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Abstract

This thesis investigates the prcblems posed by the existence of noice
polluticn with the use of eccrcmic concepts. The analysis is conducted

at varicus levels of abstracticn &nd inpludes the opering up cf some new
fields of investigaticr, as well as ticying up and bringing together

some previous work.  The thesis is divided into six chapters.

Chepter cne introduces the subjectand incicates the approach that is geing
to te taken in the subsequent chepters. Chapter twe aralyses the
conseguerces for an cptimum town of polluticn such as roise. The necessery
and sufficient conditions fer an optinum are chtained ard discussed. There
are scme coirparative static results end the Guestion cf decentralisatior

is examirec. Finglly scme sirulation results ere Freserted. Tre work

in this chapter is perhaps lecst specific tc roise pelluticn erd would

apply tc eny spatially distributed ren-accuruteting pellutien. = Chapter
three examires the measurerent of ricise costs to heuseholds arc compares two
differert apprcaches tc the probler.  Chapter four ciscusses the cortrol of
ncise levels in the context of the ecoromic aralysis cf Externalities

and Public bacs, and enphasises sere of the difficulties in cbtaining
cptimum ncise cherges. Cihapter five sunmarises the existing erpirical
_work and adds some rew results. '
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Chapter 1.

1.1.  Scope

This thesis is concerned with an economic analysis of noise po]lution1.
This means that it concentrates on these aspects of noise pollution to
which a professional economist may have something to contribute. Thus

the coverage of material is essentially selective, and perhaps it is

best to begin by stating those matters which are relatively neglected-

and explaining, in so far as we can why they are so.

First, it will appear to any acoustical engineer that the issues related

to the measurement of noise and the construction of noise indices reflecting
subjective evaluations of noise nuisance have been rather cursorily

dealt with. The reason for this is simple - as economists we have rather
little to say about them. The measurement of noise is essentially a
physical problem, and as far as the construction of subjective indices is
concerried, we are interested in evaluating whether such indices can be
treated as cardinal economic quantities or whether they have to be
transformed in some way to be converted inte economic indicators. In
Chapter 5 we discuss some of the evidence on this question with regard to
indicators of aircraft noise. Unfortunately the price data required to
do this is not available for other measures of noise nuisance.

Second, much of the discussion of the economics of noise pollution is
concerned with aircraft noise. When we discuss the theory of the
measurement of noise costs (Chapter 3) we illustrate the kind of problems
involved with examples from the costing of aircraft noise, and the empirical
work on this (Chapter 5) is drawn entirely from aircraft noise. We do
consider other forms of noise nuisance when the control of noise levels is
discussed (Chapter 4) and when the preblems of environmental pollution
such as noise nuisance are considered within the context of optimum towns.
This bias towards aircraft noise arises from the way that noise econcmics
has. developed.  Although, in overall terms, urban traffic noise is
probably the most serious noise problem in the environment todayQ, the
suddenness with which jet aircraft roise became a major social nroblem
(over the last decade and a half) has drawn iiore resources and attention
to it measurement and control. As we stagg in the thesis, many of the
techniques developed to measure the costssaircraft noise carry over to

the measurement of traffic noise and there is already some work in progress
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a]bng these lines. The optimal control of surface traffic noise may,

~ however, differ from that of air traffic noise and the relevant issues are
discussed in chapter 4. '

Third, we say very little about the physiolegical and psychoTcg1ca1
consequences of noise pollution, regarding which a considerable amount
has been written3. Although a number of physiological effects are
observed on individuak exposed to sustained traffic and industrial noise,'
it has not been established that such effects are damaging. This pcint
is made with regard to the effects of noise on work by Kryter (1966) whc
states that, "Numerous laboratory and industrial studies have been made
in attempts to show that noise has an adverse effect on the performance
of physical and mental work. By and large, the results of these studies
shew that noise per se has little or no adverse effect upon performance
provided that work does not require auditory communication of some sort.
These results were found even in environments where the noise levels

. were such that near-daily exposure over several years would cause some
permanént deafness".4 Arguing on more general lines, but with regard to
traffic noise the 0.E.C.D. report (1971) states that, "There is at present
no conclusive evidence that exposure to urban traffic noise under normal
conditions produces harmful effects", and that, "one possible important -
but as yet unprcven - effect of traffic noise concerns the hastening of

age-induced hearing loss (prebycusis)". Thus we may conclude that while
research in this field is important, there is not enough %vwden%e quhe

.effects of noise on productivity or physical health to warrant/be1ng
considered as one of the unfortunate consequences of noise in an economic
analysis. . ) )
In a recent publication Abey- N1ckrama et alia (1969) have attempted to
establish a positive association between the incidence of mental illness
and exposure tc high levels of aircraft noise, by doing a test of asso-
ciation of admissicns to mental hoépita1s for two similar groups of house-
holds, one in the close vicinity of Heathrow Airport and the other in a
quiet area nearby. They find a positive association for certain classes
of individuals, and conclude that the matter warrants further investigation.
It anpears that in this study the control group was defined with respect
to broad categories, namely socioeconomic status, age, sex, marital status,
population density and migration rates. The incidence of psychiatric
illness, however, can vary considerably across other classifications such



as profession or occupation, occupation of husband, ethhicbackground

and immigrant status, and similar factors. Until a finer classification
and further study is dcne these results can only leave us with a vague
sense of disquiet (sic) about high 1evels/%§rcraft noise. Given that
these findings are confirmed a decision would have to be made as to
whether the land area affected should be zoned for non-residential pur-
poses or whether individuals should be informed about the possible con-
sequencaes of 1iving close to airports and allowed to make up their own
minds. In our analysis, however, we do not consider any such deleterious

effects.

1.2. The Devnlopment of Noise Pollution

Noise as a source of annoyance has been around for a long time. Being

a passing experience, it leaves no trace. This, combined with the

fact that the measurement of noise, as it is relevant to human perception,
is a twentieth century development, has meant that as far as we know there
is no precise documentation of noise levels before 1930.5 Nevertheless
there are a number of literary references to the excessive noise levels

in the streets qoing back to the eighteenth century and urban historians
-record the use of straw on streets outside hospitals or the homes of

rich pecple to reduce the noise of the clatter of horses hoovesG. We

do not know, however, whether the urban environment was noisier then than
it is now. To be sure the growth of interest can be partly explainad by
the development of measuring techniques, but the causation goes the other
way as well; an increased concern about the noise in our environment has
led to suitable measures. This increasejconcern is undoubtedly due to
increased material living stendards ameng the populaticn,and as a witness
to this, it is the richer countries of the world that are more concerned
about noise.

The earliest full survey of noise is probably the one undertaken in New
York City between Noverber 1929 and May 1930 by the New York Noise Atatement
Commission. This showed that traffic noise was responsibie for 36 per
cent of all neise complaints, public transportation for 16 per cent,

radios for 12 per cent, collections and deliverics for 9 per cent, whisiies
and bells for 8 per cent, construction for 7.5 per cent and miscellaneous
sources Tor 11.5 per cent. These figures are quoted by Anthrop (1673)
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vho points out, interestingly, that the measured noise Tevels in New

York then were not very different from those of today, and that smaller
cities such as Philadelphia now have noise levels cleser to those of

New York than they did forty years ago. '

In the post war years most advanced countries have conducted some survey
of traffic and neighbourbood noise with a view to enacting appropriate
controlling legislation. One survey, which perhaps deserves special
mention is the Wilson Report (1963) which rgfcfﬁmk.OW\surveys in‘1948

and 1961. This showed that the percentage cof people disturbed.by noise
external to the home rose from 23 per cent in 1948 to 50 per cent in
19617. This report also singled out ﬁraffic noise as the major noise
irritant. The reports on other surveys in advanced industrial countries
along these lines and the existing controiling legislaticn is summarised
in the 0.E.C.D. report (1971). With the advent of jet aircraft in 1958

a new, identifiable and compact source of noise nuisance emerged. This
has received considerable attention since then. K.D. Kryter develcped a
scale referred to as Perceived Noise Level (PNL) which measures aircraft
noise while taking account of the subjective response of individuals to
its 'nosiness'. This scale was then used by M®Kenrellin England to
develop an index of aircraft noise that took account of the PNL as well as
number of aircraft flying over head and correlated a linear combination of
these factors with subjective noise annoyance responses.' This index is
known as the Noise and Number Index (KNI). Similar scales were developed
in the U.S., France and Germany. Recently the (PNL) has been refined
somewhat to produce a new scale called EPNL (Effective Perceived Noise
Level) and this has been used in conjunction with a measure of aircraft
numbers that takes account of the time of flight to produce an index
called the Noise Exposure Forecast.  (NEF). -

Undoubtedly the most sophisticated measurement of noise costs has been
dore on aircraft noise, using the above measures. These measurements
have so far bean used to assess the noise costs of prospective airport sites
but not,as yet, co evaluate the benefits of noise reduction in aircraft
engines. It s to be hoped that as the economic techniques become better
understood, it will be possible to conduct such evaluations, and, further-
more to use the techniques to evaluate alternative proposals for surface

traffic reduztion.
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1.3. The Economists Role with Regard to_lNoise Pollution

ke started out by stating the limitations of an economic analysis of noise
pollution. We now consider the contribution that an economist can make

in a field such as this.

One line of approach, and the one taken in this thesis, is that an economist
can establish the principles by which the consequences of noise are valued
so that they can be compared with vther social costs. To do this he uses

a numeraire - money as it happens, although it could be Stradivariuses -
and he defines carefully the alternative assumptions upon which this evaluation
can be made. He also assesses the applicability of the tools of the
economic analysis to the problem of nbise pollution and evaluates the
policy lines for dealing with problems of noise in the light of his assess-
ment. This kind of exercise is addressed to the professional or would-be
professional economist and in it one must regard the theory and its application
as both being under review.

The other approach that an economist can take is to set himself up as a
champion for the 'economic' viewpoint. In this he will present the
arguments for an evaluation of noise costs and policies towards noise by
the application of the principles of economic theory, recognizing that in
an essentially mu]tidiscip]inary field, the engineer, psychologist,
geographer and aviation expert are all doing the same for those aspects of
the prob]ém that their speciality entails. The engineer, for example is
always at pains to point out that tha essentials of the noise problem lie
in designing quieter engines, or ones that take-off vertically and that ‘
costing noise is an imprecise and effete exercise. The psychologist

"sees the noise problem as a matter of "perception" and unquantifiable in
cost terms - a view he shares with the planner vho sees the soul of

man at stake. In this motley crowd the economist too has his caricature

- too awful to mention - and the end result of most multidisciplinary
projects is a function of the relative personal weights of the professional
representatives as well as the relevance of their subjects. Thus although
the contributicn of each group to the decision making process, and the
interactions of the groups is an 1ntere,t1ng/3Hd1mportant field of study,
this thesis has little to contribute to it.
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1.4. The Development of the thesis

We begin our analysis hy a review of some of the current deve]bpments in
urban welfare economics. The problems of environmental externalities such
as noise and air pollution have some bearing on the results obtained
hitherto and in chapter 2 we discuss these externalities in the context
of highly simplified models of towns. Some of the basic non-convexities
that arise when such externalities are considered are discussed and we
outline some of the difficulties in obtaining an optimum by competitive
decentralisation.

Although the model is highly simplified it gives us some indication of the
importaut trade offs in obtaining the optimum town. By parameterising
the simple model that we construct and taking plausible ranges of para-
metric values, we obtain some numerical results of the various trade-offs
available. '

Having considered the problem of noise pollution in a simplified but
general equilibrium framework we next consider in Chabter 3, the measure-
ment of noise costs in the context within which they might be practically
evaluated. In this section we outline two alternative approaches to
costing noise and evaluate them in the light of the available evidence.
Chapter 4 deals with optimum control of roise, the analytical tools A
involved and problems inherent therein. Chapter 5 discusses some of the
empirical evidence regarding the measurement cof aircraft noise costs,
including the appropriateness of the noise measurement indices, and in
Chapter 6 we try and bring together what overall conclusicns emerge from

the thesis. o
The bias ir this study is evidently toward the theoretical and normative

aspects of the problem.

Chapters 2 and 4 are concerned with making cptimal decisions with respect
to certain welfare criteria, and are clearly normative in their content.
Chapter 3 is concerned with noise cost measurement and along with the
relevant empirical evidence in Chapter 5, the analysis here is descripiive
in so far as it is concerned with rmeasuring what is.  However, at the
same time we devote some attention to the welfare implications of the
different costs measured. Regarding these biases we can only'p1ead
personal preference - doubtless others would have done it differently.
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FOOTNOTES TO CHAPTER 1

1. A purist might complain at the use of the term ncise pollution -
pollution being defined in the S.0.E.D. as a physical impurity. However,
the usage of the term in this context is common and well understood.
Another caveat that should be added at the start is that noise pollution
referé in this context to outdoor noices. Factory and household hojse

in so far as it does not affect people outside does not confer external
disbenefit and therefore is beyond the scope of an economic treatment

of noise as a pollutant.

2. See for example the 0.E.C.D. report (1971) or the Noise Advisory
Council (1972) (b).

3. For a survey listing much of this work see Branch (1971)

4,  Kryter (1956) p.1332

5. This date refers to the noise survey carried out in New York
See Antiirop (1973), Chapter 5.

6. For an interesting review of anecdotal evidence on noise in the
Victorian cities the reader is referred to Dyos and Woolf (1973)

7. If the New York finding that surface noise has not increased over
this sort of period holds for London, then the increased percentage of
- people reflects only an increased awareness of noise.
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CHAPTER 2.

The Optimum Structure of Towns witn Envinonmenital Tollution such as Noise.

2. 1 INTRODUCTION.

In this chapter we consdder the problem of fcrms of pollution such as noise

in nelaticin to the optimal planning of fowns. This brings togethen two problems
that have 30 far been consddered separately in the Literatune, but which ate
clearly nelated. The pollution that is generated by the activities of
production and ccisumption has an effect on the optimal Locaticwn of the
residential areas nelative Zo the work areas, and the size c¢f the fown and the
Location of the dndividuals An LT effects the optimal control of the polLlution
Level. 1t is with these issues that we are concerned, when the characteristics
04 the pollution are simifan to those of noise - i.e. concentrated in thé

toun centnes and spreading out over the nesidential areas.

.The economic Literatune that deals with the welfare aspects of uiban Location
is not vast., Perhaps one of the §inst attempts in this §ield was by SofLow |
and. Vickney(1971), 1In this papen they analysed, in the simplest possible
setting, the optimal allocaticn of a given uiban Land area between the generation
0f tragfdic and the carrying of traffic. Theyobtained a characterisation of Zhe
optimal proportion of Land that shoutd be allocated to the carrnying of trafiic
as a function of the distance from the city centre, and showed that if a
competitive manket was used to allocate Land in the absence 0§ congestion Zolls,
it would tend to overallocate Land for the use of traffic, especially near

the centre. In a subsequent paper, Mirtees (1972), discussed the problem of
the cptinum town more §ully. Individual preferences were nepresented by a
candinal utitity function, the atguments of which wene a consumpticn good, the

distance §rom the city centre, and Living anea occupied. Production was
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onganised at the centre, with househotds Located around it. For a fixed

population and a fixed amount of output, he maximised the sum of utilities zo
cbtain the recessany and sufficient conditions fon a maximum, and analysed

what could be said from this about the distrnibution of the population

around the town centre, and the distribution of wtifity cver the populaticn.

In general, £t is not possible to say whethen the Land area oceupied by a

househotd {ncreases with the distance from a city centre. This depends on

how the marnginal utility of an Lncrease {n area changes as the distance §rom

ihe centre increases. .w,a:h regand to the distraibution of wtility Mirnlees

shewed that in genenal it 48 not cptimal fon ddentical individuals (L.e. with

the same preferences) Zo be treated identically. The extent of the inequality
that {8 optimal depends on the pa)utécwem’ca)Ld,énaMauon that is choserd §on

the utility function and on the fenm of the wtility function. However,

the fonms of the utility function that 'y/;etﬁ equal utllity are nather restrictive
and even in these cases Stean (1973) has shown that a smale change 4in the structwre
-0f the problem Leads 2o an unequal distribution cf utility being cptimal again.

The impact ¢4 the cardinalisation chosen on the cptimal distribution of uw,ty

45 ﬁow a well kinown problem. For a wtility function U(.) we may define a
transformation 0§ Lt, vdz. 7

I -0
Q("})O’) = 1 uf.) )

W ————

I-~ ¢

Such a thansforun 45 {soedastic, with the efasticity of ¢ with nespect to U being
Then a8 o A4 dncheased the marginal utility of the arguments of the wtility Wi e
function decnease mere rapddly, and any {nequality &s penalised fuwrther in

deriving the cptimal conditions. In the Limiting case a8 o - = . we obtain

the Rawlsian welfare functicn:
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of. , =) = dnf. UL},

and in this case we get, An the Uinnlees framewcrk, an equal Level of utility
for all individuals as being optimal. The reason why utildity irequalities
can be optimal in this context &s that individuals are indivisible and that
any one person can only be nesédent in one place. 1§ we could smear
people over space, the concavity of the utility function would automatically
Lead o an‘ equal distribution of wtility. - The force of this Amportant podint
can be seen by considerning the §ollowing sdmple problem:
There are two individuals who can each elther be Located at a distance of one
mife grom their place of work on fowr miles grom thein place of work. The
concave wiility function L4

U= [ p-x] I, C ] A>0, x>0 , C>0
Wheke x4s the distance in miles from the place of work, C is the amount of P
the consumpticr good and A4is a constant. 1§ there are g undits of the consumption
geed to allecate and we Let A equal 57, then 4t 45 clean that total utility 44
maximised when consumption <4 equally allocated; 4.e.

U, = 2 + 2 = 4

U2 = 1 + 2 = 3
0§ ccunse the two individuals could be made to change places periodically
80 a8 to equate the fotal wtility that each neceived. This, however, could o
only be considered worthwhile if equality had some separate desinability, oQ'e/L
and abcve that expressed 4in the utility function.
In view of the cbove discussion there {8 centainly some appeal for the uAe. 04
- the Rawlsian Welfare function in this context, §for it generates an equal distribution
of wtility when there ane good neasons for tiinking that equality 48 desinable,

It is not, however, ovenvhelmingly clear that othen cardinalisations with

desinable propertizs should not be consdidened, especialy in attempting 2o
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examine the extent of 4inequalily that 48 cptimal for diffenent values og o.

This task has been attempted by Dixit (1973) witivin the conginea'og a model

wnere production was organised centrally and the major consideration was a

ade-off between economies of scale Ln production and diseccnomics of congestion

An commuten transport. Obtaining numerical solutions fon plausible parametenr

values he shewed that the extent o4 inequality can beccme quite Large fon |

values of o that are thought o be reasonable 4in other contexts.

The model as cutlined above was extended by Minkees to deal with the u5ue

¢{ ccngesticn in commuter transpornt, and congesiion 4in resddential Locaticn.

Regarding congesticn 4n commufer thansdpor, he derdved the optimality conditivn

when there was a thade-c44 betieen an {ncrease 4in Land wse for roads to the

centre, which would Lead o a neducticn in congestion costs and a 4all in

the Land area availfable fen resdidential Location. These optimelity conditions

can be obtained by a cempetitive realisaticn where there s a Land nent function,

relating Land nents to the distance from the city centre, a distribution

0§ 4incomes over the pepulation, with each individuaf net fmewing in advance

wnat his positicn 4in that distribution will be, and a commuter Aubbidy function,

§dxing a subsidy to all nesidents at-distance n from the centre as qln),

Each household takes this dinformation as given and maximises {ts uidlldity

subject 2o Lts budget constraint., With the appropiiate 5agction4 and distrnibution,

the desined optinum sofution can be obtained. This is indeed an interesting

result, fon it establishes the possibility of competitive decentralisation

when some 04 the usual conditions 50&'$uch a decentralisation are nok

datisgied, (L.e. we have a continuum of commodities and Lndividuals and
canpetitive decentralisation.)

a ron convex consumgicn set, and nomwnally these conditions do not allow a /

Finaly pinfees intreduces the preblem of the vptinum size of a town when one

rart o4 a 4ixed population has to be Located in t ddentical towns and the resi

&8 Located in the countryside. Production in the towns takes place, Anitialry,

unden conditions of Lincreasdiing keiuﬁné to scale with Labourn as the only facton,

and production in the country takes place at a constant average product of
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Labowr. A simple nufe can be denived for the oplimum size of the towns, with
“and without externalities. This nule suggerts that the optimum size 0f the

with Locally
Lown 45 probably one [ dincreasing neturns to scale when there are externalities

with Locally
and centainly one | Aincreasing retutns to scale when externaldities are not
consddered. 1t 4s also possible that the rule would not define the cptimum
s4ze 04 the Lown uniquely, and in that case global cemparisons are necessany,
The reason forn consdderding 4ncreasing tetunns to scale 4is apparent- - zt i
prevides the only neason fon the existence of Lowns dn 2his ramewonk. 14
the marginal product of Labouwr were Less than the average product, then
dispersed pncduczkcn would save cn transportaticn costs, possibly provide
mone LLving &pace fon each household, and cause no Loss 04 cutput; This
point has been made clearly by Stawnett (1972) who establishes the optimality
0f drcreasing hetuwns to Labeur in determining the town size unden nathen
general conditicns.,
The above discussicn of the dmportance of increwsing neturns 4 conducted within
Zhe context of only one factor of production - Labour. When there L5 mone
than one 4acter of p&oduczion Linvolved then there is the possibility of considen-
{ng dncreasding neturns Lo Labour alone ({and diminishing neturns 2o the othen
factons) on diminishing retunns o each of the factors and Ancreasing returns
to scale. Boih would sugfice to provide a rationale for zthe existence of ‘
centralised preducticn, but would have different implications fon toum size.
In his necent paper Dixit 4 examines the cptimun size 0f a town under vardious
playsible assumptions negarnding the parametens, when output depends on the amount
of £abouwr and the size of the central business district., Both factors are
assumed to have diminishing retwwns, but there ate incheasing returnns to
deafe cverall. Within this gramework Dixit cbiains the optimum town size as

a function of ine eccnomiés of scale present, and concludes that a town sdize

of over a miLlion i défficult to justify. When choosing plausible values of
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the elasticities of cutput with respect fo Labour and Lond, he admits that
his chodce of parameters suggests Loo Row a density of werkens in the central
| business district but angues that with different parametens he "could not
study economies of scale Lo any significant extent withou® hunning 4nto
dnckeasdng retunns to Labourn alone.” This tuggests, however, that increasing

netunns to Labour afene 45 perhaps the more typical case.

2. 2 The Prneblem of Pellution in Opiimwn Toicns,

I this chapter we work very much in the Simple framework outlined by' Minlees

and deveﬁbped by othens zo consider the problems of pollution in the optimal

constrwetion of towns., The pollution in this context can be consdidered as

a bgpreduct of the production process. 1t emanates at the centre and spreads
decreasing and

out over the nesddential areas, feventually disappening 4 the distance f§rom the

centre gets Large enough. Thus nodses, industrial waste, and ain polluticn

ceuld be fypdcal examples. This bypureduct can be neduced, but doing &0 Lnvolves .

. allecating rescurees Lo nemovding 4t. 1In Section 7.3 we consdden é Zown of gixed

$4z2 and define the necessary conditicns relating to the optimum allcecaticn

of {ndividuals and the optimum Level of pollutlion fon zthe -uugi,ta)uéan and

Rawlsian Welfare functions. We also Lrvestigate the conditions undern which

a undque optimum will exist and conclude that such uniqueness 48 extremely

Amprobable, even when very special foms o4 the utikity function are

consddered. From this it appears ihat the decen&au,é@téon proposed by

Minlees will not carnny thneugh straightfonwendly to the case where there 44 a

spatial context to the pollution. In some special ciricumstances decentralisation

o a Local optimum &8 feasible, s Zong as the government checks indeperdently

for the Local concavity cf the sum of the manginal oppertunily cosf of pollution

An texms of the consumpticn, with nespect to the Level of pollution. Tn this

section we alac examine Lin the context of an additive utlldty gunetion the

allocation of nesouwrces to Lndividuals as a function of the distance §rem the

cdity centre, and the nelationship between the resddential positions and the work

centre as a funeticn ¢f the Level ¢f pellution, and the size of the wonk {enee.
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In Section 2.4 the optimum size of the.iOWn L8 consddened, when the popdtatéon
48 to be allocated in a Large number of similar towns. The optimum Lown size
L8 compared with that which would emerge under a'ccmpetitive sthucture, with
no contrhol cn pollution. The condiiicns under wilch the optimum town L4
smallen than the competitive fown arc stated. The decentralisation of the
optimum town when the size 48 a variable 44 of course even more difficult

than thﬁt 0f a town of fixed size and in general one would expect ndt,to.be
able to attain such a decentralisation. . 4

In Secticen 2.5, a pahameihié nep&ééeniatién 48 set up and the optimum town
size cbtained {or various parameter values. This is compared to the size that
would emenge under aﬁté&naiive competitive conditicns. Section 2.6 offens
some genenal conclusions.

1t will be clean to anyone who has examined the Literature in this §ield that
the medels used are a grotesque simplication.of the manifold reasons fon

the existence of towns. Some of these reasons, especially those nelating
- to the social and trading aspects of towns, are hardly examined by any of the
models. The othern problems o4 urban organisations, such as cemmutern and
nesidential congestion, the trade off betiween travel time and Living space,
between economies in production and diseconcmies in congestion, between economies
0§ production and costs of cleaning up the pollution, and othens, are usually
examined in Lsolaticn frem each othern. The e#pﬂanaiioné that can be given

fon this pantial treatment arne,  (a} that to consddern a problem in isolation
highlights those features that are special to Ltself and (b) that the study of
wiban welfare economics L& SXLL in 4ts infancy and more complex models must
follow simple ones. Neventheless it remains true that the nesults obtained
nust be interpreted with caution. Specifically the numendical hesults negarding
the trade-of4s examined here exaggerate the choices available, and when all
“the mangins of adjustment are considered, the cffects of pollution on the

wrban envinonment will not be 80 marked as L8 suggested here.
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2.3 An Optimum Town of Fixed Size

2.3.1 The Optimisding problem and condiiicns dedining the optimum.

In this section we consider a toun with a §ixed nwnber of Andividuals with
ddentical tastes. Production is onganized at the centre and consists of
rroducing a consumption good and a bypreduct called poflfution.  Some c4
the town'éindividuatAﬁééﬁ“bé allocated to the removal o4 pollution.  Thus

the production assumptions may be wiitten dewn as,

y = é(n,I §> 0 §'>0 o ne o (1)
l = 6(71,) - g(nz) g'> o §IN)> 2> 0 (2)
ny + né =N N> {3)

where y 48 the quantity of the consumption good, ny the ahauni 04 Labour
used in its preduction, 1 the net quaﬂz{tglog pollution, and ny the amcunt
of Labour used in pellution nemoval. N 48 the toial amcunt of eaboun.  The
- undts of measwrement of pelluficn are 8¢ chesen that one undt of output
produces one unit of 'gross' pollution as a byptoducts. There are assumed
to'ba dnoieasing returns to Labeur in phoduction, but no assumpticn 4s made
as yet regarding retuins to Labcur in pollution removal.  The households
Wtility depends on the quantity of the consumption goed, ¢, that it is
allocated, the distance from the centre at which it nesides, x, ard the Level
0f pelluticr, q, that it suffers. q will depend upcn the net quantity o4
kellutior produced, z, and the distance §rom the centre at which the household
L8 Located.  Thus we may write:

u = ufe, x, qlz,x}) uc> o, Ux < 0 uq <o (4]
We do not censider hene the amcunt of Living space cccupled as a vaiable.
This can easilfy be ircerporated into the analy:is but &s held constant 80 as
o concentrate on the cthen issues. In our analysis we will consider wtality
Lo be an Lnéneaéing function ¢4 ¢ and a decreasirg function of q and x. The

functicn q will be assumed to be an Lrcreasing function ¢f z and a decheasing
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function of x .

To conéi&c}z the eptimisation ay simply as possible we assume that housenolds
ane Located on a Line with the town at the centre. Again {t is possible to
examine the case when households ane Located in the fwe dimensional
Euclidean space with the centrne of the town as Lts ondigin. As Long as x
can then be interpreted as the distance from the centre, dmplying that
pollution spreads itself 'symmetrically' around the tovn, nothing Ls

gained by ldoing sc. The consddenation of geograplic and climatic factors
that weuld Lead to an asymmetrnic distribution of pollution .in the neighboun-
hocd o4 the tewn 45 not the concern of this analysis. When we come fo
consider some numenical values forn the optimum town then 4t L& Amporntant
‘whethen the town &b treated as monocentric on as Long and namrow. At that
stage we will considen both shapes. Therefore, taking the additive

welfare function {nitially, we may wiite the maximisation as

max 2r uf el.), x, qlx, 2) ) hix) & (5)
X

Where U 48 a staieltly concave function of c, x, and q, 4increasing in ¢

and decreasing in x and ¢, and where q 45 an increasing function of 7 and

;L decrneasing functicn of x. ALL the nelevant partial derivatives are assuned
to exist. By the assumption that each household occupies a §ixed amount 05
space, the function hix) takes ﬂw, vatues 2 on 0, it taking the fomnern value
4§ the value 0§ x forn which Lt 4s eva,ﬁuatez L8 assumed to be .—'occup&’ed'.

The constraints on the maximisation anre

Nfoelx) hix) dx =y (6
2x

y = F(N, 2) (7)



020.

Equaf,éaﬂ (7) {8 an explicdit fonm of the nelationship between §, N and Z
that 4» cbtained gnom equations {1} to (3) when n, and n, are eliminated.
1t 48 clean that the necessany conditions for a maximum to iZhe above
requine that consumption be s0 allocated that the manginal wtility of
consumption 45 the same fon all households, no matter whenre tney are
Located 4. 14 this were not 40, then £t would alicays be pessible to
increase the sum of utilities by manginally reallocating consumption.
Furtheamore the marginal product of Z should be equal to the sum of the
marginal rates of substitution between the consumption good and 7. This
L5 the faniliar condition fon detexnmining the optimum quantity of a

‘Public 'bad'. Thus we may write the necessary optimum conditions as,

_?onaux: hix) > o, u, = 2 (8]
% i - U ) ki) F, (9)

With equality holding in (9] when o < Z < §(N).
These necessary conditions will define one or more sets of functions
hix}, clx], and one or more sets of values of ¥ and Z. We define {P}
as the set of points x where hix), as obtained §rom the necessary conditions,
48 positive. Then 44, the utility function 45 continuous in x 4t is clean -
that all individuals who are Located at extreme points of this set {?} |
must have equal wtility 5. For, consdden two households at xr_and X, and |
suppose that U(x,) > U(xz). (We supress the othen arguments 0.5 the utillity
functions as they are held constant.) By the definition of continuity,
V e>o03 93>0 : Ix - x; 1 <> TUR) - U] T <e. IfweLet

€ U(xll - U(le then we know that there £s an X, sufficiently close
to X4 where the diffenence in utifities between the tfiwo individuals

would be smaller than with one of them Located at Xp. Sdnce X L5 an




o21.

extreme point of (P}, Lt follows that there is a point close enough to

1
nelocating individuals.

x, that £$ unoccupied. Hence overald utility can be Lncreased by
To say anything monre about the Location of the individuals, it is necessary
to make some furthern assumpiions about the wtifdily function. . 14 the
utility juncticn 45 concave in x and ¢ then the population density is non
zero over a continuous range of values o4 x. To see this suppose tiat the
population dcnéitg L5 posditive fon x g x; and x > X0 and zeno §on
X, 07 X% e We. may write the wtility function as:

Ule,x, ¢lx,2)) = V(e,x,2) (10)

For given 7, we have by the concavity assumption ¥V 0<i<l :

‘V (xxo + {1 - ) Xoor Ayt {1 -2} c, Z) > (W(xo, C,s ) +

0)
(1 - a) V(xoo’ €y Z) (11}
V ({1-2) X, + X X0 (1-x) c, * A oo ) > (I~A)U(xo, Cyo ) +
AV(XOO. Co? Z) (12)
Adding:
v (xxo + (l-x)xoo, e, + (I-A)coo, ) + V((I-A)xo MRE I
(I-R)co R 2] > V(xo, Co Z) + V(xoo, o’ Z) ((3)'

Hence by redistributing c and relocating the households previcusly at
X, and Xo0 89 that they ate closer together, we may Lncrease the.oﬁe&akﬁ
utdllity.

The concavity 04 the wtildlty function L{n c and x requines, in addition to
what has already been asswned neganding the utility 5unct{on; that the

manginal disutility of Living further out does not nise as net pollution
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anehéa (ux " < 0) and that the Level of ret pcllution declines Less
rapidly as’ the dLﬁtance frnom the centre incrcases. (qxx >0}, Whike
thene is some evidence to suggest that the Zatten might be the case fon
noise and fon some forms 0§ pollution, b thete is no reason to suppose
that qu <0 As a special case we may considen the u/tx,&,tg function that
i additively separable between ¢ and the other arguments of the function.
In that case qu = 0, and the requirement that the marginal wtilfity of
consumption be constant [equation (8)) 4is satisfied when all individuals
have equal consunpiion, and the distribution of utilities for a ccncava‘

wtility function <n ¢ and x may be represented as shown in diegram 1, and

0. When the utility function 4s additively sepanable, however, the

popufation density can be non zero even 4§ the wtility functicn L8 not

concave in x. AL that is required the,is that wtility as a function of

x be single peaked.

0

Ly Lot ﬁ/z x 0 "\/&

Diagrham 1, Diaghem 2.

¥



25

The ahea'that 48 occupded 48 simply the peak 0§ the utility function. Since

each individual U/S.CA a fixed Length, we may choose the units o4 x such that

he occupies a unit Length, and the points X, and X, * n/? are chosen eithen

side o4 the peak, subject to the constraint that U(xo) = u(xo +n/?2)., This
constraint appties as Long as x # 0. 1§ the resddential area starts at the,

town centne as An diagram 2, then U(xo) 2 U(xa + n/2).

S¢ farn we have ondy conbid@&/fﬂe necessary conditions for the maximiration of

an additive welfare function. TIn Zthe case cf the Rawlsian welfare critericn,

we wish o choose clx) and Z, 30 as Zo maximise wtifity, éabject to utility being
independent of x [d.e.comstant fon all penAcné). The necessarny condition
relating to the chodice of Z, forn given N will stilL be that the sum of the
marginal rates ¢f subsiitution between ¢ and 7 (the marginal cppertunity codz

og ¢ in tems of 1.4n consumption) be equal to the marginal product of I, (for
nen zere 7 and non zero antipollution). For 4§ that condition wene not satisfied,
Lt would be possible Zo raise everyones utility by mdnginaﬁﬁg changing 2 and
.&ea££ccaténg the change in output s0 as o keep all utilities equal, The cholice
c4 the function c{x) and the Location of Andividuals can be Leoked at Lin teums
c4 zthe indifference pcints beteen ¢ and x. 1§ fon any given set of Lndifference
pointé that nepresent a gdven Level of utility we choose the combinations of c
and x, 50 as to mindimise the use of the consumption geed to iccate n/? Lnd&vzduaﬂa,
then we will obtain the necessany cenditicnd for an optimum, 50@ this procedure
will allow us to chocse the Mglzut Aindigference cunve for a gliven Kevd of
output. 1t seems intultively clear tim,t 44 tne wtility gunction L8 continuous,
all individuals Located by the above procedune such that they have no 'nedghbouns'
on at Leost one side must have equal condumption. Fon L§ they did not, we may
consddenr o such households Located at X, aind X0 where zthe consumption o4

the formern ¢, 46 gheaten than that of the Latten ¢ . It would then be poss.ibee
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to move the individual at X, sufficiently close to X0 such that he obtained
the same utility as before, but used Less consumption resources. Hence the
oniginal allocation could nct have been optimal, Formally we may state

this proposition as,

Lot the set o4 points at which individuals are Located be { P’}, 1
the wtility functicn L8 centinucus 4n x end ¢ and {ncheasing 4n c then a
necessaty cendition fon maximising a Rawlsian welfare functicn 44 that

consumption at alf extreme podints be equal,

. Lef X, ard X500 be Lo extreme podnts and Let o> Chpr 14 we can show
that thene exists a ¢* < ¢ -, such that for scme wnoccupied x Ulx, c*) =
ulx,, co] then we have estabfished our propositicn. |
By continuity in the nelghbewrtheod of Xy, We have  that
V e>0 3 6 : lx-x 1 < & => 1 U(COO’ x) - U(QOO, xoo) 1 < ¢

00
Since Xsc L4 an extieme pednt, 3£ven € , there exists an unoccupied x:

either 0 <l (epor R L : (14)

ch 0 < U (coc, xoo) - U(coc, x] < € (15)

) and It i
In case (14) U(coo, x} > U(coo, xoo) and therefore there exists a

e < ¢ < ¢ @ ufe*, x) = Ule Y. In case (15) e >

o0 v} co’ xoo

Ule,po X! - Ule,,,x! > 0 and therefone by making ¢ small enough we can

co
make the difference between Ule  , xoo) and Uie , x] sufficiently small &o

that, since U 48 increasing in c, thexe existr a c¥, ¢, > c¥ > €00 and

u(coo, xoo) = ufe*, . x). | (16)
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In the case where U 46 concave in x the indifference curves between ¢ and x
may be drawn as shown in diagrams 3 and 4. The Rocation of the individuals
will be continuous in both cases, with consumption falling initially with

distance and then nisdng 4in dlagram 3 and nising continuousy in diagram 4,

. , /

. N/
Diagham 4 2

So far 4n cwn analysis we have only considered the necessary conditions gor
an cptimum to an additive utility welfare crniterion and to, a Rawlsian wekfarie
cﬁizekion.. e now examine with what additional conditions the necessary
conditions derived above combine Zo nepresent a global opmmm.._

The sufficiency conditions can perhaps ‘be/.vt be discussed with neference
to diagram 5 belLow. This represents the preduction and welfare trade-offs
betiween ¥, the total quantity of the consumpiion good, and 7 the net quantity
04 polluticn. The production constraint £s nepresented by the bold Line. 1In
general a posdtive culput L8 possible with no polfution, the point Y, occurnirg

wheir 2he max{mun ameunt of Labour L8 allocated o pollution removal. The

RY
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welfare trade~-of4s between ¥V and Z nepresent the amount of extra Y the
commundity needs, gdven a marginal {ncrease in 2, to keep total welfare constant

when the Location 04 the individuals is optimally chosen fon each Y and 7.

1t {8 clear that conditicns (§) and (9) will be sufficient forn a maximum L4 the
preduction condtraint and 2ne function nepresenting the welfare trade-c4f ane
both concave. We therefore have to dinvestigate the conditions unden which

these functicns will be ccncave.

N \\\ ' A Y

N ™~
N NG
AN
BT S \\\\
.,
S

VN

Uiagram 5 Z

The Production Constraint

With dncreasding retwins Ln the production sectorn an essential asswnpiion on

the production side of the model, the concavdty of F(N,Z) with nespect to I

44 04 course not guaranteed.lt 44 possible, however, o cbtain necessary and
sujficient conditions on the §(.] and gl.} functions fon F(N, Z] 2o be concave
in 2. Intuitively Fl.) will be concave in I 4§ as ihe output Eevét Y increases,

the net polfution I incheases at an Lineneasing rate.  Now with {ncreasing aetuans
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Ain p&éduciion, as Y increases 4t will abéonb Less and Less of the Laboun

fcnce pen Qnix incnease £n Y. This will take Labour away from the antipollution
activity at a declining hate and the effect on the net Level of pollution will
depend on how the antipoflution activity decines. 1f there are dincreasing
retusns £n that activity then £&s owtput will decdine at a declining rate
(necall thai Labourn 48 being withdrawn §rom 4t progressively mere sLowly)

and consequently 1 will increase at a decreasing rafe, However 4y Anere wee
Lncreasing neturns in production and decﬁeaAing retunns in pollution remcval
then the rate of increase of I will depend on hew sLowly Labour 4s being
withdnawn §rom Lt as Y 4increases, relative Zo how 5aét>iib output declines

a8 Labour 48 transferrned 2o producing Y. In this negard we may state the
5q££cw£n§ condition: '

Given equations (1) -- (3}, the production comstraint ¥ = F(N,Z7) will be

cencave in 2 4§ and onky L4,

gon all feasible values of ", and % (One prime denctes The §inst derdivative

and two primes denotes the second derdvative.)

Preod
Frem equation (1) - (3) we cbtain, -

¥(V-2) +¢ V) -N = 0 (18)

where ¥ o= g~1 () and ¢ = £ () (19)

2 . B ..
Forn concavdity we requine that 32 /3 vi s o Diffenentiating 1 implicitly

uith nespect to Y 7;

A T (20)
dy '

n = const,



Diffenentiating again,

7
a z ] 1 ' n dz
4 = p.] b4 - ¢
an —QVT an ¢ + ¢ Y (1 av ) {21)

substituting grom (13)
322 o 17, '
sqn —7 = agn (Y 15 "+ {¢ )
9

2 \}l’" (22)

Since ihe §inst expression in brackers is negative (15) will be positive if:

wi? g < (612 " | (23)

or alternatively

" "

< <AL » (24)
ok o |

working back 2o the inverted functicns we have

¢' = 1 and ¢" = -1 "
— —_ A 25
§' (51’ 7]
and l‘{/’ = ___7_ and ¥" = - _L_ . g” (26)
g' (g")°

which y{elds

4" < - _g"
t .
§ g'
Condition {17}has 2o hold fer all feasible values of n, and n,-.
Since 7 > 0, this {mplies that Lt has to held fon

*
n, > Vl,

n, < N- n’* , Wiere n’* i the soluticer to

ﬁ(n,) - giN - n,) = 0 (27)
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Condition (17} has a natural intenpretation. The tewms §" / 4’

and g" [ g' are measwres of the coefficient of absolute nisk aversion in
the theony of rnisk.

Thein properties are explained in Arvnow (1965) but essentially they attempt

to captune the degree of concavity ot cenvexity ¢4 a function. In oun context
they may be interpreted as measurding the extent of decreasing on {ncreasing
netwins to scale, and condition (10) says that ¥ wifl be concave in I if and
cnly 4§ the decreasing netwwms to pollution nemoval, as measuned by the
'abscfute coefficeent of returns' arne gheaten than the increasing returns to

preducticn.

The Welfare Functicn.

The wetfare functicn whese trade-off between Y and 7 we atre interested 4w,

may be wnitten as

max 2/ Ulelx), x,  qlx, 2D h(x) dx (28)
X X -
8.6, N, S clx) hix) dx = y (29)
be

We may refer Lo the maximum as  w (Y, 2). 1t {8 unfortunctely true that
uen W'(..rtll’(. /th(’. 4&'1’1)_'4_"%1 60&”1 06 Wl:tg 6LLV1_C,L{:_QH thene anre no ,Lea,&cnabza Cond,é,téon,»s
jon the concavity of w {.). This can be seen by considering the additively

separable utility function, that has been discussed above,

ufe, x, qlx, 21} = V{e] + Rix, qlx, 7)) (30)
In this case it §cllows directly from (&) that c(x) h(x) = Y hix),
N

and all individucls have equal censumption. 1§ we funthen
assume that R{.] 48 single-peaked in x fon afl Z, the nesidential area can

be expressed an {ntenvak of the real Line. As stated above zthe concavity 04 R
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An x 48 sufficient fon this, although £t is not necessany.

9

Therefone, consddering an additively sepanable utility function that i8 single .

14

peaked in x, we may wiite w {.) as

/ (%;+Rx,q(x,z>}dx

x, (2]

w (Y, 2) =

x 2 0.

0
Where we have chosen the wndts cf measurement of x, such that each individual

cccupdes a undt Length.

1% may be neadily verified that,

w, 3 0 and Wyy < 0, and
o= BTN R(x, 'q(x,Z))} dx + {R(x /), gl Nf,,20)
2z : ——é; fo) 2% q xO g -

xo(Zl

R(xo, q(xa, Z))} dxo
dz

Since the wtlity at all extheme podnts 48 equal this reduces o

{Z) + N/
x? i {g_z_ R(x, qlx, Z))}J.x < 0

W
Z x, (2]

45 then given by,

and Wyq
Wy, = {_@_ Rg(xon‘ N/l qlix, +N/,), 2) ;
ol -V
xRNy |
v SR i
xo(Z) 537

The second part of the RHS of (34) will have the sign given by,

(32)

(33)

- 2 Rlxg], alx,,2) ;}dxc

(34)

——

“dZ
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XO(Z) + N/Z
sgn.  J Ry 2 (35)
. X = 4 R + R }
Y 12) 27 on { 0q'%2! q9121

< 04§ Q7 20
undetenmined otheueise

The §inst’ part cof the RIS of (3 4) has the same sign as,

2 N/, Z) 5 P
sdgn. i x + N » - } _ 7
57 ¢ 2 e R(xo, Z) d7 = an. { 3°R . dxo} (35
9x 3l dZ

> 0 4§ Gy € © qu 2 0

undeterndined otheruwise

Fon the Last prcposition we require the neéﬁﬁt that dxo > 0 4§ 4,7 € ©-

4 - _
This 48 shown in e next section when some comparative static observations
are discussed. |
1t appears thenrefone that even in this simple case we cannot sign the expression
fon Wogs aind hence we cannot estaolish the concavity ¢4 the welfare function.
One 'specdal' case when £t will be concave {8 wher the beundaties o4 the Lfown.
are independent cy 7, and Q77 2 o; .chauen, it would be extremely
fontulticous L4 the former wene o be true.
Fern the reasons given above the necessary conditicns (&) and {9) cannot
guarantee a glebal maximum. The possibility of multiple equilibria L& therefore
Anhenent in the ét&uctune.oﬂ the preblem. This means that the welfare criterion
has 2o be evaluated at each point LY, 1} where the necessany éonditioné are

ful§itled and overald maxdinmum chosen. A Local concavity condition that 4is
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sufficient fon a Local maximum, however, can be cbtained. From diagram 5
it 48 clean that at a Locak maximum the welfare indifference sunface must be

Locally concave., The slepe of this curve 48 glven by,

x {Z) + N/2
dy Y
— = .7 . - dx
dz X.O(ZI UE
w = conskt

Hence 4{ts nate of change 45 glven by

Ay x,(2) + N/, u |
—| = 23 J - z dx. (37]
dz Y. u
XO(Z) c
w = coenst

In the cate c¢f the utility functicn (30) this xequirament of Local cencavity

may te exprelsed ch:

S—————

Vc Vc dl X, Vc

{ ' ) ( L) x + N/ .

. .[ikz( (XO + h/z)’ VA ) - RZ( x.o ,Z ) dx,a + 9 2 RZZ] <o,
(35)
evaluated at the relevant ¥V and 7. The 4418t ferm within brackets is the

'marginal’ change 4in the MRS between 7 and ¢, due te an altcration 4in the

ontimal Locaticr of households wien Z increases and the secend team with the

drtegral 48 the change 4n sum 0§ the MRS between 7 and ¢ when 7 Ancreases and

the Locations are hold constant. With a neasorably well behaved wtility function

11

and pollution distribution functicn, the §inst term will be positive aid *he

secend negative. We nequine that the sum be negative,



«33.

2.3.2.  Some Companifive Static Obseavations

1t 48 of some interest to ask how the allocation 04 consumption would vary
acnoss the town, and how the choice of resdidential Locations would respond to
changes in the net Level of pollution produced. In the case '05 the addx;tévé
welfare function, we consdden the changes in consumplion over a range of
values of x when {ndividuals are continuously Located. 14 the 5unctéoﬁ elx),
is pilecacise differnentiable and we censider At overn cne such differentiable

range, then differentiating (&) with nespect to x we cbtain

' ucqqx + ucx
de for x> x> x,

(37)
d'x ucc

‘Whete x, and x, nepresent one range oven which clx) 4is differcntiable.
(Whether cn not ¢ dncreases with x depends on the sign cf the numerator, which
CAn tww depends on the complementarity and substitutabifity nelationships between
the consumpticn goed and net pollution suffered (¢ and q) and between the
consumption goed and distance from the centre (¢ and x). 1In general there
i85 no neason to assume a particular nelation between these goods and 'bads'
and 80 Lt {8 not possible to make any general statement regarnding how
con/sump,té(-m varies witn distance from the centre.
When the wtility functicn L8 additively separable betiveen c¢ and the othen
anguments, then consurption &5 equal for all individuals, 1In diagrams (1)
and {2) we showed the distribution of utility this would imply when the wtility
function was concave in x. 1% is interesting Zo note that in this case any

increase in the town's population will Lead {individuals being Located both



funthen out and cﬁééen in, wienever this 48 possible (L.e, whereven X, £ o).
Furthermone any increase Ain the Level of polluticn I will not necessanily Lead
to the tounshdp meving furthen out (4L.e. CE may be of either sign).

=7 _
This can easily be seen 4n diagram 6 below., At Level of pollution Zo the town
is cptimally Located between x and x + Nj,. At an increased Leved of .
pollution zo'+ A Zo the new wtility curve will Lie belew the oniginak curve,
and be cencave. However, £t may be that the change An utilfity 44 greaten
closern 2o the centre than 4t 45 funthen cut (case (a) 4n diagram 6), on it
may be that the change 48 greater fuithen cut, than 4Lt 4% nean the centre.
(Case (b) 4n diagram 6). 1In the fonmer case it is clean that the same population
can be best Located by shifting everyeone a Little furnthen out. 1In the fatten
@aée, hewever, the neverse 48 taue. Thus the result depends on the sign cf the
partial derdvative U, By differentiating the uwtility function it is clean

that Uq, > 0 44 a7 € o©. This conresponds to case (a). Hewever £f

u < 0 then Q7 > 0, a3 in case (b).

xZ
Therefene for Lt 2o be cptimal for the hesddential arato be moved further ghom
the centre, the change in the distribution of pollution as a xesult of an {ncrease
in the Level produced has to be such that areas furthen cut are relatively

< . .o .
no werse ajfected. Whether Q7 > 045 of cowrse an empirical guestion.

In the case 04 the Rawlsian welfare funcidion we note that the allocation 94

the consumption goed 48 such as to hofd utility wcnstant. Thus where utility
from :

would dncrease with an Lncrease 4n the distance [ the centre, the consumpiion

ablocated declines with the distance, and there wtility would decreasc witn
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distance frnom the centre, the consumption allocated increases. With insistence
on complete equality of utility, the Locations chosen wifl depend both on the
Level of poflution T and the Level of output Y. The Latter will be the case
even when the wtility function 4is additively separable between ¢ and x’z’

When the utility function Ls concave 4in ¢ and x Lt {6 possible to analyse

the effects of qualitative changes of X, the distance §rom the centne of the
toun that the resddential district stants, with respect to 2 end Y. 1In

general this 48 kather dnvolved and the answers appear to depend on thind

onden perntial derivetives of the utility function, which éannot reasonably

be signed. Howovern L§ the utility function Ls additively separable in ¢ and

x, then
ax > >
e < 0 as sz < 0
ol
>
“and Efﬁ 0
1%

Theiﬁénét nesult 48 exactly the same ar fon the wtilitarian welfare functicn
and arnises because the nefative distribution cof polfution cver zthe space L4
dmpostant, as well as the absolute Levelf. The secend result L{ndicates that as
real inceme Lncreases, the maﬂginal'oppoatunity cost 04 nearness to the centre
rises in termsd o4 the consumption good, for a given distance frem the centre,
Hence 2o obtain the maximum equal utllity 4t 48 now nelatively menre desiravle

to Locate evenyone furnthen out.
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2.3,3  The Attaiyment of the Optimum by Decentralisation.

In this section we examine the conditions under wikich the optimum can be attained

when the households and the producers make Lndependent decisions. We considen
optimal L ) ‘ '

Anditiakly the case where the Locaticn of 4individuals 48 centinuous (L.e. the

s24 { P} can be nepresented by intervals ¢f the real Line), the Levels of

V and 1 axe 4ixed, and the welfare crniterdion &5 the additive utidity one.

Fern this case we may cbtain the optimum by defining a hental function plx),

cven the range where we desine Lo Lecate the househelfds, and e distribution

c4 dncome  such tnat households maxdimise thein wtilities at the glven rental

function to chocse the optimum consumpticn function clx):

Max ule, x, qlx, 7))

5.2, ¢ + plx) = M ’ - (38)
The §4inst onden conditions forn an cptimum wne!?
. X
dx u (39]
c
To cbtain the optimal value of plx),
* U!‘
= x = _x -
dx u*, A . 110]

Where the star indicates optimal values of the partial derivatives.

Therefonz X dp = w = “*f - Ude (41)
dx dx
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_where 't! indleates the total derivative of U with nespect to x.

Integrating (41) yields

Copld = Ul - elx) | (42)

‘ A

Fen the rental function fo Yield the optimum 4t has alsc. to be true that no
othen feasible combiration ¢f ¢ and X gdves gheater wtility than the cémbination
tepresented by the finst orden condii&ané.|39). Such fjeasible combinations

are gdven by '

¢+ pld € ctx) o+ plxt) (43)

Where the x* Aindicates the cptimum cholce, Substituting (42) gdves:

elx) +  Ulx) - elx) < elx*) o+ Ulx*) - elx¥)
A ' A
Uix) < u{x*) (44)

which establishes the desdired propesition., A similarn nesult can be obtained
fen the Rawlsian weliane crniterdon . We note that the decentralisation does
not depend in edthen case on how U varies with xm.

The above competitive realisaticn 45, hcwever, a very Limited result, fon it
dcexs net deal with the chodce of ¥V and Z. When the production constraint

@ concave a Lecal maximum can crly be «‘Leafuéd competiively, as Leng as
carne L8 taken to ensune that a condilion similar to (38) 4 satisgdied. Fox,
if the government agency places a tax cn the pollution 1 of PZ, and the wage

per unit of Labour gorce is so determined that the whole laboun force 43 always

employed, then zhe producer may be requined to maximise profdls at given prices:

T o= '6(n,) - pz.(é(n,) - g(nzl) - w.(n, + "2) (45)
The §inst onder conditions yeidd,
1
= = F (46)
PZ .7_6.__[- Z

§ +g.
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and it may be neadily verigéed that the sccond order conditions will be
datisfied 4f FZZ < o0 and W {8 chosen 40 that demand forn Labowr 4is equal to

N,

x +n/
Setting P, = 2. 59 . Eg . dx, we obtain the necessary
%o e

condition (9) for a Local optimum. The sufficiency condition for Locak
optimality, however, 48 that the sum of the marginal rates of substitution
beticeen Z and ¢ be Lncreasing with 7 in the nedghbourheed o4 the maximum.

This has to be dindependently verifdied to ensure sufficiency. 1In the case

04 the additively separable utility function we have seen that it entails

expressicn (38) beding satisfied and we can dinterpret the ferms dinvolved, 1In
diagrem (7) below we ALustrate such a Local optimum, Az'pnice p(l)'the

producer will chocse o and at price p(2) he will choose 8. The Eatien 4 a

Local minimum and the formern 48 a £odiﬁ maxdmum,

In the abeve we have asswned that the production constraint 4is concave, and

as we have seen this will only be thue in special circumstonces. 14 the

concavity of the production constraint 48 not satisfied then the price déceni&aﬂiéa-
Llon will not guerantee even a Local opimum. In diagham (g} below we Lﬂﬂuéﬁaaie |
such a case. « and B are the points chosen at prices pé” and p§2) o
respectively, They are net Locak optima and the (global] optimum L8 attained

by profit minimisation at y with the price PéZ) for Z.

This section may be coifuded by cbserving that there are substantial

difficulties in the way of a price decentralisation cof both producer and consumen
decislons. A Lecal optimum L8 possible {4 zthe production constraint 44 |
concave, providing that the concavity of the welfare criterdon Lin the
nedghbourhood of ztae optimum, L8 Andependently verdigied. Witheut concavdty 4in

the production condtraint a Local optimum &8 not necessarily attainable by

price decentralisation,
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2.4, An Optimum Geography of Simifar Tcwns.

2.4.1  Conditions defining the optimum size of town.

In this section we develop owr analysis to take account of a variable Zoun
s4ze. This 48 done by asswning that the population 48 to be divided into a
number of ddentical teuns 40 as to maximise scme welfare crditericn for the
whole populatici, 1§ the number of such towns {4 Large, then we may
convendently represent the chodce of this number by a continuous variable.,
We wi{ll assume That this 48 sc.

The total population cf the country 48 P, and it 48 to be Located in t towns

04 size N each. 1§ the welfare criterion fon society 44 additive then we may

represent 4t as

QLN = 2. 5 5 uleln,xqlx, ) h(x) dx (47)
X
P ( )
8.2 2oy b efxd - F(ﬁ!_,_Z_))h(x) dx © = ¢ (48)
pd N

We may write the Laghangian as

P ( )
Y M s ulelx), x, qlx,20 - A {elx) - F(8,2))) k() dx
N x )

N

(49)

. The necessary conditions fon a Local maximum che (8) and (9) above, and in
addition,

3L -

" (50)
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We may obtain {50) explicilly and interpret Lt when the utility function

L8 additively separable betiween x and ¢, and 4t {8 single peaked 4in x.
As stated earkier these conditions imply that the cptimal Locations will be
an interval of the neal Line. Then (49) may be rewnitten as,

0 2
L viel) ¢ R{e aix,2))] -2l etn) - Fi,2)]

( FiN, 2

<
Py

Difgenentiating with respect to N gives,

x + N/
aL Q y 2 ( )
£ 2 -2+ 2.~ S 3 . ( X. F(N,2) dx
3N N Nox TN %)
P (1 \
+ 2.; ( E-RQXO + h/z),q) - % ef X, * N/Z ) + A F(N,Z);
. 2
N
(52)
- 2. L, %l Rix, + Ny d -2 el x s/, 1+ A F(N,2))
nooba 2. e N A
P (1 X & )
¢+ 72 & Z AYF N - FIN,2)
no Lo pUN H
Z g‘_‘_ _
N (53)
From condition (&) we obtain,
C(Xo + N/z) = FIN,2). (54) Heice il; = 0 =>,
N oN
2. k. {lk((xowv/z),u » LA FEN - r(u,zﬂ S MR
7 Z N _—“71 )
: P.2.N

dx
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Rearnanging, this gives

a - NRIw +NL.,D ) _ A )
4] s ) ) = (NFN F(IJ,Z) ]

(56)
Conditicn (56) may be interpreted as follows,
14 we take afew pecple 4rem each Zewn and set up a new feown, then the gain 05
utility te the resddents at a constant Level o4 consumption is5, N.Q.The
Loss 0f wtility dnem existing Lowns L5, ~N'R((xo + N/Z)’ 7). Heice the net
wtility gain 44 the Left hand side of (56). Hewever such gain was caleulated
e the basis that no change 4n condumpticn per head cccurs. The Loss 4n ‘outpu,t
to all existing towns LS NFN; and the gain in cutput to the new fown 4is
f(N,Z). The utildity valuation of 1his change <8 the night hand side of (56).
The marginal conditicn kquineéﬁigfh in Locaticnal wtility to be equal to the
Less din condumpticin utdlidy, 8¢ that no furnther manginal subdivisicn of the
population 4s desinable. ‘
Conditions (&), (9) and (56) are onby necessary for a Locally optinum
gecgraphy. By an argument similar to that used in the previous section, these
conditions, along with the concavdty .of Q4n Y, Z and N and the concavity of
FIN, 2) 4in N and Z would be sufficient for a glelal maximum., Hewever, as with
the preblem when N was held constant, there are no reasonable conditions to -
guarantee the concavity 0§ @ The concavity of F(.) in N and Z nequines that

F < o F < 0 FNNFZZ - FNZ‘> 0 (57)

Using zhe same nctation as (19) and taking zhe Lmplicdt form of F(.) given

i (18), Zthe Lasi condition heduces Zo,

2 ’ ) n o 4
Sot (FyFgy - Fo) = Sgn .i o (o' + g ) < o (58)
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(56) is negative, since with decreasing neturns to scale in poflution nemoval
ard increasing returns Lo scale in production @' and V" ane 0f oppos.ite signs.
1t would appear therefcre that even Local concavity conditions cannoit be
satisfied fon the function F(.). A Local cptimum would then be defined as

a point when conditicns (&), (9) and (56) are satisfied, andlwhanz L{.} 4» |

Lecally conceve 4n Y, 7 and N.

2.4.2. Seme. Cempatotive Static Observations.

The §irsz point that we note here L that the necessany cenditions 4or an
cptimun, and hence the cptimum sdize of Lown, are independent of the size of
 the population P.  This 45 of course because we have not considered any
cvenall Land anea constraints, and any varlaticn iﬁ'Ihe anea occupled pen

. dndividual. 1§ such variations wenre considenred, then the size of the popula-
tion would be relevant. | |

14 48 of some Lnterest also Zo compare the §ull optimum with the equilibrium
which would prevadl when there was ro contrhol on pollution and the town size
was detewndned by competitive forces.  Under these condificins an equilibaium
town sdize will only exist, 4§ the production process is such that the increasing
retunns postulated hithento, only Last up to a certain Level og output, and
bevond that Level dimindshing retuiing set Zn. Such a case 48 LLustrated
in  diagham & belew.,  There are Lncreasing retfurns up to town size N*, and
then diméndshing returns set Ln, the uncontrolled town size £s then given by

N**.  The whele wreduction sthuctune may then be represented as:
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>
n
Diagham §
y = §ln) §' > o " 2 o fon n, o< N* (59)
§" < o {fcr n, 3 N® (60)
7 = 5(n1) g(nz)_
g' > ¢ g" < o
ny oty = N ' . ’ ' {61)

in the Long run
New An the competitive s{tuation/the numbern of towns will expand to the point

‘whete zero excess proddts are being made. This dmplies a competitive

equilibrium, subscrdipted by ¢, at which we have

N = N** Z

1]

6(N&*) yc 6““‘**}

= oy FIN,LZ) = NFLL o F L) = o (62)

Moo / e

At the full cptimum it {8 clear that zhe proportion of the Labowr force

employed in pollution removal cannct fall, tut it L8 not clear whethen the town
nelative to the competitive equilibrium,

84ze will nise or fall/ There are two §orces at work. On the one hand

a smallen town means that there 4is a marginal consumpticn Loss grom furthen

subdivisior to cancel the manginal Locational gain, but orn the other hand a
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Largen Zown may mean that mone people can be allocated to pollution removal

ane hence the Lecationed gaind are smaflen from setting up more towns. e

may obtain the conditions under wiich the town size will not expand when we
meve frem a competitive equilibtium to an optimum as 4{ollows. At the opLimum
the conditions defining N and I arne given by | |
N, - FIND)
F. = B* > o {64)

A* > o (63)

Where A and B ane determdined by N, 7 and the cptimal Locaticns. Now Li§ stuting

at N** with A = B = ¢, we fdnd that N  and ) are negative, then

oA B

Q>

‘ , . 1
the cptimum cannct be attained at an N > N*, when A* and B* 'are small numbe/tj!

To examine the conditicns under which the twe partial derivatives are negative,

we obtain the fellowing exphessicns by Amplicit differentiation of 163) and

(64}
= Py A= NR, ¢ F (65)
Where,
2 |
of = WMAwFz - Rt Ty Fy - (66)

From (65) and [0é) we note that 4§,
{a) The producticn constraint L8 concave 4n Z and N in the nedghkbourhood 0§

- VR
(b} rZN > 0 N N

then ,

gfﬂ‘ < ¢ and gy_ < 0,
dA dB
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Under these cincumstances the {ufl optimum 44 characterdised by a no Largen
town sdze than <he §rce competitive equilibrium with a no smaller preportion
o4 the populaticn empleyed 4in polluticn remcval. Hence the quantity of net
pelluticn at such an cplimum L3 not greatern than that at a competitive
equilibaium. When the fown s4ze under a competitive equilibrium &3 smallen
than under the optimum, however, the net Level of poflution must be Lowen iﬁ
the Lattexr case than in the former. For 4§ this were net sc, the competitive
equilibrium would nepresent a greatern Level cof welfane with Less net pollution
and greater output per head. |

By intreducing, in the above discussicn, a hange of the production function
whene there cre decreasing neturns to the production process, 4t would seem

20 be impertant to necensider the sufficiency conditicns discussed in the
ﬁ&evicus subsecticn. This 48 because, as we have seen above the full optimum
may Lie in the range whene there are decreasing retwins or in the nange whene
lthe&e are increasdng retuwns fo §(.). T4 the opfimum Lies {n the fommer nrange
then F(.) is concave, and a Local opiimum 48 defined by the cencavity of

F(.), and 0§ q. It 48 cf ccuwnse s242L net pessible to define a gZobdﬁ

opiimum by conditicns (8), {9) and (56), as there 48 ne way of ensuning the
concavdty cf @, and there 45 always the possibitity of an eQuiﬁLanum in the

incheasing neturns xange. Thus the problem of multiple equilibria nemains

as Limporntant as evex,
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2.4.3

Some Comments on the attadvment of an Optimun by Price Decentralisation

1t would appear rom the discussion 80 far, that the chances of attaining
the optimum by price decentralisation atre rather bleak,  The difficulties
that anise do s0 on account of the non concavity of both the F(.) function
and of & . Tt is always possible to allocate the individuals optimally
in zhe space arcund the town by competitive decentnaLLAaILon; when Y, 2 and'
N oare fixed. When Y and 7 are variable, but N 4s fdxed, price
decentralisaticn to a Lecal optdmum L5 possible as Long as the pnoduction
consthaint (s concave in 2, and as Loeng as the Local concavdty of w
48 dndependently verified.  When N 4s also variable we have seen that

Ain the dincreasing returns region fon the production activity, the concavity
o4 Fl.) in N and 7 will not be satisfied. In the region when ny > N*
concavity will be satisfied.  Since we wish to control the Level of twe
Cvariables N and 7 %c¢ cbiain the optimun, £t would be naturel *o. think in
terms cf two instwuments; one, a peflution tax equal to the sum of the
" marginal rates cf substitution between Z and C when the community 4s
optimally Located, and the other an employment Ztax, varying with the Level
o4 employment (and probably also with the Level of pollution), and based

ch the difference between the average and marginal wtilities in an optimally
Located town.  Howeven, 4onmulating the problem in this marnen it is easy ™
to see that L4 4irms act competitivedy Zo maximise profits, and Li§ the
equilibriuwn 48 cne cf zero profits, then ot T the
second onden prodit maximésation conditions will/be satisfied if the optimum
value of ny {8 Less than N*.  They will be satisfied undern centain

conditions L5 ny 7 N*.  Therefore 4§ the optimum consists of a

toun sdze greaten than that at which the dncreasing neturns set in, then the
preduction dccen:naﬂésatiozag/bgeabibﬁe as suggested above’? 1t skt
remadnd hue however that the coﬁcauity’od 84n 7 and N wifl |

AL have o be verified independently to enstune that the necessany
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conditions do not represent a constrained mindmwn, but nathern a constrained
Local maximun. | -
Qvernall then 4t appears that the problems of optimal touwns cannot in general.
be sclved by mimiiing Lthe competitive model, when considerations of
pollution ane {mpcatant and when there are Lncreasing returns £in the
producticn phreccess, fon scme nange of ocutput. It would be of scme benefit
to krow just how much and with respect to which parametens tie town size and
the fevel of pollution are affected in onder to atfain the optimum, 4in
comparison u;/;t,’: the uncontrofled equilibrium., Forn 44 the diffenences are
Large, then the Ampontance of direct controls on N and 7 are fo be
emphasised mehe stnongly. 1§, cn the othen hand the optimum town size is greaten
than N*, then scme decentralisation rﬁay be feasible. 1t 48 to an examination of
such differences, witiin a plausi<ble parametric §ramework, that we now phoceed,

7.5, A Paramatric Fermulation o4 Optimum Towns with Envirovmental Exteanalities.

2,5.1 Introducticn

. In this section we set cut the problem examined in the rest of the chapten
within a perameteic framework and carny out some simulations to obtain the
cptimum town é.ézva and the opfimum _a&tocatéon cf Labour beticeen the
preduction and the cleanding sectors urder varying assumpticns neganding
the social weffarne criterdion and the 'geoghaphy', and 4on various paremeten
values. The podnt of reference in setting up tne Mame,'vo,{h and internpreting
the nesults will be the "uncontrofled competitive Lown." This s the Ztown
with no contrcl of pollution, and with the size determined by the Level of
employment at which the average product of Lavcun in iha production secton
48 maximised. T4 we fix the Level of employment at which the dedwing
retunns to scafe et in at 500,000, then the point at which the average
product 4is naximiscd can be obtained from this figure and the parameters of
the system. We may then compare the various optime with this by consdidering
that if the uncentrolled comp?/t{'/t{\)é town has say 800,000 people and no
pollution centnel, then the eptimwn town has 'x' people, of whom 'p'

peacent are employed 4n cfeandng up pollution and
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the net Level of pollution at the centre is 'y' percent Lowen.

1t will be apparent that some 0§ the parameter values considened here

have Little empinical foundation. While this is negrettable and implies
that the model has Litile quantitative use it does not renden the exercise
valueless, for a range of velues are considered and the model provides

some interesting Ansight into the sensd{tivity of the results with respect 2o
some 04 parametern valuzs relative Lo others and indeed the direction in whidz

the cptimun mcves as scme parameterns change 45 not Lnfultively cbvicus.

2.5.2 The Preducticn Sthaucture

We define the preducticn of the consumpticn good by the §ollowing relations:

: k *
Yy = nl k>1 o$n]~$bl - (67)

y = Bnle-c 1360 ny 2N | (68)

B,C, positive constants,

» *
By requiningcontinully at ny = N*and differnentiability at N,

we chtain the 4ollcuwding expressdens for € and B :

B=S(v)RE (differentiability) S (69)
C = &’S - 1; (N*)k (continulty) (70} |

Dijfenentiabibity at vy =N 48 assumed 80 as %o ensure smoothness in the
preduction functicn and mevehgthe nesulis depending upon a 'Rink' at

that podnt. |

We define the cleaning activity as producing an anti-pollutant, S, an amount
given by ihe relation,

)

S$= Dn, o<§ & 1 n,% o (71)

) - Dy positive constant
and the net Level of polfution, I, 44 gtven by,

Z =y-S§ Z 2o ’ (72)
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In order o choose D, we require that when the consumption good process is
erploying N* pecple, the pollution that theg create can be cleared completely
by E.NF people’? Hence,

D = 5-6- N k-8
Finally the Labeur employed in both the activities adds up to the total
quantity cf Laboun,

ng +on, = N | (74)
With such a producticn structure, the production constraint, y = F (Z),
{cn given N < N*,*may be concave. Conéavity vwlL be assured 44,

n .
b1+ (1- 6) (75]

-
N n]

where n’* {5 the sclution to the equation,
ﬁ,h - (N* - n,)é = 0 (76)
However, as shewn earnlien, Zhe production constraint ¥ = F(Z,N) will not be
cencave.  Furthermere the conddition nequired %o enéuﬁe that the optimum
town be smallern than the competitive Lown, [FNZ x> 0) cannot be
guananteed fer any parameter values.
Thg production structure thus has thé following undetermined parameter values,
k, €, 8, £ and N*.
2.5.3 The Prefenence Structure and the Social Welfare Criterdon.

The individual preferences are gliven by/&EﬁE&tg function,
o>0 B>0 y>0

U= c® (T-x Bz -q _ )
m «+ Bty = 1

T>x20,2 >q30 (77)
¢ >0 n ’
Log U = adfogc ¢ =2, x =T (78]
¢ = (Z (1 - nr.x)) ' X < % o> 0 (79)
0 g
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Such a wtility function expresses wtllity as an increasing function of the
consunption good, nearness Lo the centre (T-x) and the absence

04 pellution leg. quietin the case of nolse). The parametesis T and Zm
may Znen be {nterpreted as follows; T L8 the maximum distance. {rom the
centre cf the town that any houschold may be Located, and ZmL5 the

maxLnwn Level 04 the pellutdicn 7 that may be tolerated., 1t 48 natural

to think cf a Limit such as T - one cannct spend mone than the vhole
working day commuting ci the whole of ones wageé on thavel, The Limit

Z, 45 a convendent translation cf the measure of poilution 4rom a 'bad’

Zo algadd. 125 useiulness will appearn again when we discuss the
measuiement 04 nodise costs in Chapten 3.  Fen the moment we may think

55 it as scmehcw nelated £o the Level of pellution produced at Ihe'cent&c
in a competitive town.  With nodse pollution, (Zm - q) would be
.the Level of quiet enjoyed by households at distance x §rom the centre. Z,
wouwld be the maximum endurable noise at the centre.  Nonmalising the
ccedficients o B ady Zo add up %o éne, imp«”/{ejsj that the income elasticities
cé.demand fon the aggregate ccndumpiion basket, fon 'nearress' to the centre,
and fon greedem from pollution are all unily. -Funihenmoné the coaé&ic&ént;
weuld then nepresent the proporticn of ones income that £s spent on each of
these goods. |

The distribution of pellution cver Apdce has a very simple assumed form. 1%
48 expecréd that the pollution will be the greatest at the centre and decline
Lineenly uwitid, at a distance oé«i from the centre we avive at a pollution-
5nee'zcne. This may be a poor approximaticn for aircragt noise, which
appears to decline monre exponentlally than Lineanly. 1t 48 not clear how
good an approximation £t 48 for wrban noZAe o air pollution. 1t does
however, have the advantage of allowing the social welfare criterion to be

computed analyticaldy fon the chosen utildity function.  Furthermone: the
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implication of a situation where pollution is moxe 'spread out' can

be studied {n this simple form by comparing situaticns such as A and B,

or A and C in diagram 9.  This can be done by varying ¢  and 2

-

Aq.

x >
Y
The scelal welfare critericn may belexmessed as,
. xo+N/2 T
o) =,y B e . (80
X I- 0
o :
“don a '"Leng and narvuew! toen.  Aso > 1 (80) 48 given by
xo+N/2
lim §(,0) = 2 J log u(.) dx | (81)
o+l X

which s the additive sccial welfare crdterion with a sepanable-utility

function and an drplied equal consumpticn per head used as the welfare
preceding :

eiterdion fon much of the fanalysis in this chapter. Henceforth when we ccnsiden

the additive socdal welfare critenion we shall set o = 1. Forn a céreular toun

the same welfane critericn gives

x +R
o
Tim §(.‘0) = J log U (*)x dx (82}
(o X5
where, .
N : 8
X+R=y/xz+_____ (3)
¢ o]
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v = average density of the pepulation pern squate mife.

Witn the Rawlsian social welfare crniterion we have

0
o>+ o ] (84)

vm § (.,0) = U

Whenre Uo 45 a given Level of wtility, Andependent of x. The consumption
would then have to vany achoss x

Lwy®  [O7° [2-gY = U | (85)

The prefenence structuwne and the social welfare critenion thus has the

follewing undetermined parameters, a, 8, T, Zm’ n, and v.

2.5.4. Computing the optimum utilify 4on a fixed population when

(1) There 4% an addfive social weldare caitenion and

(2) A Ravlaian social weliane crditerion

1) An additive social weliare crnltenion

(e) A Long and naviow fown

A necessary cendition for optimaldity as obtained grom (§) Lin the

separable case {3 that

. ¥
¢ = ¥ : (86)

at all x where the nesidential density £s positive. Since with the chosen
wtility function the nesidential area 45 an interval of the neal Line

all we neéd to select 45 X 0’ in onden to obtain the set of points whenre the
nesdidential densdty L5 positive. 1In dping this we necall that atk .
hiouseholds must be Located within a dx'/s/tancé o T §rom the centre. Hence

X, i5 given, for a Long and naviow Lown as,

X = min [ (T'N/Z)» max (O’XO*) 7 (67
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where x* £8 the scution to
g Log T-x,*-N/y) + y Log (Z,-ZU1-2dx #K/,))) =
, B Lcg Hz%‘l+ym&9(§{zﬁdudl (§§)
Thit 15 a polyacmial 4in xo* which has 2o be so0fved numerically in

genenal.  When p3Y , however, the solution 48 given by

-~

(z -7)

AR AN LR | (59)

in

To compute the cptimum wtility forn a given N (4dxed populaticn), we
scan through the rarge ¢f permissible values of n, and ny and compute
utility fon each set c¢f vatues of n, and ny, given the optimal Location

04 households.  Recall frem (24) that np + ng= n. The restrictions

on the values of ry and n, are glven by,

] !
n,h /5
max Sy g | — fon my Nt (90)
R 0
B ] ]
/ fy -e-Z Vs By -c /8
max | 0, \————-———— $hy g ————|" forn, » N* (97)
N* L8 thd point at whillh marginal Lncrexsing nedtuins stop and decreasing

manginal retwns det Ln.
The night hand inequalities in (90) and (97) nepresent the restriction

that ‘the net Level of pollution cannot be negative. The £eft hand
&'nequaua'e/s nephesent the restriction that the allocation of Laboun

48 bound below by zero on that amcunt of Labour that will jws»t'—p/wu.ent'
the net polluticn §rom nising above the maxémun endurable - whichever &s

the greaten. The value of the social welfane eriterion fon the optimal

Locaticn o4 individuals £is given by

x0+N/9 v xo*”/z xO+N/2
wly, 2 = 2.[ ] Talegy dx+8 J Log (T-x)dx+vy ; Rog (Zm-q)dx
X, xo' . X,

ubstituting in for q grom (79},
this expresidion may be in.teg)zated, team by team, to give

(92)
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. xo v N/Z
Wle2l = o NLogy 4+ 28[ (T-x} -~ (T-x) &og [T-x)]
: N X :
0
xo ? N/Z
+ 2. [ (2, 7 +12x) Log (Z,-2+n2x) - (2 -Tenzx)|
n.2 ,
X, _ . 193)
on, y i 1to, x+N2Z < 1 |
T _ 9 )
+ 2.% [ (Zm-ZHLZx) Log (Zm-ZHLZx) - (Zm"ZHLZX.)]
n.l X '
0 [ ad
+28 ,_ (x, +N/)) - 7/&)] Log Zm?
44 7 # o0, x0+N/2 21 > X,
r
0”’-, .
+ YN Log Z, i§2=0 o1 x, 2 1
n
By evaluating the sccial welfare erniterden for all different possible
combiraticns of n ' and Py that combination which maximises the erniterion
may be cbtained, and frem it the corresponding Levels of Z and y.
(e} A cireularn Zeoun
With a circular Zown the additive social welfare eritericn may
be expressed as,
x, * R
S (alog (¥Y) + BLog (T-x)+ Log (Z - q)) x dx (94]
() m : D
xo N . L3
wnete X, © 448 gdven by,
1
- { )7 - :
X, = mut.{( T-N_ )y s max (o, xo*l S (95)
T-v '
and x ¥ 44 obtained by an expression analgouws tc (88) When B =¥ ,
0
£his expressicn becomes,
. N,
Y. 2P (96)
A
Wnere T = T - (er - 17)

r.2
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Again to compute the optimum-uiiﬁity, one scans through the combinations
o4 n,_and hy satisfying (90} on (91) whichever i4 &eﬂevant; and Lintegrating
expression (94). - This dntegration ylelds a serics of ﬁonmJS somewhat mose |
compfey than (93], but simifarly obtairable. Again the combination of
nl and ny and the corresponding values of y and z, that maximise the social

welfare criterdion may be obtained.

7. A Rawlsian Sccedal (eli{are Crifernicon

From equaticn (85) we may expiess the Rawlsian Welfare Critericn as
cheosing a glven Level of utility uo fon au individuals, by varying
censumption C(x) cver x, I£ 48 easy fo see, frcm the necessary condition
that consumpticn at cll extreme podints of the set ¢f househcld Locations
Ea equ_aﬁ.] Ythat the choice of X, undern such a welfare crnitericn will be
the same a8 that undexr the additive erditerion.,  Hence §or a Leng and
hartow Zown x will be given by (87) and (88) and for a cirewlarn town
Lt will be given by [95) and an expressicn analogeus to (88), which yields
(96) when B = y. To cempute the maxdmum value 0§ U, available when

"y and n, are given and the Locations chesen we {nvent (85) to cbtain:

] -B/ - Y
Clx) = U o . (T-x F-iz -q % . (97)

Integrating with rnespect 2o - x  and multipluing by two gdues,™
ox + N/ '

So 2 _% 4 S ’—2 'Bé _ YAa
Z ) Clx) dx = Y = UO / (T - x) (Zm - q) dx
0 0 (95)
This expressicn he?ds fon a Leng and naviow town. A sdmilan one may be
obtained for a cireukan town we'aym £, oS,
xo * N/Z |
£, = z-i (T - x) Bl Qm -q) Yo dx. 199)

)



Then,

| ond
[}]
<
S~
™
QQ

(100)

The integral E 7caymoxt be evafuated analytically but it may be computed
by using numerical methods and hence u, may be obtained. To find

the con:‘bir.auom 04 " and ny that maximise uo fon given n, we |
scan /t!moug'lz the various combinations, taking account ¢4 (74), (90) and
(21) and cempute uo for each combination.

-

2.5.5 Computing the optimum utility when the populaticn 44 variable.

To obtain the cverafl cptinmum, incfuding the cptimum town size, we have

to scan through the range of fown s{zes. There 45 a natural maximum

to the tewn sdizes, called N , whene,
max
max = 2T gorn a £eng und navew fown (101}
and N o2x = wTly for a circulan toun {102)

This follows grom the definiticn of T ond the form of the utility

function (77 ).

Fon the cverall optimum, at the chosen N, nl. and ", should be such that,
0. is maximised {as Ain equaticn (47)) wnere,
o= Dl | | (103)
N
wlY, Z) 4s the moxinum value of the social welfore endterion fon given N.

Since P 4s inrelevant to the cptimésation, maximising £* , amounts zo
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scanning through N and, fcr each N computinguw (y, 7) ‘as dndicated in
the previous secticn.  That value of N that maximises (u(y Z)
. 2

is the desined overall optimum, N

2.5.6. Investigating the Possibility of Mubtiple Equilibria for a
Fixed Tcun Size.

Tn section 2.3.1 we discussed the possibility of multiple scluticns to the
necessary conditicns that define the cptimum to an additive social welfare
criterdon fen a Lerg and narrow fown, It would be 04 some {nterest Zo.
investigate whether such multiple sofutions wene Likely fen plausible
paranetrde values.  Such solutlons would represent nultiple tangency

podits betiween the welfare indifference curves, and the production constrnint,
An diagham 5 and theirn exdstence and positions would help threw some Light

cn how Likely a competitive system L8 Zo go w/wng in contholling pollution.

Frem equaticn (9 we know that a necessary condificn fon an interion

optinun to the above problem 4s, |

X, + N/z
ZS = F (104)
X

. tmen g =1
Givenl77) and (81) fthe L H.s04 (104]) rmay be wiitten as L, where

, , .
min [Xo + h/z, 1/1 P
L, = 2. ¥.Y \ 1 - 1x dx for x < . . {105)
a.N Z, - 711 - ax) : n

This may be integhated to give,

max (V(XO + N/z], 0) .
z [i’,‘og (z - - 1] v Vlgonz 4o
i ' .

Where Vixk (1 - ) (107)
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From (67) to (72) the R.H.S. of (104) may be wiltten as LZ’ where,

1 + 87D Vlz nz > 0
K ”-; K-1
Lz = 1 60& nl > N*
§ -1
1 + 8.0 n, : n, > 0
€.B ny e -1

Thus by scanning threugh the permissible values of hy and ny all
scluticns 04 equation (104) can be computed, and furthermcne the
shape of the welfarne Lndifference surfaces and the production

constraint can be deduced.

2.5.7. Scme PLausible Parameter Values 4ox the System

-~ Some Plausible Parnametens of the Production Struciure,

We considen the parametens in the following orden,

Parametens of the production stuwcture,

(108)

(109)

k,e,N*: The parametens of the production structune are chosen in such a way

that the city size which maximises average preduct with no pollution control

will be one with arcund a million inhabitants. This seems a typical city

be

size to consides, and, as CLark (1968) points owt, &L arpeans to/the emerging

s4ze i an Andusiiial country. Consequently, in ordern to obtain an

N¥* of 1,000,000, N* is §ixed at 500,000, N** may be expressed in teams of

N*, €, and k by 1ie followdng expressdon

[L (k - 2)11/8 Nt

[k (1 - S)J

il

N*&
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With the given value of N*, we consider values of k nanging from 1,2 to 1.8
.and values of € ranging from 0.6 Zo 0.9. This gives an N** nanging §rom
about 3/4 million %o 1’/4 milLLion., .

As a special case we condiden the situation where € = 1.0, In this event
avernage product is alwaiys nising and the uncontnolled city size is defined

as the maxirum possible city size, for a menocentric city given the Qeogna-
phical and iravelling Limitations. '

8: The netuns te scale An the cleaning activity are taken oven the

same &angé as the decreasding neturns o scale fo4 the production activity

(0.6 to 0.9).

£: Unfontunctely there are few estimates avallable of the nesource costs
0f ebiminating pollution in cities, and it {4 net clear zthat what estimates
e available have a direct beaning on the value 04¥, As farn as noise
pellution 48 concerned no overall estimates are available,  Unban noise has
not been costed, Regarding aircnaft neise, Walters (1974) has recently
suggested that an expenditure of $2 billion would be nequired to retrofit

the existing fleet of U.S. ainiinaézo. Unfortunately this tells us nothing
0§ the offents cn operating cests. (Howevern this
substantial reduction in airnernaft nodse would represent Less than 1/2% of

GNP in the U.S.) As far as air pollution 44 ﬁcnce&hed, some betten estimates
are available, Acconding to a neport grom the U,S, Envinonmental Protection’
 Agency (1972), the costs of implementing the clean air acts amount to betiween
1 - 2% of G.N.P. These figures are neported by Beckerman (1974), whe points
out that the stundands nequired by the new act represent very shanp reductions
in ain poltution. (e.g. an 86% reduction 4n the Level of sulphur dioxdide
aezazivé to its previous Level),  This would suggest that, The nesowrce cost
of E?LZQ%ﬁqhabOVi a negligible Level of ain potlution would be A?me@hat above
2% [{with decreasing returns in the cleaning sectors the fast foy undits 04

pollution are mone costly 4n nesowrces Lo cloan),
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Overall then the costs 04 neducing air and nodse pollution in cities to
negUﬁibfa proportions could be anything frem about 3% upwards, 1t is
“dif4icult to know what the upper bound 4is, qnd 40 values oﬁé? were trhied
from 0,05 up 2o a point where vo abatement is undertaken a£ the opt,bnun}.
This point appears to be arcund 0,20, indicating how high the cleaning
costs would have te te for the maximum pollution to be cptimal,  Reughly
speaking, a value of & of 0,05 hepresents ﬁ cost of 21/2% o4 GNP, to get
nd o4 all pollution and prepertienately fon higher valus of & 2’.
v: This variable neptesents the average density of the tewn,  Most
dens ity studies o4 wiban areasd suggest a densdity function that declines
exponentially wéth distance from the centre , although there is some
evidence that some Large cities in the U.S, are tending towarnds a undform
density pattern, with an average density of about 10,000 inhabitants pen
squarne mife, The average densdity fon citdes in the UK. as given by
the H.M.S8.0, Handbeok of Buitain (1968) L8 about 18,000 per square mile.
e zake this density figure and recognise that Zne model will be biased in
50 fan as a vadiation in densdty L8 an Amportant adjustment facton in
attaining the opiimum; Thus for example the model will exaggerate the

consequences 4on the optimum 04 a change 4in the tate of d&&pen4£on of

pollution in the environment,

Parametens o4 the Sociak Wellare Criferion,

B: This parametern nepresents the preference for nearness to the

ety centre, and, with this form of wtility function, a wtility maximise¥
weuld be expected 2o spend the proportion B 0§ his income on being nean zo
the centne, While no dineet estimate 48 available for this we take the
expend{ture on work thanspont as a proportion of total personal expenditure
as a proxy for ihis. Regarding this we have some evidence from various
sweveys, Ancluding éﬁe by the U,S, Bureaw of Labour, which 4s analysed by

04 and Shuldiner (1963,  According to them houscholds in cities of arcund
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“a million spend 12.6 perncent of thein income on all thavel, This will
overnestimate the expenditure on thavel within the city. However, 04 and
Shutdinen's Study indicates that a Large proportion cf travel

expenditune 48 intha-cily. Furthermore thene 4s some suggestion that this
number rises with seal income and the U.S 5u&véy was ccnductedvin 1950.
ConAequeﬁifg a narge of values of g, ranging from 0.1 2o 0.15 wene tried in the
simulations, these representing estimates of 10 percent and 15 percent
respectively.

v: This nepnelenté the households distaste fon pollution., 1In chapten b

we discuss some evidence reganding household expenditure on quiet from

house price differentials in nodsy and quiet areas. These suggest an

average expenditure of between 8 and 11 pencent on quiet.  Other studies of
velues of properties Lin zoned affected by ain pollution suggest values in

the same range, but s€ightly 4ma&£m.22 2 havz Zaken values of vy |

rarging from 0.08 2o 0.16 in our simufaticns. Glvengandy, %48 fixed

as 1 -B-Y, by the noralisation which allows us to interpret these
acoeﬁﬂicienté as proportions of expenditune on the vanious goods.

T, Zm: These two vatiables define the oniginé 0f the wtility functions: T
gAves us the maxdinum distance §romthe town centre and Zm the maximun Level
04 endurable pollution. T uas set at 10 mifes - a distance which impliecs a
width of 2.6 miles for a Lovg aﬁd narrow edty and which allows cities of

up to six million people, at the densities chcsen, witn a cineudarn Land wse
pattern.  This seems xcascnable. 2 was choser. as that Level of pollution
produced in a town of sixe N** (maxdnising averuge product), with no nesow.ces
devoted to abatemani.  From some sensitivity auns Lt appearns that while optimum
allocations of aciounce to abatement are affectel by changes Ln the value of
Zm’ the nefative mmberns ane Little changed and the opt@mum s4ze of the town
48 quite dnsensitive to small variations 4n 2. and the choice of the 0n4igin

¢f measunement does not appean to be crucdal,
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n: As fan as noise nudsance L8 concerned, it appears from necent studies
that traffic noise has an Amportant but nathen Localised effect.  Measuwres
0§ such tragfic noise arne now avaifable for some motorways and wiban motor
vehicle nodise. In a necent beok Anthorp (4373) nepornts on a study 4in
Tohyo which caliborated median noise fLevels at diﬁﬁe}mmﬁ points in time againsit
the thafgic densdity. This shows " a high correlation between thaffic dénaiiy

nl3

and measured noise Levels In view of this evidence we shall take the traffic
dcnu;ty-a/s an approximate measune of nodlse Leveds, Séme wonk has been doue

on this by the Tragfic Studies group at University CoLKe.ge/gL%d%dghan ot al,
(1972) have shown that traffic density, as messwred by total distance travelled
per uidlt d)wa on paforn noads, 48 a regatively e}—:ggg%nm function of the
distance {rom the tewn centre, reaching very Low/within  2.5-3.75

miLes for touns such as Reading and Lutor. These founs have 0§ course
censiderably Less than a million inhabitants. 1In an unpublished papen
Hutchinson has continued this wonk, and shown that parameterns of the negative
exponential  depend cn the ity s4ze, and with a city of about a million
‘decline to verv Low Levels with 5-10 miles of the city centre.  Consequently
we have /taha;i’/Lcw -between.o.Z and 0.1.A% far as ain pollution is concerned,

we are intenested in the dispersal nate around a concentration of factonies
,'Zsefwing a peputaticn of about a million.  (We dgnoie here the fact that such
sowrces of ain polluticn are wsually spread nrund the tciun nrathen than concen-
trhated). From a brief examinaticn cf 4he Naﬁona(i Swwey 04 airn pollution |
(1972) it would né«t seem unreasonable W take a dispensal nate Leading to a

Tbase' Revel of air poflution within Zhe same distances from Lie. pollution

centrhe., This is what we have done.

2.5.8  Nmerndical Rosults

The. effects on the optimun aklocation cf a f«xed Zown s4ize when,

{a) The social wefare critendion changes

(b) - The geography of the town charges dnom Long and natrow to cincufan
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{a) Whethen the criterion cf social welfare 48 an additive one, cr a Rawlsian

" one makes Little difdenence to the optimum p}zopont(on 0§ the population %o

be deveted to pollution abatement and cons e.quendyé:z; the optimum Level o4
pollution. In all the cases consddened the Rawux;aﬁ and additive eriteria
both gave optimwn values fon the above variables that werne within eight percent
of each other. The differences between the fwo criterda were gneafu_t fon
Low values of § uitn the Rawlsian criterion giving a Lower allocation

0§ nescunces to abatement and consequently a highen Zevel of polluticn.  With
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£ at 0.2 the differences wene Less than mo. percent. 1In the case of the
additive welfare function one chooses ¥ and 2 to maximise the Log sum of
wtilities over households, One might think of the Rawlsian function as
cheosing ¥ and 7 to maximise the sum of utilities (with o = 0) and then
chocsing the functicral c{x) fo cbiain equal utilities for all individuals.
Thus while the adaditive welfarne function dees not de quite what the §inst part
04 the Rawlsian one wewld do, 4t does Something sdmilar. The numernical

nesults suggest that the differences are rathern small.

(b} 1In table 1 we present the optimum proportion ¢f the Labour resources

that should be atlecated te abatement in a Long and narnow town and in a
circulan tewn, 4on three different values ¢f § and two values c§ n and two
cembinations ¢f 8 and Y. T& appearns that a circularn town sheuld go 4in fon mone
cLeatance when tne rescurce cost of such clearance 48 Low, but that it should
. g0 An 4on Less clearance when the cost of clearance 48 relatively high.

These ajfects are accentuated when the polluticn 48 more concentrated hrcund

zhg centre. Thete are fwo ferces trading off against each other here. On

the one hand a greaten Level of abatement allows mone pleasant Living, especially
nearer the centre, but on the other hard it implies Lower consumpticn. With

a cinculan town the 'benedits' of clearance are gheaten in that more pecple
can take advantage ¢§ the dmproved environment but on the other-hand the
consequences cf not clearding up are Less bad than in a Long and na&&ow town
because even with vesy Little abatenent mere peeple can L4ve in pleasant arcas.
This Leads to a more extreme behavicur Ln the circubar optimum town: elthen

you go in fox a Lot of clearance, or ycu go 4n §or very Little.
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a=0.7, B=0.15, y=0.15. [ a=0.8, B=0.10, v=0.10.
- & 0.15 0.20 0.15 0.20
tiong and Narnot] 0.05 4,15 2.70 1.83 1.13
Cincular 6.58* 6.56* 442 0.05
Long ard Nawrow) 0.10 2.91 1.78 1.13 7.65
Cincuban 1.12 0.05 0.16 0.00
Long and Narnrow) 0.20 1,83 1.02 0.54 0.27
Circular ' 0.21 0.00 0.05 0.00

Optimun percentage of Labour Lorce to be deveted to abatement
Table 1 k=13 8§=07 €=0.7 N*¥* = 925,000
A stan indicates that with that Level o4 rescutces devoted to

clearance all pollution is cleared,

This behavicur is nrepeated for the whole nange of parameter values §or which
the optimum behavicun of Long and narrow.and round Zowns was computed. In
diagrnam 10 we present a scale representation of the Land'atreas available in the

two kinds of Towns.

Diagram (10)
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Sensd{tivity o4 the aflfocation of Laboun to the fwe activities, when the toun

sdize AA 4ixed, with nespect to

(a) Changes in r and &

(b) Changes 4in k and €

{c) Changes in B and v

(a) Changes in a and &

In gia.ph 1 we present the optimal percentage cvf the Labowr force that 44
ablocated to abatement in a Long and narwvow town with an additive sociak
welfane enitericn, fon different rates of pollution dispersal rangdng from

0.10 to 0.25. This suggests that as the pollution gets moke concentrated -
nound the centre, the extent of abatement falls at a declining rate, with

a highern cost of poflution abatement Leading to a smaller allocation of
“rescunces to clearance and consequently to a highen Level of optimal pollution.
The nate of decline seams fairly constant forn different values of £. These

nesults hold quite widely across Zne parameter values, and are in accordance

with what one would expect.

(b) Changes Ain k and €

Tn table 2 we give the percentage of the Labour force allocated to abatement |
fon nine different combinations of k and € and fwo combinations of utility
‘parametenr values. Tt seems clean that as the Level of increasing returns fon
the intiak part of the production functichn get greaten the resources devoted
to cleanance fall. A higher value of k nepresents gheater productivity 4in the
consumption gocd sectorn., Consequently the opporlunity cost of shifting

hescwrices to abatement 48 greaten.
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a=0.7 B=20.15 v =20.15 oa=0.8 B=20.10 vy=20.1¢p
~ k 1.2 1.3 1.5 1.2 1.2 1.5
0.7 5,57 4.16 2.70 2.69 1.84 1.00
0.8 5,12 4,20 3,20 2.32 1.75 1.15
1.0 5.20% 5.40* 4.45 2,75 2.50 1.45
TABLE 2~ £=0.05 n=015

Optimum percentage 0f pepulation Lo be allocater o abatement for a town

04 4ixed s4ze. (leng and Navwew with an additive social welfare crnitenicn).

A stan indicates that with that Level of resources devoted to clearance,

all pellution {s cleared.

With a Log additive utility functicn, the marginal wtility of abatement is

. independent of consumpticn and consequently not ajfected by changes in

the value o4 k. Hence a fall in the allocation of Labour nescunces to clearance
with a nise Ln the value of k L8 what one would expect. With a non-separable
‘wtility function such a neswlt need not hold. As e {ncreases for given k Zhere

i4 no clean indication as o how the cptimal Level of polluticn goes.

(c) Changes 4in B and y

1% would scem that the optimal contrhol cof polluiion 48 quite sensitive to

the actual valucs of R and y. The atlocation of nesources to abatement can
vary by a facten of 3 to 4 between the extreme combinaticns of B and y

within the rathen small nange considered forn these parametens. The differences

are modit acceniuated when the value of § 48 higi and when pollution {s greatly
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dispensed cver the environment. 12X weuld seem then that a satisfactony
ﬁoﬁﬁuxion control pelicy would have to way great attention to tne values o4
parameters that represented individual preferences concerning pollution

and neanness to ones work centre.

Main Facterns Affectiing the Oplimum Size o4 Towns

In table 3 we present scme nesults neganding the optimum Lown when.the tbwn
size is vardable. A town condtrained Zo é Leng and natrow gecgraphy and a
town constrained 2o d-cihcuﬂan geography are considered. We repont, 4in

cach case the optimuwn town s4ze, Zthe cplimum alfocaticn of Laboun to abatement

and the pollution Level in the optimum fown as a percentage of the pofluticn

fovel in the uncontnefled toun.

Long and Narnew Cineulan

£ 0.05 0.10 0.20 0.05 0.10 0.20

OpZimum Lown 44ze{700,000]700,000700,000| 8§00, 000 750,000(750,000

0.15 | Optimum NZ(%) 1.21 0.50 0.14 3.5 0.47 0.07

(Z/zm) (%) 45.08 | 59.74 |- 65.20 | 25.94 | 64.17 | 71.17

Optimunm Lown 84ze¢{700,000[700,000(700,000| §50,000{ 800,000 800,000

7 =0.20 | Optimum N, (3] 0.64 | 0.29 | 0.07 | 0.0 | 0.0 | 0.0
(Z/zm) (%) 53.07 62.16 | 65.94 §2.47 | 82.47 | §2.47
TABLE 3 k= 1.3 &=0.7 N** = 925,000 a=0,8 6£=0.1v= 0.1

|
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Fon these parameter valies the fown s4ze in the case of a Long and narow
town £s neduced by about 24 pen cent and the circwlarn town by beiween § pen
cent and 19 per cent, the Lower reductions for the cirncularn town being of
counse what one would expect. I1& Ls Antenesting to note that most of the
fall in pollution at Zhe optimum is achieved by choosing a smaller town A/Lze,l :
and hence a Lowern Level of pollution created, hather than a Lenge devoticn

04 nescurces to polluticon removal, Compaf*.,éng the potlution Level in the
cincular and Long and narkow Lowns one cbserves, again, a mone cméme chodce
0f po&wtion in the §ormen than 4in the Latten,

A number ¢f combination. 8 and y were trled within the range selected and it
was found that the optimum city sdze and the cptimum pollution Level went
down as vy and B were haised.,  The maximum difference in optimum city size
due to the values cf these parameters was about 100,000,

It is interesting to compare The results obtainad for values cf € which

‘ane Leoss than cre, and {n the region 0,7 2o 0,9, with those obtained when

e = 1. 1In the Latter case average ocutput in the production sccton 44

alicays nising and the uncentrolled city size 4is defined by constraints cn
%the city arca imposed by the vatue of T. With a rnectangular Land area this
anf,ées, Ln our case, a maximum pepulation of ._a million and in the cincular
case one of about 51/2 million. We present, in graphs 2 and 3, the value
0f the social welfare criterion and the pe}acentaée 0§ pollution cleared as

a function of the city sdize for a Long and nawew toun, and in graphs 4 and
5 the same things fon a circuwlan town,  Craphs 2 and 4 have 8 = 0,7 and
ghaphs 3 and 5 have ¢ = 1.0,  In all the cases where e = 1 very Little Labour
{5 allocated to abatement, and almost all the gains are obtained by neducing
pollution through sacrificing conswnption {reducing avenage ou.t.}.mt), In the
cinculan ity the fall in the pepulation required 2o obtain the opﬁmum size

when e = 1 44 spectacular - the optimwn size rangdng grom 1,9 million to

2.7 miLlion depending on the parameten values,
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Multiple Equildibria for a town of fixed size with incheasing netunns in

Preduction,

In Section 2.5.6 we pointed cut that il was possible to obtain scme idea
0§ shape o4 the production consitraint and the welfare indifference curves
drawn <n diagram 5 by evaluating the Left and night hand sides ¢§ equation
(104), as gdver in equations(106) to (109}, This was done for a range cf
values of «, €, v, and with 6= 0.8,  This Last value énplicd that/Fhs-
duction constraint was concave.  For 48 scans that were tried, 13 sheowed
two internion sclutions to equaticn 104,  From Zhe numernical values c¢f the
L.H.S, of 104 the welfare indigference curves scem to take the shape given
in diagram 11 belaw,  (The intenion optimum giving the gheaten wtility
abways represents a Lower Level of pollutien).  Thus a rollution tax
pelicy equatiby Zhe fax on pellution J:o. tMRS could Land up at elthen ey ox
e, In some cosna zhe differences bdetwzen ey and e, £8 quite Large but
it can be as Little as ¢, representing 3.4 per ceint of the Labour force
employed Lr abatement and e, representing 4.6 percent, Thus it 48 quite
apparent that a matket Zax selution could casily Lead 2o a {ecal méninmum,

and , jurthewncre a8 the above figunres show, one that 48 not patently absurd.

/\\{

A

<
Diagham 11
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2.6 Conclusdions

In this chapter we have consddered the problLem 0‘5 optinum touns Lin the
presence v environmental polluticn.  The structure of the town was faken
sdmply as one with production concentrated at the centrne and nesidential
Lecation crgandzed {n Ats victnity,  Indtlally we derived the necezéang
conditiors defining zhe cptimal Locations and the optimal Levels cf po@ﬁdficn
0f a town of fixed size, when the social wel fjare critericn was an additive
one and when 4t was a Rawlsian one. We cbserved that non-convexities

had an dmpeitant rele 2o pﬁag, both as 4an as the production constraint was
concerned and as fan as  the social welfare criterion was concerned, This
meant that the problem could not be posed interestingly in a way which Led
to a unique interdion opiimum being defired by the finst crder conditions.
Consequently a price decentralisaticn Lnvolved the possibility that equating
the marginal produci cf pollution Lo the sum of the marginal rates o4
substitution between the public bad and consumption could Lead to a constrained
minimun position = a.poasibizity that was Lent some furthern credence when
sorme numerdcal computations wene done.  In these cirncumstances Lt is
Ampontant that not only Ahouﬁd dnformationtkegaidiig IMRS be oblained but alsc
some Anformation should be obtained neganding ity nate cf change.

We also examined certain features regarnding the optimal Locaticn of households
and the distribution of conswmption acress hcuseholds.  Here Lt tunned out
that Little could be said regarding Zhese factons when genenal utility
functions wene specdfied. With an additively separable wtilizy functicn,
however, consumptaon L& Lndependent of Locaticn and cqual for all Lindivi-
duals, when an additive social welfare critenion 48 used. With a Pawlsian
eitericn consumption 48 equal at afl extreme peints of the set of Locations
(excluding the centre) and moves 4{n an opposite direction to the Locational

utility as one traces Lts behavicur over the residential Locations.
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The Locations axe defined over an inteival when the Location utility

abong a nay from the centre s singe peaked, fon any glven Level of con-
sunption, and the conditicns §on this io be s0 are stated. When the
nesidential Locations arne defined over an Lnterval, this Linterval dees not
necessarilfy move clesen to the centre as the pollution Level at the centre
declives. Whethen £t dves so or not depends cn how the nate cf dispersal

45 affected by charges Ain the Level of pollution. '

14 the. sdize c¢§ the town 48 not fixed Then there are Lwo choice vm@ablﬁu,

the size 0f the town and the Level of pollution. The necessany conditicns
fon optimality M‘O’. given hete, and a comparnison L4 made with the uncontrolled
competitive touwn.  This tewn L8 defined as cne which maxx;mi;se/s average
product, ard pays no atfention to the extornaldty.  For such a town size tco
ex,os.t,, tlu increasdng  neturns 4n p/wduc/aon postwloted hithento have %o te
Limited, and folhrwed by seme dindndshing retunns. 1§ such diminishing
‘neturns do not exist tnen the uncontrolled city size 4s defined t;y some othen
constraint, such as land area available.  The uncentrcfled Zewn canrot
generally be shown to be Laxgetr than The cptimum Zown.  When the uncontholled
town sdze has scme Locally dimindishing heturns in Lt nedghbourhoed, and

when the optimaiity conditions define an optimum 'close' to the uncentrolled -
town, then the conditions of the cptimun town to be ne Larger than the
uncontrolled town can be staled.

As with a 4ixed sdze town Lt 48 net generally pessible to obtain the optimum
by decentralisaticn. 14 the oplimum 48 defined at a Lecally concave posificn
in the producticn set, then, subject to the proviscs made earlier, the
optimun may be decentralised by using a polfuticn tax and an emp@oymént tax,

and having preducess who are price takess and profit maximisens.
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A parametric aepneienzaticn 04 the medel discussed above was made,  Scme
runerndical values were tahgn for tie parameters, in cnden to obtain explicit
solutiors for the cptimum Level of pollution, the cptimum allocation of
Lebeur to abatement, and the optimum 8ize of Zown; and 4n cidern Zo examine
the sensitivity of these vardiables to vonicus assumptions. 1t turned cut
that whether tne sccdal welfare cniternion 4s additive on Rawlsian made very
Little digference teo the cptimum vafues.  The Rawlsian crniteiion implied
sLightly highen cptinal values fon pellution when the abatement cests were
Low.,  The gecoraphy cf the foun on the cther hand matterns rathen a Let and
~a clreulan  gecgraphy Amplied mere extreme chdcees of pollution Levels with
different parameters.  Also dmpertant An deterndning the optimal control of
rollution were the values of the parameterns representing the preferences.
Fern quite small changes 4n these porametens, relatively Large changes could
te obtained in the optimum allocaticn cf rescurces to abatement.

.Tke eptimum town size clways emenged as swellen than the uncontrolled Fown
size 4orn the parareterns chosen.  The differnence was Less with a cireular
town than witn a £ong‘and nerrow town, except whew average product was alwaifs
k£$ing, in which case the circuwlar fovn L& much Largen 4n the uncontrholled
state and reduces sharply &n the controlled state.  When cohpa&éng Zhe
optimum town with a Xewn 0f a 84ze fdxed at the‘uncanihoﬁzed £¢vet but
with optimal poflution centrol, 4t was observed that the gommer imvofved
substantially Less dbatement than the fatten. It appears thexefore that
whete both town size and pollution Levels are variable, there 43 a tendency
forn the optimum pesition to nely on reducing tewa s{ze than on nemoving
pollution.

The above conclusions axe cbtained 4n the contest of o model that excludes
several Amportant aspects cf an wriban anea.  O0ther authons have examined
some of the trade-ofgs represented by factons excluded hene and their con-

clusions cannct be déirectly compared Lo owrns.  However, Lt 48 folt that



«6le

while the actuol 'numbens' reponted hexe may be altered in a more genenral

model, Zhe qualitative. conditions may sXiLL te of some Lmpontance.
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FOOTNOTES TO0 CHAPTER 2

1. Setting A equal 2o 5 Amplies that the wtility function is only defined
for households Living up o fdive miles from the centre of the town., We can
think of this as impluing that a monocentric town 45 bounded by natunral

considenations such as trhavel idnme.
2, Dixit: The Optimun Factory Toum (1973).

3. Clearly we can always cheose the wiits of measurement 80 that this 4is
twe. However, once we have done 40 the assunptions o4 concavity or convexity
that are made with regard to 'natwral' units may no Longer hokd with regand

to these transfoumed undits. While we necognise this possibility we do not

deal with Lt.
4. This angument 48 Zaken from Miuvfees (1977).

5. The set &5 defined on E’ with the centrne of the toun being represented
by the onigin, The angument in this and the succeeding section rnelies on the
fact that we are comsddening a continuum of individuals. Thus {4 one individual
occupies a wut Length then a Length dx wifl be oceupied by 'dx' 0§ one ‘

J'Tnd,évi,duai.

6. The indices of aincragt noise pouurxioﬁ discussed in chaptern 5 certainly
display this quality, and, from a cunsory Lock at the National Survey of Ain
Polfution (1972) ..t appeans as L4 this 48 also the case fon ait poflution.
7. We asswnc &1fficiont continuity in the deriviatives for the inverses to
be diffenentiable. |

§. n,* 15 the qu.a?,éttj o4 Labour devoted 2o pollution removal that gets rdd

04 all pollution when the total Labour fonce L5 N,
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9. The consumpiion allecation hule then. gives an equal allocation og consumption,
and the Location of individuals is over an interval.  We drop the multiple
2 which indicated that the populaticn ’a allocated on both sides of the town.
In fact it 48 0f no. analytic Lmportance and cnly has to be bosne . in mind

when the cemputations one dene.

0. This footnote has be exclfuded faem the text.

1. 14 (a) the utility function L8 concave and completely and addi{tively
Agpe/zabﬁe in all its arguements, and, (b) the changes in the way that pollutior..
spreads itsedd as the Level of pollution nises are not such as 'zto owtwedigh the
zerndancy te move the resddential areas further cut with the drerease dn pollution,
tien the §insz team will be positive.  Again assuming concavity — of the

wtility functicn, and that changes in pollution Levels at distance X grom the

centre arne in properticn to the changes at the centrne, then the second tesm will

be rnegative.

12, | This occuns because cf the constraint cf equal wtility. The inddifbenence
cunved in the consumption - distance- §rom - the- centre space as shown in
diagham 3 ane rot égn*mc/buéc about the X axis and S0 highen Levels 05' output
nequine a different Locatioral interval.  This proposition 4s somewhat

udntuitive,

13, The price functicn {8 bedng treated as diggenentiacble, and again this

assumes censidenable smoothness in the nelevunt functions.
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14, Assuming of course, fhat it is digferentiable as stated earfien. — This
kird of decentrnlisaticn 44 not another example of the proritions fovnd -
in gendzaz equilibrium theony, fon we have a contin .um of censumens and rion-

.. . i set
convexities in the consumpiion/  lUnder these conditions an optinmun cannot Ain

general be decentralised.

16. We requine that A* and B* be small numbers because the nesults neéuine
that the production functien F(- ] be Locally cencave at the A and B at

which the partials are evaluated.  The production prccess for the consumption
geed 4s Locally cencave §rom N* omwards and 4n fact cn all the cemputations dene
in optimum city sdize we never got anywhere as Low as N*.  Thus as Rong as

Fl -) 48 concave in 1, the above results cbtained ane Likely o hold.

17.  THe §im 45 assumed o maxdmise profils subject Zo a glven pollution tax

'PZ, and a payrofl tax dependant cn the number of L{ndividuats empleyed, L.e .
tte {inm has the objective:
MAX TT = FIN,Z) - PIN) - PpZ

The pagnoll fax P(N) and the pollution tax Py have Zo be chosen 50 that the
optimality cenditions (63) and (64) arne satisfied. From this it foLlows

' Andividual
that the pollution Zax will equal the sum cf the/marginal rates.of substitution
betiween Z and C when the population 48 optimally Located.  From the ginst
onden profit maximising conditions and the equilibriwn condition that Zthe

nuwnbern of towns be such that zero supernormal profits are made, we obZain :

x, + N/, '
v b
N Ulg) + Z‘I Rix,z)dx - NR(xb + N/Z,Z)
XG
Py- N - P(N) ) P, 17
u, (v/,)

The term onthe night hand side 4s denived by neplacing A* in 53)with the
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value de)uévcd.'én (Sé) . The RHS will be positive 4if .the Locaticnal uti ity
A5 a concave function of distance gromthe centre - the Conditicns fon which we
stated on page 12. 14 the RHS L& positive,however, this Limplies that
the function P(N) 48 convex and the profit funetion {r a concave function
cf Nand 2. 1In that case the first onder condidions d dedine the maximum
profit positicn, when the 5t.mcbéon F(« ) 48 cencave in N and 2. Hence, given,
the 'fz,ég»’ut\ function P(N) and the right value Pas profit maximisaticn tubjfect
to given prices uill result in ﬂl.e ;1@ce55&/1y optinum conditicns being
satisgied when |
(a) The optimum 6428 of Zne Labour foace allecated to production 4is
greater than N*.
»(bi The polluticn removal process has decreasing neturns to Rabcur.
({a) and {b) Lmply Zhat F(- ) is Loeally concave in N and 7).
(¢c] The utility 4unction &8 aditively seperable.
(d) utibity 48 a concave function cf distance §rom the centre.

16. We choose an £ by roamalising aﬁound N*.  In netrospect 2his is not a
good choice since the numben can be ricre easily interpreted when/iit/.s defined
with nespect to N t * the uncontrolled Zown size.  Having chosen N*, however,
we estimated vatues cf % on the tasis of the propontion of resounces required
to cLean the polluticn Ln am uncontrolled Lewn and then wonked back,via the

production function tc values of ¥ with nespect to N*,
19. See pages 13 - 15 for detadls.

20. Waltens (1974) page 152.  The scurce of £his estimate 4s not gdven dn

the monograph but 4on curn purposes we angbily intenested in onderns of magn{tude.
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21.  This anises because of the chodlce ¢f nonmalisation fon &

22, Md!zm and Henning (1967) obtained scme estimates of airn pellution and

its effects on néALdantLaZ house values. In a development dnd refinement 65'
this study Andenscr and Cocken (1969] estimate that at mean Levels of aix
pollution, the marginal capitalised Loss is about $300 - $700. |
"angdnal" here nefers o an additonal I@mg/mg/ day of suspended particles

plus an additonod 0.1 mg 803/100Cm2/ day of sulphation. Taking the capitalised
Less at $500 the total depreciation with Zaking the upper bound of ain pollution
(80 mg/m3/ day and corredponding sulphation Levels) as zero depreciation 4s
£4000. " Fon a house valued a $25,000 and an income/house price natio

155 3 this impfies an expenditure cf 4% of annual inceme fo buy complete

greedem §ronain potluticn (we use here an annuitisation hate of 87,

The house price 04 $25,000 4is used as relating to average U.S. income ghroups

by Wakens in compiling some iﬁ(uét&aiiua flgures for household expenditure

on nodde evasdon.  The dnceme - house price ratio of 3 seems typical fonr

U.S. (See {;endéx to chapter 3 fon details). Clearly this {igure

04 4% musit be negarnded as an upper bound since most households buy Less then

total §reedom from ain pellution.

23.  Anthnop (1973) page 60.
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CHAPTER 3 '

o

The Lecation of Noisy Centres - The Measurement of Noise Costs to Households

Introduction

In the practical evaluation of the noise costs of establishing a noisy
centre, the most significant component often turns out to be the costs

to househo1ds.] In this chapter we are concerned with the measurement

of such costs. The economic issues that are involved relate to the
concept of a commodity called quiet and how an individuals demand for

it cen be measured from his behaviour, . Section one corsiders a classically
econonic treatment of such a commodity. Given that quiet is a smooth,
continuously adjustable, freely variable commodity, the demand for it can
te identified and from this the costs of the imposition of a certain levea)
of noise can be assessed, Two issues arise, however, that could lead to
a modification of this treatment for quiet, The first is that quiet is
often éon5umed as a joint good along with a number of ofher goods, notably
residential ones,_andutherefore not freely variable, The second is that
the supply constraints on quiet are not only the overall constraint on the
total amount of ‘'guiet' available, but also on the number of transactions
of a given level of cuiet that are possible, This leads to certain
restrictions on the distributions of tastes and income under which a single
equilibrium price for quiet will emerge,

Section two outiines the Roskill model of noise measurement. This
contrasts with the more classical model in that the demand for quiet is
treated as a discrete function and the concentration is on capturing the
short run adjustment cests of the imposition of noise, A number of the
underlying issues and assumptions of the model are investigated further,
The first relates to the use of a noise annoyance scale to measure the
noise annoyance distenefits of various noise levels to individuals of
differing perturbability, Some of the basic underlying difficulties in
the use of such a scale are discussed. The second question that is
considered is the treatment of the noise costs ot inmovers in the Roskill
Model, It is felt that this can be improved, The reascns for thinking
so are given and a2 more consistent method of costing is suggested. The
third factor to L2 considered concerns the welfare implications of the
noise costs that are obtained hy using such a model, It has heen arqued
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that a particular welfare implication can be made from these costs, and,
depending on one! distributional judgements, these may or.may not be
the costs required in a cost-benefit analysis. Section three analyses
the relaticnship between the noise costs obtained by a model such as
the Poskill model and other desirable measures of the costs of noise,
and obtains a specific relationship between them using Cobb-Dougias

and Stone Geary utility functions,

The fourth assumption of the model that is investigated further is
the relationship between the noise costs and other adjustment costs
postulated in the model. In this sub-section, the so-called 'median
assumption is shown to be valid under very restrictive conditions and
an alternative more general relaticnship is suggested.  Some numerical
examples of the application of the relevant algorithm are given,

The fifth assumption that requires further investication is the
one of discrete adjustment to noise. This requires that individuals

-who adjust to quiet do so by moving to completely quiet areas, A
method of testing this assumption is suggested in section five,
Finally, we consider some of the issues raised in the Roskill model
regarding the treatment of costs over time and of uncertainty,

Section three concludes the chapter by discﬁssing the relative

merits of the improved Roskill model and the classical model of

" measuring noise costs and how both these models can be utilised in a
framework that incorporates fully both the short run and long run costs
of the imposition of noise. Apart from the occasional reference, when
necessary to sﬁpport a theoretical point, the empirical work in this
field is not discussed or reported here, Such work which is related
to the theoretical issues raised here is reported in chapter 5,

1. A classical model of the evaluation of noise costs

1,1. The four consumer surpluses and their use in the case of externalities
Ve begin this section by outlining the four interpretations that

Hicks (1956) offered in his treatment of consumer surplus, and interpreting

the various measures in the context of the imposition of an externality,

Let there be a commodity q that is of interest to us and let p be its
price initially. We consider an individual with income M who chooses

% units of cammodity q and spends the remainder of his income Y0 on other
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goodsz. His position is represented by the point a. on diagram I.
Now the impos{tion of an unfavourable externality would reduce the supply
of g and consequently raise the price to Py - If the externality
were imposed the individual would move to b and we are interested in
a money measure of the ensuing utility loss Ua—'Ub . Hicks proposed
the following four measures:
(a) If the individual could bribe the agencyt§h3§3¥€g going
to impose the externality and cause it /frem so doing the
" maximum he would te willing to pay the authority would be

MOM Hicks referred to this as the equivalent variation.

'l .

(b) If after the agency had imposed the externality, it was
required to compensate the individual so that he could attain
the util}ty Tevel Ua that he enjoyed before, the minimum such
compensation would be M M, . This is known as the compensating

varjation.

(¢) “1f the individual were to bribe the agency and if he knew that
for some reason he could not change his consumption of g from
qg then the maximum he would be willing to pay the agency
would be Y - ?; . This is known as the equivalent surplus

(d) Finally, if tne agency had to compensate the individual after
the externality had been imposed and he had moved to 9 » but
20u1d not now move from 4y s then the compensation required is
Y1 - Y This is referred to as the compensating surplus,

These concepts relate to the areas under the demand curves as follows:
Diagram 2 represents the 'Marshallian' demand curves corresponding to
diagram 1. Da is the demand curve giving the re1ationship between price
and quantity demanded when utility is held constant at level Uy Similarly,
D, js the demand curve giving the same relationship when utility is held
constant at level Ub‘ These are referred to as compensated demand curves,
Finally, D, is the demand curve relating price to quartity demanded vhen
money income is held constant at level Mo . The relative positions of

D, and D, reflect a positive income elasticity for g,
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The compensating variation is given by the area ?OP]DB s which is‘
the "area under" the compensated demand curvel,. The equivalent
variation is given by the area POP]AC s which is the area under the
compensated demand curvely, Finally the conpensating and equivalent
surpluses are given by areas POP]DB + AED and POP]AC - CBF, respectively.
It should be noted that normally the area under the uncompensated
demand curve will not correspond to any of these concepts, It will
correspond to all of them, however, if the income elasticity of demand
for q is zero, In that case demand curves Da and Db coincide,

In the case of an externality the variational concepts of costs
are more suitable when the individual can treely adjust the quantity of
commodfty g i.e. when there are no significant adjustment costs and q
is a continuous <commodity. Yhether we choose to use the equivalent
variation or the compensating variation depends on our distributional
value judgements, and to whom we accord the 'right' to impose the
externality, If it is to the agency then the 'bribe' or equivalent
variation seems appropriate, If it is to the individual then the
cormpensating variation is more appropriate,

The concepts of compensating and equivalent surplus turn out, with
some modifications, to be useful in measuring the costs of an externality
" when adjustment to the externality is lumpy and costly,  Their use in
the evaluation of nqise costs is discussed further in section I,IV.

:1.II The treatment of quiet

The above variaticnal treatment ot costs may be applied to the
“evaluation c¢f noise costs through the demand for quiet, One important
point needs to be made, however, regarding the commodity quiet, This
is that the level of quiet can really only be interpreted  as the.lack
of noise, and since there is a limit to the .level of feasible noise,
there must be a maximum level of quiet, Such a commodity can be treated
in the standard economic framework by requiring that the marginal utility
of further units of 'quiet', beyond the maximum always have a zero marginal
utility. In that case we need never be concerned with such units,

In diagram 3 we consider an individual Tiving in a previously
quiet area with income M, As a result of the r.ew noise centre somewhere
in his vicinity he finds himself transferrred from a* to b, but he also

finds that a new price for quiet, p* , has emerged, The choice line now




o J2,

available to him is AF.3. There are two effects to separate out here.
First there is the relative price efftect, indicating that quiet is now
re1ative1y more expensive than other goods, and second]y'there is an
income effect, indicating that the individual has acquired an exchangeable
asset - viz the number of units of quiet'that-he now lives under, To
obtain the variational costs from the area under the compensated cemand
curve, given the equilibrium price p*, we proceed as follows: Construct
a price line MD, parallel to AF.  This gives the relative price effect
when there is no income effect, and, under these circumstances the.
individual chocses the point ¢,  The compensating variation now is MB.
ke now define the compensation cost as the minimum cost of restoring
the individual to utility level Uy » given the new price for quiet, and
ve define the willingness cost as the maximum amount that the individual
would be willing to pay to stay at a* and not have the price of quiet
change from zero to p~.

To ohtain the compensation cost we subtract from the compensating
variation the income effect of the price change, The latter is given
in diagram 3 as MA, Thus we have,

Compensation cost = MB-MA = AB
In terms of diagram 4, MB is given by
MB = p*q, + area Rqaq0
and MA = p*qb
oM = P* (a9 = qp) + area Riq, q

| Similarly the willingness cost is the equivalent variation less the

- income effect of the price change, The equivalent variation is given
by c*a* in diagram 3, and the inceme eftect is again MA, In diagram 4

we have
_— * a . -
c*a* = p*q. + area Q-q.-q
and MA p*ay
v+ willingness cost p* (9, = 9) + area Q.q_.q

"

The two demand curves in diagram 4 are the compensated demand curves,

holding utility or 'real income' constant at U, and UC. In principle
it is possible to obtain approximations for compensated demand functions,

given the demand function for the product, For a discussion of such an

approxiration, see Hicks (1996 ),
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To obtain an exact representation of compensated demand function,
however, it is nccessary to know the underlying utility function.

I.IIT The compensated demand functions in the case of é modified
Cobb-Douglas utility function
The use of compensated demand functions for the measurement of
noise costs has been stressed on account of the fact that the income

elasticity for quiet is regarded to be substantially greater than zero
and the size of 'income effect', consequent upon the price change is not

4 . . .
In this sub-section we are concerned with obtaining

negligible,
specific compensated demand functions for an individual given a specific
utility function. The utility function chosen is the Cobb-Douglas

or log linear utility function, modified to take account of the

special nature of the commodity of quiet. Such a utility function

implies unit elasticities of price and income for quiet in the relevant _
range of variations of the commodity and may be empirically unsatisfactory,
In fact it is of interest for two reasons. First, in using these measures

of consumer surplus we are assuming that cross price elasticities are

zero or at least of negligible magrﬁtude.5 One uti]ify function which
generates demand functions with qualitatively plausible properties and has-
Zero cross price elasticities is the Cobb-Douglas utility function.

Second, it provides us with an exact representation of the compensated demand
functions and an indication of the magnitude of error involved in the

‘use of uncompensated demand functions. In section II we consider the
implications of a Stone-Geary type utility function on the relation

between the surpluses.

Let the tastes be represented by:

u = q%. yi-e Y:0, Osq<q, ‘ (1)

yI-a q2q, Y30 (2)

<
]

(]8 .

(2) indicates that 9 is the maximum level of quiet that is of interest.
The uncompensated demand functions are given vy:

(3)

- : for
q 5 p >

q = qo for D g (4)
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After the introduction of the notse the equilibrium price.is p* .
It p*< E%M' then the cost associated to the individual, with the advent
ot noise Is given by the distance a*F in diagram 3:

a*fl = (qo - q]) p* (5) |
which is the market valuation ¢f the noise imposed, This cost will
measure beth the compensation and willingness costs, as given in the previous

6 .

section

If p*> %iﬂ- then vie may use the expression obtained in the previous

section to defive the comperisation and willingness costs. First it is
necessary to define the compensated demand curve corresponding to utility
function (1). To obtain such a demand curve we consicer the expenditure
function corresponding to (1),  This expenditure function, which gives
the minimum expenditure required to attain a given level of utility, at

- given prices, is expressed as:

M = oY (]_a)a—'l pa.U (6)

Differentiating this with respect to p , we obtain the compensated
demand function, with g as a function of p, and U:

1-0)
R . (o) < a-1
_g__;;_ = q - (1‘:‘&:) . p . Uo (7)
Inverting this function we obtain: -
. 1
Ta
o Lo e (V). (8)
T« (@)
For the compensating variation we wish to measure the area given in
diagram 4 as R-q.°q, . This may now be expressed as:
0 Tl” T
| o(q ) (Ua)lea .
Pa% ] (R @) 9 (%)
a
Where U = QOG'M]- % substituting this in (9) and rearranging gives:
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%
() = ("
U € 1) . . -0, T
Pda % () M7 % ;gq dg
%a
which, integrated, yields:
a ( . « _a )
Ra, 9, = M- -0 g q, T-o _ q, TTE';

(10)

(11)

q, may be ohtained directly, from the conpensated demand function (7) “hen

ve toke into account that it may not exceed (b’ it may be written as,
gy () )
_ . ) o) (o=1 o 1-a

qa = min [qo ag ( '(1) (p*) ). qO . M g]
Similarly one may obtain the equivalent variation, which holds utility
constant at UC . This is given by the area Q‘qc‘qo in diagram 4, If
ve recall that Q. = min (oM , qo), we may proceed as above, to obtain

. (P~
the expression:

R INL
® L = r‘ L] - -(i N -a -a ) 1-(1
Qcho 1+ (1=-a) (qc -9 )_qc

Given the areas Rqaqo , and Q-qc~q0 the compensation and willingness
costs can be derived straightforwardly, as indicated in the previcus
section, '

It is of interest to compare the compensation and willingness costs
in the case of a typical kind of figure that is cbtained in empirical
work for p* , along with values of o that would appear to be plausible,
given households calculated willingess to pay for quiet, The
empirical data is discussed in greater detail in chapter &, and the
representative values used in the calculatiors that follow, are given in
an appendix to this chapter. In table 1 belcw, we list the compensation
and wiilingness ccsts for a household with an unnual income of £2,000,
with a aiven preference for quiet_indicated by the value of o, The
level of quiet is measured in units for zero to 25, where 25 indicates

(13)
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the maximum quiet (no noise) and zero indicates the raximum level of
noise. (For details of the scale see the appendix). The different
values of a that are considered for each o , indicate the different
levels of noise imposed.  Thus a value of Y of 8 indicates that when
the noise is introduced the household'slevel of quiet is reduced from 25
to 8.

We note that the divergence between the compensation costs and
willingness costs is greater when o« is below the Tevel at which the

- . . » L] - *
indivicdual continues to consume 9, units of quiet. Once o 3 P A, 5
ko

then, of course the compensation and willingness costs are the sgme, and
are given by equaticn (5). The percentage divergence is also greater
between the two costs, vhen the level of noise imposed is small

(ie G is large), Thus it would appear that'differences between

the two kinds of costs could be quite large, when the values of o are
relatively low - ie when we are concerned with individuals whe do not

express a relatively strong distaste tor noise,

TABLE 1
94 5 10 18 20
Compensaticn Cost 175 130 &5 40
a = | Willingness Cost 153 108 63 19
0,08
Compensation-#illingness
Millingness X 100 14,4 20,4 24,9 110.5
Compensaticn Cost 180 135 91 46
o = Willingness Cost 179 134 90 45
0.1 Compensation-killingness
Willingness X 100 0.6 0,7 1.1 2,2

Compensation and Willingness costs in fs per annum for a household an
annual inceme ot 2,000, For value ofa in excess of 00,1120 both

costs are equal
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1. IV Some extensions to the application of the classical model.
Adjustment costs
In the above analysis it has been assumed that there are no adjustment

costs, there is perfect information, and the purchase of quiet is independent
of other goods. Adjustment costs arise when the consumption of different
levels of noise reqguire some lump sum expenditures such as moving locations.
In this case some individuals who vould have adjusted their consumption
level will be deterred from so doing, while others, taking account of
the adjustment costs, will change their level of q. The costs of those
who do adjust their consumption level are given by the previous section,
with the additional requirement that the adjustment costs be added to the
costs already calculated. For those who do not adjust their consumption
level, we need to invoke the Hicksian surplus concepts outlined in section
1.1. Consider diagram 3. As a result of the noise the individual is
placed atb. If he is not going to move as a result of the noise then
the maximum bribe he would pay to the agency imposing the noise is a*b* ,
while the minimum compensation required to restore him to his original
utility level is a*d*., These measures can be related to Hicks' compensating
and equivalent surpluses as follows:

In diagram 4 the middle demand curve is the uncompensated demand
curve, and the point p]qb on it represents the point e in diagram 3,
1ying on budget 1ine ME.  Now the compensating surplus, which is the
distance de in diagram 3, is represented in diagram 4 by the expressions

Prq, * area ev qoqb+ area wev

From this must te subtracted the income effect corresponding to b.e,
which is given in money terms by P1* 9

Hence the compensation cost for the non mover is given by

Compensation Cost = area (Vel,q, ) + area (wev ) + p](q‘-q])

The points Gy, and q, are of course the po1nts of tangency of a budget line
with slope “Fy with the indifference curves representing utility levels
U. and U_ respectively. (These lines are not crawn into diagram 3, so
as to keep the diagram simple). Given the compensated and uncompensated
demand curves, all these arcas may be calculated straightforwardly.

The willingness cost for the non-mover, is given by c*a* -c*b*. C* a*
is of cource the enuivalent surplus and the equivalent variation, and
can he measured in terms of the dermard curves ty the formula given in
section 1,11, c*b*, however, cannot be represented in terms of a straihtforward
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income effect. If the utility function underlying the demand function
is known then an exact value for it can be obtained. The diétance DF
used in obtaining the willingness cost for movers will in general 'not |

- equal . b*c*.7. It may be possibie to obtain an estimate of
this reasure, in terms of measureable variables, but we have not succeeded

in coing so.

soint Goods

Apart from the adjustment costs discussed above, a further related
problem arises ir this treatment of noise costs. It has been assumed
so far that thé purchase of quiet is independent of all other goods, and
can be combined with them in any desired mixture. However, in many
cases the purchases of quiet will necessitate the physical movement from
one location to another and a change of residence.® A residential
location is a collection of goods, the individual components of which
may not be free to vary independently of each other. Thus ideally
one should consider the joint demand for all these commodities.  This fis,
however, inpossible in practice. One has therefore to work cn the
assumption that in considering what level of quiet to enjoy, the individual
will take account of the difference in value to him between his present
Jocation and the 'best' alternative location at each level of quiet.
For each level of quiet this figure may be referred tc as the householders
surplus. In our measurement of noise costs we may treat such a householder's
surplus as an additional adjustment cost and again divide consumers into
those who weuld move and those who would not. These who move would now
be accorded the compensation costs plus the adjustment costs plus the
householder surplus. Those who did not move would have their compensation costs

assessed exactly as before.

1.V Dynamic Considerations

There is perhaps a distinction to be drawn here between those who
adjust to an increase in the noiselevel in the short run and those who
do so in thz long run; or more gencrally it is impertant to consider the
time period of adjustment to the imposition of the noise, Those households
that adjust in the short run immediately after the noise arrives are very
likely to incur some householder surplus loss and may be regarded as having
incurred the movemenrt costs specifically with respect to the noise externality.
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Hence the treatment of their costs outlined above seems'appropriate.
However, in the long run it may be that more combinations of goods that
individuals wish to consume will make themselves avai]ab]é through the
residential and commercial markets and through the provision of the
relevant public services. In that case, the long run mover may be
regarded as losing less householders surplus.  Furthermore, it is
statistically observed that most of the population move locations in
the long run anyway, and so the movement costs incurred by them do not
apply to the noise externa]ityg. Thus the leng run treatment of noise
costs epproaches rore closely to the classical model outlined in Section I.II.

This distinction indicates that in a simple model the overall noise
costs, N, would be assessed by taking a discounted sum of the annual
costs as follows:

For short run movers

T . . T .
s i S
i=] (T+r) (1+r)
where TS <7 , and for long run moveg,
T . T ,
1 L i .
N = L > op Ly sy
i=1 (14r)  i=Te1 YT (T4r)

Where T, is the number of years after which the short run mover moves out,
Nvi is the annual variational cost (compensation or willingness) and Nsi
is the annual surplus cost (compensaticn or wi]]ingness)]o; M is the
mévement cost, S the surplus, T the maximum length of time within which the
short run mover moves out of the noisy location, and TL the length of time ..
after which a long run mover leaves the location. )

Tnis issue is important cnly if T is small relative to TLT If T is
a long period then the distinction between the short and long run movers
is blurred. '

I.VI Supply Constraints

The final problem discussed regarding this treatment of quiet is the
one relating to supply constraints. With a nurmal good, there are no
constraints regarding the number of transactions of any given size made
and the equilibrium price is determined by equating agregate supply and
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anc aggegate demond for the commodity.  If,however, the.purchase of
a given amourt of quiet is related to the use of a specific location and
there are a fixed number of such locations then the number of household
transactions of a given level of quiet are also restricted.

In general this implies that there will not be a unique equiiibrium
price per unit of quiet, as there are as many constraints to be satisfied
as there are levels of quiet. Under some restrictive conditicns on
the distributions of tastes, incomes and surpluses, there will be a
unigue price fcr quiet. What these conditions amount to, is requiring
that in addition to the aggregate demand and supply being equal at a
given price p, it should 'work out' that the number of transactions
demanded for any given level of quiet should not exceed the number of
transactions possible at that level of quiet. Whether or not this is the
case is ultimately an empirical question. However, it should be noted
. that this problem is not one of the choice of units of measurement of
quiet. . Indeed, in the absence of any restriction on transactions there
will be a measure of quiet, such that, given the definition of an
origin, only measures that are proporticnal to that will yield an
equilibrium constant price per unit of quiet. If such & measure is

then transformed so as to yield a constant price per unit of quiet in the
. presence of restricticn on transactions, then the transformed units of
quiet will not normally be admissible in the calculation of individual

welfare costs.

I.VII The Aggregation of Individual Noise Costs

So far in this section we have considered how one might calculate
the noise costs of an individual, given some information Eegarding
his tastes for quiet through a utility function in quiet and anaggregate
of other goods or directly through a demand function for quiet. - However,
in society there is a variation of incomes, tastes for quiet and householder
surpluses, and it remains to consider the issues raised in the aggregatiun
of their noise costs. Once the joint distribk:tion of incomes, householder
surplus, and a taste parameter is available, there is no real difficulty.
ke calculate the noise cost for a mover and for a stayer, given specific
values of these variables and given a certain level of imposed noise.
Ve then take the inwer of the two costs and weight it by the proportion
of the population in that noise zone that has these values of the variables,
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The weighted sum of the noise costs of all noise zones is the total noise
cost.

To obtain such a distribution, we may proceed by survey methods to
collect information regarding income and surplus (although there are some
difficulties regarding the latter that are discussed in section II.III),
but we cannot obtain information regarding tastes in this manner. The
parametric representation of tastes could be with respect to the price
and income elasticities of the demand function or it could be with
respect to-a parameter of the utility functicn (such as  in the case of
the Cobb-Douglas utility function used in section I.I1I). In either
case the estimation of such a distribution could proceed in one of'two
ways. First it could be done as an  integral part of a study of the
implicit market for quiet, which wculd have to be carried out to obtain
an estimate of the demand function for quiet, and second it could be done
by constructing an ordinal index of the strength of preferences regarding
noise from & questionnaire, andsing this in conjunction with the
information on the price of quiet, and the other costs of adjustment, to
infer a distribution of tastes for quiet. Neither approach has been
fully attempted so far, although the second approach is very much in the
. spirit of the work of the Roskill Commission that is discussed in the

next section. It seems appropriate, therefore, to consider that work,
and to discuss the question of the appropriate method of measurement of
the distribution of tastes when evaluating the relative merits of the
“two approaches. It is to the Roskill approach to the measurement of
noise costs that we now turn.

I.VIII  The Welfare measurement of costs, when there is a change in the
price of more than one related goced. ‘
In the preceding analysis we have been concerned with a change in the

price of quiet, as a result of some government action, and we have analysed
the consequences of such a change, independently of movements in any of the
other prices. It, however, the same government acticn significantly
effects the prices of any of the other commodities in that area, then the
costs or benefits of such effects have to be considered in establishing a
ranking alternative government actions.

Initially it might seem desirable to take the sum of the relévant vari-
ational or surplus costs to obtain the total cost of the project.  Such
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variational or surplus costs are measured as the areas related to the com-
pensated demand curves and indicated on diagram 2.  However, when there are
changes in relative prices the compensation measures (variational and
surplus) may not rank different alternatives according to their relative
affects on utility. This point has been made by Foster and Neuberger (1974)
.and can be demonstrated as shown in diagram ? Criginally the individual
ijs at o. In the case of project I, relative prices are so changed that

his b&dget 1ine moves from AR to CD, and in the case of project 2,‘re]ative
prices are so changed that his budget line moves from AB to EF. - The gain

in utility measured by a compensating variation Cv]in case 1 is given by

where P, (1) is the price of x, in case I. Similarly in case 2
2

But sz(z) 5 pxz(o) 5 pxz(l)

and, as drawn, A] > A 9

. therefore CV] > CV2

However, the respective utility positions cbtained indicate that

U2 > U]
If the line EF vere tilted towards B we could have the same relative

values for the CVs but the U, < Uy. Thus it follows that the compensating
measure reed not be monotonically related to changes in utility when there

is more than one price change. However, the same is not true of the
equivalent measure if the individual is unsatiated. This can be seen

simply as fo]]qws:'



D >
Diagram 5 _ B N

 Originally the price vector for commodities is P and income is M. In
case I the price vector is changed to P* and in case 2 the price vector is
~ changed to P** '
To find the equivalent variaticen EV, we wish to find an M* and an M*#:
U (P M%), and
U (P, M**)

U (P*, M)
U (P**, M)

if Mx* - M > M¥ - M, then EV] > EV2
and U (P, M**) > U (P, M¥)
therefore U (P*, M) > U (P**, M).

Thus it would appear that whereas EV is munotonically related to utility,
CV need not be. While this point is important, it is also important to
bear in mind that in ranking a]tefnatives, it is not sufficient to rank the
utilities of individuals. This is because almost all problems involve
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the effects on the utilities of several people, as well as some direct
production costs.  Thus the particular cardinalisation chosen to represent
utilities will be cf great importance. In section I. I we have given some:
interpretation to the various measures of a utility change brought about

by a disbenefit causing the price of one good to rise. These interpretations
relate to the accordance of pollution rights and the distributional judgements
inherent therein. If therefore we can obtain the same ranking of alternatives
using only the equivalent measures as we can using the combination'of com-
pensating and equivalent measures that cur distributional judgements would
like, then the cerdinalisation represented by the latter is surely preferable
and these costs should be wused. In the probably unlikely event of the
equivalent measures producing a different ranking from the desired measures,
we are compelled to use the equivalent measures.

II.1 The Roskill Approach to the Measurement of Noise Costs

In this section we consider the measurement of noise costs pioneered
in the Commission on the Third London Airport (1970), volume 7, parts 1 and
2. The method of measuring roise costs used ty the Cormission differs
frem the classical treatment outlired in the previous section because it
does not use the concept of the demand for quiet as such.  When noise is
imposed on individuals they either adjust to it by moving out of the
noisy area and in*to a completely quiet area, cr they suffer the
consequences of a higher noise level. The action that they choose depends
on which is the less costly of the two alternatives. Thus in the )
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individuals decision making, noise is treated 2s an attribute -« either
you suffer it or you do not. |
The Roskill model started by using a measure of noise called the

noise and number index (NNI).  When aircraft noise was imposed on a

previously quiet area, this lead to a depreciation in the value of

household property, that was related to the MNI level imposed in that
area, This depreciation occurred as some residents moved out of the
area on account of the noise, and cthers rmoved in.  The noise costs to
households were then assigned as follows:

(i) Households that moved out on account of the noise vere assigned
a cost equal to R+ S+ D where R was the movement cost, S the
householder's surplus and D the depreciation in the property on
acccunt of the rncise.

(ii) Households tnat stayed in the area were allocated a noise
cost N, where N was a measure of the "noise annoyance
distenefit”.

(ii1) Households that roved into the noisy area were assigned-a
noise cost of N which was exactly equal to their gain in
depreciation b.  Thus they were assumed to have nc roise
cost.

 (iv) Households that moved out of the area for reasons other than

noise were assigned a cost of D.

The model was applied to noise zones of 35 NNI and above only. The
values of R and D were cbtained empirically, as was the distribution of
S in the population involved. The distribution of N in each noise zone
was obtained as follows: households in each noise zone were asked a number
of objective and subjective questions regarding various aspects of aircraft
noise and according to their responses, they were rated on a five point
noise annoyance scale, with a higher rating representing greater

annoyance. The median value, on the noise annoyance distribution thus
constructed, was then accorded a noise annoyance disbenefit equal to the
depreciation in that noise zone. This was done for each noise zone

and as the distributions of noise annoyance and the levele of depreciation
were different in the different noise zones this gave a number of

different noney values for the different points on the noise annoyance
scale. By interpolating linearty in between points the noise annoyance
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scale was converted into a money measure and “he disiribution of N
obtained for each noise zone.  The justification given for equating

the median of the noise annoyance scale with the house price
depreciation was that the equilibrium Fail in house prices is determined
by households whose noise annoyance is greater than the depreciation
moving out of the arca, and households whose noise annoyance is less
than the depreciation moving into the area. At the ma.gin the inmovers
gain, D, is equal to his noise annoyance cost, N, while the outinovers
'1oss, also D, is equal to his 'saving' in noise annoyance cost, M.

As there are as many outmovers as there are inmovers, it is a11egéd

that this implies that the cost associated with the median noise
anncyance is equal to the depreciation. A1l the costs, S, D,R, and
N were calculsted on an annual basis ard S, D, and R were ass&med to
grow cver tirme, to reflect an increasing valuation of guiet in the

case of D and an increasing valuation of commodities with a high

service content in the case of R, Heurjstically the logic of the

model can best be seer by considering diagram 5 telcw which represents
the density distribution of N in the populaticn.  For a given house-
holder surplus S ]], the right hana tail will represent the initial
outmovers (N > R + S + L), while the Teft hana tail will represent the
initial inmovers (N > D-R)]2 . The central section represents those
who stay. Over time the distritution of Nm%;i1ﬁ§53d to shift to the
left as the right hand tail disappears and(as the” median value of N,
~which equals D, grows as D grows. Thus a new group of outmovers and
inmovers will appear annually, and their costs will te assessed in the
same way as the initicl years costs vere asszssed, Those who do not '
move out or in on account of the noise,suffer a noise annoyance disbenefit
N according to their position in the distribution for scme period of
time and then they are assumed to move out for reasons unconnected with
noise, and suffer a loss of depreciaticn D.. Thus we have the basis of
dyramic model for costing noise in a situation where adjustment costs
are important. The sun of the ennual noise ccsts, appropriately
discounted, is equal to the total noise cost of the {mpositicn of noise.
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II.I1 Criticisms and Comments on the Roskill Model

The method described in the previous section played a central role
in the evaluation of noise costs by the Roskill Commission.  The work of
the Commission in general, and the costing of noise in particular has
drawn a range of comments and criticisms. A summary of the various

. positions taken is given in a paper by John Adams (1971). At the

extreme there are the comments by P. Self (]970) in New Society

where he describes the work of the Commission as, "nonsense on stilts",
"tunatic logic" and "a porridge of bogus accountancy". Mr Adams himself
takes a rather similar line. Thus elsewhere he states, "(the measurement
of noise costs) is clearly not a question amenable to quantification. (Roskill)
created a cost-benefit fantasy world in which things ...... of real
importance, such as friends, neighbours and human Tives were treated in

a derisory menner", Adams (1972). The comments are given, not so that
they may be argued here, but because they do indicate that individuals

who are concerne? about these things do believe that the measurement of
noise costs by any means whatsoever, is not a feasible exercise. Ihless
there are some metaphysical reasons for rejecting measurement however, the
raticnal procedure seems to be to judge the m%asunwent of noise costs

on the theoretical and empirtal grounds Ly / tbey were derived, - This
indeed is the position adopted by most of the people that have considered
the question. After having examined the noise estimates in more detail,
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suggested improvements where possible, and considered alternative methods
© of measurement , we may evaluate whether the problem has been satisfactorily
tackled. This is what we hope to do at the end of this chapter,

The following is a'list of the important aspects of the Roskill ncise
methodology that have drawn c¢riticism and further comment:
(a) The measurement of noise. by the noise and number index.
(b) The data on which the house price depreciation estimates are based.
(c) The use of a noise annoyance scale.
(d) The treatment of inmovers.
(e) Tiie Welfare implications of the noise costs measured by N.
(f) The use of the median assumption in calculating N.
(g) The use of noise as an attribute in the decision-making process.
(h) The treatment of time and uncertainty.

Items (a) and (b) are essentially empirical questions and these are
discussed along with the other empirical issues in chapter 5.. In
the remainder of section II, we consider in detail items (c)-(h).

II.1I1 The se of a Noise Annoyance Scale

The noise annoyance scale was used initially in the construction

. of the MNI (McKennell 1963). Households. were asked a number of
questions.,  They were first asked, 'Does the noise of aircraft bother you, -
very much, moderately, a little, or not at al1?' If they were at least

a 1ittle annoyed they were then asked, 'Does the noise of aircraft, (a) ever
wake you up, (b) interfere with listening to TV or radio, (c) make the house
vibrate cr shake, (d) interfere with conversation (e) interfere with or
disturb any other activity, or bother,annoy or disturb you in any other
way?' From their responses, households vere rated on a five point scale
where éf%%t%ﬁﬁyﬁkgz corresponds approximately to being a 1ittle annoyed,

a rating of 3 to being moderately annoyed, and sG On.

Thus the noise annoyance scale provides an ordinal rating of the strength

of feeling about ncise. It was first used to construct a noise index.
Given the noise index, this tells us the distribution of noise annoyance

in a given noise zone. There are three economic points to be made regardirg
such a scale. First, the population in a given noise zone may already

be self selected. If the noise has persisted for come time then the
distritution of noise annoyance will be biased in favour of the less

annoyed and this will underestimate the noise costs of introducing noise

in a new area. McKenell's survey of noise was conducted in 1961, about

two years after'ﬁQY?oduction of jet noisc around Heathrow Airport, lLondon,
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and so one may assumc some adjustment, This was not allowed for, and\

it is not clear how it can be allowed for, It appears, in general, not

possible to obtain satisfactory answers to 'as if' questions in 3reas

where there is no roise, thus excludirg the possibility of surveying

the distribution of annoyance in an area where there is no noise}3.

Second, there is the well known Public Good problem regarding the

revalation of preferences in situations where individuals may believe

that they have something‘to gain or lodse by giving a particular answer.

It is plausible, for example, that an airport worker will understate

his noise annoyance in the belief that if too many people 'complain', the

airport may'be moved, while someone else who has nothing to lese by the

airport being moved may will exaggerate his annoyance (but perhaps not

overdo it, lest the questionnaire is thrown out) ) 4° The resultant

distribution from the interacticn of these forces may be far removed from

"the object of initial interest in conducting the survey. To be sure,

a well designed survey does not make its object transparent, and has questions

that check against each other, fowever, it is difficult to believe that

" the object does not become clear to the respondent, and that his response

is determined by his seif interest. Third, it is important to remember

that the noise annoyancé scak is only an ordinal scale of annoyance.

" In converting it into a money measure of the noise annoyance disbenefit,

the median assumpticn is used to obtain the money value of levels of annoyance

that 1lie, in general, between the integer ratings 0-4. Thus to obtain

the noise annoyance disbenefit of a'rating of 1, 2, 3, or 4, it will be .

necessary to interpolate between the values obtained. In the absence

of any other basis for interpolating, this is done linearly. Thus

there is a strong presumption towards cardinality in associating money

values with points on the noise annoyance index, Given the strongiy '

ordinal assumptions behind its constructicn this is a matter o% some concern,
While these issues have been raised, it remains unforturately true that

they cannot be satisfactorily resolved, and vurthermore, the magnitude

of the erros caused by the presence of these problems remains undetermined.

Overall, the use of a noise annoyance scale to establish the noisé annoyance

disbenefit remains, in our view the mest—swcewptibte part of the Roskill

methodology tiest susceptitle to criticism.

- e ¢ —_——— e e e e e e
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311.1V The Treatment of Inmovers

. The Roskill model assigns no noise costs to inmovers. Their noise
annoyance distenefit N, is assumed to equal the depreciation in property
values that they obtain. This is difficult to justify. If a household
moves into a noisy area, on account of the noise it's net gain is D - R ~ N

where R is the annuitised movement cost..l5 These gains can be straight-

forwardly calculated, given the distribution of N, as shown in diagram

5, by reading off the left hand tail. The reason why the commission's
study ignores these gains is because a large number of inmovers are
regarded as. ignorant of the true noise annoyance, and only discover it
after having moved in.  The evidence given for this is that recent
inmovers in noisy areas often have high noise/ﬁggﬁ%igfe However, if this
is the case, then their net costs should be taken into account and there
‘are no reasons for believing that the costs of this group exactly or

even approximately outweigh the gains of the informed inmovers. In
section II.Vi11 we consider some subsequent vork that has been done to treat
the Costs of uninformed inmovers systematically. If such a procedure is
adopted then the gains of the informed inmovers should be taken into

account and this can te done, as indicated, quite straightforwardly.

II. V The Welfare Imnlications of the Noise Costs Measured by N

In section I of this chapter, we observed that there are four
concepts of the costs of externalities: two variational concepts and
‘two surplus concepts. It turned out that for the noise problem the
variational concepts were relevant when we are concerned with movers )
and the surplus concepts are relevant when we are concerned with non-rovers.
There are two variatiom] and two surplus concepts because in each case
we can consider either the maximum amount that the individual vould be
willing to pay so that he is no worse off than he would be if the noise
were imposed, or the minimum compensation that he would require to restore
him to his criginal level of satisfaction once the noise is imposed.
Which of these we use depends on our allocation of pollution rights and
therefore on distributional judgements. If we grant the pollution
rights to the households in the area where ihe roise is imposed, then
the compensating 'icasure is appropriate. If we grant the pollution
rights to the government agency that decides on the flying regulations and
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plans the airports, then the willingness-to-pay measire is more appropfiate.
Thus it appears that there are two questions to ask regarding the noise
costs measured by N. First, does it meastre the variational costs for
movers and surplus costs for ncn-movers; and second does it measure the
willingness-to-pay or compensation cost in each case? Having considered
these questions we then examine whether within the framework of the Foskill
model it is possible to derive information on costs othe: than those
obtained, by the use of suitable utility functions.

The distribution of noise costs N is obtained by equating the
depreciatidn in house prices in a given noise zone to the median noise
rating in that zone, and by assuming that the movers out of noise zones
move into completely quiet ones.  The heuristic explanation that was
civen for the median assumption, was that theequi1ibr1um depreciation
was a market phenomenon, in which the marginal buyer and seller have
no net gains. Ve consider the position of a marginal seller in diagrem?7,
which considers the same variables as diagram 3. Originally he is at a*
enjoying the maximum quiet. When noise is introduced he finds himself at
b. Should he wish to move,the choices available to him are given by
AF, which deces not go through b, because there is a Tump sum moving cost.

If he is a marginal seller, he will be indifferant between staying at

" b and moving to F, and this is shown in the diagram., The quantity a*F

is equal to D+ R.  If we equate this to N, for the appropriate noise
annoyance raing, then we are measuring the willingness-to-pay cost,

. which happens to be both the variational and surplus concept, as the
individual is moving to compiete quiet.]6
D to the median of the noise annoyance scale, and the most favourable
interpretation that we can place on this act is to say that, D+ R equalling
some point on the noise arnoyance scale implies D equalling the median
point on that scale. We will return to the median assumption in the

next section. At this stage the best that can be dene is to suggest that
if individuals do adjust completely to noise, then the noise annoyence dis-
benefit obtained by the Roskill model is the willirgness-to-pay cost, which
is both the variational and surplus concept. Thus the willingness to pay
costs for movers and non-movers are the same. The compensation costs,
however, will not be the same. Again if we caa assume complete adjustment,
then the compensation cost for the mover is equal to R+ S+ D, where this

Now the Roskill model equates

is the sum of costd incurred in moving to complete quiet,  For the non-mover



. 114 *
{i\
o
m\
+F

DIGRM 7

the compensating surplus, which is the relevant cost is given by bd
in the above diagram,

It would appear, therefore, that the Roskill assumption of all
households moving out of noisy areas, moving into completely quiet ones
does considerably simplify the problem of identifying the noise costs.

Ve will consider some ways of testing this assumption in section II, VI,

There has been some criticism of the Roskill noise costs on the |
grounds that they claim to measure the combensating costs, whereas in
fact they do not. from our analysis this criticism appears to be valid
as far as the costs of non-movers are concerned. In this case it seems
reasonable to ask whether some information on the compensating surplus
for non-movers can be obtained, given the equivalent surplus represented
by N.  This can be decne in specificcases when preferences of the household
can be represented by analytical utility functions, for illustrative
purposes we consider the Cobb-Douglas utility function that was described
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fully in section I.1II,

Us=Kkq-Y'" . (16)
where

0 o<a<]

q = amount of quiet
Y = expenditure on other goods (annual)

If we consider the original inccme as M, and define the original level of
quiet as 4, , and the new level of noise suffered as Gy » then we are
interested in the value of bd, given thewlue a*F. We observe the

following relationship:

bd = M
a*fF  T=a*F . (i7)
This can be seen as follews:
~ 1 1
1 1
(L)Ta. (Y)Ta -y Te
bd = (=) —) =
(Ka17) (Kay™) 1
(ke %) T (18)
] L ] 1
()T oy TRy TR TR
a*F = (=) - () = 2 (19)
(Key%) ((Ka,)%) :
(Kq (X)T‘a-
0 .
o
-5
B= () _
a*F (4y) _ o (20)
and since qH'T® = q % p-axp)!"C
TS"..
\ -
(0 = W = ‘
gﬁ‘ﬂ T5F  3FF (22)
/ o
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The relationship between bd. and a*F would suggest the fo]]bwing things:

(i) The compensation cost is never less than the willingness to pay cost.
The twd, hewever, only differ substantially if the willingness to
pay cost is a substantial part of household income. A willingness
to pay of about 8% of income is about average which would suggest
that the compensation cost be about 8.7% greater than the willinness
to pay cost.]7

(1) In the utility function tastes are represented by the parameter o .
Ffor a given velue of a , and a given level of quiet 9 s the value-
of Nw is preportional to income. Thus for given tastes, and a
given level of noise imposed, the percentace difference btetween
the compensation and willingness cests is independent of inccome.
The Cobb-Douglas utility function is used here to illustrate the relationship
between the two kinds of ccsts. It is valid only if the price and income
elasticities for quiet are unity. Empirically this is known to be
unsatisfactory, especially as regards the income elasticity., A more
realistic relationship between the costs can be obtained if we consider
that there is a minimum level of expenditure on other commodities than
quiet, such that for any household at a Bvel of income equal to or below
that, the household would purchase no quiet at all, in the event of an
airport being placed near him.  This has the advantage of not assuming
that the demand for quiet falls only proportionately with income. We
may modify the Cobb-Douglas utility function to take account of such
a factor as follows:

U= an (Y"E')]-a - (23)
where € is the minimum level of expenditure on other goods.]8 The
demand function for quiet implied by this is -
g = (1-a) (¥-E) S ek (24)
Pq
p> afl-E)

where pq is the price of quiet.

This givan an income elasticity for quiet that is always greater than cne,
and decreasing as inccme decreases., This implies the following relationship

between a*F and bd.
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bd = _H-E

a*F  M-Ea*F (25)

In this case we note tke following:
(i) for a given money value of expiressed willingness to pay the compensation
required will be higher for a person with low income than if T were set
~equal to zero.

(ii) For an expressed willingness to pay that is a given proportion of an
individual's income the percentage difference between the compensation
cost and the willingness to pay cost will now increase as ¥ gets |
smaller relative to &, As a comparison with the figures obtained in the
Cobb-Douglas case vie note the following
If Nw = 0,081 tren .
Compensation cost = 1.087 willingness cost if no account is taken of €

1.667 willingness cost ifM = 1.25¢

1.190 willingness cost ifM =2 &

1.119 willingness cost ifM =4 €

Compensation cost

Compensation cost

Compensation cost

(iii) For a given set of preferences for quiet, (i.e. a given o) the
percentage divergence between the compensation cost and willingness cost s
independent of inccme for a given level of imposed noise, for all levels
of income greater than the minimum level of consumption. This result
“holds in the case of the straightforward Cobb-Douglas utility function as
well, (vhen E may be regarded as zero ),

Overall, these comparisons serve to show that it is possible to cbtain jnformation
on compensation costs regarding ncn-movers within the Roskill methodology, if

it is possible to represent the tastes by a satisfactory set of preferences.

If this cannot be done, but some knowledge is available about the price and

jncome elasticities for quiet, then we may proceed to obtain direct estimates

of the compensation costs ty using the demands methods given in section I of

this chapter.

I1.V The lse of the Median Assumption in Calculating N

In section I1.1 we explained the rationale given for equating the
house price depreciation in a certain noise zonc with the median noise annoyance
level in the noise annoyance distribution for that zone. The three basic
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assumptions underlying this view are that when the residontial market adjusts as

a result of the noise, .

(2) The number of inmovers is equal to the number of outmovers,

(b) The'depreciation is so determined that the rmarginal tnmover and the
marginal outmover gain rothing by moving,

(c) The inmovers' net gain is D-N and the outmovers' net gain is N-D.

Given these assumptions it is clear that D will equal the median of the
distribution of noise annoyance amona the inmovers and outmovers. This may

or may not imply that D is equal to the median of the noise annoyance
distribution for the population. Furthermore, whereas assumptions (a) end
(b) are acceptable, it is not possible to accept assumption {c). The net
gains of the inmovers and those of outmovers must include losses of
movement costs and of householder surplus. ‘hen both these factors are
brought into consideration, the validity of the original argument for the median
assumption breaks down, and one is left with an assumption which is very
important and which cannot be satisfactorily justified.

KWhat is really involved here is an attempt to derive a noise annoyance cost
function which asscciates with each noise annoyance lwel x, a cost c(x).Ig
We first consider cases where the cost function obtained by the use of the
median assumption is valid. The conditions required for its validity turn out
to be rather restrictive. We then go on to consider an alternative approach
for obtaining ¢(x) which involved the use of data on inmcvers and outmovers as
a proportion of the population in an area, and an algorithm for dealing with
the difficulties raised by the existence of a distribution of houscholder
surpluses., Finally we conclude this subsection by making some general
observations on the applicability of such an a]fernaitve procedure,

Let the noise annoyance scale x be defined over a range /0,7/ and
Tet there exist a cost function c(x), defired over this noise annoyance scale, such
that c(o) = 0. Then we may state the following lemmas:

Lemma 1

e —

It (a) The depreciation is so determined that the marginal irmover
and outmover have zero net gains;
(b) the density distribution of the population over the noise annoyance
scale x is symmetrical and unimodal; '
(c) e(x) is a Tinear function;
(d) a1l irmovers and outmovers have the same surplus S ;
then the mean and median of the distribution of noise annoyance T/2 .
has a cost D associated with it.
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Proof

Since the number of inmovers is equal to the number of outmovers
as a result of the noise, and the margiral inmover and outmover

gain nothing, there exists @ A on the noise annoyance scale:

c()) z D-R-S (26)
c(T-)) s D+R+S (27)
By linearity of the noise scale, and since C(0) = o
T . - (29)
@ = 0D : :
With a linear cost function we may write ¢(x} = o.x , >0

Lemma 2

el

If assumptions (a) to (c) of lemma | hold and there is a distribution
(¢) of householder surplus S over the population such that the distribution

is defined over a range [O’Smax] , where

s < min| DR, aT-d-R ] (29)

(¢) The distributions of householder surplus and nocise annoyance are
independent of each other, then the mean and median of the noise

. . . T .
annoyance distribution, 5 has a cost D associated with it,

Proof
Let F(x) be the cumulative distribution corresponding to the density

distribution f(x). Then for each surplus level S, the proportion who
move in are given by F(D-R-S}, and the proporticn who move out are given

by 1-F(D+R+S). Let g(s) be the density-distribution of the population,
Since g(s) and f(x) are independent, the equality of the number of inmovers

to the number of outmovers gives::

S = min (smax, D-R) Sz min(aT-D-R , S
(30)
F(D-R-S) g(5)ds \ [1- £(o+res)] q(s)es
T S=o
Given assumption(d ), and rearranging terms,
S
max
J [F(o-r-5) + F(0+ReS)] g(S)as = 1 (31)

S:o0
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Now by assumption (b) we know that if F(D)< 0.5, then F{D-R-S) + F(D+R+S) <]
and the above equation canrot be satisfied.  (Recall that g(S) = 1 and
jﬁ(S)dS = 1). If, however, F(D)> 0.5, then F(D-R-S) + F(D+R+S)> 1, and
again the above equaticn cannot be satisfied. Therefore it can only be
satisfied when F(D+R+S) + F(D-R-S) =1 aind that occurs when F(D) = 0.5,
indicating that c%%g = D.
These two lemmas indicate that only under restrictive conditions can
the median assumption be shown to be valid.2% From Temma 1 it follows that
if all the inmovers and outmovers have a fixed surplus then linearity of the
cost function and unimodal symmetry of the annroyance distribution will do.
One naturally thinks of noise movers as havirg a small or even zero sufp]us
although this need not be the case. It -is more difficult, however, to accept
the lirearity assumption which implies a cardinal interpretation to what is
essentially an erdinal scale. If, the movers have considerably variable
surpluses, then from lemma 2, the further requirement (d3 is that the range
of such a surplus be small - so small that no inmover is excluded from moving
in on account of his surplus, and no outmover is excluded from moving out on
account of his surplus, given the value of D and R. Again this condition
seems unlikely to be satisfied.
An alternative procedure for obtaining the cost function c(x) is
one that attempts to infer such a function fros information regarding
turnover rates in residential property in various noisy zones. For each
noise zone z, we have a nois¢ annoyance density distribution f(x,z)zz. From
these distributions we wish to obtain a cost function ¢(x). If this noise
cost function is strictly monotonic and differentiable then there exists a
derived distribution g(c,z) where
g(c,z) = f,({x(c):x)-!'gé‘!- ’ . (31)
and x(c) is the inverted cost function. '
‘g(c,z) is the density distribution, giving the proporticn of the population
that has a noise nuisance cost of between c and c+dc in zone z as g{c,z)dc.
Let us assume initially that there is no distribution of surplus among the
population and that everyone has a surplus S. ke will relax this assumption
later. Then, if noise is introduced into a previcusly quiet area, making it
into a noise zone of level z, all outmovers will suffer a loss of D+R+S. Since
at the margin there is no net gain for the outmover of the irmover, we have that:
G(c*,z) = 1-t(2) (32)
G(c**,z) = t(z) : (33)
c* = D+R+S, ¢** = D-R-S, and t is proportion of the residents that move
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out of thc area = & consequence of the noise zone being created,
G(c,z) is the cumulative distribution corresponding to the derived
distribution g(c,z).

Now for each noise zone z there will be values of t{(z) from which
the function c(x) can be constructed, as shown below in diagram 7, We
plot the cumulative distribution F(x,z) in the southwest quadrant, In
the north east quadrant we plot the combinatiens of c* and G(c*), and
ct% and G{c**) as given in the expressions above, By tracing through
diagram we can thus obtain two points relating c to x, Repeating the
exercise for diffcrent noise zones, we get further pairs of points in
the c-x spéce° By interpolating be tween these points we have an
approximaticn to the c(x) function,

Thus for the case where there is no distribution of surplus and
where the functicn c(x) is strictly monotonic, there is a procedure

 for deriving this functicn by a consideration of the turnover rates

in the 'various ncise zones., In most applications, however, the distribution

of the surplus S is an important factor, and it is to the implications of
such a distribution on the drivation of the function c(x) thzt we now turn.
Let us assume that there is a density distribution of surplus,
given by h(s), and that the distrubiton of surplus is independent of the
distributions f(x,z), for all z. We proceed by ignoring the distribution
h(s), and by choosing, for each z, two values of S, viz., %}z) and su(z)°
Given these values the cost function c(x) is constructed, as outlined
in the previous section with the knéwledge of the turnover rates in each
of the noise zores. Now given the cost function, the cumulative
distribution of noise annoyance costs, G(c,z) can be obtained by a
summation over ¢ of the terms given in equation (32). With this

cumulative distribution, the predicted turnover rate in zone z is expressed
~ 2 =
as El}(zﬂ , where 3

Efe(z)] 1 - j‘G(Aw&S;’z)‘h(S) |

S

A = D(2)+R

We are concerned with the choise of the values SL(Z) and Su(z),
such that the cost function obtained predicts, as 'well' as possible, the
observed turnover rates, Thus one possible way would be to try all

possible combinations of SL(Z) and'Su(Z) but that would be extremely

(35)

(36)
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laborious. The following algorithm seems to suggest itsélf:
I E[t(z)}‘/-t*(z) '

where t*(z) is the observed turnover rate in zone z, then we wish to
ltower the predicted turnover rate. From equation (35) it is clear that
the cumulative function G(c,z) must shift upwards as shown in diagram 8,
For this to happen, the cost associated with a given turnover rate must
fall.  For a turnover rate of t(z) we associate a cost of D4R~SL(z)
with t%(z) and a cost of D+H+Su(z) with 1-t%(z}).  Thus, if these costs
are to fall SL(z) must be raised and Su(z) lowered,

Therefore, if we observe that the predicted turnover rate exceeds
the observed turnover rate we should lowerS (z), and raise S, (z), and
vice versa, There are, however, some natural restrictions on the value
that Su(z) and SL(z) can take:

- (a) D(z)-R-SL(z) >0 for all z
(b) The thoice of the relative values of SL(Z) and SU(Z) for all z

is such that the cost function obtained is non decreasing in x

Condition (a) is necessary to ensure that the costs associated with
given values of x are not negative. Condition (b) seems to be a
natural restriction to place on a noise annoyance scéle that measures

increasing levels of annoyance

N G@)

4| —

oY

B
A, and A, are the required reducticons in ¢

DIAGRAM G
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In any practical aepplication of a procedure such as that outlined
above, it will nnt be possitle to obtain predicted movement rates that
are exactly equal to the observed movement rates. This is because
the data on tie functions f(x,z) and h{S), and on the turnover rates
is obtained by statistical methods that are liable to sampling error,
and because the construction of the c{x) function will involve a
considerable amount of interpolation. It will be recessary therefore
to have some criteron of ‘'goodness - of fit', Cne such criterbn could

be, for exarpie, to minimise:

SR - @] 2

This penaf?ses ore large deviation more than two small ones, and
therefore emphasises a uniform closeness to the observed rates.

In chepter § we discuss some of the evidence on turncver rates
in areas inflicted by noise, There are several difficulties of
measurerent and interpretation, but one of the tentative conclusions
is that about six to nine per cent of the residents of a region inflicted
with noise might move, in regions where the noise level is 27.5n.c.f.
and cver (This is approximately equivalent to noise zones of Lo n.n.i.
and over). Taking three noise zones for which the Roskill Commission
had collected data on the f(x,z) functions, we proceeded to apply the
above algorithm, when the observed turnover rates in each of the zones
was eight per cent, The details of the data used, and the assumptions
regarding movment costs and depreciation levels is given in an appendix
to this chapter. VWe summarise here the iterations in Table 2 and
graphs A and B. In Table 2 we observe that the sum of squares of
deviations falls between each step, In graph 1 we show-the changes
the function c(x) as the iterations are carried out. Graph 1 corresponds
to step | in the table, graph 2 correspends to step Il in the-table
and graph 6 corresponds to step lll in the table, Graphs 3 to S'are
not tabulated, but all show a uniform fall in the sum of squares of
deviations.zh In graph B we plot the best estimated cost functions
using turnover rates of eight per cent, and the cost function obtained
by the use of the median assumption.* The main peints to note in
graph B are:
(i) The median assumption probably seriously underestimates the noise

costs at the top end of the scale. Tnis will imply that the Roskill

* The costs presented here, as well as the value of Sr(z) ard S, (2), are all
. . . . - 4
annuitised costs in income units. Thus for example & value of ¢ of 0,10
implies that the annual noise nuisance cost is 10% of annual income,
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TABLE 2
L (veF) | s () |s,(2) E t(z) t*(z) ET(z) -t(z)
37.5 0.0032 0.C8 0.123 €.080 0.0018
| 33.5 0.0032 0.08 0.131 0.080 0.0026
27.5 0.0032 0.08 0.204 0.080 0,0154
I SIOURU AP SO IS NS S S
________________________________________________________________ 0,0198
37.5 | 0.0032 |0,07 0,061 0.080 0.0004
It 33. 0.0032 0.06 0.077 0.080 0.0000
27.5 | 0.0032 |0.05 0.163 0.080 0.0069
................................................ oo 02007 3]
37.5 | 0.0496 |0.07 0.55 0.080 0.0006
1l 33.5 0.0317 0.06 0.0656 0.080 0.0002
27.5 0,0048 0.05 0.100 0,080 0.0004
0,0012]
Restrictions on values of SL(z) and Sv(z):
Condition (a) implies
s (27.5) ¢ 0.0048
SL(33°5) < 0.0317
s (37.5) < 0.0kg%
Condition (b) implies that
s (37.5) *» s (33.5) > 5 (27.5)
A1l values of S are expressed in annual income units, e.g. $ = 0,08

implies that the annuitised value of the househelder surplus is 8% of

annual

income.
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noise model will generate much lower movement rates and lower noise costs
for the higher noise nuisance ratings, especially in very noisy zones. In
fact if we consider the movement rates predicted by noise cost function as

estimated by the median assumption, we obtain the following movement rateszsz

TABLE 3
i NEF Movement rates predicted by noise model
' using median assumption %
. 20-25 14.¢
25-30 2.1
-] 30-35 5.9
PR .
35-40 0.0

The figures for the 30-35 nef and 35-4C ref appear to be at variance
with what statistical data is available on movement rates*

(i1) If the observed movement rate is around 8%, then the middle secticn
of the noise cost function (x=2 to x=4) is probably not toc bad as
estimated by the median assumption.

(iii) Again with observed movement rate of around 8%, it is probably safe
to ignore the gains to inmovers, as the best estimate of the cost
functicn appears to be ¢(x)=0 for x o gx<1.

lowever, it is by no means established that the movement rate is 8%. A
_ closer examiration of the statistical evidence on these is necessary, and such
evidence could lead to the costs established by the median assumpticon as being
even more unsatisfactory.

iI.VI The Use of Noise as an Attribute in the Decision-Making Process

In the noise model used by the Roskill Commission households were assumed
to choose between the opticn of staying and suffering the noise, or moving
to a completely quiet zone. In reality of course, households have a whole
range of intermediate opticns involving moving to different noise zones.

* The very low turnover rates in the 30 nef and above zones are predicted
because the distributions cf noise nuisance are rather closely bunched together
at the top end for a]lonoise zones and the higher depreciation levels in the
very noisy zones lead/median calculated values of N tomoveusre slowly than de-
preciation rates.
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The choices available are represented in diagram 9, Originally the
household is at F, enjoying the maximum quiet, He then finds himself at
N, as a result of the imposed noise in the environment. The choices
available to him are to stay at N, or to choose a point on the line

CE. This lire is below N, because there are movement cost losses of
surplus involved in ary move. Such fixed costs of moving are
represented by NK,  The household will evaluate the maximum utility
attainable by moving (call it Um) and compare it with the utility of
staying (call it Us) If the former is greater than the latter he will
move, otherwise he will stay.

The question involved here is whetﬁer, for an outmover, it is

valid to assume that Um passes through E. If it does then the

relevent comparison is between FE and FO, where 0 is the pcint of
intersection of the indifference curve through N, representing utility Us ,
"with the maximum quiet line, If FO is greater than FE the householder
moves; otherwise he stays. Intuitively one might regard the fixed cost
of moving as implying a decliningunit cost to the purchase of quiet, and
the greater the fixed cost relative to the price of quiet the more likely
it is that a household that finds it beneficial to move will only find it
so when purchasing a lot of quiet. In practice the fixed costs are
v always quite substantial .Even in the absence of any householder surplus,

26

the movement costs are about nine per cent of the bouseprice. These compare
with a depreciation of about  fourteen per cent of the house price in

moving from a 30 n.e.f. noise level (quite noisy) to a auiet zone. Thus

one might expect the assumption that noise can be treated &s an attribute

to be reasonably satisfactory in the context in which it is used,

Whether this is the case or not, however, can only be established by
further specifying the underlying utility function for the household., For
example, if we take the Cobb-Douglas utility function, modified to take
account of a maximum level of quiet,.aé presented in section |.tt}, then
we may present the choice as follows:

If the household was enjoying % units of quiet, where C% is the maximum
amount of quiet possible, and now finds itself at x units of quiet then it

will move if

| <0 o 1-a
qlc‘ Y] - x M > 0

where q and Y, represent the utility quimiclng cholces along the budget

1
line

Mipex =pg =L = o0
where p is the price of a unit of quiet and L is the fixed cost (movement

cost plus loss of houschold surplus) of moving locations, The utility
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maximisation gives!

q, = min Lg (M+ px-L), qé]
P
v, s max [ 0-a) (tepx-L), M-p(qo-x)-L]

The min anrdmax terms indicate that no individual can consume more than
q, units of quiet, no matter what hisa,

For illustrative purposes we consider a household with an annual
income of £3000. L is set equal to R, thé movement costs alone, and
the data cn R and p are taken as given in the appendix.,

In graph.C ve plot ¢, the parameter ipdicating the preference for
quiet on the rizontal axis and the level of quiet that the household
chooses to live under as the vertical axis, The maximum level of noise
for residential purpcses is taken as 45 n.e.f. This implies that all
households witha>o will move from a 45 n.e.f, noise level. 20 n.e.f.
'is taken as the no noise level. This means that there are 25 units of
quiet, Households are considered at the 25, 30,35 and 40 n.e.f. zones,
and the stayers are represented by the horizontal part of the graph for
‘each zone. Those households with very low alphas move into even more
noisy arcas, whereas those with high alphas (a strong liking for quiet)
~move into quieter areas. It will be observed that,kfor the
25-30 n.e.f. zones all households that move into quieter a}eas, move to
the maximum quiet, whereas in the L0 and 35 n.e.f, zone there are some
outmovers that move into less than the completely quiet zone, Such
households could be substantial, deﬁénding on the distribution of a in
tHe population especially in the very ncisy zone (L0 n.e.f.) Overall,
however, it does appear that, except for the noisest zone the assumption
that the decision to move to quiet areas can be made with noise regarded
as an attribute is reasonably valid.

Although these results have been presented for a given inébme level,
they are in fact very insensitive to'changes in the level of income,
Also, increasing the level of L to include householder surplus only acts
to reinforce the corclusions reached here,

While the choice of utility function used in the above illustration
has its already spelt out limitations, it is difficult to believe that an
alternative utility function would radically alter the conclusion that, given
the kinds of values taken by the relevant variables, the treatment of noise

as an attibtute in this context is satisfactory all except the noisiest zones.
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b1.Vi1 The Problems of Time and Uncertainty
| Uncertainty

_ The model outlined so far, and commented upon, attempts to measure
the costs of noise from a household decision making model which is based
on the assumptions that the household chooses that course of action which
is most beneficial tc itself, and it does so with complete information
regarding the relevant costs and prices, and regarding its own tastes,
The assumption of complete information, however, is rather unsatisfactory
in this context, The development of serious aircraft noise is a
comparatively new phenomenon, and careful margiral judgements with
resepct to it may be difficult, especially for those with little or no
experience of noise, It is for this reason that the Roskill Commission
did not measure the noise costs or benefits of inmovers. However, it
remains true that if there is some depreCiation in house price cue to
noise, then there must be some households that choose to move in on
account of their subjective evaluation of the noise costs, Furthermore
the social costs of noise will depend on the relationship between the
subjective evaluation and the realised noise costs. Such a relationship
may be a completely 'random' one, or it may be that the'subjective!
evaluation of noise costs, consists of a probability distribution of such
costs, and the prctabilities reflect the long run frequencies of the
realised noise costs, In the case of the subjective noise costs and
the realised noise costs being randomly related, we may proceed as before,
including in the calculation of the .function c{x)., When the noise costs

of inmovers are to be assessed, however, the treatment is as follows:

uniform
A/random relationship implies that, irrespective of one's subjective noise

cost, the actual noise cost, N could take any of the valués in the range
of N, That is to say, each value of N has the same probability of occurring.
Let the rangeof values of N be from zero to T.  Then the expected noise
costs are given by: . :

. e - oony A ‘ A
Expected Noiz Costs= Z(D R-N) T 0t E\D+2P) T

N <ain(T,D+R) N> min(T,D+R)

The first term indicates the expected gain, when the individual noise cost
fs less than D+R, and he stays in the nolsy zone. The second term is the

expected loss if N cxceeds D+R and the individual leavesthe noisy zone, to

return to the quiet zone. (This being his least costly couse.of action),



Assuming no risk aversion, the individual will move into the noisy area
only if his expected noise cost is non'positive. Thus if we add all
the negative expected noise costs we obtain -the long run or expected
noise costs of inmovers.

Such a procedure is based on the assumption of a uniform random
relationship between the subjective noise cost and th2 realised noise
cost. If, however, the 'subjzctive' noise cost does bear some other
relation to the possible cutcomes, then the problem is more complex
for the'probabi1ity distribution of possible noise costs has to be
ascertained. In our present state of knowledge it would not appear
to be possible to censtruct the subjective probability distributions
of individuals views' of their noise costs. However, taking a
uniform random relationship, which may be interpreted as a case of
equal ignorance of all possible states, gives some idea of the expected
noise costs in a situation of considerable uncertainty.

The presence of risk aversion in individual behaviour would further
complicate the problem, and would require the specification of a Von-
Neumann-Morgernstern type utility function with a risk parameter, for
the solution of the problem. However, in the absence of any rczasonable
basis for making such a specification, it should be noted that the
actual noise costs incurred by a risk averse population will be lower than
those incurred by a risk neutral population. This is because, being
risk averse they will tend to stay where they are more frequently, and
this action has a zero cost or benefit associated with it. Similarly
the gains obtained will be smaller too, thus giving an overall distribution
of actual gains and losses that is more closaly bunched around zero than
with risk neutral behaviour.

Time

The annual noise costs are discourted to a given year and added
together to obtain the total noise costs. The Roskill Commission
truncated the ncise costs in the year 2005, Also, to allow for growth
of real inccmes, and a change in relative prices they allowed for a
growth in the values D, R and S overtime. The choice of the year

truncation raises an
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interesting economic problem. It would bgdesirable property of the
truncation point if the discounted sum of net benefits of the whole project
for any discount rate should not change sign for truncation points greater
than the one chosen, If it did change sign then it would imply that the
costs and benefits that are ignored could have a decisive effect on the
project depending on the discount rate. In this connection Sen(1973)
has shown, in an unpublished paper, that if certain regularity conditions
are satisfied and in addition the discounted sum of the net benefits
after the point of truncation are positive then that point satisfies the .
above property. in practice, however, it is extremely difficult to |
establish the last condition,ard apoint of truncation is chosen when

it is. fclt that values of the relevant variables beyond that point are
too uncertain to te held with any credibility. This deoes mean of course
that different views of the future beyond the point of truncation could
reasonably be the source of differences regarding the desirability of the
whole project.

It is certainly important to take account of changes in real income
and relative prices over time. As real income grows over time, the
positive income elasticity for quiet implies an increase in the demand
for quiet, Given limitations in the supply side this would lead to an
increase in the price of quict, although in measuring this it is important
to take into consideration changes in the levels of noise produced by
aircraft of differentdesignand different volume in the future. Similarly,
an increase in the relative price of seirvices would lead to an increase in
the costs of moving. Householder surplus is usually related to the
expenditure on housing.  Whether this increa%es over time or nct, depends
on the relative values of the income and price elasticities of housing.

If we define ® as the percentage change in real expenditure on housing,
then ¢+ n.g + (14}
where e=price elasticity of demand for housing
Y crate of increase of house prices in real terms
n =inceome clasticity of demand for housing
g = rate of growth of real income
Since v is often considcred to be positive, whether ¢ is positive or not

depends on the relative values of the variables, It is by no means clear

that it should equal g, as assumed by the Roskilt-Commission.
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ITI. Conclusions

In this chapter we have considered, in some detail, two alternative
methods of measuring noise costs to households. The first method begins
by treating quiet as a typically econonic éood, and then makes allowances
for factors which are special to quiet, such as adjustment costs. The
second method starts out by taking account of the special features of
noise in constructing a noise model. Vhen considered riore closely, this
model can be regarded as a special case of the first method - a case where
roise can be treated as an attribute rather than as a coatin,ouslyvariable
commedity in the houscholds decision as to whether it should move or not.
We have considered the validity of this simplifying assumption, and conclude
that it is probably valid for low and medium levels of imposed noise, but
may'not be valid for high levels of impesed noise. e,

If noise is treated as an attribute, the measuremenf of noise costs
can preceed without any specific demand function for quiet. The approach
that is taken consists of deriving a noise annoyance disbenefit distribution
from an ordinal scale of noise annoyance, along with data on house price
depreciation, movement costs, and householders surplus. We have discussed
this approach and considered a number of problems. By far the most awkward
problem is the one of constructing a suitable roise annoyance scale from
" questionnaires on issues related to noise, carried cut in noisy zones.
It is difficult enough to state the direction of any biases caused by
using such a scale, let alone quantify them. Yet there are reasons for
thinking that such biases might not be insubstantial. However, if the
noise annoyance scale can be relied upon, then it should be possible to
obtain reasonable estimates for the nuise costs, providing that some inform-
ation can bc obtained on turnover rates in zones where the noise is
introduced, and providing that the data on depreciation, movement cest
and surplus is satisfactory. Such estimated cbsts will consist of movers
costs and stayers costs. The movers costs are both the compensation and
willingness costs as cefined earlier, but the stayers costs are the willing-
ness costs only. From these, some idea of the compensation costs can be
obtained, given an underlying utility function between quiet and other
commodities.  Such a function would imply, however, a demand function for
quiet, and some vaiuves for the price and income elasticities for quiet, wﬁic%
this approach 2imed to do without. ‘

The more classically economic(method of costing noise does away with
a noise annoyance scale, and the consequent estimation of the noise annoyance
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disbenefit, but requires an estimated'demand function (or functions) for
quiet. This estimation is not an easy task, but the data is available,

and it should be possible. Indeed in some hitherto unpublished work,
Walters (1573) has already derived some preliminary estimates for the prize
and income elasticities for quiet. The measurement of noise costs based on
these has a number of advantages:

(a) An estimated demand function for quiet would aive some cenfidence
interval for the estimated parameters. With these it should be
possible to obtain confidence intervals on the derived noise costs.
This is not possible with tine Roskill or modified Roskill models.

(b) There will be no need to assume that noise is an attribute - an
assumption that cculd be misleading in scme cases. . ‘

(c) It will be possible to provide a fuller treatment of the coﬁpensation
and willingness costs of noise.  Such a treatmqgf is net possible
with the Poskill model, without specifying the utility function,
which emounts to having some idea of the demand function.

(d) The step by which the noise arnoyance scale is corverid into money
values will ke avoided. This means that the dubious median
assumption, or the difficult alternative ¢f measuring turnover
rates will not be nacessary.
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APPENDIX TO CHAPTER 3

In calculating the cost functions the following data was used:

(1) The functions f(x,z) were taken from the McKennel Survey
(McKennel 1963).  This gave the distribution anncyance
at various nni levels. The nni values were converted to nef
values bty using conversion factors constructed by Ahrahams.
(Abrahzns, 1973). S

(11)  The distribution of surplus h(s) was taken from the Roskill Report,
Vol.7, Table 20.1. This gave the consumer surplus as a percentage
excess of the market price of a house and listed the percentage
of a saﬁp]e of householders who stated that surplus.

(111) House price depreciation was set at 1.4 per cent of the house
price with the noise, per nef. Details of this estimate are
given in chapter 5.

(1V)  Movement costs were fixed at 9 per cent of the house price. Again
this estimate is explained in more detail in chapter 5.

(V) To measure everything in income units a ratio of 4 was assumed
between annual inceme and house value. The constancy, or other
wise, of the proportion of income spent on hcusing has long been a
matter of debate. The current evidence on this question is
summarised in a survey by de Lecuw (1971), where he argues that the
income elasticity of demand for housing is about unity with respect
to permenant income, implying a constant propertion of income being
spent on housing services. The ratio of expenditure on housing
services t0 house value however, appears to be a marginally declining

as !ouse valye increases,

one/ tw;n the %1tted equations relating the log of housing
expenditure to the log of permenant income,it is possible to estimate
the proporticn of income spent on housing from the constant term
of the cquations when the income elasticity is about unity.
Unfortunately this does not yi€ld sensible values when applied
to those results quoted by de Leeuw. (In the case of equations
relating house value to income they imply the ratio of income to
house value as being greater considerably than one !) In a
footnate in the same paper, de Lecuw states that this ratio is
probably between 2 and 3 in the United States. This range seems
rather low to us for Critish data, where the ratio is probably closer
to 4 - a va]uc that was censidered to be about right for Australien data in
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the course of the Sydney Airpert Study.

(V1)  To annuitise the costs & discount rate of eight per cent was

used.

Finally, the functions f(x,z) were only used for those zones where
D(z)-R>0, since if D(z)-R<o  then there will be no inmovers and herce the
level of depreciation must be a hypothetical figure. This excludes the
possibility of uninformed behaviour,but this analysis only makes Sehse
if such behaviour is excluded. ' '

In calculating the willingress and compensation costs in section 1,
the price of a unit of quiet, p*, was set at 1.4% of the house price per
unit of quiet.. To relate this to income, assumption (v} above was made.
A11 costs were annuitised using a discount rate of 8%4. The units of
quiet are measured from 0 to 25. 25 units of quiet may be taken
to correspond to 20 n.e.f,, the cut off poittin the noise scale used by
the Roskill Commission. 0 units of quiet would then correspond to 45
nef,and, given the utility function assumed, this would imply that at that
noise level all households with any positive degree of perturbility would

move out.
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FOOTROTES TO CHAPTER 3

1. In an evaluation of the costs of aircraft noise the Roskill Commission
calculated that residential noise costs were the easily biggest single
comporent of the total noise costs and ranged, for a prospective third London
airport, from about £10 million for an airport at Foulness to about £72 million
for an airport at ithampstead.  See Roskill (1970) for details.

2. Expressing an indifference curve between quiet and expenditure in other
goods, the irdifference map will depend on the prices of all othér goods.

Je assume that such prices are held constant in this aralysis.

-

3. It is entirely possibte of course, that as & result of the noise the house-
hold would be better off than with no noise. Fcr if his indifference

curves were very 'flat', then some points on the new price line

could lie above Uy and moving to a lower level of quiet represented by

one of these the household would be at a higher level of welfare than that
represented by UA' '

4. In chapter 5 we cite some of the evidence suggesting that the income
elasticity of demand for quiet is about 2.  This kind of elasticity, along
with the ‘large' price change being considered are the classic ingredients

of important income effects,

5. Where cross price elasticities are not regligitle it would be necessary

to take account of the effects on other prices, and the shifts they would cause
to the demand curves for other commodities. Since such effects are rarely
considered it is implicitly being assumed that cross price elasticities are
negligible. ‘

6. If households are sufficiently sensitive to move to a completely guict erea
then their willirgness and compensation costS are indistinguishable. Later
‘when adjustment factors are considered this statement will have to be qualified.
7. With Ccbb-Douglas or Stone-Geary type utility functions, implying

a constant unit income elasticity and a greater than unity income elasticity,
declining with income, respectively, it can be shown that OF being greater than
the distance between UC and Ub measured in expenditure terms at Qs is
consequently lirger than ¢* b* (see section IT V for detaiis). For other
forms of utility function we cannot say how DI and ¢* b* will be related,

8. In considering any serious adjustment to noise we assume that moving
residence 1is neceésary. This is in accordance with the general belief

that adjustments to noise through sound prcofing fail to offer extensive protection
against noise.  The adjustment costs associated with moving
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Tocations that is referred to as householders surplus may itself bLe

measured in cerpensation terms - the extra money above the sale price of the
house required to compensate you for moving lccations, or in willingness

to pay terms - the amcunt you would be wiliirg to pay above the purchase
price tc buy the particuler house you live in. le discuss these differences
more fully in Chepter 9, section four. In summary, the willirgness concept
is the relevant ore for cecisions regarding moving or stayirg; once a house-
holaer decicdes nct to move the concept is irrelevert, end if the hcusehslder
moves his ccsts will be measured as before except that to chtain an overall
cenrensation ccst a compensaticn hcuseholder surplus is added erd

to cbtain an cverall willingress cest 2 willirgness-to-pay houscholder surplus
is acdced. For sore interesting thecretical end empir{cai ckservaticrs cn
this question the reader is referred to Sterkie and Jehrson (1973),

¢. frem date given by the Gereral Heusehalder Suyrvey (I1873) vie observe

that zteut 40 percent of the populaticn ncve in a pericd of five years

aryway. See Ccreral Keusehold Survey Table 5.5,2.

10,  The variecticnal cest is used for shert run mevers becsuse we censicer
then as adjusting their Tevel of quiet in the short run in response to the
externality., Ve use the surplus ccst for the long run movers vhile they

can be recarded as nen-adjusters - i.e, until thet peried of time is past
after vhich ve ray regarced all householders as adjustirg.  Then

we regard ther as free to adjust and use a variational cost.

11. Ve censider a fixed householder surplus for diagramatic simplicity.
Otherwise we would have te do the aralysis €cr every level of householcer
surplus.

I2. Ve igncre here the surplus for irmovers. In practice it turns out to
be unimportant sirce only househelds with ro noise anrcyance and ro surplus
wvould rove inte ncisy zenes in the shkert run.

13. This was consicered in conjunction with the Sydney Airport Study and
after further erquiry it wes decided thst surveyino arrcyance ever in areas
where thers had tecn noise sone years beck was ret feasible.

14, The authcr actually experienced an interview curing which the husband
refused to let his wife talk, and claimed that he dic rot suffer any roise
arrcyerce, althcugh cne could rct heer him whern a plare flew over head erd the
house visibly sreck. It turned out that he was employed at the airport

and there was sore pessibility of his zirline cutting back staff.

I5. fgain fcr the same reascn, we ignere heuscholder surplus amorng imiovers.
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I6. This marginal ccidition ¢of H=D+R will orly reasure a*F if of

course the keusehold dees move to complete auict. He return to this point
later.

17. We remark here that these ciffererces are Guite small, ard ncn movers
costs being the major component cf the ncise, compensaticn and willingress
costs, et least &s measured by unit elasticities are well within the
margins of errcr of such an analysis.

I€. Such a concept @s E sheuld te quite measureable. Cne interpretaticn
might te the poverty lire as defined in Social Velfarc Fregrarmes.,  Tris
ellows for local fectors ard brings in the size ¢f the femily which weuld
epreér a cdesiravle thing to do. ‘

10 Ir constructing such a furcticn a necise cest ¢f ¢ for a noise erroyarce
rating of x ic essured to kold in all rncise zones.

20. It should te stressed rere that tie abeove conditicrs for the redizan
assurpticr tc te valid are sufficient but rct recessery.  Thus it may te
possitle fcr the assunption te be valid vhen these corditicrs are not

setistiec. however, what we have shewn is that, in exariring the conditicns
vrcer which the redian assuipticn is velid, we have rot teer able to provide a
theereticel raticnalisation for its use.  In the abserce of any stch
reticraliseticn, therefore, ve rust remein sceptical of the validity of this
essumptior,

21. This footrote has been excluded from the text.

22. Ve use this nctaticn to refer tc the properticn of households with

a2 noise annoyence rating cf X in 2 reise zere Z. It is cbtained by sample
survey rethcds.

23.  Tre precicted turrcver rate is censtructed by assuming that all heusehclds
with roise ccsts greater than cepreciaticn plus adjustment costs meve out of
the noise zone.

24.  Fror this eralysis it cces appear that the algorithm viculd vork Letter
if the rcise erncyarce ratinc scale vas contiruised in sore appropriate
fashicn, Failirg that a closer apprexirzticn to the cbserved rates

would be cbtaired if the interpclation tetwceen reints on Craph A was cone
cervexly rether thern by straicht lires,

25. Details cf these estirmaves are giver in Chapter 5 section 5.5
Effectively trey are cerived frem a Peskill tvpe noise cest model with a cea-
stant level of ncise imposcd and with the price of guiet rising relative

tc al1 otrer veriadles. Tresc rcverents ere the ones that cccur in the short
tern (first eickt years). After that, sirce oradually tut inexcrably

the valuation of quict is cssumed to rise there will te further adjustrents.
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towever, for the purpuses cf estinating initial roise costs it is
the short tern: mcvements that ve ere interested in.

26. Thic estimate is taken frorm the Sydney Airport Study. The
Roskill Cenmission used similar fiqures,



144,

Chapter 4.

Cantral of the Level of Noise

4.1. INTRODUCTION

In this chapter we ciscuss the economic aspects of the control of the level
of rcise. In doing this we draw from the large and growing literature on

the control of externalities and Public Bads, and, in the light of the specific
nature ¢f the roise problem, evaluate the various forms of control vhich

are used and which have been proposed to deal with this problem. This is
done in this section. In the next section the most suitable method of
charging for noice is examined more fully within the context of a formal
gereral equilibrium model incorporating the relevant variables, and some

of the problems and difficulties that may be encountered in its implementation
are discussed.  Such a scheme would require considerable further work and

may or may not be operaticnal. In the meantime the urgency of the noise
problem has resulted in a series of measures to ccntrol noise.  These have

a varying degree of appeal to social or economic criteria and in section

three we evaluate such direct controls as already exist. Most of the
discussion in thic chipter is in the ccntext of aircraft noise, and certainly -
sections two and three deal with aspects of the noise problem that have '
little relevance to the questions raised by the existence of urban roise.
Section four says what little can be said about the economic aspects of the
control of urban noise.

4.1.1. A ceneral discussion of noise as an externality and as a Public Rad

An externality is said to exist when an activity pursued by one agent in the
economy has a direct effect on the utility or the profits of some other agent

in the economy, and when no market exists which directly takes account of

such an effect]. It is clear how noise compiies with this definition.

The noise generated by motor vehicles, aercplanes, and individuals affects

the utility of cther individuals, ard although che markets for related
commodities may reflect such influences, there is ro direct market for

quiet, or freedom from noise. When the activity of some agent has a direct and
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deleterious effect on the utility of all households, and the above conditions
apply, then we may refer to that aspect of the activity in question that
produces this undesirable effect as a Public Bad.  Whether or not noise is

a Public Bad is not so clear. Many kinds of noise, such as moterway

noise have a rather localised effect and cannot be said to directly influence
the utility of many households.  Other kinds of noise are rather broader

in their impact, and can be said to influence a Targe part of the population.
A household may be influenced by the existence of noise, even when it does
not zppear to suffer the consequences of this noise. This is because it
may have taken scme approriate action, at some cost to itself, to avoid this
noise.  On the other hand some household may be seen to be suffering scme
noise, but might be better off than if the noise did not exist. This is
because its preferences for quiet may be small, relative to the implicit price
for quiet which emerges through the markets of complementary commodities.

As we saw in chapter 3 this can easily lead to a higher level of welfare

for some househcld, relative to the no noise position, in which case it is
perhaps inappropriate to refer to noise as a Public Bad. It is widely.
recognised, hewever, that a pure public good, or bad, hardly ever exists.

The concept, nevertheless, is useful in deriving the conditicns defining the
optimum Tevel of scome commodities, and on considering the attainment of suﬁh
optima. The validity of the concept depends on whether a large, and
approximately identifiable, group of households is influenced by a particular
activity®. This would appear to be the case with aircraft noise, but not
with some other kinds of necise. Herce their analysis and treatment would

differ.

4.1.2. Various rethods cof controlling externalities and Public Bads.

In order to keep ideas concrete, and to concentrate on the matter at hard,
we will discuss the control of externalities in the context of aijrcraft
noise. ‘e have in mind an airport surrcunded by residential dwellings.
Households can select the level-of noise they suffer, but at a cost. For
simplicity we may think of any changes in the noise level at the centre

as giving an equai'chanée in the noise level at any points. How can we
obtain the optimal level of noise pollution?
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(a) A Pseudo-Market

The public bad exists because, for legal and/or technical reasons there

is no market in noise pollution. Given the possiblity of the measurement

of noise, the Government may set up a framework within which the rights

to pollute may be bought and sold between the airport authority and the
residents in the neighbourhood. If the environmental rights are accorded

to the residents then they could sell them to the airport authority either
individually or as a group, with a margiral increase in noise being
sanctioned if all households receive their marginal costs of evading the
extra noise. The airport authom’ty4 would be required by the Government

to act as a marginal cost pricing industry - i.e. not to exploit its monopoly
power as a buyer of pollution rights - in deciding how much to buy of then.
It would then chcose to buy that quantity where the marginal gain from
creating more noise just equalled the price. The equilibrium level of
production of the externality is given where the sum of the marginal

costs of residential noise evasion equal the marginal cains to the airpdrt
authority of noise creation.

If the environmental rights were given to the airport authority, the
households would each pay a charge equal to the marginal noise evasion cost
to the airport, and the equilibrium would be defined by the equating of the
marginal noise evasion cost to the sum of the marginal benefits to al}
households of a reduction in the noise level. In this case the measure of
noise evasion has to be relative to some Tevel of noise. One naturally
thinks of this as being that level which would prevail in the absence of

any cortrols on noise, although other ‘origins' of measurement may be used.
When the marginal conditions determine a unique equilibrium the outcome

is the same either wayAWQ98V8E19681F?Srgiggtgeing that in the former case

the households are better off than in the latter case, with the opposite
being true for the airport authority. The usual caveat to the above stafement
is that neither of the parties ‘shuts down' operations, as the rights are
transferred from one group to arother. Households cannot 'shut down' in any
real sense. They may vary the level of quiet that they choose, according to
whether they have the rights or not, and hence the'marginal benefits of

noise evasion schedule' may differ from the'marginal costs of no{se evasion
schedule'. Such a difference will be closely related to the difference

between the equivalent and compensating costs discussed in the previous chapter
with the marginal benefits being measured by the willingness to pay for extra ’
units of quiet and the marginal costs being measured by the compensation required
for taking away an extra unit of quiet,
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Given that the income effects of the onwership of pollution rights are

small, such cost differences will also be small, and censequently the levels
of quiet chosen under the two alternative schemes will not be far apart. The
airport authority, however, can shut down if the noise charges are too high.
In a recent and as yet unpublished paper Starrett and Zeckhauser (1971)

have shown that such a shut down is only possible when the preduction
possibilities for the airport authority are nen-convex. However, such
non-convexity is gquite plausible and is illustrated in diagram 1 below.
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DIAGRAM 1

The horizontal axis measures quiet frem left tu right and nojse from right to
left. The airpert authorities demand schedule shows that they will puchase
all pollution rights until the price rises above OA and will then puchase
progressively fewer rights until the price reaches CB. At that point it is
no longer possible for them to operate ar airport in their requlated
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capacity, and so they shut down operationss. Hence there are two equilibria,

one at g, and one at 0/. Which one is superior depends on the relative

sizes of the areas (I + II) (the benefits of the airpert staying open), and
areas (I +II1) (the benefit of the airport closing down). The kind of
schedules indicated below are by no means implausible. What their presence
points to is that while a pseudo-market determined charge for pollution rights
is possible in principle, such a charge, and the equilibrium associated with
it, has to.be compared with the other possibility of shutting down tHe airport.
Convergly the decision to locate an airport cannot be solved by discovering
whether an equilibrium tax rate exists. Such a solution may be dominated

by one where there is no airport.

The kind of comparison cf equilibria that is suggested here involves the
measurement of surpluses and consequently would be conducted within the
fremework of a benefit cost analysis.

Apart from this consideration, there are several problems wfth the implement-
ation of an pseudo4market approach to controlling noise. The airpcrt authority
is a single buyer or seller of pollution rights and consequently government
regulation would be required to avoid the use of monopoly power, where the
_ authority is a private concern.  Where the authority is a public concern the
demand for pollution rights or the supply of an improved environment will be
influenced by any financial control on the authorities operations and any
pricing controls on the authorities other activities. The households ¢n the
- cther hand are in a classical public ¢ood type situation.  When they have
the pollution rights they will be inclined to overstate their marginal

noise evasion costs and when the authority has the rights the reverse will |
be the case6. The difficulties raised by such issues are very serious.

We can, under certain conditions, get information regarding household

costs schedules from their market behaviour and do not have to resort to
questionraires to obtain subjective information.  The circumstances under
which this can be done are analysed in the next section.  WKhere such information
is gathered by a third party, however, the principle of a market between

two groups of agents no longer exists and the information efficiencies
_that are one of the important advantages of the market type approach

disappear.
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gb} Taxes

With a government agency being able to assess the noise costs of households
with reference to market data and Leing frequently involved in the operations
of the airport authority, it would seem easier for a taxation scheme to be
used to correct the externality. In such a scheme the government cbtains
infermation regarding the supply price of pollution rights at the given

Tevel of rnoise and places a tax on the girport authority. This leads to a
reduction in the noise level and tu a recalculation of the supply price,

. the procecure resulting inlan equilibrium position if it is a stable procedure.
Given that the demand erd supply schedules for pollution rights are &s

shovin in diegram 1 (with a downwarg sloping desand curve for polluticn rights
and an unward sloping supply curve for them), then we will end up by such

a procedure at either equilibrium £ or O]. The difficulty is that the cne
that we end up at need rot be the optimal one.  However, given that the
system is stable around equilibrium E, and we have independently decided
which of the equilibria E or o we prefer, a taxation procedure would overcome
the difficulties associated with direct public involvement in the pseudo =
merket approach. At the equilibrium the gove~nment imposes a tax of QD

per unit of quiet that the airport authorities take away, leading them to
recuce quiet by 0’F units. Alternatively the government could pay the
authority an amount equal to CD per unit of noise that it recduced below the
meximum.  The authority would then be willing to reduce noise by OF units
ggain leading to the optimum position. The tax revenue raised, or the
“bribe spent would be assumed to come from the overall government budget
ard the usual rules relating to government taxation (in the case of a bribe)
or expenditure (in the case of a noise charge) would app1y7.

Such a scheme dees not involve either raising money from households or
paying money out to households, although there is no reason why this should
not be done, if it were thought desirzble on political grounds. In the
light of the political locbbying that resits wherever decisions regarding
aircraft noise are concerned, it is important to consider the possibility.
that households be compensated for noise nuisance, and the role that such
compensation might play in enabling an optimum level of pollution to be
achieved.  Such difficulties as may arise in providirg a compensation scheme
are discussed when ve consider below the direct controls on aircraft noise.
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At this stage we may note that such compensaticn is not an integral part

of a tax scheme for attainirg the optimum level of noise control.

In practical terms a taxation scheme has a number of advantages over a
market scheme as far as the noise problem is concerned.  Adminictratively
it would be much easier to operate. The problem of stability, while
theoretically relevant is unlikely to crop up for the demand schedule for
pollution rights is prcbably inelastic enough to ensure stabf]ity.
The main difficulties that a tax scheme would encounter would be with regard
to the airport authorities ability to calculate its demand curve for
pollution rights and for the government to calculate the marginal noise evasion
costs to households.  Regarding the former as we mentioned earlier that
en airport authority is teing considered as a goverrment regulated industry
~applying the appropriate welfare pricing policy to its services and
_calculating its demands for factors and pollution rights on that basis.

At present we are still a long way from applying fully the principles of
regulated industries.to the business of airperts. In fact many aspects

of airport pricing policy show so 1ittle regard for considerations of cost
“and allocative efficiencyg that it sometimes seems heroic toc zssume that the
kind of calculations underlying the demand schedule for pollution rights
indicated in diagram 1 will ever be undertaken, and the regulatory procedures
applied to the airport authorities so that they acE as price takers and cost
minimisers and pursue the desired pricirg po]icies'o. This does not,
hcvwever, invalidate the consideration of charge schemes at a theoretical
level, for such consideration must inevitably precede, and indeed hss often
preceded the implementaticn of new pricing policies in other spheres]1. In
the meantime, however, it is necessary to recognise that.such schemes are
a long wéy off and that something has to be done to control noise levels.
Regarding the latter, there are also substantial difficulties in obtaining
the relevant information - difficulties that may be insurmountable. e
consider these more fully in the next section.

{c) The use of direct controls

Over the last decade ard a half a number of controls over aircraft noise have

ererged.  These constitute :-



(1) Controls on the location of airports
(i1} Controls on the noise levels of aircraft
(iii) Controls on flying hours

(iv) Controls on flight paths

(v) Zoning

ps far as item (i) is concerned, we have observed above that the controls

on airport Tocation may be necessary even when a market or tax scheme is in
operation: Cecisions regarding airport locaticn have been formalised so that
the economic cests and benefits can be enumerated within cne framework, and
the costs of noise within this framework have been examired in chapter 3.

As far as contrgls on items (ii) to (v) are concerned, we must recognise
that, while they are in part ad hoc, and the levels of control nrot fully
justi?iab]e, it may be essential to retain some of them along with a charges
schere, albeit in a form modified from the present one. This is because
certain aspects of noise nuisance cannot be properly measured or may be toco
costly to measure and hence cannot be part of a tax adjustment procedure.
Nevertheless cne can appeal to economic principles to assess these controls
in a qualitative fashion. We attempt to do this in section three of this
chapter, recognising that while these controls were conceived as measures
arising from a growing but unsystematic concern for the nuisance of noisy
aircraft, they may still have a role in an optimal control of such noise.

(d) _Internalising the extarnality

One solution that has been posed to deal with the control of aircraft

noise has been the jdea of the.'expanded firm'.  In an article investigating
the legal aspects of noisc, Baxter and Altree (1872) consider the possiblity
that the airport authority should cwn all the land in the vicinity of the
airport that is affected by noise. Given the object of maximising profits
subject to given prices, such an authority would have to trade-off the
profitability of further flying activities against the reduced rental income
from the residential dwellings that are now inflicted by further noise. Su-h
a procedure could, in principle, emerge at the equilibrium E. (Again the
shut down or set-up decision cannot be solved by this procedure). However,
as Baxter and Altree reccognise, and as Walters has pointed out, the size of
such an expanded firm would be gigantic, incorporating in the case of
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London's Heathrow airport for example, the ownership of about 80,000
househo]d38 by the airport authority: The efficient management of regulated
industries of the size envisaged raises many problems, more perhaps than such.
an expanded firm solves.  When the airport is not located close to large
populations, then the possiblility of an expanded firm may be more realistic.

In such circumstances the purchase of the noise affected land may be considered.
The appropriate price for such a transfer would be the price that prevailed
before tue airport was considered, thus excluding all externalities associated
with tha airport.

(e) Compensation

In the discussion of noise nuisance the idea has been ccnsidered that parties
affected by a sudden increase in aircraft noise should be compensated fer
such an increase. In fact there is a legal history of such compensation
teing claimed in the U.S.  There are-recorded cases of the claims beiﬁg
denied and beirg uphelddepending on individual circumstances, and a good
summary of this development is contained in an article by Baxter and Altree.
The current situatior seems to be that increased aircraft noise nuisance is
c0mpensab1e,providing that some depreciation to the property affected can be
shown to have occurred on account of the noise nuisance. The very presence
of aircraft ncise as measured by one of the recognised noise measures, does
not however, constitute evidence of such depreciation, and indeed there

does appear to be scepticism of the validity of these measures. The com-
pensation"where it is provided, is related to the extent of the depreciatioh
established.

Such compensation as we have discussed above does not correspond to an
economic concept of compensaticn.  In chapter 3, where we considered the
costs of noise nuisance in scme detail, we distinguished the compensation
costs for moves and the compensation costs for stayers, and that there is
perhaps a useful distincticn to be drawn between the long term movers' costs
and the short term movers' costs.  For movers such costs consist of the
depreciation in property values, relative to the noise level in their rew
Tocation, movement costs and scme element of Tost householder surplus. If
we wish to consider the refinement of distinguishing between short and long
term movers, then movement costs are to be igncred in the long term, and the
surplus element considerably diminished.  For stayers the compensation costs
are related to the households preference for quiet.  Such amodel of com-
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pensation costs, is, however, of 1ittle use in practice. This is because
compensation is paid to each household and, while a model can calculate

total noise nuisance costs on the basis of the model outlined above, by
deriving some knowledge of the distribution of preferences from market data
and econometric estimation, such a model cannot then assign individual costs
to individual households.

Thus the construction of a suitable scheme for compensation based on

market data is not possible. This br?ngs us to the question of developing
such a compensation scheme by obtgining individual household information,

and as we have pointed out this line of approach is fraught with the. '
difficulties associated with asking people questions when they know they

stand to benefit according to the answer they give. It would appear then
that a satisfactory compensation scheme is not feasible. Furthermore it is
not sufficient in our view to say that a scheme based on the payment of the
estimated depreciation to all residents is an adequate approximation to an
'ideal scheme¢'. The notion of economic compensation is a sum of money required
to restore the individual to his original level of satisfaction and the
difference between such a sum and the estimated depreciation could be.
arbitrarily large.

This does not mean, however, that some form of compensation cannot be
justified on political grounds, and a rule of thumb based on depreciation,
would, if acceptable, be as good as any. The argument one might suggest -
here igygtsEQSES 8%position to decisions regarding airport noise in general
and airport location in particular, because a large identifiable group of
people are adversely affected. Making the optimal economic decision may
require for example maximising the discounted sum of benefits less costs. .
This, however, cuts 1ittle ice with the action groups formed to preserve

their share of the national distribution of welfare. If some payments were
made to this group of people, in such a way that some gained a little relative
to the no noise situation and some lost, then the solidarity would be
fragmented.  We may then consider the payment of compensation as an instrument
for permitting decisiors based on a benefit cost principle to operate.
Alternatively we may regard compensation as the best available means of re-
dressing any undesirable changes in the distribution of welfare caused by the
imposition of noise in a particular area. Although, as we point out, compensa-
‘tion would not provide an accurate guide to correcting such changes, it would
work in the right direction and might be the best guideline available.
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4.2.  Measures Relating to the Use of Charages in Controlling Aircraft

In defining the optimum charges in the previous section we relied on a
marginal argument and a partial equilibrium approach. This is a useful tool
of analysis, based essentially on a consideration of consumer and producer
surpluses, but it masks a number of difficulties in defining the equilibrium
and discovering the conditions under which a rmultiplicity of equilibtria can
te ruled out. As we heve already seen in a rather restricted context, if
there is more than cne equilibrium a charge scheme may choose the wrong one
from an optimality viewpoint. In the context that we discussed,we could
rule out either one of the equilibria by a benefit-cost type cf analysis.
However, it may be that the demand schedule for pollution rights and the
supply schedule are not 'nicely sloped as shown but cross over at a number

| of points. In that case a charge system may end up at either a Tocal or

a gYobé] maximum or minimum, and knowing that is not very helpful. The
qUestions we are concernedwithasking in this section are, what assumptions
" have to be made about the technology and ebout the factors determining
household utilities to ensure that a unique interior cptimum exists, and

are these assumptions reasonable ones to make? These questions are better
considered within the context of a simple general equilibrium model.

4.2.1. The Scarcity of CQuiet

A supply curve of pollution rights by households will only exist if there is
a scarcity of the supply of quiet. But what is the cause of this scarcity?
After all, there is plenty of land which is quiet and where one can Tive
without suffering any aircraft noise. Indeed if one could combiné quiet,
and all the other goocds that one wished to consume in any marner that pleased
one, then there would be a negligible demand for noise affected land and
hence quiet could not be a scarce ccmnodity .  The scarcity of quiet arises
because the chsice of a certain level of quiet generally ertails some
sacrifice - the convenience of being near to ones place of work for exampie,
or near ones fricnds. When one considers the purchase of quiet immediately
after the arrival of some aircraft noise, sich factors will weigh more
heavily than if one has to make these decisions over a Tong period, where
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the set of choices is more flexible. In the assesyment of the costs of

noise to households we captured such considerations by using the concept

of householders surplus. Here, however, we argue that the existence of

some such surplus is essential to the existence of a scarcity of quiet.
Perhaps the best way to capture this aspect of quiet is to use the concept

of locational inconvenience. This is the minimum inconyenience, suitably
measured, that is involved in consuming any given level of quiet. . There

may be several dimensions to this and frem the analytical point of view

there is no reascn why there should not be.  However, to keep the A
exposition simple, it will be assumed that such inconvenience is uni-dimens-
jonal. (It is easy to think of many aspects to such inconvenience.

However many ineonveniences of consuming a different level of quiet are

purely short term and disappear cnce the move is made. In discussing a
concept of inconveniences that is relevant for a scheme for noise charges

the relevant inconveniences, however, are only the long term ones. One
example of these is the distance involved in travelling to work. )

We will not assume that locational inconvenience either increases or decreases
with the amount of quiet chosen. There is no a pricri reason to assume that
either is the case, and even when locational inconvenience is measured in
terms of the distance from ones work place to ones residence, the above
relaticnship will not be monotonic unless the noise centre and the work centre
are coincident for all individuals - an unlikely state of affairs in
practice. An important assumption regarding the relationship between
Tocational inconvanience and the level of quiet chosen that is made, however,
is that locational inconvenience is & convex functien of the level of quiet.
This assumption is necessary to ensure a unique equilibrium for a given
distribution of income. It implies that as you move away from some 'desired’
“location which exists at some level of quiet, your chosen Tocation involves
you in progressively more inconvenience as you choose increasingly higher or
Tower levels of quiet. An illustration is given in diagrem 2 belew. This
houscholds desired location is at a level cof quiet G. If it wishes to
consume any other level of quiet, it is forced to suffer some locaticnal
inconvenience, and this inconvenience increases marginally as the level of
quiet differs from q.

On a priori grounds one can argue.for and against this assumption.
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The noise level falls at a declining rate as the distance from the noise
source increases. Given an ideal location at scme position relative to the
noise source, the distance that one would have to move from this location

to acquire flover level cf noise will increase at en increasing rate,

whereas the distance moved tc acquire higher levels of noise will decrease
at an increasing rate. Thus if locational inconvenience were defined only
with respect to the distance trom some ideal location, it would be conver for
lower levels of noise and concave for higher levels of noise than that at the
jdeal position. However all choices regarding housing and social amzsnities
at higher levels of noise tend to get progressively more limited, and the
inconveniences represented by these factors could counterbalance the concavity
obtained by distance considerations.  Conversly, however, the expanded choice
at lower levels of noise shculd ease the locational inconvenience and weaken
the convexity argument there. Hence it ic net clear whether convexity is .
a justified assuaption and some empirical evideace cn this question would be
welcome.  If, however, this assumpticn seriously breaks down then there wmay
well be multiple eguilibria to any charge scheme such as that disfussed above.
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In diagram 2 we implicitly assume that the level of noise at the source and
its distribution is constant. This implies that the noise contours are
fixed, which in turn implies that the rnurbers of each type of aircraft
taking off and landing and their timing and flight paths are fixed. In
this analysis we shall assume that the timing of aircraft movements and
their flight paths are fixed in advance. Later we shall discuss why the
former are precbably best determined by direct control, while the latter are
chosen so as to minimise the noise costs, given the fiight routes. ~This
leaves us with the effect of changes 1n the noise at the scurce on the
relationship between quiet consumed and locational inconvenience. . If any
increase in noise at the centre implies an equal increase in the noise at any
point, then it is clear that Tocational inconvenience may be defined as a
function of the difference between the level of noise at the source at the
level of roise at any point. If we consider the technical factors recarding
the measurement cf noise it appears that such an assumption is justifiable,
as long as any adjustments to reduce the level of noise by Timitirg flights
are such as to limit movements on all paths approximately equally, ard as
long as changes in the noise levels of aircraft are cbtained primarily by
measures such as retrofitting the engines and not by developments in the
rate of clirmb or descent of aircraft . In our analysis we shall make these
simplifying assumptions. A more cemplex approach to the problem is possible
but it results in expressions which can only be interpreted with a great
deal more technical information. |
Having considered the nature of the commedity quiet in some detail, we may
 proceed to construct a simple general equilibrium model incorporating these
features, along with scme overall production constraints.

4.2.2. A Formal Model to Derive the Optimum Conditions

A.1. The community has a number of hcuseholds, H, and an overall social

welfare function
2 h

wa=wgul, U8, Lo, oty

(1)
This function is defined over the whole utility space, is twice
differentiable, strictly quasi-concave, and of the Pareto family

(i.e. monotonically increasing with respect to all its arguments),
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The utility function of any one household, h, is given by,

TS RLIUN 2)

This function is defined over the household's consumption set,
is twice differentiable, and strictly cuasi~concave in its
arguments.  The variables are defined as follows,

ch: This stands for the quantity of commodity c that is

~ consumed by household h., It represents those goods not dealt

with directly in the mode1‘ch;o)U23o
1h: This is the long run Tocational inconvenience suffered by househcld

h. In accordance with the discussion in previous section we may
write this as,

Coataahzay el (3)
This function is strictly convex.

We define the noise level at the noise centre as Z, and the noise Tevel

at the position occupied by the household h as nh.

7>0, nhzo. Uzso

Given the other factors of production, which are assumed to be fixed
in supply and fully employed, the efficient production possibilities
in the economy are defined by the values of Y,Z and L, where

T(Y,Z,L) = o (4)
h h
Y= % L =21
h A (5)

T(.) is assumed to be a strictly concave function. This assumption
of.concavity implies that the production set defined by T(Y,Z,L)> o
ijs convex., This Tlimits the extent to which there may be increasing
returns in any of these activities. “The way in which Y and Z would
be traded off, for given L, and the conditions under which the
frontier in Y and Z would be concave were discussed in some detail in
Chapter 2.  Similar consideratiors would apply to the assumption of
concavity with respect to L.

The optimum is defined as the maximum welfare attainable, subject to
the production constraint and the non—negafivity constraints, The
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problem is one in quasi-concave programming, in which, subject to some
regu]ar;ty conditions, we may define an interior optimum (i.e. one where
ch>o, 17>0 for all h and Z>0), as a point where12:

uf 1 T, T
I = (Zn) = = + —1 (I-n) (6)
h oy Ty y h
C
g b b T i
_ 0 o+ (Z-n) = (Z-n
I g — ) (7)
U U, Y

Condition (6) is a marginal condition which may be reasoned as follows:

if we increase the level of noise at the centre by one unit, then all
households need to buy another unit of quiet to keep them at the same net
level of roise.  This involves them in some locaticnal inconvenience, the
marginal opportunity cost of which, in terms of the consumption good, is thé
LHS of expressicn (6).

The increase in the level of noise, however, permits some further output of
the consumption good (as less resources are spent on abatement), Part

of this further output has to be sacrificed in order to be able to produce
the extra goods and services required to make the locational adjustment,

The condition requires that the net increase in the output of the consumption
good be equal to the sum of the marginal opportunity costs to all households,
Condition (7) states that if any household decides to enjoy an extra unit of
quiet then the sacrifice of its consumption good that it is willing to make
in order to do this should equal the marginal fall in the production of Y

- required to make the extra goods and services that the locational adjustment
involves, available. From this it is clear that at the optimum, the marginal
Tocational inconvenience cannot be negative; fov if it were then a further
reduction in the level of noise under which a household tives would be desirable
- as it would provide a utility gain and no resource cost. Hence at the
optimum, 1h 7.n) >0+  Given our assumptions of the quasi-concavity of (1)
~and (2), the convexity of 3 and the concavity of (4), conditions (6) and (7)
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are also sufficient for an optimum

C4.2.3.  On Attaining the Optimum - Prices, Charges and the Government's Role

In considering the attainment of the optinum we will assume that the
consumption good is competitively produced and that the householders are
utility maximisers and price takers. The producticn of the goods
associated with locational adjustment (here one thinks meinly of transport
services) and of the activities that produce the noise are subject to
government regulation.

Given the set-up outlined above, it is fairly clear that in a society
which allocates scarce resources by market forces, a premium will emerge
for quiet areas that have a locational advantage for & lot of people, For
while there is nG scarcity of quiet as such, prime locations that are
quiet will earn an economic rent by virtue of their position. The extent
to which this will happen will depend on the relative distributions of

locational inconvenience for various households and the distribution of

- quiet, 13

Wewill assume that this premium takes the form of a price for quiet. Bs
mentioned earlier, there is some empirical evidence for this. Given such
a price for qu1et households will face the following maximisation:

max uh (c 51 (Z n ) n ) (8)
st o+ PR Py (zan) 0" - | .
' Q ‘ ° (9)

Hhere: Pl and PQ are the consumer prices of goods L and Q respedively,
expressed in units of the price of the consumption good, and mh is the
income Tevel of household h.' The necessary condition for a maximum is

h h h
u T U - . h

equating the marginal rate of substitution between noise and consumption
(including the effect via 1) to the marginal cost to the consumer,

If the regulated zgencies that are involved in the production of L and 7
are obliged to follow a margiral cost pricing policy, then we can see
frem conditon (&) that the charge on the product1on of noise, Z, at the

source should b2 PZ , Vhere,



h o ‘h(7-n) "
Py -PLET (Z-n) Ve AL
h o U

* . . -
PL is the marginal cost price for the producer.which, as we shall see will
differ from the consumer price. Ve may substitute for the second expression
on the right hand side of (11) by summing (10) over h and rearranging to

give,

P, = (P PL) ’ 1h(2~n) + ;E](PQ«L-.E-) ' o - (2)

(12) equates the optimum charge on 7 to the sum of the marginal locaticnal
inconveniences , valuedat the difference between the consumer price of L,(P L) and
tne marginal opportunity cost of L in producticn (P ) plus the sum of

the differences between the price of quiet and the marginal rate of
substitution between quiet and the consumption good]4

We carnot evaluate such a charge on noise in terms of market data alone,

We require to know the marginal long run locational inconveiences of
choosing a different noise level. UWhile it may not be possible to

cepture these fully, some of the main componenuq may be obtained by
'conswdcr1ng, for example, the total amount of extra travel involved to the
household in Tiving ynder a marginally different noise level, We also

need to know, however, the marginal rate of substitution between quiet and
consumption and such information can only be obtained by subjective question-
naires. which have, as we already indicated a large number of difficulties
associated with them,

There is a possibility, however, that the noise charge may be expressed
independently of this marginal rate of gubstitution. The reason for this

s that locational inconvenience, certainly as measured by the extra

travel incurred over that at some ideal Tocation, may well he dependent

on a number of ather factors, such as the area required, the levels of

other forms of environmental pollution and so on. If some of these

factors are not directly priced and the household chooses the level of n

to maximise utility given the overall budget constraint, then it will

cquate the marginal rate of substitution between m and ¢ to the price of guit.
In that case it follows from (11) that the chargeo P, s given by
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P. = (P, -

z = Lo P T Vg | (13)

relating P, to the sum of the marginal locational costs valued at
the difference between the producer and consumer prices. It is
the relationship between these, therefore, that we have to consider,

lhen the producer price for L is a marginal cost price, then it follows
from conditbn (7) that the marginal rescurce cest to household h of
choosing a marginally different level of quiet is, P:1; ,  However,

| ' L]; +PQ :
From this we can see that these two marginal ccsts cannct generally be

the actual marginal cost to household h is, by equation (10), P

. the same for gll_househo1ds. Since, in general the marginal inconveniences
will differ for different households and since there is only cne value
for P 15, tnis value of P will have to be chosen as 2 compremise over
. various households. e consider one criteria for choosina such a price
© below. |
'Dne case, however, where no compromise is required in cheosing PL is
where all households have equal marginal inconveniences of adjusting

their level of quiet. In that case, PL is given by,

P, =P - E’Q =P - Py.H (14).
! z
VA h (Z-n)

where H/ 1h is the reciprocal of the average of the marginal

(Z-n)
inconveniences (being equal to marginal in this case for all households).
From (14) it follews straightforwardly that the RHS of (13) may be rewritten
as,-H.Pq. Hence we have the simple result,

P = -HPQ

Z (15)

which states the noice charge merely as the sum  of the marginal noise

evasion costs where such costs are measured crly by the price of guiet.
From (14) it may be reasonable to use a noise charge given hy (15) when
marginal lecational inconveniences nave a very small variance arpund

a given mean,



If the distribution of these inconveniences cannot be satisfactorily
approximated by a mean then we have to choose PL by some suitable
Cne such criterion which has some appeal is to minimise

criterion.

the sum of the deadweight losses of surplus for all households, Consider
diagram 3. Ve measure the level of quiet from left to right, and we

plot the marginal benefit of roise reduction which in the neighbourhood
of the equilibrium we know will be sloped as shown, as well as the
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DIAGREM 3

private and social marginal costs of noise reduction, which in the

neighbourhood of the equilibrium will be upward sloping,

household shown the deadweight Toss of the divergence between the two
Given the choice of P a number of such arcas

costs is the shaded area.

liu}‘g l:’

will appear for different households. If we minimise the sum of such areas
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we are choosing a surplus- kss minimising criterion, which was made famous
- in another context by Hotelling ( 1338 ) and has been used recently in
the welfare pricing literature,

For small areas such as the one shaded, ve may approximate it by the area
of a triangle. Simple manipulations yield the deadweight loss for
household h as dh, vhere

(e, - P:)'lh(z_n) + P)%) Ll (15)

2 el h

L 1

z-n) * Pt LV (zon)?

Yhere 1 is the price elasticity of demand for quiet, (measured pcsitively),
v the elasticity of the marginal inconvenience with respect to quiet, and
nh* the chosen level of noise suffered by the household. Vhile the
expression looks somewhat complex, there is rcthing in it that is not in
*

. To do this

h . . . . h* _L

we minimise Id  , with respect to PL, recalling that n will be a function

h
of PL. The exprassion derived to define the minimum is somewhat cumberscme

‘but involves the expressions already listed, as well as the price elasticity

of demand for quiet with respect to the price of L. Again, given the
information for suitably defined groups of households, it should be

possible, by numerical methods to calculate the optimal consumer price for

L.

In concluding this section we note that once we start to examire the marginal
analysis of diagram 1 more closely we discover a structure that is nct ’
easy to analyse and that does not readily make available a method of calculating.
the supply price of pollution rights. If the convexity assumpticns of '
eccnomic aralysis are to carry over to this preblem, then we have to assume that
]h(.) is convex with respect to its argument.. He do not know if this

jo a valid assumpticn. Once we devise the optinum conditions these can te
easily interpreted. Rowever, te attain them by a system of prices and

charges vould most probably require the validity of the assumption that allews
us to express the charge in terms of equation (13) rather than equation (12).
Vhen this assumption is valid, a charge system may he feasible - if the required
information regarding marginal inconvenience is available, Furthermore,

from such information we will be able to see how widely distributed the

principle 'knowable'. P is what we wish to chcose given P
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marginal values are over households, and whether the simple formula of

. (15) is acceptable or rot, If it is not acceptable, a more complex
approach, along the lines suggested will be required,  Overall this
discussion places a considerable emphasis on direct controls until further
empirical work establishes the possibility or otherwise of noise charges,

4.3 __Measures Relatirg to the Direct Control of Aircraft Noise

In secticn one we listed the items by which direct control of aircraft roise
ruisarce was achieved at an operating airport, as coentrols on the noise levels
of aircraft, on the flight paths of aircraft, on flying hours, and on the
zoning of Tand for non residential use.

(a) Aircraft Noise Levels

The systematic control on aircraft noise levels startsi with a system of noise
certification for new types of sub-sonic jet aircraft. This was agreed to

by the International Civil Aviation Organisatinn in 1969, and, according to
‘the Noise Advisory Council, will ensure that new aircraft will be half as
"noisy', weight for weight, as current types. In choosing these levels of
cetification no analysis was cone of the costs of implementing these proposals,
relative to the berefits of noise reduction.  Furthermore thece noise levels
apply to new aircraft, and not to existing aircraft, although the matter of
adapting existing engines to reduce their noise levels is being given some
consideration.  Given any permissible noise level for existing aircraft, how-
ever, economic factors regarding the relative cost of quietening existing
aircraft and buying quieter new ones will determine the chosen rate of
obsolescence of the existing aircraft fleet by the airline operators. Even
ignoring the external benefits of quieter aircraft, it is difficult to see

how the levels of controls on rew and old aircraft can be decided upon without
some idea of overall desired roise levels in the future and some knowledge

of the sensitivity of the rate of obsolescence to the relative costs menticned.
.So far as one can gather such factors have not been systematically cecnsidered.
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(b)  Aircraft Flight Paths

The matter of the choice of flight paths has received more attention with
regard to the ecoromics of the question. The issue here is, what paths
should departing aircraft take to their respective air corridors, and

what approaches stould arriving aircraft use? In answering this question
there are.a nurber of costs to consider. The noise costs imposed on
households, the airline operating costs, and the costs to the control
authorities. A1l these will vary with the flight paths that are chesen.
The chosen strategy should be such that, for a given scale of operations,
the overall costs of &1l groups are minimised subject to whatever technical
constraints exist.  The component of these ccsis that represent the noise
nuisance should value the falling away of a unit of quiet at the long run
marginal noise nuisance costs of all the households, and, as we saw in the
previcus secticn, these will depend in general upon both the price of
quiet to households and the long run locational inconveniences of adjusting
tc a marginally different noise level.

In the simple cose where the value of a unit of quiet is just the price of
quiet times the number of households affected (s2e equation 15) there is a
case for concentrating airaraft flight paths over a few households rather
than dispersing them. The argument for this is that most roise measures
appear to have the cardinal property that households are willing to pay the
sare amount for each unit of quiet as measured by them.  However, the
marginal increase in the noise level at any point is a declining function

of the number of aircraft along a particular flight path76. Thus if there .
vere two flight paths over identical concentrations of population, it would
be better, ceteris paribus, to concentrate all flights on one flight path,

for this would minimise the noise nuisance costs given the aircraft and
their operations. Indeed a similar argument may be applied to the choice
of the number of airperts - fewer airports over a uniform population density
represent lower noise nuisance costs. However it is difficult to see how
this cdnc]usion can be carried over to the case where the marginal valuation

of a unit of quict cannot be adequately represented in terms of equation (15).

In that event the long run marginal locational inconveniences will have an
jmportant role tc play and these might have ditferent implications for the

pattern of flight paths.
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- {c) Flying Hours.

Most airports rcgulate the arrival and departure of aircraft during the
night hours.  This scems an appropriate matter for regulation, the
argument being that if a charge was imposed for night flying it would be so
high as to eliminate all use of airpert facilities during the night. In
these circumstances it seems administratively mere convenient to ban night
flying altogether.

(6) _ Zoning

Some municipal authorities ban, or severely restrict the building of resid-
ential dwellings in the noisiest zones. There is considerable scopé for
zenirg in optimal land use patterns, and indeed with long term considerations
of the optimal location of industry it may be best to concentrate incustrial
activity near the airport. However, one argument commonly used to restrict
residential building near the airport in an otherwise residential area is
unpersuasive.,  This is thatunirformed households will suffer as a consequerce
of buying houses in very noisy areas. If lack of information is a serious
problem then of course the answer is better information and not zoning.

Khether zoning 1and near an airport for industrial purposes is desirable from

the viewpoint of the optimal location of industry is a questicn that involves

a Qhole host of issues that are beyond the scope of this study. It is clear,
however, that any policy dealing with long run noise control, would be incoin-

plete without a consideration of optimal land use patterns.

4.4, Urban Noise

The discussion in this chapter has been concerned with the control of aircraft
ncise. This is not, however, the only important source of noise nuisance.

To many people trcffic noise and neighbourhood noise are a more inmediate
source of annoyapce than aircraft noise. A recent report of the Noise
Advisory council , stated that at least a fifth of the urban population are
exposed in their homes to 'undesirable’levels c¢f traffic noise and that
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ntraffic noise is by far the most widespread source of noise nuisance and
. the most urgent target for abatement action“]8. This finding is in
keeping with the surveys done in other countries. The 0.E.C.D. (1971)
report on urban ncise lists surveys in many urban areas, even with large
airports, finding that surface traffic noise is the most predominant and
widespread source of noise nuisance. ,
While many of the analytical tcols developed to deal with costing aircraft
rnoise can be extended to traffic noise, and indeed some urban motorway
studies have evaluated the envircnmental costs of such schemes,]g thé same
is not true of the control of urban noise levels. In any veal urban
environment it is ro loncer possible to think of the noise as emanating
from one source and spreading out fin the vicinity of that scurce. Thus
it is not apprepriate to treat traffic noise as a Public Bad in the way
that we did in section 2 zbove. In these circumstances it is ratural to
resort to a system of standards for the engine noise for vehicies,
employed in conjunction with a suitable policing system. The levels at
which these standards should be set, is not however, an ezsy question to
answer. In chapter 2 we explored scme of the broad conceptual problems
+hat arose with the existence of environmental externalities such as noise,
in a highly simplified urban setting. The general picture that emerged
there, was that optimal controls are extremely difficult to implement even
in a very simple setting, but given some information regarding tastes and
technology, it should be possible to obtain rough crders of magnitude of
“the proportion of resources that should be deveted to such things as
noise abatement, and to cbtain some idea of how much control should be
exercised on city size, in varying circumstances. |
The policy thinking on the isue of urban noise has followed very much a
quantity control approach. In its recommendations on urban noise the
0.E.C.D. urged that governments should adopt nore effective enforcement
procedures for the maximum permissible noice emissions, they should
control heavy night traffic in scme residential zones, improve methcds of
traffic flow control to avoid disturbance from noisy acceleration, and
encourage the use of noise screens and other artificial noise attenuating
barrierszo. They also recommended that the government should support
detailed studies on the costs of noise abatement by these methods.  Such
studies have still to be carried out with regard to many aspects of urban

noise control.
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FOOTNOTES TO CHAPTER 4

1. Every economist has his pet definition but this broadly includes the
main featuresnoexplicit market and the influence of activities other
than those under ones control on utilities and profits.

2. Ve make the point that to be influenced by a particular activity,
one does not have to be observed to suffer it, for evasive action may be
the form that the influence takes.

3. This approximation is effectively assuming that the noise furction,
which may be written in general as K = N(Z, {x]} (where 7 is the noisa
Tevel at the centre, [x] is the coordinate positicn of a given lecation
relative to the noise source and N is the nojse level at this location)
may be expressed in a seperable form as N = A(Z) + B {x]). This greatly
simplifies the analysis, and as an approximation for a range of noise
levels generated along given flight paths by conventional aircraft,it.
proves to be reasonably satisfactory.

4. We assume that the airpert authority is the agency that is taxed or
charged, rather than the individual airlines whose behaviour the roise
controls will finally influence. This would probably be necessary for
administrative convenience, as well as for the resolution of conflicts
of interest that weuld arise between airlines when noise chayges are
jmposed.  On this Tatter point see, for example, Section 4.3.(h).

+ ,
5. In practice of course this would not/ﬁgﬁsgn./lg ﬁgdégQgﬁkégf J§§1§1FPO;§pen
allow the authority to deviate from its regulating behavicur and sub-
sidise it to keep it from passing on the noise charges to the airlines.
However the diagrem indicates the demand for pollution rights schedule
that is relevant for a calculation cf surpluses.

6. When households have the pollution rights eny individual household
will recognise that the demand for these rights will be regligibly
affected by his supply price whereas if the authority has the rights

we have the classic free-rider case. The effects of under and over-
reporting on the equilibrium achieved is more fully discussed in
falinveud (1971).
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7. i.e. gevernment taxes and spending does not influence marginal
conditions elsewhere in the economy. The issues raised by second best
considerations when there are cormodity and profits taxes do not
i1luminate this type of partial analysis.

8. The creation of noise reduces the total amount of quiet land
available but this effect is very small indeed. The main effect of
noise is to reduce the amount of quiet land availsble in locatiors that
have great desirability because of the convenience of living there.

g. For a discussion of some of the more obvious misallocative aspects
of airport charges the reader is referred to Walters (1973)

10. The broader guestions of airport pricirg policies are being
investigated by Lenhoff and some preliminary results are given in
Lenhoff (1973).  Clearly much more is involved than airline charges,
with the airport providing extensive freight and passenger services, and
the pricing policies of all these items have to be considered together.

11. The story of how welfare principles were gpplied to the public
utilities, especially electricity, in France is fasciratingly told by
Kllais, Boiteux and Mass€ in Nelson (ed.) (1964).

12. We may safely consider an interior optimum here. It isincenceivatie
that at the optimum there will be no noise pollution or that any household
will consume nothing, and it is very likely that all households will ‘
suffer scme locational inconvenience.

13. For example we may obtain the price for quiet explicitly in terms of
distributions, when all locaticonal inconvenience is measured as the
shortest distance to the centre of the town, and the proportion of a
'ring' of land at distance r from the centre that is affected by a noise
level N is known. The mathematical derivation, however, is of little
eccnoiic value.

h

U.
14. -% is the marginal rate of substituticn between noise and the
U

C
consumption good and is therefore equal to minus the MRS between quiet

and the consumption good.
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15.  There may of course bc more than one value of Py - an example
would be when there are different commuter subsidies to different parte
of the tewn. owever, we may assume that there could not in general be
as many consumer prices for L as there are different marginal inconve-
niences, hence the need for some principle to choose the values of PL.

16. The noise level at any point is, broadly speaking, linearly related
to the log of the number of aircraft going over that point. Hence the
marginally declining rate of increase.

17. Noise Advisory Council 1972 (b)

18. Unfortunately the Noise Advisory (ouncil nowhere state what tHey
mean by undesirable. We presume that this figure is derived from the
ilson Reports which cites, that for exposure levels higher than 55dB(A)
mean energy value the number of individuals considerably disturbed
often exceeds 20%.

19. For a review of some of these studies the reader is referred to

Urban Motorways Study (1973).

20. 0.E.C.C. (1971)
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Eﬁagter 5

Empirical Evidence

5.1.  INTRODUCTIGN

So far in this thesis, we have considered various aspects of the economics
of noise, assuming that noise could be satisfactorily measured, that

an implicit price for quiet could be ascertained, and that as far as

the measurement of noise costs was concerned, reasonab1y adequate
measurement coudld be made with regard to the household surplus and turn-
over rates. Being able to make these assumpticns, and being able to

take some rough orders of magnitude for these variables, made it possible
to analyse the question of noise pollution in an economic framework,

and to give some idea of the relative importance for some issues

relative to others. Thus it is clear that empirical work in this fié]d
has been of paremount importarce in development of noise econemics, -

In this chapter we present a brief review and asszgient of scme of

the current empirical evidence on the issues Tisted above. In section
teo we discuss the various measures of roise nuisance. Their 'validity'
must be intrinsically tied up with the implicit market valuation of

units of this measure, and we consider the evidence cn the price of

quiet that has so far been obtained by studies of house price
depreciation in noisy areas arcund airports, in section three. Section
four reviews some of the evidence collected regarding householder B
surplus and section five examines the evidence on turnover rates in

noisy zones, which may be of some importance in evaluzting noise costs
using a Roskill type method. The evidence regarding the measurement of
noise and the price of guiet has been well surmarised by Walters in

his recent but as yet unpublished monograph on the economics of noise.

We add Tittle to this, except some differences in interpretation, and
scme fthad didcndis O Pvnover  vals,
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5.2. The Measurement of Noise

There are now several measures of aircraft noise and at least two
measures of traffic noise that have been designed to capture the noise
annoyance caused by these sources.] The construction of these

measures has proceed:d in much the same way, and the principles involved
cen be indicated by considering the Noise and Nurber Index that was
devoloped by MMcKenre11 (1963) as part of a study of aircraft roise
annoyence around Lorndon (Heathrow) Airport. From a sccial survey

of households in noise affected areas around the airport, every
household was jiven a noise annoyance rating on a noise ennoyance scale,
as outlined in chapter 3, section II,111. At the same time neasures

of the noise level around the household, &s given by the average loudness
of aircraft flying overhead, the median loudress, the duration of aircraft
noise, the number of aircraft, and other indicators, were tabulated.

The noise arnoyance ratings were then régressed against corbinations

of the above variables, and the combination giving the best fit in
terms of minimising the unexplained sums of squares, was then selected as
a measure of the ncise nuisance. For the noise and number index the

best fit was obtained by:

NNI = PvdE+ 15 Log N - 80 (1)
NNI = noise and number index,
Where PidB is the average peak Toucness of aircraft, and N is |

the -nurber of aircraft heard on a summer's day arcund Heathrow,

Regressing the noise annoyance rating against NNI gave an R2 of 0.46
which is significant at the 10% level of confidence. _
There are a number of difficulties with the noise and number index. The
predetermined variables are strongly correlated and this leads to large
standard crrors on the coefficients when estimated by crdinary least
squares.  Furthermore there was hardly any difference in terms of R
between chcosing N and Log N in equation (1), although the implications
for policy of the two may be substartially different.2 This
suggests that the sensitivity of any results to minor changes .in the
estimation of the noise index is quite large, Firally, the NNI



174,

. does not differentiate between night and day flights, and so relates to
the actual division betvieen night and day flights at Heathrow, when
the index was constructed. At that time approximately a quarter of
the flights were night f1ights.3 This means that if a different
combinaticn of night and day flights were to exist then the KNI would
be invalid i7 night flights had a different noise annoyance effect
from day flights - which is very likely to be the case. A mofe ‘
sophisticated and more recent wmeasure of noise nuisance is the noise
exposure forecest (NEF).  This replaces the FidB measure of the
noise loudness of aircraft by a means called the effective perceived
noise level, EPVd3, vihere the latter takes account of the duration of
loucness, as well as a technical correction for the presence of pure
tones in the noise. The total noise exposure at a given point is
viewed as being composed of noise produced by different aircraft flight
paths. For a specific class of aircraft, i, on flight path j, the
NEFi. is given by:

NEF 5y = EFISB (35) + 10 Log | Higgy(Day) + Ny (Right)

Ky Ky
-C (2)

" Yhere N(ij)(day) and N(ij)(night) are the nughers of the aircraft of

type i, on flight path j, during the day (C7. CO - 22.00 hcurs) and
during the night (22.C0 - 07.00 hours) respectively. The choice of

K and Ky, both constants, is so made as to imply that a single night

time flight contributes as much to NEF as approximately 17 day time
flights. The constant C is chosen so that the NEF numbers lie in a
range where they are not likely to be confused with other noise ratings.
The total NEF at a given ground position is determined by the

summation of all individual NEF(ij) values on an energy basis:

NEF = 10 Log J J antilog NEF (5 5y 3)

v 10

This is a much more sophisticated measure than NNI. However its relation
to annoyance ratings has not been fully investigated, although it has
been succesfully used to analyse complaints about noise arcund some

' . . ' a4
airports and to predict their patterns around others..
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Cther noise indices constructed in much the same spirit but differing in detail
are the Indice Isopsophique in France and the Storindex in Germany.

Regarding traffic noise, both the Traffic Noise Index and the Mean energy

level have keen shown separately to correlate well with nuisance,

and it is understood that the relative merits of these have now been tested in
France in a sepsrate Social Survey.5 Various measures of noise, whether

traffic or airport are evidently closely related. For a given type of ﬁoise,

it is not possible to obtain a unique relationship between them. For the kind
of variations in aircraft numbers and their breakdown between day and night,

in duration and loudness of aircraft and other factors, approximate relationships
can be derived.,  The Roskill Report showed this relationship between the NNI, the
Isopsophique and/tg%drindex. In graph 1 we present a similar relationship
between the KNI and the NEF, as calculated by S. Abhrdiems of the Civil

Aviation Authority. The line fitted by the least squares suggests that
approximately 1 NEF = 1.35 NNI. As tﬁey stand, 211 these measures of annoyance
have no obvious and relevant cardinalisation. That is to say the measures.do
-not have the property of two units representing twice as much ‘annoyarce' as bne,
or twice as much ‘damage' to an individuals psyche 2s one. The coordinatien
thet an economist would naturally choose for measuring a commodity is that

each unit should have the same market price. Therefore the line of investigation
that one should pursue in assgsing the suitability of these measures, is to see
whether they, or any monotonic transform of them has the same unit value

in an implicit market where quiet is traded. Me turn to this in the next -
section.  Befere we do so, hewever, it does seem worth considering a

criticism of the use of noise and number index. Mrs. Paul (1971) states

that the index was derived in a situation where there were few cases of

moderate Toudness and many flights or of few flights and extremely Toud noise,
and that it was unjustifiably used to predict noise levels and costs in
circumstances wnere both were true. In other vords, the index does not hold
outside the narrcw range within which it was constructed. The validity of

such an index cannot depend, however, on the correlation coefficient

quoted earlier tetween noise annoyance ratings and the roise index.

It is quite conceivable that a smaller coefficient could
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result in a perfectly satisfactory index. The test of this must

rect on whether a normalisation can be found of the given me;;;;é such
that it produces a given unit price for guiet, under varying noise and
nusber combinations .

5.2. The Price of Quiet

5.3.1.  Technigues of Investication in Statistics of the Price of Quiet

Empirical studies on the price for guiet are concerned with establishing
a house price differential for similar houses in different noise zones.
By similar, we mean houses with a given Teve? ofaccommodation, access,
and amenities. Matched samples are constructed, at different noise
levels and the average prices compared in a cress-section study,

which is the main form of investigation undertaken, although there

arc  some stucies tnat compare the average rates of appreciation in
matched samples at different noise levels cver time. The construction
of matched samples is not an easy task, as the number of features that
definz o residential dwelling are many in number, and in some cases it
is not possible to define them in comparable terws. This was

found to be partly the case in the Roskill study, and Ted there to an
inquiry of estate agents in the vicinity of Londons two airports,

This was designed to get their assesnent of house price differentials
due to noise, for subjectively matched houses in different noise

zones.,  Altheugh this work was conducted with some care, it is un-
doubtedly preferable to have a statistical study based on actual data
for house prices. This involves less suhbjective judgement and

permits a calculation of standard errors of house price differertials.
In addition to the above problem ¢f matching samples, a further
difficulty arises in these investigations that attempts to calibrate
actual house price differentials. This is that data on the prices at
which houses are sold is not always obtainable. We find this

problem especially in the UK., and itimplies that we have to rely
on self-assssnents of house values, which are not really satisfactory,
or on valuations for tax purposes, which tend to underestimate house
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values. Any interpretation of the data has therefore, to bear in mind
the data source used for house prices.

5.3.2. Main Results of Studies on House Price Differentials

About a cozen studies have now been done regarding the effects of
aircraft noise on house prices, | lost of these have been undertaken.
in America (U.S. and Canada) although some of the pioneering viork

was done in Britain as part of the Roskill Report, and a study was
recently done in Australia as part of the Sydney Airport study

scheme. MWalters has recently attempted to bring together the
conclusions of the British and the Americen Studies and present them

in a comparable fashion. - His basic conclusions are that aircraft noise,
nuisance, as measured by any of the indices used in these countries,
does have some effect on house prices, and as a rough quide one

may say that a house valued at around £10,000 $ (U.S.) 25,000 in the
late sixties would depreciate between 0.4 and 0.7 percent per

unit increase in the NNI in the U.S. and between I.0 and 1.4 rercent
per unit increased in the KNI in the U.K. These results are obtained
by meas&rements in noise zones of between 40 and 55 NNI, and if

we may 1ihear1y extrapolate the actual depreciaticn levels per NI
.in this range to lower NNI levels, we find a zero differential at
between 28 and 30 KNI,  The Australian study conducted in the'Sydney
regicen suggests a value cf about 1.0 per cent per RNI. . Wnile each

of the studies does not by itself provide‘overwheiming evidence on

the quantitative effects of noise on house prices, tegether they
certainly do offer a range within which the price of quiet probably lies.
Given the approximate translations between the noise indices, these
results alsc give some idea of the price of quiet as measured by

these indices. '

£.3,3.  Comment con the Cardinality of the Noise Measure.

An issue of some importance to the measurement of roisc and to the
price c¢f quiet is how the depreciation per unit change.in the noise

index varies with the level of noise. As we menticned earlier, if
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this depreciation is constant over a wide range of noise levels then

. that measure of noise can be treated as an economic measure as'it’stqnds.
If the depreciation is.not constant over the experienced noise range,
then it would be necessary to look for a transform of the noise measure
that would produce a constant depreciation, and this transformed measure
would then be an economic measure of noise. | .
The evidence on the constancy of this depreciation over the noise range is
scmewhat ambigucus.  Only fwe  studies have. any real bearing on this
questicn. - They are the Reski11.5tudy,2§~%tudy by Emerson(15€9)

- s
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these investigations below:
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Although the evidence is scant, it does suggest an approximately linear
relationship between noise levels and depreciations, at least for the

nedium and low price houseé, and this would appear to be reasonably /
consistent with the assumption of a constant depreciation rate per NNI

for a given house price group. For different house price groups the price
of quiet and the zero point of the noise scale are predicted to be different,
however, and this would make a uhique index of noise that applied to all
income groups impessible. |

Eierson

Emerson's study, a Ph.D. dissertation at the University of Minneﬁota, is
extensively reported in Walters' monocgraph, viere it is described s&s the
most sophisticated and comprehenéive study so far carried out in the
United States. It analysed a cross-section of 222 sales of single
family houses in 1967, using 26 independent variables including the level
cf gircraft noise as measured in steps of 5 CNR noise units (e unit
charge in CNR being approximately 13 NRI units).

A sunmary of the neise depreciation results of this study were:-

. CNR Percentage depreciation
' dus to noise

45 to 119 : 2.7
120 to 124 4.6
125 and over 9.6

This suggests that there is a substantially increasing rate of depreciation
per unit of CNR as the level of CNR increases. However, as Walters points
out, the method of estimation was constrained to a non-linear relationship
between the depreciation rate and the level of noise. Thus we do nct

know how well a linear relaticonship would have fitted, had it been tried.



IMAGING SERVICES NORTH

oooooooooooooooooo

MISSING PAGE/PAGES
HAVE NO CONTENT


http://www.bl.uk

83

In conclusion on this question one must say that the issue is not at
~all clearly resolved, There is some evidence from the Roskill data

that is not inconsistent with the linearity hypothesis, and some
 evidence from Emerson's study that is suggestive of a marginally

~ increasing depreciation.rate.»_However, we must await further evidence

on this question, There are a number of difficulties in the comparative-
analysis that we have done so far which it would be desirab]e to tatk]e,
and until more firm evidence is forthcoming an hypothesis of a constant
depreciation cannot be said to have been disproved. ' '

'5.3.4. The Price and Income Elasticitieé of the Demand for Quiet

- From the Roskill data we obtain a relationship between the house price
and the percentage depreciation that the house suffers, If one may
assume that the price of the house is proportional to the permanent
income of the household, and there is some evidence for this, then the
implied income elasticity of demand for quiet is about 2. This
conc1usion is derived from cross section data and to date there is no
time series evidence on the demand for quiet. Furthermore, there is
no real evigence on the price of elasticity of demand for quiet, Walters
states that "the data are broadly consistent with a unit elasticity of
demand - but converseley one cannot claim that such a hypothesis has
been critically tested with such figures." 10 ‘
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- 5.4, Householder Surplus and Movement Costs

Householder Surplus

Householider surplus is intended to cepture the Tocational advantages of

a particular house, over the best available alternative. One can think
of this household conéuming mény geods, the unit price of which to him
depends on his location. If he moves to a different area he has to pay
a higher unit price for these goods and services and the householder
surplus is a measure of the utility difference implied by the two price
confugurations]]. As we discussed in Chapter three, suchautility
difference can be measured in money terms,in four d1fferent ways: two
relating to the money cost of ensuring the pre-moving utility 1evel at

the new prices and two re]at1no to the reduction in money .ncome that
would ensure post moving utility at the old price.

. The relevance of this distinction for the calculation of noise costs

as outlined in Chapter three is clear. In order to decide whether a
household would move or stay, the concept that is relevant is the
wi1]ingnes$-to-payone (relating the pre-moving utility level to the new
prices). Oncethis decision is established the non-movers costs are
assesed as outlined before - the matter of surplus no longer being ,
relevant - _and the movers costs are now assesed as either willingness costs
or compensat1on costs.  In order to do this we obtain cne component from

- the demand curve?qu1et, and add to it the adjkstmert costs]2 If we now
want the overall movers costs as willingness costs then we must add a -
willingness-to-pay hoseholder surplus and if we want the movers coSts as:
compensation costs then we must add a compensation householder surplus.

Khile these distinctions may be important they have not been examined
comprehensively and the empirical work on this question has mainly taken ,
the form of questionnaires on a sample of housecowners and renters in crder
to ascertain what price they would take to move, net of any taxes or
removal costs. The surveys of this type that have been conducted bykthe '
“Roskill Commission.La and by the Urban Motorway]“'Study group have proved
to be fairly satisfactory as far as thé'consistency of the sample results
was concerned, and broadly in keeping with some other knowledge in the
distribution of these surp]useé . Given the general success of these
surveys it should prove worthwhile to attempt to derive wiTIingness—to—pay
and compensation surplus distributions, separately. -
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‘ovement Costs

The costs of moving house include the femova1 expenses, conveyancing |
cm yQﬁﬁrQ94mﬁiﬂ§$?r items. It has been estimated that these amount

to / 8- 16per cent of sale price depending on the country considered.
The lower figure relates to Australian deta, while the Roskill Commission
“estimated the costs around Heathrow to be 16 per cent.

5.5. Turnover Rates

Most people doing empirical work in the field of noise economics have
recogn1sed that in a noisy area, the proportion of the populat1on mov1ng
out will be larger than in a quiet area for some time after the noise

has been imposed.  These extra movements are generated by a dynamic
adjustment procesé in which households decide to mcve or to stay as

they evaluate their dislike for noise relative to the costs of moving
out. Inevitably suth?process is spread out over time as it takes a
while to appreciate the consequences of noise, and there is a natural
inertia in making any adaustments ‘

Some estimates have been made of the relative movement rates at a point
in time, in noisy and quiet area that have similar residential dwellings
with s1m11ar facilities. For details of these estimates, the reader is
referred | to Walters, who concludes by saying that “when properﬂy inter-
preted ... the orders of magnitude of the movements that are attributable
to noise are approximately the same in both studies - say between 20 and
- 30 per cent more movers than there would be under normal non-noisy con-
ditions. “There is no evidence of dramatic sustained increases in
movement rates - although in certain shock years the movement rates

may be as much as 50 per cent above normal"}s» ‘

While these estimates are of some interest, they are noticeably incomplete
for our purposes. First, they do not distinguish between movement rates
at different roise levels, and secondly they do not tell us anything of
the total inital population that would move cut following the introduction
of noise in a given area. Both these issues are of some importance in
~assesgng the validity of a Roskill type noise model, as well as in con-
structing a noise model not dependent on the unsat1sfactory median
assumption.

As far as we are aware there are only two sources of ev1dence on these
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questions, The first arises from the McKennell StUdy16

assessment of a household's desire to move was made from a series of
questions asked of it. These yielded the following result in columns
I and II :- ' :

in which an .

1 | 11
Percentage of people who feel like
NNI moving because of the noise
35-45 (30 NEF) . , 3.1
45-55 (37 NEF) . _ - 8,0
55+ _ : 11.0

- Source Halters: page 125 Table 6,11

It is not clear, however, how this data is related to actual movement
rates, There is no known way of doing this and so/%gn only take these
as some indicators of moving intentions in different noise zones. The
second source of evidence on this question was collected and analyzed
during the Sydney Airport study. Unfortunately, we are not able to
quote the data collected there, but the method is of some interest.
A1l house sales by homeowners and all moves‘by renters were recorded on
~an annual Basis over a period which began before aircraft noise was a
serious prob]em and continued until well after the initial shock of the
~ noise was felt, For homeowners and renters, the houses vacated as a -
' percentage of the'stock of such houses were listed for a quiet zone and
for zones, at various noise levels, which were otherwise comparable with
the qﬁiet 2one, Thus the percentagevturnovér rates for zones of various
noise levels can be obtained and compared with turnover rates in the
“—quiet zone, Now these figures will include houses which have been sold
once, houses which have been sold twice, three times and so on. We wish
to isolate from these, the percentage of houses in each zcne that have
been sold once, as that figure wou1dAberan estimate for the proportion
of the original population that moved out on account of the noise., While
we cannot do this precisely it does appear that a lower estimate of once
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vacated houses is given by assuming that the distribution of changes

in occupancy follows a Poisson distributicn]7. On the other hand an uhper
bound is obtained by téking all movements as being single movements,

If the number of movements follows a Poisson distribution, then, since we
know the mean number of movements in zone Z from our statistics as

m(Z), we may'calculate the number of single movements as

e ,nm

Proceeding on this basis it appears that about five to nine percent of
the population move out of the noisy zones cn account of the noise,

within a decade of the arrival of the noise. The somewhat higher turnover
figures are obtained in the zones with a history of higher noise levels,

It is interesting to compare the movement rates suggested by the above
analysis and their time profile, with that predicted by the use of the
Roskill model, To do this we need to calculate the noise cost function
for each year after the noise has been imposed. The assumption on which
this was done by the Roskill | ’
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Model is discussed in some detail in chapter 3 but briefly it

involves taking the distributions of the noise annoyance

scale (NAS) on each noise zone, and associating with the median point of
that scale the depreciation that would be observed in that noise zone.
After this is done for the first year the noise function is constructed
by joining up the points obtained from the medians in each distribution
“of NAS. Then, using the rule that if movement costs plus depreciation
plus surplus is less than the noise costs the households for whom this
is true move out, we obtain a new distribution of the NAS for eath noise
zone]a. The noise function may then be recalculated for the following
year with these new distributions and with the further assumption

that owing to the income elasticity for quiet being greater than one,
household depreciation is growing 2% per annum faster that movement
costs, surplus, income, and expenditure on housing, all cf which are
growing at the same rate. This latter assumption is in fact taken

from the Roskill Report. The details of the initial data for the first
round calculations are given in the Appendix to Chapter 3. In graph 2
ve plot the calculated noise cost functien for years one to four and year
eight as obtained by the above procedure. In the table below we give'
the implied movement rates due to noise, year by year, for the first ten
years.

YEAR| ' |
1 2| 3| 4| s| 6| 7| 8| 9| 10{otal
NEF |
22.6| 9.10 580 | o]0 fo | o oo | ofls
27.5 101} 20]0 | o] o | o | o] o | o | of121
33.5| 41| o]o | oo | o] o8| o0 | of 59
375 o ofo | ofo o | of oo | ofo

percentage movement rates per annum implied by Roskill Model

These movement rates are not completey; as over time the noise costs will

tend to rise faster than movements costs plus depreciationla and consequently

over a very long périod (100 years?) the whole noise zone must become

populated by imperturbables’’. However these figures offer an interesting
comparison with observed rates. In doing this it must be remembered that






‘the observed rates are obtained for a‘diffenent noise profile over time,
whereas the above calculat1ons are based on an assumed constant noise
level, From the way the ‘Roskill model works however it appears that if
noise were growing as suggested say by the Sydney experience in the L
'sixties, then the Roskill model would generate rather Tower movement
rates than we predict it to do., Furthermore we have assumed an initial
depreciation 1eve1‘qf 1.4 per cent of the house price per NEF, ‘This

is probably about right for the late sixties/early seventies and too

- high for the early sixties. So again using the Roskill model to replicate
the early sixties behaviour we would find it generating rather lower
movement rates, (Regarding the choice of this initial depreciation

rate it is important to remember that the annual movement value in the
Roskill model are rather sensitive to this number,)

With all these qua]ifieatiom; howaver, it does seem that the Roskill

model does generate what is possibly a little too h1gh a movement rate
in the 1ower noise zones, and very Tlikely too Tow a movement rate in the
higher noise zones, ‘ ‘ ‘ ‘
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FOOTNOTES TO CHAPTER 5

: -1, For a d1scuss1on on measures of traff1c no1se see Langdon and Scholes
(1973), and Scholes (1970). ' o
2. If the noise index is constructed us1ng N rather than log N then the
marginal increase in the noise level would be a constant. with respect to.
the number of aircraft and the desirability of concentrating aircraft
activities ae discussed in the previous chapter would no longer'hold,»ii
the price per unit of quiet were still estimated to be constant, Whether
or not this would be the case, would depend on how sensitive the estimation
techniques for the price of quiet were to such a change in assumption,
3. This figure is quoted by Mrs, Paul (197]). and taken from the Roskill

"Report. ;
4, For an account of the NEF index and its va11dat1on see Tracor (1970)
5, Unfortunately it has not been poss1b|e to obtain a copy of this survey.
6. This graph is drawn from data taken from Walters (1974) Table 63_ The
broken lines indicate extra extrapolation to iower'va1ues. ' :
7. This fqotnote has been excluded from the text.

. 8, This footnote has been excluded from the text.,. .-
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10. Walters (1974) page 111. .
11, In our view this is the best way to interpret householder surplus. It
may seem somewhat restrictive in that certain features that make one dwelling
desirable relative to another are not priced (e.g. friends, local amenities
etc.). However, if an individual can trade these off against some money
value then there must be some underlying way of valuing these things, such
that different locations involve different costs of‘conducting'certéin;activities.
_For convenience we refer to their activities as measurable with a unit implicit
price. _ ‘
12.. For details of this calculation the reader is referred to Chapter 3
pages 13 and 14,
13. The survey methods used are discussed in Roskill (1970) and the distributicn
of surplus obtained is givennn their report, "Commission on the third Lcndon
airport", Vol. VII Table 20.1 ‘
14. The Urban Motorway Project Team'ssurvey methods and results are reported in
Urban Motorways Stddy Group (1973).

}

15. Walters {1974) page 127. . : ,
16. McKenrell (1973), Append1x to the Report on Aircraft No1se Annoyance
around London Keathrow Airport.

17. A Poisson distribution for the number of changes of occupancy was
suggested by Walters. We have been able to find no published evidence for
this although casual observat1on on turnover data suggests a J shaped distribution.
We attempted to derive some direct evidence bearing on this question by
considering some British data from the Gemyal Household Survey (1973),in table
£.52, this gives the distribution of the number of moves undertaken in the
past five years by a sample of households. If we assume that a household
moving m times in 5 years moves every 5 years  then we may construct a
distribution in the number of changes of occupancy as follows:

Let the proportion of households moving every m years be P(m), and let

the percentage of an initial population in year o that moves in year t Le

Qg Then
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The houses vacated for an j th time in year k (k> Jj) are given by

ij where K-it1

Vo = mgl PV 1 em

The upper Timit arises because we do not allow for more than one move e
year. This is a recursive expression, where Vlt =Gy. Finally

the proportion of households that are vacated n times altogether in
five years is given by h(n) where

5 k+1
hn) = £ V... (1- L P(m)
k=n m=1

Edmittedley this is a crude method of calculating h(n), as it does

not allow for multiple moves within one year, and assumes an even

spread of moves for those who say they move m times in five

years. 'Nevertheless it should give us some idea of the distribution

of occupancies of a given house. In the table below we give the
distribution of the number of moves in the past five years; the proportion
of houses changing hands n times in the past five years, and the

Poisson distribution of change of occupancy based on the mean of this
distribution being calculated by taking the estimated percentage

of houses changing hands as given by the sum of column 2.

I 11 111 v

n % of houses moving | % of houses chanaing | Poisson distribution
n times hands n times of III

0 64.6 64.30 69.97 -

1 23.4 33.97 26.00

2 6.7 1.72 4,45

3 3.2 0.01 0.53

4 1.1 0.00 0.05

5 1.0 0.00 ‘ - 0.00

Source:General Household Survey (1973) Table 5.52. Sample Sizé.11,893:
Clearly the number of changes given by the Puisson distribution fails

more slowly than the sample, and therefore it underestimates the percentage
of the original population tnat move out due to noise.
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Howevery it can only be stressed that these numbers are suggeétive - they
do indicate a sharply declining distribution of changes in occupancy, with
the Poisson distribution underestimating the rate of decline.

18. In constructing the new distribution we assume that all inmovers due
to noise are impertumsables. This assumption is probably valid, given
the small movement rates and the numbers of households with a zero

noise annoyance score. In fact even if some of the movers had annoyance
scores of 1 or 2 this would make no difference to the movement rates.

19. The movements caused by the rising valuation of quiet are the

long term movements. These are distinguished from the short term
movements, which zppear to be concentrated in the first two years,

with movements in the eighth year being somewhat ambiguous with respect
to the divison. |
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Chagter 6

“Conclusion

In this thesis various aspects of noise pollution have been surveyed. We
started in Chapter 1 by stating the limitations of this survey and pocinted
out some important aspects that do not receive much attention here.
Undoubtedly there is a lot to be done on ascertaining more fully the physical
and psychological consequences of living in a very noisy environment for |
prolonged periods. However, such factors cannot be adequately discussed

in an economic framework and only when the 'facts' are availeble will we

be able to take account of 'them in our economic models. The complementary
roles of the engineer and economist are apparent at a very early stage

to anyone working in this field, and indeed the economist would have very
little to say, had the engineer not developed suitable calibrations of
various types of noise.

In Chapter 2 we use a simplified theoretical model to examine the consequences
of a spat%a]]y distributed type of pollution on the optimum structure

of towns. Although the models used in this knid of analysis are highly
unrealistic they do, nevertheless, provide us with some insights into the
relavant issues. In this case we cbserve that the spatial considerations
of the pollution glgﬂg_cause great difficulties in obtaining an optimum

by price methods, and even if the overall convexity conditions are satisfied
"in production, a government agency would have to be concerned both with

the sum of the marginal rates of substitution between the private goed .
and the public bad, as well as the direction cf the rate of change of the
sum. Multiple equilibria are very likely to be present and a price
decentralised economy could easily settle at a sub-optimum pBSition.

In addition to the problems raised by spatial factors we have to take
account of the technology of production which must have increasing returns
.for some range at least, if the existence of towns is to be justified. Con-
'structing a plausible technology and taking reasonable parameter values

we examined the sensitivity of the optimum solutions to various parametric.
and geographic assumptions. Here we found that the optimum solutions

were rather sensitive to small changes in the parameters representing
preferences and to restrictions on the use of land area available.
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Also it .turned out that the policy prescriptions for optima] pollution
“control cculd differ greatly if the town size could not be controlled
from those wnich would exist if it did.

From this rather general analysis we meved to considering the problem of
the measurement of noise costs. The analytical framework used here is

a partial equilibrium one with all its attendant shortcomings. However,
where it is possible to treat the movement in the price of quiet in
relative isclation from other prices it provides a most useful basis

for compafative cost studies as well as calculations of compensation for
roise imposed. We considered basically two different approaches - one
starting with orthodox economic theory and adding various bits that were
special to the noise problem, and the other taking the Rcskill noise
model and strengthening those parts of it that are somewhat suspect.

In the end one can conclude that the Roskill model was a very reasonable
- first attempt at this kind of thing, although, if done again it would be
better to use the more orthodox approach outlined in the first part

of this Ghapter.

In Chapter 4 we considered various problems relevant to the control of
noise. There is clearly much scope for the application of economic
principles to this area and in many instances all we could do was to
indicate the shortcomings of existing practices. The standard theory
"of externalities and Public Bads, while it applies broadly to the matter

of noise pollution, cannot be straightforwardly translated into operational
terms. - The difficulties inherent in a pollution tax are discussed at

some length and it would appear that in general any noise tax would be
related to the price of quiet as well as to the re]ationshib-between

the consumer and producer prices of the services that one has to buy in
order to be quiet. What we refer to as locational inconvenience. Such

a relationship is not straightforwardly defined and while in some cases a
simplification méy be obtainable, there are considerable data problems
involved in constructing a satisfactory noise tax. The reliance therefore
on direct controls places all the more impcrtance on having a good method
of measuring the costs of implementing noise (or equally the benefits of
reducing it). It is only by this means that a reasonable decision can

be made regarding the choice between various noise abatement procedures.
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In Chapter 5 we discussed various bits of empirical evidence. Here, too,
there is great need for good statistical and econometric viork, especially
with regarding the measurement of house price depreciation due to noise.
The price and income demand elasticities for quiet, constructed from

the available data are at best only indicative and these estimates could
be improved. Keverthelass some results have been achieved, contrary to
the scepticisim of many people, and those results are, broadly speaking,
consistent with each other.  Such work, and the analysis in this
dissertation, shows that economic theory and economeirics have a great
deal to‘contribute in the analysis of pollution problems.
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