and it is also surveyed in OECD (1978).

From date on erxpenditure on double-glazing, Starkies snd Jehnacn
estimated that individusls were willing to pay abeut £80 (1975 value,
1.e. about £130 or US§260 in 1978 pricea) for the insulation of five
roocms in order to secure a reduction of 44 dBA, This amounted to
abeut 5 per cent of the incomes of the individuals concerned, This
1s in keeplng with the findings of the Commisalon on the Third
London Airpert study, although per decibel we may note that it im-
plies a very small sum, only £5 per decibel, In addltion, we must
remember that double~glazing serves more than ene function - it also
insulates the housc agalnst cold and has anti-thert properties, The
implied price per decibel ls Lhercfope lower than L5 since nolcoe re-
ductien 1s a Wjoint good" with these other features,

8,% Social.Survays

Desplte the abundance of soclal surveys on nolase nuisance few
attempts have been mode to elicit meney valuations from them, This
perhaps roflects doubts about the value of survey respenses, especisl-
ly after the attempts by the Commission on the Third London Alrport
Research Team te ellclit responses as te househelders! willingness te
accept compensation in order to move from a hypothellcally develop-
ment designated site, These questlens reaulted in a significant
number of persons stating that "no price" would compensate them,
They have since bocome known as the celebrated "Infinites", since
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they apparently implied a voluatlion of infinlty on nolse aulsance,
This is not in fact correct since their angwers nre conalstent with
the possibility that they were unable to translate such questions
Into money, or that they sow the ldea as some infringement on a right
to atay where they wero. Nonetheless, 1t is understandable that sug-
picion surrounds survey appreoaches.

Direct questionnalre appreaches havoe been used by 0llerhead
(1973). Residents at London, Heathrow Airport were asked (a) "What
amount per year would be fair ond satilsfactory compensatlon for the
nelse nuisance?” and (b) "How much per year would you he willing te
pay to keep the areca completely free of aircraft nolse?",  The non-
apecification of the nolse levels creates a slight problem in that
respondents were belng acked for valuations of the total nolge at
Heathrow rather than for valuastions of changes in nolse levels, How-
ever, the results accord with intultion Lnscfar as requircments for
compensation were £77 per year andg willingness to pay was LE7 per
year (i.e. respectively in 1978 value, L3158 - US$316, and L55 -
UsS$110). Scme 47 per cent of those asked were not propared to pay
anything to reduce noise, & result which nccords with the view that
people do not see why whal they regerd as a "right" should be some-
thing they have to pay to secure.

A recent study dene for the French Ministry of Envirenment
{1979-unpublished) shows that the great majority of persons gquestioned
refuge to give any farm of moncy evaluation., On the other hand, the
wlllingnoae to pay of those who sccept te reply appoars to be fairly
high [between Frs.3,000 (US$696) and Fra.G,000 (US$1,392) per yesr
for Orly airport, and Frs.2,400 (US$556) to Fra,4,%00 (US8950) per
year for a suburban highwoy/.

9, CONCLUSIONS.AND PROPOSALS

The outcome of this brief analysls may be summarised az fellows;
much a3 the cost-benelit spproach to determlning noise abatement
pelicy is desirable as a method of thinking, it has no practical ap-
plicaticn because¢ no satisfactory way of estimating the meoncy value
of benefits haa been achieved., This conclusion holds despite the
enormous rescarch efforts of recent years. Indeed, 1t 1ls these very
research efforts that have revealed exactly what has to be aasumed in
order to construc seme of the money valuations obtalned as measurea
ol the benefit of noise abatement. We may note too that, even 1T
these measures had valldity, they sre largely based on the idea of
what & noise sufferer ls willing to pay and not on what he requires
in componsation. We have sugpgested that this violates a principle
of feirnesas in that noise sufferers should be seen to enJoy natural
rights to a clean and quiet environment.
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At the level of policy we moy state the fellowlng cenclusions:

i) It is important to measure the costs of abatement as accurate-
ly as pessible in money terms,

i1) Unless thore 1s some major breakthrough in cconomic methodo-
logy, it is dangerous to make use of empirlical vesults from
cconemic studies for purposes of eatimating the benefits of

nolge abatement.

11i) The measures of benefit so far achieved offer very limited
guidance to minimum or maximum estimates of beneflt for both
theoretical and cmpirical reasons.

iv) Because of conclusions {11) and (11i), monctary spproaches to
the soclal coat of noise cannct be used te give the perfect
"objective answer™ to the policy moker as cost~beneflt ona-
lysis i3 supposed to do.

The state of the art in the use of the social survey does not
permit relinble estimotes of the seclal cost of noise in
monatary terms., Further lnvestlgatiens are neoded. ;

—

v

Therefore the policy maker should rely more on cost effective-
pess.ahalysis. Here the costs of cbatement are related to varlous
physlcal measures of nolae nulgance, health demage and so on; for
instance, the policy moker can now use quite rellaoble non-monctary
eastimates of the effects of nolse (so called "non-monotary damage
functiona%), e.g. establishing the relatlonship between varicus noise
levels and the percentage of highly annoyed people (see Part I an
the health effects of noise), By comparing the twe {cost and damage),
the policy maker can then see how much nuisance reduction he will
secure for how much money. In setting policy he must therefore usec
judpement. In the cost-beneflt appreach we may note that the scope
for Judgement 13 reduced since, ng much as o policy maker may wish
to usc money benefit measurcs as o "benchmark® only, there 1s a clear
tomptation to mcecept the money meosure as at least an approximote
order of magnitude,

But ln using judgement in a coust-effective oppproach, 1s there
not as much room for error as in using the cost-~beneflt approach?
Arguably there 1s, but the suggestion here ls that the cost-effective
approach makes 1t much clearer to the policy moker what it 1s that he
ig goinpg to secure for a given level of cxpenditure,

- i3 -



ANNEX. 1

HOUSE PRICE.DEPRECTATTON INDEX:..ATRCRAFT.NOISE(1)

Author NELSON  WALTERS NELSON  WALTERS
Study (NEF)(2) (NNI)}{3} (BNI){#4) JNNI + ad- AIRFORT
Justed(5)
price/
HeCLURE -(6) 0.7 - 0.78 LOS ANGELES
(1963)
COLMAN - 0.7 - 6,78 ENGELWOOD,
{1972) CALIFORNIA
PAIK 1.6-2.0 0.7 0.7-0.9 0.78 KENHEDY
19703
1872)(7)
EMERSON{8) 0.4 0.55 0,18 0.62 MINNEAPOLLS
(1969)
DYGERT and ~(9) o©.4~0,8 - 0.45-0,90| SAN FRANCISCO
SANDERS
(1972)
DYGERT 0.5 - 0.20 - SAN FRANCISCO
(1973)
PRICE 0,4 - 0,18 - BOSTON
(1974) LOGAN
NELSON 1,0 - Q.44 WASHINGTON
{1975, 1976)
MIESKOWSKI
and SAFER(10 {CHR) (NNI) {WNT odj){ TORONTO
1976 {1 0,3-0,5 - 0,2-0,34]0.18-0, 3%
1576 (ii) 0,8-1.0 0.04-0,67(0,49-0,60
CTLA 1.0 - 1,12 HEATHAOW
{1970} 1.3 - 1,40 GATWICK
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NCTES . TO - ANNEX - 1

1) House Price Depreciation Index = ¥ chango in house price with
respect to a unit increase In noise. The full references to the
studiesa can be found in Pearce and Edwards {1979).

2) Nelson's orlginal results per unit NEF (Noisc Exposure Forecast)
with house price of US$28,000.

3) Walters' original results per unit M¥NI (Nolse and Number Index)
with house prilce USH25,000.

4) Nelson's pesults converted to NNI using 1 NEF = 2,5 NNI. Some

dispute axigts as Lo whether this slpple trensformptich is legl-
timate ond, if so, what its numerical value should be.

5) Waltera' opriglnaol results converted to a Us5§28,000 "atandard"

house. In Emersonts study, depreciation 1s an increasing function

of house price eo that the result here may underatate the "irue®

value. However, Walters (1975) doubts the vulldity of the assumed

Increasing function in Emersonts study,

6} A dash mcans that the study in question was not considered by the

relevant author,

7) The figure of 1.6 is obtalned from Paik's study but Nelsen reports

en adjusted figure of 2,0. In fnct, the Palk study has a range
ef 1,85 - 2,46 for 20 - 40 NEF.

8} It Ls not clear why Walters and Nelson report such different re-
gults for Emersocnts study.

9) The Dygert and Dygert and Sonders studles roport the same results.
10) The Mieskowski/Saper study was not considered by either Nelson or

Walters. Noise unlts used were CNR and the conversion uced for
Amnex 1 1a 1 CNR = 1,5 NNI, Studg (1) relates to Etibicoke for
CNR = 95 - 105, house price of US$35,000 and an spartment price
of U2$25,000, Study (ii) relates to Mississuage for the same

nelse and priee levels., Houses and apartments ere in the wpproxi-

mate ratlo of 60:40 so we have used a weighted average of
US$31,000 as the price to be converted to USE28,000 to secure
comparison with other studies: l.e. o cenversion factor of 0,9,
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ANNEY 2

HOUSE_PRICE DEPRECTATICN INDEX:

TRAFFIC NOISE{1)

STUDY NOISE UNIT HED % COMMENT
Vaughuan and dBA 0,66 - 0.76 Us$25,000 housce,
Huckins (1975) Chlcage,

See text,
Gamble et al. NPL(2) 0.24 ~ 2,20 us$25, 100-U5%33,000
(1974) houseg, various
areas
See text
Colon distance 20 - 30 See text
{1966}
Tawne - negligible Rental values used
{1968)
Nelson Lqg - Lgp See text
(dDa)
Ei) Suburkan 0,18
i1) Urban o
Diffey dBA 0
(1971, 1975)
Hall(3) dBA %3 House prices of
(1978) between US$50-60,000

NOTES 70 ANNEX 2

1) The full reference to the studies cited con be found in Pearce
and Edwards (1979).

2) KPL = Noilse pollution level.

Sco Robins

on, {1971}.

3) For nolse levels abava 73 dBA daytime Leq.
Nete that this study linds 60 - 65 dBA as *causlng annoyanze"
but not affecting house pricea.
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Te INTRODUC TION

The regulatory approach has always been the principal method by
which the autherities have attempted to control the noilse pellution
problem. Records of local nolse statutes date back to the days of
the Roman Empire, when a low was passed to limit the nulsance pro-
duced by chariot wheels on cobbled streets, and in more recent times
there are many examples of regulations attacking the modern equiva-
lent of this problem, Almost without exceptien until fairly recen-
tly, noise regulations have been based on the concepts of "nuisance"
or "annoyance", and were often unenforced, and indeed unenforceable
in many cases, The history of noise abatement is full of local ate
tempts to solve specific problems, with the occasional brave attack
on a broader frant which falled because of lack of underatanding of
the difficulties,

It is impertant to distinguish between the basic philosophy he-
hind the early types of regulativn, and the philosophy which is be-
coming accepted as mere realistic now that the problem is better un-
derstood, Ipn general, authorities were stimulated to intreduce
regulations by vigorous cemplalnts from residents or other interes-
ted parties. Such regulations were usually added to other groups
of minor miscellaneous leglalation which were put together for ad-
minietrative convenilence, such as general police regulations, or
regulations for public nuisences or health,{1) In more recent
times, however, holse hes been recognised as a general form of pol~
lution and a health hazard, differing of course from air or water
polluticn, but being even more pervasive.(2)

It also hecame svident that effective control of the majer ele-
ments of noise polluilen (motor vehicles, aircraft noise, some in-
dustry) was well beyond the unalded expertise of the local authori-
tles which higtorically had tried to de the Job, and national and
international bodies are now maJor regulators in the nolsu abatement
field, This is partly because many major noise sources evidently
need control on an ipternational scale on the highest level of
authority possible (aircraft and moter vehicles), and partly because
of the particular problems that noise aa a form of pollution pre-
sents to those who try to regulate it,

1) Bee Redusing Hoise in OFCD Countries - CHCD 1978.

2) Sea Background Report No. 2, The Impact of Noise,

-5 -



The major difference botween nelfse and other pellution forms is
its breadth ond depth of soclal interaction. This contrasts with
for example, chemical pollution, with which the bulk of the general
public has no direet connection, and whare there 1s therefore 1ittle
séense of public responsibility or lnvelvement. With noise, the
populatlion is involved much more widely and directly, as hoth pro-
ducer and sufferer, Every peérson who drives a car contributes to
the overall noise problem, and indeed such a large range cf human
and particularly urbpn activities invelve noiase production or ex-
posure that there i3 a natural defensive reluctance for the man in
the atreet to admit that a general problem exlsts, even though he
may complain vigorously about his neighbourts noisy parties.

There is thus a sociological and psychclogical alde to nelse
pollution. The abatement problem is ¢losely linked to human be=
haviour, and failure te recognise this contributed to carly lack of
progress in dealing with the aituation,

Nelse 13 o unique legislative problem, which requires sclutions
which are somewhat different tc thase which haove clessically been
applied to pollutien problems. As the followlng sections will show,
lt is not nearly ss amenable to a "brute-force!" attack by means of
simple direct regulations as are most other pollutants, and requires
& much more broadly based approach.

2. APPRCACHES TO NOISE REGULATIONS

Exiating national appreaches to neilse regulations fall intoc two
maln categories: ‘'scattered" regulations and laws, and comprehene-
2ive lawa. The distinction between the two 12 that the ipdividual
regulations in a "scuttercd" system alm to control individual specific
types of noige pollution (e.g. trarfic neise, industrial noise, land
planning aspects, otic,)} without necessarily relating control of one
acurce te that of another. A comprehensive law system alms to set
up an overall philcosophy for a group of interrelated laws and attem-
pts noise abatement through & co-ardinated effort on a broad front.

2,1 "Scattered" Repulations

Moat OFECD countries have a aystem of "scattered" regulations,
though some of theso systems are Deing modified gradually o become
more compranensive, without the more formal structure of a true
somprehenslve law. The usual form of a "acattered" system is that
regulations controlling, say, constructlon noise, are grouped with
other constpuction regulations; those dealing with traffic noise
ara with other general transport regulations, and se on.

The advantages of "scattered" regulations are several, Firstly,
since there is usually nc major nolse ahatement law invelved, the
political passage of the law or regulation 1s easier; 1t is usually
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Just a matter of adding to or modifying existing rules on the same
aubject. Secondly, the responsibility for the noise regulatlons la
nermally given to the depariment which already deals with the rest
of that group of, say, traffic regulations, so no new controlling
authorities need be set up, Thirdly, if chenges are necessary at
somg time in the future te improve the law or adapt Lt to changing
caonditiong, there is no great peolitical or edministrative problem
involved in so doing. In summary, "scattered" regulations arc
politically and asdministratively aimple te introduce and modify,

The disadventages of "scattered" laws are more numerous, but
rather less well defined, belng much more dependent on the situation
in the country involwved.

Firstly, the system tends to lack coherence because the indi-
vidual regulations are each designed for a limited and very specific
purpose, and even sometimes for purely local and temporary condis
ticns., Even where tha law has a clear and more general purpose, 1t
can be difficult to ensure compatibility with other laws, particul-
arly between laws of nelghbouring local jurisdictions, without a
clear and overriding national or internationsl guideline. The prob-
lems this can cause are demonatrated by the fallure of o low which
wae introduced in New York to cembat g¢onstruction noise by placing
restrictions on equipment. To aveid the restrictions, the plant
agwners simply remeved their machines to a neighbouring district
which had no such econtrols,

Secondly, the past lack of recognitlon of nolse as a serious
problem has tended to linger 1ln many places, and those enforcing the
lew are llikely to ignore its noise clauses in erder to concentrate
on parts dealing with probleme that seem to them tc be more important
or urgent, for example air pollution, or speeding intringements.
This neglect also can become a Ieedback mechanism; the lack of legol
activity means that the responsible department, the lawyera and the
courts do not become familiar with noizp and the laws concerning ti.
Each case becomea a test case, and the suthority is consequently
pven less inclined to apply fully the iegal abatement toels available
to 1t,

Thirdly, the lpck of coherence has the result that it is much
more difficult to programme objectives (such as reducing motor veh-
iele nolse levels) because with no overall pattern to the legisla=-
tion, and little co-operation between departments, improvements can-
not he co-ordinated with other areas of progress, making prediction
of potential successes very difficult. Another important planning
geal which is very difficult te achleve under a "scattered" system
1s programming and control of expenditure on nelse control, Where
nolse abatement effort {s distributed among a number ot departments,
it is rar more difficult to arrive at an accurate asseasment of the
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costs of nolse abatement, and worse, 1t is almost impeasible to
establish ¢ost effectiveness of the prograomme.

The most sericus long-term defect of "acattered" lows 1s that
they lack an overall sense of purpose. There 18 no detinitive
framework within which miner policy deciaions can be made consls—
tently, and no basic stated philosophy which 1s always acceaslble
to lndicate desirabhle future directions. This means that decisions
may often be made having tee much regard for factors which are not
related to noise abatement ot all {local peclities in particular),
and makes it much more difficult to set prilorities ond arrange the
inter-departmental co-operation which is necesasary for an oversll
noise control programme.

During the 1960s it became recognised that countries which had
get effectlve controls on some nolse sources were suffering from
the lack of activity of their meighboure, particularly where mobile
sources like cars and alrcraft were involved. This resulted in
pressure for international co-operation, and preasure between coun-
tries where problems existed, This external influence rapidly showed
up the inecoherent nature of many nelse lawa, and moves began Lo pro=-
vide a basic ztructure, prompted slso by the results of the many
commissions of enquiry that were set up. (The United Kingdom's
Wilson Committee, which was set up in 1960 and reported in 1963, is
probably the best known of these.)

Mere widely based laws were passed in some countries {Germany,
Sweden, Switzerland's noilse reception standards) in the hope of im-
proving the performance of leglslation without chenging to a fully
comprehensive structure, In fact, in 1963, n Swiss Commlasion of
Experts, while recommending substantial detnil changes to the law
in that country on neise, came to the conclusion that "it does not
seem negessary to unlie in one nolse abotement law all the different
existing federal regulations", :

2,2 Comprehensive Proprammes

A comprehensive programme is one which attempts teo bind together
all the elements of o nolse gontrol effort: education, regulation
and other direct and indirect methods, into a single body, The only
QECD countrles that have fully comprehensive programmes (embodied
in comprehensive laws) at the present time are the United States
and the Netherlands, although Germany hns a programme with compres
hensive elements, and France, Switzerlond and Norway are in the
procesa of drafting comprehensive laws. Some states in Australia
are also moving towards comprehensive structures,

The advantages cof o comprehensive programme are many, but in
the main stem from one bhasic fact: 1t glves o structure to nuise
abatement, Without the necessity of replacing fully o system of
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scattered regulotiona, it can £ill the gaps tn existlng leglslation
(particularly where indirect methods such as labelling schemes, edue
cation and noise charges have been lacking) and weld the wnole inta
a get of laws that can truly e called a nolse abatement progromme.
It provides a single reference document for deciding guestiong af
priority and responsibility in order tn avold the overlup or in-
oction problems that easily cccur ctherwise, and It allows the
timetabling or clear objectives inte the programme, with some hope
of being akble te predict progress -~ a valumble asset which certainly
cannet be achieved with scattered regulations. In addition, a
comprehensive progromme gives the ability to accurately programme
expenditure and allows costmeffectiveness to be monitored. Compre-
hensive programnes give the abllity to avoid preblems of major
inconsistency between Jjurisdictions {for example the New York case
referred to earller), and this co-ordinaticn gnd definition of pre-
clse objectives means that progress can be achieved fer far less
cost by encouraging efficlent use of resgourcea. In addition, if
there is a zingle specialised body with oversll (but not detnlled)
responaibility for administering such a programme, o team could he
assembled to look inte all the aspects of nolse reguletions - en~
forcement, econeomics, edusatien ete, - avolding the problems caused
by the inevitably limited viewpoint of, say, o Department of Health
trying to pdminister & small part of a nolse campaign,

In summary, a fully comprehensiveo programme contalns the struc-
ture to allow use of all the most effective abrtement methods for a
given source of noise, and not just emisslon controls for motor
vehicles, for example, or land use resirietions only for areas
arcund airports. Such a programpe need not be centrally administered
if it containe & definite enough structure - i1t can supply the legal
tools, and often the local enforcing authority can decide which to
use in a particular case., These advantages are becoming recognilsed
as signifieant, and there 1s a definite move in the directicn of
more and more comprehensive legislation and/or programmes, In ract,
the OECD Council adopted in July 1978 a recommendation on noise
pbatement policies, the first paragraph of which rocommends that
Member countries “develop comprehensive nolse abatement
programmes", (1)

3. TRAFFIC NOISE CONTROL

There have now bgen po meny surveys and studies on the subject
ef the relative impact of different noise sources that there can be
no doubt that traffic noise affects by far the most people. By its

1) Recommendation of the OECD Councll, C(78)73(Final)}, 3rd July,
1978.



nature 1t is obviously related to population denaity, and 1a& there-
fore principally an urban problem, but the inherent mobllity and
large number of the sources spreads the undesirable effects and
makes in-use regulation difticult, as the slow prograoss in the field

indicetes.

3.7 Source Regulation

Moat countries now have emission regulations for the maein
clagaes of new motor vehicles. This type of control is now almest
upiform between countries in its general principles (with the ex-
ception of the system of setting levels in the United States), due
mainly to the great degree of internaticnnl co-operation in the
interests of harmonization particularly in the European Economic
Community and the United Nations Economie Commission for Europa
Working Party No, 29,

The general features are that specific levels are set for each
clasg of vehicle using a test method that 13 usually IS0 R362 or a
modifieation of i+, New vehiclea are "type approved" to these stan-
dards, with occasional sample checks at intervels to ensure con-
tinuing quality,

3,1.,7 The Case of the United States

The exception to thils general rule is the system in the United
States where the Noise Control Act (1972) atates that the Environ-
mental Protection Agency (EPA) musi study and formally identify
majer nolse sources, then set regulatory lovels for them, The acle
exceptions are interstate road and rall carriers, which the Act
specified must be controlled within time limits stated in the
leglslation,

EPA regulations were promulgated to be effective on
15th Qctober, 1975, limiting the nolse emilssiona of interstate road
carriers, The responaibility for enforcing thios law lies with the
Department of Transportation, and with the states and localities.
In addition, in Qctober 1977, EPA requested Congress to amend the
Nolse Aot to allow clvil penalties, and this was done as part of the
Quiet Communities Act in 1978. EPA opinion 1s that this move should
coenslderably strengthen enforcement efforts,

Under the terms of the Noise Control Act, EPA has formally
identified and published regulationa for medium and heavy trucks, and
preposed regulations for tractors, motorcycles, buses, truck-mounted
waste compactora and truck refrigeration units, It Is at present
studying automobiles, light trucks and tyres pricr to making the
identification decision required by the Act,

All the mojor motor vehlele regulations in the United States
are implemented &nd enforced by either the Department of Transpor=
tatien (in the case of interstate carriers) or the states and
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municipalities in other cases, EPA is the national "approving bedy",
but 1ts enforcement effort is mere or less limited to somple testing
of new products. As in other arcas of noise abatement, however, the
states and local suthoritiss can regulate vehicle emisaions them-
selves until the federal government "pre-empts" with ilts own regu-
lations. At that time, the lower level authorities must adapt thelyr
own rules to correspond with the national standards,

One of ‘the reasons for the epparently slow progress on these
regulations is that the Act requires explicitly that the available
technology be taken into account in the regulated levels, This,
combined with the high probability that the regulnted levels will
bte challenged in court, means that studies te decide the basis for
the regulations must be extremely thorough and wide ranging,

3.%.2 Other Countries

The situation 1s much simpler in other countries whieh do not
have the statutory requirement ror the nationel agency to formally
identify sources prior to acting. The difficulties here come more
from confllicting interesta such as the desire to both regulate
noise nuisance, apd simultaneously pretect an important naticnal
Industry frem severe economic impact. The problem hecomes partl-
culerly acute when regulations are being set at international level,
and 3ome countries have much stronger industries than others. The
end result tends to be that the regulated levels are an compromise
weighted towards avolding trade barriers and protecting weaker
producers, rather than environmental protection.

3.1,3 Results of Emission Controls

Although emission standards heve been on the astatute books in
sevaral countries since the 19350s, it 1s enly recently that they
have been widespread encugh for gome significant effect to be ex-
pected, Even now, 1t would be hardly pessible to detect the drop
in actual measured traffic noise levels, partly because the replaco-
ment cycle for metor vehicles limits the speed of change (it tokes a
high proportien of quiet vehicles to make a significant difference
to total traffic noise), and partly becouse the actual in-use emis-
sion depends se much on the way the vehicle is coperated, (More
comment on this aspect of the problem will be made in the section
on enforcement),

Even for individual wehlcles there is not yet very much clear
information available. Data from the Netherlaunds has shown that
the median nolse emiasion for cars submitted for type approval has
dropped from 768dBA in 1971=73, to 77dBA in 1976-77. TFigure 1 shows
that aven in 1977, gome 80 per cent of vehicle types alrendy better-
ed the 1980 EEC limit (for new models of vehicles) so there is
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Flgure ¥ NOISE LEVELS PAODUCED BY PASSENGEA CARS, CALCULATED
ACCORDING TO THE EEC DIAECTIVE (7.% m DRIVING PAST THE HOISE
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TAUILE 1
MOTOR VERICLE MOISE LIMITS AND TARGETS (mensured at 7.5 motres)
EEC Hew USA Switzer= Hordle countriss Compramlae
Until | EEC iand Japan {sweden, Horwny, German Praposala
April | i | Cur= | Prop-| 1977/82/ [ 1979/targats | Denmark, Finland) | proposula for 1985
1980 mita | rent | osad f215] Proporals for 1G85 for 198% of WPp.J29
&) (1) ki
Automoblles 82 | Bo ?:.:) - |&atrns 4 /78 76 75 i
vanz (leaa than 3.5t) 84 a1 -1 = |8yfenT 0t /78 77 78 79
Busas (less than 3.5t) 84 a1 - - B1S79/77 a /e Vel 76 79
lioavy busas (more than 86=
3.5t and huraapg\mr laan B89 B2 - | B2 B5/82/60 86 7 83 80 8o i}
than 200 HP DIn
Heavy buses {horsepawsr o9 B85 - | B9=- |a7/ELfE2 Bt / B3 a0 60 20
nore thun 200 Hp Din) {2) 83 (x)
Lerriee (mere than 3,5t a3 86 89 | @6 G6/84/82 a6 / 83 0 &0 80
and horsepower laca than {3)
200 P Din}
leavy lorries (haraepower a1 68 85 | BC 83/86/84 8o /a3 80 a0 4]
more than 200 HP Dlng {3)
Katorcycle (maximum gdze) 86 (H.t‘:) gg- 85/85/60 81 /7 60

1) EEC limite allow + 1 dPB tolerwnca.

2} Applicable fyom 1282,

3) Limits to be appliad at a loter date

4) cslifcrnia only,

than 1945,




obviously no technlcal reason why noise limits should not be reduced
fupther in the future {see Table 1}, In fact, Germany is propesing
to the Buropean Communities a further reduction of nolae emisaion
1imits for the year 1985,(1) These progosed limits are shown in
Table 1. Switzerland has bad nolse limits of the same order as the
1380 EEC standards aince 1977; these Swiss limits will probably be
strengthened again in 1982 (See Table 1},(2)

3.2 Othgr Controls for Traffic Noise

In the previous section, source control has beert taken to mean
indlvidual vehicles, since "source® and emission cantrols are usually
clasely linked or the same, When we must consider a road system as
an extended souree, eontrels at receptlon Lecome more epproprilate,
and the emphasls cn conhtrol must change towarda planning, both of
the engineering details of the rcad, and of the land use in the
bordering area., If traffic noise is to bPe adequately controlled,
measures other than direct source emlssion control must also be
applied, since increases in traffic volume and incensldernte usage
can far outweigh the goins achieved by emlssion control for new
vehicles. The detalled actlon to be taken Iin any particular case
wlll vary greatly, but it is pessible te set up a general priority
1Ist, based on the principles that nolse should be regulated as
cloge to source as passible, and that 1t is more effective and desir-
able to rontrol nelse in the plonning stoges by avelding preblems,
rather then by trying to improve the situation after they have
vsourred,

Traffic Controls eof many kinds {one way systems, prchibiticns
of heavy traffic, etc.) have been used for & long time and are
fairly well understood. In general, direct controls of this nature
are only of value in eurdng particular lgcsl problems, and with
schemes like one~way systems or motorways, great care must be used
berauee the net eftfect of such a system can be a worsenlng of the
general nolse climate due to traffie diversion into z previously
gquiet area, rather than the desired improvement. Speed restrictions
are probably the mest useful measures in urban areas in terms ef
freedem from undesirable slde-effects, and they have the additicnal
value of energy saving. Prohibitions on heavy traffic at night have
been extensively used In Switzerlond and Cermany with some success,
ond can conslderably reduce nolse annoyance during the most sensi-
tive hours of the day,

1) Proposal transmitted to the EEC Council by the Ministry of
Econocmy of the Fedoral Republic of Germany (25.7.79).

2) “Measage concernant l'initlative populaire 'Contre le bruit de
route!, du ter novembre 1978Y,
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3.2.1 Ovarall Planning for Traffic Nolse

When considering a comprehensive acheme to plan for and controi
traffic noise, there are many facters to be taken into account.
Most countries now require nolse to bhe considered in the planning
of highways, but the actual requirements differ widely, resulting
in varied effectiveness. In Germany for example, all highway plan-
ning muat consider noise, In many other places, nelse contrel pust
be considered for 'major" projects (inciuding highways). Ihe defli-
nition of "major" can vary ~ it is sometimes defined by cost, but
this definition has shorteomings., It fails to take into account
smell, inexpensive projects thet could have a disproporticnate in-
fluence en the noise climate (some traffic control measures can
come inte this category).

Although it 1a not yet tested in practice, the Hotherlands
Noise Control Act (1979) provides a gord example of the results of
the latest thinking and oxperience in the field of general traffic
noise planning, The provisions of the Act are briefly as follows.
All roads, whether existing or projected, will have "nolse zones!
statutorily designated beside them, bounded by a caleculated approxi-
mation to the 50dBA Leq (24 hr) nolse exposure contour, In these
noise zones, the basic principle is that speclal care muat be teken
of the nolse climete, and a basic noise reception limiT of 50 dBA
epplies for all huildings., Other limits (for non-residential pre-
mises) are to be set in rurther regulations empowered by the Act.
Whenever plans for construction of a new road or changes to an
axisting one are made, the propesals must be acousticelly evaluated
in the context of the area affected, Measures (cholce of site,
barriers, tunnels etc.) must be taken to 1imit the nolse reception
levels at dwellings in the surrounding area, the chelce of the
actusl method used belng left to the responsivle authority, It
should be noted that, in the case of existing rouds, "changes" necd
not mean only reconstruction, btut can include such things ns a
change in traffic lights i{f this will affect nolse levels. The
permissible reception limits are flexible according to the circum~
stances - for example where the road and dwellings already exist,
and the measured levels are above the allowed level (which can in
special clrcumstances be up to 70dBA), the local autherity must
draw up a programme of measures tc reduce them to that level, These
progremmes may be eligible in part for government flnencing, but
in general, the read builder and municipal authority are reaponsible
for the costs, In extreme cases, the Act allows for reconstruction
af roads and even demolition of buildings.

The importent features of this Act (which are also present in
a more distributed ferm in the newer laws of several countries) are:
that, for new projects, the developer pays the costs ol encuring
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that nolse reception limits are met; that the Act clearly lesys down
detalled procedures for all combinations of existing and new develop-
menta; and that there 13 a requirement for the central government to
bk informed of progress by the filing of a control programme by the
local suthority. In this way, the current activity can be assessed,
costs calculated, and changes made in the law to improve the effec-
tiveness of the entire programme.

Another approach to new preject planning 1s refleocted in the
United Kingdom Land Compensation Act {1973} which alsc dlsplays the
"nolluter pays principle®. Despite the title ot the Act, 1ts main
thrust can be seon as the avoidance of situatlons where compensaticn
would have to be paid., It confers on the highway authorities the
power to acquire land in addition te the minimum required, and to
use that land in such o way as to relleve the physical problems
cauded by the project. In cases where, dospite any measures ta
attenuate noise by barriers cor other special features of road deuign,
dwellings will be gxposed to increased traffic nolse ot or ahove
the level of &8 dBA Ly (18 haurs}), (1) regulationa mede under the
Act prequire that noise insulation grants must be offered by highway
authaorities, Proviglon is also made for grants to insulate against
the constructien nolse of new projegts.

Despite the large cost of land acquisition, thia is another in-
dicatien of the almost universal shift to the ccacept that those who
build major developments must pay feor the undesirable consequences
as pert of tha cost of the project.(2)

3.3 Enfopcement

Regulations to control tralffic noise come in three main cate-
gorips: limitations on the noise emission of new vehicles; "“in use"
reatrictions; and traffic management methods, This lesst method
does not have particular nelse-related enforcement difficulties,
and the enforcement means are woll understoed and teusted where the
management hag othar objectives, for example road safety or improve-
ment of traffic flow,

New vehiclo regulations require malnly administrative support,
and little direct enforcement save occesional sampling of a manue-
racturerts preduction to verify that standards arce belng maintained.
Little difficulty seems to have been experienced in QECD countries,
Indeed, mass production techniques ge & long way to making the regu-
laticns self-enforcing cnece standards have beon met. The ilnertia of
the production precess tends to ensure that the deviations there-
after are small. (A production telerance of agbout 2-3dB ia normally

expected),

1) This level iz very roughly eguivalent to 65dBA Ledq.
2) Zee also the Background Report No, 6, Compensation for Demape due

to Noise,
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The natural corollary to new vehicle nolse regulations, that i
13 control of modifications and maintenance of noise-producing com-
ponents of the vehicle, overlaps considerably with the enforcemont
of '"in-use" regulations.

A first obvious measure 1s to inciude & noilse insopetion in the
regular vehicle safety inspection where this exists, This course
has been taken in, for example, Switzerland, Germany, and pert of
Yugeslavia, and cen be effective In controlling modificatien and
maintenance, particularly of exhaust systems. This 1s in line with
the general tendency to associate pollution controls with safety
controls.

Whilst it seems feasible te ensure guiet new vehicles, and to
police maintenance where vehlclae inspection already oxists, con-
trolling offenders in the street is not sa easy, In oxtreme cases,
erdinary traffic pelice er their equivalent can usually bring
chargea or take some preventive action under "nuisance' type clauses
of traffic regulations, relying on the evidence of thelr ears and
personal judgement, Happily, though, these extreme offenders arao
becoming less common as enforcement tightens up, and a new problen
has to be faced. It is not poasible to rely on perscnal judgement
in less evident cases, and it seems lmpractical to issue all police
with a scund level meter and train them in its uae, even 1f a suit-
able Kerb-slde test for staticnary vehicles can be devised. Attempts
to design a test that can be used reliably without special surround-
ings or a akilled drjver do not seem to have been completely success-
ful yet,(1) and even the power to order the vehicle to go to a
special site to be tested that exists in for example New Zealond,
has disedvantages. Perhaps the answer is the creation of a spe-
clalised force sufficiently trained to apply o more sophisticoted
test method to suspected vehicles at the time they are apprehen=—
ded,{2) or to use a simple kerb-side test as a basis for ordering
nelsy vehitles to divert tv a placoe where 8 proper test can be made.
This technique has parallels in tha use of "breathalysers" as a
soreening test for drunken drivers.

Even a vehicle which meets atringent noise specifications can
be used in such a4 manner as to causec gross anpoyance, becsuse the
annoying propsriies of nolse are closely related to the intrusive-
ness of the nolse apove the beckground. It has becn shown that a
driver with Msporty" inclinations will produce a nofse level about
7dB higher then & normal driver in the same vehicle, simply by

1) Several such tests exist, including one developed by IS0 (near
side measurement), but recent information on their success in
practice i1s not yet avallable.

2} See Section 8, {Enforcement) for dlacussion of "noise brigades".
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operating it at a higher engine speed and higher acceleration levols,
In urban traffic cenditlons, detection of this type of antl-sccial
behaviour can only be achileved by subjective means, end it is very
diffieult te bring solld evidence baefore & court, In free-flowing
well seperated highway traffic, however, a sound level meter can be
used to good effect, and convinecing evidence cbtained by setting up
a "nolge" trap in the same way as microwave detectors are uzed for
gpeed control, This method has been used in California, and again
1s best suited to a swall specimlist team,

5.4 Conclusions

As with almost all other ncise snurces, planning to avoid un-
desirable situations seems certeinly the most effective as well as
the cheapeat method to control traffic nolse. Vehilcle emission
regulations and traffic control methods are certainly necessary,
particularly in the case of heavy vehicles and motercycles, but in
terms of reducing background neise, they are of only limited effec-
tiveness., Their advantage is that they are relatively easy to imple-
ment, but there can be no doubt that they are insufficient to bring
nolse levels down to these recommended,

The results of some noise policy scenarios made by the
Netherlands pgovernment are of interest here, Flgure 2 shows the pro-
Jected results of a "moderate" policy (more emphasis on source meas-
ures, better enforcement, and attempts to avold conflicts in road and
housing developments), and & stringent policy which mekes a serlous

attempt to selve the preblem by all poassible means,

Figurs 2 INFLUENCE OF WOISE AUATEMENT POLICY OM PENCENTAGE
OF PCPULATION SUFFERING SEVERE NOISE NUISANCE (EXAMPLE)
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If these predictions are accepted, and sppropriate adjustments
made for the different situations in different countries, 1t seems
evident that for most countries, the mild peclicies of the pest will
at best only alow the grewth rate of the problem, and & much more
radical apprnach is neaded to have a great effest, New wvehicle
emission standards are a port of a programme, but must be comblned
with ather measures which sre capable of greater smbient nolso re-
duectiona than the 5dBA or so that in all thet can be expected from
Improvements in vehicle technology or traffic engineering, Accorde
ing to Lemure,{1) "town planning end careful orientation of housing
may easlly achleve a reduction of 15dBA, and sometimes as much as
20 er 30dBA in nolse levels, Unfortunately, such measures may be
expensive and may be applied only to new bullding, This 1s why
everyone - road and traffic engineers, architects and town planners -
should be engaged in the campaign agailnat nolse', New lows and
repulations should be formulated with these broad objectives In mind.
Traffic nolse is the most serious of all the elementz of environ-
mental noise pollutien and is also probably increasing the fustest.
In many OECD countries the measures taken so far are only sufficlent
to slow this rate of inerease, and it is5 evident that a far stronger
effort is needed if the situation is to be improved,

4, AIRCRATT AND ATRPORT NOISE

Few nolse sourcesa have been as thoroughly studled as aireraft
nolse, Although 1t affects fewer people than read traffic nolse,
its impact around mejor airports can be intense, The aerlal nature
of the source means that measures te control airport noise are
almost totally restricted to soundproofing of bulldings, source re=-
duction, operational restrictions shd land plonning,

4.t BSource Repulation

The efforts of the Internationsl Civil Aviatien Organisation
(ICAC) in setting emission standards for sircraft are well known.
Considerable reductions have been possible, the most imprezsive
being due te the introduction of the high bypnss-ratlio typo of en-
gine, Since then, new materials and deslgn technlques have allowed
ateady but less spectactular improvements to %e made, to the point
that the principal problems are being cauied not by the wide-body
generation of planes (747, DC10 ete.) but by their smaller cousinsa,
many of which have years of useful life left., The focus of the
problem ia now shifting as these Jjeta of ithe 707 and IXCG gencration
are sold to developlng countries which often do net have anmy nolse
restriction at ell.

1) In Road Traffic Noise, Alexandre, Barde, Lamure, Langdon,
AppITed Tciehce Publishers Ltd,, (1975,
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It is uniikely that further great reduction will be made in
commercianl ailrcraft nolse beyond that which 1o expected for the
latest generntion {Airbus %10, 797 et¢,), although it may be fensible
technically, because the cost could become disproportionately large.

With cld alrcralt, the idea of retrofitting them with new
quilet engines has bheen discussed for many years, hut hag becn used
only on a very restricted scole, since iLhe costs Involved compared
wilth the value of the slrcraft are very large, und slnce such a
process would most probably extend the life of these aircraft which
would still rempin quite neisy.(1) It seems that the most cost
effective solution is to combine the retrofit of some of the exiat-
ing aircraft (in particular those powered by JTOD englnes - B727,
B737) with replacement of other nircraft; hence the neced fevr regu-
lations designed te encourage aircraft replacement ag soon os
possible,

Such regulations are already being adopted. For example the
United Kingdom has adopted not onmly the third edition of the ICAO
Annex 16 {1978}, but alse a regulation based on an ECAC recemmenda-
tion prohibitlng the use of non-certified subsonic jets acquired by
British operators after %Cth September, 1978, and prchibiting com-
pletely the use of non-certified jets on the United Kingdom repgister
gfter 1st January, 1986, COther countries have odopted sim!llar laws
with differing effective dates.

4,2 Operational Technigues

ODperational reatrictions are now slmost universally used as o
nelse reduction measure, ond range from curfews to highly technical
speclfications controlling approath anple, use of englnes, cte,

The everriding constraint on all these metheds is safety - they must
not significantly degrade the morgins for passenger-carrying aira
cralt, and consequently a detalled discusslon of method is out of
the scope of this paper. Detalis may be found in publications of
ICAC or the various notional aviation authorities,

The use of curfoew ls one technique which does not have great
safety lmplications, except insefar ns 1t can lmply o concentration
of traffic, Curfews have been applied botlh gemerally (that is, o
total prohibition on night flights, nos at Sydney, Oslo and at all
Swiss alrports) and selectively by prohibiting night rlights by the
noisier types of alreraft, (Heathyow, London 1o at present phasing
in such a system), The main problem with curfews oceurs when long
interpational flights are involved, When the alrports ut both ends
of the flight have curfews, 1t cen become very difficult {lmpossible
in some cases) to schedule the flight so ms to correspond with the

1} Sece Bockground Report No, 8, The Caste of Noise Abatement.
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"window" at each end. For this reason, the selective curfew secms
more workahle at international sirports, particulerly since the
longer routes tend to be flown by newer quleter alrcraft.

4,3 Planning areund Alrparts

Even Af all alrcraft are as quiet as technology cun make them,
and all possible operaticnal techniques are used, the ares around a
major airport will still be subjected to nolee levels that are un-
acceptable for dwelllngs. This can be due tp edlther the alrport
1ltself, or to other features which are stimulated by the airport
such am road systems, freight vehicles etc, Obviously, indirect
methods of protecting the public from the noise must be used, and
this generally means land use planning, There has long been sub-
stantial agreement among planners that such controls are desirable
te limit the spread of noise-sensitive development in nelse impacted
arean and particularly around airports, but it has also been a sub-
Jeet of contentlon smong local Interests, whs in many cases pay lip-
service to planning principles, and ignore them in practice.

This gives rise to one of the difficulties with land use decl-
sjona: that they are often made on a purely local basis, ignoring
wlder goals, This can lead to conflict where property use restric-
tlons are net imposed uniformly ag part of a widely based scheme,
Thus where land use restrictions are enforced around an airport
{or in fact any major noise source) the responsibility for the schems
should usuplly be heild at o higher level, say regional or state
level, to enaure uniform pelicy, and to reduce the susceptibility
of the zoning scheme to pressure frem local Interests, which can
otherwise seriously dlatort lts aima,

Thers are ssveral possibilities for compatible land use around
alrports, and much has been written on the subject,{1) suggesting
such uses ns agriculture, rocreation (golf courses, equeatrian
tracks, botanical gardens, etc.) or municipal utilities, Much
depends on the way the scheme 1s implemented,

Whatever the approach taken, there will eventually be pressure
from other potential users, particularly when an industrial belt is
designated in the areas of moderate noise exposure, The airport
itself acts as a major atiraction io incompatible uses due to the
soclal and eccnomic changes it creates as a major transport mode
and employer, Even such sensitive uses as housing are in demand
for employees both of the airport snd the peripheral ectivities
around 1t. This occurred, for example at Dulles Alrport (Washington)
and the trend 1s evident in many other places; so cautlen must be

1) For example the ICAQ Aerodrome Menual - Part 8: "Land use in

the vicinity of aerodromest,
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exerclsed that major lsolated nolse sources are not permitted to
negate the intentions of planners hy being such an attraction that
they spoll their own ilsolatien.

In practice, the systems implemented arcund nirports fall inta
two categories; direct contrel by purchase of land or easements on
ity and indirect control by zoning schemes, often as a speclal case
in a normal reglonal planning sncheme, 1f the land is left in the
hands of private owners, it must be subject to rigid use controls
to the point that, in many cases, 1t will be legally necessary to
offer compensation or even to buy the property. In additien, the
acquisition of land eround an airport 1s extremely expensive, as
large areas must be purchased if the principle is taken ceriously
{e.g. Dallas-Fort Worth Airport, opened in 1974, has 17,500 acres
under the control of the airpert authority),

It is thus only practicable as a buffer zone for the worst
affected areas., More general planning is still needed in additien,
but is a very alow way of effecting change around existing alrports,
and in the normal method of applicaticn is more applicable to new
airports where the planning can be preperly comprehensive.

Much more useful in practice are schemes which take special
account ot the noise-producing qualities of ajrports and create
zones arcund the alrport which are under much stricter control than
15 usnel under normal planning systems.

The general feétures of most of the 2oning ochemes in use are
exemplified by the German system., The Ministyy of the Interior
isgsues decrees establishing nolse zones around edvil and military
alrports used for Jjet traffic. The zones have two parts, The inner
(noisier) area has a prohibition on bullding dwellings of any sort,
Other types of building may be permitted according to the noise
sensitivity of the actlvity. In the second zone, dwellings are con-
ditionally permitted 1f they meet specified scund insulation require-
ments, In principle, achools, hospltals end similar very sensitive
land uses zre net permitted In either zone, It should be noted that
the zones, which are defined by 75dBA Leq and 67dBA Leq contourc
raspectively, are based not on current noise levels, but on predice

ted levels for ten years ahead.
Land owners alreedy having developed properties in the neisier

zone may be compensated "in kind" for structural nelse protestion
or insulation, or in money, for depreciation due to develapment
restrictions en their lend.

The difficulties of predicting contours a decads ahead, with
the major economic consequences demanding high accuracy, have not
prevented vigorous applicaticn of the scheme, At the end of 1978,
30 such zones had been defined in Germany, and the remainder of a
total of about 4% were heing studied.
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In cother countries, there ore detall differences from the Georman
system - fopr example more "grades" of zone may be specified with re~
atrictions leusening more gradunlly as the noise decreases (very
often three zones are defined, such as in France, 1n the United
States, etc.), or {as for some airports In Sweden) the options vpen
to existing propertles in the Inner zenes may include purchase by
the airport or local government, but the mein principles remain
ralatively constant, There seems to be no current evidence of nmajor
systematlc difficulty with the basic concept. But zoning has some=
times been applied lenilently, leading to inextricable situaticns.
Veory atrict enforcement is of paramount importance, and zoning regue
lations must alsc toke ipnto account the long-term probable develop-
ment of the airpert traffic,

4,4 Enforcement of Aviation Neise Controls

There do not seem to be any major enforcement problems with
direct aireraft noise regulations. Noise emissicn cof olreraft is
largely fixed in the design stages, so action on regulations on new
plane nolse 1a mostly concerped with liaison with the manufacturer,
The maintenance question is alzo leas important than with say motor
vehicles, becegude of the high standards demanded for safoty reasons.
Hedght restrictions and specified approach paths to airperts are
alsoc not areas that glve enforcement difficulty - they are treated
in the same way as any other aircraft cperaticnal regulation, and
in general there is a very high degree of co-eperatlon on the part
ol pilots with such restrictions. Problems with alreraft nolse are
associated with actual engine noise levels, traffic veolumes and land
planning, and not so much with enrorcement,

With respect to implementation, the situation in the aviation
noise area 1s unique., Despite the genersl trend towards centralising
administration of noise sbatement programmes under one pguthorlity,
aviation noise has remained universelly under the control of civil
aviation authorities. The sele reason feor this 1s alrcraft safety:
the standards are too stringent to be compromised by noeise shatement
measures which could ersde them gradually. This has led to some
difficulties and conflicts, but in countries where the ICAD Aanex 16
standards are almost automatically adopted, this has not caused
major problems.

4.5 Conclusions

The future progress in reducing conflicts between alrcraft
and the general population must be based principally on Improved
land use management., Where possible, the administration of the
scheme should be in the hands of a reglonal or state body te reduce
the effects of locel influence on planning decisions. Theuse
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decigions will of course vary according to the existing statug of
the area and the legsl system of the country, but partlcular atten-
tlon should be paid to the dangers of secondary noise sources (road
transport, light industry) which tend to be attracted by airparts,

The difficulties in highly developed arens around existing alr-
ports are always great, and it seems imposaible to achieve any rapid
solutien {including palliative measures like insulaticn) wilhout
huge cost. The more recent trend to replace airports clcse to-the
city with new developments at a greater distance (for example Mirabel
in Cenade, Warita in Jopan) seems one solution, but this too has Its
problems as both Narita, and the attempt to construct a third air-
pert for London, have shown,

Land use planning is a soluticn, especially for the long term,
but it needs strict and continuous enforcement if 1t is to be
effective.

B INDUSTRTAL AND CONSTRUCTION NGISEK

Messures against construction and industrial ncise have tsken
great strides in most countries in the last ten years, and nailse
reception standards for nearby dwelllings are now centrollied in
several countries in various ways. The variety of Industrial pro-
cesses is such that attempting to set emission standards makes little
sense a3 @ general rule - the acceptable emlssion depends so strongly
on other factors {the industry may be totally surrounded only by
other industriea, and consequently may not be a nulsence)., More
realistic 1s to set reception velues for sensitive land uses in the
vicinity, and to plan future develepment to avold cenflict. For
censtruction nolse on the other hand, source emission standards are
of obvious utility.

5,1 VYarious Types of Approaches to the Problem

Traditlionally, industrial necise was regulated under the '"noise
nuisance" type of law, with the usual result thet cnly the extremo
offenders were dealt with., ({See Section 6,2 on Neighbourhood Noise
and Section 8 cn Enforcement.} In more recent years, however, local
planming to reduce noise nuisance has increased considerably, firstly
an the initiative of individuamlis, and later in respense to changes
in land plenning laws and & genersl environmental awareness, The
following sections will concentrate on the more interesting features
cof the laws of Germany, United Kingdom and the Netherlands with
regard to industrial and construction noise.

5.1.1 Germany

The German Federal Pollution Protection Act (1974), grouped
together almost the whole or the previous law on protection of the
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receiving environment {(including several forms ol pollutlon, not
Just noise), incorperating the former Construction Holse Vi, and
considerably extending the available means of control, It Ll based
around industrial nolse, although it also containg important tearfic
ragulations deslghed to complement other existing legislation. The
mest fundamental departure of the Act from previous laws lu the pro-
vision for the rirst time in Germany of the abllity to impose direct
conditions on trade and production. The maln sections of the Act
are aimed at the design, comstruction and operation of industrianl
plants and all kinds of equipment.

Construction nofse was the first comprehensively controlled
type of nolge pellution in Germany, since the Construction Nolse
Law of 1964 provided a single statutory basils for regulsntion by
saveral different means for noize in the whole country, It took the
form of a general empowering law under which repulations could be
promulgated, the maln set appearing in 1970, 'The flrst of these was
of fundamental importance to later laws, becouse {t gave & concrete
basis to questiens of relationa bLetween annoyance and hazard, and
antual nelse levels. 1t was based en the previous "Technical Guide
for Protection against Noiae" (Ta Lilrm),

On the basia of the comsiruction nolse law, the oblipgations of
the user of conatruction equipment were defined (not those of the
manufacturers) and it was demanded thet noise from censtruction
sites be kept within specified noise reception stondards (based on
the TA Lérm)., To asslst in this, emission limits have been lssued
for many typea of equipment, and the FEC activities in this fleld
are actively supported, The system of preanncunced, more strincent
emission standards has been used for many years, and in fact the
success ipn Germany of this appreoach i3 one of the strongest reasons
for ualng it. The pressure brought by this means on the manufac-
turers has without doubt resulted in the production of considerably
quieter equipment., Since the Federal Polluticn Protectlon Act,
those provisions have been extended to nilow direct controls en
trade and productien, but because previous metheds were rolatively
successful, this power hes not been widely used in practlee,

Contrel of industrial nolse in Germany starts in the planning
process, when nolse limits for the recelving environment are imposed
on new industrial developments at the approval and permit siage.

The method of achieving these standardas is left entirely to the loeal
authority and the developer teo allow local cendltions to be accom-
modated, Because of the early date of introduction of these means
into Cermany, it is possible to see scme effects of their perfors
mance Iin practice., They geem to have been successful at least to
the extent that recent public surveys have ranked Industrial necisc
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last among importunt sources, and in that they have greatly stimu-
lated the production of quleter construction equipment.

5.1.2 The Netherlonds

The Holse Abatement Act (1979) provides for industrial and con-
struction noise mostly through land planning and licensing schemes.
It extends the powers of regional suthoritles to license noisy
premises, and deals with the problem of new development in an al-
ready nolsy area by detalling procedure to be teken in assessing
suech cazes, Conditions can he attached to such licences = for ex-
ample there may be a8 specified 1imit to noise levels at a boundary,
and the ascheme 1s also linked with the nolse zone system and with a
compenaation scheme. Compensation can be mede to a nolse producer
1f he 1s required to comply with licensing conditions which pxceed
his ability to pay or are otherwise considered unreasonable, but
this does not detract from the strong general applicaticn eof the
polluter pays principle which underlies the whole law. A navel
feature of the use of this principle is that the operaters of esta-
blishments must actually contribute to the administrative costs of
implementing the lepglslation through churges on all licence holders,

The provisions for ilndustrisl premises which are slitunted in
Noise Zones are in general similar to thosze already described for
roads: for new developments, noise reception requirements are set
for specified sensitive land uaze in the area, and for existing in-
dusiry attempts must be made (usually filnanced by the industry and
the local nuthority) to reduce any problem that exists, These sec-
tions of the Act are normally administeresd by the local or reglonal
planning authority.

45,1.35 The United Kinsdom

The legislation in the United Kingdom dealing with industriasl
noise is not based on statutory nolse reception limits as are the
Netherlands and German laws., Such criteria are, however, included
in a non-stotutory government advisory c¢lrcular to leecal planning
autherlties. This circular advises planning authoritlies to tpke
nolge factors fnto account in considering applicatiens fer permls-
sion to build dwellings in noisy locatlons, or to build lactories
or other noise-producing installations in residential arees, The
main legislative instrument for dealing with noise from existing
buildings and premises remains the power of lecal authorities to
serve noticea requiring abatement of nolse emounting to a '"statutory
nuisance®, This power origlnolly conferred Ln the Noise Abatement
Act 1960, is now embodied in the Control of Pollution Act 1974, The
1974 Act aelso gilves local euthorities special powers for dealing
with nolse from construction sites, and it enobles them to set up
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"nolse abatement zones", The zone powers can be used to help pre-
serve exlsting satisfactory conditions in an area, or to initiste

a8 gradual remedlal process where noise emlzsions from factories ete,
are exceassive, MWhers n nolse abatement zone 1s designated by & local
authority, a register of measured noise levels from various types of
premlses (specified in the order setting up the zone) is mede, and

it is then illegal for the emission of these premises to exceed that
level without permissicn, Orders can slse be made under the Act
requiring premises to reduce their noise emission.,

5,2 General Planning Considerations

One of the preklems which has been encountered in control of
industrial nolse has been that of "creeping! ambient noise lovels
in industrial areas., This slow inerease in background level has
been cauged in part by the use of one of the standard "rules of
thumb® which have baen used by planning authorities to decide pers
mission for new industry development: that it should be permitted
if the emissicn from the factnry does not exceed the existing backe
ground level. As an example, the introduction of a new source 3dBA
lower than smbient will increase thaet amblent by 2dBA. This of
course creates legal problems: how can permission be refused (effec-
tively penalising the industry) to a proposed new source which in
itself would not be a proklem, but becomes a problem by virtue of
other unrelated scurces already in position. Surely some of tha
blame must rest with existing industry, and it certalnly seems in-
equitable that one potential source should have to pay the full price
for a situatlon partially caused by others. The solution to this
problem, vorying in detail according to the leganl aystem, must depend
on strict and cemplete specification of procedures to be followed in
such cases, as is done in the Netherlands law, and also preferably
on a requirement that all the noisy sources reduce their emisslonz
te produce a downward creeping ambient, 1In the United Kingdom, the
planning system in fact allows for nolse from new sources to be held
below amblent, and the government advisory circuler urges local plan-
ning authorities as far as pessible to use their powers in such a
way that ambient noise levels do not inerease. The United Kingdom
nolse asbatement zone procedure provides another way of staibllizing
and eventually reversing an upward trend In ambient noifse from fixed

Sources,

5.3 Enforcement

Entforcement of provisions for Industrial nolse will generally
take the form ef edministrative requirements for permits and the
like, and noise measurement to ensure complionce with conditions,
followed in some cases by legal action,
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There can in principle be less work involved in collecting evi-
dence for a court tase agelnst an industrial offender compared to
others, since industrial or gimilar cources are stationary, and do
net usunlly have the intermlttent choracter that can make neighbour-
hoed nolse such a headache for an enforcing officer, 1In foct, how-
ever, even more care must be token because of the high likellheod of
the data being challenged by the defence lawyers, For moat indug-
trial noise, abatement menans expendlture for the emltter, sometimes
great, and the reaction mpgainst the 1ssuing of on abatement order or
a conviction i1s likety to be strong. This reaction has resulted in
timldity on the part of prosecuting autherities, portiecularly when
thaey are a body with relatively uslight rescurces for nolase abatement,
The decision has often been made to "tackle small problems firsth,
that 14, neighbourhood problems. Thig approach has the obyious
defect that 1t ignores the fact that each Industrial source generally
affects far more people than each individual neighbourhoed source,
and the less obvious one that it lgnores the publicity value of a
prosecution,.

It may be better for an authority to take as an initial prose-
cution an example of a major, prefermbly industry-wlde, nolse prob-
lem even though this may be very expensive, If the exumple 15 well
chosen, and the case 18 strong, the extra cost in resources may be
wall spent to reduce future problems, because successful prosecution
of a major scurce zhould be sufficiently influential te have a real
and lasting effect on the rest of the industry in the ares, and con-
siderably preduce the need for futher action.

.4 Conclusions

Industrial noise must be dealt with on the same basis as all
other noise sources, l.c, measures token ol the scurce, In the traons-
mission path, and lastly at the receiver. The range of industrial
processes and the impossibllity of an enforeing officer being expert
in them all means that it is impractical to set universally applicable
general noise limits in all but speclal cases, MNolse comirol nust
inevitably then depend on co-operation with the industry, ond en-
forcement of nolse ilmits at the recelving cnvirenment. Diroect
measures in the transmission path (enclosures, ete.) can be often
used, but there will always be occasions on which it ls impossible
to encloae the nolse produclng machinery, Indirect measures must
then be used, and land planning is the almost inevitable solution for
many industrial noise problema. Separation of source and noige sen-
sitive areas has been the traditional method, but increasing land
costs, and the desire to protect as yet unspoiled areaz in their
pristine state, are making the use of this coption more difficult,

In answer to thls, the sophisticatieon of land planning has been
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inecressing, and scme of the conflicts are being slowly resolved. It
spems certain that even with increased awareness and co-operation
from noise producing industry and impreved technolegy reducing nolse
at acurce, land planning methods held the Key to long=-tern
improvements,

6. OTHER FCRMS O NOISE

6,1 Railway Neise

At the moment, enly a few countries have laws or regulations
covering roflway noise., Since sdministratively, railways are usunlly
cwned end managed by the natienal government, they are more amenable
to direct control than 1s traffic noise. Even in the majority of
countries without any formal noise reguletions for railways, there
nave been great efforts to reduce neise {both internal and external},
and thess are starting to have obvious offects, eapeclally on major
routes. Among the countries which have probably done more work in
the field of source reduction for rail vehlcles than othera one
ahould mention Japan, which has particular problems caused by the
Shinkansen, which runs at very high speed through a densely populnted

area,
The serlousneas with which railway noise 1s regarded in Japan

is indlcated by the fact that for the new line being built in North
Japan, about & per cent of the total constructicn budget is being
spen% on pollution control {principally ncise),

In Germany, alao, great attention 1a paid to thia problem, end
the Federal Pellutlen Centrol Act specifies precedures to be taken
in planning new railwaya, incliuding public participotion.

Interesting regulatory activity ot raillway noilse has ogourred
in the United States. Under the Noise Control Act, EPA ia required
to issug regulations for emission control for interatate raill carrlers
(which are private companies in the United States). This it did,
aelting Ilmits fer lszomttives dn Loih slulivnary and mebile condi-
tions and including a more strict set of ilevels to come into effect
in 1580, Theae regulations wers appesled against in court by the
Association of American Rallreads, with the end result that FPA was
directed to extend its regulations to cover not just locomotive and
roil-car emission, but all aspects of rallway operation. Theze
regulations were proposed In April 1979, and are expected to he
issued very scon, snd they will be by far the most wide-ranging
regulatory activity in this field.

6.2 MNaoighbourhood Noilseg

In this context, "neighbourhood nclse! 1s taken to mean nolse
that is produced generally in residential areas, by individuals or
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groups behaving in such o manner as tc cause annoyance, usually to
thelr neighbours, This type of noise has been reguleted for longer
probably than any other sudible nuisance, almost always by an
Yannoyance¥ or "nuisance® definition., For the most part, it con-
asists of acts which are antl-socinl, but very difficult to accurately
define in terms of nolse emiscion or receptlon. The exceptlona to
thia rule are uses of some eppliances, such as lawn mowers, which

can be treated in the same way as, for example, construction equip-
ment, with emission standards and operational restrictions,

One particulayr example of regulation in this category is of
great general intersst because of the bosle prineiple invelved, and
that {a the regulation of lawnmower ncise in Germany.

These regulations limit manufacture and sale of mowers accord-
ing to their nolse gmisslen. They incorporate "stepped" standards
for the future, a labelling scheme, and severe restrictions on the
use of mowers, Operation between 10 p.m, and 7 #.m, is totally
forbidden, and only particularly quiet mowers may be used between
7 p.m. and 10 p.m,, and at weekends.

The adventages of this type of system (using what is colled
"reference 1imits")(?) are: that it stimulates development of quiet
mowers by restricting sales of others, and by publishing in advance
the new regulatery lovela; the in-use regulations bofh protect the
neighbourhood and further encourage demand for qulet products; and the
labelling aspect of the scheme makes enfercement very much easler,

This improvewent process provides o totnl result that is far
stronger than the individual methods used separately could preducc.
This i1s amply demonstrated by at lenst one succeos criterion: the
firat tsuper-qulet" mowers appesred on the market within a few
months of the effective date of regulation.

Outaide areas such as this, neighbourhood noise tends to be so
indefinable that it can only be dealt with es a nulsance, possibly
with specific night«tlme restrictions to further protect the most
sengitive time of clipep., BRullding ¢odes for noise insulation may be
of asatstance in cooler climates and In high density apartment bulld-
ings, but 1little can be done where windows are often open for venti-
latien. 7The neighbourhood nolse problem then becomes primarily one
of gnforcement,

6,3 Enforcement

Enforcement in this a&rea of noilse abatement presents difficul~
ties which are famililpr to workers in any field where "publle nuis-
ance® 13 involved, While anncyance ls almost impossible to measure
i the case of an individual, noilse itselfl 13 relatively easy to
quantify, It is very diffiecult, however, to successfully set

1) See Reducing Noige In OECD Countries, op, cit.
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definite noise limita for nelghbourhocd nolze, and in consequance én=-
forcement in this area tends to be limited by the necessity of prov-
ing '"nuisance®,

To a large extent this sector of noise poilicing must depend on
public participation, particularly through the mechanism of complaint
to the appropriate authority.

Thus the avenues of public access for complaint ghould be kept
as simple as possible - elther a normal law enforcement agency such
as the pollce {perhaps a speciallsed section 1f opne exizta)}, cor the
local authority for the area in which the complainant lives, The
key to the problem is twofold - simplicity and publicity, Publicity
in this case can not only tell the public hiow to make & complaint,
but even more importantly lets i1t be known that the responsaible body
has an interest in noise, and that a community response is not only
secepiable, but actually encouraged.

6.4 Concluglons

Nelghbourheod ncise will mlmost certainly always be wlth ua.
In some circumstances {t can be ¢urbed, but its unsystematic nature,
and deep involvament with human behavicur, make it an extremely ine
tractable regulatory problem, Paradoxically, a large-scale rioise
gource 1s often easler to deal with; small bhut perhaps acute local
noise nulsances can he considered one of the few areas that are still
best controlled by use of the public nuisance type of non-specific
legislaotion, They are certainly not eften amenable to solution hy
aetting specific noise limits, and possibly only educntion can have
any long-term effect, but individual exemples requiring drastic
measures will surely demand the continusnce of efforts at the tradi-
ticnal type of contrels for unreasenable neighbourhcod behaviour.

7. LAND USE PLANNING: GENERAL CONSTDERATIONS

Prublems of noise nuisance are coften problems of conflicting
land use, whether they are permanent as in the case of & factory or
alrport and nearby dwellings; cor randcem and temporary, as 1in the
case of the person seeking tronquillity in the country whose reposoe
is shattered by the nolse of a trallbike or snowmoblile. However
1t must be stressed that changing land use 13 a very slow process,
Most action on land usae cen only apply to new situations and thero-
fore the scope for reducing nalsze through better land use ls limited.

7.1 Protection Zones

One aspeet of land use controls which hes reccived little atten=~
tion is the potential to proteet certaln existing areas which have
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an unusually good acoustic environment. As areas of unapollt tron-
quillity shrink under pressure irom the omnlprescence of Jel alrerafl
and moter vehicles, it becemes increasingly important to maintain
them as far as practicable., In the United States, for oxample, con-
siderable problems have bLeen experienced with off-road vehicles such
as snowmobiles, dune buggles and trailbikes, even In such nreeas os
netional parks. Staie and Federal authorities have tackled the
problem, with varied success = In fact recreatlonal vehicles are
tha vehicle type most commonly regulated at the state level, In
the Netherlands, the 1979 Nolse Abatement Act has put this type of
action on o more formal basis, by declaring an aim of not only
noige abatement, but nlso gonservation of unspellt areas. To this
end, 1t authorises local authorities to declare "Qulet Zones",
covering several square kilometres or more, In which the natural
scunds are sublect to 1ittle or no interference from neise from
human activity., These quiet zones may be combined with nolse gopes
in which a specifled noise level muast not be exceeded. A plan must
then be drawn up by the local outhority wnd approved by the Health
Minister, for the maintenance of the area.

In the United Kinpgdom alao, the nolse zone system may be used
in an analogoua fashion.

7.2 Environmental Impact Assessments

One of the most notable planning Introductions of the 1960s
was the use of gnvirgonmentsal impact statements. The growth of en-
vironmentnl awareness constrained the planning process ln many new
ways that could not be coped with in the traditional fashion, caus-
ing impact studles in cne form or another to become regular features
in most develeped countries. In many cases, noise considerations
are an important part of the assessment procedure, which ig a further
encouraging aslgn that noise problems are no longer being looked at
in iseolation.

The promize of these reports lics in the degree of foreszight
they 1imply; the more comprehensively one studies a situation, the
more one understands it, and consequently, the grenter the chance
of avolding difficulties at later dates,

7.3 Entorcement

Despite the advances 1In understonding, there is s5till pressure
from some sectors of the public in many places for development of
argas for housing in severely nolse impacted areas. This is particu-
larly true ef airport surroundings, and grent strength may be naeded
at locanl or regional level to resist the temptation to concede vven
mliner peints unless these are very carefully considercd, It can very
easily happen that a seriles of decisionz wilch in themgelvesr e not
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important, add up to a severe degradation of plamning standards,

Tha ways to avold this are twefold: firstly, the local or regional
policy body must be atrongly guided by natlonal leglslation, and in
the long term, the public muat be more educated aboul the dangers

of noise exposure. The present ignorance extends even to these in
authority, as 1s illustrated by a recent prepesol by o reglonal
nhealth authority to build a large new hospltal under the flight path
close to an internatlonal airport.

In this case, the national law required the regional planning
authority to "avoid or reduce danger, damage or nuisance" coused
by noise. The lack of clear guidence (in particular covering noise
reception standards) would have nllowed the hespital to be built
in a totelly unsuitable position, to cope with a health demand that
was In i1tself partly caused by lack of control sver development of
the airpert surroundings.

Many countries have used reception valuecs as guidelines for
some years, but the change towards adopting these as standards with
force of law (e.g. in Cermany, the Netherlands) indicates that in
many casesd, guidelines are not sufficlently effective, There 1ia
always need for some Clexibility, but it must be tarefully apescified
how much flexibility is available, and how this can he used, The
Netherlands acheme is a good example of this,

Econemics is an Important limiting factor on what one might
call "ideal" lend use policies. The use of distanse, for cxample,
13 not generally viable because of the high cost, cspecially
in urban areas, but when used in conjunction with other planning,
it may be useful for large developments in relatively isolated
areas {airports, large industrial complexes, etc,).

The copportunity cost to the community must alse be considered -
how much has the community lozt by use of a buffer zopne? This cost
provides good reason to use the buffer zone as intensively as pas-
sible while otill keeping such uses compatible from the environ-
mental point of view.

8. ENFORCEMENT

Enforcement difficulties are now recognised as one of the most
serlous problems of the regulatory approach to noise abatement.
This realisation hes occurred only recently, and seems to have been
delayed because most previous regulatiens had inherent defects that
discouraged serious enforcement: the difficuities of enforcement
itaelf were thus masked by the flaws in the legislntion., Now that
mere comprehensive laws are being enacted and experience in drafting
environmental laws increasps, the former lack of enforcement 1s

left glaringly exposed.
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It has been a matter for some concern in many countrics that
desplte the existence of regulations for many years, there has been
no overall imprevement in the environmental nolse climate, Whera
there have been concentrated efferta teo enforce noisc abatement
measures, some progreas has been achieved despite the increasse in
the number of noise scurces {particularly motor vehicles), The
efforts of the Swiss '"MNoise Brigades" in certain citles, and the
Californis Highway Patreol in attacking trafflc nolse ore well-
lentown, but on the more general front, attempts have been less

energetic,

8.1 F[Enforcement Facilities

In censidering the general enforcement problem, it is useful
to make a distinction between noise sources where an individual
is the culpable pariy, snd those where some sort of collective res=-
ponsibllity is involved, such as industrlal nolse problems, parti-
cularly where there are financial reasons agalnst noise abatement,

Where Individuals are involved, and the nolsy situntion ias
caused more by perscnal behaviour than by technicel preblems, there
seems to be no substliute for a frontal atisck by dlrect rogulation
of the type that have been so common since the beglnnings of noise
abatement. Educatlion and sacial pressures may be more effective in
the long run, but such changes in behaviour patterns take & long
time, and in any case, there will olways be lnconsiderate individuala
who must be dissuaded by more forceful means,

Given the manpower demands of enfercement of direct repulation,
it 1a not surprlsing that such an apparently non-urgent problem as
noise should be treated as low priority by a law agency, particule
arly since when cases are brought to court, the penalties imposed
on conviction are often small and cut of propertien to the omount
of effort noeded to bring the case, If a punitive appreach ia
desired for this class of cffence, 1t would probably be best effoc-
ted by use of 8 small speclalised section of the police foree,
("nolse brigades"), This section need not be large - only a few
individuals for a medlum-sized city., This small team could be
trained in the use of sound-level meters and other equipment, and
would quickly gain a depth of expertise and knowledge in dealing
with neise problems that would be impossible 1f they were not spe-
cially assigred te the Job.,

Such a team could also fill a very Important public relations
role, participating in school programmes and the like, Perhaps thelr
most important functicn weuld he te be visible and well publiclsed,
This in itself may bo a strong ergument im favour of the system,
since the abllity to identify a speclalised group may have u power=
ful effeet on the publlc,
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The besat Known example of such a force are the "Noise DBrigades®
which exist in some asreas of Switzerland (notably Zurich and
Lausanne). These groups number five to ten, and their duties are
almest entirely nolse-related, a large part of their work being
public relations and education, They also enforce (in co-operation
with the ordinary sections of the police) the regulations relating
to nolse, particularly for metor vehicles and unreasonable noise
at night, which are difficult problems for untrained men. The small
gize of the brigades allows a high standard of tralnlng both in
technical matters (they are fully equipped with the neceasary
measuring equipment) snd in the more soclological aspects of thelr
Job, and thelr emphasis on prevention rather than punishment, com-
bined with their expertise, has had a marked effect in the comaun-
ities in which they are active,

Nolse brigades for traffic noise are alse developing now ln
France. In 1978, there were BE brigades composed of speclally
trained teams of four policemen. Thelr responsibility extends also
to the contrel of motor wehiszle pollution ond fumes, In 1978 cut of
600,000 vehicles inspected, 85,000 were found In contraventlon of
noise standards, i,e, 15 per cent of motor cycles and mopeds, 17 per
cent of diesel vehicles and 2 per cent of gasoline vehicles. Ofren-
ders have to puy a fine of Frs,120 (about $30) and nust get their

vehicle repaired.

B.,2 The Need for Standards

As was pointed cut in the Section dealing with nelghbourhood
nolse, some of the enforcement difficulty in this fileld is caused
by the difficulty of setting numerical standards for meat forms of
the neighbourhoed noige problems, With other nolse sources however
(motor vehicles, construction equipment, etc.) standards can be get.

Setting specific standards for these nolse sources rather than
relying on the traditional descriptive terms which the court must
interpret nol vnly cleses many of the possible escape-routes through
legal argument over technicalities and interpretation, but also more
directly aids enforcement by making it easier for officials te bring
guccessful prosecutions, It alde-steps the need for a complainant
1o give evidence 1n mony cases, as i1s easential in prosecutlons in-
volving nuisance statutes. Once the complaint has been made, the
enforcing autherities can where necessary bring the case te court
solely on their own teéhnical evidemce, since there ls no need te
prove nulsance., Another important effect ie to make the treatment
of offenders more equel than would be possible under n law which
required case-by-case application of subjective standards.

Attempts to sat numerical criteria may causc much more diffi-
culty during the drafting stage of & new local law, but it is much
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mere important that the law should work well in practice and be
easy to enforce, than that it should be easy to promulgate,

8,% Public Awareness

In summary, 1t is possible to draw several conclusiens from
the enforcement situmtion az it has existed, Experlence in most
countries has been that regulations bazed on proscention ef offen-
dera are & very inetfficient way of achieving neise abatement. Laws
are much mere effective when they uge actunl court proceedings as
a last resort relying instead on negotlption and persussion to get
co-operation from the offender. To asaiast in this, public aware-
ness should be built up, and the provisions of the law publicised as
widely as possible so that both polse maker and sufferer are aware
that steps are belng taken, and know their own responsibilities and
opportunltien, To this cnd laws should be made as simple as pos-
sible, and where fenaible should be based on unambiguous standards.

8.4 Hesources and Tralning

Once constraints built inte the law itself hove been eased,
the major difficulty is the queation of resources, Too often, nolaoe
abatement is carried out ms part of the responsibility of a pgroup
with very wide general tasks to perform = police, health inapectors,
atc., There 1s often no particular priority assigned to noise, which
becomes the "poor relation® of mll the other jobs which are better
defined,

Manpower limitatlons arc often coused by budget limitations.
Enforcement is often delegated to the local level, and this can meap
to & local body with a small income, Agaln, this is g matter of
setting a ¢lear priority so that neise is not forgotten, and en-
suring that special assistance from a regional or natienal bedy is
avallable where necessary,

In cases of limited resources, it moy be feasible for several
authorities to share the costs of enforcement, and it may also be
possible fer a regional body to have speclallsts available to start
off local noise programmes, train lecal staff, and to act as pde

visors later,
That these restrictlons are felt to be serious is shown by the

results of a survey conducted in the United States, for the Enviren-
mental Protection Agency.{1) Following the introduction of the
Noise Control Act in 1972, leglslative activity in the United States
increased rapldly, untll in 1977, there were 27 stotes and 1,067
municipalities with nolse laws. In contrast, only twelve states and

1) "The Status of Noise Control in the United States" April 1978,
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leas than 10 per cent of municipalities had budget items for noise
abatement., This survey estimated that for an effective noise abate-
ment programme, & minimum of approximately 3 cents per caplta is
needed to ensure sufficient resources,

This view is supported by the copinlons of the state and local
authorities themselvas. Thelr answers to the question "Please in-
dicate the major problems facing your noigse control aefforts" are
summarised in the Table 2.

Table 2
Jurisdiction Majer problem (% "Yes")
State Lack of personnel 65%
Lack of political support 58%
Inadequate budget LG%
Municipal Inadequate budget 48%
Lack of effective legislation 37%
Untrained personnel 35%

A further question on what Federal assistance the stotes and
cities saw ag valuable resulted in a very high response requesting
training for personnel, effective noise control melhods, and noilse
control programme guidelines,

The recent shlfts in emphasis in the EPA programme have gone a
long way to meet these shortcomings. Co-operation with cities and
states has been reinforced by the "ECHO" programme (see Section 3)
and by seconding "Community Nolse Advisors? to towns and citles
which do not have their own resourcesa. another major meve to ati-
mulate more activity and awareress at local level has been the pro-
duction of a "workbook" with the object of essfsting local law-
makers to draft regulations which are within national guldelines,
but are adapted to the community.

Manpower and budget are the most obvious enforcement limita-
tions, but another which 1s scmetimes overlooked by those high up
in the chain of responsibility 1s training. HNeise is a highly tech-
nical subject, ond an untrained persen can bring disrepute on an
entire noise programme if a cage based on faulty evidence comes to
court., Staff must be sufficiently well trained to be able to nego-
tlate and put pressure on offenders to secure voluntary compliance
with standards, with the obJect of out of court settlement where
ever possible. When o prosecution is unaveldable, they must be able
to convince the court of their competence and the quality of thelr
evidence, even when under attack from a defending lawyer,

The mest fundamental question of ell, however is that of polie
tical support, Budget, manpower and priorities all depend eon
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political decisions, ond unless there is continuing support from
policy-makers, a nolse programme 13 doomed. It must be clearly
stated at rational level exactly who is responsible for what, and
what general policies are to be implemented, 1 even the best of
nalse programmes 1s not te fail,

9. NOISE ABATEMENT PROGRAMMES: FUTUAE DIRECTIONS

Throughout the summary of regulations in this paper, the assump-
tion has been lmplicit that what is desired iz a noise abatement
pregramme -~ not just laws on the statute book, but a varied set of
measures designed to effectively reduce noise pellution, and protect
those areas which are still free of pajor problems. All the evi-
dence clearly shows that no single measure 1s sufficient; environ-
mental neise 1s too varied and dispersed for any such limited ap-
proach to succeed. In the course of the last 20 years, it has he=
come obvious that, between countries, there are some features which
seem to be universal for a succesaful programme, and the following
sections will attempt to elabarate these,

9.1 QObjectives

Any nolse programme must have clear objectives, and preferably
specific obJectives, whether the programme is international, nation-
al or local in extent, This impliles a steted philesophy which does
not shirk the difficult decisilon areas, but defines at least the
nanner in which decisions are to be made - the "spirit of the laws!
should as far as possible be written to ensure a conaistent basis
on which to resolve conflicts end to reduce the effect that small-
scale influences which are not noise-releted can have. This is
particularly true where land planning is invclved,

It has also been clearly demonatrated that ne amount of unaided
restrictive or punitive regulation will solve the neise problem.
There 1s too much contrary human behaviour involved, Thercfore,
conditions must be created to gncourage people teo act in & respon-
aible manner. Such conditiens may include eccnomic incentives
{charges, compensation), selective restrictions to stimulate the
purchase of quiet equipment (e.g., Germany's lawn mower regulation),
etducation ete. To achieve results with such a range cf methods, they
must be co-ordinated properly, which requires a clearly stated set
of objectives to provide a framewcrk for leglslation,

9.2 Precision

Preclsion {s a characteristie which may scem to be inevitably
required where leglslation is coneerned. Nonetheless, it has besn
notably lacking in many nolse laws, elther for reasonsg of uncer-
tainty, or dellberately with the intent of allowing some flexibility
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for individual circumstances to be token into account, Unfortunately
the actual effect of thils was to weaken the law to such an extent
that it was powerleas, The use of "nulsance" or "annoyasnce" ns un-
defined concepts to be used as criteria hes already been discussed,
and falls into this cetegory, Another more spercific example was

the 1964 modification to the United States Federal Alrport Act which
required that any airport recelving federeal afd must take "approp-
riate action Including the adopticon of zoning laws ,,,, to the ex-
tent reasonable to restrict the use of land adjacent to or in the
immediate vicinity of the airport to activities and purposes com-
patible with normal airport operations®,

The imprecision of this emendment was such that almost aevery
case could be treated as an exception, and the law had almost no
effect.

While recognising that it 1s obviously imposaible to logislate
for every eventuality, it ascems that in the past it was the excep-
tions that were tackled because they permitted apparently easy solu-
tions, while the more systematic problems were conveniently for-
gotten. MNow there is more willingnesa te grapple with the longer-
term problems. The most common {and therefore usually most diffi-
cult) areas are tackled directly, and sufficient allowance is left
in an overall empowering act to permit regulation of specinl prob=-
lems as they arlse. The recent laws of both the Netherlands and
Germeny are good examples of how flexibility can be retained in a
law which 1s precise &nd comprehensive.

9.3 Division of Respcnsibility

A nolse programme must clearly specify at what level action is
to be taken, and where several departments or agencies are involved,
their interrelations, areas of responsibility and co-operation must
be unambiguous. The ncrmal situation 1s that departments at natilonal
level provide the overall planning, the guidelines, and the regu-
lationa for those nolse problems which are deemed To be best solved
at that level (usually transport systems, and those measures affect-
ing trade such as labelling schemes).

The regional or local authorities ere normally responsilble for
land planning (perhaps under natlonal supervision) and implementa-
tion and enforcement of regulations, They also cen devise and
implement specific local or regional noise abatement progrommes
("quiet cltias", *noise abatement zones", ete. ).

The alternative to a clear definition 1s that the programme
feunders 1n conflicts between suthorities, or dies of inactlon.

Another neceasity if these fatos are to be aveoided is awarencss,
This means primarily awarenesa of the dimensions of the noise prob=
lem among the public and particularly among politicians at all levels,
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There has in general heen little understanding of the facts outside
the few in each country who are Intimately invelved, and this has
resulted in m general tendency not to toke noise abatement programmes
seriously. They slmost always are downgraded in priority as acon

us they reach Into local areas, which 15 doubly unfortunate since
this is where most of the activity In the programme should he.

Thus, one of the tirst objectives of & national noise programme
gheuld be tr stimilate awareness of the aims of end the reasens for
the programme in order to put pressure on the loetal outhorities for
action, Scme of the strategies for this are illustrated by recent
meves in the United States noise programme.

Now that the specific deadlines in the Neise Control Act have
been met, EPA has been sble to turn its rescurces into a broader
effort, The relative lull until 1977 in moat areas of the noise
control effart except direct regulation had the effect of making
those areas noeding more attention clearer. The survey commissiened
by EPA (alrpady referred to in the section on enforcement) clearly
showed that the steates and local governments huve evidently not
been truly supporting the neise programme, despite the upsurge in
regulation=-maklng thnt fullowed the intreduction of the Noise Con-
trol Act, To assist the overall aims, EPA has announced, with
considerable aild from the Quiet Communities Act (1978}, a large
programme to boost activity at the lower levels, The major features
of this progremse are Intreased technical aid, particularly in
training preogrammes, increased information, projects to increase
co-opereative activity at state and local level (the ECHO programme ~-
Each Community Helps Others} and e model "quiet town® to demon-
strate the poasibilities of neise regulation and enforcement to
other municipalities. In addition, a number of "Community HNolne
Advisors" have been loaned to various local governments to assisot
them with nolse programnes.

All these actions are desipgned to gtimulate state and munici-
ral gavernments, and initial results seem tn indirate some success.

9.4 Standards

Closely related to the question of precision discussed in
paragraph 9.2 iIs the question of stondards. There iz now a consid-
erable body of information available to assist In deciding levels
for {for example) nolse reception stendards, but g difficulty has
been that local bodies who set such standards had to defend them in
court, and found this very difficult in the absence of natienal
approval by some competent bedy., There Is a very pgood case for
setting oguch standards at national level, or at least defining an
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approving bedy which can gilve the locally set levels a cachet of

reliability and authenticity which they can otherwlse lack, |
Another important aspect cof stonderds ia the principle of for- ‘

ward-looking emisaion levels: that is, emission levels which are

set for not only the present, but also mere strictly for the future,

and which are preannounced. The main aim of emission gtendards l1s

to stimulate the production of auieter equipment, nnd this will be

far more effective if a manufacturer has a definite limit ond a

definite date to work towards, It is unreasonable to expect co-

operation with regulaticns which ere to some extent unexpected, and

industry is far more likely to plan mhead to meet standards 1f these

standards themselves show evidence of forward planning,
This principle is being adopted more and more, particularly

for transport, Good examples of its use can be seen in the United

States EPA proposed regulations for newly manufactured motor cycleas,

which specify a current standard, and two future tightenings of

levels to become effective in 1982 and 1985, Thoe EEC vehlele noise

standards are also forward looking, although nver a shorter time

span (1980). This timetobling of ojectives has another important

facat: 1t allows timetabling of costs, both in the noise programme

and for manufacturers, Thus, expenditure can be spread as equitably

as poasible,

9.5 Feedback

There must be provision {and preferably a requirement) for the
noise abatement programme to be assessed for eftectlveness. To thias
end, there should be feedbock from local levels to nationnl level so
that achievements and difficulties are known, and if necessary, mod-
ificatiens to the system can be made, This leedback requirement can
ba bullt into the law in some ¢ases, for example in the Netherlonds
Nolse Abatement Law, where the abatement plans of the lecal authore :
ities are required to be approved at natlonal level, As well as !
improving unitormity, this means that the ministry responsible is
aware of the actions of all the Lower level aunthoritiesn, and can if
necessary stimulate areas which have been neglected,

49,6 Overall Conclusicns

All these requirements can be summarised in two worda: planning
and _enforcement., A noise programme should be carefully thought
out and have & definite framework, co=-ordinating efforts, looking
ahead as far as possible, defining objectives, pricrities and means
of enforcement.

Tt seems that thls desirable situation is only possible when
the Lrumework Ls papri of the luw = there is no country where u
set of scattered regulations can be sald to have been truly effective,
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and in most cases even recognition of this state of aifairs is made
difficult by the nature of the lesislative structure. Because they
are scattered, the effectiveness of the laws is extremely difficult
to assess.

This accepted, the obvious move 1s towards comprehensive pro-
grammea. The aims of such programmes can be very different from
country to country, as a comparison of, for example, the United
Statea Nelse Control fct, the Netherlandas Nolse Abatement Act and
the proposed Swiss comprehensive law shows, but the significant
fact 13 that there 1s a definite trend In the direction of compre-
hensive programmes. The United States, Germany and Belgium have
all had at lemst partly comprehensive laws for some years, the
Netherlands recently introduced a major and innovative law, and
France and Swlizerland are drafting new laws of this type.

This motivity seems to be & vindication of the recommendation
ot the OECD Ad Hoc Group on Nolse Abatement Policies{i) which
strongly recommended these moves,

The present climate in nolse abatement poliey indicates &
fundamental acceptance tha* in the future, the noilse environment
must be planned, and must not be inefficlently controlled by the
unsystematic methods of the past., It is probably also significent
that the recent comprehensive laws inelude land use planning.

Generally straitened economic clrecumstances and snergy limi-
tations have led to careful inspectilon of the effectiveness and
peripheral effects of neoise contrel, and a better understanding of
the compromises that must he made. The necessary adaptations can
be best made within a comprehensive framework.

Enforcement problems, too, have played their part, and resulted
in an appreclation of the value of regulations and measures which
are at least to come extent self-enforcing., Such methods as edu-
cation and labelllng schemas te Influence markets are more effective
than direct control, and require primarily administrative support
and implementation. The need for firancial resources and for ine
centlve mechanlisms also makes a plea for economic ingtruments such
as noise related charges, ag previously recommended by OECD{2} and
already applied in some countries for aireraft noiso or contemplated
in a more general sense (the Netherlands)., These economic instrua-
ments complement regulations rather than replaclng them,

It has taken time, and a conslderable worsening of the general
situntion for the wesknesses of the old metheds of nolse abatement

1) See Reducing Moise in ORCD Countries, ¢p, cit,
2) Ibid,
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by reguletion to become apparent. Fortunately, experience ao far
seems to indicate that at least a partial answer to present and
future problems lies in the trend towards coembined land use plonning,
education, incentives and direct regulatfon, within national com-
prehensive programmes of nolse abatement,
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1, LACAL COR _NATTONAL ACTTON

1.1 Trends in Local Repulation

While noise abatement iIn ancilent times was not considered to be
any concern of the natienal authorities, city suthorities were already
required to maintain a minimum of pubdlic peace and qulet, Specific
regulations made thelr appearance later, as for example in Boaton
around 1830, With the odvent of industrislisation and moterised
travel, the problem of neise became se worrying that speclal depart-
ments or commissions were established, Thus in 1920 New York City
zot up o Commission to inveastipgate the city's "eompled nolse situa-
tion" so as to find ways and means of eliminating unnecessary nolse
and determine the impact of noise in general on the city's popula-
ticn. (1) Thig Commission'c report stressed even then the high level
of traffic noise, In 1942, the National Institute of Municipal Law
Officers in the United States fssued a pulde for local authorities
proposing to take nolse abatement ection, and by 1971 35 per cent of
all c¢ities in the United States had odopted this model. The first
regulations were vague ond of the "unwanted noise must be oliminated®
type., After 1952, celling levels expressed In dB began to appear in
+the municipal codes, as for example at the instigatieon of the Pro-
vineial Government of Ontario, Conada.(2)

Round about 1967 the Stete of Catifornia alao tackled the prob-
lem and local regulatory action then developed quickly throughout
the United States, where the number of municipal codes rose irom 59
in 4971 to 1,067 in 1977.{3) Recent trends in OECD countries other
than these of North America have been relatively slower and have
fellowed differlny lines, nor is much information avallable; widely
differing political structures may account for the fact that there
has been & considerable amount of local initiative in Cermany and
Switzerland, while in France local repulotory action has long been
taken through the regional health regulstions drafted under the
supervision of the lozal representative of central government.
Apprecinble progress has hewever been made over the last five years

1) New York City!s Appreach and Experdence, Robert DBennin, Bureau of E
HoIse Abatcment, Enfer Nolse S?h and Community Noise Repulotions: !
An Overview, Clifford R. Eragdon, Inter Nolse 1974,

2) Ontaric Model Municlpal Neise Controel Lyelaw, John Manuel, Inter
Nolse 1970,

3) The Status of Noise Control in the United States: State and
tocar Governmentd, DI, Cilllerd It, iragdon, Frepared lor GHAC,

ngton, April 1978,
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or so by cities in regard to noisec abatement, and nearly all capitals
have drafted special noiee regulations, while some of them are even
beginning to suppert these regulations by sstting up apecial depart-
ments, thus following the alre.dy longatanding example of Greater
London.

The amount of action teken locally does not depend an either
the size of the municipality or the level of traffic or industriali-
sation; medium-sized authorities in Switzerland apply noise abatement
plans, whereas in the lLatin countries even large cities have yet to
act; the degree of local awarenessa and cutonomy of the local authori-
ties largely account for the wide varlety of situatlons.

1.2 Government Co-ordination, Encouragement and Control

The development of local regulatory action at the seme time as
central government action raises the nuestion of whether such action
is properly co-ordinated, and invites a comparison of the effective-
ness of actlon at elther level for dealing with any given type of
preblem.

Co-ordinatien takes the form of control when action is initiated
by the local authority and then moves upward to the central govern-
ment authority. Control ls necessarily involved in cases of the
approval of municipal regulationa, for example when a local authority
regulates noise emissionsa of manufactured products such as vehicles)
In other areas of intervention, control depends essentinlly on the
political structure. For instance, the same acceptable levels of
noise In the external environment for each district may be required,
or, conversely, cach local authority may be granted full freedom of
action.

The impotus now glven by almoat all central govermments is
usually didactic in nature. The essential problem of noise abate-
nent, second to funding of course, is that of technical and legal
competence, 5State intervention is justified by the fact that central
governments alone ~ with the exceptien of such large citles as Londen
or New York = have the means to enact more effective and precisec
regulations than those which appeared before 1955. An Intercating
procedure alsc made its appearance in Ontario In 1975, Illinels in
1973, and finally in the EPA (United States Envirornmental Protection
Agency)s the Covernment defined a model municipsl code, allawing
the local authorities to make 1t more explicit, supplement it and
adapt it at will to local conditions.(1) The "model noise control
ordinances"” and "model municipal noise control byelaw" respectively

1) Model Municipal Control Byelaw, Ministry of the Environment,
ntarlo, Caneda, Final Nepor Augu:}t 1978 and Model Noise Control
Ordinance, US EPA, September 1976, Washington, DU,




prepared by the EPA and Onterie's Ministry of the Environment help
nuthorities with the smallest technlical steffs to draft effective
regulations comprising upper noise limits generally expressed in
dBA; the fields of application are not oply as in the past nulsance-
creating activitiea but alse lond use, Lhe management of commercial
and private vehicles, nir and rail traffic, construction siies, and
btuilding codes. These downward-reaching regulations are accompanied
by training schemes for local technicians; the model codes comprise
technical date and sometimes comprehensive instructions regarding
noige abatement.

Under the Qulet Community Act, the EPA has alst set up an inno-
vative mutual-help procedure for local authorities; those with noise
abatement know-how can lend fully experienced staff to other authori-
ties which propose to take action to improve the nolse environment
{ECHO program: Each Community Helpa Others), (1)

I the technical and funding problems are set #aide, the benefits
of local actlon against nuisance-creating activities become more evi-
dent: better adaptation to lacal technical and soclo-political con-—
ditions, greater motivation of the persons involved, more regular
follew-up and canagement of action progremmes, ete,

One considerable drawback has semetimes led to failure: the
enactment of atringent rules affecting trade or industry con induce
firms to move to more liberal neighbouring districts; such a lesas of
Jobs and tax resources being only acceptzble te the mayors of health
resorts or other towns whose economy is in fact based on a quiet en-
vironment. Inter-municipal difficulties of the same type arlae when,
for example, public transport companles serve several districts; thus
in Frence quieter buaes could net be introduced in Toulouse againat
the wishes of the surrounding communes.

This type of drawback cannot so much be eliminated by gevernment
co—ordination as through the kind of inter-municipal co-operation
that hos existed since 1974 oround Washington D.C. between local
gavernmenta in scvepral different States. This co-operation has en~
abled a monitoring campaign and action and training programmes to be
launched which could not have been financed by separete autherities.{2)

1.3 The Preblaem of Funding

The implementation of municipal reguletions necessitates a mind-
mum of finencing, if only in order to set up specialised departments
or agencles. The lack of specislised departments thus nearly always

1) ECHO, US EPA Brochure and EPA Noise Controel Program. Progress to
Tate, April 1979, US EPA. B

2) Metropetitan Washinpton, Council of Governments, Areawide Environ-
mentﬁﬁ Nolse St-uay, Dorng motord Hcﬁmnn' Inter Molse g7G

- 94 -



Rt i e e

results in the poor enforcement of regulations, and it has always
been observed that, in the case of the genoral police forces for ax-
ample, noilse-related matters are neglected in favour of urgent daye
to~day work. Apart from operating such specialised departments,
loeal authorities have to plan on sometimes costly anction: thus the
EPA model municipal codes provide for the purchase of guiet cquipment
within the limit of a price incremse of 25 per cent over and above
the cheapest equipment for the same use, while the ascundproofing of
school buildings, ete. is expensive.

A striking centraat may usually be obzerved between the ambitions
of the approved municipal wcodes and bhudget appropriations, The prob-
lem of funding is most preaccupying for local authorities, even more
than that of ataff{ training, wherecas the oppostite moy be noted for
state (provincicl) authorities, at least in the United States, as
Table 1 shows, (1)

Table 1
UNITED STATES -~ MAJOR PROBLEMS FACING NOISE CONTROL

(% “'l'cs“)

State Lack of personnel 65%

Lack of political support 58%

Inadequate budget 4b%
Municipal Inadequate budget 4,8%
authoritiss Lack of effective

legislation 37%

Untrained persannel 35%

Leas than 10 per cent of the local suthorities in the United
States which had 1ssued special municipal noise codes have provided
for a speclol budget, whereas 1t is estimated that a minimum of
3 cents per capita is needed to achiove any practlcal resultay(1)
what 13 worse, the number of local authorities which do have o special
budget dropped from 43 in 1973 to 33 in 1975,

In the Netherlandsa, the five year programme for noise abatement
will necessitate that a staff of 500 persons be allocated te nolse
abatement in lacal communities, To this end, B million guilders in
1979 and 12 millions in 1980 have been granted to municipalities,

No specific item appears to have been devoted to noise abatement
in city budgets in most other countries,(2) Case law in the

———————

1) The Status of Neise Control in the United States, ap. cit,

2) An_analysis of special funding possibllities for nelse nbatement
relating to the decentralised context of the United States willl be

found in Noise Abatement: Policy Altermatives for Transportation,
National ACAdeny ol DCI1Ences, WasAlnghon, Th.C.
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administrative courts is still only in {ts infancy ard the legallty
of taxes or charges collected by specianlised non-governmental agen~-
cies is not yet clear. Except in the Netherlands where the Nolse
Abatement Law stipulates that noiae charges, collected at national
level, should be reallocated to municipalities to finence noise
abatement measuresa, no country seems to impose speclal taxea or
charges, as on ailr traffic for example, for use on behalf of locul
authorities. On the other hand, fines mey sometimes be imposed and
the hope in some querters is that these could finance specialised
police services, But their imposition stumbles on the generel pub-
lic's ignerance of the meaning of technical acoustic data and they
are directed more at the managers of nolsy construction sites or
factories,

On the whole, local authorities in every country turn mainly to
the government to obtain subsidles for noise abatement campaigns, and
this usually results in specific local ections rather than any cone
tinuing netlen over time. Such loesl actions do have the merit, how-
ever, of experimentation in an area where olmogst nothing is known about
practical requirements for coffectiveness, We shall therefore analyse
a series of speclflic local actions hefore considering what adventages
for noise control can be expacted from more widely=based local nctions
without overburdening the budget,

Annex T contalns a descriptive 1ist of specific local noise
abatement actions carried out in various countries.

2, LOCAT, ACTIONS SPECIFICALLY ATIMED AT NOTISE ABATEMENT

Roughly speaking, three types of actifon by local authoritics
may be distingulshed according to whether they are primarily of a
regulatory and police-enforced kind, or whether they sre primarily
participatory or technicel, In practice, thesp various aspetts exist
s8lde by side, and a participatory experiment may thus lead to greater
acceptance ol the rempulations. i

We shall mainly consider the lagt two types, as the regulations ¢
are already described elsewhere and will only be mentioned again in 1
connection with original control tests in certain cities, :

2.1 Particimatory Actions

2.1.1 Overall Methods of Approach {Case Studies)

The majority f nolse socurces can be managed more quietly and
the general public, as well as trede and industry, can play a cone
siderable role in abnating noise without the need for any very sub-
stantial outlay of money, At the same time, public awarencss can in
particular have the effact of mobillsing the politicel or adminiatra-
tive authority for a war against nolse, cne which sometimes may only
be declared by a minority of true believers.

- 96 -



Thus two objectlves can already be identified which are not
always clearly distinguished in private or public organisations! en-
deavours to communicate with the general public. Speciallaed private
oyganisations, under some such title as "The League Against Nelse',
are sometimes very powarful, as in the Fedorsl Republic of Germany,
where they publish an excellent magazine called "Kampf dem Lirm!
{"The Fight Against Noise"). They ofton organise information or
public~-awareness campaigns through schools, other associations or
exhibitions. Rarely, however, have they succeeded in cducating the
public about nolse independently of the local authorities.

In Switzerland, where participaticn is widely practised, some
success haa been achleved in Zurich {arcund the airpert), whereas in
certain mountain areas the campalgn against the intrusion of heli-
coptiers has received no support frem the rural mountain population.

On the part of local autherities, some large-scale actions may
now be noted the mest important of which i1s that at Derlington, near
Neweastle, in the United Kingdom. The Darlington experiment followed
on the heels of a recommendation by the Noise Advisory Council in
1974.{1) The NAC had realised the need to interest public opinion
in noise abatement and to avoid a certain fatalistic attitude, It
proposed that a town be chosen whare the general public and repre-
sentatives of the workera' and empleyers! orgenisations would be ine
vited to co-operate and examine the practical possibilities of re-~
ducing noise annoyence at home, at work and in the atreet by educa~
tional meens, publieclty and experimental action. Darlington was
selected as a test area becmuse marked by the following
characteristics: (2)

- a population of 98,000, therefore one sufficlently large,

without preventing flexible and falrly prompt action;

a communlty independent of any other town, with a cense of

its own identity and dignity;

= through=troffic already diverted;

- a town with lecal noewspapers and near o redio station;

-~ a certain variety of neise problemsi

- a co~gperative Borough Council, and wellequalified locol
government peraonnel,

Six committees were set up by agreement between the Nolze
Advisory Council and Darlington Borough Council, which demanded con-
aidersble activity from its Environmental lealth Department, repro-
senteatives of the NAC and central pgoverpment departmenta, teachers

1) Noige in the Next 10 Years, MNoise Advisory Council, 18150 Londen -

2) See The Problem of Noise and the Quiet Town Hixper ment, Report
of the Wolse sominar, Darlington, DIn~7Lh beptchmber, 1978, Pub-
1ished by Traffic Engineering and Contrel, Londen.
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(50 schools) and 30 or so local erganisations., In addition to o
Steering Committee and a Management Cemmittoe, four committees dealt
with schools, publicity, the industrial and technical sector, and
transport,

The leading role was played by the Management Committee, and
extensive use wag made of the media, pemphlets, about 120 printed
leaflets and various slogans., The intentlon was in fact te wveid
the use of regulations and to count on the goodwill of a reccptive
public,

Dy means of a& survey prior to launching the experiment, the
opinions of GOO pecple were obtained concerning noise in the urban
zone, (1) Traffic was mentioned by 87 per cenl of those interviewed
a5 the main source of noise in the town. 38 per cent of those in
the sample who worked in Darlington scid that they found noise at
work an "irritant",

An aim of the aecond purvey carried out on completing the ox-
periment was to assess the impact of the promotional campalgn, The
moJority of the people interviewed could recall some particular as-
pect of the campaign material {mainly visual), but it was still dif-
ficult to estimate the yesl effect on behaviour, the one most often
mentioned concerning use of the motoer car, The replies relating to
effectivencsse of the experiment in reducing noise from various sources
show that a large majority (70 per cent) thought thet the experiment
had made no difference te nelse conditions in the neighbourhoed where
they 1lived, 16 per cent thought conditiens were quicter, end 8 per
cent nolsier, In relation to the town centre, 50 per cent of res-
pondents thought the experiment had made no difference, 39 per cent
thought it had improved things, and 4 per cent thought it had made
things nolsier, Most of those who, in response to a seperate ques-
tion, thought that conditiens In the town centre were better (51 per
cent of respandents) mentioned that thiu was “something to do with
tratffic", i,e., it was a result of a new traftic management scheme
introduced during the period of the experiment but fndependently of
it, In respensc to the same set of questiong, 8.5 per cont thought
that conditlons in their neighbourhecd were quicter, 35 por cent
noizier and 51 per cent about the same,

The number of complaints nbout noise made to the Borcugh Coun-
¢l rose from 170 in 1975 to 356 in 1977, L.c. double the average
British rate during that perdod. This can be attributed to o greater
awvareness of wolse as a problem and to the fact that publicity was
being given to the Council's rele in neise abatement,

The following figures show the percentages of people whe felt
Darlington was more nolsy or leas noisy in 1978 comparced with 1976

1) V.R, Jupp and L, London, Neise in Darlington (1976) and People
and Noise in Darlington ( ailh publichied by NewcastIe-upon-

Tyno Polytechnic,
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1976 1978

Neisy or very nolsy 26% 20%
Quiet or very quiet 66% 72%

The survey results are somewhat difficult to interpret, and are
not always self-consistent. It must be remembered that the aim of
the survey and the experiment was to assess the effectiveness of
particlpation and neige educotion; if 1t had been to estimate the re-
duction in noise, a physical menitering campaign would have been
launched, It must be admitted in this connection that the term "Quiet
Town Experiment" was confusing and we underastand that the NAC final
report 1a likely to suggest "Quiet Community" for the future.

The inereasing number of complaints demonstrates that the pub-
lic awareness campalgn was succesaful, but it is only in the medium
and long term that a change In behaviour can be expected an a result,
in partiocular, of action in the schoola. Strictly speeking, the
trend of behaviour and opinion in Darlington over a peried of at
least 10 years should be compared with a aimilar control city where
no apeclfic action had been taken,

On the whole, although it is difficult to assess the operation
technically, 1t may be estimated that for a small government expendi-
ture of E£26,000 (L£16,000 subsidies to the Council, £10,000 for the
two sociel surveys) the operation was very successful in terms of
participation by the genersl public; this waa thanks to flexibility
of co=-cperation between the local puthorities and a government agency
with ne direct regulsetery powers, the NAC, whose authority 1s essen-
tially of a meoral kind. The NAC'a original aim was achieved #lmost
hettor than expected &s regards the general public and the scheools,
but the relative fallure on the business side, cspecially in the fac-
tories, reflects the difficulty of perauading industriaslists to de-
vote time and perhaps noney te nolse abatement en a voluntary basls,

The interesting idea of uaing bieyele and motoreycle retailers
to arsuse the interest of young people could perheps have heen pure
sued further, Those directly responsible for managing the experi-
ment felt somewhat frustrated Jin certain areas, for example, cnforce-
ment of nolse limits for vehicles in use, and enforcement of require-
ments for party-wall nolse attenuation by what they saw as defects in
the relevant central government regulations, It was an essential
part of the concept of the experiment that it ghould be conducted
within the existing leglslative frameworit, and so ene of its inci-
dental beneflts was to highlight areas in which that legislation
mlght benefit from re-examinatlon at central government leovel,

We have selectod the following conclusions from existing reports
on the operation(1) as uzeful hints for future tests:

1)} The Official Report by the Noise Advisory Councll 1s cxpected

during 1980,
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- the term "Quiet Town Experiment" suggeats that the aim is to
improve the town rather than behaviour, and may be unfortunate,
depending cn the target in views

- the presence of radie and local press is very effective;

= too many different pamphlets should be avolded {we would ndd
that certain pamphlets isaued at netional level could
suffice).

The Darlington experiment arcused Keen interest in the United
Kingdom and has been imitated elsewhere In the world; here again,
certain emulators mistook the meaning of "quict town", as in the
caso of Fronch projects {e.g. Blois), which are in no way comparable
and will be examined in Section 2.3. Only the programme in
Allentown, Pennsylvania, moy be regarded as o direct offshoot of the
Darlington experiment., The choice of Allentown in Spring 1977 by
the EPA under the "Quiet Communities Program" was based on criteria
gimilar to these for Darlington; with its 98,000 inhabitants,
Allentown had ne notable specinl features and was much like
Darlington, One differcnce ot approach should be noted: the appreach
used by the EPA, which ic both a scientific and a regulatory agency,
seems rather mere authoritative and more ifnclined towards repulation
{penolties) and technical action than towards public involvement and
education., This may explain some initial ironic misglvings on the
part of politicians and businessmen, who were apt to quallly State
propesals which were going to cost time end money as "boondoggling®
(i.e, & trivial, useless or wasteful activity). EPA'a financial
contribution, which was about the some as in Darlington, was used
for a large-scale menitoring campaiph and o fairly cconomical sur-
vey. A very determined, actlve technical crganisor conducted the
entire cperation, which was therefore more centrallsed than in
Darlington. HMedia use was similer although less extensive than in
Darlington, but the population was encouraged to engage 1n quiet be=-
haviour during quiet weckends.

Allentown now has an excellent description of ity oceustic en-
vironment, not only thanks te the survey but te 20,000 physical noise
measurements; at 50 of the lecations, measurements were made for 24-
hour periods. Time-trend studies now remain to be carried out and
especially a follow-up survey. The experience pgained in the field
has already spreed from Allentown to other towns in Pennsylvanin.

In France, & significant, purely lecal experiment which may be
mentioned is that conducted in Marseilles durding 1975, the first of
its kind and onjoying no State financing, 'The HMarsellles approach
included all the factors mentioned: a preliminary survey, monitor-
ing campaign, the promotion of awareness through the press, pamphlets,
posters and schools. Moreover, the city of Marseilles, which adminis-
ters & pepulatien of 1,000,000, organised its technical servicea
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accordingly, This original, therough-going experiment, however,
suffered frow a shortage of certain technical end financilal reseurces,
and unfertunately no final aurvey nsscased the projeci's effective-
neas, It is interesting to note that, here again, the example set a
trend, since the local nuthorities in Alx then also organised various
participation projects, including poater and poetry competitions in
the acheools, etc,, with the help of the "Ligue Méridiensle dr Lutte
contre le Bruit*. According teo a subsequent survey, the population
of Marsellles conaldered that the most effective action was the
monitering of car exhausts by the police,

2.1.2 Analytical Approachos

A cause for surprise may be the absence of speclalised ccologi-
cal assoclations in the experiments conducted by English-speaking
countriea. On the other hand, does the aggressive action taken by
such organisations in Federal Germany or Switzerland sccount for the
fact that no operations inspired by the public authorities have been
observed in those countries? A new trend may posailbly be taking
place 1n Germany, Jjudging by the report of the Working Party on Noise
Abatement submitted in June 1978 to the Federal Miniater af the
Interior.(1) The subgroup responsible for public relations carried
out a methodical analysis of the requirementsa for success. It
stressed the need for a clear definition of the posuible objectives
in any actlon to motivate, educate or inform the public or the busi-
neag sector; it emphasized the need to anolyse any motivations which
could be turned to account. Tn the matter of objectivesa, & distinc-
tion should be made beiween roducing noise production by promoting
"nofge~awereness behaviour", and changing the noilse reception arca.
This change can be breught about either by increasing public aware-
neas, or else by altering attitudes 1f the aim is to convince the
public that it muat endure noise for economic reasonz., The respec-
tiva roles of the noise maker and sufferer should also be clearly
distinguished. The group sets the followlng simultaneous targets
in any public informotion and motlvelion cumpaign:

- To induce individuals and groups concerned to generate less
nelge,

- To induce the commercial organisations cencerned to intro-~
duce some means of noise reduction or soundproofing.

- To induce individuals and groups te accept inevitable noise.

The wvalue of this analysis will be fully apparent, since con-
fusion of the objectives or inversion of the prierities can lead to
mediocre if not actually poor results,

o ——— e o e,

1) Projekt e Lirmbekimpfung, Abachlussbericht des Arboits-
relied o, SundesmInIsTer des Inmern, lerlin, -une .

- 101 -



Tt will be noted in particular that the third aim, which did
not exist in the experiments earlier mentioned ¢an be dangercus 1f
it affords noise makera effective means of paychological metion.

The same proup defines two requiaites for motivating the
publicy

a) The creation of physical conditilcns which enable the indi-
vidual to feel personally concorned by nolse; for cxample,
1f no quiet products ars available, a person will not feel
concerned by nolse emitted by his own domestic appliances
or machinery.

The provision of material or moral rewards for quiet be-
haviour, Consideration might for example be given to finan-
cial (tax) benefits or publicity tactics.

b

s

A special analyols of the cenditions of affectiveness i neces-
sary for ench occupational group and each type of noise. The exam-
ples of motivation suggeated for vehicle users include breaking the
asgociation between deseriptive terms like "younp, dynamie, fast and
noisy" in favour of "atreng, thoupghtful, courteous and gulet", It
15 impertant not to glve the impression that the most 1s being asked
of those who offer least resistonce. TFinolly, the group thinks thut
for an operation to be effective, it must comprise a series of mutu-
ally supportive actions; the strategy shaould therefore aszocintes:

- Information on the problem of noise;

~ education aimed at particular groups;

- self-examination, especinlly role analysis;

- use of mass aedvertising media;

« checking the effectiveness of each action,

With regard to the very difficult problem of checking effoctive-
ness, monitoring is unlikely to prove particularly useful, Indirect
methods of cbaervation should be adopted such as:

= the receptivity of media regarding & particular type of noise

abatement}

- the pressure exerted by public opinion on politicians regard-

ing the cnactment of speciml legislationg

~ the tepdency to purchase guleter products;

- trends in the number, type and intenaity of complaints,

2,1.3 Conelusiona

The difference of approach as between experiments in the
Englishespeakting countries and France and the Cerman snalysis is
very instructive (general end analytical approaches), Some may
think in regavd to a subject so highly dependent on national cultures

and political systems that thoere 15 no need to find some middle ground

between two different views, while cthers mey feel that any too clese
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analysis alming at prompt results is elther a voin or dangorous exer-
cise, since marked effectivenesa might lead too fer along the road
towards manipulation of public epinion. But Iin that case should the
rolative lack of precision of more peneral ections be proferped?

It seems edvisable to find a happy medium where meodest conclu-
sionsg can be drawn from all the experience described ahove:

=~ Actions should focus on a type of neise where positive results
can be expected from the efforts of the pgeneral public and
these of the local authiority.

= A& distinction should be drawn betweecn long-term objectives,
such es increasing publie awareness, and more specific objec-
tives. The improvement of noisc education in schoola should
probebly be left to the relevant ingtitutiens.

= During the sction underiaken cach individual should be taught
to distinguish rlearly between his role as meker and sufferer
of nodse.

~ A minimum of realistic rewards should be estoblished for the
general public,

= A relatively longeterm programme, lasting at least some three
yeara, should be planned,

= Methods of checking effectivenc2s should be devised before
the experiment begins.

An experiment almed solely at the behaviour of the users of
mopeds and motoreycles would largely solve one major problem, which
does not sepn capadble of solution through actien on the technical
aide,

2.2 Predominantly Technical Actiona (Contrel and Praocticeal
Measures}

Following the enactmént of largely Incomplete and oftcn poorly
enforced leglslation, and after experiments in arousing public in-
terest, cazes are now appearing which combine the cnactment of realia-~
tic legislation with polilce econtrel and technical actilon,

2.2,1 Organisation of Control

San Diege iy California 1a one of the four cities helped by the
EPA under the ECHO Program to provide other local authoritics with
an exomple of effective experimentation, In San Dicge, the 1673
Nolse Control Cede wos revised in Hovember 1577; it defincd all +the
rules to be observed net only by the public but also by the city
autharities, The introosed owareness of city officials and eog-
ordination of the technical services have enabled a serles of effoce
tive actions to be undertoken, As far as the general public is con-
cerned, particular attention wae given te providing clear definitions
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of the rules governing complaints ond offence reporting procedurss, k
the payment of fines and the institution of legal proceedings. Such -
a preclse technical and legal approach makes up for the limited |
attempt ot porticipation and consultation as compared with the paycho=-
gseclological oxperiments mentioened carlier. No assessment has been
made of the attitude of the public,

A sinilar approach was adopted in Colorado Springs, Colarado,
a fagt-growing city where the police could no longer keep pace with
people'’s cemplaints about noise. An efficlent specialised police
corbs was set up whose members were trained in acousticsy in this
city, perhaps even more than elsewhere, conclusions were systemati-
cally drawn regarding the difficulty of interesting the general
police force in the nedlse preblem: the pollice training zessions did
not succeed in convincing mere than 30 per cent of the importance of
the preblem - how 1s 1t posalble te motivate a8 police force which
haa enough trouble coping with the many scts of physical viclence?
Another reason led to merging the acoustician with the police offi-
cer: after lengthy discussion, the need for highly reliable offence
reporting made Lt necessary to use fairly elaborate equipment: the
officer can, for cxample, record the meximum noise level of A pasa-
ing vehicle and show the offender the indicator reading, HNoisy
vehicles - motor caers and motorised two-wheelers - were monitored
by & police car equipped with electronic and photographic equipment
and a side microphone, (1)

Befora passing sentence on an offence, the Jjudge can rely on
the best technicnol evidence, including an extremely detalled ques-
tionnairo which the officer reporting the offence must £1i31 in, If |
the latter is confirmed by the judge, the offender must choose be-
tween paying a fine, appesling or repairing the vehicle {usually the
exhaust), which iz followed by & noise test and a refund out of the
fine. The majorlty of people summonsed in fact went direct to the
repairman rather than to the fine-collectar and then to the town
hnll with their nedse~centrol certificate, paying only the regulation
talance of the fine ($10). In spite of this unexpected detour, the
result desired was obtalned,

The problem of young offenders en mopeds and motorcycles is
atill not mdeguately solved in spite of discusaion meetings between
young motorcyelists, complaining houscholders and motorcycle dealera,

1) San Diego, California, Case History of a Municipal Nolse Control
Program, US EDA, Wachinglon DG, Warch 1978 and EeﬁicuIar Wolee
Monitoring from o Micrephonc Mounted on a Patrol Car,

James B, Foch ond Mary 8, Carlson  US EPA p Reglon VII, Denver,

Colorado,
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Other problems, especially those concerning industry, have been
quite satisfactorily solved, Even deg barking has beon reduced by
circulating an explanatory, educational pamphlet {to dog owners); an
abandoned nelsy dog winds up at the Soclety for the Prevention of
Cruelty to Animalas and the owner at court,

The cost of the programme wag about §60,000 per year, i,e. he-
tween 30 and 40¢ per peraon (0,14 per cent of the city's total bud-
get); in actual fact, there are fairly sharp fluctuations from one
year to the next, depending on the purchases of acoustic equlpment,

2,2,2 Technical Operations

The predominantly technical programmes found for example, in
Oslo (Nerway), Auckland (New Zealand) and seon to be adopted in
Blois (France) should now be mentioned,

The Norwegien Government published in 1977 a White Poper on
noise abatement, and reserved W.Kr,105 million for pasaive protec-
ticn along mational highways in the perded 1978-81. Partly based
on this netional progrsmme, 0slo City lealth Depariment proposed in
1978 a loecal programme. The programme, which began to be implemented
in 1979, is based on a former noise map of Oslo, In addition te
paaslve measureés the Oslo programme discuases and proposes active
measures.

In 1980, 1t 1o intended to implement a netwerk fer heavy vehl-
clea, formed from the most suitable main reoads. [I'elice actiens are
possible to enferce the regulationsa.

The trial use of traffic lights flaahing at night brought the
noise level down by 3-4 dB(A), but the oxperiment had to be dropped
pecausse the accldent rate was rising.

From tha natienal programme N.Kr.5 million was earmarked for
soundproofing roadside buildings in 0slo during 1979, For thia
firat period, the city authorities designated the houses to be pro-
tected, House owners can ask for heavier soundproofing than the
minimum financed by the programme on conditicn thot they poy the
difference,

The Inatitute of Transport Economics has carried out a study on
different protective atrategiea, The following table demonstrates
the value of the mixed strategy, to which the advantages of improved
gafety and environmental quality should be added, It will be noted
that the cost of traffie management in the mixed strategy amounts to
only 5 per cent of the cosl of investment in soundproofing, etc,
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Table 2

COMPARATIVE COST OF TWO DIFFERENT STRATEGIES FOR
NTHTEVING AN ACCFPTAREM LIVEL: OF TNDOOL NOTSE

Coat (Kr. million) for varicus

TYPE OF STRATEGY target levels of indoor noise

35 dBA 40 dBA 45 dBA
Strategy (a)
Soundproofing and noise ]
barriers 21,1 16.3 5.3
Strategy (b)
Combination of seundproofing,
noise barriers and traffic
control 7.3 10.1 .8
Savings due to strategy (b)
{or a combinatian) 3.8 b2 0.5

The action carried out in Crinerlgkka, a reaidential district
with a population of 10,000, is characteristic: somo traffic lanes
were closed to private cars, streets were reserved for buses, and
parking was vestricted. The total cost of project was N.Kr.206,000.
The study alsc included regulations on heavy vehdcles in the disg-
trict ~ these have not been implemented, however.

The appreach in 0slo may be compared with the actlon taken by
the Bavarian Governmment, which is conasidering a vast soundproofing
programme for housing im towns with a population of over 45,000,

The ayverage cost of soundproofing would be DM, 4,200, which ia con-
parable to Gslo, and abeout DM.61 per capita for the 2,770,000 people
living in the towns concerned. This Very large=-scole action leads

to the following question: since central governments cannot organiae
traffic in the towns and have large budgeta, may net these two fac-
tors overly induce thege authoritloes to adept soundpreofing policles
rather than moderate troffic manngement pelicies?

Consldering the value of efficient traffic manegement, it 1s to
be hoped that leocal responsibilities will be asserted. The caso of
New Zealand may provide an oenswer, In 1962, the Government passed
the Tranaport Act, which authorisesa local authorities to restrict
heavy-vehicle traffic in order to protect the enviremnment, while
carrlers are not allewed to ¢lailm any compensatien for longer hauls,
etc, Within this leglslative froamework the city of Auckland was able
to arganise protectien far the 10 sq, km, Parkwell residential orea
between the port and indusirial zones. Coensultation with the trans-
port ipdustry was effective and the traffic diversion adequately
enforced.

- 106 -



e o

LR X il ol

The variety of local actiona will be further illustrated by ona
last case, that of Blois, France, For the last two years, a large-
scale monitoring campalgn has enabled both deytime and night-time

noise mapa to bo plotted for Blols, The elty autheorities have planned

a three=-yoar programme storting in January 1979 which combines a
public awareness campaign, the monitoring of sources, town planning
and a serles of specific studies, The executive orm will consiat
of a noise commiasioner whoe will also be able to deploy an anti-
noise poilice sguad., The following special actiona are planned:

- opening a restful park with a daytime Leq of less than
50 dBA;

~ improvement of the present bus fleet by installing engine
claddings designed by a car manufacturer with the help of
the Inotitut de Recherche des Transports;

~ provisien of an area regerved for neoisy recreational
activities,

2.3 Conclunlon Concerning Specific Actlons

The pregsent non-exhaustive review is sufficient to show tha
wilde variety of possible specific approaches and actions a city can
take. The difficulty of defining o municipal policy iz twofold:
the moat importunt problems have to be isolated from the disparate
mass of nolse conditions in a city and those issues which can be
aolved more efficlently by tho eity authorities than by the central
Government should be dealt with first. The evidence shows that the
management of heavy traffic, including buses, the organimation of
noisy community recreational activities and the monitoring of two-
wheeled motorised vehidcles, while difficult, are particularly advise
able areas of local-authority aetion,

It must be repeated that any methods of arousing or educating
the publie will be ineffectdve unless supperted by legislation and
technology, but, on the other hand, if the latter are neot upderstood
by that public, they may be rejected, In many countrles, the cxem-
ple comes from above and it is as much neceasary to alert, educate
and co~ordinnte clty officials as the man in the street. The city
gervicea can directly improve the noise envirenment through careful
management of the factors listed in Table 3. Sensitiveness of city
officials to the problem is very important; we saw in the case of
0slo and Auckland that actions relating to traffic but not specifi-
cally to neoise, can, if nolse abatement becomez an added aim, bring
about much greater improvements than specific ad hoc actiona,
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TamLe. 3

AREAS-OF ACTION FOR A CITY AUTHORITY WISHING T REDUCE NOISE

Noina, City responsibility

Poaaible influence
dependa on
ceuritrios

No Lnfluence

I

II

ITI, Town planning.

v

City or contractual sprvices(1)

Celloction of household waate
Incineration plant

Sewerage trentment astation
Puplic tranaport vehicle
(sometimes depending on

a group of local
guthoritiea)

Lecal road-mending ar
-building sites

Firemen

- Public parks and gardens

« Ropd owooping., Tree pruning

rEr

City regulationa

Dolivery timps and conditlone
Markats, Faira, Fun fairs
Construction sitea

Ctnemas, theatres, ote,

Bars

Pancea, concerts

dutdoer loudspeakers, alrend,
bells; music for advertlalng
purpcsos

~ Amusement park vehicles and
equipnent

Traffic.
Zoning and building permita

« 8iting of industrial zones

~ 81ting of noisgy recreaticonnl
ectivitics

= Diversion of heoovy traific

~ Industrial building permits,
ate

Pcdéntrian zones, traffic
management

. Inatitutions under local
respongibility

-~ State, nursery and other
nchnnia

=~ Sports groundg, swimmlng
pools

« Ambulancas

~ Hospitels {soma)

State of private
vehicles and mochi-
nery on puklic pra-
porty

Militory installo-
tions. Parade
grounds. Shooting
ranges

Working houra

Animals (dogs?)

State highexr
education
Private educption

Hoapitals
Lawncost rented
houaing

Reil tratfic

Definition of new
private vehicle
nojae limlts
Definition of
manufactured pro-
ducts (in the
United States,
EPA pre-cmption)

International
alrports

{1) ua EPA - MHCO,

OQuistogt products to be uaed by city servicoa provided their

ceat doas not oxceed 125 per cont of the eguivalent chenpest product,
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2,4 Specific Actlion Mlow Chart

To anelyse the movement in time of the cases mentloned above,
it ip possible, in spite of their variety, to distinguish three

stagea:

lowing flow chart:

origin, action and coneclusion, in accordance with the fol-

Origin hAction Conclusion
Complainta Monitoring Technical action plan,
or compalen, Services organisation
Covernment Source inventory,
encouragement Surveys (sometimes
Sometimes local / Before, sometimes
initiative Participation 3 o (Noise ebatement ccde,

Education Police checka

What is nearly always missing is an essessment of the results

of action in physical terms.
Annex I contains an analytical table of the cases studied.

3. LOCAL ACTIONS NOT SPECIFICALLY AIMEND AT NOTSE ABATEMENT

3.1 Effectiveness of Non-specific Actions

Motor vehicle traffic 1s by far the nuilsance most often men-
tioned in surveya covering the physical environment; and cfficient
town planning could considerably reduce nulsance from a good many
zources of nolse produced by industry, transport or leisure activi-
ties. Thevre 1 therefore aignificont acope for noisc abatement
measures at the loecal lavel under the heading of highway management
and town planning, Such aoctions cannct be regarded as specifically
aimed at ithe problem of nolse since they encompass n great many
aspects of urban life. To overloock them would however be a serious
mistake on the part of environmental autherities, espeecinlly as
actions specifically directed at nolse abatement do not always meet
expectationa,

We zhall not consider local town-plannlng actions proper, as
these ere either fragmentary and still neglect noise or clse concern
new towns, which are not relevant te our present purpese.

On the other hand, interesting forms of action to reorganise
local traffic have been undertaken in various cities. In
Darlington itself, the reorganisation of traffic, yulte independently
of the experiment, was responsible for an improvement clearly peor-
ceived by the population (see Section 2,1,1),

Transport or traffic plans on the seale of a town or metro-
politan aren will be distinguished from the detailed organisation
of traffic in residential districta.
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3.2 Iraifig Plans

3,2.7 Improvement of Urban Seetors

Traffic improvement operations which may be regarded as sipgni-
ficant have to do with goods vehicles, apeed limita, traffic light
regulation, traffic restrictions and the promotion of public trans-
port., Aa o rule traffic experts have not yet paid enough attention
to environmental impects, since a prevalling major concern is to re=
duca Journey times and delays at traffic lights. Mony people thought
that by improving traffic flows the noise environment would naturally
benefit, This i3 not necessarily true, as quite eften full use of
the road neiwork by one-way streets leads rather to n general spreoad-
ing of nolsc unaccompanied by any appreciable reduction of loudness
in the busirst areas. The average aituation has improved to a cer-
tain extent, but there has been a dotericration in arcas which
earlier were relatively spared, This brings us back to the prablem
of the nolse-exposure indicator,

However, even hefore 1970, certaln urban district improvement
projects took the noise enviremment into account, Such was the case,
for example, in two sectors of Greater Lendon, Barnsbury {London,
Ialington) and Kensington.(1) The process comprised, in chronologi-
c4l order, the diversion of through trarffle, improvement of bus traf-
fic, car parks near bus stops and the closing of certain atreets to
cars, This approach 1s interesting because 1t is so comprehensive,
In addition, the Barnsbury scheme included a goeds depot and pedes-
trian ways between the coar parks and the shopping centre, Although
no seiles of noise messurements are available, this type of nction
usually has the effect of reducing noise practically everywhere,
with a probably very slight rise on reads bearing the brunt of
through-traffic diverslon, which were already very busy before
reargoanisation,

As in Londen, Gideonsberg, o semi-central district of Visterfs
{Sweden, with a population of 100,000} saw the epening in 1966 of a
section of ring road to round off a network round the distriet. In
October 1968, six sireets inside the district were isolated by blocka
of conerete, In 1969, residents in the centre, and even shopkecpers,
were highly pleascd, but ring-road traffiec hed pgone up appreciably.

3.2.2 Ireffic Cells

The system of cells foreshadowed mach more extensive measures
on a city-wide scale, such as, fer example, in Gothenburg, Sweden,
followed by Groningen, Netherlanda. In August 1970, the centre of
Gothenburg wes subdivided into five cells which ceuld only be entered

1) #Urban Transpert and Environment® Weter Dor, JSV, Vol. 15, Ne, 1,
Mareh 1971, -
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by pedestrians and public or emergeney vehlcles; nll traffic through
or between the five cells wns transferred outside to the ring rond, (1)
Traffic in the closed streets In the city centre fell by 70 per cent,
while the total number of wvehiclo-kilometres, including through traf-
fiec, rote by only 7 per cent, The reduction in the number eof accl-
dents per year was also very significant, Since 1970, thic operation
has been a continuing success. Accesa to the city centre has not de-
terierated, while the cell system has been extonded oand will be ox-
tended still further. The public was receptive to theae widely pub-
licised measuresi 1t was also noted that communication with the pub-
1is worked better by circulating pamphlets than through an oxhibition
which few people come to seec.

The cell principle has been applied more recently in Gronipngen
in the Netherlands {pepulation 160,000), The traffic system was
changed on 18th September, 1977, whon the city was divided into four
sectors and through-tireffic diverted to the ring roods, whereas pre-
viously 40 per cent of the vehicle-kilemetres travelled in the city
centre did not have the centre as their destinotion. The eperationts
sims were defined as follows hy the city authorities:(2)

a} to distribute space more fairly between cars, pedestrilonc
and two-wheeled traffic;

b) to reduce noise wherever it was excoessivej

c) to bring pollution down to a low level,

It will be noted that environmental taorgets ranked high on the
1ist; the Government shouldered 80 per cent of the coat of the road
alterations for two-wheeled traffic and public transport, since the
local authority's programme was attuned te centrel government objec-
tives of promoting public tranapeort and ilmproving safety, The work
in estimated to have cost a total of Fl.74 million {§7 million) and
comprised;

~ installing a freight distribution centre outside the clty to

reduce heavy vehicle traffic in the centre;

= converting pari of the main reoad into a bus stationg

- reserving two streetsa for pedestrians;

- making considerable proviaion for cyclists.

The results included, first, o rather smell modal shift. Be-
tween 1977 and 1976, the Leq noise level fell by 2.1 dBA, rose by
1.8 dBA on the ring road and dropped by 1,7 on the access roads, but
bus noise, unfortunately, prevented any greater emisslon reductions
in the centre, The nolae level in the Grote Markti, which 18 now a

pedestrian zone, dropped by 12.5 dBA.

1) See also Urban Trancport and the Environment, OECD/ECMT, 1979.
2) Ihid,
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To sum up, the Groningen experlment is an envirenmentally satis-
factery one, in spite of the small modal shift; the decline of shop=
ping activity in the centre is perhaps temporary and in any case
cannot necessarily be attributed to the reorganicatien of traffic,

3.2.3 Large Metropalitan Areass and Goods Transpert

The example provided by Gothenburg and Groningen cannot be ex-
tended to the case¢ of conurbations with populations of one million
or more; through traffic in such c¢onurbations in any event becomes
a sacondary considerntion. 5o far, these metropolitan areas have
few overall plans which inelude improvement of the neige environment,
A case in point is Brussels, where the traffic plons do not feke
account of nolse and pollution disamenities,(1) This reserve on the
part of large cities may be e¢xplained in the case of Belgium by the
emphasis laid on the prime nacessity of vehicle improvement ot a
time when the traffic manogement outhorities already have thedr hands
full in dealing with congeation, accidents and, lately motor-fuel
savings, For cities like New York and London, improvements have been
continued district by district,

One cese, that of Osaka City (population 2,770,000) may howover
be mentioned,{2) Various scenarios concerning traffic trends wnd
organiaatlon were analyded and led te the conclusion that the number
of vehicle«kilometres travelled in the city would be beiween 22 and
28 million by 1990; the city authorities then decided te set the
upper limit at 22 million vehicle-kilometres, in porticular by pro-
moting public transport {(including limousine taxis taking nine pas-
sengers) and reorgenising goods transport. This has been the sub-
Ject of a complicated reorgenisation comprising in particular the
relocation of most transport firms in ‘two distributien centres in
the suburbaj the speed 1imlt for heavy vehicles was reduced Irom
50/60 km/h to 40 km/h. No ansessment hes been made of the noisze
environment, but it is probable that the reduetion in the number of
vehilcle~kilometires will not produce eny apprecisble improvement for
the eity area as a whole., On the other hend, the improved manage-
ment of goods transport may be responaible for some Aubstontial pro-
gresa, conasldering how much heavy vehicles are responsible, day and
night, for the nolse impacl on outlylng residential districts of
very large cities,

Side by side with the goods iranaport plans mentioned above,
the problem of vehicles delivering goods In city centrez should alse
be considered for smaller towns as well as the major cities, Various
studies and tests have shown that a clty authority wishing to improve
private motor car traffic flows can do better than merely shift

—

1} m%an- frenTitertad Lhe' Entitmment, op. cit.
2} Thid.
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delivery times to the morning or night hours. Smell deliveries
should be combined and transhipment and distribution centros organised
at sultable zltes, A study in Columbus, Ohlo, has shown that the
number of delivery vehicles entering the shopping district could be
reduced from 660 to 70 by providing a single distribution terminsl,
Various experiments in the United Kingdom have resulted in a 50 to
85 per cent reduction where dellvery vehicle~kilometres are
concerned,

It 12 possible in theory io set cut one or two principles for
reducing inner city vehicle=-kilometres to a minimums: (1)

a) a distribution centre serving a (resident or business) popu-
lation evenly spread out in a circle reduces traffic to a
minimom Af 1t i3 in the centre of the zone;

b) for city areas with s population of over one million, various
types of centre can be provided down the scale from city to
to suburb to nelghbourhood;

¢) en ideal way of reducing all noisy traffic to a minimum can-
slsta in lecating a clty distribution centre near a aservice
ring road some two=thirds ‘to throe-quarters of the distance
Tfrom the centre to the city limits,

The development plans for citles such as lamburg and Copenhagen
do not include ring roads but axisl forma of growth with @ succession
of urban centres, completed by a district centre to counteract the
centripetal tendency of radial towns. Measurcs to reatrict heavy-
vehicle treffic at specinl times, particularly at night, will not he
ovepleoked elthert many clties in Federal Germany, Switzerland, the
Netherlands, etc., apply them effeectively,(2) The organisation of
goods trangport cften clashes with the commercial requirements of
firms, whlch want to retaln their contact with the customer and to
keep an eye on the goods during transport., Considering that it is
possible to combine such varied targeta asz energy conaevvation and
improvement of the noise and visual environments, reducing chemical
pollution, etc,, by rotilonalising poods transport, conceivably one
special means whereby cily suthorities can eatablish contact is
through conaultation with haulage and retail firma,

1) Svsibtmes do distribution urbaine de marchandises {(Urban goods
Slrlbutlon SyStemay, ulletin No. D, Jonaary 1974,

2) See for example "Lirmminderung durch Beschrlinkung des Strassen-
verkehra®", Volker Jokiel, VBI, Xampf dem LHrm 25, B0-02 {1978),
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3.3 Individual Measures in Residentinl Districts

3,5.1 "Quiet please, reaidential areal®

It is edsential to stress the highly important role which city
authorities can play by laying down detalled repulations governing
traffic in residentinl areas and the allecaticon of space between
motor cars, two-wheoled vehlcles and pedestrians, Teaffic sigha and
signals, road markings and traffic lanes marked out simply by palnted
lines or Kerbs can be very offective in prometing car and pedestriaon
safety and in reducing noise,

There 18 no scope in the present report for analysing what is
being done in this connection throughout the world. Regrettably,
however, reviews usually speak of pedestrian streets alone, which
ultimately must be regarded as an extreme, not very widespread cage,

Small-acale replamming measures in urban centres have been much
atudied, pariicularly with reference to pedestrian streets. In spite
of thelr general interest, they play only 2 small part in reducing
noise where dwellings are concerned, Less study has heen devoted .
to residential districts. ‘

‘The most common environmental improvement in residentlal areas
where pedestriens, cars and tyo-whesled tralffic have to go 1s ebtained
by imposing speced limits, Obviously, this alowing down adds to
safety, guletness and metor-fuel savings. When it is claimed that
bringing speed 1limits dewn to less than GO km/h is valueless for
nolde and energy purposes because of the use made of the geerbox,
it 1s forgotten that such a lowering further reduces acceleration
levels,

We need not refer to the considerable work done in the British,
Scandinavian and French new towns and elscwhere,

3.3.2 Practicel Measures in Residential Districta

In September 1976 the Netherlands defined the concept of "resie ]
dential zene" by a Ministerial Order.(1) Secandinavia hos demonstrated f
the fmportance of public involvement for prometing the success of
small-scale replarming measures, which are usually tested provisions
nlly for n year before being made permanent,

In the Federal Republic of Germany, at the inctigotien of the
Ministry of Trensport, the ADAC {Allgemeiner Deutscher Automobil
Cluk) surveyed 403 towns and districts and prepared a carefully docu-
mented brochure,(2) The effect of various types of measurcs to ,

1) Woonert {Wohndort): ~Eino ahders Art von Einrichten der Wehnum-

rebune und Ale do eltenden Lelan Veherirsanoranungen, ROy
Touring Club of the ﬁu"fherIanEu, April 1977

2) Sicherheit {lir den Fussginrer IT - Verkehrsberuhirung Schiussfol-
Forungen Ous dem STHdLEWeELDowWerE, ADAC, EunﬁeamInIs%er T
Gcr&eiar, 1577
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regulate traffic speed was carefully investigated, and it was noted,
for example, that it was possible to lower apeeds by about 10 km/h,
i.e. Irom an average speed of 48 km/h to I8 km/h, by meking slight
changes to treffic lancs and reducing their width.

Such measures to reduce vehicle gpeeds have ecertain advantages
in promoting safety and the re-allocation of space between pedes-
trion, two-wheteled and other traffic, They alsc eliminate traffic
taking back-street routes through residential districts in order to
aveid congested main roads. In terms of noise, substantial benefits
can be expected owing to the reduced velume of through traffic, hence
reduced noise peaks, and the lesser abruptness and lower level of
such peaks. It is regrettable, heowever, that none of the studics
presented were carried out at night, when lighting is a very effec-
tive means of action. The ADAC does of course admit that these are
only palliative measures, and that vehicles should above all be
soundprocfed and engines cladded,

The analysis thus suggests the following measures:

- Putting up traffic signs in residential zones;

- A speed 1imit (30 km/h};

= Reducing the number of other traffic signs as far as possi-
ble, especially priority signa, since they tend to speed up
the traffics retaining only priority Irom the right in all
cages;

= Eliminating through traffic by slowing down vehlcles,
lengthening routes, ete.:

« Organising parking facilities ae as to improve visibility
and reduce speed (parking alternating from side to side,
cte, )}

- Withdrawing public areas from general traffic and merking
them out for pedestrisns, eto.

Table 4 sums up the effectivencas of measures applied ascording

to the partial aims in view. (1)

These meassures can only be applied, of course, te roads earry-
ing little traffic, where according to experts the maximum rush-hour
flow can be aet at between 200 &nd 400 vehicles per hour.

The effectiveness of these measures for noisc abatement should
be enalysed with régard to certaln points such as the use of paving,
the provision of paths for metorised twe-wheeled traffic and oper-
ation at night; the prometion of such small-scale replanning to re-
duce noise in resildential districts can however largely be expected
without the noise abatement suthorities being particularly invelved,
What 1a regarded as ecalling for greater attenticn is the oversll
organisation of transport on the genle of o whole city.

1} Sicherhoit fir den Fugsglnger, op. oit,
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TATE S

Partinl aim | To aveld | Te pdduce | %o im- |To pre- | To provide | To reduce
through- | apeed prove |xite mere spoce | nolse
trafiic vigie {roai- for pedes- {1)
bility (dentinl | trians,
Measure areas gl‘:é}dren,

Transport - Dend-end . - . .
ayatenm ~ atrgata
» Winding . . .

streats

- Ono-way .

atroets

Iraffic - Organisa- . .
flow tion of
parking

facilitles

-~ Narrower .o +

trafiic
lenes

Treatmoent - Paving . . av ']
of the - Partial . .o . ?
ground puving
- Traffic ae '

iglands

« Dther .

ground

markings

Traffic - Residential B .
aigns zone
- 30 km/h .s .
~ Priority
- QOther . .

Lighting 7

ngilent pollcemen® . o .
(speed control buwmpa)

(1) This colunn dees not appear In the reference.
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MTE S A e Ty,

h., CONCLUSTONS AND PROPOSALS

The variety of acticns That can he teken locally teo abate noise
is considerable, but thelr cffectiveness is seldom evaluated, Specl-
fic local metlona, eepecimlly those ealling for perticipation by the
goneral public, have gone through the expleoratery stage and should
new be followed by others which do not overambitiously secek to alter
behaviour, The trainipg of children and young people sheuld really
be taken over by appropriote educatloral institutions, aince on this
score the city authorities can neither keep up the continuous erfort
which 18 essentially needed nor count on the necessary technical
gxpertise.(1) As for action aimed ai the general public, the many
different forms of communication used presents a difficult chofcej
if future action is to be economical, then exhibitions and talks
would appear to be laess effective than the radic or newspapeors; pam=-
phlets and printed leoaflets may be fevw in number but very widely
circulated; in the case of posters, the information content is amall
and they must necessarily suggest that people turn te another more
detailed form of information; quiet days or weekends would scem to
be of value. This leaves the question of motivation and raewards:
competitions, free publicity, tax reliefs?(2)

If less ambitlous alms have to be adopted concerning the be-
haviour of the general public, some forms of participation can never-
thelaess be counted on when preparing officlal regulations for publica-
tion and especislly enforcement, Special noise sbatement codes are
often ineffoectlve for lack of funds, qualified persornel and public
and general police motivation., Contrel 18 one of the most difficult
problems, and a combination of messures ought to be used for ade-
quately enforcing the regulations:

~ Information and public relatlons.

~- Appointment of a special executive ond co-ordination between
city services with regard to nolse abatement,

~ training of a very amnll but special police aquad, Experience
has shown that the general pollce may not be sufficlently
motivated to clamp down on offences against tho noise cede.
What must still be determined is the size of population
warranting the services of a specizl pollce offlcer,

- Adequate measurement Instrumentation.

The ¢o-ordination of city services iu all the more important as
actions not specifically directed at nolse abatement, such as traf-
fic mamagement, town planning, building epd the manogement of city
maintenance services, alse have a strong impact on the noise environ-
ment, Ig it possible to arouse the interest of the general public

when the city employees have not filrst been convinced?
1} See alse Background Report No, 7, Education and Information,

2) Indd,
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Short of action concerned with noise abatement alone, many other
kinds of action might be taken which could bath conserve cnergy and
reduce the nolse impact: quiet leisure activities, use of bicycles,
organisation of geods tranasport, prometlon of quiet public lransport.
Others might combine rleasanter working conditions for building and
conatruction site workers with improving the quality of the
environment.

With regard to private trode snd indusiry, oxperiments carried
out In fairly small communities have preved rather disappolntingi
those with a population under 200,000 do not have the same rescurces
for education and regulation 4s are available to government and treade
assoclations. A grent many anpectys of working life, such &85 nelse
at the workplace, are coverod by government regulations zo that there
18 only a narrow margin left for consultation and agreoment botween
city authorities and trade and industry, In lorge cities, on the
other hand, while the scope for action is much groater, the powers
which certaln sectors of bualness will plways enjoy <an only be
counter-balanced by government,

If guidelines for individual local sctlona wero to be sugpested,
the following might be considered:

st sugpection, For a medium-slved town, consultation with the
16-3% age group on specific subjects: two-whecled motor vehicles,
public places, etc, Thero 1s 1ittle likelihood of & esenfusion of
roles, aince that of the nolas producer predominates and very natural
motivations may be found. Ceonmmunication may be cstablished ln many
ways: through cafés, bleycle and motor-cycle dealers, ete., news-
papers, “qulet Sundayst, The object would in particular be the
hitherto unsolved problem of reducing the noise made by two-wheeled
wahiclas, ASs there 18 o risk of segregeting the population, the nge
bracket must be broad., Perhaps qulet recreatienal sites ond quiet
businesses could be rewarded through town publicity?

2nd suggestion., For a large conurbation: consultation with
goeds carriers, cow-ordination between services, appointment of a
apecial executive. The principal target of congultation with the
general public would be the commercial secter, which could zepve as
intermodiories while 5till being concerned themselves, Might rewsrds
be in tax form, or through town publicity?

3rd suggestion. Fer metropolitan areas, education, informetion
and participetion of government offiecials, low can each help in his
own sector? Could some form of competitlon be used and prizes
awarded?

Lth supgestien., For a neighbourhced, the answer may be a sur-
vey in depth and the search for solutions - during meetings, debates
regarding small-scale adjustments covering traffic, special-vehicle
passengers, refuse collection trucks, road-repair and gardening
activitiecs,
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5th_suggestion. For a omall- or medium-sized townt congsuline
tlon with +the general public on the subject of quiet recreationnl
activities combined with quiet weckends; discusaicen of such substi-
tutes for present nolsy activities as bicyecles, ete,, and manual
lawnmowers (for small gardens).

Sueh actions will always call for & high degree of motivatlon
and & great desl of tiwe on the part of the local officlals in charge.
Government financial ald alone would not therefore sulffice,

- 119 «




AUNEY. Y
TOWN sweeqvenss | TARLLNGTON, [ALLENTONN, | MARSEILLES, | ILOTH, ALCKLAKD, €I, EAM NIEGQ | COLONALD SPHINGA
UK, Y ;!i.wu, FIASKE Fhasick FEW ZEALAND [ NokWaY  (CALIFONATA, RULDAL,
LIl KR
TOPULATION yony | U000 Ad, 330 1,000,006 | %0,000 117,000
= Origlh «f the orvration
o Date a4y demrewss | SO0, 7 Zuptembspy | May 197% 2,03, 1 1571 [Heymmtrer
V7 977
» Guvarnment lopetua . ) HAC - Comltd Brage White papef |10
Vivratichs Frugran
« Compladnts vavivrmsan - - - - Stivig Compluints
jocal
wumplutnle
' - - City Loval tache
wuthority [ nical 5rae
itintive | poanl
« Spwclul Exprutive yeeee | 4 locad & ofulls pwcial Lcww beguty Cily Health |azulnia= Adalnlatreter
cummilteen  |Likw Hayoy Mayor ldpurtent |ryator luanad b
affivials HOULLEH, 15 1ha
Heallh Protec-
1150 Sarvi
+ Cu=erdingtion of
res , - - St ture Eiacation
bhangind and
wrdinmtion
af awrvices
v lpwcial pollce ypaens - HETF LN tweknichak sl
e patice offlcer
wElicer c3mbine.
& uifiimra)
s ROMINE sraapstrnnasnas | 430,000 P IR 7 Firay 300,000 N toat- L3,k T peai
rva Ia the Ty h O yti| rlimctivyr
Latulon ¢ WAL . {4 Govermn. e
ufliciels? |fpbes haht] mnulynid
e
- dtages oF action
» Prell@anary sulvey oo | 600 peuple {YES) braty [ ¥EL ha Special Kelte zap
Fepot prai
it o farry
Vrta drivera
o Manptoring, Im
tury oI maurica vl Do 530 palnle -
Lindlw Nolse Bap
turhhg (dayy nignt]
puinta
o Tratning wchems o, oes | Viiiy manf YL Tnfurkstlin Trasnlng f4r the
chulwed Vaarp pulicn
wohlcle
arvera
+ Palicr contrel - Y85 ¥ed - ¥ES Unsucceprsul
+ Dnfinitivn of until Lhe polliw
tectaical action .. | VES s TLd YES, ¥L5, Lraffig)¥EY, Full  frecelved apscial
lunnad managepsnt, hajee Craiplig
auun Iproaf- wod Rida wezw
ing amdigned 1ulle
. Fallawsup pJfvey aons | YRS, 472 - - Jurvey t to nalav
pwuple planned L "Gk
renulin Ty
+ Toduw of cwan anl
CORETSE dasinrinarans - Hay iy - Hegulationa (ileavy Vs
Tefled vehici® Ceflnwa,
'ubl be traffic Lourt rula
suarenoas  [reguia- inged
Cnmprulgn tionn
plusel
« Public ralation )
partleipation Educatlen uf
s Nadiny TV YEg - - 11g, but 121t
. YES s - - nis shiwty by
' - faali pore . - the latter. Usy
' cky 1 at nesipajurs
Fablest yyyiriee - FES ¢ Doale - - VeFigds prodpec-
leta Tabua (1nidadd,
+ Printed puaphlats .. - - . - one an dog
Barkii)
v LRCLUTES yiarieeny - -
+ Eahibitions o - - -
W AT} OTE aiibiepieas - - - -
+
o« AMIRE dUFE giiageres fHO Sulvl . - -
wivgansdn
o Tuwlmark sjugan . ' - - - -
s dthaal actlon o + [ Consldur- - - -
abiud
« Glant svahdelevel
BOLATE buvasnerarionn - - - Qlant -
Asufidleve]
stoy
planned in
city tentre
= Gpndry Jupert B Nareh Tau - orycanber Rarcn 1979
I
- lpel WRtUCEE bpages | SO0 TFLILE tu | Encaurages Goul uns 5y Goad atudy [idewd fof eapeiis
pecial 1 i ¢ Darlimgton, [ it Lo uie Lacts with [vehic) of ruies, alve slulfcent
TLut o auutaliibog hid, rax reguletiang,] cezplaints, [far valld
vaulpmunt, haullera Momd fete | 9ffiria) Peport
alte fur wors for Frparis, Spaciu
Twhlyandiy gy it pra-  [wijul
vohicles codurm vahilc)e

- tE0 -



LTI IS AT R Bt s o A et e e e e rm

et m——— ————— i T T

3.
3.1

+=
.

BACKGROUND REPORT NUMBER 5

NOISE CHARGES

CONTENTS

INTRODUCTION

VEHICLE NOISE CHARGES

The Incentive Function

A Mechaniem for Integrating Policy and
Providing Finance

Calculating and Implementing the Charges

2.3.17 A System Baged on Estimated Noise Nuisance
2.3,2 The Charge System under Consideratioen in the
Natherlanda

AIRCRAFT NOISE CHARGES
An Incentive and Financing Reguirement

3.1.1 Reduction at Source
241.2 Local Noige Abatement
Existing Charge Systems
Proposed Systems

CONCLUSTIONS

Page
122

123
123
125
126
126

128

129
129

129
130
130
132

134



1. INTRODUCTION

A nolse abatement strategy includes many eclements and iz subject
te many congtrainta. The elements lnclude in particular measures
designed to reduce noise at the source, or to reduce the transmission
of noise by sound-insuletien of the recelving environment, and mea-
sures aimed at regulating and influencing behaviour,(1) The conat-
raints are mainly of a historical, technical and economic kind;
hiastordically the development of frdustrinl societies haa led to a
heavy legncy of noise, since the quality of the nelse environment
has gteadily deteriorated ond may well beceme even worge unless
stringent measures are taken.{2) From a technological standpoint,
the premotion of effective metheds to reduce neise is urgently nceded,
Lastly, adequate ond sustained fipancing ol policies is required.

A number of fundamental questions therefore arise in connection
with nolse sbatement policiles:

1) How can the accumulated deterlopstion of the neise environ-
ment be made up?

ii) How can the various fuctors of nolse abatement be offect-
ively integroted to form a rcal enti-neise atrategy?

111) How can the effectivencas of policles be improved, espe-
clolly os regords the actual enforcement of decislons?

iv) How can strategies be adapted and be mede to evolve over
time, perticuvlarly with regard te internationsl ond naot-
lonal standords?

v) How can such policies be financed?

¥hile it is true thot the regulatory spproach, both in terms of
planning and implementation, iz designed to anawer these questieons,
cannot more be done to cemplement regulotiecns hy Incenbive and [inan-
cial mechanlsms? Such Is the aim of introducing noise emisaion
charges,

The idea of applying chorges has made considerable headway in
rocent years. Seme countries are planning to uge them for motor
vehicles, and several others alreoady impose charges on aircroft
nolse,

1) See Background Report Ne. 3, Regulating for Neise Abatement,

2) See Bockground Repert Ne, 1, The Present and Future State of the
Noise Environment, and The State o e bhnvironmenl, OF '
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2. MOTOR VEHICLE NOISE CilARGES

Noise charges for motor vehlecleg should meet the incentive,
integration and financilal needs mentioned in the introduction,

2,1 The Incentive Functicn

Nolse 1s reduced at the soutrce mainly by setting nelee emission
standards. To the extent that these are atrictly ond fully applied,
such a practice plays an impertont part in nolse abatement poliecies,
but {s thip enough? Analysia shows that in the absence of complemen-
tary mechanismg the system of emimsion standurds has serious defects,
malnly on account of 1its rigid nature,

It 18 thus a well-known fact that the setting of noise emiasion
standapds for motor vehicles is a cumbersome, alow and complicated
process, due in particular to real or alleged technological difficul-
ties argued by manufacturers and to commercisl constraints, eapecially
at international level. The cutcome as o rule iz that the stendard,
achleved following arduous negotiations, will be a compromisce and
reflect avallable or known nolse abatement technology, one of average
quality if net the lowest scommon denominator, For this reason,
sophisticated technologies have 1lit*le chance of belng developed or
even brought to light, As noted in the Report by the Ad Hoe Group
on Noise Abatement Polieies, "The aetting of the standard and the
fixing of the dute of enforcement requires ofton very lengthy and
difficult negotliaticna, especially with regard to the question that
nolge reductions have to be considered technicnlly and ecenomically
feasible, Experlence ghowa that it 1s difficult to induce industry
to make greater efforts with regard te the development ond upe of
environmentally acceptable producta., It can be concluded that gtans
dards, although essential, sheuld be complemented by incentive
mechanisma®, (1)

Clearly, therefore, amendment of the standards, and their streng-
thening over time will be a lengthy, often uncertain process, Much
time elapdes before standards are alterecd, and the pericd betwoen bwo
changes may be as long as ten years,

From the manufacturer's standpoint, the standard represents a
goal in itself, one which nothing prompts him to exceed, It 1s in
‘the nature of a concesalon granted Ly the authorities and an induce«
ment to maintain the atatus gquo.

To a certain extent, international constraints may also aslow
roinforcement of the standards. Thuas the setting of uniform emigsion
levels through international agreemonts ln corder to preclude neon-
tariff tresde barriers may prevent countries which so desire from

———————
1) Reducing Noise in OECD Countries, OECD 1978, p. 87.
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further reducing these levels, at least by pegulation, Other methods
must therefore be found, and if siondards cunnot be set, incentives
may be used.

The standard hence constitutes a useful stage of neise control
strategy as well as a curd if there ore no sultable mechanisms for
amending 1t over time,

But nolse levels must be steadily and significantly lowered to
check degradation or the noise environment and if possible Improve
it, Recourae to incentive mechanisms 1a accordingly desirable.

To impose a chorge on nolse emitted by motor vehiclea, inelud-
ing private cars, lorries and motorcyeles, is one method: to have
to pay for emitting nolse iz an incentive to reduce noise.

An incentive fer whom? Two cconomic¢ iransacters are here invol-
ved, the vehlele manufscturcr and the user,

As defined by the OECD we know that the Pelluter-Pays Principle
doea not call for identification of the "polluter!. Actually the
authoritles must select the point of impact where the charge (or
regulation) will be moat effeetive. In regard to metor vehicle traf~
fic two problems arise: (1) pollution by mater vehicles is due to
both the manufacturer and the user; (1i) the pollution sources are
mobile, Moreover, if the mim is to reduce noilse emission ot source,
the guestion 1ls whether it 1s proponed teo emphasize reductien at the
aource on the part of the manufacturer, or the reduction of nolse
emission by changing uger behaviour (both steps in any event being
interdependent ),

Action in regard to the manufacturer has a twofold sdvantage;
first, it affects the economic transactor whao has the real technolo-
gical and economic capaclty to reduce the noilpe 2levels of the vehics
les he producos, and secondly, the charge 1s impoged on n "astatlonary!
transactor who can be casily identified and controlled,

What will hzppen if the manufucturer has to pay a charge depen-
ding on the nodise level of each vehlcle which 1s 50ld? e willl try
to reduce the emlssion levels or else merely try to pass on the
charge into the vehicle?s selling price, In the first cage, the
rate of the charge muat be high enough te moke it more profiteble to
reduce the nolse level than to pay the charge. In the second case,
the increased selling price will induce petential buyers to choose
relatively cheaper vehicies.(1) Herc again the manufocturer will be
induced to improve the scoustic performance of his vehicles in order
to retain his shere of the market.

1) And less nolay vehicles, if nolse 1s n factor making for a diffe-
rence In price botween two types of otherwlse comporable vehicle.
The extent to which selling prices will be affected by charges
13 obvlously dependent on the market structure,
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The drawback of a charge imposed on the manufacturer is that ne
direct link i8 established with the actual neise lmpact of the venl-
cle, which dependsn on how it is used. A chorge might hence conceiv-
ably be impesed on the vehicle user, where the advantages and draw-
backs of payment by the menufacturer are exactly reversed: the
advantape would thus consist in linking the charge to emissions and
ultimately to the real impact of noine (depending on the rate and
places of use, ete.,), The drawback is the greater complexity of
such & aystem: to tax milliens of moblle gources is of coupse no
easy task. Nor does the uszer have the technological or economic ceapa-
city to change the noilse characteristics of his vehigle, while on the
other hand driver behaviour does have a decilpive effect on the noise
which ig emitted, Simplified syatems might however be devised for
assessing the potential impact of vehicle noise {see below) with pay-
ment of an annual charge, The user would then be Induced to purchaso
& quieter vehicle in order to pay a lower charge, which again will
have an incentive effect on the manufacturer.

Whatover methods are used for collecting the charge, the advan-
tages are thus the following:

= An incentive for the manufacturer to make use of the best
technologies for reducing nolse in the shert term, and to
develop new technologies in the long term,

- Greater flexibility to the extent that the manufacturer has
freedom of cholce: no particulor technolegy is imposed, and
he may either decide teo olter his models, incrensse the produc-
tien of one with respect to ancther, ete,

- Economy, since each manufacturer will be induced to develop
a technology costing less than payment eof =2 charge. HNolse
will hence be reduced ot least cost to the community,

- A dynamic and progressive gpproach, resulting from a regular,
sustained incentive to reduce nolse levels.

Another advantage of such & charge, moreover, ls that financial
resources are provided.

2.2 A Mechanism for Tntegroting Pelicy and Providing Pinance

Noise esbatement measures should not be aimed solely at reoducing
nolse at the source, As stated in the Introduction, loudness of
reception depends net only on action at the emission stuge but also
cn action with regard to trangmission paths, the receiving environ-
ment ete. So why not use the funds collected by mesns of a noise
charge to finance these actions?

A successful noise abotement strategy reguires that octlone be
integrated and co-ordinated.{t} Expericnce in watcr management shows
that the redistyibutive charge is a sultesble integrating mechanism,

1) Sec Background Report No. 3 Begulating for Noiso Abatement,
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All the meassures referred to {soundproofing of housing, noiac
barriers, etc.,) are generally very costly, end the proceeds from the
chorges would be a useful source of finance.

As will aluso be geen for aircraft noise, 1t will be some time
before noige gtandards can appreclably improve the noice environment,
and some forecasts envisage a delay of ten to fifteen years., Hence
it is here that the ecspecially difficult problem of makKing goed the
accumuloted deterioration and of financing transitional meassures to
protect the most exposed populations arises; morcover in acme cases
certain persons and greups must be compensated when no satiafactory
protective measurcs can be token. Scme regulntions provide cxpresaly
for compensgation mechanisms of this kind.(1} Clearly a charge would
help to finance auch mechanismg for cempensation purpases, and Lt
could also contribute to the financing of rescarch and development
where noise obatement technologies are concerned,

Laatly, it mey be noted thot the financing and incentive roles
are complementary and in practice can be combinedj the closer the
relationship betwaeen the charge paid and the noise emitted, the stron-
ger the incentive, whatever the rote may be.

2.3 Caleulating and Implementing the Charpes

Although ot present there is no case of charges being applied to
motor vehicles, numerous analyses have been made and several count-
ries are studying the feasibility of such charges.{2)} The now Nolse
Nuisance Act in the Netherlands {(March 1979) expressly lays down thal
auch charges shall be applied.(3) It may therefore be useful te dog=-
cribe briefly the main conclusions of thesge studies and projects.

2.3%3.1 A system besed on estimated noise nujsance

A system has been suggested(4) which bases the charge on nelse
levels meagured undey test conditions, mileage and the zone in which
the vehicle 1s registered, It will be briefly deseribed hereunder
as on example, a5 1t highlights the main elements to be tokern into
account for calculating such a charge. The basis of assessment is
determined ns followa:

Basis  {A.Z.K.)
where: A = the annoyance score
2 = the zone rating
K = the mileage (in kilometres) per annum

1} See Background Report No, 6, Compensation for Damage due to Noise

2) See 1in particular Reducing Noise in OECD Countries op.cit,, and
Noise Charpes, OECD T9YD

3) See Naise Charges in the Hetherlands, OECD 1977

4) Ibid,
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Determination of the annoyance soore ia bosed on empirical evi-
dence, indlcating that annoyance doublea with each 10 dB noise
increase, (%) Zone rating is introduced on the assumption thet as a
rule the nolse impact of veohicles owned by the urban residents will
he greater than that of vehicles gwned by rural or semi-rural resi-
dents, Thua, for example, a rural area would atiract a weight of
0.%, a seml-rural zone cne of 1,0 ond an urhan area one of 2,0, This
might be a reascnable assumptlon in the case of varicus types of pri-
vate car, light vehiclerm, small vans, mopeds and light metorcycles,
the use of which will largely depend on the ownerts residence; but
kecomes more questionnble in the case of heavy commercianl vehicles
and the heavier types of private car used mainly for business purpo-
ces. Thie calls for a more sophisticated system of zone rating which
may complicate the charge system conslderably.

The application of a mlleage coefliclent is necessary for rela-
ting the charge to actusl use of the vehicle., While this requires
a periodicol check eof the vehicle and perhaps a few additional mea-
sures to counter opportunitics of fraud, on the other hand it ls more
eguitable than a system whereby use is estimated, for cxample, on the
basis of statisties of average mileage per vehicle categery. The
actual cholce should therefore be made In reapect of both equity
ond the coat of implementing such a system,

By multiplying the annoyance score (A) with the zone rating (2)
and yearly mileage in kilometres (X), o totnl noise rating (TNR) per
vehicle will be obioined. Thus:

TNR = KZA
The charge per vehilcle will then be:
C = bRZA, where b 18 the basis of ansesswent

The rate can be determined either in termsa of the total revenue
needed for applying a redistributive charge or the egtimated cost of
an incentive charge to promote nolse obatement. Taking for exemple
o private car registered in an urban zene, with a relotively low
noise level of 70 dBA and a recorded annual mileoge of 10,000 km, we
got a total noise rating of 10,000 x 20 x 2 = 400,000, For a truck
registered in the game zone with a yearly mileage of 30,000 km and
g noise level of 90 dBA, the number of taxable nelse units would

1) In the followlng cxamples, it 13 essumed that at 50 dBA Leq, the
annoyance scorg is zere, Hence the orneyance score increases in
the following way:

Nolse level Annoyance
dBA Leg score
60 10
70 20
80 40
90 80
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ameunt te 4.B million, or 12 times the previocus figure mentioned,
Should the truck Lo reglstered in & semi-rural zone the charge would
be halved. This latter example cgain shows thet the zone ratings
mugt be very carefully applied, aince & truck with a yearly mileage
of 30,000 km can hardly b2 expected to be used mainly in ene =zone
alone,

This scheme, presented for illustrative purposes points out, in
particular, that the noisiest vehi¢les should be more heavily charged,
In fact, priority should be given to nolse abatement of heavy vehic-
les end motorcycles; hence, one could envigage, at leaslt as a first
atep, levying noiase charges on these twe categories of vehicles only,
This would have the advantage of simplifying the implementation of
charges while concenirating on the noisieat vehlcles,

2.3.2 The Charge System Under Conaideration in the Netherlands

As already indicated, the new Dutch Nolse Nuisance Act (March
1879) provides for the 1atroduction of charges on the nolse emiasion
of motor vehicles (and alrcraft: aee below), The method of calcula-
ting these charges has not yet been determined and several systems
are under cor.sideration.({1)

The Act specifies that the charge azuat be based on neise emiss
a8ion levels and/or noise duration,

The noise duration facter might be allowed for, although very
roughly, by means of a surtax on peirel., It iy proposed to introe
duce such a charge on a preliminary basis: ths rate would be mode-
rate and 1t would be for a four-yesr peried starting in 1980, It
vwould be used to finence the initial cost of implementing the MNoise
Act, namely administpative costs end R & D expenditure to the extent
of some F1.,40 million per year.

Emission tevels would be taken into aceount by means of a charge
based on nolse levels measured under standard test conditions (IS0
Test) and paid by the vehicle owner or buyer, The rate would be
higher than for the surtax on petrol and would be used to finance an
extensive noise abatement programme (noilse barriers, seundproofing,
etc.) costing some F1,135 millicn (1976) per year, or F1,149 million
(1978). The charge would he steeply progreszive and be doubled fer
each increment of 3 dBA. It would be applied in the mid-1580s, after
teating the surtax on petrol,

Clearly only a charge based on noise levels would have an ilncen-
tive offect, particularly in view of ita steep progreassion, It i3
not, hawever, based on a calculation of impact,

1) See Noise Charges in _the Netherlends, OECD, 1977
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P e BT e T

B AIRCRAFT NOISE CHARGES

3.1 An Incentive and Financlng Reguirement j

Aircraft noise can be tackled by means of twe complementary i
strategies: reduction at the source and protective measures around
alrports,

5.7.1 Reduction at source

Aireraft noise is reduced at source mainly by using noise stan-
dards laid down by the Internaticnal Civil Aviation Organisation
(Icag).

The existing regulations have a number of shortcomings:

(1) Although ICAO standards represent & significant step forward, i
thelr full impsct will not be felt for some years, In fact, the noise
limits apply only to types of alrcraft desligned sfter st Janusry,
1969 and to types of aircraft designed before this date but manufac-
tured after 1st March, 1972 (or 1at January, 1976 according to the
type of engine}, Alrcraft already flying before the publication of
the first noise standarda in 1971(1), and thosc designed before 1969
and manufactured before 1972 {or 1976 according to the type of engine}
are exempted. It ls eatimated that some 2,300 to 3,000 aircraft do
not conform to the noise standarda (excluding aircraft owned by Fast
European airlines},

{ii) Since the operational iife of a commereianl asircraft is 15
to 20 years, the number of old, noisy aircraft is not expected to
fall significantly until after 1980, In view of the number of move-
menta made by the nolsfest aircraft, Little signiflicant reduction of
annoyance caused to people living near alrports can be estimated
before 1990.

{111) It should also be noted that some conalder the ICAQ gtan-
dards inaufficient to protect the health and welfaere of the public,

In fact, these standards do nuet define noise levels acceptuble to
the public but the lowcst noise levels estimated technically feagible
and economically reaconable for alreraft manufacturers, Moreover,
the snnoyance created in communities around alrports is not only a
function of the noise of individual sircraft but also of the number
of movements; TCAO nolse standards apply only to the firat element
and not to the secend. Evoen 1If all aircreft hod a nolse certifica-
tlon, & noise problem could arise due te the intensity of air
trafflc,

1) Standards referred to as "Annex 16" of the ICAQ Convention., Far
rurthgg details, see Reducing Noise dn OECD Countriep, op. cit,
page .




Recourse to charges on alrcraft nolse s3 a complement te exist-
ing regulations should therefore regult in the fellowing advantages:
{1} The charge, if sot at 2 sufficilently incentive level, could
cncourage alrlines to retrofit nireraft that are not certified by the
ICAD, Thia operation is technically feasible for 90 per cent of existe

ing aircraft.
{i1) Similarly, airlines would be encouraged Lo rencw thedr

flect of oircraft more promptly and to purchase quieter aircraft.
(1i1) The charge would conatitute a permanent incentive towards

developing quicter sircraft.
(iv) At operationsl level, airlines would be induced to use the

guletest type of ailrcraft on ghort, busy routes invelving large num-
bers of landingo ond take-offs, aond the nojasiest type on the longest
routes, where the number of movements 1s smaller,

3.1.2 Local nolse sbotement

To obate local noise, i,e. sround alirports, varicus methods can
be used, ne by soundprooefing the most exposed dwellings or purchoaing
them end reheusing the local inhabitants, scquiring land through
recourae to zoning procedures, ete,, while the peasibillty of paying
campensation to those most exposed to nolse should be berne in mind,
Sueh measures are generally very costly, and consideration could be
given te linancing them by means of neise charges which would be
levied by the alrporta.

Charges would have the particular advantage of facilitating and
speeding such operations, which In many casez are urgently called

for,
In most cases, as it happena, it 18 this redistributive approach

which is ndepted.

3.2 Existing Charpe Systems

Since 1973 France hos levied o speedal tox to finance up to two-
thirds of the cost of soundpreofing publlic end privote bulldings or
of purchasing property exposed to excegsive neise levels. This sya-
tem 15 used at the two Paris airperts (Orly and Relssy-Charles de
Gounlle}. Strictly spesking, however, it iz not a charge on noise,
since the amount bears no relation to nolse emissicons and a tax per
posgenger carried is merely invelved (one franc for domestic flights
and three france for international fliphte),

Between 1973 ond 1979, some Frs,160 million were thus able to
be alloeated to the scundproofing of clussrooma and hosplinl roams
and to the purchasing ef dwellilngs.




DaTemEe T

The introduction of a real nolse-related charge for aircraft
has been propesed but has yet to be approved,(1}

In Japan, a “special landing charge" for the purpose of finan-
¢ing noise-abatement operaticns has been levied since September 1975,

This charge is computed as follows:

(Maximum weight of aircraft in tonnes x 58C)
+ EEPNdB take-off value + EPNdB landing value _ 83) x 3,260 yon

a
In 1979, the chargesa by type of aireraft werc as follows:
Type of aircraft Charge
Yen use

B.747.8R 215,420 1,034
nc.a 196,680 5ha
L1011 169,100 B12
B.727 101,240 ha7
DC.9 69,280 333

The charge is paild by the sirlines, and part is shared among
the passengera by including the following flat rate amounts in the
price of tickets (for domestlic flights only):

Adult 600 3
Child 300 1,5
Handicapped persen 450 2.25

In fiscal year 1978 the revenue so cbtained amounted to
¥,19,013 million ($95 millien),

Another approach currently used in Germany and the United
Kingdom conaists in granting rebates en normal airport charges in-
stead of levying charges in the strict sense.

1) 'The bagis for the charge would be the noise emission in EPNAB as
meagured under the ICAQ Annex 16, noise certificatlon precedure
and called "characteristic ncilse" {CN} compered with the maximum
r(mit)se level authorised under Annex 16, called "reference noisc!
I H
Adreraft would thus be classified in five categorles:

Categery I 1f CN {5 greater than RN;

CaEegcry II if CN is5 equal to or lower than RN by a maximum of
9 EPNdB;

Category ITI If CHN is lower than RN by ne less than 9 EPNdAB and
no mere than 18 EPNdB;

Category IV 1f CN ig lower than RN by no leas thon 18 EPNAB and
no more than 27 EPNdB;

Category V If CN 1s lower than RN by more than 27 EPNdB.

The charge (t) would be calculated by applying a rote of:

Category I t Frenes per ton of maximum take-of'f' weight
Category IT 1/2 t " " Hoow I " "
Category III 1/6 " 1 oo " " "
Category IV 1/8 + n [ TR " " "
Category V 0t " " non [] " "
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In Germany, a recbate of 5 per cent has been granted since
15t April, 1976 for aoircraft complying with ICACQ standards., Since
November 1978 the rebate has been 11 per cent, The revenue from the
supplement levied on non certified aircraft 18 used te finance compen-
sation in the moat exposed zones.

In the Unlted Kingdom, Manchester Airport has been using a sys-
tem of rebates since ist April, 1975: one of 10 per cent on landing
charges (plus an additicnal rebate of 20 per cent on the "surcharges?
for international flights).

The rebate epplics to alrcraft which have been noise-certifica-
ted to the ICAO standerds or the American "FAR ZE&" standards, and is
granted for aircraft which de not exceed the following nolse levels:

Aircraft type Take-off lovels
!!’th!
Boeing 747 100
pci1a, Tristar 98
Airbug 300 B and huah~kitted Booing 727 97 |

Hush-kitted Beelng 737, DCO
Fokker 28, Falcon 20,
Hush-kitted H.8. 125 96

In corder to benefit from the rebate the alrlines must file a
specinl application and show evidence that the noise levels ef their
alrcraft do not exceed vprescribed levels. Thirty-two airlines have
asked to participate in this system, and the smount of pebates as a
percentage of total lunding charges colleeted has risen from 0.77 per
cent in 1975/76 to 1.4 per cent in 1677/78.

Since st April, 1979 a comparable system has been intreduced
gt the three London asirports (lleathrow, UGatwick, Stansted)}, where
the rebate i{s 15 per cent., The rebate applies to nolpe certificated
slreraft,

In the Netherlaends the Aviatlon Act stipulates that aircraft
noise charges shall be implemented, A system is at present being
worked out. It would bwe based on aircraft noloe emiscion {not the
impact). The charge would deuble for each 3 x 3 dBA increase of the
noise level ns measured according te FAR 36 standard measurement
{three meapuring points ~ approach, take-off, sideline), The rate
would be rediastributive, 1.e, used to {inance lecal noise protection
measures,

3.% Propozed Systemg

Although the idezc of penalising the noleiest aiveraft is gain-
ing fuvouyr, the above cxamplos show thot existing systems are still
somewhat simplistic, The connection between the basis of the charge
and the actual noise levels is fairly loose, while ne reference is
made to the noise's real impact, The rates geem falrly arblirary,
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in that no explicit reletionship with s specific funding scheme and
a fortiori no calculated incentive function exist.

Studies carried out alt the OECD and elsewhere, hewever, show
that 1t would be posailble to introcuce a system of aircraft noise
charges based on the potential noise impact of each type of aircraflt
without requiring unduly complicated calculationa. It i3 aleng these
lines, moreover, that the MNetherlands would seem to be working., In
this regard the OECD Ad Hoc Group on Noise Abatement Policles has
recommended ithat such charges be linked to s "standardised impact
under usual operating conditions*,(1)

The nolse impact of alreraft can in fact be easily evaluated
owing to the following factors:

- the impact is located in elenrly defined zones (airports);

« the knowledge of the noise level of each type of alrcralt is

precise;

- the knowledge of the correspending "nolse footprint", l.e.
the ground area affected by the noise lond, is also precilse;

- annoyance can also be meagured: 1t fs now posaible to ascer-
tain the percentage of peocple highly annoyed in relation to
vach noise level,

As regards the ratea, those of a redistributive charge are casy
to caleulate: 4t suffices to know the cost of programmes to be finan-
ced by the charge for protestion against noise in the vicinkty of
wirports., Calculation of an incentive rate, i.e, one inducing air-
lines to take appropriate noise abatement measures, is much more
difficult. Trial calculationa(2) show that account must be taken
of:

- capital costs and any losses in revenue (when alrcraft te be
modified are grounded) and changes in operating costs and
productivity;

~ the number of airporta levying nolse charges and the relative
rates of such charges;

« the annttal nunber of landings;

- the aircraftis premaining operational life,

The underteking is therofore complex but feaslble. HNo doubt
the greatest obstacle lieg in avaluating the above-mentioned
variables,

Trial calculations show that very high rates would be required
if they are to serye as an incentive to retrofit or replace aircraft,
which 1s hardly surprising in view of the faet that the average cost
of hush-kitting an existing aircraft is zome $1,4 pillion,(3) Yet

1) Reducing Noise in OBCD Countries, op. c¢it,, page 76,

2) See: Charging for Hoise, OECD, 1976,

3) This ia the average cost in 1979 US$ of the "SAM' (Sound Absorp-
tion Materilal) method. The cost varles according to the type of
alrerarft, See Background Report Ne. 8, The Cost of Noige
Abatement,
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an incentive effect would nol necedserily be precluded by lower rates,
for example redistributive rates, as indicated In the report by the
ghove-mentioned Ad Hoc Group:

WThe existence of a charge, even at a lower level thon that
required to induce retrofit or replacement, will nevertheless be a
factor te be taken into account te prompt alrlines to take action in
this direction, Alsc chargea will be a constant atimulus to the
regearch ond development of quieter engines. Even i{f charges are
not high encugh te ropresent alone a reason to modify or replace a
nolsy aircraft, the mere foct thet airlines know that the Iess noise
they make, the less charge they pay, constitutes n factor to be taken
inte account (this holds particulorly true if the charge cannot be
passed on to the passengers}."(1)

b, CONCLUSION

The 1dea of diroctly or indirectly charging for the emigsion of
noise has made considerable headway in recent yeara. As roegards nir-
craft nolse some systems are already being applied, while others are
in process of being werked cut, The efficiency of existing gystems
could ke lmproved by more clesely linking them with the impnet of
the rnolse emitted.

Where land-tranaport noise is concerned, we are still in the
research stage, even 1f such resesrch is now well advanced. While
geveral countries are considering some form of charge on metor
vehicle noise, no specific system hes as yet been introduced,

An pointed out in the Introduction, the noise environment cone
tinues to deteriorate.(?) This trend can only be reversed by ener-
getic polielea in which ecconomic incentives have an impertant role
to play: on this account the CECD Council has recemmended that
Member countries "support this dynamic approach to neoise abatement
by using, as appropriate, economic lncentives, Theae Incentives
could cenalst of nolse-related charges for certain nelse-producing
equipment., When this ia not in conflict with the noticnal fiscal
aystem, the regulting proceeds should be devoted to the Tinancing
and premotion of nolse abatement measures®.{3)

1} Reducing Noise in OECD Countries, op, cit,, page 81,
2) See Background Report No, 1, The Present and Future State of the
Noise Environment,
3) Recommendation of the Council on Noilse Abatement Policies
Cina f] uly, .
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1. THE ROLE CF COMPENSAPION

Compensation (or redress) for damage(l1)} may bo defined as pay~
men%, in cash or in kind, deslgned to reotore as fapr as posaible a
pergon to his initial level of welfare anm before the occurrence of
the demage,

The need to componsate for domage is felt with particulaor
acuteness In the caase of the enviroenment, whether in the event of
aecidental pollution (discharge of chemicals, oil spilla), or morve
gimply when under certain conditions no effective preventive measurco
can be talken, OSuch o situntlon often appliez wlth regard ic nolpe:
nuisy oclty otreets lined with housen, buili~up areas around air=-
poerts, dwellings near noisy Industrial planta, etec.

Unplenzant, even intolersble, conditiona arise not infrequently
in guch ¢asece, eithor because no satisfactory means of prevention
are available, or beocause the effects of preventive measures (reduc-
ing the emisnion levels of vehicleas} will only make thomselves fully
folt alfter some conaiderable time: it will be remembered that it
takes ten to fifteen yeara fur motor vehicles ond some twenty years
for aircraft to be replaced. To thic must be added that the effeet
of reduction at the source may be aslowed or counter-~balanced by in-
cregses in car numbera or traffic, At all events, forecasts of
noiae expesure Indicate a permanent risk of detericration as regards
quallity of the nolse environment, nor can any oignificant improve-
ment be expected for scome time.

Thus while prevention mugt remain the yrule, the fact remuins
that compenoatory measures have to be taken, whether on a trapaitis.
nel banis or as o last resort,

lence damage compensation muot not be the foundation of noise
abatement policies, but should be regarded aj n wgeful and often
necosaary accompanimont,

It should mereover be noted that compenaation may act as an
incantive iowarda betler prevention, The proapect of having to poy
componsation may induce those responsidle (for instance a roade
making autherity) to take measures which will minimise the impact
of noise. This it in line with the idea of gharpen,{2) since com=
peneation and charges ara closely related concepta,

1) The term "compensation" 15 used mainly by oconomists, In legal
terms '"redross" means restoring the vietim to his original posi-
tion, 1.e. dicappearance of the damage suffored,

2) See Background Report Mo, 5, Noise Chargen,
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Once the need for compensation is recegnised, an important quea-
tien arises: can this need be edequately met? In other werds, do
"nolse victims" have the requisite facilities for asserting their
claim to redress?

This guesation may firat be anowered by saying that the general
prineiplos of law recognlae that any victim of damage has a right of
redresa; io obtain redrees implies court proceedinge. The next guea=
tion, therefore, is whether in regard to the environment in general
and noise in particular osuch arrangements are suitable for ensuring
effective damage compensation., In fact, there are peveral reasons
why ouch general arrangements may not always be well suited for deal-
ing with the particular problem of noise,

It is common kmowledge that court action is a slow, cootly,
uncertain proceau which 1o hesitatingly undeztalen without reasonable
chancesa of succeas; while well sulted to such situationa as private
nuisance and conflicts ameng individuals(1) which remain exceptional,
court action 1n leas sasy in more umual, wifespread traffio-nolse
conditions marking a conflict between some individual or group of
individuals and, for example, a public authority responaible for the
axlstence of a road. The problem then takes on an altogether dif-
ferent dimensien, asince here conflicting private interesis are re~
placed by conflicting private and publlic interests; morecver such
contlicts are no longer of an unususl, aporadic kind, mnd lasting,
wideapread annoyancn (noice from reads and alrports) in Involved.

At thia level the noise victim may encounter serlous chotacles
in asgerting him rights: thus how cen the person 1iabla(2) or aven
the oource of the nolse be ascertained? In other words, whe should
be sued? The airlines or the airport authority? The road-building
autherity or tho drdvers of moteor vehiclean?

The reault of the foregoing factors is a lack of balance be=
twaen the "polluter" ané the "vietim", the furmer usually being &
powerful, well-organised public or private body, and the latter an
isolated individual.

The pituation ia sll the more delicate as the position of the
polluter may be quite legal: true, a road may be nolay, but lawfully
80, aince 1t wes built in accordance with the relevant laws and regu-
lations in foree;(3) while an airpert mey aleo be noilsy, it will have

1} The specific aim of private law is in fact to meet thie kind of
situation.

2) The problem of determining liability is often met by applying the
no~foult (atrict Llimbility) prineiple, where the person Luflicting
damage 1s held respensible by reason of ito mere existence, whet=
her or not any fault in involved.

3} Exoept, of course, in casen where such legal provigisne have been
vieclated,

- 137 -



been legally eatablished and the aircraft comply with the requilaite
gtandarde. In other words, the aituotion is one of "lawful. pollu-
tion", i.e. damage hag besn caused by perfectly legel activitiea.
This does mot meoan that the vietima lack any right of recourse: s
a rule sdminintrative authorisations (building licencea, emisaion
etandards, etc.) are granted "without prejudice to the righta of
third pertiep™. But under these conditions 1t may prove extromely
complicated to ansort such righta,

Por these roanons the need has developed teo strengthen the vic-
tim's position by metting up machinery denigned to compensate for
nolse damage, which in certain condiiiens would guarantee prompt,
equitable payment, This ila whaot a number of countries have dens,
either by menns of special legislation (e.g. the Land Compensation
Act in the United Kingdom), by including apecial provisiona in noloe
legiolation (Germany, the Netherlanda), or by inotituting apecifle
machinery, in particular te deal with alrport noloe (France, Japan).

Under thoge arrangemento compensation may take several forms,
which will be described below.

2. FORMS OF COMPENSATION

Compensation may be granted in kind and/or in gash, a particu-
larly important feature in the case of neise,

2.1 Companention in Kind

Componeation in kind ia a methed of effectively and directly
restoring victime or the vietime! property io thoir original satate
by providing a good or pervice (vodresa)., In most caacs this will
involve the goundpreofing of living accommodatien, e.g, by install-
ing double glazing or double windows.

This practice ia fairly wideapread In rolation to hoth road
traffic ond alrcrafi. In fact, nedse insulation provisions can be
part of noise control regulationn. The following examples illuatrato
thia point.

2.1.1 Road Trafiic

In tke United Kingdom, the Noise Insulation Regulations made
under the Land Compensation Act 1973 provide that, where dwellings
arg or will within 15 years be subjected to lncreasoed traffic
noipe from & new or improved highway of at leaat 14B(A) resulting in
an end noize level of GB dB(A) or sbave on the L10 (18 hour) index,(1)

1)} Mensurementa over 18 daytime hours on the 110 index (nolpe level
excoeded for 10 per cent of the time), 1.e. around 65 4BA an the

Ieq acale.
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a duty op power arimes for +the highway authority to provide inoula-
tion at lto oxpense,(?)

Also under the Noloe Inmsulation Regulations buildings may be
poundproofed where worka for the conotruetion of a highway or addi-
tional carriageway or tho alteration of a highwnoy cause or are oxpoc-
ted to cause noifse at a level which, in the opinien of the approp-
riate highway sutherity, seriously affects or will cerieously affect
for a gubstantisl period of time enjoyment of an eligible building
adjacent to the gite, and where no entitlemont arises for traffic
noise insulation. With regard te traffie nolaue insulation, it has
been estimated that some 30,000 dwellings along majer roado may
benefit from these provisions at An average cost of L600-700 per
dwelling; a aimilar number of dwellings are affected along asecondary
roads. In all, a potential outlay of £36-42 million may be involved
{$65-76 mil1lion).

In Germany, ithe Air Traffic Noise Control Aci of 1971 and the
1974 Pollution Act provide for the poyment of insulation expenaea
for buildingo oxponed to sound levels oxceeding the prescribed limits.
The Bill on noise from read trafide and from raillways will fix aound
limits calling for the insulation cof buildingo in coosea where no
satinfactory prevantlve measures can bo taKen. Sovoraol municipali-
tieo haove undertoken soundprooling programmes, For example, from
1974 to 1979 the City of Munich spent DM,20 nillion ($9 million)
reprasenting 50 per cont of soundproofing exponsen (the other 50 per
cent beling berne by the owners).

In the Netherlands, the Noiso Muinmance Aet of March, 1979 pro-
viden that above a noiose leval of 50 dBA (Leq) at the front of dwel~
linge, protective meagures must be taken Lo ensure that the pmound
level within dwellinge doeo not oxceed 3% to 55 dBA {levei defined
nccording to the situatlen: tuildings existing or to bo coneztructed,
"rehabilitation arcasn", oete.). The coat of thesec poundproofing mea-
suren 18 to be horne by the municipalities ond be financed by means
of chargoo paynble on motor-vehicle noise.{2) The annual rehabili-
tation coat for dwellings exposed to sound levelo of 65 ABA or over

1) The highway outherity has a duty to provide noise insulatlon whare
the increape In noise ia due to traffic on a new highway or addi-
tional carriageway opened after 16th October, 1972, and a power
to grovide ingulation 18 conferred upon them where the increade
is due to iraffic on a new highway or additional carriageway
opened betwean 17th October, 1969 and 16th Oetaber, 1972, or to
traffiec on an altered highway opered at any timo, Noise lneula-
tion io provided for windows and devors of living rooma and bed=-
rooma3 exposed to the prescribed levels of neise. For a wore de=-
tailed atudy of the Land Compenoation Act see Reducing Noise in
CEOD Countrien, OECDH, 1978,

2) Seo Background Repert Wo, 5, Noise Chargen,
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was olone estimated at FLl.170 wmillion {1976) over about 10 yoars
{205 miliion at 1978 prices, i.e. 85 million 1978 dollars), three-
quartera of which wap foy insulation couts alone; 526,000 dwellings
are affacted in thia way,(7)

In France there it no Act expresaly providing for the sound-
proofing of dwe1lings oxposed tu exceanive sound levels. However,
provisien 1s often made for sound insulation aesspures by the publie
authorities where frontage levels exceed 65 dBA (Teg). It Lp osti-
mated that 4.6 million dwellings ure exposed te such levels.

In the United States, States are, under specified copditionn,
pormitted to use Fodernl Highway funds for ascoustical treatment of
severely impacted buildinga.

2.1,2 Adr Traffic

The proctice of providing compensation in the form of sound-
proofing 13 eloo extenoively used in the vielnity of mejor airports,
It io warranted by the fact thet gradual replacement of the nolglest
alreraft tolren oomo time and will not be fully effective upntil the
end of the 1980s. Meanwhile people living nearby continue to guffer
from excessive sound levels, particularly since the benefito of noise
abatemont at source aro offset or reduced by the rapld increanse in
air traffic. Cocmpensatery meaoures nre thus needed,

In the United Kingdom, o firat system of financing the insulae-
tion of dwellings around Londor Heathrow Airport cperated from 1966
to 1972; the British Airport Authority waws required to pay 50 per
cont (60 per cent from 1968) of insulation expencen fur dwellings
situated within the 55 NNI (Noise and Number Index) =zone, i.e. about
77 4BA Leq=24h, TFrom 1972 to 1977 o new oystem wan introduced for
Heathrow with a sinilar cne from 1973 at Gatwick eutablishing zones
entitled to 100 per cent and 75 per cent {85 por cent from 1975)
payment of costs incurred (for persons resident on 1ot January, 1966
in the came of Heathrow and on 1ot Januayy, 1973 in the case of
Gatwick).

In 1980, a single compensation zone has been defined covering
dwellings which, in spite of the progressive replacewent of older
helsy aircraft by newer and guieter ones, will in the long term atill
bo subjected to excespive sound levels, particularly at night. In
all, £4,25 million ($7.65 millicn) hao been spent and a further cut=
lay of £19 million ($34.2 million ~ April 1978 priceca) is estimated
over the coming years.

In Germany, the Alr Traffic Noise Control Act of 1971 provides
for measures tc goundproof dwellings in the vicinity of more than
40 civil and military alrports. From 1974 to 1978 IM,12.7 million
{£5.7 million) wore spent on c¢ivil alrports and DM.7.7 million
(8$35.4 million} on military airporta (in the firat case expenues were

1} See aloo Background Report No. B8, The Copts of Noiso Abntement,
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borne by the airpert authorities and airlines, and Iin the pecend
case by the publlic suthoritics).

In the Netherlends the wircraft nelse charges te ba shorily
introduced will be used to pay for the soundproofing of the most
exponed dwellings. OSome 20,000 dwellings close to Amsterdam-~fchiphol
Alrport wlll be affactod.

In Japan the Aireraft Noime Abatement Act provides for financial
asalotance with the acundproofing ef dwellinga and public buildinga,
In fiocal yenr 1979 {starting 1st April) Yen.5C.6 billion (§253 mil-
lion) was allocated to dwellings and Yon.9.9 billion (849 million)
to public buildings (wchoolp, hospitals, ete.)

Thua, noise inaulation provisicns exist in meny countries.

Theoe are mainly used to cope with the most difficult situntions
where source abatement or other means are not likely te bring about
algnificant improvements, at least in the shert or medium term.
Soundpreofing of tuildings is neot a panaces as it provides only re-
duction of indoocr noipe levela while the cutdoor environment remains
noisy; aleo, these reductilons are effective only when windows are
clooed which i3 an unwelcome constraint. On the other hand, it might
b, in certain cases, a cost affsctive soluticn where only o limited
number of bhulldipgs are concerned: for instance, when a noiay factory
ia surrcunded by a limited number of hounea, A1t might be 2eas contly
to inpulate these houses than to abate the foctory noise.

2,2 Compensation in Cash
This aecond type of compensation involves a cosh payment to the
"vietim" to compensate wholly or in part for the damage muffered.(1}
The paymant ls therefore tho monotory equivalent of the damage and
may, for example, covar:
-~ the fall in the value of proporty situated within the arca
arfectad by noisei
~ the fact that housing hes been rendered tutully unsuitable
Tor use as accaommodation;
=~ logs of pmenity ond medical expenses,

In the first cooe the amount of compensation will be equal to
the loss in valuo on the real-entate market,

In the becond, the dwellingm concerned may be purchased to
onable thelr inhabitanto to find other wccommodation. This acquisi-
tion may in some cases be accompanied by the payment of a moving
allowance,

1) Although the provision of financial nasistance for soundproofing
talkes the form of a caah payment, it neverthelens counte an
compensation in kind since it must be upsed for the purpose

gpecified,

- 1k -



The third cope raises more sensitive problems of assesement,
vwhich will have to be resolved cither by the courts or with reference
to pro-eatablished rulea,(1)

Cagh compenoation moy also be paid to gupplement compensation
in kind where the latter is decmed inadequate: thus the sound-
proofing of éwellingzs may be regarded as only a partial remedy,
sinee it requires windows to ba kept clomed and since areas cutaide
the building {gardens, terracea, eic.)} cannot be used,

Although less widoly used than compenoation in kind, cagh com~
bensation 18 used to some oxteni in the case of noise, und o few
examplon are given below.

2.2,1 Surface Tranaport

In the United Kingdom the land Compensation Act referred to
above provides that any dwelling the value of which falls due to
nojge from public works such ae youds and ailrports, gives a right to
compenaation, (2)

The depreclation in value 1o calculated with reference to the
mayrket prlce one yeur after the works are put into zervice. Where
dwellinga are scundproofed, the correapording increane in value 1is
taken in¥o account. This will give the net depreciatlon, The number
of applicetions for compensation has s¢ far proved o be lower than
oxpected. From 1973 to 1978 15,800 applications wera recelved,
£,200 of which were dealt with while the rest nre still pending,
i.e. o fotal cost of £2,8 milllon ($5 million) and L450 to £300
(8816 to 87,633) per case. Owing to growing public awareness of the
law, the number of applications is expected to inareace over the
coming yaars,

In Germaony, the 1971 Act referred to above alzaoc provides for
poogible compensatlion for deopreclation in the value of property in
cages of nolse due to public works related to airports.

In Japan, problema causod by the Shinkansen railway have been
dealt with in two ways:

~ Rehouning of poople living along the rallway line where sound
levels exceed 85 ABA and thus make any soundproofing inoffecw-
tlve; in fiscal year 1978 the oost cof such operations amounted
to Yen,757 million, L.e, 3.7 willion.

= Aequisition of land where bulldings have been demoliphed
{Yen, 488 million, i.o0. $2.4 million in fiacal yoar ?978L

1) Scme holé that loss of amenity is roflected in the fall in pro-
perty value {aee Dackground Report Neo, 2, Part II, on the Soeial
Oost of Nolse),

2) Such compensatlon 1s avallable for depreciation due %o noise,

vibration, odours, omoke mnd the discharge of solild or liquid

gubstances, Leas 1n value caused by other factoro such ag the

visual impnot of a road or aversion to itw prenence s not mub~
joct to compensation, although these factors could have a sube

astantial impact on house prices.

- 142 -



2,2,2 M1 Traffic

In the case of nivport noioe monatoly compenoation ofien taken
the form of the acquipition of propertiee cxposed to exconsive noclue,
Japants Alreraft Noloe Abatement Act provides for financial
asaistance in rehousing familien exposed to nolse levels ef over 90
on the WECPNL index (f.e. around 77 dBA=loq)., In fiscal year 1979,

Yen.42,7 billion was spent in this way {$63 million).

In Franee, the Paris Alrport Autherity has since 1973 undertaken
the soundproofing of the moat exposed public buildinge (notably
achools and hoapitala) and the scquisition ef housing situsted in
zone A {arvound 73 dBA Leq-24h); it is cotimated that ot such noise
levelo sound insulatien is not a satisfactory seluticon. From 1973
to 1978, PFrs.160 million were opent in this way ($23 million). The
neceseary finance is raised by taxes on noise levied at Orly and
Charlea de Gaulle airports.(1)

In the United States, Leo Angeles Airport has acquired nearly
3,000 dwellingn and a consléerable amoupt of land for a total outlay
of $300 millien, including $131 million on land acquisition {1972~
1976), By the ond of 1977 total expenditure on land acquisition by
American airports amounted to $266 million,

In general, when refsrring to the ceste of such operationm, it
is neceasary to calculate & net figure having regard to the potential
regale prlee of the land ox its wae volue for nen~reaildential

hurposega.

2,3 Compensation for Papt Damaprs or Murchasg of an "Eagement"

Just an it may be total or partial, compensaticn may relate to
damage which nccurred in the past and/or is likely to oceur in the
future,

Componsatien for past domage %z by ito very naturo temporary,
in that the oovcurrence of further damage will give a renewed right
%o compensation, This 1a the traditionsl caoe of a claim to the
courts for compenontlon foy dimturbance of posnomaion. The importaont
factor here im that, should tho cause of the dampge not dimappoar,
the victim may renew hip elaim. It 13 clear that thie type of com~
pensation is ill~puited to reed traffic in urhan areas or to air
traffic whick constltute permanent cgouses of damage.,

In such ¢angs compensation may take the form of the purchasc
of an gesement, 1,e. a once-and=for-all payment of compensation

_deemed ta provide equitable redress for paaf and future damoge.(2)

1) Jee Background Report No, 5, Noise Charpos

2} The purchase of an casement 3o only appropriste in cases of "low-
ful® noipe, 1.o0. where, in spite of compliancs with the law,
nolse je nevertheless cxeceasive {ocea section 1), The purchane
of an emsement is inapplicable to canes of "unlawful" nelae
(private nuisance, cteo,),
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The purchane of an eascment must be uweed with dlscretion and reserved
stricetly for cames where not only is any preventive measuro but also
any other type of compensnticon unfeasible. The purchase of an eape-
ment may thus be reparded as the purchase of a right to pollute:

for exempla, the right to create noise by constructing o rcad may bo
"purchased" frem the inhabitants of a certaln area. But before going
to this extreme, other solutions should be considered; such as, re-
routing the road cr, where this 1is impossibls, purchasing the dwel-
ling and rehouaing the inhabitanta. Only whera nothing elee can be
dona and where conptruction of the rond is an pbaolute neceasity
should the purchase of an easement be considered. Thin 1o a good
example of the confliet beiween the public interest, which requireas
the conatruction of the road, and the private interests of thope who
will have to puffer the Iimpacta of the Toad.

A distinetion should alsc be made between caoes Involving exist-
ing infrastructure and new construction, In the latter caoe the
range of opiions 1o wider and recourse to +he purchase of an casemoent
should mors easaily be avoided,

Finally it should be noted that the sound insuletion of buildings
is a type of purchase of an easement {though partial), since the per=
gons concerned remein where they ave in return for payment far such
insulation.

The purchans of an easement io an easler solution for the public
authorltiecs since it takes the form of a aingle, definitive payment.
The United Kinglom Land Compensaticn Act thus specifies that compen—
sation payments nwe made in f£inal settlement. Otherwise the pessi-
bility endures of applying to tho courts for compenantion until such
time as the cause of domage disappenrs,

3. CONOIUSTON

In plenning and implementing nolae abatement policies two essen-
tial questions with regard to damage compensaticn arise:

i) what should be tho role of compensation in such policiea?
1i) If the prineiple of compensation in accepted, how ahould
it be applied?

3.1 The Role of Compenastion

Taciding the role which compensaticn can play in nolse abatement
policies im an extremely sensitive problem which to mome extent will
determine the nature and scope of the policies themoelves. Depanding
on the part played by compensatlon, the relative scope of action to
reduce nelse at sourre and mors particularly eof "ecovrection' or "pee
habilitation may thus vary conaiderably., In the extreme capa any
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raport to compensation may bo rejesfed and everyone guarantesd froe-
dom from excessive nolse together with all the constraints and costs
which this may imply (rehousing of people affacted, rorouting of
roads, etao.).

1t 15 therefore important to determine the part tc be played by
compengation, having rogard to the pelitical ond oconemic implicationa.

3.2 The.Organisaption and Financing of Comoensation

If it 19 accepted that compensation fa a "neccsaary evil" Inno-
far as existing and foresceable sound levels mean that large groups
of the pepulation will continue to be expooed to execeasive sound
lavela without, save in the long term, any real poosibility of im-
provement, the problem then arises of how compenaation im to be pr~

ganised and finsnced.

It may be decided to leave the civil and administrative courta
tc desl with claims for compenuation within the framework of tradi-
tional proceduren applicable to cases of "private nuisance™, Thio
amounts to a case~by~cnse policy, which {3 In effect no compenantion
policy at all. The argument propoaed in thio report tends inatead
to ghow that ed exists for snecific nrrangoments for the orponi-

gation and financdnpg of ccmpensntion.

3.2.1 Organiasation

By virtue of the general principle of law whereby all damage
glves rise to a right to redress, every individual has the pousibi-
1ity of bringing legel proceedings where he feels he haa ouffered
abnormal and excessive damage, for eoxample, due to the proximity of
a highway or airport, Inataneso of thin are quite common, particu-
larly in the case of those living near airports (e,g. Loz Angeleo
and Paris-0rly Alrporto).

It ia2 not always cosoy, however, for an individual to apgmert hio
righta: legal procedures are slow and coptly and often prove ill-
auited to environmantal disamenities: the chain of causality ia dif-
ficult teo establish and the burden of proef weighs heavily on the
plaintiff, outmatched by a powerful, organised "polluter" (public
authority, airport suthority, industry, cte.). :

Improvement of the legol pocition of the "vicetim" therefore i
calls for szpecific compensntion systema by means of apecific legi-
alation or regulations. This is already ceen Iin varlous environmen-
tal {ielda, cuch as marine pollution (United States, Caopadn, Finland)
and air pollutien (Japan, the Hetherlands), In relation to nelpe o
number of existing oyotems have been reforred to sbove, such ag the
Land Compengation Act in the United Kingdom, noise legislation in
Gormany, and various syatemas for compensating thooe living near air-
porta in different countrien, What 1o more, these aystems fall with-
in the general framowork of recognltlon of the right to a non=polluted
environmant, ag proclaimed by Article 1 of the Stockholm Declaration
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€1972) and, in pome countries, embodied in nationnl legislaticn or
even iun conmtituticna.

The organioation of compensation requires machinery to provide ;
opeedy and equitable redress for damage suffered. It haa to dele-
mine what port of damoge will give rise to n ripht 4o compensation i
(depreciation in the value of praperty, diaturbance of poaseasion,
ete,); who will have the right to take action {tenants, owners, :
public and private buildings, ete.); it has to fix nolse limite
giving a right toc compensation (noisc reception standards); to de
fine the cilrvoumstancen {public worka, eirports, new projects o
extenalon of existing facilities, etc.); and to loy down rules for
apaeasing compensation, (1)

3.2.2 Pinance

Arrangements to finance vomponoation can greatly facllitate the
operation of compensotion syotemu, The creation of gompenantion
fundn financed by meana of charges 1s sometimes reasorted o, as in
the case of aireraft neise (France, Japan, the Netherlanda), part
of tho procecds belng allocated for the compensation of nearby reuils
dents. Ouch eyatoms of finance can alao have an incentive offect,
in the pame way an noise charges;(2) they are morcover a guarantec
againat the peeslble inoolvency of the polluter.

The opganipation and financing of componsation should however
never lead to it beceming a major tool of noive sbatement pelicy,

Ao was paid in the introduction, praevention sheould remain the rule
and componeation the exception. Arrangements for coempensation should
be used Yo safeguard the rights of "noise victims" in enses where no
satisfactory preventlve measures arc avallable; it io & matter of
ensuring fair trestment for all.

1) For a‘*detalled survey see Reducing Nolsae in ORCD Countrise
op. cit, Chapter 3, paragrapk Lri,

2) See Buckground Report No, S, Noise Charges,
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kN INTRODUCTION

Envlrenmeninl nolse con be divided into twn categories, The
firat 1a that which 1s duc fto gources whoae nolse emisaien can only
be reduced by major deaipn medification or by alterations te thelr
use which entail substantial economic censequences.{1) In this
category comes nolse from air traffic, highways and major industrial
plants, The second category 1s of nelse which can or could have
been prevented or reduced with negligible economic effect. In this
category comes nolge from machlnes and installations whoge designers
or plamners gave little or no thought to noige control; noilse
dlrectly ccused by individual members of the public, with or wlth-
out the ald of machines; end nolse caused by lack of maintenance of
silencing equipment. It is the sccond category which is the subject
of this report,

2. SCOPE FOR REDUCING NOTSE BY EDUCATION AND PUBLICITY

Education and informetion can influence nolse levels in the
following instances:

{1} When the action creating the noise 1s unpecessary. This
Iincludes nolse I'rom use of machines or equipment by membews of the
public in an unnecessary or inconsiderate manner. Commen examples
are the driving of moter-vehlcles in a nolisy manner, or deliberately
increasing the nolse emisasion of o vehicle by altering 1ts exhaust
system, Ancther widesproad problem is disturbance of netfghbours by
noigse from amplified muslc,

(11) When the designer or manufacturer of a machine can in-
corporate low-nolige features, elther at minlmum cost, or at a cost
which will be recouped in increased sales through consumer demand
for quleter products,

(41i) When the planner of a development con make decislons con-
cerning the loecation or construction of buildings, roads and othor
features which reduce the incidence of nolse nulsance probiems,

{iv) When the operator of a factary or industriml installation
can foresee noise complaints and has cnough knowledge to inatlitute
sinple noisc control techniques,

(v) When the contractor snd employees on a construction site
are aware enough of noise nuisance to maintain and operate the
copstruction plant in the quietest possible condition,

1) See Background Report Me. 8, The.Coots of.Melse Abatement,
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In determining the effectivencss of measurecs to reduce noise,
one must consider the aspects of environmental noise which could be
affected. In general, environmental nolse consists of a background
level, over which f2 superimposed a pattern of peaks due Lo scurces
such as ipdividual vehicles, aircraft, velces and miscellsneous
sources, lIn moat localities, the background neise level 13 caused
by road traffic, and low-cecst measures are incapable of making o
significant impact on nolsge from this source. In some areas the
background level is due to industry, where there are scveral hun-
dreds of individual sources of noise distributed about factories in
an industrial aren, none of which Individually emits a high level
of nolse, but which collectively combine to cbuse & steady nolde
throughout the district. Once agein, low-cast measures can mako
1ittle lwpact.

However, in many cases the background level is of much less
importance than the superimposed peaks. Meny complex nolse Indices
which have been Intreduced in an attempt to quantify the annoyance
value of a variatle noise place great welght on the varlability of
the nolse,

The low-cpst meagures discussed in this report will tend to
show thelr effgct in terms of reducing peaks rather than reducing
the overall sound level, and 1t i5 therefore o complex matter to
mensure the effects physically. 8ince, in environmental noise,
onelds concern is exclusively the subjective response of people, the
beat measure of success 1ls the seclal survey rather than the sound
level survey,

3. APPLICATIONS OF ERDUCATION AND PUBLTCITY

The means of bpinging about the noise reducticens described
abeve are basically of four typest +the use of low-cost nolsc con-
trol eguipment; the stimulation of consumer demund for quiet pro-
ducts; educating the publie te conslder the offects of their activi-
ties on othera; educating designers, planners and industriallsts
in applied pcousties,

3,1 Low-Cost Noise Contrel Eguipment

There arc spme instances where useful reductions in neise can
be achieved by means of nolse control equipment of minimum net
cost, A prime example would be the fitting of stainless steel
exhaust systems ns original equipment on new cars, The cost ef
the system 1tself is approximately double that of a mild steel
system, but the lifetime is more than twice that of a mild steel
syatem s that the net cost is negative, Nolse due to defective
exhaust systems haa 1lttle effect on the overall ambicnt nolse
levels in cities and pear highways, but individual vehicles are
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rapable of causing widespread annoyance, Some countries have en-
forcement procedures which minimise the incldence of vehicle owners
operating their vehilcles with defective exhsust systems, but in many
cases 1t is possible for drivers to escape controls for long periods,

Another example, also in the automotive flecld, is the fitting
of sllencers to the nir-release valves of the braking systems of
heavy vehicles, Peak sound levels of over 100 dB{A) are often re-
caelved by pedestrians alongside heovy vehieles stopplng and storting
in congested traffic. The experlence of one haulage lect operator
in the United Kingdom was that at & capital cost of only o few pounds
per vehiele, and to no measurable meehanical disadvantage, a reduc-
tion of up to 20 dB(A) in the level of noise from this source could
be achieved,

Many machines, feor instance thease powered by samall single-
cylindered petrol engines such as lawn mowers and choln saws, are
fitted with {nefficient exhaust silencers due to ignorance of the
technical bosis of silencer dealpgn by the mapufacturers, The cost
of developing and fitting efficlent silencers would be small in
tarms of marginal product cost,

The problem, however, 15 not so much the cest of noise veduction
in these cascs as the motivatlon of the manufmcturera of tho machines
to use the noise contrel measures described. The motivation has to
be either legislation, which is not diseussed in this report, con-
sumer demand or o sense of goodwill towards those who ore affected
by the nolse of the product concerned.

3,2 Stimulation of Consumer Demand for Low-Noige Products

The money spent on noige reductlon is often reogarded as a cont
which produces no finegncial return, I+t has proved difficult to
estabiish a cost-benefit approach to nolse, and although there may
well bo hidden returna in the form of lower abeentecism frem work
and reduced demand on health servicea, the prospect of financial
return is rarely the motive for reducing neise,

By contrast, where conaumer demand for products is influenced
by noise level, money spent on achieving lower nelse levels, which
in turn preoduce hipher levels of sales may ke considered by manue
facturers as a positive Investment.

Until the public is sufficiently educated to toke a more al-
truigtic attitude than is at present evident, the gources of neisec
whose sales are likely to be affected by noige level are confined
to machings whose nolse effects the user to a aipgnificant extent.
The largest categories are those of damestlec appliances, gorden
machinery and de-1lt-yourself equipment,

The ugers of machines are seldom as annoyed by the noise as
thelr neighbours, and the nelghbours have no direct Lnfluence on the
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userts purchasing policy. It is by no means demonstrated Lhat, |
except in such areas as the Interder nodse levels of motor cars, !
noise level significontly affectsa the cholce of product wherce the
purchaser is alsc the operator of the machine, The situstion Is
quite different where heuring hezard is involved, ond It may be thot H
lgbelling as a nolse control measure is effective only in this arca,

Legislation on podse labelling has existed in various countries
for some yeoars, an early example being the Unlted States Wolac Con-
trol Act of 1972 =~ an enabling ingtrument that requires refulations
to be issued. However little or no experience of the effects has
been obtailned, since, with the exception of hearing protectors in
the Unlted States, the powers conferred by such legislation have yet
to be put into effect, As a less arduous way of achieving the goals
of labelling, voluntary labelling 15 encouraged ip the United States, :
to the extent that it meets the EPA's apecifications concerning the !
type of infermatlon shown on the label and the format used. In most
countrdes suppliers of industrial equipment ore increasingly regulred
to supply noise speclfications by prospective purchasers,

The Swlzs noise abatement society has had & neoise labeiling
system ailnce 1968, HNoise levels of certaln equipment are measured
by the technlical institute set up for the purpasc, and the pumber
of products tested Increases each year. The system appears to have
only o moderate impact; some manufacturers use the labels as selling
pointa, but the majority show little Intercst,

Many labelling schemes have been lntroduced in France {(e.g. the
Acotherm label for windows mnd accustics labels for buildings which
have existed since 1972) but the multiplicity of different schemes
reaults in some confuslon which effacts their effectivoness,

Several notional consumer organisations publish comparative
noise level date about consumer products along with other test re-
sults, an cXample Dbelng the moguzine "Which®™ of the Consumers?
Associlation of the United Kingdom.

Goverament as a consumer can also help to stimulate the pro=
duction of quicter products through its procurement pollcies., The
Unlted States Government Services Agency has successtiully used this
appreach, which 138 now being pursued on a wider scale through the
efforts of an interagency committee,

3.3 Educatinr the Public

Paople tend to be concerned about nelse only when they are
suffering it themselves, This lo an age In which many scemingly
inrjorpous substances, activities and litestyles arc Deing repu-
larly dencunced by the sclentiflic community as harmful, The pub-
lic in general does respond te publlclly when informed in a con-
vineing mammer that deoing or omitting to do something iu herniul



to themaelves; the levelling off of tobaccs consumption and the
popularity of jogging are examples of public respense. These are,
however, cases in which the person's concern ia his own welfare,
Public response to problems affecting others is rather lesc apparent.

Follution, and annoyance by noise in poarticular, except in the
case of hearing hazard, generally affects others to a much greater
extent than it affects the polluter, Where the polluter can control
his noise output, his attitude will be determined primarily by his
altruistic sense, and secondarily by fear of the law and the effect
on his financigl situatian,

3.4 Publicity

The approach to the problem of non-hazardous nolse is clouded
by the poor definition of its effects, Direct effects of nolae on
health are very difficult te determine., Public response to nolse
1o partially determined by a persen's owareness of nolse as B social
problem, and his or her state of mind towards it. Part of the fne
crease in annoyunce by noise recorded in many countries over the
past 25 years may be due to o grenter owareness of the existence of
the nolse or to higher expoctations with regard to environmental
quality os well ang to the increase in the level of nolse. Conze-
quently, uny publicity campaign intended to encourage people to re-
duce the croantion of neise, may also lnerease the number of complaints
about existing nolse.

Publicity can take the form of conventional campajigns involving
odvertiaing on television, radlo and in the press, but a campalgn of
this kind large enough to hove a significant effect can be expensive,
Furthermere, it may not be particularly effective, sinece 1t is diffi-
cult not to create the impressicn that officlaldom 18 ance again
telling the populace what to do, and thereby induce a certaln amount
of adverse reaction,

Seme of the most effective publicity has heen achieved by means
of the indirecct public relations approsch rather than hy advertising,
Noine abotement socleties in some countries have efficinl reocogniticn
and are finmncially supported by thelr geovernments., For exsmple, the
Netherlonds Assecciation Against Nelse (NSG), a private organisation,
is gupported by the Ministry of Health and Hyglene, The NSG carried
out a publle relations campalgn intended, over a period of years, to
contribute te a change in public attitude to noise. This was very
guccessful in terms of caverapge, in that 69 per tent of persons
interviewed had read, seen or heard something about nuisance due to
neise, but whether they hed in any way changed their attitudes is
difficult to determine.

The United Kingdom Noise Advisory Councll has turpned away from :
the ides of direct publicity of the kind undertaken by the NSG, but
has attracted local interest by means of a travelling exhibitic in
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the form of a "Noise Caravan®, This 15 a mobile audio-visual display
designed to convey some basic informatlen about nolse, to explain
the powers of local government authopities and what the public can
do to help themselves, The numbers of people reached by a single
caravan are necessardly small, The Council also publishes o number
of leaflets, including "Bothered by Noise? How the Law Can Help
You",

The United States Environmental Protection Agency has established
under contract the National Information Centre for Quiet (NICQ) as
a national clearinghouse for the collection and dissemination of
public educatlon/information materials on neise, lte effects, and
methods used to quieten the environment,

3.5 Education in Schools

If the attitude of the public 1s to change in the long term the
mest effective moans of bringing abeut a change is by incorporating
inte educational syatema mcdules relating teo scoustics and noise
control. Traditionally, the only coverage of the subject in school
curricula has beer the treatment of gsound as one of the trio of
"Heat, Light and Sound", Treatmont of the subject of sound haa been
of a very fundamental and abstract nature. One of the featurea of
the noige preblem 1s the widespread fgnorance of very basic princl-
ples which could so easily be grestly reduced by incluaion of noise
as part of basic syllabuses.

In response to the Quiet Communities Act of 1978, a noise module
has been developed by the United 3tates EPA to be used in junior and
senior nigh schools as part of the sclence curriculum, which is cur-
rently being pilot-tested, A noise module has also been deslgned to
be used by the International Unien of Operating Engincers {hecavy
equipment operators) in thelr apprentliceahip truining programme, and
18 currently being tested in three major unien training centreas.

. It ls the education of children at quite a young age which
offers the most promising long-term solutlon to the problem of anti-
social nedse. In the United Kingdem, the Nelae Advisory Council,
during the Darlington Quiet Town Experlment, produced Jointly with
the Advisory Centre for Education a noise progject pack Tor use in
achoolsa, The intention was that scheolchildren should be given an
interest in the subject by encouragilng them to take part in such
practical wark as measuring noise in the town and conducting simple
social surveys,

In Switzerland the police courses un road trarfic glven in
primary schools draw the childrents sttention tc the need not to
make nojse, Also, the Bwiss Institute for Research into the Bullt
Environment prepares schopl courses cp enviranmental protection
which includes nolse anbatement. In France the government intends
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to diatribute through the nationnl educationnl service booklets ape-
clally designed to educaie children about noise, It lg ilao concen-
trating in particular on persuading young motor-cyclists to respect
the peace and gulet of others.

It ia at the school level thot education of this kind can be
most effective, In most OECD countries unlversities and technical
colleges run acoustics courges, but these courses are attended only
by those wishing te acquire scme speclalided knowledge.

As rar a8 adults are concerncd, many nolse annoyance problems
start with thoughtlessneas, bhut degenerate into antagonistic rela-
tionships between noilse mslker and suffercer. Thls is because the
sufferer often responds to noise with anger, and the noisc maker re-
acts to anger in a defenaive manner, Although it would be no casier
to achleve than to edueate the nolse maker inte not causing annoy-
ance, great benefits would ensue from educating the noise sufferer
in the art of complaining in a courtecus manner. The use af spe-
clnlly appointed and trained noise wardens, such as the Unlted States
Environmental Protection Agency's progromme to train qualified older
Americans to begome focal points for handling nalse complaints in
their own communities may prove especinlly valuable.

3.6 Educating Desipners;, Planners and Indugstrinlists

In many countriea, lgporance of cven biasic nolse control among
enginecera and designers {a so widespreod thaot ever the introduction
of the sort of nolase modules described above for use Iln schools
would, in the long term, achieve a substantizl improvement in the
present standard of knowledge., FEngineers aond plannerz faced with
noise problems con turn to a number of professional sources of
asaistunce in the form of consultoncy services, However, as money
spent on the solutlien of noise problems is uanally regarded as de-
void of any financlal return, there is often reluctance to incur fees
except in the case of major prejects, Many nolse nuisance preblems
around factorics are caused by relatively small sources such as fans,
and some baslc knowledge of acoustics by plant engincers would enable
them to prevent or reduce the noise,

Thooe who are aware of a need to acquire some speclalised Know-
ledge of nolse control have in most OECD countries a reasonebly good
chelce of courses of varylng length and depth., However, the demand
for such courses 1s very much & function of the weight of legislation
or the pressure of envircnmental action bearlng upen the industry
concerncd, In the absence of such pressures, it is unlikely that
the peracnnel concerned would heve the metivation to atiend such
courses. In the longer term, this lack of specialised knowledge
could be overcome by including the atudy of acoustlics and nolse re-
lated pattera in the higher-education syllabus for trainee engineers,
planners etc.
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The greatest short-term benefit that can be obtained in this
ares ls provided not so much by provisien of training courses as by
more widespread means of conveying basic essentials in easily com-
prehensible fopm, This 1s done by articles in the technical press
and low-cost publications aimed at a practical level. Most of the
publleations of this kind at present produced by government and
other agencies not aimed at the general public tend to be scmewhat
speclalised and de not cover the kind of bread, baslc nolse control
prineiples required in a simple manner.

Tt is most unfortunate that the deeibel scale appenrs so diffi-
cult a concept to the layman, since training material cften begins
by attempting to elucidate it mnd succeeds in persuasding the student
that the subject as a whole is equally difficult, At the fundamental
level it weuld be deairable to aveld making the subject seem any
more complex than it is, and concentrate on practical detalils, at
least at the outset,

There 1s o tendency in industrial organisations tc concentrate
on giving noise training to a few speciflic personnel, on the grounds
that wny nolse guestiong may be referred to them. 7This does not
sclve the fundamental problem of noise-producing errors being made
in the ordinary day-to=day runpning cf a factory. The resulting
nolae 18 often due to failure teo foresee a nolse problem, and there-
fore even if a nolse speclalist exists within the firm there would
bBe a4 slmilar failure to consult him or her,

4. CONCLUSIONS

Deapite the widespread scale of the noige problem, those direc-
11y disturbed by neise at any time are in the mlnority, and the
majority whe are not disturbed tend not to¢ core about thoaoe who are.
Many of those responsible for maKing noilse, even 1f thoy are aware
of the prablem, atill cause nolse problems through ignorance and
designera frequently fall to think about nolse nt all in the carly
stages when nolse control might cost little eor nothing,

The educetion problem 1s of two kinds: how to Induce & greater
sense of altrulsm in pecople, and how to achieve a widespread know-
ledge of basic nolae control techniques.

Many existing anti-noise cempalgns may be at fault in appearing
to concentrate on o need for generally low neise levels, which
people do not necesgarlly want, and falling {e transmit the message
that people should think of others and avoid anhoying them by noise.
The public themselves have little or no power to control overall
nolse levels, whereas the power to reduce nulsance is predominantly
in the hands of individuols.

A campalgn which is too general in lts ecall for quilet is liable
to create the impression that Lts sponsors are slightly eccentric.
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Publicity material should concentrate on the problem that at some
time afflicts everyone with normal hearing - noise snnoyance,

Notionwide publicity cempaigns are not always low-cost options,
Publicity can best take the form of the application and distribution
of well produced literature, and maximum use of the press and other
news media.

One of the most promising courses of action is the teaching of
nolse control in achools, This sheuld involve not only making pecple
aware of {the noise problem but alse giving them a basic understanding
af the fundamentals of acoustics and nolse control,

There is a need for the better dissemination of the basica of
noise control engineering to all those concerncd with engineering,
design and planning, rather than to leave treining to a selected
number of would=be nolse speciplists within an organisation,

Noise labelling, at least until such time as the public attl-
tude has changed, 13 of limited potentlal except where the purchaser
is directly affected by the nolse emitted by the product. The type
of noise problems discussed in this report tend to involve distur-
bance of others, ond this tends to Iimlt the effect of lakelling
excapt for the more conslderate membersa of the public. The influence !
of labelling on encouraging the public to choese quieter products
should be further investigated. It should take 1its place alongside
education as a useful part of an oversll acheme,

In the short term, the greatest benefit would ensue from an
improvement in communicaticns between Individual noise makers and
nolse sufferers, Too many cases of noise annoyance which could
casily be solved iIn the garly stages degenerate rapidly inte
antagonism,

I a greater gense of altrulam could be induced in the popula-
tion, nolse would not B¢ the only problem overcome.
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1. INTRODUCTICN

The mechanisms by which noise nulsance can be abated are many.
The most obvious method 18 to abate the noise at geurce, This means
in effect searching for the source of the noise emission and then
using various methods for reducing thet neise, The methods may
include "retrofit" - use of noise suppression technology on existing
insiallations, machinery, vehicley, aircraft, etc. They may also
include restrictions on the level of activity of the noise-generating
source, lncluding limitation or prohibition of night flights by air-
craft, and even actusl reductions in the level of industrial and 1
other outputs. Also, new installations or equipment may be designed
go as to reduce noise. .

The second approach {s to prevent the neise from peeching the ;
receiving environment - i.e. from being transmitted from source to ;
receiver, We may dlstingulsh hers between methods deslgned to pro-
vide insulatiom in the receiver's environment, and methods designed
to screen the sufferer from the noise source - l.e, placlng some
barrier between the source and the receiving environment. An example
of the former 13 the double-glazing of windows., An example of the
latter is the erectjon of sound barriers between, say, a road and a
residential area, Note too that land use falls into the category of
abatement through the uae of the transmissien environment, since [t
uses distance and the location of activities as a means of reducing
the final neise impact on the recelving environment,

The following schema categorises these means:

NOISE SOURCE — TRANSMISSTION e RECETVING

ENVIRONMENT ENVIRONMENT
(Abatement = (Abztement = {Abatement =
retrofit, gcreens, insulatien, H
usze of new land-use layout of ;
technology, managemnant, buildings and
activity tunnels, use of rooma)
reduction) helow-surface

roadsa)

All these abatement measures have costs, These are self-evident
in the cases of retrofit, sinking roads below the surface, barriers
and so on, It 1s less obvious that restricting levels of activity
#ill have costa., For the firm, any restriction on output will result
in forgone profits and these define the proper costs of abatement If
that cption is used. New technelogy will have an additicnal cost (f
it 1s intreduced earlier than would otherwiase be the case, Where
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existing machinery, alrcraft, vehicles, etc. ars being retired anyway
the abatement cost could in certain cases be negligible or zero In
the sense that it is already "designed into"™ the new technolagy. i
Note too that source abatement ceén be achileved by other means
then purely technological changes, These include traffic snd road
policy in general - e,g, the use of by-passes to avold town trafficy
the diversion of road or even air treffic te rail through deliberate
economic incentives; traffic restraint through increases in fuel
taxes; speed limits and so on. Tnaofar as any surh policy adds
tosts te the operaters of vehicles and aircraft, or imposes coats on
retail/wholesnle distributors snd consumers, then these abatemant
measures alse have costs. In the event, hewever, auch measures tend
to alm at a "package" of benefits - reduced noisce, improved safety,
preservation of town buildings, reduced congestien, and so on, If
nofse reductlion is orly one of the benefits of such a package, it
becomes essentlal to allocate the costs of the measures token across
all the benefits gained, WNo aingle benerit is therefore free, but
neither can it bhe costed as if it bere the entire rost of the policy.
This 18 a classic problem of Jeint coaty: there In no resdy answer
to the question of how to allocate these costa to the various indivie
dual benefits. Nonetheless, such wider-ranging metheds often con-
atitute the appropriate mix of pollicy instruments for noise obatement.
Finally, account must be taken of the fact that, because of the
lack of consistent and comparable data, it is often difficult to get
a consistent and uniform view of abatement cost: data presented in
this brief overview are those which appear to be the most conaistent
and significant ot thia general level of analysis, even if diverging
views ceuld be expressed on some speclfic palnts of detall, (1)
Also, comparisons are often difficult due to the differing nofae
measurement metheds used in the cases atudled, The cost-effectiveness
of the ebatement measures is also difficult to assess and compare as
thers is no 9ingle measure of anncyance which epplies to all situae-
tions, The purpese aof this note is to indicate orders of magnitude
and not to give a final and precise answer to the questien of what
noise abatement costs are,

2, ROAD TRAFFIC

The main emphasis of a programme of road traffic nolse abatement
should be on the reduction of nolse at source, But a number of other
complementary actiens must be taken such as land use, erecting noise
harriers and insulating houses. We will first consider poasible
reductions with regard to the main nolse seurces, 1

1) For more detailed infermation see The Cost of Noiss Abatement,
{in Part III),
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2.7 Quietening VYehicles

2.1,1 Lorries

With the possible exception of motercycles, when poorly main-
tained and inconsiderately used, lorries are the nolsiest vehicles on
the roads and are often cited as the main contributor teo annoyance.

Previcus ERC regulations limited the heaviest lorries to a
maximum noise level of 91 dBA3{1) this has been changed to 88 dBA in
1980. In Switzerland, the present limit {s 88 dBA end will be 86 dRA
in 1982, In Japan the 1979 standard 1s 86 dBA, In the United States
the present required level Ls 83 dBA (BO dBA in 1382); {.e., about
89 dBA (and B6 dBAY according to European standards.(2)

Most of the research on lorry noise abatement shows that noise
tevels af 80 to 81 dBA (IS0 test 'conditions) are achievable, i.e. a
reduction of about 10 dBA.{3)

United States data suggest that such nolse reductions could he
achieved at the following cast for an achieved noise level of 81 dBA:

TABLE 1

SUMMARY OF THE COST OF ACHIEVING AN 81 dRA MOTSE LEVEL ;
FOR LORRIES (USA)(4}

Type of Loppy | Average price Capital Abstement :
of vehicle’ abptement cost as a % of
1973 & cost in 1973 § total price
Medium (petrol) 5,826 665 1.4
Hesvy (petrel) 11,613 815 7.0
Medium (diesel) 7,360 1,624 22,1
Heavy (diesel) 2%,608 1,450 5.7

These {figuras are applicable to the United States aituation and
might net reflect the Eurepean one, Provisional United Kingdom data
suggeat that a 38 ton lorry could be produced to meet an BO dBA level
at an extra ceat of about 10 per cent of the capiltal coat, The gain
is therefere about & 10 dBA reduction. Other European data suggest
price increases of up to 3 per cent to meet 86 dBA fer a large larry
and 84 dBA for a medlum-sized lorry.

1) As measured under ISO test conditions,

2) To compare with European legislation, account must be taken of
the fact that United States measures are made at a distance of
50 feet (= 15 metres) instead of 25 feet (7.5 metres) under IS0
test conditions. Thus, as a rough estimate, 5 to & dPA must be
added to compare with European atandards.

%} vAmerican Quiet Truck Programme® and Rritish Quiet Heavy Lorey
Preject”.

4) These figures are not totally agreed by some manufacturers but can
he used a3 an order of magnitude,
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Account must be taken of the fact thet fuel saving can be simul-
tanecusly achieved through the use of more efficlent fana, fan clutches
and exhaust ges senls, On the basis of the above-mentioned American i
data, the net result, taking into account all cants and benefits,
would be &s follows (additional cost or benefit, in percentage of the
vehicle price, American data):

Medium (petrol)}: 6.9 per cent

Heavy (petrol*): 1.4 per cent (beneflt}

Medium (diesel): 34 per cent

Heavy (diesel): 5 per cent

(* Note that few petrol-driven heavy lorrles exist
in Europe.)

There may also be a alight additional cost, in the form of
reduced revenue arising from a small reduction in payload which is
not allowed for in the above flgures.

Finally, it should be noted that the scope for rctrofitting
exlsting lorries iz very limited; retpofitting does not appear to he
a costeefrfective sclution,

2.1.2 Buses

Present nolse levels of buses currently range betwern 77 and
91 dBA (T80 test), EEC 1979 limits were B9 dBA for buses of more than
3.5 tonnes but 1ess than 200 hp, DIN, and 91 dBA for heavy buses
(more than 200 hp. DINY; limits for the former have been reduced to
82 dBA from 1980, and Yimits fer heavy buses will be reduced to
8% dBA In 1982, In the United States the proposed limits are 89
dBA lnitielly, reducing to 83 dBA sfter several venrs.(1)

As in the case of lerriles, experlence preves that a 10 dBA
reduction 1s currently achievable, whlch means that buses emltting
between 77 and 80 dBA can be manufactured, The quiectest models se
far in operation {77 dRBA) bear an additional capital cost of 7 per
cent - 8 per cent; 80 dBA buses can be produced ot an additlonal
capltal cost, varying between 2,5 per cent ond 5 per cent according
te estimates,

The extra weight of & quletened bus gives rise to an extra fuel
consumpticon of the order of 3 per cent.

Contrary to the case of lerries, certaln buses can be easily
retrofitied to achleve 80 - A2 dBA levels: {n the Hetherlands, the
caplital cost is estimated to be about 7.5 par cent.

2.1.3 Motorcycles

Mopeds (i.e, motoreycles of less than 50ce} ere alpready relatively
quiet when produced; the problem is te ensure that they are well
maintained and not modified by users.

1} These figures include & dBA additions to compare with IS0 measures,
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In contrast, larger motorcycles are & slgnificant cause of
nuigance: a 91 dBA nolse level (IS0 test) is a commen figure; thus,
motopcycles have naelse levels similar to heavy trucks. New EEC
standards are 80 to P& dBA ~ according to cylinder capacity - for
metoreyecios of more than 50cc; (1) United States proposed limita are
comparable; the Swiss standard ia A5 dBA. In Japan the current
standard for larger motorcycles {a 81 dBA (TS0 test).

Tentative American figures suggest Lhe following plcture if
compliance with an 81 dBA (IS0 test) standerd is to be secured. For
motorcycles of less than 100ce, price lncreases of about 70 per cent
would result (cost changes ore systematically 2 - 3 per cent less
because of the sprending of retallers! margins); for 100 - 169cc the
price incremse would be 22 per cent and similar lnereases {24 and
22 per cent) would be required for machines up to 750cc.,  For the
very large machines, over 750cc, the Iincrease would be about 13 per

cent.
Clearly all these increases are significant and could be expected

to affect the market for motorecyeles, On the othepr hand, the high
degree of annoyance attoched to metoprcycles by the general publlec may

well warrant such changes. ;
2.1.4 Motor Cary
Almost all moter cars comply with the previous 82 dBA EEC 1limit
and about 80 per cent(2} with the BO dBA 1imit applied since
1st Aprll, 1980 (and elreacdy enforced in Switzerland). This does not
mean that such compliance completely eliminates noise nulsance due
te motor cara; further reduclions are needed,
One can estimate that the extra capltal rost to achleve nolse
levels of 78 - A0 dBA has been about 1 per cent for each dBA reduced.
These reductions relate to total vehicle nelse but are achleved
purely by changes In pewer train naise, leaving relling nolse un-
affected, Rolling nolse does not make a significant contribution te
total vehlcle nolse {n the conditions of the IS0 test but at higher
speeds it becomes very important; In particular, road surfaces con-
tribute nigniticantly to rolling necise and action is possible here.
Above all, the yemoval of "puvé" surfaces wauld contplbute to such
reductions. Again, however, the cholce of road surface cannot be
dictoted by rnolsce considerntions alene = safety for braking and
skidding must alsc be consldered,

1) Note that Motorcycles are tested in second geer which gives sbout :
f dBA more than under a teat in third gear,

2) According to Duteh and Swedlsh surveys,
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TABLE 2

AUMMARY OF COSTS OF QUTETENING MOTOR VENTCLES
{orders of magnitude)

Existing nolse Achievable Capital
Type of vehicle levels dPA noise levels cogt
(750 test) (aBA) (in %}
Heavy lorries 86 - 9% 80 - &1 6 to 20%
Buses 77 = 9N 77 - RO 2.5 to &%
Motorceycles 80 - % 78 ~ 8h 10 to 249
Motor cors Th - B2 70 - B0 Approx. 1%
per dDA for
the fipst
=5 dRA
reduction,

2,2 Qther Abatement Measures

2,2,1 Opeed Limits and Trafflc Manapemoni

Speed limits, Lf observed, would have a dircet effect on reduc-
ing nolse In that the noloe emitted by a vehicle varles with the
logarithm of lts speed. A Swiss expert committer hos estimated that
a reduction in autherised speed Irom 100 te #0 km/h would bwring a
reduction in neige levels of 2 to 3 dBA., BHoth the direect and indirect
effect would be greater 1f more stringent limlits were applled to
lopries than to carsg, since the difference In noine emilied ot ony
given speed between a lorry and p car ls of the order of 10 diA,

Although it may rarely be the cane thnt nolse reductien alone
would Justify the lmpoasitlon of speed limits outnlde towns, 1t would
reinforce the other arguments for such o meesure, Following thoe oll
crisic of 1973, many countries ipposed speed Limits outalde builte-up
areas in order to save fuel. This also led to a reduction In occi-
dents, both through a declline in traffic volumes, which of course
nad other causes as well, alzso related to the oll erisis, and through
a direct Increase ln safety due to lower speeds. No studien of the
wvalue of these benefits, or aof the disbenefity arising Ifrom longer
Jjourney times, are avallsble.

However, speed limits are on effective noise reductlon factor
only in non-urban traffic conditlens, i,e, where rolling nolsce usually
predominates, For urban traffic where speeds arce already low, speed
limits do not contribule significantly to noise reductlon; in partil-
cular, because of gear changing, lower vehicle speeds do noet result
in lower engine speed,

The most wilde-ranging pollcy which would have the effect of
=aducing traffic noise would of course involve the redeslgn and re-
routing of roads away from towns; the reservatlion of special roads
within towns for lorries if they are aobhliged to operate Lhrough townag
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traffic restraints; encouragement of diversion of freight te rall,

and 50 on. All policles of this nature have their costa, Clearly,

to assesa any policy requires a full cest-benefit assessment. Thus,

a policy of diverting traffic from road to rail would require ap
analysis of incpeased operating coats (traffic would have been divert-
ed already if it were cheaper to do so0); the level of noise reductlons;
improved safety and so on, In some cases the main cests may consist
of enforcement, for example where the town ls smell and the lorry is
simply passing through it to save time. The costs are then the added
time by using some other route (if it exisis), and the costs of
enforcement. The beneflits are the envirommental galns within the
town,

Many otheyr urban options exlst, such as zoning of areas for
pedeatrian use only. These are now falrly common in Furope. Clty
centre noise 1s reduced, but the mein galns are frequently in safety,
even 1ln zones where bus and toxi use is permitted in the otherwise
pedestrianised area, Again the costs occur In respeat of any delays
to diverted traffic and care must be taken to see that the diverted
traffic does not simply create the same amount of noise nulsance
elsewhere,

Clearly the costa and benefits of such schemes will vary widely
from town to town and should be caleulated afresh on sach ocession,
Nevertheless, the success of pedestrianisation schemes in many towns
in different countries suggests that they sheuld often be an etlement
in an urban nolse abatement strategy.

2.,2,2 Noilse Barriers

Barriers have a role to play in respect of urban and Interurban
motorways and major recads; but it 1s less clear that they ran be used
elsewhere without being distinctly unaesthetic, or, in the case of
earth mounds, unworkeble, MNoilse reduction varies with the distances
invelved but a minimum of 5 dBA reduction can be expectad in the
protected 2one, up to 10 « 15 dBA in some cases, Farth mounds can,
however, be a convenient way of disposing of soil from roadworks sa
that the actual cost is reduced to whatever is necnssary to make the
mound lock attractive {sowing with grass, planting trees) and thls,
in any event, becomes & Joint cost (note that the cost Is highly
dependent on the price of land).

For othey barriers, such as walls, United Kingdom cost estimntes
suggest about $80 per metre (1978 prices) for a 1.4 metre high wall
with a guardrail, TFar a 2.2 metre high wall the cost rises to
$260 per metre, This can be compared to Dutch data for aluminium
and wood acreens where the price per metre for a two metre high zcreen
indicates about $300 per metre for alumlinium and $200 per metre for
a wood screen. Swedlsh data on steel and plastic screens {3.5 metres
high} or other metals with plastic covering suggests $300-500 par
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metre with the added benefit that some of the screens arc speclfically
designed to be sound absorbing so a9 to avoeld the possible preoblem, .
in some circumatances, of the nolse being simply reflected to the
opposite side of the road,
Conerete screens ln France appeapr to range from abnut $400 to
$700 per matre according to the absorbing properties, bul for very
much higher screen helghts (3.5 - § metres), United States estimstes
range from 3276 per metre for a 4 metre high timber barrier to 882
for a 2 metre high concrete borrier,

2.2.3 Insulation of Bulldings

Although insulation of bulldings i{s 1in a sense the least satis-
factory mathod of dealing with nofse, there are circumstances in
which it is the only possible method, In particular, it is the only
way of bringing relief to many of the people expoesed to the mosat
severe nolse levels when they are at home, which 1n a task deserving
priority within noise abatement programmes. For protection agalpst
road traffic noise it is normally necessary to Insulate windowz only.
The effectiveness of the various optiens varles greatly: compared to
a stendard window giving a 20 ~ 23 dBA Lnsulation, thick 8 to 10mm
glass would provide 30 dBA insulation and a double window about 40 dBA
insulation, Coat would vary according to these various optiens and
other Joint cests such as ventilation, Also, insulating new bulldings
et the construction stage 1s much less eestly than {nsulating existing
ones,

Cost comparisons are therefore difficult and one can only glve ,
ordera of magnitude (cost per square metre in 1978 daollars),

In Switzerlend a 35 - 40 dBA {insulation would cest about §250;

a 30 dBA insulation (thick glass) would cost between $200 and $300
{France and Cermany)}. Double windows are more expensive and cost
about $#600, and more 1f ventilation is edded.

In terms of cost per dwelling, French evidence indicates that
the fnsulation of a three-room flat would cost about 2,700 1678
dollars; for a five-room flat the cest would be $3,300. A programme
for insulating 2,300 flats ir the Lyon suburbs {France) will cost
Fra, 40 million (88,5 million), that 1a, an averege cost of §$3,700
per flat,

2.3 Some Clobal Estimates of the Cost of Traffic Nolse Abatement

In & few countries, global estimates have been made of the actual
or potential cost of traffic nolse abatement at natlonal level. In
fact this information is rather scanty and relates mastly to house
insulation and rosd constructlon; 1t {5 however Interesting to
summariae scme of these estimates.

For the Netherlands it is e¢stimated that 326,000 dwellings are
expesed to traffic noise of 65 dBA and mcre. Tnsulaeting these
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dwellinga in order to provide on indoor level of 45 dBA Leq would
cest between F1.1.25 apd 1.6 hillien (1976 price level, i.e, 0,68 to
0.87 billion 1974 dollars). This cost would be lncurred if no other
source abatement measures were taken, Tf spread over o 10 year
period this would mesn an annual expense of abuut F1,770 millien at
1975 prices (i,e, FL,205 millien at 1978 prices).(1)

Ior Germany, estimetss have been made of the noise protection
coest that would be necessary Lo comply wlth the standards proposed
in the new draft law on noise, Accerding to these estimates the
building of new ronds would bear en additlional cost ef 5 to 13 per
cent according to polley options,{2} It iz, however, catimated that
beyond the benefits In terms of hetter nolse climate, other benef{ts
will accrue from house lnsulatlen, in particular in terms of sovings
in heating cost. For motor cars, the increased copltal cost will he
about 4 per cent and the running cost % per cent to 7 per cent. For
lorries the capitol cosnt is estimnted ot 10 per cent and an additional
tronaport cost of 3 per cent to 5 per cent ls expected,{3) PBut bene-
fits In terms of fuel anvings should alse be token into maccount,

In Japon, 3 par cent of the five year programme for rosd construc-
tien {1978-1882) lLs allocated to environmental Improvement, 40 per
cent of which fs directly related to noise nbatement {barriers and
bullding Llnsulation).{4)

In France, the cost af reduclng nolse emlsslon levels of all
vehicles is estimated at Frs,29,2 billlon (1977) over a 10 year
period, If one tokes an avernged yearly cost of 2.9 billion per year,
this means about %.% per cent of the valur added by the motor induatry
in 1977: 81 per cent of this cost prelates to motor cars, 14 per cent
10 lorries, 1 per cent to bunes and 3 per cent to other heavy vehicles,
Insulating al2 dwellings (1.e, 4.6 million dwelllngy) exposed to a
nolse level of 65 dBA (lLeq) er more would cost Prs.40 billion (1977);
1f spreesd over a 10 year period this would be % per cent of the
construction sector output in 1976, Finally, protection meesures
along urban motorways (barriers, carth mounds, ete,) are estimated to
cost Frs.5.3% bvildion (0.4 per cent of 1976 construction scctor

output,{5)

1) Source: Ministry of Envireoament and Public Health: Financial
Tmplications of Policy Standards for the AbaTement of
on T4 0i6e, Diecemuer L - an L, Luurlian

Moclsc Charges in Che Netherlands, OECD, 1976,
2) Averaged flgures - derived from W, Kentner: Das Verkehrsl&rmschutz-
gesetz und anine wirtschaftlichen Folpgen - UnwelLl, June, 1G78.

3) W, Kentner, op.clt,
Source: information provided Lo the Secretariat,
Estimates done by Institut de Recherche des Trensports: J, Lambert:

Fasai dtévaluation du coft pleobal dl'insonorisation des lopements
CXpootd B des niveduX de brull _bxccensiis, 1979,

[
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3. ALRCRAFT

For alrcraft noise abatement, six optlens are mvallable:

(8) guietening the engines ("retrofitn); (b) replacement of englness;
(c) early retirement of alrcraft in raveur of nolse-certified crafl;
{d) flight procedure and operationel changes; {e) asirport-based mea-
sures (such as land-use planning)}; (f) imsulation of the receiving
enviponment, e.g. insulation of houses.

Options (a), {b) and {c) constitute the major measures for nolse
abatement at source - note that all available optlons can be cemblned.
Some engines might be retrofitted, & number of other aircraft can be
replaced, while airport measures and noise insulation can be simul-
taneously implemented where airport nolse levels remain too high
despite nolse reduction at the source,

3.1 Retrofit and Engine Replacement(?}

With the exception of the new "quieter" airecraft(?), virtually
all aircraft are capable of belng quietened to some extent. The
oldey, noisy aircraft fall inte two cotegeries:

(a) 4-engined nircraft such as B-707, B-720, DC-B and VC-10,
These have the highest single event noiae levels, Many are
powered by the JT3D engine,

(b} 2- and 3-engined alrcraft such es the DC-9, B-727, NB-737
and BAC-111. Although these have single event nolse levels
that are substantielly below those of the h-engined elvcraft,
they are short-~haul aircraft and therefore take off and land
mare frequently. Many are powered by the JT8D engince,

Retrofit measures may consiat o1 nacelle retrofit with some sound

absorpticon material (SAM) or introducing & new front fan with higher
by-pass capability (REFAN}. Refan technologles are extremely expen-
sive apnd 1ittle attentlon is now paid to them as serious options for
source abatement. Other retrofit options (SAM) are stll) conslidered
to a certain extent although early retirement of craft in favour of
new, leos nolsy craft seems to be preferred. IHowever, since it 1a
diff{cult to assess the costs of early replacement (although 1t would
appear the exerclsea are being done), the costs of SAM retroafit pro-
vide agome benchmark to work with, Generally speaking it eppears that
retrofit is not a cost effective scluticn in terms of noise reductlon,

1) The information which 1s synthesized here is mainly derived frem
studies of the Huropean Civil Aviation Conference {FCAC: Teche
nical information on retrofit, Doc, No, 1%, September 19777 and
Various studles for the Unlted States (FAA, EPA), the Netherlands
and the United Kingdom. For detalls see Part TII,

2) Such as DC-10, DC9-80, L1011, Alrbus, B-747 (2nd generation),
which nre much less nolsy than older aircraft.
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Allowlng for the fact that payloads are reduced, fuel consump-
tion increased and that there will be some out-of-service time, the
total cost of SAM retrofit would appear to be some $1 millien per
alrcraft, on average (derived from European Civil Aviation Conference
estimates). Obviously, coats vary with type of aircraft; with
E-707 for example, having a totel cost of $2.77 millicn compared to
$1.59 million for a DC-8 and $0.3%7 million for a B-727 (see Table 3).
Thes& are 1975 deollar prices, sc that for 1979 prices one should
allow far cost {increases and for revaluation at 1979 prlces, Some
Amerlcan studles indicate a 7 per cent per ennum riae in costs.
Allowing for this would suggest that the $1 millicn per alrcraft
average would rise tec $1.3 million at 1978 prices and further con-
version te 1979 prices raises it to seme $1.4 million., As percentages
of aircraft prices, and using the 197% price data, SAM medification
of a B-707 would amount te some 10 = 20 per cent of price (the range
reflecting the fact that cost varies with the numbers wodified), For
a B~727, the cost would appear to be of the order of 4 per cent.

The effectiveness of SAM retrofit varies greatly hetween types
of aircraft., Frem Table 3 it can be seen that for two- and three-
englned alvcraft only 2- 3 EPNAR(1) average reduction can be achieved,
Gains are much more significant for four-engined aircraft (5 to
9 EPNdB) but with a wide range of cost. The cost and effectlveness
of SAM retrofit are summarised in Table 3,

To meet the nolse standerds of the Tnternatlional Cilvil Aviation
Organiszation {ICAQ), (2) would imply the retrofitting of about
700 aircraft in Europe(3) and 1,200 in the United States (in the
absence of jet engine replacement and early retirement of aircraft).

It should be borne In mind thot the attainment of these nolse
1imits is no guarantee of the eradication of nolse nulsance in the
vicinlty of airports, although it could certainly represent a sub-
atentiel reduction im community noise loads, but this 1s highly
dependent on the growth of traffic velume that might partly or totally
ofi'set the nolse emiasion reduction.

In terms of nedise Impect reduction, assuming that all subsonic
Jets would comply with the relevont ICAD nolse standards over the

1) Effective Perceived Noise decibel = speclal unit fop mircraft
noise measurement. To get the approximate corresponding level
expressed In declbels A (dBA) one can subtract 13 - 15 units from
the numericel value in EPNAB. FPor example the nolse level of =&
Boeing 707 of 111 EFNdB equals approximately 111 - 13 = §8 dpA.

2) Pregented in the ICAO MApnex 16" Chapter 2 (3rd Fdition -

July 1978}, These standards are alse embodied in the United
States Federnl Aviation Agency standards (FAR. 36) with scme
glight differences,

%) i.e. Member countries of FCAC (European Civil Aviatian Conference).
This covers roughly all CECD Furopean countries.
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TABLE 3

SUMMARY OF COST AND EFFECTIVENESS OF SAM RETROFIT (ECAC AND USAY

Type of Number (1975) Present Feazible Average Average
Aigcrﬂft nolse noelse total cost total cost
ECAC Usa Total level reduction per alreralt per EPNAB
EPNdB® EPNdB* $M, 1975%* §M, 19754+
2 _enginas
De-9 188 ; ; 3 0. 44 Q.15
E-737 52 448 3 6a8 100 2 0154 .27
BAC=111 82 a2 102 3 0,74 0,25
Caravelle
(10 and 12) 30 30 101 2 Q.19 0.09
Mercure 10 10 101 8. Q,17
3 engines
B~727 79 454 533 102 3 Q0,37 0.12
Trident 41 41 106 2 BT 0,93
4 _anginas
De-8 79 8 1.59 0,20
B~707 81 3 270 430 ; o 9 2.77 0.3
Super VC-10 11 11 110 5 3.47 0.69
B-747 4 45 49 110 & 1,101 0.18

*) average value of the 3 ICAO measuring points,
*#} derived from ECAC data.
*#%) rounded figures,




period 1980-1985 the pepulation affected In the 35 NNI contour
{roughly equivalent to LeqB0}{1) would be reduced by:

20% (142,000 people) for all French airports

48% {681,400 people) for Heathrow {London) airpert

249 ( 14,930 people) for Schiphol {Amsterdem)} airpart
(These ostimates, made by ECAC, rolate to the year of maximum
benefits,)

This would be achieved at & cost of secme $800 million in 1979
prices for the ECAC aircraft alone plus the cest of retrefitting non
ECAC alrcralt uaing ECAC airports, It is oatimeted that 1f no pet-
rofit policy {8 Lmplemented the "natural® replacement of old air-
craft by new quieter ones would bring about the same benefit during
the perled 1985-1990. Thus the bepefit of retrefit would be some
six edditional years of reduced nolse (depending on traffic growth
assumptions}.

No detailed cost data appears to be available on engine replace-
ment and it ls underateod that, in some ceses, the cost could be pro-
hibitives of the order of 50 per cent of the cost of the airecraft
itself, There are, however, important programmes of engine replace-
ment on DC-8 alrcratt, The coat Is estimsted at $9 million per
alrcraft,(2) Six airlines heve decided to re-engine their DC-Bsa;
substantial fuel savlngs are also expected through this operation.

To conclude on retrofit, £t would appear that, if applied to
all ailrcraft, this would constltute a relatively expensive solution,
But it does not meun that retrofit should be rejected altogether.
Taking lnteo account the age and type of uge asome alrcraft might be
cost effectively retrofitted while others could be replaced (see
below). In fact retrofitting JTBD powered aircraft (B-727, D-737)
is atill considered as a cost effective solution, Moreover, account
should be taken of the increased fuel efficiency of new technology
engines, HNo doubt this will conmtitute a driving force in decialon
making.

3.2 Rarly Retlrement of Alrcraft

If old, noisy aircraft were replaced by the new technolegy ailr-
craft, community noise exposure would be reduced ln two waya:

a) The asingle event noise levels of the replacement aipreraft
would be lower than those of the alder aircraft, even with
SAM retrofit,

1) To cempare with other nolse indices, it can be roughly estimated
that; 35 NNT (United Kingdom) = 91,5 CNR (United States) =
73,5 N (France) = 38,5 ke (Netherlands),

2) Plight International - 9th June, 1979 and 15th September, 1979.
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D) The number of aireraft movements would be peduced or would
grow mere slowly since the alrlines are iikely to take the
oppertunity of introducing aircraft with a larger number of
seats than the aircraft that they replace.

The cest of yeplacing an aireraft will, of course, depend upon
the age of that aircraft and its remalning lifetime. Any cost col-
culations are therefore likely to be sensitive to the various inter-
pretations that may be put on the remaining lifetime, Some airiines
may appreciate the opportunity of accelerating the retirement of old
alrcraft whereas others, operating in different markets, may wish
to extend the 1lifetime for as leong as possible.

American data(1) suggest some combination of replacement and
retrofit is called for, with JT-3D (B-707, B-720, DC-8) aircraft
being replaced by craft with quieter epgines but which also have
improved fuel afficiency. JT-8D aircraft {B-727, B-737} on the
other hand would be retrofitted, The gain in fuel efficlency (due
to replacement) Is even thought te generate an actual net finenclal
benefit in such a policy, In terms of nolse it is estimated that
such 2 policy would, by 1695, reduce the population affected by nolse
levels of ohove 30 NEF{2)} by some 40 per cent compared to the "no
sction" case, Clearly, if such gains can be secured At no cost one
would expect at least the replacement part of the programme to be
undertaken without the provizien of any incentlves, The retroflt
of the JT-8D craft would however require some incentive slnce,
clearly, the net financial beneflis would he higher st{ll if these
were not retrofitted. Mo hord evidence appears to be available to
suggest what sutnh & "mixed® policy would achleve {n Furope,(3)

3,35 Flight Procedures and Qperational Changes

Other measures relating to procedure and operational prectice
have all been argued to have amall cost, Reduced thrust toke-off
reduces side-line noise. Maximum angle climb outs and power cute
back technlques roeduce nolse in elther the immedlotn or outlyling
vicinity of the airport, with no apparent cost &nd even flnancial
benefits. Thia appears alse to be truc for maintaining higher nlti.
tudes than hitherto before intercepting the glide slope. Two segment
appreaches are not censidered further since they have been Jjudged
unsafe by the United States Federal Aviation Agency., Tt seems clear,
however, that changes 1in operating practice, subject to safety con-
slderatiocns, can reduce nolse and even secure financial benefits.

1} FAR part 36 compliance Regulation: Final Environmental Impact
Statement - FAA, Octcber 1976,

2) *Noise Exposure Forecast! (20 NEF = 65 Ldn = 32 NNI)
3) Subject to the results of a recent ECAC study, not yet avallable,
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3.4 Alrport Measures

Alrport measures may alszo be used. Noisy alpcraft can be kept
to runways where they cause least noise nuisance. Minimum noise
routes can alaso be sought. In both cases costs are incurred in terms
of inereased diveralon (except when neise preferred runways are also
operationally preferable). For preferential runway treatment, ane
estimete suggests about $15 - 20 per movement (1979 prices) and for
mininum neise routes about $17 - 20 per movement.

Curfews can also be used, given that night-time noise is the
source of the greatest annoyance. The ¢ost here will obviously be
the cost of diverting to other airports if they will accept night-
time flights, or rescheduling craft to daytime flightsa or cancelling
the flights altogether. It has been suggested that a 10 p.m. to
7 a.m. pational curfew In the United States would cost some §140 mil-
lion at 1979 prices assuming s 10 per cent reduction in flight acti-
vity, The benefit would appear te bte a reduction of about 60 per
cent in the area affected by any NEF level.

Overall, then, 1t seema clear that careful attention to opera-
tional practice could secure nolse benefita at small or negative coat,
Afrport practice could secure further gains bhut there may be costs
invelved thet weuld be regarded as unacceptable, e.g. the sffect of
night curfews oh mall dellvery and 30 on. COn the other hand, night
curfews have been argued to spcure very significant reductiens In
noise exposure, Attentlon seems best focused on some mix of retrofit
and early retipement, It is vitally important to look ot the mixes
of policy and secure the least cost option once an environmental ,
noilse standard is determined,

3,5 Insulation of Buildings

Insulation % not an entirely satisfactory methed of protecting
the community against nolse, since outdoor neise remains., But it
might be an indispensable measure vwhen other measures for reducing
nolse pravide results which are insufficlent or will take effect only
after a long time lag., Tt haz also the advantage of a feasible com-
bination with thermal insulation {for energy comservation purposes).
Insulation has in any cese had to be adopted at many of the major
airpoerts. The main factors affecting cost are similar to thoase for
insulation against road traffic noldse, but the following factors
also have to be taken into account:

a) alrcraft noise is overhead, and therefore roof insulation is

also required;

b} fnsulation againat alrcraft nolse often needs to be greater
than inaulation egainst traffie noise because of the nan-
continuous (episodic) nature of the noise.
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In order to derlve a cost per house, the windaw costs far road
traffic nolse should be used, to which should be added the cests eof
insulating overhesd. These costs have been estimated to be £4O -
180 per sguare metre ($80 - 360, 1978) depending upen the areas of
attic fleor and the number of layers of plester board used.

For buildings other than houszeg there i3 very little data aveil-
able, Table 4 summarises some recent dats prepared by FAA on the
costs of soundproofing public bulldings near airperts.

It is however important to stress the fact that the best way to
abate alrcraft nolse 1s ta promote the acquisition of less nolsy air-
craft. In fact, the noise certification levels of Chapter 3 of ICAC
Annex 16 are markedly lower than those of Chapter 2. Aircraft com-
plying with beth of those Chapters are noise certificated. However
only alrcarft complying with Chapter 3 standards can bring about a
significant improvement’ in the acoustical environment,

TABLE &

COSTS OF SOUNDPROOFING PUBLIC BUILDINGS AGAINST
AIRCRAFT NOISE (1977 DOLLARS)

ﬁlggﬁ Eiegr $ per bullding
United States (estimates) approx, &5 180,000(1)
Germany {actual) approx. 65
Canada (actunl) 200,000
Japan 160, 000

Note: 1) Scheols - $5,030 per room for 10 dBing reductlion
5,750 per room for 20 dB{A) reduction

Hespitals - $2,630 per room for 10 dB A; reduction
$3,050 per roocm for 20 dB(A} reductien

4, INDUSTRTAL HOISE

Since Induatrial nolse spurces are usually stationary, sensible
land-use planning can help avoid many potential community noisc prob-
lems. Whepre industrial nolse {8 a problem the most appropriate
method of abatement 1s at source. When this ia prohibitively expen-
sive, or technically infeasible, protection is necessary in the form
of barrlers or insuletlon,

4,1 Land-Use Planning

Industrial plants ithat are capable of ceusing a community noise
problem can usually be identified at the planning stage (o.g. plants
that are open, rather than enclosed, such ag refineries, chemical
plants, steel works, sawmills, etc.), The preblem can be reduced by
preventing the plant from being bullt on a particular piece ef land,
or by not allowing neise-sensitive bulldings such as housing from
being bullt nearby.
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The cost implications for industry could include such itema asi

- lneramsed transport roats;

~ higher land prices elsewhere;

- difficulties in obtaining lobour elsewhere.

These are likely te be very dependent upon the local clrcumstances
and therefore any cost conclusions that might be drawn are of limited
value, Furthermore, no examples of well-documented cost data have

been preduced.

4.2 Abatement at Source

In practice, abatement at source usually means incorporating
noise control at the depign stage of & new plant, or the more expen-
silve introduction of changes to an existing plant. 1In contrast to
aircraft neise abatement, premature retirement is only rarely con-
templated 82 a selutlion te Iindustrlol nolse problems and Lhe costs are
almogt. always limited to capital costs, although there are occaslonal
increases In fuel consumption,

It ia necessary %o consider source abatement costs at the plant
level. DBut this poses data problems because ne two plants ate the
same. Each is & unlque combinatlon of di{fferent types of nolse
sources (furpaces, fana, motors, compressors, plping, ecte.).

It has been suggested that a relationship may exist between
abatement cost {expressed as a percentage of [ixed asaets) ond the
reduction in community noise level that {s achleved, An attempt to
eatabllsh such a relationship tentatively estimated 0,15 to 0.20 per
cent per dB{A),(1}

However, the use of such a relationship neglects the fact that
differences are likely to exist between industries, and perhaps
between plant types In any one industry, PFurthermope it i3 & widely
held view that it ls cheaper to {ncorperate nolse contrel at the
design stage than to introduce changes to an ecxisting plant. Alse [t
is often stated that each additional dB{A} saved tends to cest more
than the previous one, and therefore at any exlsting plant the cosi
mey depend upon the extent to which nolse abatement measures have
already been taken,

In a 1976-77 study for the Netherlands, it was assumed that the
cost of quietening noisy plants, in order to sachlove a night-time
community neise level of less than 45 dB{A), would be as fellcows:
Cost {as ¥ of fixed assets)

Plant Type
Metal Industries 2.0%
Chemical/Petroleum 1.5%
1,095

Dthers (aome exceptions)

1) Metra, 1976.
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These percentages were applied only to plants that were Known
to be causing a community noise problem, Thus Lhey should not be
applied elsewhere {e.g. for uther countpies) without fiprst taking
into mccount the fact that not all plonts will need to be guietened.

4,3 HNoise Berriers

For maximum effectiveness this form of protection needs to be
introduced aa near to the equipment &s possidble, Thus in practice
they are likely to be erected by the plant operator on his own land.
Examples include the use in Japan of walls around large sources of
noise such as furnaces, Costs are simllar teo these recorded in the
case of road traffic nolse, but the elfficlency might be greater,

4,4 Insulation of Buildings

The costs of insulation against Industriel noise are similar to
those for insulation against roed traffic noias,

4,5 Comparison of Alternative Abatement Methods

Very little infoermation exists on how the verious abatement
methods compare, in terms of cost or e¢ffectiveness, in a given set
of eclrcumstences.

Regearch in the Netherlands indicates that, on averasge, abate-
ment at source is about ten times as expenslve as house lnsulation,
although the latter is af course a much less satlsfactory solutlon
from the point of view of the people troubled by noise,

4,6 Some Gleobal Estimmtes of the Cost of Industrial Noise Abatement

For the Netherlands, to achleve a communldty nolse lavel of
55 dBA Leq during day time, 50 dBA Leq during evenings and 45 ABA Leq
at night would cost F1.880 million (1976) for all industries (475 mil-
lion 1978 dollara), 1.e. about 2.3 per cent of the gross asset forma-~
tion of industry. This i3 considered a5 an upper limit, l.,c. with
no trensition period (so called "overnight" conversion cast) and ne
house ingulation. Insulating houses op sitea where only a few houges
are affected, instead of source reduction, would decrease the cost
to F1.600 millien with negligible house insulation coat.(1)}.

In Sweden source reduction cosat is estimated at S,Kr.500 milllen
(1977}, L.e. about 125 million 1978 dollars, (0.8 per cent of
intustry groas asset tormatlon).

1) METRA (1977): Cosat implicetions of proposed industriasl noise
raisal, and Minlstry of Tublic lealth

legislaticn and acondmic a
anﬁ Environment: FInnncIaE consequences of policy measurcs in
connection with zoning systems round InﬁusErEnI s%fes TMarch 1978).
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As a percentage of totel pollution centrol investment by indua-
try, nolae control investment accounts for & per cent in Austria,
(1970-1980); (1) 3.4 per cent (1974) end 9.4 per cent (1979) in
Germany:(2) and 7.6 per cent in Japan,{3)

5. CONCLUSIONS AND POLTCY IMPLICATICNS

Anyone seeking te identify generzlly applicable ronclusions from
the exlsting studies of nolse abatement costs would bhe undertaking
a hazardous and questionable exercise. As noted, the data are often
not comparable or are incomplete. The very first conclusion that
emerges, therefore, 13 that substantially Increased research onh noige
abgtemrnt costs 15 needad to help policy malking. The principles on
which thet research is undertaken should also ensure that all costs
are taken into arcount, not just the capital costs of abatement.

However, this brlief supvey has indicated some areas where policy
might usefully be directed. Fopr alrcraft, sbatement cests are faiply
standard by country and it seems clear that we know the costs of
retrofit with some accuracy, 7The costs of early retirement reqguire
detailed {nformation of fleet structure and 1ts age distribution.
Given this it seems that retrofit alone is not a cost-effective
solution, As suggested in this overview, some combination of vetrofit
and replacement may be optimal, The nelae guins then need to be
compared to what nolse levels will be in the event that "ratural!
roductions of nolse come about ms certifiested aircraft ore intro-
duced, bearing In mind that increased movements can readily offsact
galins from certification.

The situation with respect to traffic noise seems complicated
in one of the areas that matters most - lerry noise, fThere are dis-
putes about the cost of abating such noise nt sourece, but, apart from
medium diesel lorries, it appears to be the case that an 80/81 dbA
tevel (IGO0 test) could be achieved for lorries for price increases
of 5 = 10 per cent. It may, however, be cheaper to consider the
re-routing of lorries eway from towns, or cenfining them to spoclal
routes within town Initially as a4 substitute measure and then as an
additional measure. The essential benefit here is poat just reduced
noise bhut alse the extra safety and environmental bepefits that would

accrue,
Slightly lower cost increases would geem to apply to buses to

meet the same standard and it is worth emphadising that 10 diA reduc-
tions are highly aignificant end currently feasible. Additional
capital costs range between 2.5 and 8 per cent.

1) Source; OFCD Environmental Expenditure Data Bank,
2) Ibid, guoted from a study done by the Battelle Institute,
3) Figures provided te CECD, quoted from the Japan Development Bank,
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Motorcyele cost increases appear to ba far more substantial in
terms of the percentage change on the origlnal price (in particular
for lapger motorcycles), Nonetheless, motorcycle noise is singled
out by the public as a source of partliculsr nuisence and the price
changes must be conaidered in the light of this publie reaction,

Motor car nolse can be reduced by 2 to 7 dBA according to model
with what appear to be "acceptable" cost increases of about 1 per cent
per dBA (for the first 4-5 dBA).

On vehicles in generanl, then, the social case in favour of nolge
reductions at source appears pawerful. This sald, due conslderation
must be given to "plxing" source reduction with the use of barriers,
screens and househeld and public insulation. For existing towns it
would appear expensive to double-glage especielly if the windows are
te have ventilation, but this might be an indi{spensible measure when
no other satisfactory measures of nolse sbatement exist or when such
measures are in prospect only In the longer term. For newer housées
there seems to be a fairly clear case for meking insulatien part orf
bullding regulations, especially when it |s borne In mind that costs
are lower and that insulation also saves energy and acts as o theft
deterrent. Coat effectiveness studies should indicate the best
aolutions.

How far wider policies of altering transport policy in general
can be used is a matter for case-by-case study by Member gavernmenta.
In the lenger run it would seem more sensible to decign for reduced
envirenmental ipterference than to "patch up" a system that s design-
ed for maximum economic benefit but not maximum soclel benefit,
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1. INTRODUCTION

1.1 The Purposes of this Report

In this report, 1t will be possible to discuss only one rola-
tionship between noise reductien and other policy objectives. That
ia the relationship between noilse reduction and energy conservation,
Even this discussion is only a preliminary attempi, The energy
¢risis is continuing te grow in the light of events of recent years,
and the need to study dislocations in other policy caused by energy
conservation will become more pressing, Specific research 1s needed
lmmediately on the question of the relationship between nolse re-
duction ant energy conservation.

A secondary objective of this report will be the identification
of other policy objectives which may affect or be affected by nolse
reduction efforta,

1.2 The Relationship Between Nolse Reductien and Other Pelicy

Objectives

In general there is no one relationship between nolse reductien
and another glven policy objective. The reason is that nolse reduc-
tion to a given level may be achieved by numerous comblnations of
negsures - source, path, and receiver controls; or from a differont
perspective, combinations ef plannlng and design measures applicable
to new plant, equipment and faciiities, and operational measures ap-
plicable to existing neise sources and problems. Each combination
of measures may have different side effects on other pelicy chjec-
tives like energy conservatien.

Therefore, the complete analysis cf the interplay of noilse re-
duction and another policy objective requires the anelysis of the
effacts of all individusl nolse reduction measures that might be
included in an overall neise reduction strategy. The resulta of
this analysis could then beccome the basls for the solectlon of a
nolse reduction strategy which would optimize simultanecusly nolse
reduction and one or mere other desirahie seclal goala,

2. NOISE REDUCTION AND ENERGY CONSERVATION

2.1 Introductien

There Ls likely to be an underlying compatibility hetween the
goals of noise reduction and energy conservation. This 1s all the
more impertant since energy conservatlon ls a major policy objective.
It 1a fortunate for the protection of the neisc enviromnment that, in
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the long run, the increasing scarcity of petroleum may induce o more
limited use of the internal combustion engine (ICE). Since the ICE
Is the root ¢ause of much of the nelse problem, the overaltl impact of
energy conservatlion on noise reduction is likely te be favourabla.
The foresceable alternatives to the ICE are ail quieter or present
more manageable nolise problems because many of them focus on sta-
tionary rather than mobile equipment. Examples include substitution
of electricity - whether produced by solar, wind power, coal or
nuclear facilities - for petroleum in the energy mix. HNew technolo-
gles for energy production may produce nolse problems, but e pre-
liminary survey(1) shows that they may not he as severe as the ones
presently caused by the continued growth of ICE nolse sources,

The following sections wlll examine the energy-related concomi-
tants of vericus nelse reduction measures,

2.2 Road Traffie Nolse

It has been clear for gome time that, in any scheme either to
save energy in the fiold of transaport or te reduce noise, rood traf=-
fie¢ must be a prime target,

itoad vehicles have been conclusively shown in many surveys and
meagurements to be by far the mest wide-spread source of noise, and
to annoy a very large number of people. Consequently, measures to
roeduce nolse frem motor cara, lorries and motercycles have received
much attention in recont years, and source nolse reduction in this
area has become an important feature of the noise campolgns in most
OECD countries. Tranaport consumes 20 par sent of totnl energy con-
sumption in Europe, 15 per cent in Japan and 33 per cent in the
United States, And road transpori accounts for 80 per cent of the
energy censumed for transport, According to a study by the Dattelle
Institute, urban motor car traffic accountz for 34 per cent of road
transport, and motor car treffic outside urban areas accounts for
28 per cent.(2)

2.2.1 Noigse Reduction at the Source

Present vehiecles. Because of the very wide rango of types of
vehicles and modes of use, the noise problems are very different ac-
cordlng to cases, and few general guidelines can be laid down. The
situation is further complicated by the inerease in efficiency of
petrol engines.

1) D.N. Keast, Bolt, Beranek, and Newman, Inc., Noide Control Noeds

in _the Developing Energy Technolopies, Report Na, COO-G307-1 pre-
parad for U.8, Dopariment of Energy, March, 1978, Noise-related
problems associated with new energy technologies that were identi-
fied by the author include: draft fans for large bollers, wind-
driven turbine generators, free-steam venting at geothermal energy
sources.

2) Battelle Institute, Les fconomies d'énerpgie possibles dans lps

transports, 1977.
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Yop conventional typea of internsl combustion engine, the
trade-offs between noise, energy consumption and air pollutlion are
relatively well known., As o general rule, differential taxation in
Eurcpe on the basls of engine size (cylindric capacity) and rela-
tively high fuel costs have encouraged high rotating-speed engines
of small size which are fairly efficlent, but usually quite nolsy,

The current position can be improved both in terms of energy
consumption and nolse abatement without revoluticnary changes, as
work by a few car manufacturera has shewn. Renault, for example,
has shown that by increasing engine capacity from B50 to 1100cc and
reducing maximum engine speed from 5000 to 4000 rpm, nolse could be
reduced by 4 dB for the sama power output, with the oxpected saving
in fuel consumption, and low exhaust emission values, The only
negative feature of thils appreoach is the slightly heovier englne
that results, using more raw materials,

The typical North American vehicle of ten yeonrs ago shows the
opposite extreme: very large engines which are much quieter at
normal driving speeds, but with high fuel consumption caused in
part by the great vehicle welght. Thus for light vehicles (normally
driven by petrol engines) energy, nolse and air pollution require-
ments can he reconciled to some degree. If, however, an extraome
value of any of these characteristics is demanded, the others may
worsen, Thus, if energy considerations are paramount, nolase may
increase alightly.

For example, in proposed nolse regulations for newly-manufactured
buses and metorcycles, energy consumptlon consequences were calcula=
ted, In 1977 1t was estimated in the United States that compliance
with noise regulations for buses [I.e. reducing their noise from
present levels to 83 dBA(1) by 19827 would alse involve a fuel
penalty of up to % per cent,(2)} The added welght of noise reduction
materials would ba the cause of the increase in fuel consumption.
Added weight would also pffect the fuel consumption of motoreycles
a3 o result of meeting their neise regulations. Estimates in 1977
indlented that in the United States reducing motoercycle noise from
present levela down to 86 dBA{1) by 1981 would slightly increase fuel
consumption depending on the type of the vehicle,(3) It should be
noted heowever that in relation to a country'!s total fuel consumpticn,
the fuel consumed by motorcycles 1s almest negligeable whereas the

1) At 7.50 metres (Eurocpean measurement procedure),

2) Pronosed Bus Noise Emission Regulation {EFA 550/9-77-201), U,8,
snviroamental Protectilon Agency, ¢e of Nolse Abetement and
Control, August, 1977.

3} Proposed Motorcycle Nolse Emisaion Regulations (EPA 550/9-77-203),
S Environmental ProLecllon AZEncy, ce of Noise Abatement
and Control, November, 1977.
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nolase they preoduce constltutes in many cases a meajor source of annoy-
ance. Therefere a slight incremse In motoreycle fuel consumptilon
would be hardly noticeable whereas a reduction of the noise produced
by motorcyeles would be very welcome.

Classlcally, diesel engines are noelsier then the equivalent
petrol engine, but more energy efficient. 3Since in the past they
have been used primarily in heavy vehicles (but now also more and
more in light vehicles), the weight penalties of noise reduction
measures are not as critical as for cars, and substanticl reductions
can be achieved, as has been demonstrated by "quiet truck" projects
in seversl countries, While the increased weight of a quiet engine
results in a allght fuel consumption increase, more efficient fans
and fan c¢lutches, murflers and exhaust gas seals are both fuel sav-
ing and noise reduction measures, and tend to cencel this adverse
effect, The present fuel shortage and cost situetlon is llkely to
increase demand for these technigues on fuel econcmy grounds, with
a corresponding improvement in nolse performance regardless of rege-
ulaticens, Another commonly used technigue used with diesel engines
is turbecharging, which improves both fuel economy and nelse,

As examplea of the sort of projects that are under way in some
countries which attempt to reconcile the various factors, it is use~
rul to look at some work which ls being done in the Netherlands.

The firm of DAF Trucks, Eindheven, ils currently doing research which,
by meking fundamental changes to a diesel engine, is aimed at reducs
ing both the nolse emission and the exhaust pgas emission, The re-
search will lead to the construction of two protoctypes, one with
minimum noise preduction and the cther with an optlmum exhauat gas
composition from the viewpoint of environmental health, The ulti=
mate production model may be a compremise between these two proto-
typea, and it 1s expected that the fuel consumption wiil be less
than that of present diesels,

Besides design work on engines, another mejer ares of vehicle
nolse reduction is that of ascreening. As for as is knewn, shielding
an engine for noilse reduction results in no change in the character
of air pellution, and marginel increases in fuel consumption and ex-
haust levels due to the increased welght of the vehicle, as men-
ticned previously., A similar aituation applies to silencers, The
slight increased fuel usage which may be caused by a silencer should
be small if the silencer is carefully designed, and exhaust systems
designed for nolse can be combined with exhaust gas treatment pro-
vislons to reduce air polluticn, In addition a proper vehicle de-
sign may be advantagecus both for the cooling of the engine mnd for
its noise emission (good aercdynanic and alr inteke design).

In addition to better design of new vehlcles, attentlon has
been glven te retrofitting in-use vehicles for use of other fuel,
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for petrol conservation purposes, Most of these /Liquifigd Petroleum
Gas (LPG), compressed natural gas, alechol/petrol mixtureﬁ_i? Are re-
latively non-polluting as well as efficient. For example, the
Research Ipotitute for Road Vehilcles at Delft in the Netherlands
(TNO}, is engaged on a trial with a number of buses whose diesel
engine hag been converted for the use of LPG as fuel, Such buses
have been operstional fur some timg in municipal transport in the
city of Vienna. Experience there indicates that, in comparisen with
the diesel bus, the LPG bhus cffers considerable advantages frem the
vigwpolnt of environmental health., Beth the noisze emission and the
exhaust gas em{sslon of the LPG bus are considerably lower than
those of the diesel bus,

"New technology® vehicles. Eleetric vehicles have been uzed in
several countriea for limited uses for many ycars, Their advantages
from the noise point of view are obvious, byt in terms of overall
energy consumption 1t is doubtfuzl if they are more efficient than
internal combustion engines. They are also almost tetally non-
polluting, which has obvious attractions, in particular for urbapn
areas, but will probakly not become more generally uged until the
promised developments in storage batterdes are fully wiable, or un=-
til pressurs on foasil fuel use makes their other digsadvantages less
important,

Now fosgil fuel enpines under development include the Stirling
engine and the stratified charge engine. The first, while it haa
very good holse and fuel conaumption parformahce, will probably not
come into widespread use because of its very high menufacturing
costs, both in terms of materisl and energy use, The stratified
charge englne is under intensive development primarily because 1t
i1z very efficient in terms of energy censumption.

2.2.2 Dperational Noise Reduction Measures

Traffic speed restrictions are an exampls of a noise reduction
ctrategy that has predominantly positive effects on otlhier importent
conglderations. Tneressed fuel economy and road safety are well
known results of reduced speed, provided traffic flowas freely, In
stop and gtart® traffic, fuel c¢onsumption, noise and accidents in-
cprease, 5o coare should be taken not te slow the traffic so much it
clofs, negating the benefits,

Control of teaffic volume ia an important factor in noise from
motor vehiecles, and the nolse factor is sometimes used as a reason
for ipcreased use of public transport, but a %0 per cent roduction in
tralffic volume is required for a mere % dB reducticn in noise, so
once again the energy argument dominates - such a 50 per cent re-~
duction would greatly reduce total fuel consumption (and probably alr
pollution, particularly if eclectric transport 1s used).
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Rerouting of traffic, especially lorries, 1s a third operational
approach. In threas Dutch towns, Rijawijk, Eindhoven and Groningen,
research 1s being done into the environmental effects of traffic
measures.

In the demonstratlon projects Involving rearrangement of urban
areas, environmental hpalth 1s cne of the five qualitative aspects
for which indicaters are collected in the form of a pre~ and a post-
change investigation; with these indicators the effects of the re-
arrangement can be quantified, The rearrengement is directed to.
wards improvement of the residential and human envirenment by chang-
ing traffic circulation in the experimental areas. Changes in the
traffic situation in the various optiecn areas may affect the en~
vironmental aspects connected with meterised traffic, The energy
and noeise consequencesa of rerouting depend on the particular situn-
tion, ©n the one hond, longer routes may increase fuel conasumption,
On the ather hand, if the longer route contains fewer stepz or
changes in speed, s deerease in fuel costs per mile may offset the
fuel consumption effect of the longer route,

2,3 Railway Noise Reduction

Railway nolse is one of the few areas where the situation with
regard to energy, nolse and air pollution is fairly clear. A
British atudy(1) has shown that a mnasive shift frem road freight
vehicles to rall would make a slight improvement in road noise ot
the expense of an even smaller lncrease in rail ncilse, Such a chenge
in neise lovel, it was decided, would not be sufficient on its own
to Jjustify the upheaval caused. If hewever, rall nolse i1s not cop-
sldered in isolatlion, the olectrification of rzil networks is clearly
desirable Tfrom many points of view; electric trains are more energy-
efficient, less dependent upen oll supply, non-pelluting and even in
cases whore they may not be significantly quieter (e.g. at high speed)
they have been shown to be less annoying than dlesel trains. A re-
cent British study(2) showed for example that a diesel train at
52 dBA and an (overhead) electric train at 62 dBA were equally annpoy-
ing, even after allowance had been made for such factors ms reaction
to smoke and odour, traffic mix and others, The decision is made
oven easler by ¢emparison of tosts. Electric trainas are chenper to
run overall, and in particular have much lower maintenance costs,
The current trend towards high speed trains may alao help te the ex-
tent that technelogy and maintenance are necesgarlly at a higher level
on these trains, For railways, then, the situation la clear: elec~
trification is desireble from many angles, and there is ne sericus
confliet of noise with other requirements,

1) U.K., Nolse Advisory Council, Noise Implieaticns of Transfer of

Freight from Road te Rail,
2) Information communicated by the Institute of Sound and Vibratien
Research, Southamption University.
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2.% Alr Transport Noise Reduction

The introduction of wide-bodied jets in the early 70s was ac=
companied by the introductien of the "high bypass-ratio¥ type of
turbofan englne which has resulted in dramatic reductien in nolse
levels of commerclal aireraft. One of the principal reasons for the
development of such engines was thelr improved fuel consumption, as
well as lower pollutlen levels (except fur Nox) as an incidental
benefit, and work is continuing to improve these engines further.
The situation with older aircraft is a case where the arguments for
both energy conservation and nelse point atrongly in the same direc-
tion., The earlier aircraft such as 707, D08, Caravelle and othera
are very nolsy and inefficient by comparison with modern turbofan-
driven aircraft., The arguments for clther retrofit of new-type
engines, or rapid replacement of the alrcraft, are atrong.

The situation for new aircraft seems to show that fuel consump-
tion and pelluticn levels aro likely to improve, end this would not
be at the expense of noise levels., Replacement of older planes will
be strongly dependent on the economic situetion acen by the airlines,
and present energy costs may well assist in speeding thin process,

2,5 Qther Noise Sources

Industrial noise can be consldered with respect to energy in
two senses: the production of energy, and the energy consuning pro-
duction of other goods.

In the first casme, energy production is either fairly quiet, or
neisy only for the immediate surroundings (electric generatlon for
examplo), or in isolated areas, such as ¢ll production flares, etc.
The major conflicts between energy producticn and the 2nvironment
are thus not in the fisld of noise, but rather ailr or water pollu-
tlon, While of course there are Individual exceptions, there aseems
1little need to consider policy aspects of neise in energy production.

For energy consuming industry, on the other hend, there 1s gene-
rally little conflict between nolse reduction and othor non-financial
rastralnts. Historically, old plaents can be energy inefficlent, pol-
luting and nolsy, for the aimple renson that these factors were not
consldered as design constraints. New plant is not necesmsarily any
better, but in mesl cases there is potential for energy saving, pole
lution reduction and noise reduction where the problem is considered
from the beginning ln a comprehensive way.

While scme modern factories have made noteble improvements in
all these areas, in most cases the point at which conflicts batween
these objectives start to ccocur may not have been approasched, and
there remains plenty of room for further improvements to be made hea=-
fore compromiss 13 necessary.
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2,6 PBuilding Dasign

Th? major cennection between energy conservation and nelse con-
tral of this type is the velationship between acoustic and thermal
ingulatien in bulldings, Some, but not all, of the desirable charac-
teristies for both are very similar: double window glazing, lack of
leaks, and insulated wall atructure,

While procedures for funding both "weatherisetion! and "sound-
proofing” exist in many countries in some form, these do not seem to
have been co-ordinated, except in the United States, and in the
Netherlands where Joint programmes have been started. However,
these programmes are still in the demonstration stege. Preliminary
United States research suggests that sealing of alr leaks in the
building envelope for nelse control also yields an estimated 15 to
20 per cent saving in the annual heating/cooling energy requirement
for the building. (1)

It may be that thers 1z a case for increasing availability of
funds for acoustic insuletion on the baslds that this can also be
energy seving (whereas thermasl insulation alone 1s not necessarily a
protection mgainst noige), Of course, the detalls of optimum thermal
tnsulation can be different from those required for acoustical in-~
sulation. For example, a4 material with open pores moy be excellent
as a heat barriler and also efficient ms an acoustieal absorbant; on
the other hand, a meterial su¢h as light concrete would provide some
thernmal insulation while ita effe¢t on noise transmission would be
negligible., At any rate, the thermal bonus gained from acoustic in-
sulation may help Justify provlsion of acoustic inasulation in border—
line cases, and certalnly the combination of the two reguirements
can help raise building standards.

2.7 Urban and Land Use Planning

The interrelationship between nelse reduction end energy con-
servation depends on the specific planning feature that is considered.
Several examples illuatrate this ract,

Upban planning is moving towards greater emphasis on public
transport. Most immediately attractive for urban areas is o return
to the trolley bua, light pail vehiecles, buses and underground rail-
wayas. Improvements in technology have made these opticons increasingly
interesting as energy coste have risen and pressure for a shift to
public transport grows. At present, for example, the Netherlands &is
atudying electric vehicles, trolley buses and a diesel electric bus
1) D.N. Keast, Rolt, Berznek, and Newman, Inc., Energy Conservation

and Noise Control in Residences (draft), prepa-m'ﬂn{—r—ﬂ'l_ﬁ"g—
snvironmenta rotectlon Agency, 0ffice of Noise Abatement and
Control, washington, D.C,, August, 197B.
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which is said tec be guileter for city use than conventional diesel,
and mere efficient., If a side effect of lmproved public transport
is a reductien in use of private vehlcles in the urban environment,
a net neoise reductien should result,

Another commonly used planning technique is zoning and goo-
graphical lseclatlion., For example, a technique to reduce airport
noise annoyance 1s isolation: the alrport is placed away from
residential areas, Particularly where protected zones are used as
part of the land planning around the airport (as in Canada for ex-
ample}, this can result in substantial use of preductive agricul-
tural land, or scarce natural weodland neceded for recrention, It
alse implies longer commuting distance and consequently more fuel
consumption on ground transportation between the city and the air-
port, Since in moat countries major projects like airports are sub-
Jected to environmental impact assessment, there seems little need
to further emphasize this point, but it does represent the major
drawback of the "isolation! technique.

3. OTHER_POLICY OBJECTIVES

The purpose of this sectlon is to identify other possible policy
objeetives the achlevement of which may be interrelated with en-
vironmental noise reduction. The following have been ldentified,
They are listed in ne particular order,

3,1 Control of Air Pelluticn

In United States environmental lmpact statements, the possi-
pility has been ralsed that confining roads within nolse harrilers
or cuttings will increase the air pollution over the roada, (1)
However, this effect apparently has not yet been investigated
thoroughly.

3.2 Road Safety
The interaction between tyres and road surface i3 ihe principal
causative factor in vehicle noise propagation at higher speeds, and
any changes for noise reasons must be linked first with safety con-
siderations. Several studies on tire noise have come to conflicting
conclusions on this subject, which certainly needs more study.
There 1s a trend towards the belietr that it Is possible to build
roads with ower noise properties and high wet braking ce-efficlents,
but possibly cnly with the use of slightly more expensive rcad

1) Route 66 from Capito}l Beltway (T-495) to the Potomac River, Final :
upplenental Invironmenta ection statement, Auguct; 1976,
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meterials.(1} The general problem is very complex, involving wear
cf hoth the tyres and the reoad and meny other closely interrelated
factors. High speed noise caused by this mechaniam may however be«
come less of a preblem 1f strict speed limits are introduced for
energy-saving roasons, since it 1s strongly speed-related,.

3.3 Visual Aesthetles

Nolae barriers or screens are ine¢reasingly used to protect
reslidential areas adjacent to motorways from traffic neise. Such
barriers may be visually intrusive unless carefully censtructed,
efither from the point of view of a driver, or from that of an onleo-
ker. In some countriea the pgovernment has devoted extra effort te
prometing the availability of numerous aesthetically-pleasing bar-
rier design alternatives.(2) Review of loeal public reaction in the
press confirms that visual aesthetics can be one factor in losel nc-
ceptance of new barrier projects.(3)

3,h  Adequate Groewth of Transportation

This policy goal hes often been seen as incompatible with pro-
tection of the population againat noise. Classic examples are the
construction of & new road through heavily developed urban areas,
and frequent public opposition to proposed sites for new airparts,
This subJect i3 such an inherent part of the centext of nolsce abate-
ment and ¢ontrol that it ds lmplicitly addressed in cseveral other
reports for the Conference.

3,5 Adeguate Urban Planning

Although the goals of nolse reduction and optimal urban plan-
ning are compatible, they are not identical, The peint has been
made that a8 new town optimally designed for quiet would probably be
less than coptimal from the standpoint of other urban indicators.

1) Internaticnal tire Nolso Conference, August 28-31, 1975,
Stockholm: Abstracts of Papers:
W. Liedl and D, Denker, The Influence of the Road and Tread Pat-

tern on the Tire Nolse an egistance |page i
330, Poss @ Methods 1o Heducing External Tire Nolse

(ﬁaée 20},
2} U.3, Department of Transpertation, FHWA, Highway Hoiwe Barrier

delection and Construction Experiences, s Sgnfe or fh_eL ATL

Report, 1070.

U.S, Department of Transportatlon, FHWA, A Guide to Visual Quality
in Noise Rarrier Design, December 1976,

“Thumbs Down on Neise Barriers®, West Hartford (Conn,) News,

June 29, 1978,

5. ganway. "Beltway Noise Persists", The Washington Post, May 4,
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4. CONCLUSIONS
The first obvious conclusion is that noise abatement iz neot

in general incompatible with energy conservation., There are some
outstanding examples where the best strategles for each objectlve
coinelde (for example alectrification of rallways and the accelerated
intreduction of the meore fuel-efficient wide-body aircraft), Rven
in the case of the conventlonal metor car, good fuel performance and
quigtness are not incompatible unless extremes are scught, In gene-
ral, the long-term prospect of decreased emphasis on the internal
combustion engine and increased emphasis on electricity is favourable

to nolse raduction,
Other problems related to noise abotement, such as visual pol-

lution, safety, wurban planning end so on, are less clear in their

interactions. In most cases we have some idea of the causes and ef-
foots for the subject itself (for example road safety), but its in=
teractions with nolse control have not yet been studied in a syste-

matic way.
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1. INTRODUCTION

1.1 Internationsl Co-operation and Harmenisation in the Fleld of
Environmental Policies
Since the launching of envirepmental peolicies in Member countries,
the guestion of thelr internaticnal dimension has arisen. Many
internationel organisationa are striving to premote co-cperation and
the international harmonisation of environmental policies,

The very concept of "international harmeonisation® is not casy
toe define, and covers a vast area ranging from uniformisation {of
standards, methods, regulations, etc.) to agreement on general
principles, each country belng left free to apply them sccording to
its own lights. Where astandards are concerned, harmeonisation may
mean making them uniform or agreeing on orders of magnitude so as to
avoid any undue discrepancles, In some cases, it can be a question
of various forms of concerted octien or ce-cperation through the
exchange of informatlon, joint research progrommes, ete,

The scope of harmonisation mercover varies considerahly according
to the particular framework:; an integrated economic zone {of the
European Communities type), or merely some ad hoe agreement, biloteral
or multilateral harmenisation, etc,

Thus, within the framework ef international organisaticens such
as the Internaticnal Civil Aviation Organisation (ICAQ) and the
Economlie Commission for Eurape (in particular Werking Party 29 on
motor vehicles), harmonisation is essentially a matter of drowing up
codes of geod preectice or setting standerds which do not have the
force of law unless they are incorporated into legislation at the
national level., On the other hand, the European Economic Community
issuea Directives which impose a legally binding obligation on Member
Statesd to put the relevant provisiens into effect, Finally, there is
the OECD whosze aim, apart from exceptional cases, 18 not standardisa-
tion or the drawing up of a uniform legislative framcwork, but rather
continuous ce-operatieon threough the exchange of infermation and Joint
research, and a fremewerk for concerted action end negotlation; the
OECD Council can, heowever, issuc Declolonsa which are binding con
Member Countries and - the more frequent case - Recommendations which
impose a moral obligation on Member Countries to put the relevant
provisions into effect. Here, harmonisation stems directly from co-
operation and concerted action asince the Acts of the Council are drawn
up Jointly by all the countries invelved and are adopted unanimously.
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That being ihe cnse, international harmonisation is not an end
in itself; three leading aims ore involved:

{1} Avolding or minimising any adverse economic effects which
environmentsl policies may have on an international scale; this in
particular refers to non-tariff trade barriers resulting from too-
widely divergent product standaprda; it may also be a matter of
reducing distortions of competition by harmenielng the environmental
constraints liposed on the production sector and, especially, the
methods of allecating the asscciated ceats, In the first case, action
is mainly called for In regard to the technical specifications of pro-
ducts truded internaticnally (product standards), while fn the second
cage a kind of Yeede of goed behoviour" is required consisting of a
common set cf principles agreed at the international level: among
these 1a the "Polluter Pays Principle” proclaimed by the 0ECD Council
in 1972 and by the Council of the RBuropean Communities in 1975, the
purpese here being to avold the subsidising of an industry in one
particular ceuntry to the detriment of competing industries in other
countriea.

(11} Drowoting environmental protection; this would be achleved,
Tor example, through the use of common solutlons to certaln proklems,
and through internationel eco-operation for improving eavironmental
aquallty,

(111) Contrelling transfrontier pollution precesses resulting from

the transfer from one country to another of polluting substances or

equlpment.
In the epgse of noige, harmonisstion at the internatienal lewvel

moy cover g number of fields:

~ harmenisation of the lepglsglation specifying noise emission
1imits for nolsy equipment traded internatlonally;

= harmonisation of nolse measurement procedures, spplicable to
the various products;

- hurmonisation of product use {agreementa concerning heavy~
vehicle traffic, curfews at aivrports, etec,);

- harmonisation of policy instruments other than nolse limits,

which may have commercial implicatiens {rate-setting agrece-

mente In regard to tranzport infrastructure - including noise

charges; principles deskgned to govern the implementation of

new regulations; preduct labelling; compensation; apgreements

concerndng the conditiens under which new plant and infra-

atructure can be bullt ond operated);

hermonigation of nelse control atrategies (this may be in the

nuture of o genuinely comprehenaive joint policy Justified on

the game grounds os notlonal pelicy in relation to lecal
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polieyt that 1s, for the purpose of programmes and actions
in the cemmon interest, which ure more effectlvely decalt with
at a higher level),

1.2 Advantoges and Drawbacks of liarmonisalion

The harmenisation of national noise abatement policies should
here be understood to mean net the uniformisation of national lows
concerning objectives and means of implementation, but o pelicy for
bringing them cloaer together, so thot under like conditions iden-
tical effects can be achieved. Harmonising laws and reguloliona in
the field of noise, as in other fields, 1s Justified by the desire,
as well as to proteet the environment, to facilitate the free trade
in geods, The benefits to be onticipated result from a widening of
the markets which permits a greater apecinlisotion, and at least in
theory such benefits are reflected in lower production and distribu-
tlon costs.

Moreover the existencde of an arca of harmonised pollclies en-
conpassing several countriea may induce others less concernced with
protecting the environment to Jjoin in order to become a part of such
a free-trade area, with salutary effects on environmental protection
and health.

It 18 hewewver loporitont to point cut thut although there ore
advantages in harmonising nolse abatement policiea as well as those
in other fielda, there are alsc some significant drowbacks.

To begin with, harmonisation involves costs - not only those of
an administrative kind, bubt alsoe economic casts ns & result of the
neceasary investment or disinvestment. These may be considereble
whenever, owing to harmenisation, heavy equipment is rondored
obsolete,

Furthermore, from the standpeint of noise abatement, one resuli
ef harmonising natioenal policies, which at firat sight may seem rather
paradoxical, i3 the pesaibility of a step backwarda, This is because
harmonisation introduces an additional constralnt in dealing with the
problem - the need for all countries to reach gsolutions which are
aimilar, or where at least the end results are the same, meana that
the policies selected may be leas well suited to locel requirements.

Cne goal must be to prevent harmonisation from leading to alignment
on the least ambitious objectives to the detriment of effective
environmental protection {a policy known as that of the "lowest
comwon denominatorh),

Anether eritical facter of harmonisaticn is the complexity in-
volved in choosing a harmonised policy. Thus determination of the
optimum level of a noiase limit, no easy task at notlonal level, is
even harder internaticnolly. This may be o pretext for inaction, or
may ot the least delay progress.
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Lastly, overhasty harmenisation has the disadvantage of doing
awey with the diversity of experlence and hence of forfelting the
best policy choice bnsed on the vesults of such experience,

1.3 dbjectives and Layout of the Report

The purpose of this report is te discuss the wvalue of further
harmonising noise abatement policies in the light of the advantoges
and drawbacks involved. DMore specifically, the aim will be to:

- define the present status and trends observed regarding the
harmenisation of noise peliciecs, with particular refercnce
to noise emission sources (motor vehicles, aircraft, con-
struction equipment and houschold appliances);

~ degoribe the role played by international organisations in
this connecticn and the types of action they undertake;

- analyse the areas where the fupthering of international
harmontigation may be desirable and describe various octions
for the purpose, i

Section 2 will deal with motor wehicles; Hectlon 3 with airerafty
and Sectlon 4 with construction cquipment and househeld appliances,
Conclugions snd proposals will appear in Section 5.

2. MOTOR VEHICLES

Of all noise sources, at predent the mest complex from the stand-
point of harmonising nolse abatement policies is that of motor
vehiclea. The diversity of vehicles, the number of people involved
and the economic conditions at stake owlng o the alze of Internatienal
markets are the main reasons, It will be noted that between 1980 and
1990 the overall demand for private cars throughout the OECD countries
is expected to yeach some 30 million to 35 million units each year,
The number of private cars in the O0ICD countries now omounts to some
250 million units, 1.e. 90 per cent of the world total. In 1978 the
EEC countriea as a whole exported 4.6 millien cars and Japan mere than
3 million.

2,1 Pregent.Harmonigation.and. Future Trends

Where motor vehicles are concerned, the international harmonisa-
tion of nolge-measuring methods and noise-emission levels atill
remains limited,

2,1.1 Private Cars

At present different methods of measuring noise are used in
the United States from those used in Japan end Furope, between whom
there are alao differences of detall; only in Europe and Japan 14
the noise level of private cars regulated.
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The Council eof Ministers of the EE( adopted in 1970 a Directive
which established maximum permissible noise levels for motor wvehicles
(measured in accordance with ISQ Recommendation R362). This Directive
was amended in March 1977 in order to reduce the noise emission levels;
the new limits came inte effect in April 1980 for new models and will
apply to existing models from 1982,(1) Befere 1980, the maximum per-
misaible neise level was 82 dDA; it has now been reduced to 80 dBA.
{The EEC's limits allew a tolerance of 1 decibel,)

In the United States the method now beling used to measure nolse
is an SAE (Soclety of Autometive Engineers) stondard, The principle
is the seme as thet of the ISO standard: recording the maximum nolse
level of the vehicle accelerating at town speed, On the other hand
the conditions of measurement (position of microphones, approach
gpeeda) are different, and Seem better sulted to the American context
(large~engined cars, wide roads, strict speed limits) than those of
the IS0 standards{2) The effect of the SAE methods is to record
nolse levels some 5 to & dBA less than those obtained by the IS0
method. HNo rules are as yet imposed limiting the nolse emissions of
American cars,

In Jopan, the noise - measurement method used is a slightly
altered version of the IS0 R 362 standard (with in addltion a steady
rumning noise level test at town speed and a stationary noise level
test), ‘The Japanese regulations limiting noise emission are almest
identical to the most recent EEC limits, The maximum permissible
1imit hes been 81 dBA since 1979 and will be reduced in the future
to 78 dBA although the target dete has not yet been fixed. (Unlike
the position in the EEC, Jopanese limits do neot allow any tolerance
which means that the noise emission limits for private cuars are
currently the same in Jopan as in the BEC.){3)

In the medium term is would seem possible to harmonise methods
of noise moasurement as between BEurope, the United States and Japan,
but it may well be mora difficult to harmonise emlssion limita.

The adeption of a single procedure seems fensible technically.
fer the past five years or 8o, the EPA {Environmental Protection
Agency), menufacturers! assecistions and other government agenciles
have joined forces in drafting standarda to veplace the IS0 and
SAE methods. The IRT (Irstitut Francais de Recherche sur les
Transports) and the CCMC (Committee of Common Market Constructors)
propose the measurement of average rather than peak noise; such a

1) 0,J,E.C, No. L 66, 12.3.77.

2) Thoe IS0 method penalises vehicles in the ugper range {high power-
to~welght r-at‘tj.osJ although these ape actually quieter ot most tawn

spoeds,
The country which now has the strictest emisalon standards in view

3
is Switzerland.

—
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ptandard would impose & lesscr constraint on large-engined cars,
fhe ECE (Economic Commission for Europe) suggeats a revised IS0
standard: meagurement of pesk noisce would be adjusted sccording to
car weight,

QFCD countries are not currently nt the same level from the
standpoint of legislation regarding the emission of motor car nolse.
In Eurepe such legislation has owisted for a number of years and neise
meagurenent systena have long slnce been eatablished and reflned.

No regulations yet exiat in the United Statea and the new nyatoms of
measuremont 8111 remain te be ndopted. On this account 1t would
appear more difficult for the Eurcpeans to give up regulated syatems
of measurement than for the United States to adopt a basic method in
inltiating regulation, Moreover sconomic factors, in particular the
potential effect on the varicus manufacturerst respective market
shares, also influence the harmonisation of measurement methoda,

As far as the harmonisation of nolse emianlon limits is con-
cerned, this can only be achieved by first adopting a single method
of noise measurement,

2.1.2 Heavy Goeda Vehicles

Metheds of noise mensurement and nolse emission limits differ
as regards Japan, the Unlted States and Furcpe.

In the ERC countrles it iy the I50 R 362 atandard which prevails;
permiasible spund levels were revised in the March 1977 Directive,(1)
The levels were reduced from 89 dBA to BO dBA for vehicles welghing
more than 3.5 tonnes ond from 91 dBA to B8 dBA for vehicles of over
12 tennea and an engine power above 200 HP DIN. The new levels have
been applied to new models since 1at April, 1980 and will be applied
to 0ll new vehicles put on the read atter Jot Octeber, 1982 whatever
the year of the model,

In the United States the SAL JH66B standard 1s the cne adopted
for nelse measurement, Uniike private cara, nolae emisslons Ly
medivum-5ized and heavy lorries {above 4.5 tons) are subject to
regulation; a3 from 1978 the level has been 83 dBA, and in 1982 it
will be lowered to 80 4BA.{2) Assuming a correction of 6 dBA cwing
to measurcment differences, these figures would be sguivalent to
ievels of approximately 29 dBA and 86 dlA according to the IS0 R 362
methed, hence reughly simllar t6 the new EEC standards for medium
gized lorries and glightly atricter for the heaviest lorries.

1) 0.J.E,C. No. L 606, 12.3.77.

2) EPAls Hulemaking Program and Strategles for Reduclng Surface
‘rﬂnspur{affcn ﬁoiue. 78 CLE Cungruaa and I‘iponifron.
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In Japan ISO R 362, alightly altered, ls the stendard which
has been adopted(1), and the emission level authoriscd is 86 dBA
for all vehicles of more than 3.5 tommes. This limit will be reduced
to B3 dBA in the future although the target dote has not yet been
fixed, For lorries of less than 3,5 tonnes, the same standards os
for passenger cars are applied,

In the medium term {4 would seem pessible to harmonise methods
of measurement as between Eurcpe, the United States and Japan.

2.1.3 Motorevclesa

At present maximum permisaible zound levels for motercycles
{excluding mopeds) are harmonised only between the EEC countrles,

Such noige levels have been harmonised in the RFC countries
aince November 1978. A Directive(2) prescribes the method of noise
meagurenent (IS¢ R 362) and permissible sound levels by engine
category (from 78 dBA for enginea of less than BO cc up to 86 dba
for those abave 500 cc), A draft Directive which aims at reduclng
the level® now imposed on the moat pewerful motorcyeles to 80 dBA
prior te 1985 15 to be submitted to the Council before 1984,

Motorcycles are in the final stage of the Upited States Federal
regulaetory activity.{2) The motorcycle class has bren divided inte
four distinet categories, with different regulatory requircements,

It may be anticipated that the requirements for these categories will
be: (1) street motorcycles will be reguired to meet ot least an
initial level of 83 dBA(4} which wlll be reduced to 80 dBA several
years later, 78 dBA may be established to be effective at a later
date; (1i) mopeds will bo required to meet a lovel of 7O aBA; (4ii)
off-read motorcycles (170 ¢c or leas) will be regquired to meet an
initisl level of 83 dBA, which may be reduced to a level of 78 dBA

at a later date; {1lv} off-road motorcycles (greater than 170 ec) will
be required to meet an initial level of 86 dBA which may be reduced
o an ultimate level of 82 dBA at a later dete {approximately O dBA
should be added to these figures to obtaln the equivalent European
measurement).

Japan alse regulates the neise level of motorcycles; the
measurement method of motorcyeles in the modified version of IS0 R 362,
{The noise level of motorcycles measured by the Japanese mothod
indicates approximately 3 dBA lower than that meesured by IS0 R 362.)
Since 1979, tho maximum permisaible limits have been equivalent to
81 dBA (on the basis of IS0 R 362} for motorcycles with an englne

1) Japan Environment Summary, Envirconment Agency, Tokyo, 1978,
2y 0,J,E.C, No, L 349, 13,12,78,
%) EPA Neime Program, US EPA, May 1978,

4) Noise measured in dBA al 15 metres from the ascurce,
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copacity greater than 125 ce, and 78 dBA (en the basis of IS0 R 362)
for motorcycles wilth an engine capacity between 50 cc oand 125 cc,
These limits will be reduced teo 78 dBA and 75 dBA {on the basis of
IS0 R 362) respectively, although the target date is not yet fixed,

With the exception of Japan, regulation in this field 1s very
recent (1978 by the EEC and 1979 by the Unlted States), while the
types of vehicle covered by the standards differ accerding 'to ceuntry.
In the United Statesa levela differ according to how the vehicle isn
being uged (whether in urban areas or not}; in Europe they vary
acceording to cngine size,

2.2 The Role of International Organisations

At the present time two inter-governmental organisstions play an
especlally significant harmonising rele: the Fconomle Commission for
EBurcpe ond the European Communities,

2.,2,1 The Economic Commission for Europe (ECE)

Under the Geneva accords signed in 1958, the ECE deflnes pgulde-
lines for harmenising motor-vehicle noise abatement policies among
the Eurcpean countries, as pregscribed by Nule 9, This rule is
perlodically updated in Working Party 29, which consists of govern-
ment and manufacturers! representatives from 20 countries and of
members of international organisations (IS0, etc.)., The rule is
Incentive In charoacter, and hag so far been signed by six countries,
The standards included are &2 foretaste of future nolse reduction pro-
apects, It was in the ECE that, strictly spesking, the harmenisation
of noise abatement policies in the case of motor vehiclesa was launched,
Thig body 1s now regarded as a leading forum for the discussion of
enviranmental problems relating to motor vehlcles,

2.2.2 The Europesn Bconomic Community (FEC)

The objective of the EEC, lsid down by the Treaty of Rome, is
harmeniaation on ns wide a scale as pnssible, The firat Directive
adepted by the Council on 6th February, 1970 was bosed on IS0
Recommendation Nt 362, Such actlon comes wunder two ERC programmes;
the Environment Programme and the Progrumme for the Removal of
Technical Barriers to Trade.

In addition to the acstivitles of the abeve-mentioncd two
organisations, those of the ISO and GATT should be mentiencd,

2,2,3 The International Stondardisation Organisation {IS0)

Te date the IS0 is made up of the natlonal standardisaotion
agencleg of 85 countries, wheoae momberahip in turm consists of
goveranmental and non-governmental officiala. Within it, technical
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compittees draw up international standarda.{1) The TS0!s work on
methods of measuring metor-vehicle noise began in July 1958 and

the fiprst draft atandardlsed meagurement procedure was is8sued in
1964 as IS0 Recommendation R 362, The ISO standards were adeopted by
Japan, by the ECE and then by the EEC,

International standards are drawn up in accordance with techni-
cal requirements Jointly with the international organisotions con-
cerned, Enforcement of the standards dees not come under the IS0O;
neither dees the question of nolse emission limits.

2,2.4 The General Agreement on Tariffs and Trade (GATT)

Although it has no particular authority in noise matters, the
GATT should be mentioned as an organisation having general Jjurisdiction
in regerd to internatlenal trade, In addition to rules concerning
import duties snd application of the mest-fovoured-nation claouse,
the GATT includes an "Agreement on Technicnl Barriers to Trade®
formulatoed during the recent Tokyo Round: the signatory countries
sgree to avald the ereation of nan-toriff berriers, to have the
greatest posalble recourse to international standards, and te inform
thelr trading partners regarding product standards which they intend
to introducea. A "Committee on Technical Barriers to Trudel is to
deal with any posaible conflicta, The agreement moreover stipulates
that product certification aystems shall be notified in advance to
signatory countries through the GATT Sccretariat,

2,% Areas of Turther Harmonisation and Types of Actlon Required

The closer harmenisation of noise measurement methoda hetween
the Unjited Sintes and Europe would appear desirable, The harmoniss-
tion of measurement metheds affects that of neige emisalon levels.
Thus 2o long as no single methed for measuring nolse is ndopted,
national reguletions governing emisslon standards cannot he harmoni-
aed, There are two yeasons for strengthening action already under-
taken on thils score; the need tn lower the sound level of the
nolsleat vehicles and the changing international trade pattern as
between Europe and the United States,

Regarding this latter peint, an increase has lately been
noted(2) in the purchase by American consumera of cars with small
and medium-sized engines, which fayours Furopsoan and Japanese
manufacturers, This clumnge in the United States market among other
factors has induced the EPA to consider repulating noise emissions
from cars,

1} The Noise Committee is No, TCA3SCY,

2) EPAls‘Rulemakinﬁ and Strategles for Reducing Surface Transportation
olse, Ua LFA, 197G,
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At internotional level the main effort is directed towards
defining a noclae measurement method which will satisfy both Burope
and the United States. The systematic exchange of information on
the results of work undertaken by varicus countries is more than
ever necesaary,

With regard fo policies nimed at reducing noise in tranamission
and at reception, ewven if internstional harmonlsntion as such is
not envisapged, 1t would nevertheless seem important at least to in-
tenaify international co-operation in its wider sense in this orea,

The reason why actlons undertaken at national level to reduce
noise away Irom the source have not been harmonised is wainly
because of the specific nature of local conditiens and of econo-
mically feasible solutions. Depending on the country, varlous methods
are used; the installation of nolse screens, the building of roads

“in cuttings, sound-abgorbing tunnel wvoaults, the uae of bettor road-

surfacing materials, specific troffi¢ menagement rules, ete., and
also land-use, transport and town plénning policles. I would scem
that international co-operatlon in thio area ought to be included
a3 a part of a globnl atrategy rather than be considered in terms
of gseparate measurea; aa for example by defining permissible noise
levels by area of nctivity in order to allow for such requirements
at the early stages of urban development projects. This approsch has
been consldered by the EEC, which khas already undertaken work pre~
paratory to a general programme for the purpose, Solutions suited
+0 the varicus notional contexts are being sought and evaluanted in
the countries concerned, but a more systematic form of ce-operation
at the ipternetionnl level {Jolinil research, economi¢ and technleal
assegsmenta, etc.) would be userul,

3. CIVIL ATHCRART

IT there 1s any aren where the need for harmenisation can cosily
be argued, it i that of alrcraft, Alveraft in faet provide the
clasaic example of noise sources which have to be regulated on a
world-wide basis. From an econcmle standpoint alone, for example,
manufacturers and alrlines would find it extremely difficult to
comply with regulaticns varying from country to country,

3.1 I'resent Hormonlaation and Future Trends

Currently ornly helicopters, supersonic alircreft and heavy pro-
peller-driven alrcraft are not covered by international regulations
sotting meaximun nolse emizsion lovels,

The first set of internaticnal aircraft nolsce recommendations
was adapted by ICAO (Internatiomel Civil Aviation Organisaticn)
under what is known ns Annex 16 to the 1944 Chicago Convention on
International Civil Aviatlon. Thls Amnex, which is periedicnlly
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updated(1), lays down methods of noise measurement by type of
alrcraft(2), as well as noise emission limits.

It 1o on the basis aof this dosument that the regulations of
moat ICAO Member eountries are formulated; thus policles for reducing
nolse at the source are dealt with at the internoticnal level Lefore :
the national level (except possibly for demestic aircraft). At :
the pregsent time aircraft covered by Annex 16 are ag follows:

- subsonic jet mircraft: the permissible maximum noise level(3)
ranges from 103 EPNdB for aircraft weighing more than 400 tonnes
to 94 EPNAB for aireraft weighing less than 3% tonnes,

= propeller-driven aircratt welghing more than 5.7 tennes and :
less than 35 tomnnes: the pernissible maximum noeise level
Increases, according to airceraft welght, from 96 EPNAB to
10% EPNdD, (3).

- propeller-driven sircraft weighing no move than Y,Y tonnes;

¢ the permisaible maxlium neise level ranges from 68 dBA te

80 dBA nccording to alrerart weight, (4)

There 1s currently no {irm agreement on stricter noise emigalon
i levels for future-generation alyepraft, :
Specifications for ailrcralt noise certificotion coverlng heavy f
propeller-driven aircraft and helicopterz have bean drawm up Ly
IcAO: o further stage will consist in drafting specifications fer
superscnic alrecraft.
At present application of the ICAQ alrcraft noise certification :
recommendationa varies agcording to country.
Once accepted by ICAO, the recommendaticns are sent to cech i
¢ country, which may 1f desired enact morw stringent national legisla- .
‘ tion. For examplé, one ICAQ recommendation covers a partieular
5 type of light aivcrafti in Germany and Switzevland it wap opplied i
three years earliop than provided by ICAG(5), and Iin France to all -
[ types of 1light alrcraft.
i There are ne international recommendations protecting areas
around airports or geverning prgcedures for reducing operatiennl

neise,

; 1} The third and latest editlon of Annex 16 to the Convention on
Internationel Civil Avigtion adopted by ICAC was Issued in
July 1978,

2} The IS0 and ICAQ Joired in drawing up these methods.

3) Effective perceived nolse level (EPNAB) at the reference moasure-
ment pointa. The figures glven here relate to the measurements

! at the lateral ncise measurement point,

4) Bffective perceived nojse level according to the IFC (International

Electrotechnical Commisgion) methad:; passage of the aircraft

at maximum authorised pewer 300 metres above the measurement polnt,

5) In fact, the ICAD took up and modified a rogulation which wus
alreedy applied in Switzerland.

S

—
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I many countries(1) airport operaticn is subject to measures
foy reducing ncise in redldential areas; thus nolse-preferred run-
ways are used and alrports are entirely or partially clesed down at
night, Internationally no harmonisation of these methods exints,
ICAD however plans to conalder the subject at the Conference on
Airport and Route Facility Economics to be held in 1981,

Metheds for reducing neise upen landing and toake-aff aore
currently epither in force or being tested in order to reduce neise
in the neighbourhood of the airpert, According te TCAO, standard
metheds zre difficult te formulate, sinee they depend on the type
of aircraft, airline and alrport.

In ferthcoming yeara it would seem that efforts should first
focus on the timetable for applying international regulations, parti-
cularly in regard +to the retirement of uncertified aircraft, and then
on the strengthening of internaticnal standards,

VWith regard to aircraft not complying with Annex 16 (Chapter 2),
the ICAO is currently studying various possible timetables for taking
them out of service or of medifying them to the required standards
by tst January, 1988,

Discussions are now taking place in ECAC (Curcpean Civil Aviation
Conference) for scheduling the gradual retirement of non-complying
alreraft. Generally spesking, the gradual withdrawel of non-complying
aircraft is preferred to the alteration of exiating models or englne
replacement, which in mest cases would appeayr to be a financlally un-
meceptable solution.{2)

Harmenisation as regards ailrport operations and planning would
appear to be very difficult owing to the vuriety of local conditlons
and the divergent interests of varlous groups of countries, In this
field and in the short term, ICAD plans on merely partial
recommendations,

The pystem of charging for nolse made by alrcratt as a com-
plement te other noise abatewent measures is now beilng spot teated,
but in the next few years such a type of incentive policy may come
into increasing use,(3)

¥hat we may be sure of is that the greater the number of air-
ports making use of such charge syatems, the more efficient these
will be. Moreover the methods of coleulmting and collecting the
charges in airports should preferably be falrly similar without
necessarily being uniform., {Charge rates, thet iz, amounts collected,
need however by no means be the same; they should coprespend to
the specific needs of each airpors.)

1) Report on Measures Adopted or Planned to Deal with Noise Problems
at_Alrnorts, 1CAC, 19?5.

2) Sce Bogkground Report No, 8, The Cost of Nolse Abatement.
3) See Background Report No, 5, Nolse Charges.
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Hence in this respect there is awple reem for iInternational

co-¢peration especielly as joint research can but benefit all
countries.

3.2 [The Role of International Organisations
The roles of ICAO, ECAC and IATA will be considercd in turn,

3,2,1 The International Civil Aviation Orpanisatlon (ICAQ)

ICAQ is o United Naticna! agency, in which the governments of
145 countries are represented. This body, esteblizhed owing te
the problems of alr transport policy, hos proved a suitable forum
for the discussion of environmental iseuves connected with this mode
of transpert. Nolse-related activitles are conducted by the CAN
{Committee on Aircraft Hoise), in which the 30 menufacturing coun-
tries are represented.

The role of TCAO 1a twofold: to deal with the technical as
well as regulotory aspocts of the questiona dealt with. The techni-
cal aspects are handled through the CAN (which since 1971 periodical-
1y rovises Annex 16 to the Cenvention on International Civil Aviation),
ICAD algso issues basic recommendations in Annex 16 which will usually
later be adopted in various forms by each Member country.

The economic and financial difficulties stemming from spplication
of these recommendations have led ICAC to consider dealing not only
with the technical and regulastory aspects of limiting noise emissicna,
but also with the economic effects of applicstion in each country.

3.2.2 The Eurcpean Civil Aviation Conference (FCAC)

While representing the views of Furopeen countries, ECAC is not,
strictly speeking, an international organisation, The 21 European
countries are members. ICAQ recommendations ultimately become the
subject of ECAC recommendationa, An EEGC Directive on subsonic
civil aircraft haes been based cn an ECAC recommendation, The essential
role of ECAC, which is far less technical than the CAN, 1s to preopare
recommentations as determined by the European countyieat economic
environment.

3.2.3 The International Aly Tranaport Association (IATA)

Membership in this non-governmental organisation consists of
repraesentotives from many airlinea, It has had considerably iess
impact since certain majer airlines have ceased to he represented,
and today its veole in noise matters is attendance of ICAO discussions

in an observer capacity, Ita criteria are malnly of an economic kind,

in view of the preblem of financing the replacement of airoratt not’
complying with the ICAC regulatlons, It alse takes technlcal acticn
by regulating flight operations and landing precedures,
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3.3 Arcas of Turther Harmonisation and Types of Action Required

The Inereased harmenlsation of methoda for redueing operational
nolse and neise In the vicinity of airports would apprar desirsble,
The use of different procedures specific to each country, os in
regard to landing and take-off, preasents certain drawbacks; thua
the diveraity of landing and take-off procedurcs calls Lor sustelned
attention on the part of the pilot and imposes an additional task,

To harmonise these precedures, cven partially, would scem well-odvised.

The limiting of movements around alrports and curfew measures
interfere wlth operatlons and may prove very costly; however,
harmonisation of these ngpects would no deoubt be unwarrented owlirg
to the weight of lecal conatraints and interests; 4t should merely Le
sufficlent to enaure that such measures are compatible with:ecuch ovher
sc as to avold any adverse effects on alr traffic between counirios,

A discussion on difriculties resulting from the applicua%ion of
different national noize-limiting measures would prove a useful step
for promoting harmenisstion in thisg field; such a diseusaion might
be plamned as part of the role which the ICA0 appears to have asaumed
{see Section 3.2.1).

At the present time the strengthening of international aircraft
noize omission limits is not regarded ns econcmically desirable by
the internatinonnl orgeonisatlona concerned(!)., For some alrports,
however, the level of thede limits is inadequate for protecting
public health. It is moreover common knowledge that the time needed
for new standards to improve the noiae envircenment 1s some 10 to
15 years.(2) Hence the door should ned be closed on future lmprove-
ments and the prospect over the long term of stricter limits on an
international seale,

This 1s becouae from o strictly technical stendpoint present
standerds. can indeed be reinforced, the technologicol thresheld, 1.e,
the noise level produced by 'the alrcraft pasuing through the alr
not yet having been reached, (In this regerd it ahould be noted that
improvement of the scoustic performance of aircraft haa gone hand
in hand with lewer fuel consumption.,) On the other hand, the resul-
ting sconomic and financinl problems would geem extremely signdfilcent,

1) Even if the revision of such atandards were only ‘te gover future-
generatlon aireraft,
2) Bee Reducln Noisﬁ in OECD Countries, OECD, 197B; Background Heport
gy tato of Lhe Holse Environment: and
Bﬂckground Reporl, Ho. 5y Holot Gharyes
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Judging by the difficuliies involved in bringing existing alrcraft
Into conformity with current pgtandards, ‘fhese difficulties arc due
to three moin factors: the estimated lifetime of equipment, the
Cinancing capacity of alrline companlec and thie production capacily
of manuiacturers.

= In-service lifetime; replacement of the fleet oflen creates
o seriocus problem when alrcraft have not reached the end of
their estimated lifetimo;

~ The alrlines! financing capaclty varies, and the fact that
some are government-controlled is not without influence on
their financing capacity;

- Manufacturers! preoducticn capacity 1s another essentinl para-
meter to be teken into account, in opder that the interesots
of the various countries may bo represented when an acceptable
solution for retiring non-complying nircraft is belng sought,

Consideration of these factora at intornetional level would be
facilitated by mssessing national needs in financing fleet conversilen
projects and eepecislly the capaclty for such finsncing.

Bven though natienal problems may be involved, thelr evaluation
und the search for soluticna need not necessarily be at the nationsl
level and might Ye undertaken in some international organisation,
which could help in reaching objective asseasments,

Another flield in which a common appreoach between countries would

be desirable 1s the guestion of who should be designated as respeonsible

for the noise pollution. In some countries, the airpert authoritics
are regarded as having responsibility; in others 1t is the airline
companles., Tt would be useful to harmonise the designation of
responsibility, if only te facilitate compensotion arrangements,

4, CONSTRUCTION EOUTDPHMENT AND HOUSEHOLD APPLIANCES

This {a the Lield in which harmonisation at the internatlonal
level 1s least advanced, the chief reasens belng the wide varlety
of products, and the fact that the international implications of the
widely varying regulatory positions concerning those products were
not clearly percelved until very recently,

4.1 Present Harmonisetion and Future Trenda

At present there is no harmonisation at the internaticnal level
of legislation concerning noise produced by construction equipment
or housechold applliances, though some action has been taken through
the setting of standards by the T80 and IEC, and through regulatien
within the EEC,
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4,1.1 Conatruction Equipment

Mothods of measuring the noise produced by such equipment arc
different in Furope and the United States: permissible sound levels
are not harmonised in Purope and are not regulated in the United
States,

In 1975, the EEC Commission submitted Diprectives to the Council
of Ministers aimed at limiting nolse from construction plapt apnd
equipment while ensuring its free circulation. The Directivea
envisages

- the fixing and time-tabling of maximum permissible noise
levels baaed on o harmonised measurement procedure;

- product-labelling by the manufacturer of the guaranteed nolse
level;

= @ certification procedure (EEC type-approval or type-
verification) laid down by the framewerk Dircctive on
Construction Plant and Equipment;

- a Committe¢ on Adaptation to Technical Progress.
The equipment to be covercd consists of:

= pneunatlic concrete breakers and Jackhapmers;

- Compressors;

- current generators for power supply and welding;

- tower cranes,

In December 1978, a General Directive was adopted(1) on the
approximation of the laws of the Member States relating to the
determination of noise emlssion levela, Tt lays down that the noise
emisslion of plant and equipment sheould be described in terms of
sound power level., This method of meesurement adopted is wvery largely
identieal *o IS0 Standard 4872.

In the United Stetes the method of neise messurcment differs frem
the IS0 standard. An acceptable level has been set by the EPA(R),
and eonstructlen ecuipment {3 accordingly labelled to ghow its sound
gquality, but the manufacturer is not necessarily compelled by regula-
tion to ensure that the approved neise level is observed, The nolse
level of some newly manufactured types of c¢onstructlion equipment is
currently regulated, however, and other types will be reguloted in
the future. GSome types of regulated eguiprment may also be required
to be labelled to show their noise emission levely, And other types
of equipment are not necessarily excluded from petentlial labelling
requirementa irprespective of whother they ere subject to noise
emission regulatien.

1) 0,J.E.C, No, L 33, 8,2,79.
2) EPA Noise Contral Program, US EPA, 1578,
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4,1.2 Houaehold appliances

No harmonisation of national legislatian has yet been brought
about, Some broad lines of poilicy are nonethelesa apparent.

For the EEC countries, two types of appreoach are belng con-
sidered, according to the state of the srt and the merket for the
product:

1) prescribing methods of nolse measurement and mandatory emis-
sien levels. Nolae measurement methods would be based on
180 ond IEC (Internaticnal Electrotechnical Commission}
atandards, where avallable, Lawn-mowers would be the first
appliances of this type(1) to be covered by approximated
legislation, with an initiel 1limit of 103 to 711 dBA (sound
power level) %o be reduced at a loter date;

ii) promoting public information through latelling, to help con-
sumers when choosing an oppliance.

The United States has adopted the same principle as for con-
gtruction equipment.

4.2 The Role of International Organisations

The international organisatlions respeonsible fox standardisation
of noise measurcment methods are the International Standardisation
Organisation {1S0) and the International Fleetretechnical Commission
(IEC). In odditien, the European Economic Community {(EEC) plays an
impertent role in harmenising the leglslation of Member Statea.

With regard to the work of the LEEC, the standards for neise measure-
ment procedures established by the ISO or by the IEC (in casea
speclficolly of elsstrical and electronic technology) are likely te
be taken up either in the form of strict reference eor by being adopted
in a Directive,

4,3 Areas of Further llarmenisation and Types of Action Required

Further harmonisatlien of nolse measurement procedures and
labelling of construction equipment and household appliances appears
desirable, The informatlion about scund levels to be shown on cur-
rent or propesed labelling is based on different measurement pro-
cedures (sound pressure level in the United States, sound power level
in Eurape), and this may cause difficulties for manufacturers ond
congumers allie.

Harmonisation of the sound cheracteristics of construction
equipment ls under way in Europe on a regulatory basis, along much
the same lines as for motor vehicles and aireraft. In the United
States, the EPA hos opted te combine regulation with an approach
relying on market forces.

1) Yomeiimes classed otherwise then as heousehold appliances,
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The sbaence of national regulations for many typea of appliance
means that harmonisation at the internationsl level can be censidered
at the outset without having to adjust syatems that have already been
egtablished, unlike the case of cars, for instance,where Eurocpean and
Jopanese regulations are hard te reconcile with those of the

United States.
With a view to improving the sound characterirfics of appliances,

the advisabllity ef backing some particular pelicy at the international
lovel might be nnsessed by analysing the results of labelling systems
now in use and the regulations adopted by the EEC for construction
equipment in terms of impact on sound cherscteristics, markets,
employment and competition.

5.  CONCLUSIONS ANDY PROPOSALS

5,1 Present Trends in Internaticnal Harmonisation of Noise
Abatement.Colicles

The forum for discusaing the international harmenisation ef
regulations governing alrcraft is currently the ICAQ, ond the forum
Tor motoy vehicles Ls currently the ECE, At present no world-wide
internaticnal organisation acts as a forum for the discussion of
heusshold appliances or conatruction equipment,

The EEC plays o decisive role in harmonising the national
legialations af the nine Member States, The IS0 1s concerned with
technical matters and purely with setting standards.

In the shert term aireraft will prebably continue to be the
main target of international harmonisation of noize nbatement policy;
while the USA and Furaopean countrles are working tegether on a common
standard for the measurement or wmotor car noise. The procedures Tor
measuring nolse from other motor vehicles {lorriesa, motorcyecles)
and frem construction egquipment and houscheld appliances will how-
ever take longer to harmonise,

Specific action now in hand or likely to be taken shortly at
the international level is listed helow.

Por motor vehilcles:

1) eofforts by the EEC countries, Jepan and the United States to
devise & common procedure for measuring car noise; (1)

£1) reduction In the maximum permiasible noisc emission levels
currently Iln force in the EEC countries, the Unlted States

and Japan,(2)

1) Bee Section 2.1.1 (it should be noted that the regulations likely
to be eastablished In the Unlted Statea on vehicle neoise emission
constitute a favourable factor ror the future hurmonisation of

procedures).
2) See Sectlons 2,1.1, 2,1.2, and 2,1,3,
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i)

11)

111)

For aircraft:

exiating civil aub-sonic aireraft to be brought inte con-
formity by i1st January, 1988 with the emission standards in
Chapter 2 of Annex 16 to the Civil Aviation Cenvention;
apecifications for supersonic aircraft te be devised by
the ISAD;

preparatien of TCAQ recommendations for harmonising neoise
abatement policles concerning in-flight operations.

For cenatruction eguipment and household applisnces:

i}

11)

develepment in the EEC countries of regulations on household
applionces of the same type a3 in the United Stetes, with
particular reference to preduct labelling so that consumers
can conaider sound characteristics when choosing an
appliance; (1)

introduction of standardised measurement procedures and noise
emission limits for certain conatruction machinery in the

EFC countries, Unlike the policy with rugard to houschold
appliances, in this area the European countries have opted
for mandatory nelze limits,(2)

5.2 Praposals
In the light of the foregeing, the following general guidelines
may be proposed:

i)

ii

e

111)

the purpese of international harmonisation and co-operation
should not sclely be to achieve trade advantages, Such
harmonisation and ce-operation sheuld equally aim at pro-
tecting the snvironment, in the present lnstance te endeavour
at international level to improve the nolae enviromaent;
harmeniaation should net mean falling back on the lowoat
common denominatori

harmonisaticn ghould be dynamic, i.e. it sheuld help to pro-
mote steady progress. In this respect it is mest desirable
to fix in advance a timetable for gradually strepngibhening
noise emlssion limits, harmenised at the international
level, (in accordzance with the OLCD Recommendation on the
Guiding Principles ceoncerning International Economic Aspects
cof Envirenmental Policles), (3)

1)} See Section 4.1.2,
2) See Section 4,1,1,
3) c(r2)128,



A number of more specifiec proposals may also be mades

1} standardisation of measurement precedures for motor vehicle

nolae, in particular between Europe, Japan and the

United Stotes;

harmenidsatlon of standerds applicable to construction
equipment and household appliances (new models);

i1i4) promotion and harmonisation, &t internntional level, of

seund labelling systems for nolsy products and equipment;

iv} inclusion in product standards ef specifications regarding

the lifetime of neisc sbatement devices (for instance, car

exhaust pipes or insulsting material};

international ce-operation through regular eXchenges of

edperience and information and regular sppraisal of the cests
and effectiveness of nolae gbatement strategles.

ii

—

.

v

5.2.1 Comparantive Evalustion of Noise Abatement Policles

The various possible forms of harmonisation are currently being
compared and ovaluated at national level but, with the exception
of olrcraft, the matter Ls not really being dealt with in an inter-
naticnal forum., Devising a practical methodelegy for studying the
potential impact of a harmonisation project on the envirenment and
economy of the countries involved would clear the way for inter-
national ¢omparisona, which cannot readily be made st present. The
methodalogy could be used for studying the international impact
{before and after the event) of stricter noise abatement regulations
in a glven country, and for studying rationsl policles {charges,
tax incentives) meeting the aims af international harmonisation,

5.2.2 Economic Benefits of larmonisetien and Co-operation

Harmonisatlan and co-operation in the fleld of neise abatement
policies 18 here understood to mean not the standardisatlon of
national leglslation but a policy of approximating such legiaslation
to produce similar effects under similar circumatances,

Noise abatement policies, as those in other fields, must be
harmonisged i the alm is to facilitate free trede., Removal of non=~
+tariff barriers thus brings & number of ccenomie benefits,
including:

1) removal of quantitative restrlctiens on trode;
i1} avoidance of higher costs which proeducers weuld otherwise
Incur in complying with digfevent sets of standerds {cecono-
nies of scale through standardised production);
111) smaller risk and uncerteinty in export and import
transactiona;
iv) fewer delays caused by checks on product specification,
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PART III
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THE COST OF NOISE ABATEMENT :
A COMPREHENSIVE STUDY
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INTRODUCTION

This report has been written as a background
report for the OECD Conference on Noige Abatement
Policies (7-9 May, 1980).

It ig meinly based on a special study sponsored
by the Dutch Ministry of Environment and dene b
J. Crayston and §,P,C, Plowden from Metra Consulting
Group. The French Ministry of Environment also spon-
sored some research as an input to thig study. Many
governmental and private organisations, in various
Member countrles, have helped by providing data and
comments, Professor D,W. Pearce of Aberdeen University
was also actively involved in this study, Full references
to sources are gilven in the text,

The report examines the available data on the
ceats, and cost effectiveness, of measures concerning
the abatement of road traffic noise, ailrcraft noiae
and industrial ncise.

Nolge abatement is a large subject with & corres-
pondingly large literature which is constantly develeoping.
It is inevitable that a review of it will mias some
relevant material, particularly more recent publications,
and even when the sources are the best available at the
time of writing they may be superseded at any moment.

But although one cannot therefore ¢laim that this report
is completely comprehensive or up-to-dete, it is believed
that it gives a good idee of the mere promising lines

of attack on noige and of their costs.

The report is arranged in three parts :

Part A [ Road Traffic Noise

Part B H Aircraft Nolse

Part C i Industrial Noise

Each part 1s a self~contained report (with the
exception of & few croass-references), and hasg {ts own
index, appendices and reference lists.

This report is issued by the QECD Secretarint.
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MEASUREMENT

Nolse abatement means the reduction of neise nuisance;

any report to do with noise abatement must therefore

start by saying something about how noise nuisance is
measured. It would he beyond the scope of this report to
go into detail on this vast subject; all we have attempted
te do is to show hew the limitations of current methods
make it difficult to evaluate the cost effectiveness of
alternative strategies for abating road traffic noise and
can even sometimes give a misleading impression as to the
efficiency of a particular measure.

1.1

Meaguring Single Moments of Noise

Measurements of single moments of noigse are not often
of dlirect use except in aspecitfying the maximum nolse
that can he tolerated in given circumstances., But
all more elaborate measurements of nulsance are con-
structed in some way from measurements of neise at !
aingle moments., The unit universally used for road
traffic ig dB(A). Thig unit systematically under-
welights low frequency noise in comparison with the
unweighted decibal unit. The weilghtings were devised
in the first place in order to produce & scale which
would correlate better than the unweighted unit with
subjective impressions of loudness. But loudness is
not the same ag anncyance and there is evidence that
low frequency noise, infra~sound and the vibratlon
assoclated with them can be particularly annoying.

The remedy is to supplement the dB(A) measurements
in appropriate contexts with dB(C) measurements or
other measurements which relate particularly to low
freguency.(}) In the meantime, it is important to be
aware of the possible distortipng effects of working
exclusively in terms of dB(A).

1) Insufficient attention may be paid to reducing
the nuisance caused by vehicles which emit low
frequency hoises, There 1s, however, little
present risk of this consequence, since the
existing types of the wehicles concerned,
buses and large lorries, show up badly even
when assgssed by measurements based on dB(A) .

£t) Inappropriate ways of modifying vehicles in
order to cope with noise may be sought, For
example, 1t might be possible to design a
lorry which emitted lesas noise in terms of
dB{A} than present lorries, not because it
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produced less sound enerqgy in total but
because it producad less sound energy at high
frequencies and more at low. The nuisance
would not be diminished and might Increase.

141} An exaggerated impression of the protection
given by the distance between the source and
the receiver and by the insulation of build-
ings may be created, since in cach case the
attenuation affects low frequency noise much
less than high.(1)

Measurement of Noise Over a Period

For many purposes Lt is necessary to be able to
measure the noise experienced at a given point cver

a certain pericd of time, One way of proceeding,
which is in fact the only way now adopted for road
traffic, is to measure the noise continuously over
the period, or alternatively at a large number of
moments within it, in terms of decibels, and hence

to derive a frequency distribution of doclbel measure-—
ments related to that period. It is then possible to
select a parameter of the freguency distribution, or
to construct an index out of several paramncters, to
produce a single index figure of the nolse at the
point of measurement during the perloed in guestion.

One such index is Leqg and it is now accepted in OECD
countries that the trend towards the use of Leq as
the measurement of nolse over a period should be
encouraged. (2} The most important test of an index
is that its values should correlate well with scores
on annoyance sgcales in secial surveys carried out
among people exposed to nolse. Leq appears as good
by thia test as other possible indices such as Lyp(3)
and the fact that it is widely used internatiocnally
for noise from various sources, not from road traffic
only, commends it.

Nevertheless, cartain other indices are likely to
survive for some time. In the USA a modified version
of Leq called the day-night sound level has been con-
sitructed so as to give mere weight to noilse occurring
between 10,00pm and 7.00am. {4} In Sweden, another
corrected version of Leg has been constructed to allow
more welght to evening noilse {(6.00pm to 11.00pm) than
to daytime nolse and more welght still to noise at
night (11.00pm to 6.00am). L is used in France (5}
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and Switzerland (6} for noise in the evening or at
night. 1In Britain, the use of L1o i3 stipulated by
law for purposes of calculating whether insulation
grants are payable for traffic nuise resulting from
the use of newly constructed roads. With insular
eccentricity, the ecalculations are hased on the noise
lavels in each hour between 6,00am and midnight’ rather
than the complete 24 hours, {7

There are two problems in the use of such an index,
whichever one is chogen.

1} Work to validate indices agailnst social survey
annoyance scores has been confined to resident-
ial situations. However, there i3 good evidence
from Britain(8) that more people are annoyed by
nolde when out op foot in thelr local area than
when at home. The figures, taken from a survay
conducted in 1972 based on a large represent-
ative national sample, are shown in the follow-
ing table.

TABLE 1.1 : PEOPLE BOTHERED BY TRAFFIC NOISE AT
HOME AND OUT IN THEIR AREAS

Traffic Noeise
Hothered
At lome Qut in Area
Vary much 2% 54
Quite a lot T 1is
Not very much 0% 38%
Not at all 50% 468

This relative order was found again in answers to
another question in which people were asked to make a
diract comparison between the extent to which thay
were bothered by the noise when at home or when out-
side, to which the answers were as shown in Table 1,2,
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TABLE 1.2 : DIRECT COMPARISON BETWEEN TRAFFIC NOISE
o AT HOWME AND GUTSIDE THE HOME

Pecple hothered by trafiic
noise

More at home than out
More out than at home

In both situationg
equally

In neither

22%
3

63
5%

(11) Moat of the work on validating noise in the
residential situation has concentrated on noise
from freely flowing traffic., There ls svidence
that nolse indices which work well in this
situation do not necessarily also work in (9)
congasted conditions. A recent British study
suggests that in congested conditions the
proporticn of heavy vehicles in tho traffic
stream is a better indicator of annoyance than

elther Lyy or Leq.

Yet anothar type of traffic

gituation, where traffic is slight and annoyance
is related to intermittent noises, has so far
scarcely been gtudied. Although this is not the
mest severe situation, it ia the one which is
expaerienced by the greatest pumber of people.
There are no grounds for suppesing that the
existing indices are suitable in these conditions;
indeed the British national environmental survey
mentioned above shows that some of the traffic
noises that annoy people at home are of a type
that would hardly be represented in the uswal
indices, with the possihle exception of L.
Table 1.3 presents the results.
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TABLE 1.3 : TUE TYPES OF ROAD TRAFFIC NOISE THAT

BOTHER PEOPLE

Poople Bothered
E Type of Noise At all Very much or
' quite a lot

General traffig noise 18% 9%

Starting, gear changing 21% 10%

Mator cycles 26% 15%

Lorries 22% 12%

Car doors slamming 20% 9%

Car horns 13% G

Brake, tyre sgueal 22% 13%

Research in Sweden(lo) also indicates the import-
ance of isolated incidents, particularly lorries
pagaing, in causing anhoyance.

This discussion suggesta the following practical
conclusions;

(a)

(b}

{e)

Insufficient attention may have been glven to the
abatement of road traffic noise in general

{since this noise is resented even in situations
to which little attention has been paid).

Although the priority given by most governments
to alleviating the worast ilnstances of residont-
ial neise is probably right, and although
insulation may often he the only suitable way,
the possibilities of using other methods which
would reduce noise nuisance outside the home as
well as inside should always be thoroughly
examined before deciding on insulation.

To deal with intermittent nelse requires not
only the intensification of efforts which are
needed anyway to make moving vehlcles quieter or
to remove particularly offenaive vehleles from
unsuitable streets, but also that attention
should be given teo other types of measure which
have so far been neglected. Such measures would
be directed at the nolse vehicles make when
starting, parking, manoeuvring, etec., and would
ineclude:
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- ilmprovements to atarter motors;

= changes in the design of doors to reduce the
need to slam them and to make them less
noisy when they are slammed;

~ making horns guieter,at least when vehicles
are travelling at low speeds,

We have seen no discussion of the costs of such
improvements, but prima facie, it 1s unlikely that
they would be expensive.

Measures of Community Annovance

Given that each point in the reception arca of some
noise source can be allotted an Leg (or other index)
value to show how noiay it was there during a certain
period, it 18 a simple extension to produce a noise
map for that area with contour lines jolning points
of the same index wvalue. Hence {t 1s possible te
count the number of dwellings, households, persons
or other such entities within each ecoptour band.

Tha next problem is to construct a measure of commun-
ity annoyance s0 as to be able to compare states such
as those shown in the following table in order {o
decide which deserves priority for ahatement.

TARLE 1.4 : NOIS)E FROM FREELY FLOWING TRAFFIC
EXPERIENCED AT HOME IN THE DAYTIME

Units : People

Contour Bands )
of Index T State One State Two
legs than 50 20,000 17,000
50 - 5} 7,000 8,000
60 - 69 8,000 10,500
70 or over 2,000 500
TOTAL 37,000 37,000

NOTE: These flgures are chosen arbitrarily to
illustrate the point in the text.
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one way of comparing such states is to allocate a ]
welght to each contour band so that a weighted sum
of the numbers of people affected can be produced.
But even if a non-arbltrary weighting system could
be found, this solves the prehlem only for a glven
type of situation, In order to consider such
questions as whether a noise abatement programme
should pay more attention to noise at night or
during the day, or to noise at home rather than
nolse in the streets, gome way of comparing the
different situvations must be found., Even 1f the
same index, such as Leq, can be applied to the vari-
ous sltuations, it dees not follow that a certain
value on the index has the same significance in them
all. Indeed it is known that a given Leg value is
not so serious for traffiec noise heard by residents
in the daytime as at night. It was scen above that
modifications of the Leq index to take account of
the extra nuisance of night noise have been intro-
duced in some countriea; evidence from various
countries confirms the underlying goint that nolse
13 more resentad at night(11,712, 3],

The ideal way to sclve this problem would be to have
monetary values, representing the nulsance caused by
noise, to apply to people in each band of index
values; the monetary value applicable to a gilven band
could vary according to the type of situation., Not
only would one then be able to compare different situ-
ations to determine priorities for abatement, but it
would also be ecasier to decide, other than by politic-
al judgement as at present, what resources scclety
should devote to nolse abatement in general vis-a-vis
other desirable ends. Although monetary values for
alrcraft noise nulsance have been estimated and used
in some alrport studles, there is still disagreement
about the principles of measurement as well as about
the particular figures that have been suggested{l3),
The study of monetary values related to road traffic
noise ls even less advanced.

The lack of measures of community annoyance, whether
monetary or othar, limits the extent to which one can
compare the cost-effectiveness of noise abatement
policies. If the policies are very speciflic measures
which would act in & similar way, e.g. two different
ways of quietening a given type of lorry, there is ne
need to Introduce the concept of community annoyance.
But if we werc comparing different types of policy
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{such as actfon on the vehicle as compared with
traffic restraint) or entire noise abatement strat-
egies, measures of community annoyance are required,
In their absence, the search for and justification
of appropriate policies inevitably lacks rlgour,
Navertheless, as will be seen helow, some elements
of a rational astrategy for the abatement of road

traffic noise can be identified with fair confidence.
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2, PREDICTION

2,1

The Need

If one prerequisite of a noise abatoment strategy is
to have a way of measuring noise annoyance, another
is to he able to predict how the valuas of appropri-
ate indices would change as a conscquence of any
proposed means of noise abatement. Partly this is a
technical problem within the fleld of acoustics,
involving questions such as the following:

- 1f the noise of a particular vehicle component is
changed, what will the cffect be on the noise
emitted by that vehicle at diffarent speeds?

= what would be the cffect on the total nolse
emitted by a certain type of rcad vehicle,
travelling on a glven road surface at a glven
spead, of reductions in power train noise un-~
accompanied by any reduction in reolling noise?

- how Is the noise emitted by a given stream of
traffic affected by characteristies of the road
and the trafflc stream such as gradient, road
surface, traffic volume, traffic speed, proportion
of heavy vehicles?

- what Is the relationship between noise levels at
the roadside and those some distance from it
glven the nature of any lntervening screens,
buildings or vegetation?

~ what is the relaticnship between noise lavels
immediately outside a building and those within
it having reqard to the type of walls, windowsa
and other features of the construction?

Expert opinien isg that the technical acoustical prob-
lems are solved, at any rate for the noise indices
most commonly used such as Leq and L,,. The values
of indices such as L., which might be guitable for
measwring the nuinanéc caused by intermittent noise

are extremely hard to predict as a function of traffic

conditions. This difficulty in prediction is, indeed,
one reason why the study of such situation= has been
relatively neglected. But in order to predict the
effect of any propesed action in reducing community
annavance, it is also necessary to know the number
of people within the area that would be affected who
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are axpesed to nolse of various degrees, If the
action being assessed is inherently local in its
gffecta, such as the crection of a screen, such
information can be obtained by an ad hec count.

But if it Iis one with widespread effects, such as
the reduction of the noise emitted by all vehicles
of a certailn type, large-scale soclal surveys,
preferably repeated at regular intervals, are re-
quired to obtaln the necessary information about
a¥posure:  such surveys would have to distingulsh
between and deal separately with the various types
of noise situation described in Section 1, We have
not found any surveys which fully meet the require-
ments. Those that have been done are limited to
residential situationg, and sometimes only to resi-
dential situations alongaside main roads where
cobditions ara expected to ha particularly sovere.
This is appropriate for the immediate task of
implemanting statutory schemes designed to give
protection to those entitled to it, or for caleculat-
ing what the cost of such schemes might be, but may
be misleading in planning a wider noise abatement
strategy.

The nead for systematic methods of predicting the
effecta of alternative means of nojise abatement is
1llustrated by the relative neglect of noilse from
cars., It seems to have been assumed that since
individual cars offend much less severely than indi-
vidual lerries, huses or motorcycles, there was

little point in doing anything about the car category
as 4 whole. This reasoning sounds plausible in the
absence of a predictive model, but 1t ignores the

fact that cars account for a very high proportion cof
total traffic, especially on certaln types of road,
such ag regldential streets, on which quiet conditions
may be particularly desirahble, A study by tha British
Transport and Road Research Laboratory, which used a
model relating roadside traffic noise to the composit-
ion and cother characteristies of the traffic stream,
concluded as follows:

"It seems therefore that while reducing lerry noise
should bring worthwhile raductions of nolse on the
husiest roads, reductions of noise from both cars and
lorries are neaeded £f any general benefit 1s to be
experienced, A further caleulation indicated that
whatever vehicle quietening may be undertaken, traffic
noise wll hardly he reduced until the guiet vehicles
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have replaced at least 50 per cent of tha existing
vohicles. This report therefore has shown the
need for including in the present programmes of
research into quieter vehicle devalopment an urgent
programme  to reduce the noige emitted by the car
category”(14),  (See Tabla 3.1 belaw for some
supporting figures ultimately derived from this
report.}

Although the raport was published in 1974, and this
conclusion should apply to other OECD countries as
much ag to Britain, it seems to have had little
influence on the noise abatament programme of any

country.

Test Procedures

A particular quastion raelating to prediction con-
cerns the relationship hetwaen the nolse vehicles
aemit uhder controlled test conditicns and the nelse
they are likely toc amit in everyday use. Manufactur-
ers have especlally criticised the IS0 procedures
for testing cars, which are virtually identical with
the procedures prescribed by law in EEC countries,
They have argued that these procedures are not
designed to reproduce the urban conditions in which
vehicles will mostly be used or, at least, it which
thelr use is likely to cause most nuisance. The
dahgaer 1s a double one, that too much attention will
be pald to measures which will enakla a vehicle to
pass the tast but have little relevance to the real
1lfe situation, while too little is paid to measures
that would help in real life but not in the test.

A 1973 report by Renault{l3) makes the point that
the I50 test produces a bilas against more powarful
cars Vis-a-vis popular cars: for example, supericr
Amarican cars would perform hadly on this test al-
though they are acknowledged to be particularly
quiet in urban conditions. This criticlsm is
repeated in a very recent article(l6) by an author
from Renault which concludes that the I50 R362
requlation is ipeffective in that it permits the

use of large numbers of poorly soundproofed vehlcles
(the smaller popular cars) and is at the same time
extravagant in that Lt forces larger cars to be
excessively soundproofed. The same polnt is made in
an article published in 1977{17) by an author from
Opel who states ",.,with this test procedure we will
achieve with yreat costs technical development in
the wrong directicn. Years later we would reallse
that we failed our gomal in general noise reductian,..
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The CCMC has a working qroup which is studying vari-
ous possible changes to the ISO test, designed to
remedy these alleqged defectg.

Other experts, however, while accepting tha point

that present procedures would be unfailr to tha larger

American cavs, belleve that otherwise the present IS0

Erocedures are well sulted to the purpose of type test-
nyg,
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QUIETER VEHICLES

This section discusses the possibilities of reducing nolse
by making the vehigles themselves quieter. The section is
not concerned, however, with rolling neise - the noise that
& vehicle would make when coasting with the gears dis-
engaged - but only with power traln noise, Since rolling
noisa is almost entirely due to the interaction of the tyre
and the road surface, and can ba altered by action on
aither of those elements, it is convenient to discuss it
geparately (see Section 4 below).

3,1 Lorries

3.1.1 The Imzmcrtance of Lorry Noige

With the possible exception of motorcycles when poorly
maintained and inconsiderately used, lorries are the
noislest vehiecles on the roads. Current EEC regulat-
ions permit the heaviest lorries to emit 91 dB(A) on
the ISO test; this will be changed to 88 dB{A) in 1380.
These ratings are respectively 2 dB(A) and 6 dB(A)
more than those for buses and @ dB(A) and 8 4B(A) more
than those for cars. As well as being noisy individ-
ually, lorries constitute a significant proportion of
the traffic flow; their contribution to traffic noise
levels 1is therefore very great. The reductions in
noise level that would be brought about by guietening
lorries have bheen culculated by the Transport and
Road Research Laboratory and are shown in Table 3.1,
The first number in each space shows the reduction in
nolse leval if all larries were quietened by 10 <B({A}
while nothing was done about cars and the number in
brackets shows the reduction that would arise from
quletening all lorries by 10 dB{A} and all cars by

5 dB(A}. A single carriageway two-lane vead 13
assumed and an observation peint ten metres from the
roadside with grassland in between.

TABLE 3.1 : REDUCTIONS IN Lip_(dB(A)) THAT WOULD FOLLOW
FROM REDUCTIONS IN THE NOISE OF INDIVIDUAL
VEHICLES
Percentage of lorries { {4 tonnes gross
Flow (vehlclas vehicle welght} in the flow
per hour}
103 208 0% jot
200 1.4 {5.6) | 2,5 (6.3) ;4.5 (7.2) | B.4 (9.3
400 L.4 (5.8) [ 2.5 (6.4) [ 5.1 (7.9} ] B.8 (9.6)
300 1.5 (5.9) [ 3.1 (7.0) | 5.9 (B.8) | 9.0 {9.8)
1500 2.0 (6.4} | 4.2 (7.8} [6.3 (9.1} 2.0 (2.%)

SOURCE: "A Qulet Heavy Lorry", article by L.H. watkins of
TRRL, reprinted from Commercial Motor, March 22, 1974
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Im addition to their effect on noilse levels, lorries
ara often the cause of particular incidents of nolse
nuisance which, as noted in Scction 1, cause con-
siderable annoyance,

There would therefore be great benefits in reducing
lorry noise, At the same time, Lt is argued in
Section 6 that, apart from the technical problems of
guietening lorries and the time it would take for the
matority of existing lorries to be replaced by quiet
ones, it 1s fallaclous to think that the problem of
lorry nuilsance in towns can be solved simply by mak-
ing the lorries quiet: restraint of lorry use will
also be required.

3.1,2 Sources of Noisa and Means of Reduction

Table 3.2 shown the classification commonly used for
the component-sources and, within each source the
noilse-emitting parts, of heavy qoods vehicles. None
of the items listed under "others" is relevant so

long ag the attempted reduction in noise emission does
not exceed about 10 dB(A). Since power train noise,
in effect made vup of tho firat flve items on the list,
dominates rolling noise of lorries at present in
almost all operating conditions, it is there that most
reductions should be sought. Even 1f power traln
noise could be reduced te BO dB(A) under the ISQ test,
which is on a dry surface and involves specds of 40

to 50 km/h, rolling noise would have little signific-
ance In the condlitlona of that test. But on wet
surf{aces at such speeds, or on dry surfaces at higher
speeds, 1t would be of comparable importance to powar
train noilse.

Within power train noise, noise from the transmission
makes only a small contribution. The means of reduc-
ing noise from the other four component-sources making
up power train noise will now be discussed; tha
information in the following paragraphs is drawn
primarily from a paper by Mr. J.W, Tyler of the
Transport and Road Research Laboratory(l8),

An englne produces noise because varicus pleces within
it cause the surface of the engine structure to vibrate.
There are therefore thres broad ways in which the prob=-
lem of quletening engines can be tackled: by reducing
the forces, by reducing the vibrational response of the
structure to them and by encapsulating the vibrating
structure in a noise-isolating enclosure. The predom-
inant noise from diesel engines is produced by the
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rapid rise in eylinder pressure following combustion;
secondary mechanlcal sources are the pistons and fuel

injection systoems.

Turbocharging an engine smooths

out the abrupt rise in cylinder pressure and thus

reduces noise,

TARLE 3.2 : SCURCES OF NOISE IN HEAVY GOODS VEHICLES
Na. Component —Sources Noise-Emitting Parts

1 Engine 0il sump, sides of engine block,
mani fold and supercharging unit,
valve cover, front of engine,
cover of distributer housing

2 Alr Inlet Inlet opening

3 Exhaust System Exhaust cpening, exhaust pipe
and silencers

4 Cooling System Fan, drive, water pump, radiator
with wind tunnel

5 Transmission Gearbox, differential

1 Tyres Tyre profile (interacting with
road surface)

7 Others Auxlliary units (e.qg. fuel
pump) , coachwork and chassis,
alr brake, drop sides, etec.

SOURCE: "Feasiblility study into the design of quieter gqoods

vehicles". Study programme of the Interdepartmental

Cammission on the Abatement of Noise, Report No.
VL-HR-04=-01. Minsterle van Volksgezondheid en
Milievhygiene, 1977.
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But apart from turbocharging, which is already a
cammon practice, therea is little that can be done

to reduce the forces within the engine without re-
dueing power and increasing fuel consumption. The
vibrational response of the structure can be reduced
by redesigning the engine eylinder block and the
crankcase in order to stiffen them; this methed has
already been used in some developments of quieter
vehiclas and i3 still the subject of research. Most
has been achieved through encapsulation, although it
intreoduces difficulties of weight, access for main-
tenance and the cooling of engine and ancillaries.

The main method of controlling noise from the alr
inlet and the exhaust system is to fit largar silenc-
erg, which can be a problem on the tractor unilt of an
articulated lorry where space is lLimitoed. 'The char-
acteristica and timing of the valves are also import-
ant: reductions of 10 to 15 dR(A} can be achieved

by attention to the exhaust valves.

Nolse from the cooling system is mostly caused@ by the
working of the fan, which can produce noise levels
exceeding 90 dB{A) at 7.5 metras. The amount of
noise preduced is determined by the speed of rotation
of the fan tip. Means of reduction are to design more
aerodynamical ly efficient cooling systems, which in-
volve lower fan speeds and close~filtting shrouds, and
to use thermostatically controlled fans or other
devices which ensure that the fan is used only when
required.

3.1.3 The American Quiet Truck Programme

Since 1972 the Department of Transpcrtation in the
United States has been sponsoring a resparch programme
on the reduction of lorry noise through changes in the
vehicle,

Three major lorry manufacturers, Freightliner Corporat-
ion, the International Harvester Corperation and the
White Moter Company, have been involved as contractors
with numerous subeontractors. The programme has in-
velved not only the development of qulet lorries but
also their use in circumstances which would allow
problems in operation and the reactions of operators,
drivers and mechanics to be determined. The gquietest
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lorry, with a nolse rating roughly equivalent to

78 dB(A}* on the ISQ test, was produced by
Frelghtliner, but the company warns that although
it has demenstrated "that it is possible to build
and coperate a heavy-duty diesel powered truck having
a nolse rating of 78 2B{A}, these findings do not
eatablish that it is possible to build all heavy-
duty trucks to Bl dB(A)".{(19) It was estimated on
the basis of the tests that the fncrease in the
price of a new lorry rating 81l 4B(A}, as compared
with an unguletened version rating 94 dB{(A), would
be about 5%. Tuel costs would go down berause of
improvenents to the fan, but maintenance costs
would increase, owing mainly to increased problems
of access. The net effect on annual cost would
therefore depend on the methed of use of the lorry:
it was estimated that for a lorry engaged in general
carge haulage, annual costs would be reduced by O.1%,
but for one engaged on bulk haulage they would
increase by 1,4% (13,

In March, 1976 the Environmental Frotection Agency
published {21) estimates of the changes in cost that
would arise from the measures required to meet differ-
ent noise levels envisaged as Federal standards.
These estimates draw heavily on the result of the
Quiet Truck Programme, although the EPA's calculations
and costs are not totally accepted by American lorry
manufacturers including the mailn contractors for the
programme {22), It is not possible for us to evaluate
the truth and force of the various criticisms, The
figures regarded by the EPA, on sevaral grounds, as
the most conservative or "worst case" are presented
in Table 3.4, Table 3.3 shows some of the data used
in arriving at the figqures. Further assumptions

uged In the caleulation of the change In net present
value were that the average llife of lorries was ten
years and the rate of return on capital before taxes
was l0%. Tt will be secen that the calculations cover
petrol-driven lorries as well as diesels, Petrol-
driven lorries still constitute the substantial
majority of medium-sized lorries in the U.S.A. apnd

a large minority of large lorries; this would not be
true of most other QECD countries. Results are
quoted both with and without the fuel savings which
the use of more efficient fans, fan c¢lutches and
exhaust gas seals would produce, At present, rel-
atively few American lorries are fitted with such
equiprent, but the rilsing price of fuel is likely to
lncrease the demand for it irrespective of any noise
regulations.

*Throughout this section American test numbers have
been converted to ISC equivalents by the addition of
6 dB{A),

- 236 -



TABLE 3.3

An item not mentioned by EPA in the source document
is the loss of revenue arising from the reduced pay-
load of a lorry due to an inerease in itg own welght.
According to Freightliner, (22} the oxtra weight of
the heavy diegel to meet the Bl aAB(A) regulation
wauld be 320 kg. and the subsaquent loss in revenue

for a bulk haunlier would be $1,000 annually
This is presumably the worst caseo,

prices).

{1973
involv-

ing both the heawviest vehicle and maximum use.

There is alseo a danger of double counting if both
the fuel penalty and the loss in payload of a vehicle
arising from its increased weight are included, We
cannot tell from the document whether thls danger has
been avoided or not.

DATA FOR TIIE EPA COQST CALCULATIONS

Type of lorry

Avarage § Price
of vehicle
(1973 prices)

Km. per year
per vehlcle

Fuel Cost
¥ per litre
(1973 prices)

Medium petrol
Heavy potrol
Medium diesel

Heavy diesel

5,836
11,613
7,360
25,608

16,000
28, 800
33,600
BG , 400

.11
.11
L0866

066
i

SOURCE 3

Reference 21, Tables 6.4, 6,13

3.1.4 Thae British Quiet lleavy Lorry Project

A government sponsored project to preduce a lorry
emitting B0 dB(A) by the British Standard BS 3425
(very closely comparable to the IS0 test), and beiny
at least 10 dB{A) quieter than the current vehicles
undar all normal operating conditions, was launched

in 1972,

The organisations involwved were the

Trangport and Road Resenrch Laboratory, the Institute
of Sound and vibratlon Research, the Motor Industry
Research Associatlon, Bricish Leyland, Fodean and

Rolls-Royee

Motors.

By 1979 a demonstration vehleleae,

l.e, a fully engineerad practical vehicle capable of
sarving as a prototype for commercial precduction,
had been produced which achieved the project target
An official preoject report with cost

of BO AR(A).

information 1s expaectad early in 1980,

hecording to




COSTS PER LORRY OF IMPLEMENTATION OF ANTI-
MEASURES

EXTRA
NOISE

TABLIEE 1.4

Uniks: § 1973 prices

Permitted Relae Levels dB{A}

Type of Lorry

Increases in:

89 86 | 84 Bl

Price of new lorry| Medium Petrol 35 180 330 (G5
- actual Heavy Potrol 135 280 4180 815
Modiom Diesol 426 B65 1059 1624

Hoavy Diesol a7 715 976 1454
- a8 ¥ of former Medium Petrol 0.6% 1.1% 5.6% 11.4%
price lleavy Patrol 1.23 2.4% 4.1% 7.9%
Modium Diesel 5.8% 11.8% 14.4% 22.1%
lleavy Diesel 1.5% 2.68% 3.8% 5.7%
Fuel, allowing for | Medium Potrol {d4) (78} (104} (102)
improved fan ctc. Heavy Petrol (256) (2558} (255) (241)
{annual costa) Medium Disel (59) (121 {138) (135)
lleavy Diesel (238) (233) {230} (201)

Puel, not allowing | Medium P'etrel O 1 1 R
for improved fan fleavy Pctrol 1 2 2 [
ekte, {(annual Medium Diesel 2 6 6 10
costs) Heavy Dicsel 10 12 41
Maintenance, Medium Petrol 9 R 58
{anhual costs) Hoavy Paetrol 19 a8 116 136
Medium Diesol {6) 25 195 am

tieavy Diescl (20) 32 85 180

Present value of Madium Potrol [ [283) (365) 7 102
total changes leavy Patrol |(1594) | (1333) {690} (162)
allowing for Medium Dicsel ! 33 286 1422 2512
improved fan ecte, Heavy Diesel (1169) (489) 111 1346
Present value of Medium Petrcl I 8o 280 B48 1243
total changes not Heavy Petrol 149 4103 970 1494
allowing for Medium Diesel 724 1373 2478 3595
improvad fan ete. leavy Diosel 51L 1180 1729 30158

NOTE:
SOURCE 3
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press reports (The Times, Nevember 23, 1978} the
axtra cost of a 38-ton vehicle would be approximately
£2,000 ($4,000) or about 10% of the capital gost; we
underatand, however, that this may be pessimistic and
that the extra capltal cest may turn out to be about
8t. Because the nolse reduction 1s achieved hy a
substantial redesign of the engina, not hy encapsul-
ation alone, fuel consumption is not increased. No
increase in maintnenance costs is expected (23],

3.1.5 Research in Other Countries

The only other country that has completed an official-
ly sponsored raesearch and development programme to
produce quieter lorries appears to be Japan. In 1974
the Ministry of International Trade and Industry
launched a three-year programme involving four manu-
facturers of heavy lorries and buses. The objective
wae less ambitious than the American and British ones:
to achieve a rating of not more than 86 dB(A}) on the
ISO test, which is the level due to comeg into forece

in Japan in 1979, Threc experimental lorries and ane
bus achieving this standard were produced: the source
document does not reveal the costs(24),

In Sweden, both Volvo and Saab=Scania have worked on
the reduction of lorry noise, In 1972 Volvo esti-
mated that within the existing manufacturing con-
straints it would be possible to produce a large

lorry emitting 86 4B(A) and a medium-sized one emitt-
ing 84 dB(A), a reduction of some 5 dAB{A)} in each case
as compared with vehicles then being produced. This
could be achieved by means of sound absorption materinl
within the engine compartment, shielding the sides and
the bottom of the engine, a new silencer on the ex-
haust and a better cooling system to compensate for
the shielding. It was estimated in 1972 that the
evtra capital cost per lorry wonld amnunt ta 4,000
Crowns (1978 US $1,465) Lif the modifications were

made only on vehicles for the Swedish market and

2,300 Crowns (1978 US § 840) if made on all vehicles.
An increase of 2,300 Crowns would have been equiva-
lent at that time to somewhera between 1.5% and 3%

of the price of a new lorry, depending on 1its size.
Volve also estimated that the welght penalty would
have been 60kg, and that difficulties of access to
the enygine would have added 1,000 Crowns annuvally to
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el
maintenance costs (1978 US § 166) °°!, Saah-Scania's
estimates were not quoted in such a precise form but
appear to be broadly in line with Volve's., But
naither company is at present contemplating bullding
vehicles quieter than stipulated by the new EEC
regulations.

A German sourceu's) for lorries of under 3.5 tonnes
glves the following cstimates {Table 1.5} for the
capital cost of noise reduction.

TABLE 3,5 : SOME RECENT GERMAN ESTIMATES

Lorry Type Extra capital |Equivalent |4B(A)
cost DM, 1975 |$, 1978 Reduction

Petrol lorry type 1 720 375 -3

Petrol lorry type 2 450 2135 2~3

Petrol lorry type 3 620 325

Diesel lorxry type 1 880 160 q

Diesel lorry type 2 920 480 4

NOTE:

For reascns of commercial confidentiality, the source
document does not give the capital c¢osts of the
vehicles. However, as a very broad indication, Lt is
likely that the extra capttal costs shown amount to
somewhare between 3% and %% of total capital costs,

In the Netherlands, the Interdepartmental Commission
on the Abatement of Nolse has undertaken a feasibility
study into the design of quieter goods vehicles as one
of A RAr{AR af Atudlas Aan traffic nmisa, The aim of
the report was to provide a basls for discussion with
the industry about arriving at practical solutiens to
the problem of vehicle noilse. It was concluded that
tha greatest reduction that it was senslble to seek
was 10 dB(A) - down to a level on the IS0 test of

8l dB(A) - since reductions in tyre ncise which would
allow total vehicle noise to be brought below that
level could not be envisaged, It was alse concluded
that it would be polntless to attempt this reduction
in stages; it should be done in one step, The report
estimated that it would require about four vears from
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FIG, 3.1 : SUGGESTED DUTCH PROGRAMME TOR TIUE DEVELOPMENT OF THE "QUIETER GOODS VEHICLE"
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the time of selecting a prototype vehicle for modi-
fication to the time that mass productien of the
modified vehicle could start. Pigure 3.1 taken from
the report shows the suggestéd sequence of the devel~
opment programme.

In Franee, Berliet has reduced the nolse of a medium=-
sized diesel lorry from 89.5 to 84 AR(A} on the 150
test by the partial encapsulation of the engine and
tha fitting of more efficicent silencers, The extra
cost was 3,800 franes at 1977 prices or US $ H34 at
1978 prices, which represents an extra 5.5% of the
selling price of the wvehicle, but in mass production
this penalty would be reduced to 4%,

It has been shown that further action along the same
lines could reduce the noise to 82.5 dB{A) but the
extra capital cost has not been calculated and there
would alaso be somo adverse cffect on tha vehicle's
performance {27},

3.1.6 Tatrofit

Little attentlon scems to have been given to the
possibility of retrofitting exlsting lorries, partly
because the life of a lorry, which rarely exceeds

ten years, is too short to require it and partly
perhaps because to impose standards on exlsting
vehicles more stringent than those in feree when

they were produced ls somethlng which governments
dislike doing cxcept for compelling reasons of safoty.
Howover, some work on ratrofit was deone in the course
of the American Quiet Truck Programme, One study was
concerned with two lerries, a Kenworth K-123 with a
Cummins NTC=350 engine and a Peterbilt 352 A with a
Detrolt Dlesel 8v-717 engine. It was found that
modlflcations to the fan and to its speced of rotation
were sufticient to produce substantial reductilons in
each caso at a very small ecapltal cost and trivial,
if any, operating penaltles, Presumably these
ragults are accounted for by the fact that both
lorries wore intially extremoly noisyr no general
conclusions should therefore be drawn from the flnd-
ings, "The figures from the source document(28) are
gqiven in Table 3.6,
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TABLE 3.6 : COST OF MATERIALS AND INSTALLATION FOR IMPROVED
FANS AND CONSEQUEN? NOISE REDUCTIONS

vehicle Cost $ Previous dB(A) Subsequent dB(A)
1974 prices| level, ISO tost | level, ISO test

Kenworth XK-123 246 97 92.5

Peterhilt 352 A 252 95 90,5

3.1.7 Vans

The problem of vans is in general comparable to that

of cars. lHowever, the fact that many vans reqularly
pporate in conditions which do not require oither

high speeds or long ranges has arcused interest ln

the possibillities af electric wans. A test programme
now in progress in Britain has produced some extremely
encouraging results, In appropriate conditlons
eclectric vans have operated at costs very close indeed
to that of thelr diesel or petrol counterparta. Drivers
like them and they have operational advantages, such as
being able to drive right into food warchouses, as well
as genoral environmental advantages. Table 3,7 is
copied from the proceedings(29) of an international
conference held ln Britain in 1978, The electric van
in question has a payload of 1.75 tonnes, a top speed
of 65 km/h and a range on a single charge, assuming
urban dolivery conditions,of at least 80 km. For a
descripticn of another electric geods vehlicle which has
been in use in specialiased urban sltuations for a
number of years, see Section 6.1.

3.2 Buses

3.2.1 The Need for Culeter Buses

Buses account for only a small proportion of national
or urban vehicle travel., Dut on cablaln soads Lhey
constitute a significant part of the flow and these
roads are 1likely to be particularly frequented by
pedestrians, fThe need for buses to stop and start
more often than other vehicles will also add to the
contribution they make to the noilse levels on such
roads, There are increasing moves to give buses
priority in central arcas of cities; indeed, they may
be the only motor vehicles allowed in pedestrianised
areas for large parts of the day. It is5 also often
desirable for them to bhe able to penctrate other
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TABLE 3.7 : COMPARATIVE COSTS: ELECTRIC VERSUS DIESEL VANS

Elactric Vehicle Diesel Vehicia
Stlegtllu:‘rluz Mk Io‘:n:il:h high~ Dodge KGO (Si:Zm. whacébasu)
roaf incegral van . with integral high=reof van
Inclusive of ba“ﬂ')'.ythl!ser Specificarion bedy, Taclustve of delivery
and delivery charges charges
L Purchasa Price E
7:390 Chassls-icuttle, anti-corrosion -
tyeatment and aunvuw charges
3,000 Battery -
800 Charger -
2,J00 Aody -
50 Charger inscallation and -
— hattery Copplng=up krollay S
£ 12,70 TOTAL (excluding price of tyres) £ 5,58%
2,42 Prize ratio (Diasal = 1) H
10 years (5 ywars Asauted 1lfo yequired & years
for h:::iryy
16,090 Annual required user (250 16,050 km
working days)
£ p.a. Anmual Cotts i p.a.
bepraciacionis~
1,049 Vahicle 948
500 Bactery -
2% Charger installatfcn and topping= -
up tralley
85 Read Tax 140
- MOT @ '0f Licence 23
LT7 Fual (including heacing) 410
188 Tyros 165
350 Maincenance and repairs 950
168 Replacemsnt Hire 206
£ 3,006 TOTAL € 3,92

SQURCE: Reference 29
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sensitive areas, such as residential estates, and
to operate at times of day, for example in the early
morning, when there may be few other vehicles about.
There are therefore gubstantlal advantages to be
gained from a quiet bus.

3.2.2 TFeasibillty of Noise Reduction and Means

Most buses now Iin use in OECD countries are probably
of the old unquictened generation. The nolse emitted
by such buses is likely to be in the range B6 to

91 dB (A}, when tested according to the I50 procedures,
or even higher if the vehicle is poorly maintained.
However, there 1s no doubt about the feasibility of
reductions since quieter vchicles are now in operation.
The application of retrofit packages has brought the
nolse emitted by some buses of the oldar gencration
down to BO to B2 4B{Aa), Changes in production, con-
sisting scmetimoes of modification= to an existing
model and sometimes of a new type of bus,have brought
noise levels of new buses down as far as 76 to BO dB(A).

Porther reductions would be hard to achleve, since
rolling noise would then become the dominant noise,

It could also be 3ald that there is little point in
producing a bus quleter than the quietest now avallable
{tha Scania buses shown in Table 3.8), since they are
already quieter than many makes of car and it may be
advantageous for safety reasons that heavier vehicles
should emit more nolse than others, On the other hand,
the bus may be the only kind of motor vehicle permitted
in some places, at least for part of the day., and it
would always be possible to fit a bell or other audit-
ory warning device. Such a device need not be in
constant operation but could be switched off at night
or on main roads, or in other circumstances when it
was not required.

To ratrofit a bus usually involves the partial encap-
sulation of the englne. Once that has been done,
variouc compenonts will Le emnitting similar amounts
of noise and all therefore will have to be modified
in production to reduce powor train noise, and hence
total vehicle nojse, below 80 db(A)., The most import-
ant action is likely to be to enclose the engine as
fully as possible, This requires the radiator to be
separated from the engine, with consequent changes
to the design of the cooling system. The noise made
by the fan can be reduced if tho fan ls thermostatic-
ally gontrolled and designed to operate at low
revolutions, The alr intake sheculd be constructed
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EXAMPLES OF CAPITAL COSTS REQUIRED TO QUIETEN BUSES

R A

TABLE 3.8
frductions | Reductlon 1974 Cost an ¥
achlaved AaBiAl, 180 L3 s of total
Puw by toLro- or 150 Conk mmsl Year wpilv- | cost of Comsenta Eoures
it or in equivalent alwne vahicla
production
b2¢ fouble pecker r Trom BB to € Lo 1977 2,450 L4 Bus now Lh dervice London Transpert
{difisd Float- /a1
Haw)
RAF Clty bus [ Trum BB ta ri. 11,672 5,165 1.5 The fiquren are antimater Lottar from AP to Hinistorke
B 1978 rather than helig darived vanl Vulkageaondhaid en
Erom retvofltn actually Millauhy;lene
instalted
CAN Ittag=clty R Trom 90 to rL. 1,340 ¥, 280 .5 - L4 . " * tattur from CAB Lo Minlwieria
bua a1 1977 van Volkagerewiho {1y sn
i liwuhygtens
Potrolt Disasi ® B to 81 t 6la 0 W.5. | Tha sace packays of srass | US Dapartzent of Transgart 'Y
- flaft =ide) 1974 ures appliad In bath casap
and 81 to
Al {rkght
ajde)
Bertiet PR lOO P Fram 90 s Feduetion 1,650 2.5y Commeorcial preduction of 0 | Arnacit /ferliet ansd CRAY
oo Achluved 4B {A] bus mtarted §n Japuary
betwesn 1971 1974, SBlight advares soffert
and 1937 on fusl consmption
varioun Aoerican L Prom varlous | Facimazay H. &, LAY to Tha conts dre sitlnaten !:I’A[““'J
exintlng glvan in 1977 "oy
levels rown Taport drprniding
o B) on T comparcial production
ulin aml
type
Scania RRIL2 and [ rrom 05/07 M.B, H.o, .8, Hince this buv wan designad | Aash-Bcania
ok 112 (pravious frow the autsae as a quiet
PR 111 am] bum 1t in irpossible to
CR N Ldantify particular Llema
modala} down witich are watea ag comparsd
ta 77 wWith an unhodlfied valiicle,
lirwaver, the bus {u 7% o
U wore axpestiva Lthan LY
hHoareat aguilvilent of &
convantional kiml, Twe bus
im muitahle for fony dime-
Anca as well a8 uthan work
Harcedes Bans [ From an un~ 1573 WE, | 4% Hax, oren 1!
015407 epeclfled
leval ta
7770
Magloum Drutx H. 8, Reducticn of 174 N.E, AV Hax. (ll:l:"“L'
S to & dn(M [ or earlier
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as a nolse trap and a large ailencer, or preferably
more than one silencer, should be fitted on the
exhaust, The turbocharging of diesel engines also
has a bencficlal effect.

3,2.3 Caplital Costs

The cheapest substantial noilse reductlon has heen
achlieved on the Berliet model PR 100. A reduction
from 90 to 80 4B{A} on the 180 test was hrought ahout
alt an extra capital cost of 2.5%; fuel consumptlon
has also risen by 2.58(30, .

In the Natherlands, the buses now bought for urban
services or for services betweon clties and villages
in the surrounding countryside are provided with an
encapsuitlation. The cosat of this, together with that
of the consequential changes such as improving the
capacity of the cooling system, comprise about 5% of
the price of the complete bus. To retrofit buses
already in use in similar ways is more expensive and
can amount to as much as 7.,5% of the price of the
bus,

Table 3.8 shows various cxamples of reductions that
manufacturers have achieved or believe, after study,
to be possible, with the asseclated capital costs,
The figures relate to the IS0 test., It seems fadir to
copclude that the capltal cost penalcy is small in
relation to the benefits.

3,2.4 Other Costs

The extra welght of a guiat bus (the weight being in
the radlator, fan, insulation material, cooling system
and exhaust system} gives rise Lo an increase in fuel
cansumption. The welght penalty of the Leyland B20,
which is a modified Fleetline, is about 270 kg, which
represents about 3% of the unladen welght and 2% of
tha laden welght. Since fuel consumption is approxi-
mately proportional to welight, fuel cansumption

can be expected to inecrcase by a similar figure.

This is corroborated by an EPA document (32) which
states that "enerqgy consumption of busces 1s expected
to incerease by no more than an average of 3% with the
implementation of the propesed levels". It is poss-
ible that other changes required to reduce nolse, for
example, the thermastatically controlled fan, would
help to raduce fuel consumption.
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A second weight-related problem is that in Some cases
tha extra welght has caused the axle welght limit to
be exceeded. To solve this, the Dutch authorities
raised this limit from 10 to 11 connes at the end of
1978, Presumably this has some effect in increasing
the damage that buses do to road surfaces, but the
alternative, a reduction in the passenger carrying
capacity of the bus of about 20% {in the case of the
DAF bus the absolute figures were from 92 to 75)
would have serious implications for bus operators.

It has not been possible to establish how widespread
this problem is but uncorraoborated verbal referencos
menticnad a similar situation in Germany.

A final category of cost assoclated with quiet buses
is maintenance. ¢Quilet buses ¢an be more expensive to
maintain for two reasons, because thera are extra or
more complex parts that need to bhe serviced and
because engine encapsulation makes the englne less
readily accessibkle. No figures are at presant avail-
able,

3.2,5 Electric Ruses

FElectric buses might be gquicter accerding to the ISO
test than the quicter type of diesel bus now in oper-
atlon, although rolling noise would be dominant, or
becoming so, for both types of bus. But the complete
silence of the electric bus in starting and at low
speeds ls an advantage not reflected in the IS0 test,
The fact that the electriec bus is without fumes is
also important, particularly when a hus is required
for nse ln sensitive areas.

Several types of electric bus have been in operation

in Great Britain in recent years; recent accounts(33)
suggest that diesel buses still have an advantage in

cost terms notwithstanding the popularity of electric
busces among hoth drivers and passengers.
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3,2.6 Other Tvpes of Quiet Buses

In the Netherlands, investigations are being carried
out into some othar types of quiet buses, An investi-
gation on the safety of LPG delivery stations is

being made in order to see if the LPG bus can be used.
Not enly 1s it a quiet bus; the fact that it causes
very little air pollution alao makes it very attract-
ive,

Thers are plans to put the trolley bus Iinto service
in a part of one of the blg cities in the Netherlands,
as the sound emiasion of that type of bus is low in
clty traffic.

Another investigation deals with a diesel electrie
bus, It is expected that that bus will be quicter in
the city than a conventional bus and lt also uses
less enerqgy.

Motoreycles
3,3.1 The Importance of Hotorcyecle Moise

Conventional Indices of annoyance are praobably least
satisfactory whera motorcycles are concerned., 1In
Britain in 1972, the year of the national envircnmental
survey, motorcycles accounted for less than 2% of road
vehicle mileage and probably made a trivial contribut-
ion to Leg nolse levels, HNevertheless, more people
claimad to ke annoyad when at home by noise from moter-
eyeles than from any other single traffic nolse, and
when nolse in the streets as well as neise heard at
home was taken into aceount, 19% of respondents
mentioned motorcycles or mepeds in reply to the
question "what sort of vehicles make the worst noise?"
Corrosponding figures for other vehicleg were lorries
39%, buses and coachea 5% and cars 4%(37}), 1In the
United States, motorcycles currently account for 1.7%
of traffie volume but public opinion surveys show
aimilap findings:

"Motoreycles were confirmed to annoy people out of
proportion to their population, More than one-third
of the national population is not at all annoyed
from motor wvehicles and only 10 per cent of the popu-
lation is very annoyed by noise from motor vehicles,
However, noise from motorcycles hothers more people
than are bothered by noise from any other type of
motor vehleles and for people who are at all anhoyed
by noise from motor vehicles in general, about one-
third are very annoyed by motorcycle nolse."(38)
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In a racent French survey more town dwellers mentioned
the motorcyele as the mest important cause of traffic
nolse puisance experionced at home then mentioned any
other specific cause(39),

Although there would therefore certalnly be great
benefits from quietening motorcycles, it may be
questionad whether for motorcycles, as for lorries
(see Sections 3.] and 6.1), the problem is one of
noise level alone. Motorcycles cause a varlety of
nuisances; neise is annoying in 1ts own right but may
also have bocome the focus of other types of disturb-
ance. It is possible that a quiet motorcycle,
particularly if also heavy and fast, might be worse,
espaclally in towns, than a nolsy one. At the 1975
OECD seminar Better Towns with Less Traffic it was
suggested that cyclists and meoped rilders could be
mixed with pedestrians in some pedestrian streets
provided that the speed of mopeds was llmited to no
more than 20 km/h (40), perhaps this suggestion could
be extended to say that in towns as a whole the only
matorcyeles that should be permitted are ones whose
use 18 ceompatible with that of pedal cycles.

3.3.2 Mopeds
The officlal American definition of a moped is

"Any motorcycle that {(a) has an engine displacement
lesa than 50 cubic centimetras; (b) produces no more
than two brake horse power: (c) with an BO kg,

({176 lbs} drivar cannot exceed 48 km/k (30 mph} over
a level paved surface; and (d) is equipped with fully
operative pedals for propulsion by human power "(41),

Although the definition used in other countries may
not he identical, such machines are in common use in
savaral OECD countries. In France "cyclomotours" do
not have to be licensed so the exact number of them
in use is not known, but it lles between three and
four miilion. The present legal limlt in France for
new mopeds 1s 72 dB(A) and there would be no problem
1f mopeds remnained lou Lhe condition in which they
were originally sold. However, it has been found that
40% of machines are in bad condition, This is partly
due to ageing but more to the removal of the silencer.
Silencers have to be removed in order to decarbonise
the engine and may nct always be replaced, or young
people may remove them for fun{42) For existing

- 250 =~




4

machines the problem is one of enforcement, either
through ordinary police acticn or through the nore
speaclific metheds described in Section 7. In the
longer term, the solution lies in making mopeds with
which cne cannot cheat and which produce less carbon.
The most suitable machine in this respect would be an
electric moped, We have been told that some manufact-
urers have produced limited numbers of such machines
but wa have not had confirmation of that, Development
work on a novel design of motor, which appears to have
reached an advanced staga, was dascribed at & recent

conference (4

3,3.3 Larger Motorcvcles

For larger motorcycles as for mopads thare is a major
problem of ensuring that machines remain in good
condition, 1In France, of a population of approximately
600,000 motarcycles the groportion in poor coendlition

is {as for mopeds) 40§ (42},

In the Unitad States, it L5 estimated that the exhausts
have been modified on at least 12% of existing motor-
cycles {excluding those not permitted for normal road
use, more of which were modified) and that modification
adds more than 15 ¢B{A) to the noise emitted bv a
machine travelling at a steady 40 to 50 km/hi43),  ap
appreach to this problem through a fundamental change
inh deslgn does not seem feasible; enforcement becomes
all the more important.

But for larger motorcycles, unlike mopeds, there is also
a serious problem of producing a machine that would be
reascnably quiet even in its initial state., The EEC

has just agreed to issue its first directive covering
motorcycle noise; the levels will be as shown below.
Even when these regulations ccme into force, large
motorcycles will continue to be the noisiest vehicles
permitted except for the heaviest lerries.

TART.F 3,9 r EEC MOTORCYCLE NOISE LEVELS
Catagory of Motorcyele by | Permissible socund
tublc capacity of engine level 4B (A)

s; 50 78
£ 125 8o
& 350 83
£ sov 85
> 500 86
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We have not seen estimates of the cests of implement-
ing these regulations. French research on how best
to modify the 350 ec Motobecane machine so as to
reduce emitted sound from the present 91 dB(A) to the
84 dB(A) limit then propmsed showed that a reduction
of 9 dB(A) in the npoise emitted by the engine and
qear hox would be required. It was concluded that to
achieve this within the present technology would be
difficutti43),  The only cost estimates that we have
seen of reducing noise from motorcycles by changes to
the design are American: the most recent and author-
itative are those of the EPA.

3.3,4 The EPA's Estimates

The context of the ZPA's work was the need to sot
nolge standards under the terms of the 1972 Noise
Control Act., Cost eatimates were made from data
supplied by the manufacturers of all the main types
of machine sold in the United States; for the more
stringent standards the manufacturers' own estimates
ware based on enginecering judgement not on operational :
prototypes, Although the EPA's approach to noise !
captrel has been coritieized for relying unduly on E
setting construction standards for new models, rather I
than paying more attention to problems of enforcement,

the eost e?%snates themselwes seem to be acceptaod as

reasonable .

It was found that the type of measurc raquired to
nuieten motercycles varied extensively from machine to
machine, but included action on the exhaust, air intake,
engine and transmissicen and in some cases major changoes
in the model configuration, such as a conversion from
two-stroke to four-stroke or tha enclosure of the
engine.,

The increases In unilt costs that would arise from
compliance with different nolse levels, by size of
motorcyele, are shown in Table 3.10,

Fuel consumption would alse be adversely affected by
amounts varying frem zero for the smallest machines
and least stringent standards to 15% for the largest
machines and most stringent stapdards. The extra
annual costs of petrol per machine corresponding to
this 15% flgure would be just under $3, assuming
1,500 miles travelled a year, 47 mpg and petrol at
$0.60 per gallon: these figures were derived from

-~ 252 -



current (1975) data. Tt was estimated that the

time required for maintenance would incroase slightly
but that even for the largest machine and the most
stringent standard the extra time would amount to
only forty-five minutes per year. Ilowever, if it
became necessary for an owner to replace a silencer
or exhaust gystem on a machine which was satisfact-
ory initially, the extra cost could be substantial.
The worat case would be to replace a complete exhanst
syatem on a large motorcycle meeting the most string-
ent, 81 dB(A), standard, The cost would be $265 at
1375 prices ns compared with $140 for replacing the
exhaust system on a machine of aimlilar sizec of curr-
ent (1975) design.

Cars

3.4.1 The Importance of Car Noise

Comparatively little attention has been paid sa far

to the reduction of car noise. Manufacturers have

not felt obliged to bhecause most cars already conform,
o¥ are close to conforming, not only with the present
EEC limit of 82 dB{A)} but also with the new 80 dB({A}
limit which comes into foree in 1982, The reason that
there has been little pressure from governments to set
lower levels is presumably that other kinds of vehicle,
taken individueally, are so much noisier. But in splte
of this, as was shown in Section 2.1 and Table 21.1,
the proportion of cars Iin the traffic flow is so great
that substantial general reductlons in noise levels
cannot accrue without semothing heing done about them,

This section discusses what can be done to reduce the
power train nolse of cars through changes in design,
The question of rolling noise and the relationship
between power train noise and rolling noise are
discussed in Section 4. As a generalisation it may
be said that in urban conditions a reduction in powar
train noise ls always necessary and often sufficient
to reduce total car nolse, but on high speed roads ln
free flow conditions, a reduction in the power train
nolse of cars will have little effect, since at such
speeds rolling noise predominates for cars.

The development work that this seection reports on has
been carried out in the context of the IS) test
procedures; therefore the warnings mentioned in
Saection 2 that the ISO procedures may be misleading
in the urban context should be borne in mind, Also,
as was mentioned in Section 1.2.2, there are important
sources of noise nuisance from cars which are related
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TABLE 3.10 : INCREASES IN UNIT COSTS OF NEW MOTORCYCLES ARISING FROM
COMPLIANCE WITH PROPOSED NOISE EMISSION STANDARDS

Unitae 4
$1%= OF HODEL COST CHANGES REGULATORY LEVEL (IS0 EQUIVALINT)
92488 424B{A) [153.70 ] d4dBihl 3dnia)

A. Cugrent (1379) parall price 464

#. Expectad incresss i cost of productlos 2 2 2 16 42
Laws than 100Ge | Co % an b of A 1] -1} .44 I a7

0. Expectad % inoredss in retsll prica [} Oudn 13 1.9% 10,40

E. "Worst caas® (ncredss in coat of production -] 2 2 111 &

As Current (137%) retsll price 4RO

5. Exp i in cont of a 5 & &1 128
100=163ce C.Bastof o 2.7 Tia% L5 10,4%

D, Expaccad ¢ incraasa In cetall price 1 Q.94 1.6% pLA ] 22,10

¥, “Worst case® Increasa 0 ceat of production ] 1 n 143 it

A. Curzent (1975} rewil price 937

A, Expacead Lnorsase in cosc of production 1] u 4 19 [02
170=349¢c C.Bastof p 4] 1.3 4,5 1l.a% a2y

0. Expectsd ¥ incrsase ih retall prics o 1.6% i} L3 2n 3.0,

E. “Warst cada® tncressa ih ont of production ] 13 :H 2 ito

A, Surrant {1973) recall prics 3,479

8. Expacted increass Ln cose of production & bl L3 116 %7
50-139%q0 Co Bsxbof A 1] |84 ] 3.5 9.3y t8.00

0. Expactad % LncZeass 10 Teall price -1} 1.4n L3 1i.dn 2L.Ew

E. "Worst cass” wGresss ln cosc of jroduction L] 17 100 108 164

A« Curzant (L974) recail price 3,471

5. RBapectsd Lncreaza in cost of production a 19 1] 153 40
Toco and sver G haEvofa o B s &.av ic.9%

B, Pxpacted ¥ factwdss in recall price an -9} P8 LY L) 1y

B, "Worst cass® incrmam ia coat of praluction -] 19 jV¢] 213 200

SOURCE: Reference 44, Tables 7-21 and 7=-27

NOTES: 1. 1975 prices.

2, Production costs allow for researeh and re-
development., retooling and all other expenses
which manufacturers would incur in adopting
the new standards,

3. TItem (D) differs From item (C) hecause it
allows for the effect of the likely increase
in retallers' margins consequent upon an
inerease ln manufacturers' cosks,

4. Figures relate only to "street-legal"

machines as opposed to machines licensed
for use only off the public highway.
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neither to power train nolse nor te rolling nolse,
although they could be alleviated by changes in
deaign and appear appropriate candidates for requlat-
lon: these include doors, atarter motors and horns.

We have not come across any discussion of the possib-
ility of modifying existing cars to make them
quieter, although the life of aome cars is long
encugh to give some point to such action. The way
that cars are driven and maintained can have an
important effect on emitted noise; enforcement prob-
lems are discussed in Section 8., Hone of the work

Wa have come across deals with dlesel cars or cars
with two-stroke engines.

d.4.2 Sources of Dower Tralm Nolse and Means of
Abatemant

Powor train noise comes mostly from the engine and
agsociated systems rather than from the transmission.

The chief importance of the transmission is ipdirect:
it affects the rate at which the enqine turng and
hence the notse it emits, Burhopi{l?) elaims that the
widely held view that vehicles equipped with automatic
transmission are quicter only under test conditions is
incorrect. Ille states that racords of engine revolut-
ions under normal operating conditions have clearly
proved that the revolutions are far below those
roached with manual transmission, Theys (17) gives
the noise reductlon due to an automatic gearbox as

4 dB(A) with an assoclated cost of 1,000 to 3,000
francs at 1975 prices (equivalent to US § 260 to BOO,

1978 prices}.

The main individual sources are the engine itself,
the fan and the air intake and exhaust systems. The
importance of each varies from medol té model, but

on Mmoskt models all are worth looking at as a means of
reducing total power trailn ncise.

i} Fngine The emitted sound energy of a combust-
ion englne is primarily caused by the combusiiuin
process and by assoclated mechanical noise.
There are three basic ways in which this noilse
can bhe reduced. FPirst, the forces within the
engine structure can be raduced, secondly the
vibratlonal response can be reduced and thirdly
the engine can be partially or totally encapsu-
lated.
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The only way to reduce the forcaes within the
engine structure, short of a radical change

in engilne desjign, is to awitch from small
gylinder volumes and maximum rotation rates

(as in European cars) to large cylindexr
volumes and limited rotatlon rates {(as in
American cars). Renault(48) found with an
experimental RL2 that a 25% increase In cylinder
volume with a correspcnding decrease in speed
reduced total engine noise by 4 dB(A). To make
such a change on a model already in production
would of course reguire extensive medification
to the preduction line, GSchirer and his
colleagues{49) report other experimental work
by Renault on the R4 GTL., By increasing engine
capaclty from B5C¢ cec to 1100 cc., engine revo-
lutions were reduced from 5,000 te 4,000 per
minute with unchanged output., This resulted in
a dB(A) value on the IS0 tast of 73 {although
Schiirer dees not mantion this, the usual value
for a Renault 4 is 77 dB(A)) (50}, +This changa
also preduced a considerable saving in fuel
consumption and very low exhaust emizaion
values.

The second pessibility, the reduction of vibrat-
ion levels, depends largely upon the re-design
of the engine ecylinder biock and crankcase, to
make them stlff, and upon the introduction of
rubber sealing to cut down on the propagation
of vibrations, These are not gimple measures
and they are still the subject of research.
Furthermore tha-; are limited in thelr effective-
ness. Burhop{l?) estimates that the reduction
obtained would not exceed 1 dB(A).

The third approach, to enclose the ongine, is
the most promising in the short term, Encapsu-
lation combined with acoustical treatment of
the engine compartment is estimated by Burhopn
to reduce engine noise by 2 dB(A). Renault(38]
reported a gain of 1,6 dB{A). Tests conducted
in the United Kingdem by the Mator Industry
Research Assoclation have shown that putting
absorbent materiala on the walls cof the engine
compartment of passenger cars scems to he
anough to reduce noise by 3 to 4 dB(A) (47)
without affecting engine coolingl3l), Theys
gives the reduction achleved by encapsulation
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as 4 to 5 dB(A}; this agrees substantlally with
a figure of 5 dB(A)given by Lambert(52),

ii) Fan Fan nolse 1s proportional to the speed of
the fan tip. One important way of reducing fan
noise is to fit a thermostatically controlled
fan or to use a govarned fan clutch such that
high engine speeds do not automatically give
rise to high fan speeds, Such fans are being
introducad anyway for reasons of fuel conservat-
lon.

According to Burh0p‘17), other posgibilities of
reducing fan noise for a gilven amount of ceoling
are vary limited because most cars are already
fitted with shrouds to increase the alr flow
volume,

(111) Alr Intake and Exhaust Systems Both the inlet
and exhaust nolse from the internal combustion
angine are caused by gas column vibrations
which are transmitted to the atmosphere.
Silencers reduce the induced pressure fluctuat-
ion, and without them the exhaust and inlet
would be the dominant sources of engine noise,
preducing nolse levels of from 90 to aver 110
dB{A).

The design of exhaust silencers has improved in
recent years, and although further improvements
are possible, they present certain design prob-
lems [(basically because the improvement reguires
an increase in the velumas of silencers, and
therafore more space). Renaulti{48) recorded
improvements of 1,4 dB(A) for the R1GETS and

0.7 dB(A) for the R17. lLamberti53) gives the
possible reduction from an improved silencer as
2 dB(A) for a car with a silencer already in
good condition and B dB({A) for a car with one in
poor condition,

3.4.3 possibie Heduction and Cost

There is now a wide variation in the ratings achieved
by different models on the ISO test, as the data in
Table 3,11, derived from Dutch type testing, indicates,
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TABLE 3,11 : DECIBEL RATINGS OF MODELS TESTER IN THE NETHERLANDS
SINCE 1476
Sound Level Models Achieving the Level
on ISo Test
L Cumulative %
70 or less [s] o
o - 71 1 1
1 - T2 1 2
72 ~ 73 2 4
73 - 6 10
74 - 75 ] 6
75 - 76 14 30
76 - 77 16 46
77 = 78 12 58
78 - 79 14 72
79 - 8o 11 B3
80 - 81 9 92
81 - 82 g 100
SOURCE: Ministerie van Volksgezondheld en Milieuhygiene

For every model there 1s a limit to what can be
achieved within existing production constraints, that
is by means of shielding and minor modifications
rather than radical changes in design, but models
vary too much in their design and "architegture" for
it to be pessible to generalise about what that

limit 1s, 5tudies of sevaral different models now
over 78 dB{A) suggest that shielding eta., could bring
the level down to that figure but that further reduct-
icns would become increasingly difficult to achiave.
Shieldiny increases the welght of the car and hence
has some slight adverse affect on fuel consumption,
but we have not seen a precise statement of this.
Maintenance is also made more difficnlt; Volvo esti-
matad that the shielding required to bring about a
reduction from B4 @B(A) to 78 4B{A) (see Table 3.12)
would also add at 1972 prices 150 Crowns (1978 $55)

to annual maintenance costs,
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Several French sources(sq' 55, 56) suggest that for
the first few decibels (i.e, those atttainable by
minor modifications) the extra capltal costg are
likely to be 1% per dB(A), It is not clear howaver,
whether these estimates are based on different work
or all relate to the same studies. The figures in
Tahle 3,12 derived mainly from manufacturing sources,
are roughly consistent with the 1% per dB(A} rule.
Volvo is an apparent exception, but given that Velva
started with a relatively nolsy car, and therefore
with the possibllity of particularly cheap initial
reductiong, thelr findings should not ba regarded as
inconsistent with the others.

A German study reported on in 1974 copncluded that by
means of the same kind of measures as listed in the
table, neoise from the existing noisiler types of German
car could be reduced by 4 dB(A) at an average net cap-
dital cost per vehicle of DM 480 {1978 $267)(57). The
test procedures used in this study were not thosa of
the IS0 test; nevertheless this finding can be taken
as breadly supporting the others.
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TABLE 3.12 1 SOME ESTIMATES OF CADITA
REDOCTIONS TN TRE NOIGE |

5,

L. COSTS INVOLVED IN ACHIEVING CERTAIN
R 150 CONDITIONG

98 Coit axm &
dourco Neduct don 0 (A) Hasuw of Peduction Coat ant Year ::u:v- ::‘20:';' Commant s
alant | vohicls
urliop From B} to A0 alnyla improvesants Lo the Uip ko O DH 1] n Flqures in the source docusent spijwar tu be
[1%;] wngine and limitod shia)ding 1977 prices tapprox.) | darived frea ostlmaten of vaplous manuFact=
urers buk bt ls nat clear wliet teats had
buen Jdone
swihap | From 02 Lo Bo | partist wncapaulatton of eny- | Upto O bu | 176 51 I wedar Lo achieve a resylk of 78 tn the 150
tr ina aud angine compartwent 1977 pelcan (approk.} | test, It ia necosusry, accobdlng to this
plus imnoved cooling system seusce, to rmiuce power train 1 n to 79
such & redyction 18 prasuppossd {0 the costa
Henaule | Yeom 02.5 Lo fuging screcnlnyg, Incresso i 375 Lo 525 126 .54 Miw calculations wars banad on testw sads oh
[RL:1} .5 {ac bear) al#Ei of allancurs on aly in= Pranca 1971 175 o an MG, hue Le was pat thiaughit poseilda o
take and auhaunt, Improved Lrices ER D mod|fy the ealsting RI6 at Lhis codlp a new
detlgn of faint Lo eahsuat san- merdel wonld bo Tangulred
itald
Rynault | From BL.S o Extendivo mcycuplng, snlarsued 1050 France 151 k11 Calculations st o an A3, but the aetl-
A .S allvicara, Improved deslgn aof 197) prices matun ball of nolee reduction and of cost
1 Jaint to wubauat mandfold, jucraased are somaviat spaguletive and could
N sl aigm] eyl lidats not be achlaved on Lhe existlixy R12. The
Fa)Y wotimaia of .5 daow pac appest to taka
[=] apcount of e influence af relling wolsa
| valvo trom 01 o B8O Impruvanl wlloncet, wipina 250 Crowns n i1 Enlimates based an work dune on exeting
1#5) stlulding and vaa af goeund 1971 prices Valva cars
shatling matarial
Valva From D4 to 70 Ay alove plug mard gl G 1o 1050 256 o i1 The source Jecusanls give a Flyars of 700 1o
(45} hiatding, new pipy from ax- Croene R ta NOA Crowns Lyt It L hot cleap whutlwr Lhls
hauak Told ve Flrse 1.8y wum 1% I mldivion Lo or dnchiklos the $50
wi o o snbarged allencer on Crotma roquirad Lo acklovn the mwaller
aly Invaky, sownd absarptlon redut [on
walerial Ji guar 1a% 10 pravaend
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4,

ROLLING NOISE

4,1 Nature and Importance

Relling noise is the noise which would still be emitted
by a veh{cle coasting under its own mowentum or the
force of gravity even with the engine switched off and
the gears disengaged. Although aeradynamic nolse
enters into lt, by far the most important component

is the nolse caused by the Interaction between tyres
and road surface. Relling noise increases with speed;
Harland{38) reports French, Geyman and British work
showing that for both light and heavy vehicles doubling
speed produces an lnecrease in rolling noilse of some

9 dB(A) over a wide range of speeds (50 km/h to 100 km/h
for the French and German work and 10 km/h to 90 km/h
for the British).

The point at which rolling noise dominates power train
neise varies with the type of vehicle, being lower for
cars than for heavy vehicles, and with the type and
condl tion of the tyres, the nature of the road surface
and the weather. On most surfaces in dry weather,
power traln noise will dominate rolling noise at speeds
likely to be attained in urban condleions {other than
on urban expressways), although Harland has shown that
for light vehicles at 20 kph travelling on a hot rolled
asphalt surface rolling noise 1s sufficlently close to
power traln noilse for a reducktion of 5 dB(A) in rolling
noise to bring about by itself a reduction of 1 dB(A)
in total vehicle nolse. However, in wet weather the
rolling noise of light wehlcles will equal or exceed
power traip noise at 50 kph(58), Research in Britain
by MIRA showed that rolling noise was 8 dB(A) higher
on a cobbled surface than on & smooth and a Renault
report(13) states that at 50 km/hb car rolling noise on
pavé is about BO db{A) (presumably at a distance of

% metres),

Even in urban conditlions, therefere, there may some-
times be o pulnt ln acllon to reduce the rolling nolse
of light vehleles. On motorways and other high speed
roads rolling noise will be the dominant noise for

light vehicles; for heavy wvehicles, rolling nolse will
not necessarlly predominate but substantial reductions
in total vehicle neolse will be possible only if both
rolling noise and power train nolse are reduced{ld, 59},
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4.2

Tyre Noise

The literature on tyre nofse is less extensive than
that on pewer train noise, and it may be that the
international ceonference held in the late summer of
197% will preduce information leading to the modifi-
cation of some of the following remarks.

It geems to be accepted that little raductlon can be

fareseen in the noise produced by car tyres on any

given surface(59) although the difference between

different typeas of car tyre can be 2 to 4 dB(A) (58),

For lorries, there are considerable differenhce

batwaen rib tyres {the quietest), cross-kar and

retreads; an American study of 1970(60} suggests

that on some surfaces the difference between crosg-

bar and rib could be 10 dB{A) and between r%i?ad and
creoss-hbar even mere. An OECD study of 1973

states a 5 dB(A) difference in each case. Recent

American studies by Leasure(62) coneclude that quiet

tyres (radial or bias-ply rib} are at least as

advantageous both in safety an? economy as nolsier

bias-ply cross-bar tyres, except parhaps in unusual

operating conditions such as snow or mud. Hence,

provided that regulations are not introduced with a

lead time so short as to reguire premature replace-

ment of tyres by users and similarly rushed action by

tyre manufacturers, the use of the quieter tyrs

carries no cost penalty. Leasure calculates that the

use of guieter tyres on lorries, combined with an

equivalent reduction of their power train noise, would

bring a signiflcant reduction of some 4.5 dB(A) In the

noise level (Leq) assoclated with high speed highway

traffic even if lorries accounted for only 7% of the

flow. This result 1ls at first sight difficult to

reconcile with a TRRL study(14) which suggests that ‘
when lorries asccount for 10% of the flow the greatest |
reduction in the noise level (L1g) that can arise by '
quietening each individeal lorry by 10 dB(A)} is 2.4

dB (p). This study, was, however, kased cn a single :
carriageway dual-lane rural rcad on which speeds must .
presumably have beon lower than those [(unspecified)

in the American example, This and other differences i
in the test situstlons may account for the apparent
discrepancy.
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The Road Surface

A3 was stated in Section 4.1, the difference between
rolling noise from pavé and cobbles on the one hand
and from asphalt or similar surfaces on the ocher is
substantial. It follows that in towns whare pavé and
cebhbles are still used, the possibility of changing
tha surface in order to reduce noise should be con-
sidered seriously. The elements of cost to be taken
into account would then be:

1) the once-and=for-all cost of making the trans=-
i1tion;

ii} changes in maintenance costs thereafter, includ-
ing costs imposed on traffic by the need to

closa sections of road when works are in progress)

iii) changes in road safety arising primarily from the
diffarenca in the skidding charactaristics of
different road surfacing materlals, but possibly
alsc from changes in vehicular speeds;

iv) changes in vehicle operating and maintenance
costs arising from the difference in roughness
of surface.

In addition, considerations of appearance might arise.
We have come across ne studles in the literature making
these compariscns.

There are, howaver, several relevant studies comparing
more conventional road surfaces with each other with
respect to noise and skid resistance: the other
alements of cest, as llsted above, which would be
relavant to a decisicn on which surface to use are not
covered in these studies. Recent work by the TRRL{63!
covering the range of concrete and asphalt surcfaces
commonly encountered on trunk roads and motorways in
the UK showed differences of % dB{A) in the noise
amitted from aach surface (paak noisae leval at 7.5 m
and 70 km/h}. Unfortunately the same research showed
a very clear positlve relationship hetwWween noise level
and skid resistance. Some limited experimental work
in Illinois(64) suggests that this relationship

does not always hold: the experimenters concluded
that: "minimum raw traffic tyre noise may bhe preduced
by a roadway surface having a texture depth of 0.04

to 0.05 metres, Please note that skid resistance is
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maximom for such a surface™. Thils study showed a
reduction of between 1 to 2k dB{A) in the Lyg noise
levels and of more than 3 dB(A} in the Lgn noise
levels when a highway on which skid resiscance had
dropped to an unacceptably low level was resurfaced
to produce "a moderately rough surface of the open-
graded resistant type”.

Conclusions

1.

In most urban conditions power train nolse domin-
ates rolling nolse. Therefore a significant
reduction in noise levels cannot be achieved in
towns by changing tyres or road surfaces except
whero pav@, cobhles or asimilar materials are now
used or alongside urban expressways.

On high spaed roads rolling noise dominates power
traffic noise for cars and is of at least equal
importance for lorries, There is little prbspect
of reducing the rolling nolse of cars through
changes in tyres. Changes in lorry tyres can
redice the rolling nolse of lorrles with no cost
penalty, but significant changes in roadside
noise level will result from this only if the
power train noise of lorries is reduced as well.
The road surface affects roadside nolse levels on
such roads, but the evidence suggests that there
ig a trade-off betweon gquletness and skigd
reglstance and hence acecidents. Other costs
which would have to be taken into account in a
calculation of the costs of nolse reduction, such
as road malntenance and vehlcle wear, have not
been studled In this context.
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TONG DISTANCE TRANSPORT POLICY

Various features of long distance transport pelicy as now
practised in a number of QECD countries have a bearing aon
nelse abatement, even though 1t has rarely been a reason
for their adoption, nor have the consegquences in terms of
noise levels and exposure been calculated. The lack of
data means that it is possible only to discuss very
briefly how some aspects of policy which appear particul~
arly relevant might be modified if more attention were
given to nolse abatement.

5.1

5,2

Road Building

If the relief of nolse and other nuisanpce in towns
and villages through which main reads pass were

treated as the main cbjective of the inter-urban

road bullding programme, ratier than ag subsldiary

to the alm of creating a "strategic" road network,

one would expect emphasis to be given to bypasses

for those individual towns particularly badly affected,
rather than to motorways. It is claimed in Britaln
that this will be the emphasils in future,

The Transfor of Goods Traffic from Road to Rall

The benefits flowing from some transfer of longer
distance goods traffic from rail to road could
include not only noise abatement but a reduction in
accidents, the stress experienced by other road users,
congestion and roaéd maintenance, The cost would fall
on shippers of goods in the form of extra cperating
eoste and/or reduced convenience. A study carried
out in Norway in 1973 showed that 1f goods now moving
over distances of more than 100 kilometres on roads
parallel to rall routes were transferred to rail, a
50% reductlon in heavy vehicles en the rouds concerned
would be achleved. The consequential noise reduction
was not calculated at the time, but further work is
now in progress on this aspect. The report shewed
that such a transfer would preduce a net cost saving
of some fifty million N.kr. a year (1973 prices,
equivalent to US $ 16 million at January 1978 prices)
mainly due to reduced rouad maintenance casts, The
calculation allowed for the cost of extra handling of
goods but not for the possible less of convenlence
for consignors in using rail rather than road(65),
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Govaernments could encourage such transfers either by
regulation; or by taxing lorries in a way which
reflected more closely the cests, material or en-—
vironmental, they impose on others; or by subsidies
to rallways, Although subsidies to the relatively
inoffensive substitute are a "second best measure"
in terms of economic theery to the correct pricing
of offending modes, they may be easier to introduce.
Many governments already suppert rallways, but the
main reason for this, apart from the importance of
the industry, has been to keep lmportant passenger
services going. More attention to nolse and other
social costs could lead to more subhsidisation of
freight services. The rate of subsidy would vary
between routes according to the guality of the local
roads and the degree of relief therefore caused by
a transfer of traffic from road to rail. Raill
services which involved complete door=-to-door
journeys would be particularly encouraged, e.g. by
grants for private sidings (as are now being given
in Britain),

Speed Limits

Speed limits, L1f observed, would have a direct effect
on reducing ncise in that the nolse emitted by a
vehicle varias with the logarithm of lts speed. A
Swiss expert committee has estimated that a reduction
in authorised speed from 100 to 80 km/h would bring a
reduction in noise levels of 2 to 3 dB(A) (66}, There
would also be an indirect effect in that some longer

road journeys would be suppressed, replaced by shorter

journeys or transferred to non-road modes. Both the
direct and indirect effect would be greater if more
stringent limits were applied to lorries than to cars,
since the difference in noise emitted at any given
speed between a lorry and a car is of the order of

10 dB{A).

Although 1t may rarely he the case that nolse reduct-
ton alone would justify the imposition of speed limits
outside towns, it would reinforee the other arguments,
Following the oil ecrisis of 1973, many countries
imposed speed limits outside built-up areas ln order
to save fuel, This also led to a saving in accidents,
bhoth through a decline in traffic volumes, which of
course had other causes as well, alsa related to the
oil crisls, and through a reductilon in the accident
rate. In Britain there was a decline in aceident
rates in 1974 vis a vis 1971 of 10% on motorways and
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slmilar roadsz, and 9% on rural roads, following the
imposition of 50 mph speed limits, as compared with

a decline of 3% which previocus tronds suggested

might have taken place without special action(67),

We have not seen any attempta to put a value on these
benefits, or on the disbenefits arising from longer

journey times,

Traffic Restraint

The scepe for traffle restraint i greatest in towns
and is discussed in the urban context in the noxt
chapter, Hawever some restraint schemes operate
nationally. Ap Interesting example 1s the Swiss
restriction on the movemant of heavy goads vehicles
at night and on Sundays and publie holddays. The
night time ban operates between 10 pm and 4 am from
April to October and between 9 pm and 5 am from
November to March, The source document (6B) does not
provide any information on costs or on the benefies,
elither in noise peduction or te other travellers,
arising from this restriction, bhut clearly the
sffect is substantial.
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URBAN TRAFFIC RESTRAINT

Qver the last ten years increasing attention has been paid
to the restraint of urban traffie. Perhaps the most import-
ant stimulus has been the realisation that the indiserimin-
ate uile of motor vehleles, now that the vehircle population
is so large, is inconsistent with the efficlent movement of
people and goods, There are also certain types of scheme
for which evnironmmental enhancemant has been the principal
objective, but pedestrian safety and convenience have
usually been more lmportant than noise, Nevertheless,
traffic restraint ls both actually and potentially a very
lmportant means of neise abatement; the fact that Lt would
often be justified independently of any noise reduction
makes it all the more interesting, since the noise raduct-
fon can then be regarded as a free by-product.

In Norway, several studies have been made of the effective-
ness of traffic restralnt as a means of noise abatement,

It has besn shown that the costs of achleving a specified
level of indoor noise by means of traffic restraint in
combination with insulation of buildings are much lower
than when insulntion 1s used by itself, Since traffic
restraint also reduces external noise, thls 1s a very
important finding, Some of the Norweglan experience is
described below.

6.1 Schemes Congerned Speclfically with Lorries

1t was seen in Sectiens 1 and 3 that it is of partic-
ular importance te reduce the neoise from lorries and
that gquiet heavy lorries ara not yet at the stage of
commercial production. Even if they could be prod-
ueed, they will not be upntill regulations are changed
to reguire 1t, and it would then take some years for
the greater part of the stock to be replaced, as is
necessary for a significant reduction in noise to

be obtained.* But apart from the time required, the
quiet heavy lorry is hot the solution because it
would be almost as out of place in towns as the noisy
heavy lorry.

*Whan lorries account for less than 20% of the traffic [lLow,
the reductlion in noise level from substituting quiet lorries
for noisy ones is linearly related to the proportion substi-
tuted, but the total reduction chtainable is limited. When
they aeccount for more than 208 of the flew, the potential
relief from replacing noisy lorries is greater but signifi-
cant galns accrue only when at least 50% have been
replaced(14, 54)

- 268 -



Large lorries are visually intrusive, obstruct the
traffic and are a major cause of anxlety about road
safety. A French report has suggested that the
high anpoyance scores assoclated with lorry noise
cannot be accounted for by decibels alone but must
be partly due to anxiety(34), The British national
environmental survey(B) has shown that road safety
is easlly the most important cause of concern about
traffle, by far surpassing noise and fumes. None
of these other nuisances would be reduced by making
lorries quleter; anxiety and, indeed, actual danger,
would be incrcased.

The only remady is to exclude the more offensive
types of lorry from towng altogether, or at least
from the more sensitive districts, This e¢an be
achleved either by bans, by which lorries of the
preohibited type are denied access to certain areas,
or by regulations which allow aceess but prescribe
the rautes that lorries may take. The main Lltems of
cost and benefit (other than noise reduction) in such
a scheme are;

- costs to highway authoritios in signposts and
other capital works;

- costs to police In enforcement;

- eogts to lorry operators and their customers in
having to change thelr routes or other arrangements;

~ change in acecldents and casualties;

- change in delays causad hy lorries to other road
users.

The first two items are straightforward, hut the others
are extremely hard to determine. It is particularly
difficult to know how operators will adjust, especially
in the longer term, to minimise the extra costs

caused by restrictions on lorrles. It is therefore

not surprising that although restrictions are fcund

in many towns, espaclally on the continent of Europe,
and in some cases have been in existenre for a long
time, we have found no attempts to cost existing
schemes.

- 269 -



Although Britain ls probably less advanceéd than other
countries in the implementation of urban lorry schemes,
widespread feeling against heavy lorries has stimu-
lated a considerable research programma in recent
yoars oh possible restrictions and their costs. Some
datailed theoretical work has algo been undertaken in
Norway. Although the costs are highly specific teo

the places studied, some of the findings may at least
suggest approaches which could be fruitful e¢lsewhere,

i}

11)

The potential of banning entry to a town for
heavy goods vehicles not requiring access to
premises within it diminishes as town size
increasss, In small towns, BO% to 100% of
movements of heavy goods vehicles are likely

to be going through; in a town of approXimately
100,000, 30% to 50% and in the lardest conurb-
ations only a very small percentage. The cost
to operators of cocnformity with the ban clearly
depends entirely on the guality of the next
best alternative option, which will usually be
an alternative road. Enforcement can become a
substantial preoblem if the next best alternative
involves a detcur of more than 4 to 5 minutes(69},

To confine lorries to caertain routes within
towns ls likely to cause only a small incgrease
in noise levels cn tha route selected, since
they will usually be busy roads, in return for
large reductlicns on the rcads which are ralieved.
The cests may alse be quite small. A study of a
lorry route network for the whole of London
suggested that there would be little effect
{precise figures were not estimated) on lorry
journey times and hence on operating costs.
However, the equity of imposing an extra burden
on people living in particularly pdor conditicns
in order to improve cenditlens for those who are
already relatively well placed is questionable,
For this and other political reasons the scheme
wAs nnt adeaptad,

It was estimated that & mcre limited scheme to
restrict threough movements of heavg lorries with-
in Inner London (an area of 320 kmé), with one
through route allowed, would have cost initially
£159,000 for sign posting and subsequently
£300,000 a year to operators in extra travel
(1975 prices, equlvalent to US $ 224,000 and
422,000 at 1978 prices) in return for a reduction
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of hsavy lorry traffic of some 5% to 6% in the
area as a whole but as much as 60% on some
particularly bad routes. Because of the object-
ions ralsed by boroughs adversely affected, and
difficultles of enforcement claimed by the
police, this proposal was not pursued(70, 71, 72},

A study was conducted in Griinerldkka, a resident-
ial inner-city arca in Osle containing some
4,168 dwellings, to asseas what the effact would
be of banning heavy vehicles from the three najor
roads enclesing the area (thisa was after the area
itself had been subjected to a traffic management
scheme which is described below}. Heavy vehleles
accounted for some B% to 13% of the traffie flow
on the raoads concerned. It was calculated that
such a han would have reduced Leqg by some 3 to

4 dB(A)} and that maximum ncise levels at niqht
would have been reduced by 10 dB(A). Table 6.1
ahows what it would have cost to have reduced

the exlsting indoor noilse lavels in nearhy
bulldings to a specifled figure by insulation
alone, unaccompanied by a lorry ban, and what it
would have cost if a lorry ban had also been in
force; it will be seen that the lorry ban would
reduce insulatlon costs aubstantially, The
lorries would have been diverted to surrounding
urban highways which already carry high volumes
of heavy vehicles and form part of the planned
urban lorry network in Oslo. The cost to
operators from using a longer route Was not
ecalculated,

O L L P

: PABLE 6.1 ¢ THE COSTS OF INSULATING BUTILDINGS 70 SATISFY
] DIFFERENT INDOOR NOISE LEVELS ON THE MAIN

ROADS_SURROUNDING GRUNERLAKKR

i Unita:s N.Kr., 1975 prlces
v s §, 1978 prices

Means of noise Indoor noiso levels in Laqg
abatement
: 35 dB{A) 40 dB{A) AS dAB(A)
? Insulation alone N.Kr. 4.5 mn.f N.Er. 3.8 mon.] N.KE. 2.3 mn.
L $ 1.1 mn.| % 0,92 mn.| $ 0.56 mn
Insulation accompanh-
N.Kr. 4.1 mn. N, Kr. 2.6 mn.] NoKr. L.1 mn.
ied by a ban on $ 1.0 m.| § 0.6 mn.| $ 0.3 mn.

heavy vehicles

SOURCE; Reference 73
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iii)

A course of action which might have some effect

in reducing lorry noise - though noise parhaps
less than other aspects of lerry intrusion -
Wwould be to replace larger lorries by amaller.
A study by the TRRL which throws some light on
this investigated how the costs to a super-
market chain in making delivexlies to a large
number of shops within 100 mile radius of a
gingle depot would vary according to tha size
The TRRL's summary of the

of lorries
results is
drawn from the same spurce,

results to the retail cost of the goods, (74)

used.

shewn in Table 6,2.

Table 6.3,
relates these

TABLE 6.2 : EFFECTS ON _THE COSTS QF A DISTRIBUTION SYSTEM OF
VARYYING MAXIMUM VEHICLE WEIGHT
GVW of Number of | Total travel | Delivery | Average number | Total fuel
vehicles | vehicles Kma fwaek cost per | of visits to gallona/
(tons) raquired [(Thousands) ton (£) each shop/week | week
32.0 15 43 3.80 6 4200
24.0 53 89 3.95 8 4200
16.0 72 88 4.30 11 4900
8.5 135 184 6.60 23 7700
TABLE 6.3 + COST PENALTY FROM THE USE OF LIGHTER LORRIES RELATED
TC THE RETAIL PRICE QF THE GOQDS
GUW of Delivery Relivery cost Extra delivery | Extra delivery
vehicles |cost per as % of cost per ton cost as % of
(Tens) ton (E} retail value as compared retaill valuae
with 32 -ton
rvahicleg (E)
32 3.B0 1.52 - -
24 3.95 1,58 0.15 0.06
16 4.320 1.72 0,50 0.2
8.5 6.60 2.64 2,80 1.12

- 272



5 n i AR T 2o e e ket e o

iv)

Not all the resource costs arising from the use
of heavy vehicled are borne by the distributors
or reflected in these figures: the cost of
accidents (except as reflected in insurance
premiums), road mailntenance {except as reflectaed
in annual licence fees) and congeation are not,
All thesa costs dncrease, per vehicle mile, with
the size of the lorry. It is possible therefore,
that, despite the extra vehiels miles inveolved,
the inclusion of these costs would have shown
24=-ton lorries, or even smaller ones, to be
cheaper than 32-ton lorries.

I possible way of reducing the number of lorries
circulating in a town without increasing their
size is to encourage consolidation schemes,

This may apply particularly te shop deliveries,
since it 18 not uncommon fer lerries entering a
shipping centre to call at one shop enly in
order t& make quite a amall drop. One way to
achieve consolidation would be by mrans of a
municipal operation whose use would be made
obligatory or would be strongly encouraged by
such means as bans or time restrictions on other
large lorries., Several British studies, includ-
ing one carriedout by the TRRL in Swindon(75),
suggest that, notwithstanding some savings, such
arrangements would result in a net coat penalty
to diatributors. These studies, however, have
calculated only the savings that would arise in
the short term, since they have assumed that
distributors would continue to Send their goods
in the same vehicles performing the same rounds
at the same times of day as before. The only
difference would bhe that instead of the vehicles
going into the centre to deliver te the shop,
they would leave the consignment at an Iinter-
change depot on the outskirts. Hence the only
pasalbilitics for cost reduction are ln che
mileage and Liwe saved in travelling through

the town, and in parking, walting and unleading
at the shop,

In the longer term, however, many more ways of
profitable adaptatien are possible., This is
illustrated by a recent physlcal distribution
study for a British manufacturer who was
distributing natlonally from a singla factory
via pine regional depats, The study examined
the possibility of cleosing the depots and using
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instead the services of bauliers already offer-
ing consolidation scrvices in each region.

The difference botween this scheme and those
studied hy the TRRL and others is that the loral
hauliers' dopots wara therefore a substitute for,
rather than an additien to, a link in the
manufacturer's own distribution system, The
savings to be expectod were conscrvatlvely esti-
mated as follows as a porcentage of the current
distribution costs{76],

Depot Saving
22% !
23% ‘
15%
26% f
12% X
13% '
9%

32%

30%

L= <IN I WT R SETCR X

Total of these 9 20%

To encourage existing commercial services is
preferable to setting up a municipal organisation
whth monopolistic powers. The fact that similay
commarclal operations are now growing in Byritain
at a rate of 10% per year(77} suggests that the
encouragenent required might not have to be very
great.

A further attraction of area schemes, however run,
is that they would facilitate the introduction of
goeds vehlcles specially designed for towns.
Because such vehicles would not need the range,
spead amd {very cften) hill-nlimbing capabilities
of lorries used for long distance work, they
could he much fuieter than conventional vehicles .
of similar capacity, An example of such a :
vehicle is the Duteh Creusen range of electric
lorrics, now being developed as an Anglo=Dutch
joint venture. These vehlcles have operated for
many Years in the Netherlands as travelling

shops and have now been ordered by Cambridgeshire
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County Councll to serve as mebile libraries.
The decision was taken after studies based on
conservative assumptions had shown that the
Crousen vehicles would cost the County Council
18% to 33% less, in terms of capital and cper-
ating costs together, than the nearest equiva-
lent 1.c. engined vehlcle. The largest
vahicle in the range has a payload of five
tonnes and a gross vehlcle weight of 10.2
tonnes, Its top speed is at present 20 km

per hour, but a vehicle capable of 56 km per
hour is now being developed and will be tested
in late 1972, The rangs in multl-stop oporat-
ion is 56 kilometres (78},

6.2 Genaral Traffic Volumes

There is a wide range of restraint measures which have
the effect, although it may be incidental to their
purposa, that traffic volumes ower a large area of a
town are lower than they would otherwise be. Thesc
include subsidies to public transport, bhus priority
schemes and parking control. As a result traffle
noise is also less than it would otherwise be, although
where restraint measures have heen in existence for a
long time this consequence may not be appreclated. An
interesting recent case of a deliberate attempt to
reduce the traffic levels then prevailing was that of
Singapore, where the method used was to charge vehicles
to enter the central business district. An attitutde
aurvaey showed that reductlon of noise was ranked high
in importance and suggested too that people had
noticed scme improvement in this respect as 8 result
of the scheme bgl?ich was also judgad successful on
other groundst7 .

As well as the direct effect in reducing noise, methods
of general restraint create or strengthen opportunities
for canalising trafflc onto main roads. It was noted
in Section 6,1 thac canalisation is effeceive Ln tihat
the extra nocise on the main roads is likely to be small
in relation to the gain on the relieved roads.

Objections on grounds of inequity apply less strongly
1f canallsation takes place in the context of a general
reduction in traffic volumes so that, as far as poss~
ible, no one is worse off than before, and if compensa-
tion is paid to anyone who does bedome worse off.
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A form of general traffic restraint which has so far
racelved very little attentlon, except in the
Netherlands and a few towns elsewhere, is to
encourage cycling. A recent British study!80)
suggests that Lf effective measures cauld he found
the impact would be very great, The study toock the
form of a statistical analysis of the proportion of
people living and working in the same town who cycle
to work. This proportion varies between towns from
virtually zero to ovar 50%; reqression analvsis was
uszed to find what factors accounted for the varlation.
It was found that the main deterrents to c¢ycling were
hilliness, danger and rainfall, in that order, and
that the influence of all ogther factogs was slight,
Danger is something which can be directly influenced
by policy; it was found that "a highly dangerous
town which is otherwise average with respect to acher
factors would have a 2% leval of cycling as opposed
to 209 if it were safe". Hilliness can be overcome
by the use of power-assisted bicycles, of which there
are noW Several types under devolopment, or indeed of
mopads, which are in common use in many countries.
Table 6.4, taken from this report, illustrates the
pessible consequencées of avercoming both hilliness
and danger.

TABLE 6.4 : INFLUENCE OF CONDITIONS ON THE PROPENSITY TO CYCLE

Characteristics | Pradicted share| Examples Actual share
af Town of journeys to of journeys
work by cycle to work by cvele
Hilly and Sheffleld 1%
dangerous 0% E&ﬁzi:;h g:
Hilly but Matlock it
“ forsley i
Flat but Hammersmith 5%
dangarous 6% g;§ﬁ§§;°L by
Flat and Goole 52%
> e | @
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Even rainfall does not lle outside the scope of
policy, in the sense that protection from it can be
provided: the opportunities are greatest in new
developments where strecets can be arcadad,

These findings are likely to apply with equal or
greater force to the journeys to school of older
children, perhaps less to journeys for othez purposes.

The terrain in the Netherlands is favourable to cycl-
ing and much has been dene to encourage it by cycle
tracks and priority measures. 25.5% of all journeys
to work are made by bicycle and 9.4% by moped. The
proportion made by either mode is naturally greater
when distances are short, as Table 6.5 shows,

TABLE 6.5 1 CYCLING TO WORK IN THE NETHERLANDS

Distance to work (km) % of journeys by bicycle or moped
o -4 53.2
5 - 14 28.1
15 and over 3.1

SQURCE; Labour Force Sample Survey, 1975, Netherlands Central
Bureas of Ctatisties

Cycling is also important in the Netherlands for day
trips (made mainly for purposes of outdoor recreation
and visits to family or friends): 22% of them are
made by bieycle and 4% by moped.

The cost of ecycling schemes varies greatly according
to elrcumstances and the nature of the scheme. In
Britain, there has been some revivai of official
interest in cycling in the last two years which has
led to varlous schemes being started, One approach
is to make c¢ycle routes through residential streets
and other guiet streets by reserving a secticn of
the existing carriageway, A rough indication of the
cost 1s E1,000 ($2,000) per kilometre when tha work
involved is limited to paintlng lines, putting in
bollards and traffic islands, altering kerbs etc,;
¢learly much greater sums arlse when it is necessary
to put In traffic lights or to treat junccions in a
special manner. It is also estimated in Britain
that to construct a new cycle track three metres wide
in cpen space (e.g. through a park) costs some
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£E20,000 to EJOQ,000 (% 40,000 to 60,000} per kilometre.
This again cxcludes claborate junctlons, special light-
ing e¢te, which may sometimes be reguired, The

British schemes are being monltored by the TRRL, but
it is too early to say whether they are successful
either in making cyecling safer or in encouraging
people to switch from motorised means of travel to
cycling on a scale which would make a diffarence to
traffic volumes and traffic noise {(8l),

At the othexr estreme, the Delft Transportation Plan
included a propasal ta provide a comprehensive bike-
Wway noetwork in this city of some 90,000 people.

This ineluded new subways under roads and new "bikes-
only" bridges across ecanals in addition to numercus
smaller measures. The cost was estlmated at 20 million
guilders in 1975; (1978 US $10.4 million); at that time
most of the smaller works had been completed. It was
claimed that this cost was very small in comparison
with expenditure on provision for motor traffic to
transport the same number of people(82),

Speed limits

A reduction in gspeed is unlikely to be very affective
in itself in reducing noilase in meost urban situations
where top speeds are already low. The reason 1s that
englne nolse pradominates and the use of low gears
means that engine speed doos not fall with vehiele
speed, Speed limits do, however, have an Important
indirect effect on nolsa through the reatraint of
volume, asz the oxamples glven in Secticn 6.5 below
show, and, if enforced, would alsc reduce the nolse
emitted by the occasional vehicle at night travelling
at a relatively high speed, Speed limits can have
some effect in reducing the noise from urban express-
ways, eapecially in combination with other measures
such as & reductlon in the proportion of heavy lorries
in the flow., A reporti83) by CERN {IRT) illustrates
this. It is assumed that initially cars travel at

80 and lorries at 65 km/h, and that a apeed limit of
60 km/h 1s then imposed on koth kinds of vehicle, The
effect depends on the percentage of lorries in the
flow, as is shown in column A of Table 6.6. Column B
shows that thig effect is less than that of suppress-
ing the lorriles ontirely, without changing cayr speeds.
The effect of both measures simultaneocusly (Column C)
is more than the sum of the two taken separately, and
as the report points out is also more than can be
gxpected from measures to quieten vehicles.
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TABLE 6.6 : THE EFFECT OF SPEED REDUCTIONS AND THE

SUPFRESSION OF LORRY TRAFFIC ON_THE NOISE
FROM URBAN EXPRESSWAYS

Percentage Reduction in Leqg to he expected from:
of lorries
in the A B. c.
flow Spead limits | Suppression of | Spead limits
only lorry traffic and suppression
only of lorries
10 2.0 2,8 6,6
15 1.7 3.8 7.6
20 1.5 4,9 8.6

Such reductions in speed would not reduce the capacity
of an urban exprassway. The narrowing of the differ-~
ances iln speed between urban expressways and other
roads could lead to some drivers attempting to find
short cuts via less sultable streets, If this could
ba prevented, the only costs would ke those arising
fram increased journsy times, Such increases are hard
to calculate, since even on a particular journey the
loss of time on one section may not result in a loss
of the same amount on the journhey as a whole, and in
the slightly longer term marginal journeys will be
suppressed or shortened,

Town Centre Pedestrianisation

Many towns ln QOECD countries have pedestrianised their
centres, with varying degrees of completeness, In the
last ten years; these schemes are usually accompanied
by measures to give priority to public transport.
Access for delivery vehicles {8 often limited to

short periods of the day. Although nelse reddction

is sometimes an explicit objective, less ecffort seems
to have been made teo monitor changes in noise than in
othar aspects. (An exception is Munich where, accord-
ing to a 1975 report (84}, maps are being prepared to
register all noise resulting from traffic.} Reductions
in noige are to ke expected in the restricted areas
themselves, but since the restrictions often give rise
to an increase in trafflc elsewhere in the town, and
some vehicular journeys will ke longer, a net benefit
in reduced noise nuisance, though likely, is not
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certain. A reporttas] of a town centre scheme in
Gothenburg stated that the noise level in the main
shopping street was reduced from 74 to 67 dB{A), The
accompanying increasze of 25% in traffic on the ring
road had given rise to no complaints from the public,

The common story of the early schemes is that they
were at first resisted by shopkeepers, who feared
loss of trade Lf people were not allowed to drive

to the shop door, but proved commercizlly successful
to the extent that shopkespers have pressecd for thelr
axtension.

Residential Environmental Areas

Attempts are now being made to extend the use of
comprehensive restraint measures from shepping centres
to realdential areas, The most ambltious efforts have
been in the Netherlands, espacially Delft and
Groningen. In a large scheme in Delft, traffic is
allowed to enter the area but the physical design

of the streets has been changed in a way that ensures
that it is kept subordinate. ‘Techniques include
narrowing the dgtreet, either throughout its length

or at certaln peints along i{t; making the level of
the footpaths, rather than that of the road, contin-
uous at intersections, so that motor vehicles have to
go up a small ramp; designing corners such that they
cannot be taken at speed; giving the road a rough
surface to ensure low speads, We have not seen a
systematlc evaluation of this scheme but from obgerv-
ation noise levels are low.

Various traffic management schemes in residential areas
have heen carried out in Norway. One for which the
nolse effects were studied with particular c¢are was at
Grfinerlgkka ({(see Section 6.1 above), A "package" of
management measures invelving road closures, bus=-
atreets, no through traffic, parking restrictions etc.
was lntroduced in 1975, at a total coast of 200,000 N,kr
{1978 U5 % 50,000}, The before-and-afteyr situation,

in terms of the percentage of dwellings exposed to
neoise levels of different degreas, 1s shown in Table
6.7,
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TABLE 6.8

TABLE 6,7 : DWELLINGS EXPOSED TCO DIFFERENT DEGREES OF
NOISE BEFORE AND AFTER 'THE GRHNERLﬁKKA TRAFPFIC
MANAGEMENT SCHEME
Leq, measured in
an (A} Before After
75 or over 15% 118
70 or over 51¢ 29%
65 or over 832 628
61 or over 878 76%
All dwellings 1008 100%
41168 1168

A more detailed analysis showed that for 45,5% of
dwillings the noise climate had improved as a result
of this scheme, for 47.5% there was no change and

for 7.5% the nolse climate was worse.

The changes

for the worse were usually slight, whersas some of
the imgrovements wexe very marked.

A further calculation was made of what it would cost
te achlove specified indoor noise levels in this
area by insulation alcneé and by insulation combined

with traffic management.

Table 6.8 shows that insu-

lation combined with traffic management would ke

cheaper.

This finding is supported by similar

evaluations of other Norwegian traffic management

schemes{73),

THE COSTS OF ALTERNATIVE STRATEGIES TFOR

ACHIEVING SPECIFIED NOISE LEVELS IN

GRUNE KEA

Strategy Indooar nnise levels, Leg
35 dB(A) 40 db(A) 45 aB(A)
Insulation only |N.kr, 21.1 mn.(N.kr. 14.3 mn. |[N.kr. 5.3 mn.
$ 5.1 mn.,| % 3.5 mn. % 1.3 mn.

Insulation and

- |N.kr. 17.3 mn,[N.kr. 10,1 mn.|N.kr. 4.8 mn.
traffic manage= fg 4.2 mn. 2.5 ma.|$ 1.2 ma.

ment

NOTE: N.kr. are in 1975 prices; $ in 1978 prices
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In Britain there has been an experimental programme
on the use of spaed contreol humps in residential

roads,

Thesae have been shown to be effective in

reducing traffic volumes and speeds and hence noise,
The results for three schemes are shown in fTable

6.9 (86, 87, E8),
TABLE 6.8 : RESULTS OF THE INTRODUCTION OF SPEED CONTROL
HOMES
Towns Abbotshury Road | Motum Road | Cuddasdon Way
Kensington Norwich Cowlay

Parameters
Flow Before 8154 398« 2905

* o}
{16 hours) After 5833 271 1104
Mean speed fefora 48 19% 44
{Em/h ) After 27 so* 23
Noise Bafore 71 57 65
Level
{L1O, After 66 55 61

18 hrs.)

*Qver nine hours

*as5th percentlile on the fastest sectlon of the road.

The TRRL, which was responsible for these experiments,
estimated that of the 4 dAB(A) reduction in noise
achieved at Cowley 3 dB(A) was attributable to

reduced volume and the rest to reduced speed.

Some

diverslon of traffic onto other roads within the
residential estate was experienced, although not all
the traffic diverted from Cuddesdon Way appeared on

tham:

it 1s assumed that the rest was diverted to
main roads cutside the estate.

It is not surprising that residents of Cuddesdon Way
approved of this scheme, but so did residents on other
local roads, even those on which traffic increased as

a result of the humps.

Motorists also approved, even

though for someone driving the whole length of the
road the effect was to add approximately a minute to

his journey time.
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decreased; 1t appears that safer conditiens and
raduced anxiety wore the benefits most appreciated

by residents, Noise beneflts can be thought of as

an extra., Nine humps were provided in Cuddesdon Way:
the gcost of constructing and installing each one in
1975 was ET18 (1978, $ 1,%00)., This cost was sald

to have been higher than would have been necessary Lf
permanent humps had been installed. No vehicle dam-
age was reported.

Conclusiong

The potential of vraffic restraint as a means of

noise abatement is as yet little explored but is
clearly very groat. One great advantage is that 1t
deals simultaneously both with noise and with other
kinds of nuisance from vehicles which other methods
leave untouched or may make worse; this is especlally
true of pedestrian danger which 1s the most resented
nulsance of all and which could be itensified by the
introducticn of quieter vehicles unaccompanied hy
other changes, The costs of traffic restraint schemes
are also often justified by lmproved transport arrange-
ments alone, without regard to a reduction in nuisanco
from vehicles, This can therafore bhe a highly cost
effoactive means of noise abatement,
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ENFORCEMENT

The noise emitted by vehicles depénds not only on thelr
type and thelr characteristics when new but also on how
they are maintained and driven. Regulations gaoverning
maintenance and drivers' behaviour exist In all countrles;
thelr effectiveness depends on how well they are enforced,

In some countries inspection of older vehicles is required
as a condition of the renewal of the vehicle licence, The
main purpose ©of such inspection is te ensure safety, but

a check on nolse could be included and in Byltain now is,
although only in the form of the tester's judgement.

Some countries have found it advantageous to set up speecial
police upits to deal with offgnces involving noilse. In
Switzertand, a police neise brigade typlcally consists of
six people, Thelr responsibilities cover noise from build-
ing sites, industry, placea of public gathering and houses
as well as fyom traffic, For road traffic the brigades can
deal with nolse from vehielea whieh are poorly maintained
or deliberately modified and also with noise arising from
inconsiderate behaviour, ineluding running the englne at an
excessive gpeed or driving peintlessly up and down a street.
The costs of these units are not stated In the source docu-
ment but it 14 claimed that they are cheap and effective(88)

In France, similar mobile brigades, each consisting of three
men, have been in operation since 1973, They are cencerned
only with traffic bur with fumes as well ag nolse. The
brigades are equipped with measuring eguipment. Drivers
whoge vehicles age found to produce excessive emisslons are
obliged te have the fault rectified and to report for a
test within a gpecified time; in some cases they are not
allowed to use the vehicle in the meantime. No costs are
stated but agaln thils seems to be regarded as a cost-
effective measure (90},

Similar units, usually a team of two men, operate in San
Francisco, apparently conecernced only with vehicles and only
with noise. Tt iz claimed that between 1973, when the units
were started, and 1978, the noise level (Leq) in the major
business area has decreased by 3 dB(A) and that between 1974
and 1976 there were reductions in most arcas of the clty.
The units are partly financed by fines levied on offenders;
in 1975 revenue from fines excecded $ 106,000, Total costs
are not stated but in the oplnien of a writer From the San
Francisco Police Department "vehicle nolse control is not
difficult but rather practical, rewarding and easy to
implement" (91},
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Other states and municipalities in the Unlted States have
adopted programmes to control noise which include the
control of vehicular noise as a central feature. One
such municlipality is the city of Colorado Springs, whose
experience is described in a recent EPA report 95L ™
1971 the clty council passed a noise contrel ordinance
based on a model community ordinance provided by the EPA.
This prescribes a maximum neise level of 80 dB(A) at a
distance of 25 feet for vehicles weilghing 10,000 lhs

{4535 kq) or less, For vehicles weighing over 10,000 lbs,
the maximum permitted level i3 86 dB({A) during the day,
but from 7pm to 7am the maximum for such vehicles is also
80 dB{A)} except on certain designated streets, consisting
of arterial roads, wheve the daytime maximum obtalns.
Effective metheds of enforcement have been develeped over
the years. The monltoring equipment Ls now mounted inside
the police vehicle and has digital readout in dB(A) which
can be locked in: evidence based on such readouts 1s
accepted in court. First offenders are subject to a flne
of $ 25, of which $ 15 1is returnable provided that the fault
is rectified and a compliance certificate obtained within
thirty days. Penalties are increased for second or subse-
quent offences,

There has been no system of nolsge measurements to monitor
the effect of the noise control programme but it seems to
be acecepied and regarded as worthwhile by the publiec. The
annual budget of § 60,000, or 30 cents per inhabitant,
covers the salaries of the noise administrator and two
noise enforcemont officers as well as the cost of equipment.
This sum relates to the entire nolse control programme and
not to the control of road vehicle noise only, although that
is the major companent.
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PROTECTION

The previous sectlons have been concerned with ways of
reducing neise at the roadside. The alternative is to
protect people from the noise emanating from the road. In
most exf{sting situations the only feasible methods are to
oract; gome kind of harrier near the road er to insulate
buildings. With new roads or bulldings, other possibilities
for giving proteetion arise.

8.1 DBarriers Versus Insulation

The offect of these two methods is not the same since
insulation gqlves protecticn only inside buildings,
and then only when the windows are closed, whaereas
bharriers give protection outaide as well. Glven the
Inportance people place on quiet conditlens outside
{sece Section 1,2.2), barriers start with a great
advantage. Insulation glves a higher deyrea of
protection, however, which may he important in some
very nolsy sltuations, and the fact that it helps to
keep heat in as well as noise out ought to be taken
into account when dectding which method to choose in
any particular circumstances. In practlice, however,
a direct cholce will arise only rarely, slnce the
dimensions of effective barriers (sce below) are such
as to preclude their use in most urban situations
oxcept alongside urban expressways.

8.2 Darriers

For barriers to be cffective, they sheuld be long and I
unbroken; this reguirement immediately rules out their
use when access is required to the carriageway at
frequent intervals, as in most urban astreets, In
addltion, a barrier must be so constructed that the
noise transmitted through it is less than that yadiated
over the top. An approximate rule for fulfilling this
condition is that the mass must be at least 10 kg per |
square metre. A barrier has a very small effect in i
reducing nolse in the illuminated zone {see diagram): '
its effect in reducing neise in the shados zone depends

upon the difference between the length of the path

joining the source, the top of the barrier and the

roception peint and the direct distance from source

to reception point. The reduction in noise level ot

the reception polint for various wvalues of the path

di fference is shown in Table B.1l, taken from an

- 286 -



S KT S P,

e s

3

5

5
A
;

¥
T
3

tiluminatad zone .~
-

‘,\-"K‘uhndow
zone
.

b recoption
polnt
a
(3

path diiferance
S ath-¢

-
-

sourca

BARRIER

- 287 -



cffieial British source.wa) The figures relate to
the Llo index but should apply reasonably well to

Leq although prokably not to other measures such as
Lso. <Checks made by the TRRL at a number of sites(9%)
show good agreement between reductions predicted by
the formula on which Table 8.1 is based and actual
reductions.

TABLE 8.1 : REDUCTIGN IN L PROPUCED BY A BARRIER
IN RELATION TO” "THE PATH DIFFERENCE

Path hifference, Metres | Reduction dB(A)
0.01 )
0.1 g
0.5 13
1 15. 4 i
2 17.2
3 19.2

The most satisfactory type of harrier, where it can be
arected, 1s an earth mound cr earth-filled dry wall.
The earth mound has the attraction that it can be
planted but it may become unstable in dry weather.

The disadvantage of hoth types of structure is that

the widch at the base is likely to be at least 1.5
matres for a structure 2 metres high and preoportienally
more for taller structures. A wall will always require
a guardrail; a mound may not. If an earth barrier 1is
put up at the same time as the road is built, the cost
can be very small and cencealvably even zero, in that
building a mound may be the cheapest way of disposing
of the surplus soll. When a barrier of this form is
constructed alongside an existing road, a major
determinant of cost 15 likely to be the transport of
the soil, the extent of which will vary widely from
slte to site, Another variable factor is whether suit-
able eguipmeni is to hand oy has to be brought in.

The costs arising on any particular contract can there-
fore only be treated as a general guide,
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In the British examples, shown in Table 8.2, barriers
waere put up at the same time as roadworks were in

progresas. A guardraill was required in each case,

TABLF 8.2 : RECENT BRITISH EXAMPLES OP EARTH 3BARRIERS
1 2 3
e ot semversre | Sed | ma e [ o
mesh

Helight (metres) 1.4 2,2 2.1
Date of Erection 1972 1974 1975
Total cost per matre
of installation, less 10 14 26
guardrail, £ at date
Equivalant cost $ 1578 43 226 72
o e ™ e d 10
Equivalent § 1978 39 34 N.5

SOURCE:
Secticon

Department of Transport, Engineering Intelligence

Whers enough width cannot be providad, which 1a parzic-
ularly likely tmo be the case when a high barrier is
required in order to protect the upper storeys of
buildings, a screen rather than an earth barrier is

required.

Except when constructed on the parapess

of bridges or overhead roads, Screens are rarely less
than 2 metras in height and may be over 5 metras,
Sometimes it 1s possible and advantagacus to place a
screen some way back from the road, but it should
usually be placed alongside the rcad and will then

need to have a guardrail in front of it,

It is

soma=-

times possible to mount the guardraill on the same
supports used for the sezeen; by this means the total
width regquired at ground level can sometimes ke
reduced to as litetle as 1,25 metres.
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Tere are two types of screen, absorptive and reflect-
ing, Absorptive scraeens are more expensive hut may

be requlred when hoth sides of the road require
protection, British studies have found that a reflect-
ing secreen ¢an ingrease the noise level on the opposite
side of the road by up to L dB(p) (94),

The purely acoustic requirements of a screen could be
met by a brick wall or heavy timber fence, but the
design and costs are determined by the englneering
requirements of such a high structure, especially the
need to be able to withstand high winds. Hence the
total ¢ost of Inatallation even of 8 prefabricated
screen of a given type can vary consSiderably from site
te site. In addition, a raquirement. to chooSe mater-
ials with good appearance can add substantially to
costs.

A great deal of informatlon on coests 1s avallable but
1s not always expressed in a useful form; nor is it
always clear exactly what the costs cover. In the
examples in Table B.3 from various Eurcpean countrles,
the costy are believed to be those of the total install-
ation, but wilthout any guardrail, except whers other-
wise stated. Costs are per metre of length.

Costs glven in the source documents per sguare metre
have been convertead te a cost par metre of léngth an
the assumpticn that the screen would be 3.5 metres
high, which is a frequently found height. Scme
screens, especially if made from wood, plastic eor
glass, are likely to require maintenance, but we have
found no infermation on these costs.

Amerlean experience with barriers i3 very fully
dascribed and lllustrated in a %?75 report of the US
Department of Tranaportation (95), Informaticn on a
number of projects which had been completed shortly
before the publication of that repert is glven in
Tabklae 831 : but the full report would be of Interest
to anyone concernad with barrier design and selectlon.
Costs are for the complete installatien,

In some cases, particularly where-high rise buildings
border a poad, acoustle barriers would not suffice
but an acoustic shelter, in effect a tunnel, would
have to be provided. Apparentlg there is experlence
of acoustie sheltars in Japan{%0) but costs have not
been supplied, Takle 8,5 presents costs Efrem a
recent French study;(97) the figures are based on
experience of particular insctallations.

- 290 -



- l6g —-

themvulves ars not knawii hut 1t is
anpunip] thak they ware ruceant or that
QONls wurs sdpred#ed 45 Che raport 4n
1976 valuns

"‘?P\ﬂ":"—“""ﬂ-“w—....,,__ e 4 b AT TR Ly A0 - . ..
Country and Haterial labyht Year  Cuai per 1970 Cranawht Sougiw
Placa (motrest natru wuiva-

lenyth Tt
hetheclanda  Alualnlus 1 19h G671 ¢} 291 tn thim and the following Dutch sxsaplus Hinisteria van '
Pagokup prices ipcludd tax st 10% Valkagezondhuld
on Killwunyglens
Hetherlanda  Aluminium 2 1w [ER$) 181 " . - *
Kapulle
Hutherlands  Alusinium ke 5976 T N m - - - "
Gouda
Nutherlands  Alysinius k3 1476 550 1 28} " . - -
Daydrweht
Hotherlands  Wood 2 1n 440 1 19% - " - .
Amitordan
Evindan Etoel fuverud with plastie 15 194 1,000 m KaitheT this nor any ¢f the fol lowing Swwdlah trafflc
Sw . Crowns wxamplen Afw taken from actual mites Hulee ConmdCtas
although the cowts allow for installa=
tion
Awuden faainate of minaral wool 14 19 » 300 brl] Wignly absarptive L
enclased by painted shoats o, Crowns
of Alualniue
Bwedwst, but  Bound sbhsarbilng matesrial 1.5 1M 1,500 46T Hlghly ahmarptive “ = 0w n
wanufactured enclosal in plestic, Hu, Crowns
in M Gursany  Rtawl coluans and hori=
zontal pembwrs,
Coundal fonm
gwedan Telanqubar wlaments of 35 1T 1,050 m Coat exctudus soll 21113 LI
copcrate, With woud on Gw.Crowna
#ide eway From rosd, to
be filled wich wolil
rrancy Conesete 1,5 Wi 1,750 F 170 te  This vXample and Ui peal tHG ace IRT
{nottonal) ta Tl not taken from parcicuiar aitus,
1A r Tha VATL4tion 4i Che CORE Of RCrawis
wadu fram cohcrutim o3 plaatls ddu=
e upon theiy abaopblng propere-
{uz
Francu Conckmte 1.5 191 l,olor 41 ta IRT
inotdonal) ta m
3,25 ¥
France Gl 3,5 197 peTs e 69 It
{natianal)
France Congreto 5 1476 2,156 ¢ 519 re Por this aid the fullowing projact the i
fixan ta [11] dato Je token to be that of 1thn source
2,556 decuwmoht.  The dates af the prodects




BRI v it

1

- gbg —

TABLE 8.3 {contd)

Ko, Comiry apd Hatoris) Natght ¥edr  Cosk pa¢ 197 & Tockent: fource
Placa imatrea) natre aquivas
Lmigeh lant
14 Pranca Conagute [ 1976 Yom F 2 Tha coat raflects spucial cate LO MAke Lhe  JHT
Dron wall igak ware sitcactive
14 Hritaln Conusete h) W E50-ET0 HU-137  Mange veflaatw asparience ak a numbur of Depatimant of
slivs, The accoupanging guardrall would Teanbort Englmner=
cont an acddltional EI matra fully ing Intatligencu
Inntalled fthis applias ta Lhe peat Section
apanpla an walll
16 drtisln Tixbac with stesl 3 1970 e50-E70  98-13T  Fange yeflactw sxperiance ac s peber of " " - "
paats sitee, The materisl Lo ware enpenniva
than foncrate hut Lnstallstlon Is chaaper
bacaven comnes would not be requiced,
17 Beltain Trans{uceht glasp ras 1.5 1976 £ " Custs are awvclusive of tnatallation, - r " "
Huwmarkut  loforced plastic with kil wuarple 19 chosen an representing
hy=peun wite mesh the nppec end of ten kanga I Deloaln
beldgs

parapat

]




s e s

EM e e

- gbe -

TABLE 8.4 :

.t

AMERICAN EXAMBLES OF BARRIERS

blocks

No, State Material Helght Date Cost at date [1978 § Comment
{metres) per metre equiva~-
length (%) lent
1 [Michigan Timbar 4.1 1974 220 276
2 |North Work started 1974, expected
Carolina Timbar 3.0 1975 o8 125 completion 1976
3 |Washington | Timber Jto 4 1973 120 for I m
high 167
190 for 4 m
high 269
4 |california | Steel
panels 2,4 to 2.7 1974 115 144
5 |California | Steel Cverlapping sections with
panels 1.8 1975 17 197 lpaffle walls of approximately
2 metras installed at right
angles to flll the gaps
between the sections
6 |(California] Stucco- 1,8 to 2.4 | 1975 171 197
covered
chainlink
fence
7 |california| Reinforcad 1.8 1975 121 141
concrete
8 |[California| Concrete: 2,4 1973 75 105
split face
masonry
blocks
9 |california| Concrete: 2.0 1974 66 B2
buff
colourad
masonry




TABLE 8,5 : FRENCH DATA ON COSTS QF ACOUSTIC SHELTERS

Type of Tunnel Tetal Costg per Metre Length
of a shelter 30 metres wide

Light F. 1978 70,000 to 79,000
$ 1878 14,800 to 16,702

Semi.~heavy F, 1978 143,000 to 121,000
$ 1l9vd 21,776 to 25,581

Heavy F, 1978 | 119,000 to 157,000
$ 1978 29,387 to 33,192

NOTES: 1, Costs 1inelude lighting af: 13,500 F (% 2,854) and
ventilation at 5,100 F (§ 1,078) per matre,

2. A light shelter is one which serves an acoustic
purpase only and would not bear any significant
) weight; the top of a semi-heavy shelter could
: e used by pedestrians or could ke plantaed; a
heavy shelter is in effect a tunnel over which
| heavy traffic could pass.

8.3 1Ipsulation

To insulate against road traffic nolse, it is gencr~
ally necessary to treat windows only, although in
particular cases alrbricks, doors and chimneys may
require attention. fThe seals of windows that are not
deslgned to open, and the joints of those that are,
are of especlal importance and good materials must ba
used to prevent them becoming distorted and thercby
less effective. The effectliveness of different types
of insulation is illustrat?g ry Table 8,6, taken from
an official British source(98), hut it must be
: remembered that insulation is less effeetive agalnst
' low freguency holse (see Section 1), The reduction
is nmeasured by the difference in Ljg (but the figures
would also apply to Leq) just outsldc and just lnslda
the building. In many situations in which insulation
is juwdged appropriate, a reduction of at least 20 and
sometimes of over 30 dB(A)} 1is recuired to bring about
good internal noise levals.®*

*In Britain the noise level at which compensation against
noise from new roads becomes due is 6B dB(A), measured by
18 hour Ljg, and the highest level likely to be found, in
the extreme conditions of a house adjacent to a motorway,
is some 82 dB(A). &An internal nolse laval of 50 AB(A) is
regarded as a minimom standard and 40 ds(A) as a good

atandard
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The cost of making windews soundproof is less for a
new building than an old, but in practice the prob-
lem of insulating old bulldings arlses much more
frequently. The costs of installation then depend
on the number, size and type of the windows to be
treated, the type and guality of the equipment used
and the general level of manufacturing and building
costs, Anclllary costs of installing artificlal
ventilation and making good decorations etc. may or
may not arise, Presumably certain types of install-~
atlon will require more maintenance than an un-
soundproofed window, and a ventilation system is

likely to involve operating and maintenance costs.
We hava not gseen references to such costs nor to the
valua of heat savings achievable through insulation,

TABLE 8.6 : REDUCPION IN NOISE LEVEL PROVIDED BY WINDOWS

Approximate sound

Windaw type inoulation tn B {A)
Wide-open window About 5
Slightly-open single window 1o0-15
Clesed 'openable' aingle window 18-20
Scaled singla window with powered extractor
fan in window:
3mn glass 23
4mm glass 254
émm glang 7
lomm ¢lass o+
bouble window with staggered openring lights glving
5% *indirect' ventilation (any welght of glass,
with an alr-spaco of 200mn and absorbant-lined
raveals) s
When opening lights used for ventilation 20
When opening tlghts not required for ventilatien x|
Double window with an alr-space of 200mm and
absorbent-liped reveals, outer light fixed, inner
light openabla but well fitted:
Amm glass 16
bmmn ¢glass 42

* The fiqures given aro for when the fan ig shut off,

when the fan is

operating and the Fan hood or shutters ave open there ls approximately

# 5dB(A) reduction in sound insulaeion.
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The varlabllity of installation costs and the fact that
the¢ source documents do not always make it clear exactly
what the gquoted costs cover make it difficult to
provide precise comparative figures, but the following
data from various OECD countries may be useful as a
gulde to orders of magnitude. Tahle B,7 shows guats

of insulating windows per square metre in Britain and
France, Table 8,8 shows simllar information £rom
Garmany and Table 8,9 from the Natherlands. The French
and German figures are believed to be total installation
costs in all cases, but the British figures exclude
labour charges. The costs relata to insulating windows
in exlsting huildings unlaess otherwise stated. The
reasons for the apparent differences betwean the two
Franch sources are not known.
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TADLE 8.7 : SOME FRENCH AND BRITISN COSTS FOR INSULATING WINDOWS:
COSTS PHER SQUARE_METRE

el
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TABLE 8.8 ¢

SOME_GERMAN COSTS FOR TNSULATING WINDOWS

Type of Window pamping without Ventilation With Ventilation

Effoct

@A) | yooa Aluminium Wood Aluminium

Cost por sq.matre | Cost per sq.matre | Cost par aq.matre | Cost per sg.metre
Compound window 25 pM 270 - oM 710 -
517 § 449

Sound insulating k[¢] DM 480 DM 540, DM 1,250 LM 1,320
window, single $ 303 ¥ 341 $ 790 $ 84
Sound Lnaulating 35 - 38 DM 510 - - -
scraan $ J22

' compound sound 10 DM 650 - DM 1,430 -

{g insulating window § 411 $ 903

@

i | Sound insulating 45 - 46 DM 600, bM 760 DM 1,450 DM 1,540
box type window $ 430 $ 480 $ 480 $973
Solind insulating box~ 50 DM 700 M Blo DM 1,480 oM 1,580
type window with $ 442 $ 512 § 935 § 1,005
separate frame
NOTESt l. Information raelates to a fitled windoew, including cost of removing the old one but not including

VAT, There may bo variatlions of ¥ 10%, according to difficulty of removing old window,
2, German costs relate to 19723 the dollar equivalent is for 1978,
SOURCE: "A study of environmental pollution by road traffic in urban areas". Directorate General for

Transport, Commission of the European Communities.
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TABEE 8.9 : SOME DUTCH COSTS FOR INSULATING FACADES EBY FITIING FRAMES WITII OPENABLE WINDOWS

Removing old windows and supplying
and fitting compound sound insula-
ting windows

9guare metre

Costs

Work Involved Damping Lffect

dB (A} £ 1976 5 1978
Supplying and fitting windows wlith 50~100 per 24-48
8ingle thick panes with airtight agquare metre
sealing in thelr original frames

25-32
Supplying and fitting a ventilation 150-200 per
unit abave the windows metra of 71=-95

length
12-137 400-550 per 190-261

NOTES: 1. ‘The facades consisted of masconry walls,

2. In the second example, a vantilation wunilt above each window was also

fitted although the costs are not ahown.

3. Tha ventilation units weres themselves soundproocfed,

4, Costs are exclusive of value added tax,

SOURCES:

Raports of projeet VL-11l "Experimental project on application of soundproofing to
dwellings as protection against alreraft nolse" and reports of project VL-12

"Tneantory of knowledge pertaining te acoustic insulation of bufldings".
Interministerial Committoe on Nolse Abatement.




Figures ralating to the costs of insulating rooms or
houses are even harder to interpret without a very
precise descriptieon of the work involved. However,
some recent figures may be of some interest,

i} A French study in the Department of the Rhone
estimated that the average cost ¢f insulating
the expesed facades of 600 dwellings was 20,000
francg (figures presumed to be 1378; eguivalent
to $ 4,228). ‘This figure relates to dwellings
having at least four rooms and includes the cost
of ventilation (99}.

ii) Another French study among people who had had
thelr dwellings insulated showed the following
cogts (see Table 8,10}, excluding any ventilat-
ton (99), costs are agaln assumed to be at 1978

prices.
TABLE B.10 : SOME FRENCH INSULATION COSTS PER RODOM
Totul Costs
Kumber oi Rocms Insulated
Francs $
1 5,000 1,057
2 9,500 2,008
3 13,000 2,748
4 14,500 3,066
5 15,500 3,277
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1ii) Some French costs relating to new buildings and
to an average dwelling show that to achieve a
noise reduction 10 4B (A} superior to the protect-
ion provided by a standard building would add 1%
to bullding costs; a reduction of 15 dB(A] would
gd?lgg)and a reduction of 22 4B(A) would add
% .

iv) In Britain insulation costs are paid by the
Department of Transport in certain circumstances
for living rooms and bedrooms on the side of a
house exposed to traffic. In late 1977 it was
estimated that "a figure of £600 - E700 would
probably be about correct for a standard property
with few conplications" (100}, The 1978 dollar
equlvalent of this would be § 1,200 to 3 1,400,
The cost allows for ventilation,

v} A Dutch report shows the following costs (see
Table B8.11), based on actual experience for
insulating dwellings against road traffic noise.
The calegulations assume that for flats it will
be necessary to treat one side of the building
only but that scome of the houses require treatmant
on more than one side.

TABLE 8.11 : SOME DUTCH INSULATION COSTS PER DWELLING
Cost per Dwelling

Noise Reduction £ 1976 s 1978
- Flats 4,000 1,900
20-25 4B (A) Ona Family Houses 4,000 1,900
_ Flats 6,000 2,850
25-30 dB (A} puo "Pamily Houses 71600 3,325
A A - Flats 9,000 4,278
30-35 dB(A) One Family Houses 12,000 5,700
SOURCE; Report VL-HR-20-01 : "Determining the Ffinancial

consequences of policy standards and measuraes on
abatement of traffic noise." Interministerial
Commlttee on Noilse Abatement.
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Other Protection

When a new road is being planned or a new area laid
out, or batter still, both at once, various other
opportunities for giving protection from noise arise.
These include:

bDepressing the road. The effect is similar to
erecting a harrier alongside a road at ground level
and will operate only 1f the buildinga to be
protected are set back far enough to he in the
shadow zone.

Separating the road from the buildings or other
facilities it is required to protect. Doubling
the distance between source and receiver reduces
nolse levels by & dBR{A), but as noted in Section 1
the effect is much less for low frequency noise.

Inserting a screan of buildings, preferably build-
ings such as warehouses, which by the nature of

the activity carried on within them can be exposed
to road traffic noise without much harm being done,
between the road and the areas it is required to
protect., A continuous lipe of buildings gives
protection much superior to that from a screen.

Designing the road network in a way which encourages
the canalisation of road traffic ento selected

roads and discourages unnecessary vehicular meve-
mant or high speeds on eother roads.

Determining the number and location of facilities
of a type which generate large volumes of traffic,
particularly lorry traffic, in such a way as to
minimipe the mileage performed within the area as
a whole or in more sensitlve districts.

Laying out streets and buildings in a way which
avolids the reflection of nolse.

pesigning particular buildings such that staireases,
corridors or relatively unimportant rooms are ex-
posed to the traffic and lmportant rooma are on the
protacted side of the building,
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To calculate the costs of adopting such measures in
any particular situation requires the detailed speci-
fication and costing of the optimal design with the
measures in question and of the altarnative optimal
design Lf noise were not a consideration. This
labour will not normally be undertaken; moreover the
results arc likely to be highly specific to the
particular circumstances.

A recent French study quotes several examples where
alternative designs for new housing were considered.
In one case, it scemed that a design for a residential
estate substantially superior te the one which, un-
fortunataly, had by then been followed would have been
posgible with no extra cost and indeed with some sav-~
ing in the construction of noise barriers. In other
instances the extra costs seemed very modest (102},
These findings suggest that care in the design of new
districts is important and dces not necessarily carry
a cost penalty. Nevertheless,some of the solutions
ligted above are hard to reconclile with other desirable
urban gualitiss. To separate roads from bulildings by
distances which would be effective in reducing noilse
may mean an ugly and wasteful use of space. Also
journey lengths will be increased, especially for
pedestrians, by amounts which may be significant, and
opportunities for casual social centact may he reduced,
To design streets in such a way that the important
rooms in the buildings which line them all face away
from the street could have a devastating effect an
their appearance and on the sense of community which
traditional atreets often halp to c¢reate,
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HMELSUREMENT

Alrcraft noise is probably the most difficult type of
noise to measure, It 1s therefore necessary to make some
introductory comments on the methods used.,

Whereas road traffic and industrial noise 15 usually
fluetuating but continucus, ailrcraft noise consists of &
gerieg of discreta events correspending to aircraft move-
ments (take-offs, landings).

Therefore instead of referring to "measurements of single
moments of nolse" and "measurements of noise over a
period", as we do in Parts A and C, aircraft nolse is
described in terms of single events and cumulative nolse
axposure,

1.1 Measuring Single Events

The most widely used measure is Effective Perceived
Noloe Level (EPNL), in units of EPNAB, and it 13 a
tima integral of Percelved Nolse Level {PRL),
adjusted for spectral irregularities.

Throughout this report we use this measure for single
events. In order to make comparisons with other
types of noise, the reader should subtract 13 units
Erom the numerical value of EPNAB to obtain the
approximate numerical value of dB(A).

Since the source is moving it 1s necessary to measure
EPNL at ore than one point. Three measurement
pointe are commonly veed, referred to as "take-off",
"approach", "sideline".

1.2 Measuring Cumulative Noise Exposure

Many different alrcraft noise exposure indices have
been developed (for a list of the main onesg, see
"Reducing Nolse in OECD Countries™, page 42).

The main characteristies of all these indices is that
they take into account:

1} the number of alrcraft;
i1) their noise levels;
1i1) tima (day or night).

The measures used in this report are the British Noise

and Number Index {NNI) and the Amerlican Noise Exposure
Forgecast (NEF) and Day/Night Sound Level (Ldn}.

- 316 -



T A I ke ag

The general equivalencies are shown below:

NEF 20
NEF 30

NEF 40

Ldn 55 = NNI 10
Ldn 65 = HNNI 32
Ldn 75 = NNI 55
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NOISE ABATEMENT AT SOURCE

The International €ivil Aviation Organisation (ICAO, an
agency of the United Nations) has sect cut noise certific-
ation standards for subsonic jet aircraft. These stand-
ards, referred to as "Annex 16" (1), are periodically
updated te reflect the latest technology. In the United
States, Part 36 of the Federal Aviation Regulations

{"FAR 36") sets similar standards.

These standards require new alrcraft types to conform
now er Iin the near future with maximum noise levels which
are much lower than those produced by earlier alrcraft
types, This has led to the introduction of new, quleter
alreraft (eo.g. DC~10, L-1011, Airbus}. Newvertheless, it
is stlll the older, nolsler aireraft types that dominate
at most major airports (e.g. B-707, DC-8, B-72%, B~737,
DC~3, BAC 1-11, Caravelle).

2
A recent US policy statement("’ comments ¢

"A significant problem is posed by the older, four=
engine models (B-707s, B~720s, DC-88) in the current
fleet, These alrcraft are, for the most part,
powered hy JTID turbofan engines and impose the most
severe nolse insult on alrport neighbours because
they cause the noisiest single events (10 to 12
EPNAB ovar Part 38), They are perceived to be at
least twice as loud as the new wide-body alrcraft.
Thay are particularly signifilcant contributors to
the overall noise level at major airports having
serious noise problems.

The older two- and three-engine aircraft (B-727s,

B=7378, DC~9s, BAC 1l-1ls, mainly powered by JTAD

turbofan engines) are not as noisy on single events. ;
But, becausc they are medium and short-range mcdels, :
they take off and land more than four times as often

per day as the long-range four engine models.”

Thus, if siynlflicant reduetions are to be made in community
noise loads, it is necessary to adopt measures with regard
to these older alrcraft to ensure that their noise levels
are substantially reduced. The possibilities for noise
abatement at source in the case of jet aircraft consist of ,
reducing the noise produced by the engines.

Three possibilities exist:
l, Jet Engine Retrofit

2, Jet Engine Replacement
3, Adreraft Replacement
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Fach is discussed separately below, Most of the studies
that have been undortaken, on the costs of these measures,
relate to the attainment by the older jets of the stand-
ards set out in Annex 16 or FAR 36. It should be borne
in mind, however, that the attainment of these nolse
levols is no guarantee of the eradication of noise nuls-
ance in the vieinity of airports, although it would
certainly represent a substantial reductien in community

nolse loads,

2.1 Jet Engine Retrofit

The main sources of information on retrofit that have
been brought to our attention are:

i) A retrofit investigation‘a) set up by the
European Civil Aviation Conference (ECAC} and
undartaken by a group of experts from membor
states (known as "ANCAT"). This relates to
compliance with Annex 16,

1) sStudies for Uk and the Netherlands 7,
some of the results of which were used in
(1) above.

1ti) Studies by, or on behalf of, US governmental
agenciaesib, 7, 8, 9, 10} (e,q., FA, EPA}.

Most of the cost data 13 now a few years out of date.
The US studies were mostly carried out in the perlod
1973 to 1976, and in Europe attention has tended tu
move away from retrofit because of the high costs
demonatrated in the ECAC investigation in 1975, 1In
addition, significant numbers of the older aircraft
types within the ECAC states have since elther been
retired (Caravelles, VC-l0s, Tridents) or sold te
areas outslde Western Europe,

The technical possibilities for modifying jet engines
in order to abate noise emission are concentrated
today in twn tachnolegias:

i) FEngine nacelle retrofit-acoustical treatment
with sound abeorption materials (SAM).

i1} Engine rafan retrofit - new front fan with
higher by-pass capability (REFAN).
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The REFAN technology ilnveolves considerably greater
expenditure since it entails medification and
replacement of certain engine and nacelle components.
Consequently S5AM tends to be the more favoursd of
the two approaches and in fact was the only one
considered by the ECAC/ANCAT group in their investi-
gation,

Number of aircraft to be retrofitted

Table 1 summarises the number and type of alreraft
that would need to be retrofitted:s 6 = 700 in
Europe, 1200 in USA. The Eurcpean estimate excludes
121 aireraft that could not be modified to meet the
standards of Annex 16,

In Europe there is a much wider range of aircraft
types bacause of the importance of Bri+ish and French
aircraft {e.g. BAC 1-ll, Trident, Caravelle}., For
further details of the aircraft/engine combinations
and thelr status with respect to Annex 16, see
Appendix 1.

TABLE I : NUMBER QF AIRCRAFT T¢ BE RETRCFITTED

Alrcraft Type ECAC States osa
(1975 Estimate} (1976 Estimata)

5-707 & bC-8 1503 270
B~727 79 454
R~737 & DC=9 20 448
B=747 4 45
Others 1749 -
TOTAL 657 1217

(a) Includes 4 B~720

{b) Includes 82 BAC 1-11, 4l Tridents, 30 Caravelles,
1l Super VC=-10 and 10 Mercure

Scurcas: For ECAC Statas, gea Ref, (3), Table 2

For USA, see Ref, (2), p.38
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TABLE 2 : ESTIMATED COST OF RETROFIT BY COUNTRY
n_thousands o

1975 US dollars)

Nuaber of Capital ]
countey | RUCACE fcost (nal.| CSEIEIAN) JRICCIIAN | gona)
rotpofittad

Auatria 9 1 980 716 1 735 b b3
Belgium 3 & 180 1133 1 200 8 513
Cyprus o] Q Q Q Q
Deamark a3z 6 529 1 882 2 8o 11 233
Finland 20 5 690 1 718 5 Bo7 13 215
Francas 58 35 059 13 598 kg 697 98 754
Gernany 75 27 485 5 112 15 343 48 340
Greece 12 10 860 3 010 4 310 18 180
Iceland 3 2 250 826 2 850 5 526
Irsland 18 8 0os 4 688 3 760 16 453
Italy 63 22 220 11 11b 18 734 52 068
Luxembourg 1] 0 0 [+] 0
Netherlands 33 15 237 5 535 8 000 28 772
Horway 19 6 432 1 785 3 293 11 510
Portugal 19 17 870 4 shy 8 520 30 339
Spain 66 22 630 7 353 13 860 43 843
Sweden 2h 8 674 2 278 3 906 14 858
Switzerland 7 13 b6 3 12k & 608 23 az8
Turkey 13 2 500 1 062 1 785 5 717
United Kingdom 159 100 161 30 809 111 453 242 123
TOTAL ECAC 657 314 058 100 672 263 3™M 678 101

Sourca: Ref (3), page 1ll,.

NOTE: In order to express these costs in 1978 US dollars, eaeh
figure should bhe multiplied by 1.16.
dangers in doing so, because the original cost estimates

were presumably expressed in local currencies, whose

llowever, there are

relationships with the US dollar may since have altered
significantly,
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Cost of retrofit

The SAM retrofit costs idontified by Ecac/ancar(3)
are summarised in Table 2. They include:

a}) The capital cost of the retrofit operation. This
inecludes the price of the hush-kit, spares, man-
power costs and some other minor costs.

b} The reduction in net revenue, during the few days
that it would take to make the modificatiens,

¢} Operating losses caused by the modifications.

These include:

1) a reduction in net revenue caused by the
loss of payload;

1i) costs associated with increascd fuel con-
sumption;

iii) inereased maintenance costs,

d) Financial costs. A 1Ot interest rate was applied
to the investments {the first two ltems above),
which were written off linearly over the remaining
alrcraft life and expressed in constant currency
{1975 dollars).

The total costs approximate to $1.0 million (1975)
per ajireraft, of which about 50% is the capital cost
component. Table 3 presents the average costs per
alrcraft for 2, 3 and 4-engined aircraft, from which
it can be seen that the retrofit costs for four
engined aircraft are substantially higher than for
the smaller alreraft., ‘There are also significant
differences within each category (e.g. the Trident
cost {18 ovar 4 times that of the B~727). For
details by alrcraft type, see Appendix 2.
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TABLE 3 : AVERAGE COSTS PER AIRCRAFT AND NOLISE LEVEL REDUCTIONS

FOR 2, 3 and 4-ENGINED AIRCRAFT

Average Cost 2=Engine 3-Erngine 4-Engine
per Aircraft aircraft Alrcraft Alreraft

$m, 1975
Capital {including down time) 0,23 0,38 1.05
Operating Losses 0.13 Q.37 D.86
Financial Costs ©.08 Q.13 0,33
TOTAL PER AIRCRAFT 0,50 0.88 2.24
Range of Noise Level
Reductions (EPNAB)
Take QOff 2 to 8 1l to 3 j toll
Approach 3 tos 2to b 5 to 15
Sideline -2 to { 0 to 6 Jtos
Source: ECAC Reference (3), pp. 3, 1l2-14

The U5 results are summarised in Table 4. They are

in a differant format than thoss for ECAC States -
operating losses are expredsed as a percentage
rathar than in absolute terms, and financlal ¢osts

are excluded. However,

there is a good correspond-

ence between the two sources for the most important
item, the capital costs assoclated with the retro=-

fit operation.

The effectiveness of retrofit

In the ECAC Study'3!,

the noise reducticns for diffar-

ent alrcraft tvpes were estimated by manufacturers

under Annex 16 conditions.

ECAC point out that the

retrofit benefits are less marked beyond the ICAO
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TABLE 4 : SUMMARY OF SAM RETROFIT COSTS FOR US AIRCRAFT

Number to be

Capital Cost

Total Capital Cost

Increase in

Mcdifled $m/Aircraft fm (1975) Oparating Costs

2-Engined

bc-2 148 0,27 121 a.1%

B-737 0,2¢
3-Enginad

p-727 154 0.225 102 0.1%
4-Engined

8-707 270 1.2 324 a.5%

nc-8 0.6%

B-747 48 0,25 11 NS

Sources: Capital Costs

- Ref (2}, p.38
Operating Coats - Ref (10}, p.l83
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measurcment points {the furthest of which is 6500 m)
because sound absorbent material primarily attenu-~
ates high frequencies.

In their report they present reductions as a range for
2, 3 or 4=engined aircraft {see Table 3), but do not
give detalls for each aircraft type,

These detaills are however available from a UK study
{see Appendix 3) and from variocus US documents (sece
Table 5), although they do not appear to be completely
conslatent with each other or with the ECAC ranges Lln
Table 3, WNevertheless, despite these inconsistencies
it can be seen that reductions are substantial on the
B-707 and DC-8, bhut more modest on the smaller air-

craft,
Effectiveness at individual airports

In support of the ECAC/ANCAT investigation some ECAC
member states carrled out studies on the nolse ex-
posure arcund individual airports for the 19B0/5
period, assuming the extension of Annex 16 to all
subsonic jets, (i.e,, incliuding aircraft of non-ECAC

states).

Neoise exposure was computed using methods developed
locally in the different countries, i,e,:

- the Psophic Index N (France)
= the "Kosten" Index Ke {The Netherlands)
- the Critical Woise Level KB (Sweden)

~ the Noise and Number Index NNI (United Kingdom)

- & "Modified Composite Noise
Rating" CHNR {Denmark)

In order to have a common basls for the assessment of
the effectiveness of retrofit, the following approxi-~
mate relationships were adopted:
W T HNNI + 38,5
ke = 4/3 NNI - 8.2
CNR ¥ NNI + 56.5 (unmodified CNR)

For Sweden, the contour corresponds yxoughly to a
constant value of 35 NNI,
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TABLE 5 ;

Aircrare

707-3208

0C-8-61

727-200

737-200

DC-9

747-100

Sourca:

EXAMPLES OF THE NQISE LEVEL REDUCTIONS ACHIEVABLE

WITH RETROFIT, EXPRESSED IN FPNJB

FAR 38
Condition Limit
Takeoff 103.7
Appraach 106,3
Sideline 106,3
Takeorf 163,5
Approach 106.2
Sideline 106.2
Takeoff 99.0
Aperoach 104,84
Sideline 104.4
Takeoff 95,8
Approach 103,1
Sideline 103.1
Takeoff 96.0
Approach 103.2
Sidelipe 103.2
Takeoff 108.0
Approach i08.0
Sideline 108.40

FAA, Ref (2), p. 38
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Non-

Retrofic

113.0
116,8
102.1

114,0
115.0
103.0

101.2
1c8,2
100.4

92.0
109.0
103.0

Full

fetrofit

102.2
104.Q
95,0

102.5
106.0
99.0

§7.5
102.6
99,9

92.0
102.0
103.0

95.0
99,1
101.G

107.0
107.0
99.0
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Using these relationships, the reductions in area
in the year of maximum benefit, enclesed by the
35 NNI (N = 73,57 KB; CNR = 91.5; Ke = 138.5}
contours was estimated to be:

15% (19,9 km?) for orly Airport

37% (238.3 kn&} for leathrow Alrport
8% (10,7 km”]  for Schiphol Alrport
14% (48.0 kmzl for Kastrup Alrport

7% (6.0 kmz) for Landvetter Airport

In terms of number of people living in these areas,
the reductions correspond tos

20% (142,000 people) for all French airports
48% (6GBl,400 people) for Heathrow Alrport
24¢ {14,930 people) for Schiphol Alrport

For Landvetter Alrport, the study shows that the
noise reductions are achieved outside reosidential
areas. For Kastrup, no details are glven.

With the proportion of new, quleter aircraft contin-
ually increasing, the time=-scale needs to he borne
in mind when considering these benefits. ECAC
comments:

"A retrofit decision would start to bring
benefits about three years from ite inception,
with a maximum affect at about four to five
years from inceptlon; this benefit would
8lowly be overtaken by the natural replacement
of the older, nolsy airecraft, until between
1985 and 1990, when an equivalent peosition
with or without retrofit would bhe reached.

The size and timing of the beneflts depend on
the date on which a retrofit decisjon 1s madae
and tQE ability of manufacturers to supply
kits.'

- 527 ~



This aspect 1s wall illustrated 1ln Graph 1, which
ralates to London Heathrow, although it is not
known what traffic growth assumptions have been

made .
O GRAPH 1
‘-...-.
~ No Retroflt
-
R /
~ UK registered alreraft only
~th .\/ Retrofitted
Toual \\\\\
CHANGE IN Retuofit A
NN1 \\.\
- -
-12 b L A NS SO W S T O S I T U S
977 M W MW W80 #2 s B8 B8 1m90
YEAR

Thw above graph asumes ratrofit approved immedistely and
modification kits avaifable onoe year later,

Ceneea = Effect of commercial replacement Sourca: Ref (4}
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2.2

Jet Engine Replacement

Although at present it is not common practice, the
opportunlty exists of replacing noisy engines

{JT3D, JT8D, etc.) by new, quieter ones on the same
airframe. This is by no means stralghtforward since
there are very few of a suitable size available,
Most of the quiet engines were developed to power
the new generation cof wide-bodied jets, such as the
cr6é (Alrbus, DC-10) and the RE=211 (Tristar), and
have a much higher thrust than the engines to be

replaced.

Suitable engines are however emerging, particularly
for JT3D raplacement. The most promising appears to
be the CFM56&, being developed by CFM Internaticnal
(General Electric and SNECMA). Boelng are prorosing
to re-angine the 707 with these englnes, for which
it is reported(ll) they would expect to charge

Us %9.5 million {(1978) per aircraft.

It would also be suitable for the DC-B Series &0

and In the early months of 1979 it was announced
that three major US airlines ara preparing for re-
engining programmes that would convert approximately
50 of these ajreraft. Total re-enginlng costs are
reported to be about US %9 milllon (1979) per air-

crafe(ll},

However the full cost implicaticns for air transport
operators are not yet clear., The old engines will
presumably have to be written off, but there are
substantial advantages assoclated with the new
engines such as increased fuel efficiency, The US
Department of Transportation(l2} advise us that
corporate offlcials responsible for the DC-8 re-
engining effort estimate the CFM-56 powered DC-B-61
would experience a 20-25% improvement in fuel
efficiency on long-range flights and 14~15% for the
re-engined DC-B-62 and -63.
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2.3 Alrcraft Replacement

If old, noisy alrcraft were replaced by the new
technology aircraft, community noise exposure would
be reduced in two ways:

a) The single event noise levels of the replacement
aircraft would be lower than those of the older
aircraft, even with SAM retrofit (see Appendix 3}.

b) In some situations, the numbar of airecraft move-
mente could be reduced, since the airlines might
take the opportunity of introducing aircraft
with a large number of seats than the aircraft
that they replace. For example, ong Alrbhus
might replace one or more smaller aircraft such
as & DC~9% or B=127.

At present these new alrcraft types do not cover all
the various airline requirements in terms of capacity
and range (e.g. the low density routes). This prob-
lem can be partly overcome by some of the later
versions of the "old" technology ailrcraft which are
quieter than their predecessors (e.g, the D¢~9 Super
80 series, powered by the naw JTBD-209 engine).

The cost of replacing an aireraft will of course
depend upon the age of that airecraft and lts remain-
ing lifetime. Anhy cost calculations are therefore
likely tc be sengitive to the interpretation that Is
put on the remaining lifetime of the alrcraft. Air
transport operators may differ in their interpretat-
ions, TFor example, some cperators in highly
competlitive markets (e.g., charter operations) may be
suffering from the recent increases in fuel costs,
which may have made their older alrcraft less
competitive than modern, more fuel effiecient alrcraft.
Thaese operators may already be cengldering the possi-
bility of retiring thelr aircraft in favour of the
new ones, At the other extrems, sSome operators, in
less competitive ecircumstances, may be very satisfiled
with their older aircraft and may be hoping to extend
their lifetime for as long as possibla within thae
constraints laid down by the aviation authorities,
Among the alreraft that might be kept for as long as
pepsible are the DC-8 serles 60 aircraft, some of
which are likely to last for as lopg as 80,000 flying
hours which is eguivalent to about 25 or even 310
years of commercial use,
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Since any programme involving the early retirement of
alreraft 1s likely also to assume that certain aircraft
types are retrofitted, the cost studies that have been
brought to our attention that discuss aircraft replace-
ment are described in a separate section helow.

Aireraft Replacement/Jet Engine Retrofit Combinatisons

Two major studies have been brought to our attention
one by the US Faderal Aviation Administration (FAA) 9
in 1976 and the other by ECAC/ANCAT(13), wWe under-
stand howevar, that the latter is still at the Working
Paper stage {late 1978) and remains confidential.

This section could therefore only be based on the

American study.

This study(g) considers the consequences of the FAA
final rule which requires civil subsonic¢ turbojet air-
craft over 75,000 pounds maximum weight te comply
with FAA Regulations Part 36 nolse requirements under
a schedule beginning January 1lst, 1977 and ending
Dacember 3lst, 1984. Only SAM quiet nacelle treatment
along with early retirement of fleets are consideraed
as altarnatives in reducing nolse at source to meet

FAMA requiremants,

FAA anticipate that the airlines will modify (i.e.
rotrofit) the JT8D powered alrcraft {(B-727, B-737 and
DC=-9) and the small number of B-~747 that do not comply
with FAR 36. Exceptions are those aircraft which are
due to be retired before the compliance deadline,
based on an FAA evaluation of the intentions of air-
line managements. For the JT3D powered alreraft
(B=707, B-720 and DC=-8) the airline reaction is less
obvious and the remaining aircraft with lifetinmes
bayond the compliance date could either he pramaturely

retired, sold or modified.

Given projections ¢f the expected future composition
of the airline fleet, the costs assoclated with three
possible future scenarios are compared with those of
a haga case:

Base Case

No modifications or premature retirement., In 1965,
and even in 19%0, there would still be large nurmbers
of nolsy JT3D and JU8D powered alrcraft.

1874 1285 1980
JT3D 487 34 212
JT8D 1052 8213 692
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Cage 1

JPID aircraft -~ modify those with lifetimes extend-
lng beyond the compliance date.

JT8D ajircraft medify those with lifetimes extend-

ing beyond the compliance date.

B=-747 ~ modify the small number not comply-
ing with FAR 36,

Case 2

As Case 1, except

JTID aireraft -~ modify only 100, the remainder being
prematurely retired or sold.

Case 3

As Case 1, except
JT3D aircraft = all prematurely recired or sold.

Thus, in all three cases, the JTHD powesred alrcraft
and the B=747s8 are acoustically modifiod and the
differences in the three cases only relate to the

JT3D powered aireraft, A distinetion is not drawn
between premature retirement and sale, it being
agsumed that both courses of action prevent the air-
craft from making any further noise contributien. If,
however, otheyr countries simultaneously enacted simil-
ar legislation, it would hecome very difficult to sell
these ajrcraft. Wwhether or not this has been taken
into account in this study is not clear.

Costs

Details of the main assumptions adopted in this study
are given in Appendix 4. Given thesc assumpticns, the
study projects the net present value (at 10% discount
rates) of the additional costs with respect to the
base case for the period 1975 - 1995, These are
summarised in Table 6.
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TABLE &

BEFORE TAX NET PRESENT VALUE OF INCREMENTAL CASH FLOWS

RELATIVE TC THE DASE CASE 1975-1985
(Millicons of 1975 Dollars}

Net Present Value at

Case
10% Discount Rate
100% Modified 439
Modify/Replace JT3ID and Modlfy JTBD 228
=352

Replace JT3D0 and Modify JT8D

AFTER TAX NET PRESENT VALUE OF INCREMENTAL CAEH FLOWS

RELATIVE TO THE BASE CASE 1975-1995
{Millions of 1975 Dollars}

Net Present Value at

Case
154 Discount Rate
100% Modified 200
Modify/Replace JTID and Modify JTED 427
293

Replace JT3D and Modify JTED

Note: All cases presume a purchase price of $23 million
for new technology afireraft and a 6% annual
inerease in fuel prices after inflation. Posltive
net present values represent additional costs
relative to the base tase and negatlve net present
values represent benefits relativa to the bhase

case,
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The positive benefits associated with replacement
are the results of the increased efficiency of the
new technology alrcraft. TFuel savings are the
dominant aspect of this increase in efficiency.
Maintenance and crew cost savings are also
expected.

In Case 1, 100% modification, the negative net
benefit to the alrlines relative to the baseline
ig the result of an approximately 1% increase in
out-af-pocket costs,

Thus, based on this comparison, the optimum means
by which US airlines can mart the requirements of
FAR 36 would appear to involve a combinatlon of
replacement and modification, All B=707 and DC-8
ajrcraft would be replaced by new technology alr-
craft, the latter being 30% more fuel efficient on
a seat mile basis., It should be borne in mind how-
ever that the re-engining option was excluded for
this study and, as explained earlier, 1t 13 now
known that some B-707 and DC-B aircraft are likely
to he re-engined,

Using a similar approach a similar conclusion might
be reached for EQAC alrline fleets with respect to
Annex 16 requirements, As mentloned earlier, the
costs of early retirement are being investigated
wi;hin ECAC but the results are currently not avail-
able.

Noise Benefits

Graph 2 shows the percentage change in the number of
pecple exposed to a level of aircraft nolse greater
than 30NEF* for the base case and the three alternat-
ive cases, It can be seen that the replacement of
J7T3D powered alrcraft and the modification of JTBD
powered alrcraft net only provides the optimal solut-
lon for the airlines, but also a relative effective-
ness which compares well with the other options.

*NEF = Noise Exposure Forecast, This is equivalent
to an Ly, level of approximately 65,
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NOISE ABATEMENT FLIGHT PROCEDURES AND AIRPCRT NOISE
CONTROLS

The oppertunities offered by noise abatement flight pro-
cedures and airport nolse contrels have yet to ke fully
éxhausted. Modest but worthwhille reductions 1n airport
nolse may be achievable at relatively low cost and within
a comparatively short time-scale.

Some well documented examples exist of measures that have
been adopted or considered, Hewever, many of the examples
relate to a specific airport (or aireraft type) and the
conclusions on costs and henefits may not necessarily be
applicable @lsewhero.

Our appreach in this report has therefore been to concentr-
ate on what appear to be generally applicable conclusions.

Table 7 summarises the costs and benefits of various meas-
ures considered in an extensive US Study{l4). (NB. The
authors warn that the noilse reductions shown are not
necagsarlily additive.) The measures are discussed below
under three headingss

a) Take-0ff Procedures.

b} Approach and Landing Proceduras.

c} Alrport Noisa Controls.

3.1 Take-0ff Procedures

There are two types of noise problem assoclated with
take~off: sideline noise and climb out noise. Each
requires @ifferent noise abatement procedures.

For sideline noise, Hurlburt'*>) concluded that
reduced thrust take-offs are a technically feasible
way of reducing sideline nolse. Costs appear to be
insignificant and there are savings in maintenance
costs because of reduced engine wear,

For climb out noise, Hurlburt‘ls) identifies "power
cut back" climb outs and "maximum angle {full power}"
climb outs as two procedures currently in use. The
cholce between the two depends on the lecation of
noise sensitive areas with respect to the departure
runway, but flight safety standards often overrule
such a cholece, Power cut back after take-off

raduces disturbance in residentlal areas crossed dur-
ing the fivst few miles of a route, but the reduction
in rate of climb worsens the situation for people
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living further away from the airport. Conversecly,
the full power procedures maximises noise Iln the
immediate vicinity of the alrport, but henefit
people further away. This suggests that full power
procedures might usefully be combined with SAM
retrofit, the effectiveness of which is reduced by
distance,

Detailed examples of the noise benefits for specific
alreraft t¥pes are given by Hurlburt {16} and by
Shapiroll?),

No slgnlficant costs have baen ildentificd that are
associated with these modified take-off procedures.
For power cut back take-offs there are substantial
savings to be made. ©ne airline(l8) estimates that
it saves a minimum of 4.5 millfon gallons of fuel

and $1.6 million, and that the procedure significantly
reduces engine wear and increases engine reliability.

hpproach and Landing Procodures

The most promising procedures are briefly discussed
balaw:

Low powor/low drag approach

There is no unique version of thls procedurc but IATA
recommendations exist describing the main features.
The main principle is to minimise the drag {e.qg. to
avold the extension of flaps and under carrlage
earlier than necessary). The lower thrust thus
required results in a reduction in noise levels
beneath the approach path,

Hurlburt (see Table 7) estimates a single event nolse
reduction of O to 5 dB, This is consistent with
recent experience at London Heathrow(19) which indi-
cates an average reduction of 3 d4B.

There are no slgnificant costs and the reduced power
sottings result in fuel savings,
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Continuous Descent Approaches {CDAh)

Using traditional approach procedures, aircraft fly
lower than 1s necessary before intercepting the
glide-path on which they land. The principle of
the CDA procedures is that tha glide-path is inter-~
capted at a higher altitude, In USA this is aptly
referred to as the "keep«~'em-high" philosophy.

The noise reduction resulting from CDA comprises
two elements, as described in a recent British
paper(20) ; “Over the area whore the aircraft would
traditionally be flying lovel to intercept the
glide-path, CODM provides a reductien in source
noise by virtue of the lower thrust required for
descending flight. The second element of nolse
reduction is provided by the attenuation of noise
on the ground resulting from the increased height
of an alrcraft performing CDA over that of an air-
craft on the same track flying a level segment
prior to glide-path fnterceptlion.”,

Hurlburt (see Table 7) estimates single event nolse
reduction in a range O - 10 dB, This is consistent
with experience at London Heathrow(2l): "4 dB for
ChbA thruat bunefit plus a further CDA height henefit
varying from ¢ to 5 dB depending on distance.”

Costs are insignificant. Fuel consumption may be
reduced{?22) but not to the same extent as in LP/LD
approaches,

Higher Glide Slopes

Increasing the_slope of the glide-path from the
canventional 3° entails a considerable noise reduct—
lon, berause less power 1s required. However, 1cao!
in quidance material prepared relating to the estab-
lishment of noise abatement operating procedures,
stntgs that glide-paths should not be above an angle
of 37 because of safoty considerations. DPresumably
therefore, this possibllity is unlikely to be pur-
gued. Costs and benefits are shown in Table 7.

23),
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Two Segment Approaches

In the caso &f this procedure the approach path is
divided intogtwo segments. In the steep segment
{generally 6%} nolse abafement is achieved as above
with the transition to 3% normal glide slope
ocourring at an altitude sufficilent to reduce the
high rate of descent. The nolse reduction is
achieved by the combined pffect of reduced power
Bettings and higher altitudes.

This technique attracted ceonsiderable attention in
the early and mid seventies (8, 24, 25, 26, 27}, but
very little progress appears to have been made in
implementing this procedure,

For example, in USA it has now heen ruled out by the
FAA for reasons of safety{28), Costs and benefits
are shown in Table 7.

Dacelerating Approaches

In thila procedure the aircraft starts its appreach

at a high speed and then thrust is reduced. Hurlburt (29}
concluded in 1973 that it was technically feasible

but: "had not proved adequate for widespread routine
use", He suggests that this approach i3 best suited

to alrcraft with programmable automatic landing syst-
ems, which very few alreraft currently have, More
recently a similar view was expressed to us in France{30)
Costs and benefits are shown in Table 7.

Thrust Reverse Limitations

On landing it 15 coemmon practice for the pllet to put
the alrcraft engines into reverse, This saves brak-

ing and tyre wear. Communlties located alongside run-
ways may find this particularly objactionable, becausa
its sharp application makes it easily distinguishable.

Limitations on the use of this practlece, particularly
at night, would produce significant benefits in terms
of aideline noise reduction (see Table 7).

The main costs are likely to ba associated with add-
itional brake wear and tyres. At some alrports there
may also be copaclty implications, because thrust
reversal can reduce the time spent oh the runway and
may be being used as a means of lncreasing runway
capacity.
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3.3

Alrport Noilse Controlsa

In this section we consider several noise abatement
measures that are avallable to airport authorities
and that are applicable &t a local level, Emphasis
is placed on measures against flying alreraft,
rather than those against aircraft on the ground or
other airport noise sources,

Thelr costs and benefits are very dependent upon
local circumstances, Hurlburt (see Table 7) was
unable to give any cost figures. IATA(31), however,
kave preoduced some very approximate world-wide
averages that are useful for preparing order-of-
magnitude cost estimates.

Noise Preferential Runways (NPR)

These are commonly used to direct f£light paths away
from noise-sensitive areas.

The main cost is that of aircraft diversion. IATA(SZ!
assume:

1} that 20% of all ailrcraft movements at airports
using NPR systems are significantly diverted;

2) that the duration of the average diversion for
those movements diverted is 2k minutes;

3) that the weighted average cost of flight time
is $30/minute (1975 dollars}).

Using these assumptions, an average cost per move-
ment at alrports using NPR systems would be $15
(1975 dollars).

Noise Prefsrential) Flight Paths

Thess are also known as minimum noise routes (MNRs).
As in the previous example, MNRs can minimise nolse
impact by routings which aveld noise sonsitive areas.
In its simplest form this could be a turn executed
onca a safe helght has been achieved after take-off.

At some airports it may be preferable to share

flights among several selected flight paths rather
than concentrate on one{3d3, 34)
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The main cosat is that of aireraft diversion. IATA
agsume that the average diverslon is 2 nautical
miles (nm) and that, at the relevant stage of the
£light, the aircraft speed could be 3.5 nm per
minute. Using this assumption, an average cost per
movament at alrports using MNR systems would be

$17 {1975 dollars).

Night Curfews

IATA(35) eatimate that in 1975 there were 33 airports
around the world known to impose a complete or park-
ial curfew on jet aircraft movements at night. The
number has undoubtedly increased since then,

Examples of partlal curfews include:

1) «quotas, which define the maximum number of
flights permitted;

il) a night=-time ban on nolsy aircraft only, thus
encouraging the use of new, quieter ailrcraft.

sperry(lg) conalderad the effectiveness of a natiocnal
night curfew on United States alrports. Assumihg
that 15% of all operations occur during the proposed
curfew period (2200~ O700) a curfew would result in

a reduction of the land area exposed to any NEP level
by 60%.

A national curfew would affect maintenance, air carge
and passenger oparations. This may ba particularly
serious with respect to lopng distance international
fliqhts where scheduling may be affected, The major
impact would appear to be the costs associated with
delays. Airline costs may also be increased through
the purchase of additicnal aireraft and the hiring of
crews toe fly them.

Costs wlll vary from country to country depending on
the degree of universality of the curfew regulations
naticonally and interpationally. As an example Sparry
estimates the total posts of natlonal curfow in the
United States under the forementioned assumptions.
The resuylts are summarcised ip Tahle 8.

Sperry(37) assumed that there would be a 10% overall
dacrease in flight activity. However, IATA (38)
estimated that a universal curfew (2300 - Q600) “...
could result in an average loas in ailreraft utilisat-
ion of about 15%, with a figure as high as 30% for
individual airlines whose route network was predomin-
antly long-haul multi-stop crossing several time

zones” .
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TABLE 8 : SUMMARY OF CURFEW COSTS (Millions of 1973 dollars)
gii:z gizlinu iégtine Airline] User
Year ns . Dalay | belay | Total
{000 Cost Cargo Costs Costs
minutes) | Increase | Ravs.
1974 5139.8 7.30 3.77 19,06 16,06 8h.19
1975 5353.4 7.83 4,13 10.68 37.56 90,20
1376 5567.4 B.40Q 4,51 42,31 39.06 94.28
1977 5781.2 9,06 4,92 43.93 40.56 98,47
1978 5995.1 9.73 5,37 45,56 42.06 102.72
1979 6208.9 10.54 5,87 47.18 43,56 107.45
1980 6422.7 11.37 6.22 48.81 45.08 111.46
TOTALS 64.23 34.79 307,53 283.92 690,77

*The assumptions applied in the construction of this table are
as follows:

«Qn a national level, night flights represent approximately
15 percent of the total daily activity.

JWith a2 night curfew, one-third of rha night f£lights are
rescheduled to daytime, resulting in a 10 percent gverall
decrease in flight activity,

+Half of this activity will not be replaced, and passengers
will travel on nen-curfew f£lights which willl inerease the
non-curfew £light load factors.

«The remaining 5 percent affected aircraft movements nay
require airlines to purchase new equipment to compansate
for decreased aircraft activity.

SOURCE: Ref. 36
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As an example of how one airline is affected, see
footnote*.

Alrcraft Type Limitations

Some airport authorities (e.g. New York) restrict
alrcraft which create noise above a certain level,
The main costs are likely to be borne by the air-
lipes, e.g9, reduced utilisation for the noisier
aircraft types., No cost estimates have been made
avallahle to us,

Schedule Limitations

lturlburt“oJ cltes the example of a Californian air-
port that limits the number of average daily depart-
ures. While cumulative noise exposure is reduced,
the costs are borne by pasgengers in forms of reducad
service, although the airlines presumably benefit
from increased load factors. HNo cost estimates have
been made availables.

flurlburt also discusses the possibility of restrict-
ing aircraft to a maximum take-off welght, in order
to ensure that aircraft climb rapidly or to enable
them to gain maximum benefit from a power cut back
take-cff procedure, The main implication is that
alrcraft will carry less fuel on take-off and more
stops or more flights might be required. This would
tend to increase cumulative expesure and offset some
of the benefilts galined.

Airline costs would presumably be affected. No cost
estimates have heen made available to us,

Heasureg Against Non-Flying Aircraft

Other measures not referred to ip Table 7 include:
i) setting noise limits for the auxiliary power
units used by aireraft while on the ground (for
further details sea ICAQ{41)});

i1) restrictions on engine ground runups,following
maintanance or inspection checks;

iii) walls surrounding ground-level noise sources,
e.g. Dusseldorf, Schiphol, Frankfurt.

No cost estimates have been made available to us.

*British Airways(39’ have recently argued that the London
Heathrow curfew unnecessarily penalises the quieter
commercial jets and that BA could earn up to E2 millien

{$4 millicn, 1978} more each year 1f quieter aircraft such
as the Lockheed Tristar were allowed an extra hour's flying
time at the end of each day.
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PROTECTION

Since even the new generation of "quiet" aircraft are so
noisy that at some alrperts the community noise levels
will he unacceptable for many years to come, further
abatement fmust ba achiaved along the path or at the re-
ceiver end of the source - path - receiver system.
Examples include land use planning, barriers, insulation
and relocation of inhabitants,

4,1 Land Use Planning

At new airport sites, land use planning offers a
unigque opportunity for preventing or minimising
community noise problems in the future. The use

cf the land in the immediate vicinity of the airport
slte can be controlled in such a way that noise
sensitive objects (houses, hospitals, schools, atc.)
cannct be built thare.

The cost implications are difficult to assess and
will depend upcn clrcumstances at the individual
site. In soma circumatances, an alternative use may
he found for the land, (e.g. factory, warehouse) and
the costs may not be significant. Alternatively the
airport operater may have to buy a substantial
amount of land, which then lies idle. Howaver, no
examples with well documented cost data have been
brought to our attention.

4.2 Barriers

Since aircraft noise is predominantly overheaad, there
is voxy little scope for the effective use of barriers
along the noise path., There are exceptions associated
with ground level sources (e.g. auxiliary power units,
engine testing), which have already been considered in
the section on abatement at source.

4.3 Insulation

For reasons expressed elsewhere in this report, insul~
ation is not an entirely satisfactory method of
protecting the community against noise, Nevertheless
it has had to be adopted at many of the major airports.
The main factors affecting cost are similar to those
for insulation against road traffic nolse (Part A,
Section 8.3), but the following factors also have

to be taken inte accounti
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a) airecraft noise is overhead, and therefore roof
insulation iz also required;

h) tha reductions assoclated with alreraft nolse
are often higher than those for road traffic,
and high freguencies are strongly represented.

In order to derive a cost per house, the window

costs for road traffic noise should be used, to which
should be added the costs of insulating overhead.
These costs have been estimated(42) to be £40 - 180
per sguare metre {$80 - 160, 1578) depending upon the
areas of attic floor and the number of layers of
plaster board used,

For buildings other than houses there is very little
data available. '5 le 9 summarises some recent data
prepared by FAAl on the costs of soundproofing
public bulldings near alrports,

TABLE 8 ; COSTS OF SOUNDPROOFING PUBLIC BUILDINGS AGAYNST AIRCRAPT
NOISE (1977 DOLLARS

§1§§§ ';‘ie‘jf $ per building
US (estimates) Approx 65 180,000
Garmany [(actual) Approx 65
Canada (actual) 200,000
Japan 160,000

Note: (1) Schools - $5030 per room for 10 4dB(A) reductlen,
$5750 per room for 20 dB{A} reduction

Hospitals - $2630 per room for 10 4B(A) reduction
$3050 per room for 20 dB(A) reduction

Sourca: FAA (1977), Ref. 43,
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Relocation

In cases Where insulation is not considered t¢ be a
satisfactory means of protection, the only possibil-
ity remaining is to relocate the iphabitants, Twe
examples have been identified, where the costs are

known.

The city of Log Angeles, California, has spent“‘”
over $124 million to acquire 2,673 homes since 1972,
f.e. $46,000 per home. This includes three ecategories

of cost:
~ the acquisition price of the property:

= the differential coust between the old and the
hew property;

- the compensation for moving expenses.

In Penmark, consideration is currently being given to
the futux(-e g’:f Kastrup airport, Copenhagen. It is
reported 435 that, if Kastrup is expanded, housing
would have to be compulsorily purchased. Estimates
indicate that house purchases would cost D.Kr, 250,
500 or 2,500 million ($44, $88 and $440 million},
depending upon whether the noise limits were set at
75, 70 or 65 @B (Day/Evening/Night Level},
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COMPARISONS OF ALTERNATIVE NOISE ABATEMENT PROGRAMMES

The alternatives for reduclnyg aircraft noise have so far
been considered in isolation (with the exception of the

FAA Study on Alreratt Replacement/Jet Engine Retrofit, dis~
cussed in Sectlon 2.4). Very few studies were brought to
our attentlon that were able to help us compare the cost
effectiveness of the various alternative nolse abatement
measures and to identify the most promising combinatlions

of them.

Although single airport examples exist, these are unakle
to raflect all the costs and benefits that are involved.
An optimal solution for one airport might not necessarily
be an optimal sclution for apother alrport or for the
whole alr transport system.

Two major American studies of the whole air transport
system are of interest, The first study(7) for the Us
Department of Trangportation (DeT) in 1974, consldered the
effectiveness of SAM and REFAN technolegies and a change
in landing procedures to the two segment approach. Both
SAM modified JT3D and JTHD engines and combinations of SAM
modlified JT3D and REFAN modified JT8D engines were simul-
ated. However, in each case the twWo segqment approach was
asgsumed to have been adopted. Sinece this procedure hase
now been ruled out by the FAA, we cannot be certain that
the conclusions reached are now still valid,

The aecond(a) was undertaken by Wyle Laboratories on behalf
af the US Environmental Protection Agency, published in
Pebruary 1976, This covers a wider range of options than
the DoT Study above.

However, it omits the possibility of early retirement of
ajrcraft, which FAMR hag since demonstrated to be one of

the most promising possibilities (see Section 2.4). For
this reason, the findings are of only limited use for our
purposes. It is worth recording however, that they conclud-
ad that house insulation was much less cost effective than
the retrofit alterpatives that they considered.

This conclusion contrasts with that of a studytqﬁ) at
Schiphol Airport in the Netherlands, which compared the costs
of retrofit for KIM (the main user of the alrpurt) with
potential cost savings in a house insulation programme if
alrcraft waere retrofitted. The total retrofit costs

(capital expenditure and operating costs) for KLM were esti-
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mated at approximately 90 million guilders at 1977 prices
{$ 40 million 1978), whereas insulation cost savings would
have been approximately half this figure, Howewver this
analysis for Schiphol understandably does not attempt to
consider the benefits that would accrue from the retrofit
option elsewhere in the air transport system, l.e., at
other airports in the Netherlands and in other countries.
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MPPENDIX 1

AIRCRAFT TYPES LISTED BY ECAC/ANCAT(B) AND THEIR STATUS

WITH RESPECT TO ANNEX 16

Alroraft that comply with the standards of Annox 16

This category consists mainly of these aircraft covered by
the applicability clause of Annex 16, i.e., models newly
developed since 1969 or having a by-pass ratio of two or
more (and manufactured after lst March 1972). Some air-
craft in this category are of older design but nevertheless
fulfil the requirements {the Fokker F 28, for example).

By Amendment 2 of ICAC Annex 16,
older design (which would not otherwise be affected by the
Annex) are reqguired to comply with Annex 16 1f they are
manufactured after lst Japnuary 1976, In the USA somewhat
esarlier dates apply. [ewever, becanse it was not possible
to establish the conseguences of the above, 1t was assumed
by ANCAT that all individual aircraft of older design

individual aircraft of

should be regarded as retrofit candidates.

Alrcraft that can in principle be modified (retrofitted)
to meet the standards of Annox 16

The second cateqory is made up of the bulk of today's air-

craft, propelled by the "gacond

generation" cof jet engines

with lew by-pass ratios. This category includes such

types as:

Boalng 707

Boeing 727-100/+~200
Boeing 737-100/-200
Douglas DC-B-51 to 63
Douglas DC=-9=14 to 41
BAC-111-200 to 500
VC~l0 (5tandard)
VC=10 (Super)
H5-125-400
H5~125-600
Caravalle-10R/~l1R
Caravelle~1083
Caravelle 12

- 350 ~

JT3D-1/-3B englnes
JT8D-7/-9 engines
JT8L-2 engines
JT3D-EB/~1/-7 engines
JT8D=-7/=-9/=-11/-15 angines
Spey 511 and 512 engines
Conway 540 engines
Conway 550 engines
Viper 522 engines

Viper 601 engines
JTBN-7 engines

JTED englnes

JTED-9 engines



b=

Notas: 1. Farly 747 100 and 200 alrcraft, although fitted
with high by=~pass ratlio engines, did not meet
the standard of Annex 16, Conformity could be
obtained through an appropriate modifiecatien.

2. bDC%s have been copsidered in the study as call-
ing for retrofit, although there have bean
{ndications to the effect that some would neet
Annex 16 standards without retrofit.

Atrcraft that cannot be medified to meet the standards of
Annex 16

These aircraft are those of the first jat generation. This
category includes such types as:
Boeing 707 with JT4A and Conway enginas 'l
Douglas DC8 with JT4M2}and Conway engines
Caravelle 3, 6 N and 6R‘3)
HSA Trident(?)
All Convair jet alrcraft
HSA Cometta)
HFB 320 and some other business jets

(1)

{3)

Notes: (1) Although the Conway engine 15 strictly a low-
by-pass ratio engine, its characteristics are
similar to those of a pure jet engine, and no
retroflt kit has been contemplated for it.

(2} Though these alrcraft are listed as “"non-
retrofittaple”, technically speaking somé can
be modified to reduce noisa levels by a
noticeable margln; Annex 16 levels will,
however, not be cbtained or will be obtained
only with a conslderable reduction of payload.
Seme information is available for these air-
craft.

The decislon whether to include these in a
geperal retrofit scheme = and what to require -
may have to be made on an individual type hasis,
taking into aceount the cost of the modificat-
ion, its effect on the airport neighbourhood
and the remaining service life of the aircraft,
Most have already heen phased out.

({3) Numbers of these types still in operation are

ton small to consider designing a medification
kit.
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APPENDIX 2
RETROFIT COSTS, ANALYSED BY COUNTRY AND ATRCRAFT TYPE

Aircralt Capital |Fimancial |Cperating
COUNTRY type Hunber cost coats lozans
Austria ol g 1 980 716 1735
Belgium B.707 © & & 180 1133 1 200
Cyprus - [*] o] 0 o]
Dansmark Caravelle ] (TN 230 34
10=12
DC B8.63 3 2 128 582 }
pe 8-62 2 1 86 390 ;1 266
DC 9 10 2 200 660 1 5%
Finland Caravelles 10,B] 8 Boo 248 1 200
D 8-51 1 1075 32k 300
DC Ba53 3 2 055 618 2 h75
DC-g 8 1 760 528 1 232
Fronce B.707-B/C 1% 22 110| 8 859 42 9h3
B.727.200 22 5 010 2 756 2 226
Mercure 10 1 100 410 227
Caravells 12 5 77k 155 M
BC 855 2 1390 W17 1) 4 40
DC 8-60 5 b67s| 1 uon ;
Gersany 8.707-B/C 14 14 319 2 252 & 387
B.727.200 1% 1723 271 738
B.737.100 28 7 950 1 k85 3905
BAC 1~11 14 3 2ha ohé L 169
Caravelle 10.B| § 551 158 126

Source: ECAC/ANCAT, Ref, (3)

Costs are expressed in thousands of US dellars
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Alrcraft Capital [ Financial | Operating
COUNTRY type Number coyt coats loases
Greece B.707-B/C 6 g h80 2 840 4 Q50
B.727200 1 380 370 260
Igeland DC §-60 3 2 250 326 2 850
Ireland B, 747 2 701 534 o048
8.707C b 4 hoo 2 246 736
BAC=1=11 [ 1 143 575 232
B.737200 8 1761 1 333 2 744
Italy bc 9 51 11 220 2 939 & 634
DC 8«80 10 10 000 7 625 10 900
B.7h7 ] 1 000 550 1 200
Luxenbourg - 0 0 Q o]
Natharlands DC 8-50 4 3 865 902 )
b 8-60 11 g28h | 2752) | 8 oo
ne 9 18 4 088 1 881)
Norway B.P37-200 5 1 160 342 7h0
pc §-62 3 2 342 585 )
111013
DC 8a55 1 790 198y
pc 9 1% 2 200 660 1 540
Portugal B.707-B/C 10 15 Boo 3 Bzb 7 480
B.727-100 ; 9 2 070 725 540
Spain oc 8 15 11 250 3 2se 7 125
DC 9 35 7 700 2 307 5 390
B.727«200 16 3 580 1 790 1 345
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commry | Mg | Capiier | Flanctal] operatisg
Sweden B.727-100 3 690 117 69
e 8-63 2 1 552 288 }
pC 8.62 3 2 342 585 ; 1 521
D¢ Ba55 1 7%0 198 )
pc 9 15 3 300 950 2 316
Switzerland Caravells 10 3 816 g2 56
pe 8-50 1 1 070 267 600
De¢ 8-62 }
62 F ) 9 6 750 1 500 3 100
=63 )
-63 CF )
oc 9 a3 5 060 | 1 265 2'8sz
Turkey e 9 9 1 980 5%b 1 395
B.727-200 ta 920 568 360
United Kingdom | BAC 1-11 64 19 802 7 532 23 %10
Super V¢ 10 11 16 552 3 353 18 303
Trident 2 E 15 11 11k 2 530 10 472
Trident 3 B 26 19 147 & 405 27 Qlg
B,707-120/3208| 23 25 581 7 910 23 051
B.720-B 4 b 439 1 730 5 345
B.727-100 5 650 178 618
B.737 11 2 876 1 180 2 9m

-
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SUMMARY OF COSTS AND NOISE LEVEL REDUCTIONS, ANALYSED BY AIRCRAFT TYPES FOR_ECAC CQUNTRIES

Number Cost per Alreraft (Million 1975 dollars) Total Cost
of $ million
Adrcrafe Capital Operating | Financilal | Total 1975
{including | Losses cCosts
down time)
2 Engines
DC-5 148 0,22 0.16 0,07 0,44 B3
BAC 1-11 82 0.30 0,34 0,11 0.4 61
B=737 52 0,26 0,20 G.08 0.54 28
Caravelle o 0,11 0.05 0,03 0.19 [
Mercure 10 0.11 0,02 0.04 0,17 2
3 Engines
B=727 79 0,20 Q.08 0.08 0.37 29
Trident 4] 0.74 0.92 0,22 1.87 77
4 _Engines
DC~B 79 Q, B0 0.50 0,29 1,59 126
B-707'%) 81 1.26 1.13 0.38 2,77 224
Supar VC=10 11 1.51 1.66 0,31 3,47 38
B-747 4 0.43 0.31¢8H[ 0,27 1.0l 4
TOTAL 657 678

{a) Includes 4 B~720

{b) 2 at 0.02; 2 at 0.60.

Source: These averages are derived from the table on the previous page




APPENDIX 3

AIRCRAFT NOISE LEVELS BEFQR T

E
2
B
o
‘
3
g FOREIGN
a
5
3
&=
£
8
[~
g
Source: Ref,

TAKE OFF

AC 111 500
L1} sm"‘m
{TRIDENT 3 I

* 2 |
e —

[[CARAVELLE B
|

F 28
737 |
<ipc 9 |

B 737 %2

DCS 60
8707 3208

A 300 B2 1

" m |
MED AIRS |
B 727 REPLACEMENT 1
L 10111 !
DC 10-10 l !

L 1011/DC 10 DERIVATIVE |

A,

DC 10-30 |

B 747100 |
L " _2m |

— ! 1 I
L 90 100 1no

NOISE LEVEL (EPNdDB)

REDUCTION IN NOISE~LEVEL DUE TO RETROFIT 22200

———

CERTIFICATION LEVEL |
(Noy mandatary for Retrallt candidates)

{4)

~ 356 -




T T AT e et £ 3 e e

e RmILGE L

APPROACH

- BAC |~11 500
J " 300/400
s UK TRIDENT 3 ]
g " 2 ]
i SUPER VC 10
2
a CARAVELLE
8 Fas
8 B73? |
3 FOREIGN < | DC9 | b
5727 B4
DC 850 | P
B 707320 B V2

|

NOISE CERTIFICATED TVPES I

MEDIUM AIRAUS I
B 727 REPLACEMENT I

J| L10/DC 10 DERIVATIVE |
DC 10-10 1

AJ0o B2 |
L] M l

L1011-250
DC 10-30
B 747100
U » 200
[N | i
80 %0 1eQ "o

NOISE- LEVEL (EPNAD)

REDUCTION IN NOISE--LEVEL DUE TO RETROFIT 2%

CERTIFICATION LEVEL |
(Not mandatory for Retrofit candldates)
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SIDELINE

CANDIDATES FOR RETROFIT

=

FOREIGN

BAC t-11 500
300/400
TRIDENT 3
2
SUPER VC 10

A

CARAVELLE ] 1
F28 I
0137 i
DCo9 |
a1 [ [

DC 8-60 |
B 707320 B |

NOISE CERTIFICATED TYPES

L 10111
DC10-10
L 1011/DCLO DER |
DC 10-30 — I

B 747=100 |
| ™ =200 |

L | 1
] 100 na

[
8¢
NQISE- LEVEL (EPNdB)

REDUCTION IN NOISE LEVEL DUE TO RETROFIT 27

CERTIFICATION LEVEL |

(Nt mandatory for Retrofit candidates)
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APBENDIX 4

COST ASSUMPTIONS USED IN THE FAA RETROFIT/EARLY RETIREMENT

STUDY

The following notes relate to the study described in

Section 2.4,

This type of analysis depends heavily on the assumpticns
underlying the fleet projections. Fer example, pasSenger
demand was assumed to grow at 6% per anpum, This allows
for a certain rate of development of new technology quieter
aireraft consistent with ailrline needs independently of

government action.
and operating coste.

Costs were divided into capital cost
Capital costs of alreraft purchase

sale and modification were included in the analysis with
due regard to interest payment and taxes. The operating
cost analysis was ceonducted both before and after taxes,
and oply used “out-of-pocket" items such as fuel and

maintenance,

The table below shows the price assumptions for the capltal
analysis and gives the assumed cost of SAM modification for
each alreraft type in 1976 dollars.

THE COST OF NEW AIRCRAFT AND SAM MODIFICATION ($ 1875)

Plana Price

Modification Price (per plane)

New Technology
Ajrcraft

L-1011/DC-10

727
bc-2/737
707
747

$23 million
$25.9 million

10 million
$§ 6.5 million
$14,7 million
532.7 million

727 $0,225 million

707 Case 2: $2.6 milllion
Case 1: $1.9 million

747 $0.25 million
DE-9/737 $0,27 million

A range of prices ls shown for the B-707 since the cost of
modifying that equipment is reported to be dependent upan
the number of B~707s heing modified.
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The table helow shows the assumed change in annual operat-
ing cost owing to modification of the B-707/DC-8, and the
ralative cost per seat of the new technology aircraft,

BASELINE OPERATING COSTS DATA (QUT-QF~POCKET ITEMS ONLY)

Cost per | Number Annual Cost
alrcraft | of seats | per seat
Alrcraft Types year per air- (000)
{00DD) craft
B~707/DC-B 3,800 145 26.2
B-707/DC-8
w/hcoustic modification 3,850 145 26,6
pc-10 5,120 250 20.5
B=727 2,780 125 22,2
New Technology 3,650 200 18.4

Source: FPAA, Ref.

(9
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MEASUREMENT AND PREDICTION

Be fore discussing methods of industrial noise abatement,
it is first necessary, as in the other two parts of this
repart (road traffic, alrcraft), to comment on the appropr-
iateness of the methods of measurement and prediction that
are used for this particular type of community nolse nuis-
ance,

1.1 Measuring Single Moments of Hoise

The unlt most commonly used for industrial noise is
db(A), This type of noise often has strong low
frequency components which, as eoxplained in Part A
{(Section 1.1} may be more annoying than dR{A) measugje-
ments indicate, It i3 therefore important to be
aware of the possible distorting effects of working
exclusively with this unit., These are similar to
thoge identifled for road traffic noise (see Part A,
Section 1.1). ;

1.2 Measurement of Nolse over a Periocd

The most commonly used method for industrial noise is
Leqg, measured in dB(A}, This is the same measure as
is used for road traffic noise and the implications
have already been discussed {Part A, Section 1.2},

1.3 Measures of Communlty Annovance

There are ho measures of community annoyance against
industrial noise and so the situation is similar to
that for road traffic noise (Part i, Section 1,3).

1.4 pPrediction

Given the locatlon and the power levels of noise ,
sources in an industrial plant, sufficlent is known |
about the propagation of sound for raascnably accur- :
ate predic¢tions of community noise levels to be made.

A point worth recording, for the purpeoses of thise :
report, 15 that a reduction of X dB(A) near to the .
source will not necessarily produce the same reduct- !
ion at long distance., In practice the community

noise levels are likely to be reduced by less than :
X 4B (A} because the high frequency components will ,
already have heen substantially attenuated by distance, i
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2.

NOISE ABATEMENT AT SOURCE

2,1 pata-Base Problams

In order to prasent cost data for any type of noise,
we have to be able to achlove the following three
.Bteps, by scme means or other:

i} identify the sources (numbers, types);
ii} determine the noise reductions required;

1i1) enmtimate the costd of these reductions by
different methods.

For example, for alrcraft neise we know approximately
how many aireraft of different types need to be
quictened and the approximate costa of bringing their
noise levels to within those laid down in Annex 1l6.

For alrcraft noise and read traffic nolse these steps
can be achieved with some confidence. Bueg, for
industrial noise there are severe data base problems
that have so far limited researchers in their attompts
to draw general conclusions on the costs of abatement
{although soma well-documented individual case studies
are {n existence).

Problems of source identification

Source identification posea the first problem. A
choice has te be made between describing costs in
tarms ofi

a) pieces of equipment; and

b} whole industrial plants or sites.
Most of the available cost information relates to the
more noigy individual pieces of equipment{l), mHowever,
the interactlons between sources at a plant limit the

usefulhess of such data, for the purposes of our
report.
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Example

Censider a point near a plant where the commun-
ity noise leoad iz 40 4B(A), caused by two indi-
vidual pleces of equipment:

A makes a contribution of 39 AB{A)
B makes a contributicn of 33 4dB{A)

Suppose that studies on equipment A have shown
that it can be reduced by 16 dB(h), for 1600
cost units, If this were carried out in iso-
tation, the contribution made by A would be
reduced to 23 dB(A), i.e. well below that of B,
Congequently the total noifc load would drop
to that of B, i.e. from 40 to 33 dB{A}.

Thus for 1600 cost units, the community nolse
load would be reduced by only 7 dB(A), rather
tian by the 16 dAB{A} that might be anticipated
from the information avallable on the individ=-
ual piece of equipment.

The alternative 1s to concentrate on whole plants
or sites. Here the problem lies in the fact that no
two industrial plants are ldentical and therefore
conclusiong based on ane plant may not be valid Lf
apoliad to another.

What Reductions?

The extent to which the neise lead from any partic-
ular plant or site needs to be reduced will of
course depend upon 1ts leocation. It is therefore
dangerous to assume that all plants of a certain
type (e,9. roefineriea) will require an identical
reduction in noise load of, say, 5 dB(A}. Whereas
an lsolated refinery may not need to be quictened,
a similar ene located near a major houslng area may
require a 10 dB(A} reduction.

Therafore, in order to estimate costs at a regional
or natlonal level, an inventory is necossary of all
the noisy plants and of the nolse reductlons re-
gquired at each one. For understandable reasons,
such an inventory exists in only a very few
countries (e.g. the Netherlands}).
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What Cosgks?

The third problem is how to relate abatement costs
to reductions in communlty noise load., Clearly the
gize of plant will be an important determinant of
cost and therefore a relationship may exist between
cost, expressed as a percentage of filxed assets,
and dB{A) reduction.

Figure 1 illustrates the problems that surround any
attempt at determining such a relationship.
Appendlx I gives details of an attempt by Metra in
1976 to present results from industrial ncise
studies in such a format, However, the variability
in the results only served to underline the prob-
lems described in Figure 1., It was coneluded that
a lot more detailed Infarmation will have to be-
come avallable before satisfactory relationships

of this type can he established.

Nationwidn Cost Studies

Despite the problems outlined above, attampts have
been made in some countries to determine the cost
of abatement at source for all nolsy plants within
a particular country. Two have been brought to our
attention (Netherlands, Sweden). In both cases the
aim was to assess the likely national costs of re-
ducing noise at source in order to comply with
proposed community noise legislation. Although the
total cost figures in themselves are of limited
interest outside the respective countries, scme of
the findings are useful for the purposes of our
report in that they help to identify those industr-
ies that would be faced with the largest cost.

Netherlands

In 1976 Metra were commissioned by the Netherlands
Ministry of Public Health and Environment to perform
case studies at a pumbar of industrial gites,{2) in
cooperation with the companies ipveolved, to investi-
gate how these sitece would be affected by the
proposed Noise Abatement Bill. Following these
detailed case studies, it was agreed that it would
be useful to attempt a "grossing up" exercise to
determine the possible total cost of compliance for
the Netherlands as a whole., Metra emphasised that
the results must be treated as "tentative" given
data source difficulties,
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Table 1 sumnarises the costs of reducing nolse at
8ource, analysed by Industry. It 1s assumed that
all industrlal sources would be silenced so that
the community noise load would be reduced to
below 55 dB(A) during daytime, 50 dB{A) during the
evening and 45 dB(A) at night, The assumptions
made on the proportion of sites that generate a
community nolse problem were based on a site
inventory prepared by the Ministry. Assumptions
on the cost of silencing noilsy plant (expressed ag
a percentage of estimated asset value) were based
on the findings of the detailed cost studies.

The right hand column of the table shows that two
industrial categories account for 75% of the source
abatement costs. These are "chemicals/petroleum"
{40%) and "metal industries"™ {35%). Utilities,
foodstuffs and paper industries will also incur

substantial costa.

To a certaln extent these filgures reflect the
concentration of chemicals/petroleum industry in

the area surrounding Rottardam. We would not expect
this sector to be gquite so important in mest other

OECD countries,
Sweden

Almoat simultaneocusly with the Netherlands study,
Ingemansson Acoustics were undertaking a similar
study for the Swedish Environmental Protection
Board(4), The community noise levels that weras re=-
quired were the same as those ip the Netherlands
except that zenes for vacation houses and recreat-
jional use were given an additional 10 dB(A) protect-

ion,

M case study approach was adopted and the results
wera "grossed up" to determipe the cost of compli-
ance for the whole of Sweden, The results are
summarised in Tahle 2. As might ba expected in
sweden, the pulp and paper industry would be faced
with the highest costs (46% of the total). Mechanic-
al engineering (30%) is the second largest.
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TABLE 1 : THE COSTS OF REDUCING NOISE AT SOURCE IN

THE NETHERLANDS, ANALYSED BY INDUSTRY

INDUSTRIAL CATEGORY Assumed Asaumed Resultant
Proporticn Silenclng t of Total
of Noisy Sites | Cost Cost
{sae Note 1) (sea Note 2) | [sce Note 3)

Chemicals/Petroleum 50% 1.5% 408

Matal Industries 10% % 358

Utilities (a) (a) 7%

Foodstuffa 33t 1% 6%

Paper 50% {a}) 6%

Building Supplies 50% 1% 2%

Woodworking 204% 1% <1t

Textilaes 15% 1% <1t

Printing {a) (a) k1]

Leather and Rubber

TOTAL 100%

{a) = Estimated differently

Hote 13 Proportion of sites that generate a community noise problem (% welghted by the nunber

of employees).

Note 2: Cost expressed as a percentage of the catimated value of the assats,

Hote 3: Total cost = 880 million gullders (1976}

= US § 420 million (1978)
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TABLE 2 : THE COSTS OF REDUCING NOISE AT SOURCE IN
SWEDEN, ANALYSIS BY INDUSTRY

INDUSTRIAL CATEGORY Pergentage of
(ses Note 1} Total Cost
(see Note 2)
Fulp and Paper 46%
Mechanical Engineering 30%
Iron and Steel 123
Chemicals 10%
Mining 3%
TOTAL 1oos

Note 1: Utilities were not included in this study

Note 2: Total Cost = 500 millien Sw.Cr, {1977)

= 0S5 120 million {1978)
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2.3

Individual Industries

The previous section has identified the induatriaes
that are likely to have to boar most of thoe costs
of abatement at source. Some of the nolse sources
in these industries are pleces of equlpment that
are common to most industries (e.g. electric motors),
but the main sources tend to be eguipment items
whose use is less widespread and may even be unique
to a particular industry. Examples include blast
furnaces and sinter plants in a steel works; furn-
aces and alrfin coolers in a refinery; large

valves in gas distribution systems; and chippers in
paper factories, Each industry therefore faces a
di £ferent set of noise abatement problems, For
furthor details of how their problems are being
tackled, sec¢ references (5) to (20) for chemicals/
petroleum, references (21) te (24) for matal
industries; reforences (25) to (30) for pulp

paper industries, and references (3L) to (46) for
utilities,

Although some of these references do include cost
data, they are mostly of limited use, other than as
interesting case studies, It is difficult to draw
coneclusions on costs, from such data, that would be
applicable elscwhere,

Paetroloum Refinery Sources

An exception is the work by Bolt, Beranek and MNewman i
on the costs of noise abatement in refineries. (8 '
Its purpose was to determine the nationwide cost of

compliance with propesed requlations on employee

protection, It was assumed that all primary scurces

except pumps and cooling towers weuld require nolse

contrel treatment. Sources that contrlbute to

community noise, but that do not seriously annoy

employecs, were also excluded (e.q. f£lares).

Table 3 gives & brief description of each noise
source, the typical noise levels produced, the most
appropriate abatement methods and estimated costs
per equipment item.

Table 4 considers a "typical" refinery {250,000 bbl/
day), makes assumptions about the number of eguip-
ment items that such a refinery would have and gives
the costs for quieting the whole refinery, based on
the costs per equlpment item in Table 3.
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HOISE SOURCES, LEVELS, POTENTIAL SOLUTIONS AND ESTIMATED COSTS

TABLE 3 1 PETROLEUM REFINERY:
T1975) pollars)
Sound Level D
Equipment | in dB(A) at Possible Noise Control Treatments Eotinating Average Cot of
AfL, *+
hir Coolers §7-94 Aerodynamic fan blades, decrease rev/min - § 4000/unit
and increase pitch, tip and hub seals,
dacrease pressure drop
Compressora 90=-120 Instnll mufflers on intake and exhaust, Centrifugal units $10000/unit
enclosure of machine casing, vibration >5000hp
iselation and lagging of piplng systems Centrifugal units $ 6000/unit
<5000hp
Reclprocating § 8500/unit
Electrie 90-110 Acoustlcally-lined fan covers, >25=100hp § 1000/unit
Motors enclosures and motor mutes 100=200hp § 2000/unit
200hp requiring § 4000/unit
totazl enclosure
lleaters and 95-110 Acoustlc plenums, intake mufflers, $250/million Btu/hr+*
Furnaces ducts lined and damped
Valves <BO to 108 | Avoid sonle velocities, limit pressure $1000-2000/unit
| drop, and mass flow, replace with
Speclal low nolse valvea, vibration
isolation and lagging
Piping 90~-105 Inline silencers, vibration isolation $4-16/1incar frv*

and ladgging

*Million B.t.u./hr heat dissipatlon

**dfe. = 0,91 matre
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TABLE 4 : "TYPICAL" REFINERY EQUIPMENT AND COSTS FOR NOISE CONTROL (1975 Dollars)

Equipment Assumed Number Unit Cost for Total Cost for
of Units Nolse Control Nolse Control

Alr Coolers 150 $ 4,000 $600,000
Compressers:

Cantrifugal »5000hp 8 $10,000 $80,000

Centrifugal <5000hp 12 $ 6,000 $72,000

Reciprocating 14 $ B,500 $119,000
Electric Motors:

25~100np 8OO $ 1,000 $800,000

100~200hp 300 $ 2,000 $600,000

Large Motors requlring

Total Enclosure 20 $ 4,000 $ 80,000
Heaters 4000 million Btu/hr $250/million $1,000,000
Btu/hr

Valves 40 $ 1,000 $40,000
valves 10 $ 2,000 $20, 000
Piping 7,500 £t $4/ft ¥30,000
Piping 6,000 ft $8/f¢ $48,000
Piping 3,000 ft $16/ft $48,000
TOTAL (excluding pumps, cooling towers, flares) $3,537,000

NOTE: “"Typical" 3 Production capacity is 250,000 bbl/day

1 ft. = approx. 0.3 metre



Detalls are not available of the noise level reduct=-
ions anticipated for each source. The authors
explain that they asgumed that sources would be
reduced by “the maximum technically feasible amount”.
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PROTECTION

In the absence of adequate abatement at source, the
community can be protected from industrial noise by land
use planning, barriers or insulation.

3.1

Land Use Planning

Many potential community nolse problems have been
avoided in OECD countries by land use planning
technigues. This has been achieved sither by
praventing industry developing on a particular
piece of land or by not allowing houBes to be built
there, In making decisions of this kind, there may
be cost implications for the industrial plant (e.qg.
changes in transport costs, land costs, etc.}).

These costs are very dependent upen the local cir-
cumstances and therefore any cost conclusions that
might be drawn are likely to be only of limited
value., However, no examples with well documented
cost data have been brought to our attention,

Barriers

A barrier can in principle be introduced at any

point along the path between a noisy plece of equip-

ment and a community requiring protection. For )
maximum effactiveness it should be introduced as ;
near toe the egulpment as possible. Examples

include acoustic enclosures arcund motors, and even
acoustic walls around large sources such as furnaces
(see Japanese examples, Refs, (11, 15)}.

In these clrcumstances the barriey is the responsi-
bility of the plant operator, if.e. it is a method
of noise abatement at source.

Vary few examples of barriers against industrial
nolse, erected gutside plant boundaries, have been
brought to our attention. This is mainly due to the
reduced effectiveness of distant barrlers, partic-
ularly when industrial noise sources are located at
heights well above ground level (e.g. airfin coolers).
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Insulation

The costs of insulation against industrial noise
are similar to these for insulation against road
traffic noise (see Section 8,3 of the Road Traffic
saction of this report).

For a comparison of the costs of {i} insulation and
(11) abatement at source, see Section 4 below.
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COMPARISONS OF ALTERNATIVE NOISE ABATEMENT METHODS

We have sao far only considered the various Industrial
nolse abatement methods in isolation, Illowaver, they
should not be considered t¢o be mutually exclusive since,
in certain circumstances, dlfferent methods might be
combined to produce the most cost effective solution.

In order to identify the most promising ecomhinations,

wa need first to have good measures of the costs and
effectiveness of the various abatement methods., However,
as we have already seen, the data in most cases is Ipade-
quate. ¥t is not surprising therafore that very Few
studies appear to exist that compare alternative noise
abatement methods or that suggest haw they might be
combined,

4.1 Source Abatement versus llousa Insulation

The Metra‘Z) study in the Natherlands compared the
cost of abatement at source with that of insulating
dwellings and examined the interaction bhetween the
two types of cost at several case study sites., The
results were "grossed up" for the Netherlapds as a
whole. Cost caleculations were carried out on the
basis of two extreme applications of the proposed
Noise Abatement Blll;:

Firstly that all industrial sources would be silenced
so that the community noise load would be reduced to
balow 55 aB(A) during day-time, 50 dB{A) during the
evaning and 45 AB(A} at night, OUnder these circum-
stances 1t 1ls estimated that the total cost for
immediate convarsion of the existing equipment would
be 880 millien gullders at 1976 prices ($§ 420 millien
1878} and should be in the range 0,5 to 2.0 times
this figure.

Secondly it was assumed that there would be no abate-
ment of Industrial sources and that the dwellings
affected would be insulated to compensate. If the
internal level required were 40 4dB{A) during day-time
and 30 dB{A) at night, the total cost for insulation
is estimated at B6 million gullders at 1976 prices

{$% 41 million 1978) and should lie in the range 0.5
to 2,0 times this figure.
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Thus abatement at source was estimatedta) on average
to be akeut ten timas as expensive as house inaulat-
ion, It must be stressed however that this rule of
thumb is not applicable in all circumstances,

In practice the cost resulting from the application
of the Bill would almost certainly lie between these
two extremes. This is hecause it is intended that
source abatement be applied where it is most appro-
priate, but i1f not, houses will be insulated inotead.
Reascns for not ingisting on source abatement could
be, for example, that suitahle measures are not
techniecally feasible, that they would conflict with
safaty consideraticns, or that they would be
excessively expensive Ln comparison with insulation
costs, It was estimated that the result of treating
those larger sites which affect only few houses,
puraly by house insulation, would reduce the cost of
sourco abatement by some 300 million guilders to
approximately 600 million guilders at 1976 prices
(US % 420 million 1978), with a virtually negligibla
cogt of house insulation to compensate.

The costs of gource abatement mentioned above refer
to the costs of sllencing the existing equipment.
There will of course also be noise ahatement coats
assoclated with new plants and with extensions to
exiscing plants, but these ware not taken into
account. The costs above also assume that equipment
will be silenced overnight. However, the Noise
Abatement Bill allows for the posgihility that the
measures will not be carried cut overnight, but
instead be extended over a period of time. This
means that not all of the exlsting plant will require
silencing before it is replaced with modern quieter
plant, so that cost will be reduced substantially.
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APPENDIX I
EXAMPLES OF PLANT COSTS (See Section 2.1)

Figure 2 displays the results of an investigaticn by Metra
in 1976, The figurec are taken from case studies(2] under-
taken in the Netherlands by Metra, and f£rom other material
available at that time. Costs are expressad as a percent-
age of fixed assets. In many cases the figures are in the
form of a range and so the results are presented as a line
rathet than a single cross. In one case both the sound
level reduction and the percentage costs cover a range and
this 1s represented by two crossing lines.

Each individual result can be identified by the number
attached to it, which 1is explained in more detall below.

1. Steel works

Cost 1,7%, Reduction is for 5 dB(A) at one place
and 10 dB(A) at another.

2. Paper factories

Codt 15 2% to 3% depending on the methed used to
eptimate fixed assets. Reduction is 10 to 15 dB(A)
depending on which factory is concerned.

3, Petrochemical plant

Cost 0.2% for 3 dB(A) reduction from existing situat-
lopn. This is probably conservative hecause assets
have been valued at histeoric costs,

4. Petrochemical plant {as 3}

Cost 0,4% for 5 dB(A) reduction from exlsting sitnat-
lon, cemparable with (3) above.

S. Petrochemical plant (as 3)

Cost 3% for reduction of 10 dB{A} for the new plants
for expansion on their own.

6. Chemjcal plant

Cost ©,75% for reduction of 7-10 dB{A), based on
past abatement experience,
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; 7. Chemical plant (as &)

r Cost 0.2% for 1-2 dB(A), AaAnticipated cost and result
for further measures. This should be above average
cost becauvse cheaper measures have already been taken,

8. Small refinery

Cost 0.7 to 1.0% for }0 dAB{A) reduction. Note this
applies to new plant rather than existing and while
below average is not markedly so.

9, Breweries
Cost 1% for 10 dB{A} - a rule of thumb spuggested by a
Dutch acoustic consultant.

10, Large Refinery

Cost 0.17% for B~10 dB(A). Data from an article in
011 and Gas Journal(l2),

T T

11, Diesel engine testing

Cost 0.9% for B dB(A) reduction. Asset value could
include azsets which are not concerned with the
hoisy manufacturing activity, therefore percentage
may be too low.

L
‘
i
A
!
)

12, Patrochemical plant

Cost 1,9% for 6 AB{A) reduction.
The result of fitting & straight line to these polnts is:
Cogt percentage = - 0,107 + 0,164 {reducticon in dB({A))
or approximately 0.15% for cvery dB(A) reduction.

i The correlation coefficient is 0,56, but rises to 0.7L if
points (10} apd {12) are excluded, for which the realation-

ship 1s:
Cost percentage = ~0.32 + 0.195 (reduction in dB(aA)).
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21, Netherlands steelworks case-~gtudy. See (2), Section 6.

22, Swedish case-study., See {4), pp 74=75% and Appendix 6.3.

23, “Planning Procedure for a Low Nolse Steel Works", a paper by
Per~Ake Berg and Ola Staleby {of Ingemansson Acoustics) glven at
IntarNoise 77, ZSurich.

24, "Nolse Control of Forging Plant", a paper by Y. Matsui given at
InterNoise 7%, sSendal,
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Pulp and Paper Industries

25.

26.
27,

28.

29.

30.

1.

3z,

33,

3.

35.

36.

19,

Neatherlands case-study — Eerbeek paper factorles. See (2),
Section B,

Swadish case~study. Sce (4}, pp 76-77 and Appendiz 6.3.

Geluild in de Paplerindustrie - Rorte Inleiding, by Ir, J.
van der Doom {Ruuslosewag 26, Hengelo, Gld,, Netherlands),
August 1978,

pescription of a sawmill case-gstudy (10 dB(A) for US$28,000)
in "Industrial Noise and Tourism", a paper by Dr. Georg
Milborn, given at InterNoise 77, Zurlch.

"Reducing the Noise Emission from a Forest Industry", a
paper by Lars Landstrom and Hana Elvhammar (of Ingemansson
Acoustics), glven at InterNoise 78, San Franclsco.

"Nolise from Larga Fans : An Overvliew®, a paper by Allan M,
Teplitzky, given at InterNoise 78, San Francisco.

Utilities

Natural Gas : Cost data provided to Metrxa by NAM and
Gasunle. Sece (2}, Sections 13.3, 13.4.

Power Statlons : Cost data provided to Metra by wvan Dorgser.
See (2}, Section 13.6.

“Kosten van Baheersing van Extern Industrielawaii", article
in Kosaten van Bastrijding van Geluidhinder, HNederlandse
Stichting Geluldhinder 1977, See pp 36-40 on power statlons.

"Heavy Duty Fan Noise", paper given by J. Barrie Graham at
IntarNoise 78, San Francisco.

"Power Plant Noise Models for community Tmpact Studiesa", a
papar by J, Patrick Relilly, given at Noisewxpo 1975.

"Community Aspacts of Electric Powar Plant Nolse", a paper
by Allan M. Teplitzky, given at Holsexpo 1175,

"Noigse Control of Gas Turbine Power Plants", by R.B, Tatge,
Sound and Vibration, June 1973,

"Reduction of Neises from Electric Pawer Plant", paper by
I. Shimpo, Y. Ikegami and A. Nakano, given at InterNeise
75, Sendai.

"Plans and Schemes for Noise Control at Thermal Power Plants",
papér by T. Hiramatsu and I. Acki, giwven at InterNoise 75,
Sendai.



40.

i1,

42,

13 .

44.

45,

46,

"Noise Control of a Large Transformer", papoer by Kyogl
Muglkura and Munesige Nagatomo, given at Inter-Neise 75,
Sendai,

"Community Noise Emissions from Enclosed Electric Power
Plants", by Allan M, Teplitzky. Nolse Control Engineering,
Volume 6, No. 1, Jan~Fob, 1976.

"Some Aspects of Noilse Control in the Electricity Supply
Industry", a paper by Peter J. Nairne, given at InterNoise
77 2Zurich.

"Raticnale for Power Plant Noise Control in the Design Stage",
a paper by Wayne E. Bradley, given at Nolsexpo 1975,

"Impact of Noise Control Regulations on Electric Utilities",
a4 paper by John P. Carlson, given at Noisexpo 1876,

"Low Frequency Noise Problems from Gas Turbine Power Stations",
a paper by L.A, Challis and A.M. Challls, given at Inter-Noise
78, San Francisco.

"Power Transformer Noise ~ Prediction and Control", a paper
be Celin C, Gordon and Lennart A. Svenson, given at Inter-
Noise 78, Ban Franciscn.
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