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ABSTRACT

In recent years, environmentail 1ssues have tgken
a prominent position among the concerns expressed by manyF
members of society. One such enbironmental lssue 1s the
problem of aircraft noise.‘ As the air transportation in-
dustry has increcased in size, the frequency and magnitude
of noise endured by individuals living in proximity to
airports or along aircraft flight paths has also increased.

lIn the broadest context, aircraft noise can be,
consicdered to be an external diseéonomy that reduces the
utility levels of in&ividuals residing near airports. The
existence of an external diseéonomy can lead to an ineffi-
c_=2n* allocation of resources with too much air transport
service and too little noiée abatement being provided to
society. To determine an efficient allocafioﬁ of resourc-
€3, Oor at least what' constitutes a movement towards effi-
Jiencey, reguires that it be possible to measure the costs
of aircraft noise, or converseiy the willingness to pay
for auiet. This thesis provides both a theoretical and
an empirical framework.in thch the problem of airéraft
noise ca’ "¢ analyzed. Thds, the main emphasis of the
thesis is twofaldi First, a theoretical model capable of
measuring the willingness to pay for quiet is formulated

through a review an. assessment of previous studies into

\



the problem of environmental pollu*icon. it 1s found that

an 4a:alysis of expected changes in residential property

values can be used tc determjine the will:igness to nas tor
exogenous changes 1in the level of qu:i:es :.:ovided th.t the

area affected by the change is "small ind oper". Secondly,
empirical estimates of the willingness tc pay for ju a.w

derived using data from the Edmonton Industrial Alrport
and the City of Edmonton. This is accomplished by using’
the hedonic, regression technique. House prices are re-
gressed against a vector of housing characteristics, quiet
included, so that the implicit marginal price of quiet is
derived. This marginal price is then utilized, in a mar-
Coy suﬁawaP-tﬁ prqvibusly uscd *ecnniiues, to calculate
4n esc.int o ¢ the willingness to pay for chanées in the
level of guiet. The theoretical and emp{;ical results are
then used to assess polchﬁf designed to deal w1th the prob-
lem of aircraft nolse that are currently in effect in the

City of Edmonton.
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CHAPTER I

. AR

!

AIRCRAFT NOISE
\ ANC '
THE EDMONTON INDUSTRIAL AIRPORT

v e .
Within thellast Aeéadé or so, environmental_iSSues
have taken.a prominent pOSithF aﬁong the concerns expressed
by many members of society. One.such'environmental issue -
1s the problem of aircraft noise. As the air tranéportation
industry has increased in size, the frequency and magni- |
tude ~f noise cndured by individuals iiving in proximity
to airports or along aircraftvf¥ight paths has also in-
creased. The expansion‘of existing airbortsrand the con-
strﬁction of new ones are-often opposed 5y nolse conscious
neighbourhoods whose quiet environments are threatened by
such activities. Thus, the disutility ofvnoise, or the‘
\bh}ue'of qulet, 1s an important element in determining the
eff}bient allocazion of resources between competing land
uses.

The purpbée of this thésis,is to examine thé prob-
lem of aircraft noise within fhe framework of ecohomic ana-
lysis. Specifically, an attempt is méde‘to develop an
ecoﬁomic model that will provide a measurement of the

costs associéted with the generation of aircraft noise

within the City of Edmonton. Only once the costs of air-



craft noise, or conversely the beneirts of noise dbatemont;
are ostqbllshed 1S 1t possle to defcrmlne vhat consti-
tutes an efficient allocation of resource  between the pro-
vision of air transport serviees and‘quiet environments.
Such an qn&lysis ~111 not only allow for an eﬁaminhrion of
efficiency considerations but also the dis: ributional con-

'sequences of unanticipated changes 1n noise levels.

1.1 Noise Defined

’ The first major - oblem confronting any aggempt
to measure the costs of ai -raft noise 1is to determine
what exactly constitutes "noise". As NDe Vany argues: |

In terms of man's auditory system there
is no di: nction between sound and noise.
Noise 1s unwanted sound. Values and tastes
must, therefore, be introduced to separate
noise from other sounds--one pers ..'s rock
music is another's noise. This is an import-
ant point pecause most noise experience.. by
persons living near an ai- ort is not of such
intensity as to induce pain or other ~mptoms
of psychological stress. The noise 1s just
irritating, perhaps in and of itself, or be-’
cause of what it interferes with or interrupts.

Thus, to a large extent, the measurement of noise requires

a subjectlve rather than an objectlve scale of measures.
Different 1nd1v1duals may assess the "noise component of
varioys sounds differently.' However, certain characteg}é—

tics prasent in any sound will determine 1its perceived

Generally sounds T
w1th high pressure and intense frequencxes
are n0151er.
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Spectrum complexity.  Sounds having energy
concentrated in narrow frequency bands, or
containing pure tones are noisier than sounds
having a more level distribution of energy.

ro

3. luration. Sounds are noisier the longer their
duration.

4. Duration of inercase. The more rapid the rise

of the sound pressure from ambient to peak,

the noisier the sound is. This 1s the -

"startle cffect.
Individuals determine the noisiness of any sound by ranking
‘it with fespect to the above féur characteristics in rela-
tion to other sounds. Each individual, thérefore,lwill
~have a differeﬁt evaluation concerning the noisiness of
any particular/éound. The sound generated by aircrafF can
geﬁerally be viewed as noise because it has a tendengg;to
disturb sleep, privacy, rest and communica-- h
tion and in doing so¥may be considered po-
tentially harmful to health.3

A ' Index numbers have been cdnstructed tha£ combine

the four characte}istics outiinedAabdve into a single num-
ber. These index numbers attempt to measure the noisineséA
of neighbourhoods in the vicinity of airports.” Thevhigher
the index humber, the "noisier" is the neighbourhood.

h Oné,such.indexing systtm is the Noise Exposure
Forecast~(NEFY‘ﬁﬁiéh'ié currently being used by tﬁe Caﬂa—
dian Ministry of Transport to assess the noise levels
around Canadian.ai."rport's.L+ The value of the NEF index at

‘any particular location is calculated .as follows: >

NEFi .

NEF = 10 log I I antilog ——2
i3 10
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where NEF‘iS'the composite”Noise Exposure Forecast and
NEFij is the NEF value producéd by airéraft of class i
on runway Jj. Thus, the compogite NEF s 4 summation of
the noise levels associated with. different types of air-
cFaft.‘ The value for NEFij is calculated as:

NEFi.'z EPNLij + 10 log[N(day)ij + 16.67 N(night)ij} - 88

effective perceived noise level
of aircraft- i on runway j

il

where EPNLi.
J

L :

N(day) = number of movements between 0700
) hours and 2200 hours (day flights)
N(night) = number of movements between 2200

hours and 0700 hours (night
flights)

The NEF index associated with any location depends upoq_the
number and type of aircraft'utiliéing the éirport, tHe ﬁumj
‘ber of d;y and night flighfs and the effective perceived
noise level of the various aifcraft. The EPNL is a .subjec-
tive valuation of such annoying noise effects as pure toneF
and duration. Thué, the Noise Exposure Forecast system is
a composite of the four charactéristics tha£ distinguish
the noisinéss of ény sound. The higher the NEF index,

the higher is the level of noise.

In this thesis-the level of aircraft noise  en-

dured by individuals af{ any particular location will be
measured by the NEF i dexing systém. The reason qu this

is twofold. Fi ; data about noise*levels surrounding



©
-Canadian airports are reported in terms of the NEF system.
Second, preliminary ;tatistical evidence supports the NEF
system as a reasonable measure of noise annoyance. As

the valu? of the NEF index rises, the number of complaints
from'individuals about the disburbance created by aircraft
'n .. also rises.® If it is assumed that the number of
cuiplaints is highly correlated with actual noise annoy-
ance, then the NEF index mayvprovide a reliable measure

of that annoyance.

1.2 The Edmonton Industrial Airport

The City of Edmontn 1s served by three airports:
the'Industrial-AirpOrt; the International Airport and
Namao Airport fmilitéry). The p;imary,source of aircraf£
noiSe‘in Edmonton is the Industrial Airport as both the
Internatioﬁal and NamaorAirporfs”are located outside of the
city iimits and éircraft noise'generated at those sites
does not, for the most part, affec£ individuals residing
within Edmonton. However, the Eamonton Industriai Airport‘
‘and its flight paﬁhs éfe'located within the boundaries of
thefcity and .aircraft approachiﬁg or dé?érting from this
aifport generate noiseéﬁhat does affect city residents.
Thus, the empirical analysis of the costs of aircraft noise
presenﬁedﬂih this thesis will concentrate exclusively on
the*noise created at or near the Industrial Airport.

The Edmontoﬂ Industriai Airport'is located ap{

proximately two miles northwest of the city center and is

°



surrounded by residential development (see Figﬁre 1-1).

cqpposed of three runways: runway 03-2]1 extends in

(72

It i
a northeast to southwest direction and is 4,446 feet in
length; runway 16-34 extends in a north-~to-south direction
and 1s 5,700 feet in length; and runway 11-29 extends iﬁ a
northwest to southeast direction and is 5,868 feet in
length. Due to prevailing winds, runway length and avail-
ability of lighting and directional equipment, runways
11-29 and 16-34 are used for the vast majority of aircraft
movements in and out of the Industrial Airpoft. Runway
16-34 handles about 70 percent of all such movements and
runway 11-29 is utilized for the remaining 30 percenf.7

The Edmonton Industrial Airport.tiﬁjconstructed
in 1929 by the City of Edn}pnton.8 It wa%£g§ed\g§§ensively
by military aircraft during Worl. .. 1II and the Korean
War. Commercial aif traffic grw *rns;derably durihg the
1950f1960,period when the Indust:ia? Alrport was the only
éifport serving the City of Edmonton. in 1961 construc-
tion was completed on the International Airport and the ma-
jor airlines, such as Air Canada (then Trans Canada Air-
lines) and Canadian Pacific Airlines, moved their operations
tfrom the Industrial to the Ihternational Airport. ’

/Aince 1961 tb.- Industrial Airport has been the
*tenter of operations primarily fér_privately owned aircraft
(both jét and propellor‘driven) and such regional air car-
riers- as Pacific Western Airlines (PWA)'and Time Air.

In 1963, PWA instituted an Edmonton to Calgary airbus ser-



Figure 1-1: Edmonton Industrial Airport and the
Area Affected by Aircraft Noise
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vice utilizing DC-4 aircraft. In 1968, this service was
upgraded when the airline converted to Boeing 737 jetliner
service between the two cities. Even with the construction
of the International Airport, the Edmonton Industrial Air-
port has remained one of\the busiest in Canc ia, ranking
fourth in total aircraft movements in 1974, with total
movements of 236,778 that year.’

-

1.3 Previous Research

The only previdus‘reéearch'into the problem of
aircraft noise in the City of Edmonton was conducted by
Hans~-Werner Mary in a masters' thesis done at the Univer- -
sity of Alberta in 1975. 10 In that thesis, Mary attempts
to determine the cost of airqraft noise by esfablishing the
relationship between noise and residential property valuesg.
To assessvthis relationship, a combined cross;section:time—
series correlation analysis was used.

In his thesis Mary attempted to standardize for
differing neighbourhood, locational and property charac-
teristics among houses by establising a "grid" systenr ovér
the City o1 Edmonton. Each grid was represented by an
aver e house within that particular area. Closely match-
ing grids (matching with respeéﬁcto all housing character—
istics 6thef than the level of aircraft noise) were then
selected and éfice-time relationships were calculated for
these grids between the years 1950 and 1974. These price-

time relationships were then compared, using correlation
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analysis, to determine. the variation in property.values
that could be gttrfbuted to different noise levels.

For the most part, Mary's analysis\found that a -
posit?ve correlétion existed between noise levels and house
pricéé over time. That 1is, highef house.prices were asso-
ciated with grids characterized by more, rather than less,
slrcraft noise.v;Mary attributes this result to people not
minding aircrafg noise which, in essence, is to conclude
that there.was no cost to the aircraft noise generatedsat
the Edmonton Industrjal Airport.

This thesis attempté to improve upon Mary's em-
pirical analysis,in three ways: by develsping a theoreti-
cal foundation on which to build and interpret the empiri-
cal analysis, by introducing a better data set upon which
to determine the relationship betweenvaircraft noise aﬁa
house.prices and by utilizing a superior statistical tech-
nique inﬁﬁhe analysis. Mary's examination of the relation-
ship between aircraft noise and house prices was‘éonstrained
by a lack of precise site-specific data about the,housing
characteristics associated'with individual houses. In
this thesié,_site—specicific information, gathered'from
the Mulfiple Listings Serv?ce of the Edmonton Real:Estate

Board, will be utilized to assess the effects that the va-

~

- rious housing characteristics, including aircraft noise,

have on house prices. At the same time multiple regres-

sion analysis, rather than correlation anaiysis,-will be.

i

used to determine the statistical relationship that exists



between aircraft noise and property values. The results
of this empirical investigation are presented in Chapter

IV of this thesis.

1.4 Existing Policies

Even though no detailed analysis has been con-
ducted to determine the costs of aircraft noise in Edmon-~
ton several government agenCies have formulated a set of
policies designed to "deal" with the problems created by
such noise. These policiee are the responsibility of three

£,

government'agencies operating at'theFlocal'and federal
levels’of juriSdiction: -the City of Edmonton Assessmen;”
Department the Central'Mortgage‘and-dousing Corporation
‘and e federal Ministry of TranSport S Air Transportation
Administration.

The first‘policy-wasvinetituted by.the City-of’
Edmonton in the late 1950's and is deSigned to prov1de com—
pensation to- those 1ndiv1duals owning houses in areas af—
fected by aircraftanise. This compensation takes the form
of_reduced property taxes. The Assessment Department of
the City of Edmonton reduces the assessed value of any.
reeidential propértg by two to eight percent depending upon
tﬁe level of aircraft noise associated with that property.!l
?he higher the level of‘n01se, the lower is the assessed

value of the house and, hence, the lower is the yearly pro-

perty tax. Thus, individuals owning houses affected by
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aircraft noise are compensated by reduced property taxes.
The Central Mortgage and Housing Corporation

(CMHC) has also adopted a pollcy de51gned to reduce the
1mpact of alrcraft noise on re51dent1al propertles This
policy is effected through the Corporation's ablllty to
grant financing for newly constructed housing under the
National Housing Act. CMHC divides the area around an/
airport into an upper noise zone (NE? value greater than
35) and a lower noise zone (NEF value between 25 and 35).
Since 1975,'it has been the Corporation'e=policy to deny
financing under the National Housing Act to houses:built
in the.upper zone:and to grant financing to houses burlt-
in tne lower zone.only if adequate sound insulation is
provided.l? Thus, CMHC is ettempting_to discourage the
construction of housing unite in high noise areas. How-
ever, thie particuiar po;icy doe’s notvhave a great effect
on the noise problem around the Edmontonilndustrial‘Air—
port, as the area surrounding the airport wae deveiopéd for
residential purposes well before 1975.

| The third policy con51deratlon is the result of
a jOlnt planning effort between the City of Edmonton and
the Canadlan Air Transportatlon Admlnlstratlon that at-
tempted to developla master aviation plan for the City of
Edmonton, with partieular emphasis on’the role of the Ed-
montonvIndustrialvAirport',13 This master‘plan study‘anaf
iyzedfnarious alternativeskar the future development of

the Edmonton aviation system. One of the key-proposals



that came out of the study was to reduce the utilization of
the .Industrial Airport by constructing a "satelliteJ air-
port designed to aqcommodate'privately?owned light aifcraft.
This proposal was partly based onn a désife to, reduce the
environmental iméact of aircraf% nQise generated at or
near the Industrial Airport.!" L

An important point to recognize about all three
of the above policies 1is that they were implemented‘without
-a precise évaluation of the costs a;sociated with aircraft
noise. Without such an assesément it is not possible to
determine whetheT theSegpoiicies are economically efficient

7

and actually provide an improved allocation of resources.

“

f\§ Outline of Thesis
N . -

‘This®thesis will attempt to provide a theoretical
-framework in which the problem of.airctaft noise can be o
analyzed and an ehpirical estimate of the costs assoéiatéd

, , ) y
with aircraft noise in the City of Edmonton. In Chapter
.II, the problém of aircraft noise 1is discuséed within thé

context ‘of the economic theory of external effects. The.

chapter will emphasize the conditions. for attaining a

[

Pareto efficient allocation of resources when externalities

(in this case aircraft noise) are present. Chapter 11T
attempts to develop " economic model capable of providing
a method of measurind\ the costs of aircraft noise.. The

discussion centers around the applicability bf-usinglpre4
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dicted changes 1n property values as a measﬁre‘bf the wil-
lingness to pay for quieé..—ln Chapﬁer IV, an empirical
estimate of the willingness ﬁo pay for quiet 1s dérived by
app}ying the models developed ip Chapter III to data

about noise levels and %ouse prices in the City of Edmon-
ton. fhe thesis conélddes with Chapter V whiqh provides

a brief summary as wéll as- a dilscussian of.the poligy im>
plications for dealiné with aircrafﬁ noisé inherent-in both

th. theoretical model and the empirical results. ° ~_
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CHAPTER 11

AIRCRAFT NCUISE
N AND
THE THhORY\OF EXTERNALITIES

In recent years, factors which contribute to the
"quality‘of>life" have come under the.scrutiny of_eco—
nomic analyéis..>SinCe many of these factors are not
priced by any explicit market, theqtheory of external eco-

omies and.diseconomies has proven useful in providingua
theoretical framework. in which they can be studied. Th;s
ohapter will examine aircraft noise as on external dis;
economy,of thevproducer;conéumer variety.

55:;;Eft noise is an external diseconomy because
it adversely affects the utility level achleved by an in-

A
dividual, thlS effect not being dlrectly priced by the
market. More spec1f1cally, aircraft noise affects the con-
.sumption of housing services by interfering with the in-
dividual's enjoyment of a "quiet" environment”at any given
location, assuming that quiet is a desirable characteris-
tic. In most circumstances, market compensation is not
forthcoming from the éi:line transportation indgstfy for
the use of thé environment as a foctor of p;oduction. It

is this non-priced aspect of aircraft noise that. can lead

to distortions in the allocation of resources.
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2.1 Externality Defined -

The problem of externalities often arises 1in
instances where there has been a fallure to e:tablleh pro-
p .
perty rights.! The absence ~f clearly defined property
i ' -

rights can easily lead to the Situation in whiéh not all

the benefits'andocosts of an activity are internal to that -

: N
activity. Aircraft noise is an example of such a situ-
ation. The air space has traditionally been treated as

a common property resource by the legal inetitutiqne of

society and, hence, a quiet environment is not a pri;ate
property right».2 Beeaese of the COmmon property. problem,
the air transport 1ndustry has been able to use the n01se
a551m11at1ve capacity of the enV1ronment w1thout payment

for its use. An external cost to the 1nd1v1dual consumer

of quiet thus arises.
\

Baumol andg Oates state that an externalltv ex1sts

N /

\\\hen two condltlons have been met:

1. An externality is present whg

individual's (say A's) utilis

“ tion relationshiﬁs include real

nonmonetary)varlables, whose valw are

chosen by others without particular at-
tention to the effects on A's welfare.

2. The decision maker, whose activity affects

others' utility levels or enters their pro-

duction functions, does not' receive (pay)

in compensation for this act1v1t§ an A S ey
amount equal in value to the resulting

(marginal) benefits Oor costs to others.

Both of these condltlons are met by the case of aircraft
noise. The noise generated along ‘the fllght paths of air-

craft enters the utlllty functions of 1nd1v1duals living



along thdsc paths as an external cost (that is, it de-
creases the utility levels of these individuals). The
individual can not, on his own accord, vary the noise level
at any given location, but rather it is established by the
air transport industry. At the same time, the indiyidual
is not compensated by the air transport industry for this
reduction in utility.” Thus, the full costs of air travel
are not borne by the producing industry. ' The existence -
df these external costs can lead to a non-optimal alloca-
tion of resources, with too little quiet environment being
nrovided and too much aircraft noise being generated.
Buchanan and Stubblebine" provide a further de-

lineation, of the concept of externality. The authors con-

. R
struct a two-person model® in which the a¢tiity of one of

the individuals enters into the utility functicn of the
oth:-r individual, so that:

UA UA(XI, Xz,'... Xm, Yl)

i

and UB = UB(Y,, Y,, ... Y

‘ , , : . dUA .

A marginal éxternality exists when yo * 0, that 1is, small
: ) A

changes in B's consumption of Y, affects the utility levels
' A

of A. “Anﬁinfra—marginal externality exists when 5%— =0

s Y] A\\L.v . . . 1

but J %g- d Y; = 0. In this case, the overall level of Y,
, . , .

affects A, but small maréinalvchanges do not.
Buchanan and Stubblebine use this simple model

to define Pareto relevant and irrelevant externalities. An



externality exists whenever an individual's utility func-

\

tion (or a firm's production function) has the form of A's
itility function as cited above. The externality is po-
entially relevent if

the activity, to the extent that it is per-

formed, generates any desire on the part of

the externally benefitted or damaged party

(A) to modify the behavior of the party em-
powored to take action (B).®

If this desire is lacking, the externality is irrelevant.

- If the level of B's activity is denoted by Y,, then a po-

. ™ ' :
tentially relevant marginal externality exists when:

Juh
3Y, B
' Y=Y,

It should be noted that infra-marginal externalities are

\\Tirelévant for small changes in Y,. They become potential-

ly relevant only for significantly large changes in Y,.

- The concepts of Pareto relevance and irrelevance

follow from the above definition. A Pareto-relevant ex-

;ternality exists when A can be made better off by changing

’

the level of 'Y, without making B worse off, that is, when
gains from trade are possible. It is known from the'simple
process of maximization that B (or A for that matter)

reaches a utility maximizing equilibrium when:

B
U fy
! ’ h Ul oU®
_— = ——— where = 5
us f?_ oY,

]

This means that 1nd1v1dual B maximizes hlS level of utlllty
when the. marglnal rate of substltutlon (rlght hand side of

above equatlon) equals the marglnal rate of transformatlon
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(left-hand, side) . From this a marginal externality becomes

Pareto relevant whenever:

ug, Uy, f%l—‘ - ud

(1) - > — = — ' for —= > 0
ug. vy, £} _ ug
3 ] Iy, =y, Y
U v £5 nd

or (2) o< (=) | — - L fo L <o
° 17A B B A
UXj UYj fYJ — UXJ

Yy =Yy !

when this conditiog'does'not hold, the externality is
Parggb irrelevant.' Whene§er gains from trade are possible
thé extepnalziy is Pareto relevant, whenevgr théy are not
possible the externality is Pareto.irrelevant. It should
:be ﬁoted that whenever 'B i; in a utility or Ouﬁpqt maximiz-
ing equilibrium fo; Y, = %i\(that is, the rigﬁt—hand side
of the above equations is zero), géin; from tradé are. al-
ways possible and potentially relevant marginal exter-
‘nalities are always Paréto relevant.

| - It can be seen that the distinction between re-"
levancé and irrelevance rests on the fact that an external
diseconomy for one individual“or firm is an external eco-
nomy for dnother individual or fifm:l?Tﬁefe_is’a basic
symmetry to the problem; Thus, the internalization of a
Pareto-relevant extérnality leads to a movement towards
PafetO'opﬁimality as one individual is able to fuliy com-

pensate the other out of the gains from trade to be derived

frzom such a move. The internalization or removal of Pareto-
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irrelevant externalities simply results in a redistribu-
tion of income, as thefe are no gains from trade to be de-
rived.

The implications of Buchanan and Stubblebine's
analysis are quite clear. The only type of externalities
that can be removed under the justificatian of increased
‘efficiency is the Pareto relevant externality. The exist-
ence of Pareto irrelevant externalities 1s a problem of
dis£ribution, not efficiency. An economy can reach a posi¥
tion of Pareto-efficiency even though irrelevant extefna—

lities exist within the system.

2.2 The Coase Theorem

The Buéhanan—Stubblebine analysis presented in
the previous.sectionlﬁas illustrated that if Pareto- |
relevant externalitieé are ﬁot internaiized the resulting
production and consumption,dgecisions of indiViduals,énd
firms will be non-optimal. The first éttempt to résolvé

the problems created by externalities for the attainment

of maximum efficiency was made by Pigou.’ Pigou recognized

that the éxistence of externalities caused private and so-

cial costs and benefits to diverge so that the resulting

private decisions were non-optimal for society ¢ a whole. -

To ensure that a Pareto-optimal output is produced (that
‘is, where private and social net products are equal every-

'where), Pigou proposed that prices be altered-through a

20



tax-subsidy schdme. The Pigouvian tak/subsidy program
Qould tax firms if their output was too high and subsidize

them if their output was too low due to the existence of
exterﬁal effects. 1In this manner private and social costs
and benefits would be equal and private consumption and
production dec151ons would correspond to the socially de-
sirable decisions.

In a landmark article® which begeﬁ much of the
modern debate concérning -externalities, Coase disputed the
traditional‘?igouvian method of handling the externality
problem.' Much of his argument is based upon his recogni—

tion of the‘bilateral nature of any externality. As Coase

states:?

) The traditional approach has tended to ob-

e scure the nature of the choice that has been

made. The question is commonly thought of
as one in which A inflicts harm on B and what
has to be decided is: how should we re-
strain A? But this is wrong. We are dealing
with a problem of a reciprocal nature. To
avoid the harm to B would inflict harm on A.
The real question that has to be decided is:
should A be allowed to harm B or should B
be allowed to harm A? The problem is to avoid
the more serious harm.

Tﬁe essence of the Coasign’grgument is based upcn'
this symmetrical aspect of externalities. According to
Coase, because all externalities are reciprocal in cature,
it is not necessary that any Pigouvian tax/subsidy scheme
- (or any government' involvement for that matter) be insti-
tuted because the two partles ‘'will always reach a negotl—
ated settlement as long as gains from trade are to be de-

rived. This negotiated.settlement will always be Pareto-



efficient no matter what the liability rules (or property
rights) are within the system. The same level of exter-
nality production will occur whether the polluter must
bribe the pollutee for the right to pollute or 'whether the
pollutee must pay the polluter to Stop polluting. Thus, "
Coase's conclusion is that the market will always handle
the problem of externalities and this market solution will
be Pareto-efficient. 10 Liab®lity, and hence the moral and
ethical considerations thet correspond to the creation of
liability rules, is unimportant to the question of effi-
ciency because the externality problem is "allocatively
neutral with respect to the assignment of liability, "
Coase argued that the assignment of'liability affects only
distribution and not efficiency.

The‘appeal of the’Coasian argument rests in the
manner that it dispensequith'the "problem" of externali-
ties. If Coesevis correct, externalities no longer form an
impediment to the achievement of effiCiency At the same
time, the Coasian system is completely decentralized as

- the market, through individual negotiation, realizes all

oS
o

v

gains from trade resulting from the movement to an optimal
L level of externality production.— Thus, Pareto efficiency.
1is possible Without the government intervention required

- by a Pigouvian tax/subsidy scheme.

2.3  The Coase Theorem Disputed

The Coase theorem has beenvdiSputed”for several



reasons. The two maiﬁ'areas of attack have been to ques-
tion whether 1iability rules are allocatively neutral and .
whether.negotiated settlements can be expected to occur.

If liability with respect to externality generation is not

neutral, changes in lial? ity rules will result in changes

in resource allocatidn and' the production of the externali-

ty. In this case, any negbtiated settlement will depend

upon the liability rule and may, or may not be Pareto-

efficient. The second area of concern lies with the prob-

lem of negotiation. If it is ndtvpossible_to costlessly
negotiate, the Coase theorem could break down and it may
“only be ébssible to achieve Pareto-efficiency through go-

vernment intervention..

/ : .
Dewees summarizes the argument against alloca-

a

tive neutrality with respect to liability when he states:!2
While the bilateral nature of the costs
‘1s important to recbgni;e, the argument that
the legal assignment of rights is irrelevent
to resource allocation goes too far. It ig-"
nores income effects by implicitly assuming
a constant marginal utility of money, other-
wise the income consequences of property right
assignment would affect consumption patterns
and thereby resource allocation. Much more
serious, it neglects the impact of liability
rules on profits of the firms. If the pol-
luter is bribed to reduce his emissions he
may pollute no more than if he paid an .
effluent ‘charge, but his profits will be high-
er. Either he’must lower his'product”price,
thereby increasing his sales volume, or other
firms will be attracted by the profits, enter
the industry, and gather similar bribes while
increasing total production . . + . Finally,
the drgument ignores a pollutee's ability to
reduce his damages by protective action that
he would have no incentive to pursue if he
were fully compensated.
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Thus, Dewees argues that allocatlve neutralltv is noc“g
be expected for two main reasons. Depending upon the li-
ability rule (that is, who must pay or bribe woom to achieve
‘he desired levei‘of exterﬁality output) differont consump-"
ion patterns will result. if a constant marginal utility
. Monev doe: aot exist among individuals. Secondly, pro-

‘o' satterns will depend upon the liability rule be-

o p.. “t 1 ls are indicators for entry and exist in
r v ‘“adustries. Unless fairly restrictive assumptions
a0ld - Jain  he e~onomic svstem, Codase's argument concern-

» K]

, y
ing the neutre ity of liability cannot be accepted.

~1e Coase theorem can also be criticized for its
reliance upon the negotiated settlement of externality oo
problems. Negotiation often fails to be a viable method
of resolving the issue of externalities because it

is only a reasonable solution where very few

parties are involved, so that transaction

costs of determining pollution quantities,

consequences, and compensatlon are small and

problems of public goods and revealed prefer-
ences do not arlse.}

The negotiation approach works best chen only two persons
are involved in the process. However, as the number of

pérsons'affectéo by some external effect rises, thé prob-
lems of réachiog a satiéfactory negotiated Solution also
rise. The costs of obcaiﬁing information on individual
preferences, benefits and damages as well as' the costs of

bargaining may far outwelgh the benefits to be derlved from

- achieving the socially desired level of externality output.

In many instances, it may be more efficient, because of -
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the costs associated with oeqotiation, for the qoveroment
to 1mpose e Pigouvian tax/subsidy scheme (or some other
form.of externality,regulation) to achieve the oesired
~externality output.

The negotiation approach can also be criticized -
becaose it impliéitly assumes that all inaividuals affec;
ted by the ‘externality are w1111nq to reveal thelr true
preferences. Yet, as Baumol and Oates argue, there are
many cases where the control of an externality can}be con-
sidered‘to possess public qood characterisrics.l“vTo pro-
Avide pollution-abatement for one”individual often means
thar it must-simultaoeously be provided for all other af-
fected individuals. The ‘problem of revealed preference in
the case of public goods thus arises, creating a situ-
ation in which‘most attempts at reaching'a:solmtion to—an
externality probIem‘throﬁQh negotiation will fail.

Thus, it can be demonstrated that the Coase
theorem, while theoretically ~correct under 5 set of ideal-
ized conditions[ is not particalarly useful to the solu-
tioﬁ of externality problems in actual situarions; It has
been demonstrated tﬁat the liability rule is not alloca-
‘tirely'neutral solfhat the assigoment of property rights
does affect effioiency It has‘elsolbeen shown that reli—
ance upon negotlatlon does not . constltute a Vlable solu-
~tion to the externallty problem in many circumstances.

- Since the applicability of the Coase theorem is

severely 1ihited, market soiutions cannot be expected to



prov1de a Pareto- eff1c1ent allocatlon of resources in many
~v51tuatlons where externalltles are present. It follows,
therefore, that some form of government intervention in
the'market, either through a Pigouvian tax/subsidy scheme

or othér forms of requlation (such as standards), is re-

Quired to achieve - the socially desirable level of externala

ity production.

2.4 Pigouvian Tax/Subsidy Schemes

“T

The Pigouvian tax/subsidy scheme is an attempt
to reconcile the dlvergence between prlvate and soc1al
Costs that arises when externalltles are present. If an
external dlseconomy is present private cost is less than
soc1al cost (a? the’ producer does not con51der the damaqes
1nfllcted by the dlseconomy in his cost function) and
output - oﬁ the‘externallty can be greater than is socially
desirable. In'the‘case of an external economy, the oppo- -
.site occurs and output of externalltv is less than soc1ally
de51rable. As dlscussed in Section 2.2, the Pigouvian
scheme taxes the producer of an external diseconomy so
'as to reduce the output of the ternallty and subsidizes
the&output of" a producer of an external economy

P

e However, Buchanan and Stubbleblnel5 -argue that

Pigou's system of taxes and subsidies may result in a less-
. than~Pareto eff1c1ent 51tuat1 “ecause it falls to recoq—'
nize the bilateral nature of a - . ernallty. By concen-

trating solely on the producer o’ th. externality the Pi-
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gouvian scheme can result in an allocation of resources.
that 1s not Pareto'efficiént. The achievement of Pareto
optimality requires that taxes or subsidies be applied to
roth of -the affected parties and not just one of them.
'quure 2 1 i1llustrates Buchanan and Stubblebine' s
argument.. In Flgure 2 1, individual or firm B would llke'
to produce g, units of the externality, that 1is, producé up
tu-the point where his’harqinat benefits (MBg) fall to
zero, assuminq,.for simplicity; that marginal costs for the
produttion of the externaiity are zero. The sociaily op- |
.timal output is g* which ié'wheré the marqinai henefits to
B‘ate«exactly equal ta the marainal damages to A (MDp). If
thé government institutes a per unit tax on B suqh that
his net marginal benéfits fell to zero at g*, B wauld wish
to produCe the socially-desirable output. Yet, at this
point A could bribe B to'réduce his procduction of the ex-
ternality to gq; because the absolute value of A's damages
exceed B's net marginal benefits (MBg - Tg) between g* and
91 - In order to ensure that the socially optimal output

!

is produced, it is necessarv to actually compenéate A (Sp)
. ) ~ o ;
so that he has no incentive to bribe B to reduce output of -

the externality bélow‘q*
In contrast to the argument qlven b; Buchanan
and Stubbleblne, Coase argues that not only should the pro-
ducer be taxed to reduce his output of an external dis- _
. . ,
economy, but that the victims of the diseconomy should also

possibly be taxed.!” Coase states that the total amount of
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an externality present in a community is a fuy; tion of both
the outj:t of the eXternality—producing firm and the num-

rsons suffering the external cost. Thus, it

he firm and the individuals. Ifnthe victims of
; P

. ; o / . : . .

an external dlseconomy were/fully compensated for their

there would be uﬁllncentlve for them to qeogra~

N,

phically ! separate thems?ives from the proﬁucer

Baumol i however contends that there is no need
to tax the victims of an external dlseconomy It is suf-
f1c1ent to merely refraln from compensating them. without‘

'compensatlon, each 1nd1v1dual bears the full social cost of

his locatlon de/a51on and the necessary geographic separa-

._ Thls argument agalnst Buchanan ang Stubbleblne s
symmetry cond: “'n for the 1molementatlon of a ?1gouv1an“
tax/sub51dy scheme is further strengthened by Baumol angd
Oates who Provide a further dellneatlon of the externallty
éoncept. Accordlnq to them, externalltles can be classi~
fled as belng either deoletable or undepletable in nature.!9
A depletable externalltv can be llkened to a "private good"
in whlch its consumptlon by an 1nd1v1dual means ghat it is

‘hot available for consumptlon by any other 1nd1v1dual An
undeoletable externallty,'however, is similar to a "pubiio
good" in that one individual's consumptlon does not dlml—
nlsh the avallablllty of the externallty for any other in-

dividual. This further delineation strengthens Baumol's ' .

[
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-original argument concerning.the Coase problem, for as

Baumol and Oates state:"0
No tax upon the victims is necessary;

the smoke itself will keep residents away.

\&q’ Because smoke is an,hndepletablé externality,

YA's inhalation of smoke will affeét no one but

himself *and, so, at a zero price (tax) he will

absorb the full social cost of his location

y decision. The decision that is optimal pri-
vately is optimal socially. On the other hand,
if he were to be compensated for smoke damage,
he would be relieved of the real cost of his
decision and then Coase's problem would Ain-
deed\arisc: too many persons would end up
1ivf9g next to the factory.

©

Thus, the‘case of undeplétable externalities requires that
é two-price system.be established fo achieve Pareto opti-
mality. Thé.éigouvian tax/subsidyischeme should involve
a pbsiiive price (tax) to the producer of an e;ternal

diseconomy and a zero price (no tax or subsidy) to the con-

'sumer of the externality.

.2.5 Conclusions
The question‘thatfremainé to be discussed is .what
‘implications dbes thd, preceding discussion about the the-
ory of externalities have for the problem of aircraft
noise? The externality created by aircraft noise has

"public .good characteristics” and for that reason is an

uﬁ@épletable extefnality. One individual's consumption

S -

of noise. in no way diminishes the amount of noise avail-

able for consumption by other individuals. Aircraft

.noise is not an ubiquitous externality but, rather, is a

4

local phenomenon.?! ~Thus, individuals do.have a choice
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as to how much noise they wish to consume. They can lo-

cate their place of residence close to an airport flight
/— <

N

airport.

hpath>and consume a great deal of noise or they can locate

further‘awav from the airport and consumelless Oor even no
noise. These characteristics of aircraft noise pollution
create interesting policy implications.

In order for an economic sYsﬁem to achiéve a
Pareto-efficient allocation of resources, it is necessary
that all Pareto-relevant externalities be internalized.

It is unlikely that a negotiated settlement, or market

'solution, will be reached bétween the airport22 and the

victims of the noise ppllution, as the problem of "largé )
numbers" exists, Even though there is only one producér;
the airport (at leasf in an abstract sensef, there‘will
likely be a large number of individuals affected by the ex-
ternality: The transactions cos$ts of achieving a negoti-
~ttlement in such a case would weigh heavily against
« -t.-solution. Even if these costs were not exceséive,

B

it is unlikely that true preferences would be revea}ed
by the victims. Any noiég abatement program would have -
phbiic good chéracteristicé so that ény attemﬁp to assess
willingness to pay for such a program woula-bé‘mét by the
"free—rider" problem on the part of the victims. "Each in-

dividual would have a tendency to understate his prefer—

ences so as to avoid paying his part of the bribe to the

! ’

Thus; it appears asrthough the soldtion to the



problem of aircraft noise must rely on some form of govern-
ment intervention, possibly by the implementation of a
Pigouvian tax/subsidy écheme. Since aircfafﬁ_noise is an
undepletable extgrnality, such a scheme would require that
the airport be taxed so as to reduce its output of noise

to the‘socially desirable level. At the same time, the
victims of the external diseconomy should be neither taxed
nor compensated, as was demonstrated.in éeqtion 2.4 of this
chapter. 1In this way, thebsocially optimal amount of noise
is produced (in term;\of Pareto effiéiéncy) and individuais

locate themselves in an optimal manner.
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CHAPTER III

THE BENEFITS OF NOISE ABATEMFNT:
THEORETICAL DIMENSIONS

The‘preceding chapter of this thesis has attemp-’
ted to establish{a theoretical framework within‘whioh the
problems associated with alrcraft noise oah be examined.
Both the erfeots of an external cost oncthe achievement of
a Pareto efficient allocatlon of resources and the impli-
cations for household maximizing behav1or'have been dis-
cussed. Yet, this theoretical framework has no practical
application unless the costs ,‘aircraft noise (or converse¥
ly, the benefits of noise abatement) can be measured. The
purpose of thlS chapter is to bresent two theoretlcal mod-

~

els that may possibly provide this measure.

3.1 Compensating and Equivalent Surpluses -
. : i

A major problem as5001ated with measurlnq the
damages inflicted on 1nd1v1duals bv aircraft n01se,Aor theh
beneflts to be ‘derived by pursulng some noise abatement |
. program, is that there are not one, but two, measures of
welfarée changes-_ the compensatlng surplus and the egui-
valent surplus. This problem in measurlng possrble changes'

in welfare was first identified by Hicks! and later devel-
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oped for the case of externalities by Mishan.? The differ-
ence 1n measures arises because each gainer and each loser
from an ekternal effect has two'subjective yaiuations of
the externality's impact on his welfare. According to
Mishan,‘the benefit that an individual receives from a re-
duction in an external diseconomy, such as aircraft noise,
could be measured:3 -

- - . either as the maximum amount of money, . J/
OM, he would be prepared to pay rather than

forego the benefit or as the minimum amount

of money, ON, he would be willing to .accept

in order to abandon it . . . . As for the
relationship of these two measures, from the
definition of welfare effects ‘we know that for

,each individual ON exceeds OM whenever  the ' /
welfare effect with respect to the good in

question is p051t1ve inasmuch as his level of

welfare is higher if he agrees to accept ON

‘instead of the good rather than if he pays OM

to retain it. Conversely, a negative welfare

" effect with respect to the good (the good in
question. being inferior) entails that OM ex-

ceeds ON. :

The compénsauing'surplus rs the maximum amount of
money that the individuai would pay to haue an external
diseconomy removed, while_the equivalent surplus is the
minimum payment he wouid accept in order to endure it (gs—
sumlnq a dlscrete; all- or—nothlng case for 51mp11c1ty of
'argument). The two measures differ because of the income
effect involved in welfarelchanges. If the good in ques-
tion, in this case noise pollution abatement; is an income—
normal good the equivalent surplus will exceed the compen-
sating surplus.- Payment of the compensating surplus
leaves the individual étvhis original level of welfare,

[

while receipt of the equivalent surplus moves the individu-



al to a higher level of welfare.“

The difference between the two measures can best
be illustrated with a 31mple dlagram In Fiqgure 3~1, an
1nd1v1dual is assumed to be able to form a preference rank-
ing over combinations of a good called "X" (this could be
pollution abatement) and money, "M", which is a composite
commodity of all other goods. The 1nd1fference curves I,
and I, represent the preference ordering, such that the ¢
individual is indifferent between‘all»bundles of M-and X
along I, but/prefers all bundles on I, to those on Io. As-

sume that the individual is. 1n1t1ally located at point E

and—is; th gy cOnsﬁmng-'l--~ M--r«un'rtsm of “money “and X 1 units of

X. Now Suppose that the amount of X is 1ncreased from XI
to Xzf so that the individual is now located at p01nt A

on indifference curve I,. The compensating surplus would
measure the change in welfare arising from this increase in
X to be the max1mum amount the 1nd1v1dual would be willing
to pay- for the change. This is the amount of money Wthh
would leave him on his original 1nd1fference curve I,, but
consumlng X2 instead of X:. ThlS amount corresponds. to the

dlstance AB in the dlagram. The equivalent surplus is ‘the

mlnlmum amount of money the’ 1nd1v1dual would accept in lieu .

of the 1ncrease 1n X and is measured as the value that
would allow him to reach Il without any increase 1n X. | ThlS
is the distance CE in the dlagram If X is a normal good
then the distance CE w1ll be greater than the dlstance AB

and the equlvalent surplus will exceed the compensatlng
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Figure 3-1: Compensating and Equivalent Surpluses
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. : .
surplus. Since the two surpluses differ in magnitude,. it

is necessary to determine which one is being used by the

theoretical models presented below to measure the costs

L4

of noise damage or, conversely, the benefits of noise

abatement.

'3.2 The Ridker-Henning Approach

. The measurement of the damages caused by aircraft
n01se creates problems because the demand for quiet cannot
be observed as an exp11c1t prlce quantlty relatlonshlp
There ;s no- readily observable market demand for qulet
because quiet is- produced jointly with other hou51ng ser-

v1ces at any glven locatlon. If there were explicit mar-

ket demand curves for qu1et, and these measured marginal

-w1lllngness to pay, then the total w1111ngness to pay for

any level of quiet could be measured as the area under the

vcompensated demand curve corresponding to that level.

Thus, the costs of aircraft noise could simplv be deter-

" mined as the dlfferences in total w1111ngness to pay be-

tween different amounts of quiet, at least from a part1al
equilibrium standp01nt. |

However, an explicit formulation of theodemand
for quiet is not available from observea'market transac-
tions. The problem, therefore, iswto useé variables for

which data are available ko estimate the implicit price-

2

quantity relationship. Ridker'and.Hennings util'zed an

hedonic regression- technique® in an attempt to determine

.39
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the costs associated with air pollution in the City of st.

Louis. This study is of pParticular interest because air

characteristics, the most important being that both are

undepletable exterhalities, the costs of which are not

- rooted in Lancaster's theory of househo1d consumption. 7

According to this theory, the householg consumes goods andg

Services because they pProvide, either sinqularly or in

‘combination, certain desirable characteristics. Thus,



specifically the iocation of his house.? Tﬁus, to esti-.
mate the implicit price of quiet, it is necessary to re-
gress the price of Housihg services against the various
characteristics or attributes that,arg provided by those
services,‘one of these being rhe levsl of quiet,.

Ridker and Henning adopt this approach in their
attemptlto measure the costs of air pollution. They util-
ize a cross-sectional fégréssion analysis in which the ob-
servations ccrrespcnd to census tracts in the city of St.

L@uis. . Thus, each data point is a‘'median or average value

ith any hedonic technique, is that:l!

- A given residential unit i& assumed to con-

ist of a "bundle" of attributes present in
varying degrees, each of which has an implicit
market price (positive or negative), the market
value of this unit being the sum of the values.
of these attributes.

Ridker and ?enning regress the asséssed valus of housing
services in St. Louis against a set of ihdexes that at-
tem§t to measure the various characteristics which deter-
] |
mine that value. The indépendentAvariables that measuré
housing cagracterisrics are divided into several broad
categoriés,.the most important of these being:
(1) Air pollution--measured as sulfation leQels.
(2) 'Property4specific-—includes_such Variables as
median number of rooms, per-
centage recently built and

‘houses per square mile.

(3) Locatioa—Jincludes acéeSsibility,to’highwa}s,
shopping areas and industrial areas.

the parameter being tested.!? The basis of the analysis, -
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the various regression equations to lie

a ers

]
/

(4) Nelghbourhood——lncludes school quality, crime .

.rates, persons per unit and oc-
cupancy ratio. \ ~

Ridker and Henning conduct Leqre551on analyses using varx—

ous comblnatlons of these - characterlstlcs as independent
f

variables. :

K}

- The results of this analxsiséare that the esti-
mated coeffjicient attached to the sulfa%ion level is sta-
- 3

tistically ‘ignificant and negative and%is estimated by

between -$83 and

~-$245 per sulfation zone. -From thlS, Rld%er and Henning

.

conclude that a reduction of sulfation legels of 0.25 .

-

100 - cmz/day, or about 30% of the mea- sulfﬁtlon value, .
ﬁ N

could be expected to ralse house prlces In}St Louis by

at least $83 and p0551b1y by as much as sahs The: total

“rn

1ncrease in property values resultlng from such a reduc-

tlon 1s estlmated to be about $83 mllllon and this is the\\\

amount, accordlng to Ridker and Henning,uthat the household-

<

of St. Louis should be w1Illng to pay to have air polT
lution reduced to the levels stated above. It is thls 4 /
amount that should be compared to the costs of alr pollu—/

tion abatement to determine whether such .a reduction 1s ./
, ,
. ) . |

economlcallyvfea51ble‘.12 E o : o
Freeman, in two subsequent notes, vigorously /

attacks the’Ridher*Henning analysis.lai“ The basis of‘f
/Freeman S argument is that the coefflclents der1Ved fromzf‘“

the regre551on analysis are the result of partlal equlll— :

brium calculatlons and cannot be used to estimate values

’
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: |
for total willingness to pay. Only with the application
of a general equilibrium model ls it LossibleJto deter-
mine the relationship between lan% valpes and air quality.
| The problem.arises'because"the'Ridker—Hennina
mode 1 does not ‘separate the supply and ~demand characterls—'
tics that constltute the equlllbrlum land values. fhe
relationship between air quallty and property values .in
any urban area is the result ofﬂan‘lnteractlon between

.supply factors, such s the avallablllty of land posse531ng

dlfferent amounts of air pollution, and demand factors,_

such as income, tastes and preferences. Accordlng to Free- -

v man, the Rldker Henning analys1s estlmates the locus of
equ111br1um points and not the marginal w1111ngness to pay
curve. The air pollution coeff1c1ents calculated by the
regre551on analy51s measure the: dlfference in property
values ~assuming that air quality does not change over the

entzre system, so that

I

the benefits of non-marginal changes in air
-quality can not in general be determlned
w1thout more information on the shape of
the marglnal willingness to pay curve.15

Y

" Thus, ‘it is invalid to use .the coeff1c1ents to predlct the
benefits accruing from an overall change in air quallty.
' Freeman concludes that this type of analy31s should be dis-
continued until a general equlllbrlum model of land rents
has been developed. |

Anderson and Crocker!® reply to Ereeman by stat-

ing that such a general equilibrium model, as developed by
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Lind, does exist. They agree with Freeman'that Ridker and

Henning have mjisinterpreted their statistical results,
; , X
but argue that property value studies %re valid because
they are consistent. with models of lané rent deterr’ =ation.
.G1ven t: exlstence of such models ’1t 1s p0551ble LU use
the results of hedonlc regre551on technlques to estimate
“total wmlllngness to pay. According to Anaerson and Croc-
ker, Ridker and Hennlng ‘have m1s1nterpreted the meanlng of
the regre551on coeff1c1ents derlved in their statlstlcal
~.analysis. As they state
The equatlons estimated in the above

property value studies therefore explain bids

for propertles contingent upon bidder income

and property characteristics. Hence, deriva-

tives of these equations with respect to any

characterlstlc yield not the change in market

equlllbrlum price (gradient) with respect to .
’ ‘a characteristic, but rather a change'in bid

contingent upon bldder income and other char-
acteristics.

‘It is necessary tO'appiy the kiaker—ﬁenniné ana-
lysis to a general equilibrium mo@el. The Lind!® model of
equilibrium property value.determinatioh is an aesignﬁéht
model. . The eQuiiibrium allocation of land use can be de*.
'termlned by solving for the maximand of the follow1ng con-
stralned funct;on. ’

maximize § § aij Sij

o~

subject to: (1) <1 j = number of loca-

I s;=
E,‘ e ' o2 A T Yions
' - AT~ A{2) T s34 <71 i = number of indi-
. 1 J
- viduals



where ajy = the maximum rent that individual i
would be willing tg,pay to locate at
j e .
sjj = 1 if individual i is assigned to j
and Siy = 0 if individual i is not assigned to
]

B

Anderson and Crocker state that, for improvements in envi-
}

ronmental quality, it is usually assumed that:

o]
v
o]

where aij = the maximum rent that individual i

j, given the environmental improve-
ment

The benefits that accrue from any improvement in environ-
mental quality can be estimated as the difference between
.the solution to:

max1m;ze:‘§ § ajy Sij

and the previously indicated maximization problem. Thus,

it is pqésible for Anderson and Crocker toc show what is
wrong with the Ridker-Henning ‘analysis. Ridker and Hen-

ning calculate the benefits of air pollution to be:

g

1 ' — TR . .
§ (aij ~a13) flj

-~

when the actual tptal benefits are: '

would be willing to pay to locate at-
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N
It can be seen that their analysis implicitly assumes that
each individual does not relocate his place af residence
‘because of the improvement in éif qualiﬁy. The proper cal-
culation of total willingness to pay reauires that changes
in land values be calculated aftei the relocation of in-
~dividuals among éiteé (that is, to their welfare maximizing
%ocations,in the changed environment).!9 “

The probiem with the Anderson;Crocker attempt to

defend Ridker and Henning is Lhaﬁ'it‘is based upon,a'verX
.tenuous assumption. Eind'argues that:20

if we assume that rents are established
on land directly affected by the project so

i§e§°b§i2?i22t§a§riiliiaiﬁfe§°?§“?iimiuiﬁliig,(ii?z:zi)
¢ change in the. value of that land alone. One '

does not have to consider changes in land val-

ues, throughout the system.
}hus, for the Ridker—Henning analysis, which looks at land
values only within the area.affected by air pollution,_to
'be correct it is necessary to assume that the equilibrium
land.rents totally exhaust the consumef surplus of each
individual household, that is, éaéh houéehold pays its
maximum willingnessrtovpay,

Polinsky and Shavell?2! presené an alternative
model that, ﬁnder certain.cohditions, satiéfies the'Lind
assumptid; concerhing thé exhaustion of consumer surplus.

In their model, individuals are assumed to have identical

tastes and incomes?? so that the individual's iesidentiab\-
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location decision corresponds to the following max1mlza—

tion problem
. maximize U = Ulqg,x,a(k)]
subject to:' y = p(k)+*q + p,*x + T(k)

the individual's utility functlon

where U(-) =
| q = quantlty of housing services
X = quantity of some composite good
a(k) = level of amenities at location k
y = income
p(k) = prioe of housing eervices at k
T(k) = transportation costs at k

-

An alternative formulation?3 of the above utility maximiza-

tion problem is to utilize the indirect utility function,

V(*), so that the individual would choose an optimal loca-
. o ,

tion according to the function:
V(k) = VIp(k),y-T(k),a(k) ]

Given-free mobility of individuais, tﬁe equilibrium pattern
of 1ocat10n is deflned to be the pattern such that no
household can increase its level of welfare by mov1ng.
.Thus, there ex1sts a level of utlllty, V*, that is inde-

* pendent of location:
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V* = Vip (k) +Y-T (k) ,a(k) ]

The key to the Polinsky-Shavell model is to determine the
value of V* and its relationship to,pfoperty values. From
the above equation it can be shown that p(k) can be defined

by the following relationship:

p(k) = £LV*,y-T(k),a(k)]

If the area affected by aif pollution, or any
other external effect, is "small and open then the equi-
llbrlum level of utility is an exogenous value. .If the area
is open such that moblllty of 1nd1v1duals is free and cost—f

-—

less,éa common level of utility will exist across the entire
system because individuals will relocate so as to equalize
utility levels. If the area is small, effects such as
changes in air quality will have a negligible effect on -the -
system as a'whole. Thus, in a small, opc<° area, the equi-
librium value of p(k), the price of housing services,‘will
depend only upon'the'characteristics available at k because
V* is an exogenous variable. 1In this case, the Ridker-

»

Hennlng analy51s is valid because changes in total w1111ng~

ness to pay can be measured by’ examlnlng only changes in
property values w1th1n the affected area. |

If( howeyer, the area under consideration is not
small and open, the-Ridkef;Henning partial equilibrium

analysis does not apply. 1In this case, V* cannot be treat-



b

ed as an exogenous variable because what happens within

‘the area will affect the entire system; Thus, p(k) be-

comes a function of both'the characteristics at k and the

eduilibrium level of utility, V*, which changes as the

quality of air changes.

The solution to this problem re-

quires a generél equilibrium model that solvés for p(k)

and. V* simultaneously.

The question that now arises is what implications

does the above discussion have for the measurement of the

o

costs associated with aircraft noise or the benefits to

be derived from noise abatement? It has been established

that the Ridker—Henning
problems can be applied
(1) rents extract

surpluses are

approach to environmental quality

if one of two conditions is met:

total willingness to pay so that no

earned;

or (2) the area under consideration is a "small, open"

area.

1

In a previous chapter of this. thesis it was e§tabliéhed

that aircraft noise is a non-ubiquitous externality, such

“that 'its effects are very localized. Hence, it ‘appears as

though the conditions outlined by Polinsky and Shavell can

be~.et. Since aircraft

noise affects only "neighbourhoods"

within a city (and the larger the city, the smaller the re-

lative size of these neighbourhoods béComes), the Ridker-

Henning approach-can be

noise pollution.

adopted .to measure the costs of

g <
e
o

[
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3.3 The Aaron-McGuire Approach

N

In an article by Aaron and McGuire,2% a method
for imputing the benefits of government expenditures:on
public goods is discussed. This article provides a theore-
tical model and some casual empirical results concerning
the distributional,aspects'of public good provision. In
a subsequent note, Maital?® explicitly outlines the Aaron-
McGuire approach and provides alternative empiricalvre—
sults. The interesting aspéct of thé Aaron-McGuire ap-
proach to meaéuring the bénefits derived from public goods
is that their measureﬁent process explicitly,utilizes a
utility function that describes individual preférences for
public rand private gobds. Previous studiés had merely im-"
puted the benefits of gove;nment expenditures in proportion
- to criterion such és gross income or disposable income.
The purpose of section-3.3 is to illustrate how the’Aaronf
McGuire model can be modified to'mea§pre the benefiﬁs from
noise abatement programs, which have pubiic good charac;
teristics, and to determine how-the model caﬁ be used for
empirical analysis.

If it is assumed thaf‘thé.individual has a homo—‘
gepeougly separable utility fun-ction,26 this function can
bé expressed in the‘following form:‘ | -

v

U = Ulu(x),u(H)]

where x = a vector of consumption goods



H = housing services.
The nature of the assumed separability is such that the‘
individual first allocates his total income, v, betweeh
expenditures on, consumption goods, &x, and expenditures an
housing services, Y. He then allocatesd hlS hou51ng bud-

get among purchases of the various hou51ng characterlstlcs

[

SO as to . - Co .

maximize u(H) = u(h,q)
.
subject to Yy = phih + pq-q /
where.h = 3 Qector of houeing characteristics
other than quiet B
q = the le&el of quiet = f'(location)
Pn = price.vector'of the‘housing character—
istics.-
pq = price of quiet
and &H =Y -y,
The 1nd1v1duai could allocate the whole of his hou51ng bud-
get to the- purchase of the hou51ng characterlstlcs other
than quiet (that is, re51de at the noisiest of locatlons),
‘or he could allocate part of hlS budget to the purchase of
h and part to the purchase of quiet.??. This allocative
choice depends upon. the price of the housing characteris-
tics,.the price of quiet, the individUal's level of income
and his.preference schedule. The 1ggiyldual s optlmal con-

sumption choice, with respect to housing serv1ces, is il-

lustrated in Flgure 3-2.



Figure 3-2: Optimal Consumption Choice

slope

_, units of

quiet
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As Figure 3-2 indicates, the individual will
choose to consume go units of quiet andev, dollars worth
of housing characteristics other than quiet when he has a

housing'budget of Yy, the price of quiet is Pq and his pre-

ferences for housing characteristics and quiet are repre-

by an indifference map containing . I,. If the indi- .

sentev
vidual onsumes v, dollars worth of housing characteris-
tics other than quiet out of a total budget of Yq dellars,'
then the value to the individual of the g, units of quiet
must.be Yy - v, dollars.

| It can now be sho@n'how the modified Aaron-
McGuire model can be applied‘empiricaliy If the individu-
al spends his entlre housing budget on the purchase Jg.
hou51ng serv1ces, then that budget 28 will equal the pur-

chase price of any propez;ty that the individual buys, SO

that:

where PV =wproperty value'(measured 3S a trahsac—
tions price) o
Thus, if data are avallable regardlng the transactlon
prlces of - propertles and the level of quiet asSoc1ated
- with those propertles, it appears as though the Aaron-
‘McGuire model has emplrlcal 'Practicability. ‘The implicit
marginal price of quiet can be'estimated‘from'ah hedonic

regression equation of the form:
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where\éh = an estimate of Py x

an estimate of Pq

This regression equatioﬁ, illustrated as linear for ease

of exposition, is the same as the equation estimated in

the Ridker-Henning approach,that was discussed in the pre- k
vious section of this chapter.‘ |

The implieit‘price ratio, gg, estimated by the - ’~
regression enalysis as ;i,dié determined by the supply

h

and demand characteristics of the market.' If the housing

market is in equilibrium, the marginal rate of subétitutiop

" tions?? is met:

between quiet and the other housing characteristics must be

equal to the ﬁrice ratio, for al® individuals. The impli-
. // . " . . ) »

cations of this equilibrium condition can best be discussed

within the/éontext of a simple example;
/If it is observed that there are two levels of

qulet w1ttln a community, q; and % (g, < q2), and that

there afe two 1nd1v1duals, 1nd1vadua1 1 re51d1nq at a lo-

/assoc1ated with q; units of guiet and individual 2

catlon
/ AN

"w1t§/q2 units of qulet how can this difference in loca-

-~

ftlons be explalg\i? This dlfference in ch01ce of loca-

tlon, glven that the market price ratio pq/ph prevalls

’for all 1nd1v1duals, can occur only lf one of three condi- f

/

(1) If the individuals' incomes (by "income" is aeaht



(2)

(3)

55

that portion of total income'alloCated'to the
purchase of hoasiqé) are identical, such that
YH1‘= Yy, or PV, = PV,, then the difference in
locatlon can only arise if preferences are dlf—
ferent betWeen the 1nd1v1duals This case is
1llustrated,1n Figure 3-3a, where individual,
1 has:a stronger preference for housing charac—
teristics tha- oes individual 2, so thatihe con-
suﬁes only'ql unlts of quiet.
If the 1nd1v1duals Hreferences are identical[
then differences in location and'ccnsuﬁption of
! . ~—
quiet arise‘onlyfbec&use incomes are different.
This case 1is iIIUStrated in Figure 3-3b, in
which I, and I, have the same shape and position
as Io and Ij, hut YH; < YHZ, so that aqaln indi-
v1dua1 1 .consumes q, | unlts of\qulet and 1nd1v1—
dual 2 consumes qzsuylts.' It should be noted
that g, > q, only if Yy, > le when preferences
are identical. ; 5[

, i ,
If both preferences/and incomes are different
between 1nd1v1duals, dlfferent levels of quiet
may be purchased ’In Figure 3- 3c, the 1nd1v1duals
have dlfferent preferences and rncomes, SO that
ihdiVidual 1 pqéchases ql_units of quiet and in—.
dividual 2'pupéhases q» cnits. In this case, it
is not'qeces ary that Ya2 > Yg, for q; > q;.

<\- / - . - :
This is ﬁllustrated in the diagram.

{
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It can now be seen that thlS modlfled Aaron-

o

McGuire approach presents a much broader descrlptlon of
the 1hd1v1dual_s choice of residential location than does
‘the Polinsky-Shavell model. The Polinsky-Shavell model
initially assumes ieentical incomes, identical preferences
and homogenedﬁs‘housing units. .The,only variable is the

level of the amenity so that different price ratios between
'

quiet and other housing characteristics are established for
different lecations of housiiy These different price
ratios just’Compehsate the individual foihiiving at any
particular location and endhrinq any'particular level of
'noise. Thus, each 1nd1v1dua1 is 1nd1fferent between his
locatlon of re51dence and any other locatlon.

Polinsky and Shﬂkell alsb briefly e%’mlne the

case where dlfferent "clasgses" of 1nd1v1dua§§§mﬂzre%1de

~

in the same communlty (that 1s, 1nd1v1duals may havé dif-
ferent 1ncomes and prererences) In thls'case,’they

state:30

The introduction of many classes of
households would not change these.conglusions
in an essential way, although it would compli-
cate the model. There would be a separate lo-
cational equilibrium condition and, in general,
one would estimate separate regression equa- ~3
tions. 1In the case of a small- -open city, the
'equlllbrlum level of utility of each class
would be determined exogenously, whereas in .
a closed city these levels would be determined

- endogenously. The analysis of the questions
“would remain unchanged .except that' one would
‘have to take into account. the possibility that
the class occupying any partlcular location
’ mlght change: :
The modifiei\AaronlMcGuire'analysis‘supports the above

-3
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concluSions. This model need not assume identical incomes,
identical brefere;ces or homogeneous housing units. Indi-
viduals are not indifferent between the varlous poss1ble
hou51ng locations, at any ex1st1ng market price structure.
The conclusion of this analysis is that foiiany arbitrary,
exogenous change in the level of quiet,‘individuals would
. likely be willing to change 1ocatlon in order to move to
an optimal consumptlon pattern, assumlng that mObllltY 1sh
’ costless : . , . : j
| The problem that must now be considered is how /
-can the modified’ Aaron -McGuire model be used .to detefmlne‘
the beneflts, or w1111ngness to pay, arlslgg from a noise
abatement program? ' The method of measuring. Willingness to
' pay can be examined most.appropriately within the context
of a simple eraﬁple. Agaln assume that there are two
neuﬁmnurhoods, one w1th a level of quiet d:, and one w1th
a level of.quiet q,, such that gq; < gy. The initial situ+
ation isvdepicted by Figure 3-4 in which "individual 1"
rebresents individuals located in neighbourhood l,and "in
dividual 2" represents 1nd1v1duals located in nelghbour—
hood 2. If the price of qulet is Pq- then 1nd1v1duals in
neighbourhpod lhwould-be in equlllbrlum-at a point like A

(tangency between Budget line and indifference curve, 'OY

and own a house ‘that has g; units of qulet and v,; dollars

worth of other hou51ng characterlstlcs suqh that total pro?

perty vabue would be PVl dollars. Inlelduals residing in

..

neighbourhood 2 wou1d~be 1n.equ111brium at a point like A’

o
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and own a house with g, units of quiet and \£ dollars'
worth of other housing characteristics so that total pro-
perty value would be PV} dollars. >
Now suppose that the level of quiet is raised
from q, to‘qz in neighbanhood 1 such that the same leyel
of quiet is available in both neighbourhoods._ The ques-
tion is how much would 1nd1v1duals ‘be w1111ng-to pay {ors
this change in the level of quiet?
| If it is assuned that the area affected by the
. p ‘ ,
change is small relative to the entire community (neigh-
bourhood I‘much smalier than neighbourhood 2), then the
.prlce ratio between quiet and the other housing character—
istics will not be significantly altered by changes in the
level of culet provided that-alﬁytypesvof noise are per-
fect substitutes. Thus, the same pricevratic will exist
both before and after the noise abatement brogram is
enacted (pq is constant) 31 If this is the situation,

there are two cases that have to be con51dered in measuring

w1111ngness to pay:

(1) Individuals are immobile:
The first case tO'consider is the situation where

individuals are constrained to remaln at th21r original lo-

cations. From Flgure 3-4, it can be seé@ﬁkhat 1nd1v1dual 2

woul 2e w1111ng to pay anythln ¢
level of quiet becauSe he receives no imﬁroveﬁent in his

position. Since the price of quiet is assumed to be®con-

at i
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/

stant, individual 2 remains ina house having g, ‘units of

quiet, V, dollars worth ofvother housing characteristics

) .
1\and a4 property value c- V). Thus, individuals in neigh-

bourhood 2 receive no -NCrease in their level of welfare
gy

\\ . . v .. . ]
(remiln on indifference curve I,) so their willingness

to pgy for the change must be eto.

Individual 1, however, does gain ,from .the change

level of quiet because he n resides in a house

the same value of other ho sing characteristics

Because of this

real income as

—_— .
as an increase in the capltallzed Ya ue of\his property.
N

His new budget line, if the 1nd1v1dual owns’ tﬁe\:roperty

and the change in qulet is made W1thout ‘cost t im, would

now be the line pass1ng through the point B(qz,vl) and
having the siope “Pgq. With this new budget llne, 1hd1v1—
dual 1's optimal cénsum%flon pattern occurs where that |
line is tangent to the 1nd1fference Curve I,, at point‘D [

‘This 1ndlcates a consumptlon of qulet of qign;tg whlch is

less than q, but greater than' q,.% ;/////'

Thus, the ‘initial increage in ‘the level of quiet

increases 1nd1v1dual 1 //welfare but leads him to a dis-
1
equilibrium p01nt/at’B given that the. prlce of quiet re-

/
mains pq://Ec/feallze ‘the full beneflt of the 1ncrease in

/'

P



quiet, this individual would prefer to tfade some of it
away to obtain more housing'characterietics ethef than
Quiet. To effect thie type .of trade, howe&er, requires
—~————— | =
that individual 1 change his location of residence as hous-
ing is a tied bundle of characteristics. If individuals
are im. bile they would be constrained to remain at point
B. Thus, given'immobility, individuals in neighbburhood 1
would only be willing to pay BC dollars (the distance be-

tween points -B and C) for the noise. abatement program.?

l

(2) Individuals are mobile:

The second case to consider is the siteation'ih
which individuals are free to change locetions et any
time. It sheuld'be noted that this condition, combined
with the previoue asshmptien of a constant price. of quiet,
essentlally generates the Pollnsky %havell assumptlon of

"small and open" neighbourhoods. The guestion is whether
the measuremen£ of willingness to pay for changes in the
level of guiet under conditions of mobiiity differs from
that undervconditiens of immobiiity.

| As in the'previous case, individuals in neigh-
bourhootd 2 should not be wiliing to pay anything for the -
increase in the level of gquiet in neighbohrhpod 1. Given
thét the price'of quiet is assumed to be constant, indivi--
dual 2 remains at the initial equilibrium point A' and

does not exgerlence any increase in welfare.—~Also, as in
. .K&»J NG

the 51tuatlon ~without moblllty, individual 1 1n1t1ally

- 4
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A“moves from the’equilibrium point A to the- disequilibrium
p01nt B, as the level of quiet in his neighbourhood is
increased from gq,; to qz.: Polinsky and Shavell would arque-
that if the ind1v1duals in neighbourhood 1l are mobile, they gﬁ
would not remain at point B in Figure 3-4, Individual 1
would trade what he considers to be an excess amount of
‘quiet, given hisfpreferences and the price of quiet, for
more housing characteristics other than quiet and would
move fEOm'a house described by point B to one 'possessing
the characteristics described by point D. - In other words,
there would be a sw1tch1ng of locations to achieve a new
: equillbrium>51tuation. |
Thus,'the willingness to pay.forvthe noise abate-
‘ment program can be measured as the distance between the
old budget line and the new budget line, this distance be-
ing equal to the value PV,-PV, in Figure 3-4. According
to Polinsky and Shavell Willinoness to pay when free mo-
‘blllty exists can 51mply be measured as the - eypected change
in property values due to the change in quiet. If the
price of quiet is pq; this expected changelin'property
values is given by: S | | | .

PV, = PVy = pg * (g2 - d;)
However, there is a fundamental error. in this
line of reasoning. Even if free mobility exists within

the system, it will not be possible for’ individuals in
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 neighbourhood 1 to move from pcint B to'point D. This is
simply because the process of trade requires an exchange
between two individuals. Thus, if individual 1 wants to
trade his house Qith q; units of quiet for one with qg*
units, he needs to find someone ;}1ling to trade with him,
But individuals outside of neighbourhood 1 are in the same
vtype of'equilibrium situation as is individual 2 in neigh-
bourhood 2. If the price of quiet)remains constant tpis
equilibrium remains in effect both before\and after the
change in quiet. There is nethinérfor-them to gain through
trade if the price “of qulet remains at pg T K
Therefore, 1nd1v1duals in neighbourhood 1 are
constrained to'remain there,(at-points like B) even if free
mobility exists. This means that their willingness to pay
for tne incyease in quiet will not be PVZI— PV, but rather
BC dollars,zzhe same as in the case of immobility. If

the preferences of individuals in neighbourhoéd 1l can be

represented by standard, convex—to—the—oriqin indifference

~ curves the value BC w1ll always be less than PV2 - PV,. . .#i,
3 , L
Thus, the Polinsky- Shave]l and 'Ridker-Henning approaches o

to measur ng the benefits arising from pollution abatement
programs will overestimate the true willingness to pay for

these programs.j

. 3.4 Conclusions
This chapter has presented two approaches to the
J'problem of measuring the benefits associated»withfthe_re- -

o

3
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duction of aircraft noise. 1If 1t is assumed that the area
affected by any noise abatement program is "small and v
open"” éhe Rldker—Hennlng and modified AaronfMéGuire ap-
proaches are_capable‘of yielding empirical estimétés Of
‘willingness to pay for quiet. Howevef, it has beén de-
monstra£éd that the Ridker-Henning methodeill yigﬁd"an
estimate that overstates the true wiliingness to péy.
Given that is is possible to "theoretlcally"
measure’” the beneflts derived from noise abatement, the
guestion arises;as to what measure of welfare change is

actuallyvbeing_prOduced; In Section 3.1 of this chapter

such measures, the equivalent surpius and the compen-
ating surplus, were introduced. It was established that

the equivalent surplus was the minimum amount an individual

’
a

wbuld_accept'in'lied‘of.the level of noise being reduced,

e

while the compensating surplus'was-the maximum amount the
individual would pay to have the Level of noise reduced.

Since both the Ridker-Henning and modified Aaron-McGuire

N

approaches are measuring willingness to pay, both models

must be using the compeénsating surplus to measure welfare

bhanges resultiij from a noise abatement program.
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RN v

ly- Cou

‘

32Thus, it can be seen what implications the assumption of
separability in the utility function has for this analysis. By as-
suming separability, the entire income effect of changes in quiet are
felt only within the housing budget. This makes the analysis consider-
ably simpler. It should be' noted, however, that if separability does
not actuaily exist, these estimates of benefits will under-estimate
the true benefits because the individual will substitute away-. from
housing services only if the uﬁility'gained from doing so exceeds
the utility derived. om’ spending the entire increase in real income
on housing sefviiﬂév' e. i

. /”""' iy
ret%;ns the }néﬁéi

chandbq - | o : T~ itl -

) o, LY . .
Ss to pay is measured as that amount which just
al to his original indifference furve after the

A

\
\

70



/

CHAPTER - IV

THE BENEFITS OF NOISE ABATEMENT:
EMPIRICAL ESTIMATES

'In Chapteg/iII;Atwo theoretical models wefevge
veloped”thatiprovidéd tﬁe methodological basis for the
‘measurement of thé willingness to pay for quigt,‘or the
benefits derived from noise abatement programs.! Yét,
the usefulﬁess of those models is severélf limited‘unless
.it is possible to épply them to the process of obtaining

actual empifical méasurement of willingness to pay. 'The"
purpose of this‘chaptér is to demonstrate that such a
meqsurémeni process is possible and to derive an estimate
of the‘willingness to pay for quieﬁ in tﬁe City'of Equn-

ton.

4.1 The Hedonic Estimation Technique

The p;oblem that arises ;p the meaSufement of
the willingness to pay for most environmental amenities,
quiet’inéluded, is that no explicif market exiéts_for these
amenities. Quiet is not bought and sold as a typical pri-
vate good. so that no explicit market price is established

for quiet. Thus, the problem of estimating the willing-

ness to pay for quiet cr . be separatad into two distinct

71



. sub-problems:

(1) Can a "price" for quiet be estimated?

. (2) Under what conditions can this pricembe used

to measure the willingness to pa? for guiet?

\

iﬂip \ What can be obsexved in the market 1sithat indi-

v1dual consumers make purchases of a qood called "hou51nq“
‘and pay some market establlshed prlce for»this qood.‘ Howf
ever, it can also be observeé that a "house" is not a 51n~'
gle commodlty but rather is a taed bundle of goods and
serV1ces, or characterlstlcs, such as 51ze, color,’loca—
tlon, etc.?" The total market value of any partlcular pro-
perty should be a comp051te of the values of each of the
characterlstlcs assoc1ated with that property PrOperty
value should var; as the quantltv and m1x§3r~characterlsz
tics varles. i L e . ) -

Since the level of qulet~§aries with location

(that is, dlfferent levels of aulet, or dlfferent 1evels»

of aircraft noise, exist at dlfferent locatlons W1th1n an ;e

urban center) one of the characterlstlcs aSSOCIQted w1th

any propertv is the level of 4 et ass001ated~W1th-the4
S .
locatlon of that property. T, the purchase of any house

involves the simultaneox purchase of;somg‘level of quiet.
The price of that house should partially depend- upon how
consumers'value quiet. The question that“arises is how

can the market pricéJof houSing be used to derive the im-

Plicit prices of each of the characteristics that establish

the market price.

72
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Even though the implicit prices of each of the
housing characteristics *are not observable in the market,
they can be estimated using the techniques of hedonic .

price estimation.?® - This technique, and its implications, .
‘ .y : .

can Best be examined within the framework of a simple model
of consumer choice.* 1If it is assumel that hou51nq is a

'tled bundle of hou51ng characterlstlcs, 1nclud1nq the level

of quiet, then the housing commodlty, H, purchased by con-

sumers can be characterlzed as a vector of these character—

?
i

jlstlcs 5 , / : . » : Lo
oy ﬁ: . , 4 _ AP

!

H=H(h,, hy, .. (1)

R IREN

where h; = hou51ng characterlstlcs other than
‘ quiet; : : .
‘g = level of quiet associated with a par—ﬂlf SR
tlcular housing bundle. Lo T
oy

'For each housing bundle,iH, there exlsts a partlcular mat— . Tff.-.

v

ket value that can be observed through market transactlons
Thls value, PV, can be expressed ‘as belng some functlon of

the characterlstlcs that are embodled in H, so that:
PV = PV(H) = PV(h,, hy, ... h,,.q) (2)

i ! ’ v . A .
This price function is an "hedonic reh%tionshipﬂ that is~

] 1n the market.
The hedonic estlmatlon technlque attempts to use muItlple

regre351on analy51s to determlne both the functlonal form )
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of the price relationship and to estimate'the parameters

associated with-any particular function.6 From this re-

gression equation, the implicit, or shadow, prices of the
housing characteristics can be determined |

The manner in whlch these 1mp11c1t brices are

e

derived can be illustrated by staking the partlal derlvatlve

of the price function with respect to any of the housing

/" (v

characterlstlcs found w1th1n that function. This partial,

v

derlvatlve measures the rate of. chanqe in property value
as one of the houslng characterlstlcs changes marqlnally,

_the value of all other characterlstlcs held constant.

Thus, the partial derlvatlve of PV(H) w1th respect to any
of the hous1ng characterlstlcs, say hl, ylelds the marganal
ppurchase prlce function for that partlcular characterls-

‘th.

: X N ( x :
9PV(H)/3h; = Py(h,, h,, ..., h,, q) L (3)
o v tT & o . E’l; . T
- - ' i@ﬁﬂf a :
In a_like'manner, the partial derlvatlve of the prlce Func—

tion with respect to the level of quiet w1ll yleld the m%§—>*

q
“
‘.

4

_glnal prlce of qulet, Pq

a

JPV(H) _ ' .
Té* = Pq(hy, hy, cer Pooog) R W
SR o

Thus, the flrst problem lnvolved 1n estlmatlng

the wi "~3i§5 to pay forVQﬁiét can be resolved relative ' -

'ly simply. An hedonic estlmatlon technique, in whij
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values of a group of propertles are regressed aqalnst a
vector of characterlstlcs that determine those values, can

be used to calculate the marginal prices associated with

any of those characterlstlcs, quiet included. The simplest
* \
example of thrs would be the case where it is postulated

that ‘a llnear relatlonshlp existed between property value

,Mgﬂand the housing characterlstlcs. This ‘would yield a price

| v : ;
functien of the form: _ ’ *

PV = B, + ¥ Bihi + a+qg + e (5) L

W \y ) ’

o ) ‘/

'The regre551on analy51s would qenerate estlmates of/the

.
g
Py

o Varlous parameters, Be, Bi'and d and the‘est' ated func-

of the hou51ng characterlstics For this partlcular func—
T e : R =
tional form, the estlmate _ff»} prlce of quiet.would be

-+

. calc‘h:ted as: /

", .

ﬂ@
¥

5

¥

—_ = Pq = & ¥ . ) "";ﬁ)

Given the fact that these Calculatlons gan be

mgde, the problem st111 remaihs as to how this"® estimated

prLce of quiet. can be - used to determlne the w1111nqness to -

ay fo qulet In one of th° 1n1t1al attempts to measure
P Ly

- / g

the beneflts derlved from changlnq the level of env1ronmen-

tal amenltles, Rldker and ﬁenn1ng7 arqued that w1111nqness

to. pay for 1ncreases in. these amenltles (br. decreases in L

- 1Y o 5
g - - - . .

9 . . “‘ ’ . S .. . / R "“5 . - ) .
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,“u .
disamenities) couldf%e measured as the increase in property

values expected after the chahgé ﬂS'introduced. If the price’!l

,‘<

of quiet is Pq and there is an exogenous change in the level
of quiet of Ag;’ thenl,accordlng to Ridker and Hennlng, the
willingeéé'to péY»ﬁpr thiS'changeJen the patt of consumers
;fsheuld be Py-Aq. All that need be done to measure willingness
to pay is to use the hedonic estimation techndque to deter—.

mine . the brice of quiet and apply that price to any marginal

change in the level of quiet.

In the debate?’ that subsequently arose out of the

Ridker—Hennlng artlcle, much attentlon was devoted to the

s

questlon of whether this measurement of w1lllngness to pay

1nvolved a correct 1nterng§8tlon of’the hedonlc price func—

-

tion." Accordlng to Nelson:?9

For a partlcular good, a hedonic prlce
equation represents ‘a household total cost or
expenditure function.which connects observad v.ﬁ§~‘
dlfferentiated product prices to quantltles
of varlous embodied attributes and associated
1mpllc1t or hedonic prices. The marginal
hedonlc prlces merely connect equilibrium
reservation bid and offer prices and attri- .-
" butes for both c¢consumers and-producers and "}>
reveal little about the underlying demand '
and supply schedules. That is;, from the céh- |
sumer's standpoint, estimation of a hedonic I -
price fun¢tion sérves only to determine the’ ol :
marglnal €ost or tariff schedules confrontxng H,”, o
consumers and does.not by itself identify the = ¥
. bid price schedule for air quallty or any
other ‘housing. attrlbute.

L The hedonlc prlce functlon 1s the result of the market pro—

1

57

cess 1n Whlch supply and demand are equlllbfated and thus,

.}v

represents an:opportunlty.locus of these equlllbrlumqpo;nts

and cannot‘beaanterpreted as a4 marginal W1lllngness to

pay functlon,£ | Th}s 1nterpretptlon suggests that,

O !éz;“}ﬁf*‘ o,
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a two-stage approach must be taken to estimate the wil-

lingness to pay for quiet. Ros'enl‘1 arguee that welfare
changes can only be measured correctly by a model that
1ncorporates both supply and demand relatlonshlps én§
solves for changes in equilibrium simultaneously. ﬂ%%e 2

, o
hedonic price function.is just one input into this solu-

tion and thus, the. Rldker Henning approach which utlllzed

J
only the hedonic prlces must be incorrect.

Pollnsky and Shavell 12 however, arqgue that
under a partlcular set of restrlctlve condltlons concern-
ing the nature of the market the Riir~r-Henning appﬁ?ﬁch
is,correct. ff the area being‘affef ' by afty change in
Aenvironmental quality is "emall azﬁ open', .then that -
change will not affect the equilibrium price structurey
that existed before’ the change. if the price of quiet
does not ckange, then the W1llangness to pay for any
change 1n the level of guiet can be measured as P *Aq,
and 1t is not ngcessary to. utlllze‘a two%ftage estlmatlon

'procedure. But as was demonstrated in section 3.3 of

Chapter I1T, even if the area belng affected by some exo-

!

P

genous change in env;ronmental guallty is "small and -

open , the
s '4

‘willingneask

3 Hennlng approach w1ll overgtate the,
o - ‘sﬁ » ':,t N
y for that change on the part of 1nd1v1~

~

o

dual households. o, C a 4' : ' S

'Referring to Figure 4-1, assume that the indi-
vidual is initially in equilibrium at point A; with a

. total property'value‘of PV, and'located in:a:neighbouf_

PR
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Figure 4-1: Measurement of Willingness to Pay
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{ . . .
hood with the level of quiet being gq,. If the price of

quiet is Pq,;the imputed value of quiet is Pg+q: which

is equal to.the value PV, - V,;. This means that the im-
puted value'of,all housing characteristice otheﬁgthan
quiet;is V,. Now assume.that some exodenohs changeais'
made in'the.%evel of quiet so that it rises from a, to q,
in this particular neighbourhood. The individuai'now oc-
geuples a house hav1ng V, dollars worth of hou51pg cHarac—
teristics other than guiet and q2 unlts of qulet (located
at’ 901nt B). If the area was small and open, the market
‘price oquuiet would not- change from Pgq and:Poiinsky-

Shavell would argﬁe that the 1nd1v1dual s w1111ngness to

pay for this. change would be :

Pge (a2 - d1)

willingness to pay

w

Pgy-dg

]

PV, - PV,

‘-”
’ L

g

However, this is not" the will%ngneae to paymfor'
the;small andlopen arealcasef v?ﬁe“ébOve'measﬁrement‘imf
piicitly assumes tHat the‘individual can trade*his;housiﬁﬁ
unr%gw&th the characterlstlcs descrlbed by andf‘ove“tdi‘.‘ ;gi'
a hou51ng un}t possee51ng the characfnfistlcs deserlbed |
by point C allows hlm to ‘reach 1nd1fference cu;ve Il)
‘so that quilet and other houé&hg characterlstlcs are op—‘

timally co 1nedv~vBut, 1f the market price pf qulét does

_not Chané ’ no other 1nd1v1dual would be w1ll§ng to trade
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with this individual (as they would already be in an +
equlllbrlum pof\iion given the price Py) and he would be
constralned to remaln at p01nt'B HlS w1111nqness to pay

*

for this exogenous change, tﬁérefore, would'n‘ot-b_e‘PV2 -

PV, but rather V,'- V,. Given the standard, convex-to-
the-origin indifference curves,'Vl - Vzkis always less
than PV, - PV, and thus, the Ridker—Henninq‘measure of

willingness to pay overstates the true value.

The question that arlses is how can the value

7

S of V| -~ Vv, be measured I should be noted that the in-

dv = Vl -V, and a change in g of da = qz_— a;. However, ”ﬁ%

.thls mOVnmnnt also entalls no change in the level of utlli{

1ty asz *tuae 1nc1v1dual is 1nd1fferent between the hous/

bundle de¢ . ibed by a and the one descrlbed bv D (on the

same 1nd1tference curve, Io) Thus, the Value/of dv (w11~c
llngnessvto pay for the exogenous change 1n/qu1et of dq) . o
.x\ P

depends upon how the 1nd101dual is w1111ng to trade off

;ther hou51ng characterlstlcs agalnst ‘quiet, 1n other

[ N

vords 1t depends*upon hlS marglnal rate of substJ)G’tutJ.onc

.

. . S LI P ’ B

- DR L < . . Y. B . e ‘
’ e : . ’

s . . v e

sy



between v and q.

A

-In Appendix A the mathematical'derivation of v Lf‘

-

‘the value dv is outlined. This derivation indicateslthat
w1lllngness to pay for qu1et, as measured by dv, can be

calculated as: o oo ,'

| / [ -d%u(uy) L
cdv = qgv *+0 U'v(qu T VU_V.)b ‘ (9) R

.«
'

dwhere o is deflned to be the elast1c1tylof substitution
between quiet and the value of hou51ng character{stigs
other than qu1et. The elast1c1ty of substltutlon meas-
ures the degree of substltutablllty that exlsts between q
and v, and can take on Values between zero (not substltu—

table) and a p051t1ve 1nfln1ty (perfectly SubstltLtable).

- The 1mp11catlons of equatlon (9) are readily

_apparent The elastldity of substltutlon measures the dé—:

EY

gree oféﬁhbsg;tutablllty that ex15ts betwéen the value of
housing characterlstlcs other than qufgt and the level of

o ‘ .
QSUlet If.the elast1c1ty of substitution is zero, the e

individual would not be w1lllng to substltute qulet for

other hou31ng characterlstlcs (thus generatlng a set of
{

'flght angled 1nd1ff§&ence curves) and the value dv would

be(zero. ThlS means that 1f o =(0, the 1nd1v1dual would

not be w1111ng to pay anythlngsfor an- exogenous 1ncrease
~#in tha'level of qulet.( The larger'the elastlclty*of,sub-’

stltntion, the greater becomes the value of dv. Thus,

the more'substitutablevquiet is for other housingvcharac-ﬁ



82
‘ . 'Y
terlstlcs the more an: 1nd1v1dua15would be w1lllnq to pay

for an exogenous 1ncrease in the level of quiet.

4.2 Hedonic Price Estimates

The process of derivinq'actual empirical esti-
- r
mates of the hedonlc prices associated with the varlous

hous1ng characterlstlcs 1nvolves three fundamental steps:

(1) selection of an approprlate sample of~households,

: (2) selection of an appropriateiset of variables
that describe the various housing characteris-
tics, and |

(3). selection of an approprlate functional form: for’

the estlmated hedonlc price function.

r

” This thesis examines the'impact that aircraft noise ‘has

on property values 1n the Clty of deonton and concentra-

i -

tes upon the Edmonton Industrlal Alrport as ‘the prlmary i
7

source of alrcraft n01se , The reason for thlS choice of

L]

locatlons is twofold As has been dlscussed prev1oust,

the Industrlal Alrport is located w1th1n the. boundary

of the Clty of Edmonton and is surrounded by res1d5>
development. qaps, the damage due to the . n01se geni-'
by aircraft apgroachlng ‘and leav1ng the alrport sho
reflected in these re51dent1al propertx values.‘ At ‘the

: same tlme, the effects of thls alrcraftﬁﬁglse are 1solated
w1th1n relatlvely small- nelghbourhoods as only certain
areas. of the c1ty 11e under dow 1evel alrcraft flight

.paths. Thus, the damage due to ‘this aircraft noise can be

i P X



estimated;using the‘PolinSKy—Shavell assumption of "small-
and openﬁ areas. | |
The prlmarv data used to generate the emplrlcal
results caée from the multlple llstlngs data gathered by
the Edmonton Real Estate'Board " The Multlple Listings
'Serv1ce collects information about all propertles sold
under a multiple llstlng.. This information includes both
data about the actual~sales transactlon (asking price,
sale price, date of sale?&etc.) as well as data descrlb—
.ing the property belnq transacted (floor area, lot size,

house style, etc.).. Thus, the multlple llstlng data pro-—

'v1de the basic elements required to generate the hedonlc

price functlon. This data source was augmented by various
other tYpes of descriptive data, such as dlstance varlables,

nd noise 1evels, from various other

zonlng information,

.4

sources. A summa mef the variables used in the estima-

tion process, as w
Table 4-1. : 'g%g

It should'be noted that the use of the data set, B

ll as ‘the sources of data,. appear 1n'

A

as described above, is a significant departure from fmost of
the-previous attempts (for example, Ridker and Henningl*"
9 v “ .

de Vany,!S and Maryls) to measure theiwillingness to pay,for

°

environmental amenltles In prev1ous studles, assessed

'average or medlan'property values have been gsbressed
agalnst a set of average Or medlan -housing. and nelqhbour-
hood characterlstlcs. Thus, for the ‘most part,’ they do |
ﬁnot measure actual market transactlons. The use ot'the

\ 3 : .

-



Table 4-1

Description and Source f Data

Variable Name . Degcription and Source \
'PRIC§>  sales price in ‘dollars. Multiple Listing Service
(1975-76)
FLOOR ' Floor area in 100's of séﬁare feet. MLS (1975-+76)
LSIZE Lot size in 100's of square feet. MLS (1975-76)
AGE Number of yéérs since construction. MLS (1975-76)
BATH4 " Number of 4¢piepe bathrooms. MLS (1975-76) ‘
VBROOMS Q“Number of bedrooms. MLS (1975-76).
FIRE - ,‘; O—l dummy variabie equal to 6ne if the propefty
' has a fireplace. MLS (1975-76) ,
DGAR AA-0-1 dummy_vériable equal to one if the éroperty

has a garage. "MLS (1975-76)

™o . - - A 0-1 dummy variable equal to one if the property
Z7  is a two-storey house. MLS (1975-76) -

DUP A 0-1 dummy variable equal to,ene'if the property
" is a duplex. MLS (1975-76)

'BRICK ' A 0-1 dummy variable equal to one if the property
has a brick exterior finish. MLS ( 1975-76)

DBASE A 0%l Qummy variable equal to one if the property
: gps a finished basement. MLS (1975-76)

‘TAX ‘The ®ffective property tax rate for the tax year
prior to sale. MLS (1975-76) - o

DCBD - . Distance to the central businéss district in.
miles. City of Edmonton, Transportatiom Plamning
' Department (1974) ’

DZ2 A 0-1 dummy variable equal to one if the'prdperty

is located in an area zoned for duplexes. City of
Edmonton, Zoning Maps (1975)

L4

- DZ3 A 0-1 dummy variable equal to one if ‘the property
, is located in. an area zoned for apartments. City
- ° of Edmonton, Zoning Maps (1975) :
NOISE Noise Exposure Forecast XNEF)‘contdurﬂéorresponding

to location of property. Mindgtry of Transport,
Canadian Air Transportation Administration (1976)

é

"QUIET . . 60-NOISE _
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Multiple Listing Service data does’measure these transac-
tions, as only houses offered for Sale and purchasec
appear in the data set. At-the same time, all of )
information concerning the housing unit is Siteé-spe
data that describes the'patticular unit beihg transacted‘
Therefore, use of the mult*ple listings data should prOV1de
a better measure of how the market actually values the vari-
ous hous1ng characterlstlcs. '

The selection of the aopropriate fuhctional forﬁ
for the estimation of the-hedonic price function is a

problem of determlnlng ka'.structural form of the equation

provides the best fit l ‘ “‘~mplricalidataland yet is con-.

<estimated hédonic equation B . V", s: (1) the
use of other functlonal forms provided ,no 1nctease in the
explanatory ablllty of the equatlon, and (2) previous pro-
perty value studies had also used the linear form. Thus,
the hedonic ptlce equatlon was estimated as a functlon of

the ‘form: _ '_ ) o . o

T : N .
() B A Rt " /



.

¥

‘where PV equals property value, the hj are housing charac- -

terlstlcs other than. qulet q is- the level. of quiet and e

.

»

is the error term.
The above hedonlc equatlon was emplrlcallv esti-

—_——

mated-cross sectlonally us1ng 352 observations of individu-
"‘al house transactlons in the Clty of deonton. These 352
,observatlons corresponded to all theﬁre51dent1al multl— '
ple llstgnqs transactions that occurred wlthln the areas

affected by a1;¢raft n01se E%Om the Edmonton Industrlal

'Alrport during the one- year perlod frém September, 1975 to

S ¥

September, 197617 The dependent varlable 1n eE;F multlple
regression analyels was the actual sale prlce.assoclated

- . ) \ o
with each multiple listings transaction (the variable
i ]

PRICE in Table iﬁl). The independent.variables corre3pond~
A . . .

ed to the 1ist of housing characteriStics described in
Table 4-1; with one exception. Instead of u51ng the Ievel
of n01se as an independent variable, the hedonlc prlce
functlon wassestlmated usaﬁﬁt ~measure of the amount of

U sk’

.qulet prevalllnq at a partlcdaar locatlon. The advantage .

)
L.

o :
"of this type of equatlon is that 1t vields dlrectly an 3
1mpllc1t ‘price for qulet Wthh can rbe treated as a qoodE

" rather than an 1mp11c1t price for

oise whlch haS\to be

Slnce the obServatlons of nolse levels 1n the-
. \ .

_ regardéd‘ﬁs a "bad": \ ( - ".;: ‘ h” B G

=

¥ 4 ‘
A

. to ascbntour of 40 (qU1etest to n0151est), it was dec1de

sample took ‘©on values ranglng from an NFF contour of” 20 ‘u,

i o §

that an approprz.ate 1ndex foﬁqule,t would be one that

. -
e LA
.u,,tﬁ



o
exactly reversc i se index. Thus, the level of qui-

3

et, QUIET, was RO as:

\
i

- |
;OUIET = 60 - N%ISE (11)

N

It was found that the regre¢ ssion equation provided the -

best explanation of the variation in the dependent vari-,

able, PRICE, if the square root of NUIFET was used as an in-

dependent variable rather than OUIET. Thus, é.new vari-
able, &UROOT, was. generated as:

{
1

VOUIET ‘ (12)

o

QUROOT
and used as ghe'variable~measuring‘the effect of aircraft
noise on proper£y values. The ordinary least sauafes'ré—
sults of ﬁhis fegression analysis ‘appear in Table‘4—2;18

,As can be seen from Table 4~2, some of the hous-
ing characteristics are @egativély related to property

values and some are positively relafwd.rmThose chéracter—
istics that decrease property values ;néiude age of the
broperty (AGE) , styie~of houSevqther than bungalow (TWO
and DUP), distance to‘the_centralbbusiness disffict (DCBD) ,
.zoning forfuseélother than singie-family residential (Dz2
and D" "' and tﬁe effective tax rate (TAXL\lg Property vé—
lues '~ positively related to floor area,(FLOOR),'numbér
of bathrooms (BATH4); number of bedrooms (BROOMSS; fife—

places (FIRE); garages(DGAR), finished basements (DBASE),

87



Table 4-?

ymated Hedonic Price Fauation )
(Quielt as an Indopondcnt Variabile)

Dependent Variable: PRICH

- D _"_‘—"“T"_“"Tv e e T '71
Indepeni3 T Estimatod Standard |
Varia Coefficient ‘Frror T-Statistic

i
CON. L, : 30,553 7,604 4.08% t
FLO O , 1,420 231 G.'ls* |
AGE * -538 . 101 SRL35%
BATH - 5,308 831 6.46% |
= BROOMS 1,288 726 1.78% !
FIRE 5,399 | 1,508 3.58% l
DGAR 5,654 1,103 5.13% |
TWO -5, 386 1,235 : -4.36*% )
bup -3, 246 1,814 ~1.84%
DBASE 3,074 811 3.79% "
ERICK 6,421 2,013 ' 2.20% |
LSIZE T 36 ' 3.12% {
DCBD -1,339 378 -3.54%
DZ2 . -1,157 1,239 . -0.93 ’
DZ3 . -S04 1,482, -0.34 ’

| TAX -1,182,490 171,069 -6.97%

LQUROOT 1,470 1,037 ° : 1.42%% [’

Number of Obseryations = 3R2 ' -

R% = .6217 ‘

* Slgnlflcant at the 95 percent level of confldence, one-tailed t-~test

** Slganlcant at the 90 percent level of confldence, one- talled t-test



brick exterior’ finish (RN}CK) and lot s5i-e {(LSIZF) . All
of the coctfficients associated with these variables are
"significantly different from %oro at the 95 percent level g
ot ~onfidence excepnt for the zoning varilables D722 and D7,
All of the coetficients were of the aenerallv expoected
signs. l

However, for the pufposo of this studv, thé most
important coefficient relates to the relationship botw;mn
property value and the lovei of quiet. In the regression
equation of Table 4-2, a positive rqlatibnship is found to.
exist between PRICE and QUROOT so that, —eteris paribua,
properﬁy values tend to increase as the level of quiet
rises. Thus, it is possible to conclude that aquiet is an
environmental amenfty'and that the market does place a
"value" on aquiet, as the coefficient'assoéiatgd'with QUROQT
is both pos&tive and siqnificantly different from zero at
the 90 percent ]eve]/gj cqnfidence.

It is also possible to use the 'ecquation =~enerated
from the multiple regression analygis to calculate the im-

BN

plicit, or shacdow, price of aguiet. The regression equation
. . ,

in Table 4-2 is of the form:

PV = B, + 1. Bi hiy + d-ag’ + & (13)

1=1 .

where q% i1s noth .g mc : -han the square root of quiet or
‘QUROOT 1in the re ir nalysis. In a linear hedonic

equation, the pa: ,riVaﬁ;ve of PV with respect to g

Y



)

would vield the price of aquret, so that:

AN

~a

PV -} o "
- = P\] B * oo (14)
1y !

. - . . .\‘\‘.. . . .
Since the coefficient "associar i with NUROOT has an esti-
mated value of $1,470 (from Table 4-2), the oétimnrd nrice
of quiet becomes:

. -4 -1
Pq = 4(1470)qa 7 = 735q ° (15)

This result indicates that the pricé of guiet 1is not con-

stant, but i1ather changes as the level of auiet, a, changes.

Thus, as the level of juiet increases, the price of quiet \ —-
(or the rate at which the market trades an additiQnal in-
cfement of guiet against other housing characteristics)
declines. This particular result will prove to be signi-
ficant in the calculation of +he elasticity of substitution
that appears iﬁ qection 4.3 of this paper.

Further empirical analvsis was conducted to de-
termine wHether only one price for qﬁiet prevailed in thg
housing market. Specificélly, it was postulated that the
price of guiet, or the rate at which individuals were w(l—
ling to. trade guiet against ot. .r housing charaéé@ristics,
might be different for ¢ °fere-t valued houses. That 1is,
individuals owning expensive houses might value quiet dif-

ferently than individuals who own cheaper houses so that

instead of one homogeneous market for quiet exiéting for



all houses, there miaht be a series of sub-markets eoxist -
ing. To test this hvpothesis an cgquation of the following

form was (w;tlmat(wia
I Covihny g bya 0 D ag Dy 4 e (16)

where D, D,, and D: were 0-1 dummy variaonles *hat were
equal to one when the price of a particular house had the
following valnes:

D) = 1 when PRICE : $45,000.

D. = 1 when $45,000 - PRICE - $55,000,

D, = 1 when PRICE - $55,001.
The sum of the sauared residuadls from the above regression
equation was compared to tHSt of the regression ecuation
found in Tahle 4-2 to determine whether the inclusioﬁ of
the dummy variables provided a siqgnificantly better explan-
atlon of the variatidn in the dependent variable, PRICE.
An F-test was conductea and it was conc.uded that the dummy
variables did nog lmprove the explanatory ability of the
ragression equation. Therefore, it is possible to con-
~iude that a system of sub—markeﬁs does not exist and that
only one‘marqinal price for guiet prevails thréughout the.
<)area atfected by aircraft noise in the City of Edmonton.

AN

4.3 The 'lastic ty of Substitution

In the »nrevious section of this chapter, multi-

ple regression analysis was used to calculate the implicit



price ot quiet.  Howecr, 1t has als. heen establishe! n

oection 4.1 that information about *he DUrICe o o et
not sutficient to determine the will -gress 1., s for an
eX0genous 1ncrease 1n the level of o et (t:ha  might o

04
sult, for an CNAMPLIe, Trom an aic att noise abat- S N b
gram). Willingness to pav depen is 1ot only upor . - rvice

of quiet but also upon the clasticity of substitution
tween quiet and other housii. - characteristics. Thus,
questicn arises as to how the elasticity of substituticn
can be measured, given the limited amourt of iﬁfOrmation
avallable. =

Figure 4-2 depicts a situation in which there are
wo o srdividuals located in di“ferent neighbourhcods, each
neigr: urhodd having a different level 6f aquiet. Indivi-
dual 1 is located in neiqﬁbourhoog ¢ne and owns a hcise
for wirich the d%lue of hogsing characteristics ogher than
quiet iso® ‘dollars and the level of quiet i% q,. Indi-
vidual 2 is located in neighbourhood two and wns a house
for which the value of housinu characteristics éther than
quiét is V; and the level of quiet is g,. Both)\ individuals
1 and 2 are in an equilibrium position at points ‘A and B',
respectively. Individual é is located on a higherlindif—
ference curve than is individual 1 and owns a house with a -
higher totél proﬁgfty value (PV, > PVI"bécause his house
has more quiet.aséociated with 1t than does the one be ong-
b

ing to individual 1.

If it is assumed that both individuals have iden-

a
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L e e then the indiffeg

reflect the relative preference for

CRCe curves lgoand T,

housing characteri€-

tios and quiet for botl. indi\dkhlalg} If this is the “ase,

then the onlv reason why tredrvidgual
B and individual 1 ot }ug/ﬂ A, s
2 " 1gher 1ncome than individual 1. -

1 and-2 are in equiilbrium position

locations, the indifference curves

XRnt to the price l1ynes ag points A

)

So1s lecated at poine
that individual 7 hos
Since beth rndividunsls
S at their r. spective
T-~and I, must be tan-

and B' (the marginal

rate of substitution beby ween housing c5a.dLLerlst1k€ and

N

quiet must be egual to the slope nf

‘e price line). This .

-~ ’

means ‘hat the rarginal rate of substitution at roint A

must be equal to the slope of the 1

s

ine PV ;A and the mar- .

‘“ginél rate of substitution at %;/mﬁg?\ge equal to the slope

of thhe 1ine PV.B', If, however, the price of quiet is the

L
Ssame '‘as tﬁst.generated bv the hedon

ic regression analysis

, . . -4
in Sectiwn 442 of this chapter (where Po = 735 g "), the

slope ot the price” 1ine at A is dif

of the price line at+ B’ because the

ferent from the slope

level of quiet is dif-

ferent at these points Since the emplrlcal analysis 1n01—

cates that the price of guiet declines as the amount of

quiet rises, the marginal rate of 'substitution at point B'

\

- 1s less than the marginal rate of 'substitution at A.

© - If it is assumed that, not only are the indivi-

dnals' preferences identical, but also "homothetic"?0 then

it is possible o relate the marginal rates of substituweion

 fode on the indifference curve I,

.

to those on indifference



curve T, 0

An assumptfon of homotheticity imnlies that the

marginal rates of substitution along any ray dirawn from the
origin through the various indifference curves must be

' o _ S
cqual. Thus, if uwrefe:onces are homot het i ¢, the marginal
rate of substituticn ot point B must be :ne same as the
marginal rate of substitut jon at point B'. This means
that points B and B' are associated In two ways. The ratio

of the valuc of housing characteristica other than quiet to
the level o{mquiet must be equal becausec they are both on’
the ray OBB' (which has a slope V,/a.), and the slopes of

the two indifferencé curves must be eaual at these two

/

points. Thus, if the assumptions of identical and homo=

thetic preferences arc made then 1t should be possible to

'/,’ . ) . . .
‘derive enough information about the ind1fference curve

Io,, by taking different leveLs of a..et n combination with
the value V,, te permit the calculation of the elastiéity
of substifution along that curve.

The guestion that must be asked is whether it is
réasonable to make the assumptions of identical 'and homo-"
thetic preferences. The assumptipn‘of iden;ical preferenc-
es 1is sdmewhat arbitrary and; for the most part, cannot be
empirically substantiated without a gréat deal more inform-
ation concerning the nature of individual preferences.
There 1is, however, some empirical evidence that suQPorts
an assumption of homotheticitv. A necessary, but not suf-

ficient, condition for the existence of homothetic prefer-



ences 1s tha the 1ncome elast et vioot demand must be

Unidooary . In an analvsis of the demand Yor housing,
CMuth- found that in many instances tha anecome elast 1ei ty
S wWAas estinate te have a value very close too e, Although

a unitary clastici*y s not sutticient to generate homo- .
thetic preterences, 1t woe:  lond support to an assumpt ion
of homc*heticity.

If the assumptions of homotheticity and identi-
cal proterences are marde, it is possible to calculate the
elast: ity o: substitution using the information provided
by the .edonic price function. In Figure 4-3 the process
of estimating the elasticitv of substitution using the es-
timated hedonic p§ic¢ ecuation of Section 4.7 is demon-
strated. The initial eauilibrium point on indifference
curve I, 1s at point A. The average priced house in the

k ’

data.sample was $52,000. If the average house was located ¢

at poi~ A, it woul: have a level of auiet of 20 (the noisi-

Vi = $57.000 - value of cuiet

52,270 - Pg-q

= 52,000 - 17:5-20_%j-2o
= 52,000 - °,260
= $48,740 (17)

Thus, at point A, the marginal rate of substitution (MRS)
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s the slore ot the jr1ce | eopassin 0 oug! re b I
the ~1.1 rare and the rati1o ot the value of housiag chatac
teristics - her thain quicer o the Tovel of piret 1s the

slope H»f the rar 0> (247 1n the Jdiajram). Ir. o lTike man-

ner, 1t o1s possible to jerermine cthe MES aned the ot

g goads tor the por—tvs B, 7, 7, and Foalon: tandarfference

+

curve | as these values are cqual to the ones Ccolrespond-
ing to the points B', C', D' and E', 1! the andiftercence
curves are homothet: o, ‘

Thw_olqstic1ty o! substltution 1s definoq as
the percentage change in the r.tio ¢! aoods consumed di-
vided by the percentage change 1n the marginal rate of
substituticn. .Thus, the elasticity of substitution between

points A and B, "ag, w0 1rohifference curve I. in Figure

4-3, can be calculated as:

Vi/dn - Va/ga MRS »
AT To/an ° MRSy - MRSH £18)
‘ 1950 - 2437 . -163
AB T 2437 -147 - (-163)
™~
~1\B = 2.04

»

where the subscripts A and B refer the values at the points
A and B, respectively. 1In a similar fashion, the elasti-
citles of‘substitution between the points B and C (9gc).,

C and D (=~p) and D and E (7pg) can also be calculated.

The results of this procedure are as follows:



1 'L 03
Thus S I waabhle, asaing the hedonie poa s i ton -
baned with the assumpt ons of ddent tcal oret . cnees and
homsthetverey, ot Gener ot anoestimate o the elast city

»{osubstitet ton. The 1nteresting thing to note about these

cstimates olasticities 15 thar no matter where along the

ind: . .erenc curve T the measure 15 taken, the elas*i-
city of substitution estimated to be, approximatel:w,
two. "  This w~ul?d i cate tha+t the i1ndividual prefercnces

for housinc charsy~* -istics othe: han quiet and for qulet

could be described bv o CES (constant clasticity of sub-

-

stitution) utilityv function of the Zorr:

where the elasticity of substitutior is eqyual to T

4.4 Measurement of Willingness to Pay

&
Earlier in this chapter, the problems of using

predicted changes in property values to measurefche wil-

- ~

lingness to pay for changes in the level of environmen=di | °

“ N ’ '\_{)
amenities were discussed in some detail. It was \l“‘A‘

~

that the estimated hedonic prices of environmental dmeni-’

ties provided insufficient information, by themselvés, to
1 N
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- ostimate willingness to pay. In orde; to der%éé\an esti-
mate of this» type, it is algo necessary to oggéip informa-
tion about how individuéls are willing to substitute en- .
vironmental amenities. for other housing cha;acteristics.

In éection 4.3, it was demonstrated thdt 1. is possible to-

s

use the hedonic price equation, as estimated in the regres-
sion analysis described earlier in the chapter, to derive

a measure of how substitutable quiet is for other,hou;ing
chéraétéristics. This measure is‘the elasticity of sub-
stitution. The question now arises as to'whether the elas-
ticity of substiﬁution, combined with the hedonic price

'equation, provides an adequate amount of infogmation to

derive accurate estimates of the willingness;@b pay for

guiet.
: v .
In Figure 4-4, the equilibrium situation of the
"average household" 1is depicfed. In the sample of 352 ob-
servations ofvreal estate transactions, the average sale
'price was approximately $52,000 and ‘the average level of
quiet enjoyed by houses in ‘the sample was 36.2° This

{

means that on average the value of an incremental unit of

quiet, §q, prevailing in the market can be calculated as: T
5 -3
Py = 735-q.
= 735-(36) 2 . ]
=-122.5 ‘ (19)

’

\]

from the hedonic price:equation. For the average household

i
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N

to be in equilfbrium, i1t 1s necessary for its marginal rate
of substitution between quiet and other housin charaé—
teristics to be equal to t" - ratio of érices at a level of
quiet of 36. This.is depicted in Figure 4-4 as the poilnt
‘A, where the indifference curve I, is tangent to the price
line at q,.= 36. If the average total property valuc is
$52,000 when g = 36, ‘the imputed value.of housing charac-

teristics other than quiet must be V,, where:

<
Il

$52,000 - 36(122.5)

$47,590 (20)

Now assume that through some noise abatement pro-
gram the level of Quiet associatedeith the average house
increased frbm g, = = 36 to g, = 37, so that the average
hbusehold moves erm point A to point B', in Figure 4-4,
The question is how much would £he average household be
willing to.pay for this abatement program and ﬁhe result-
ing increase in quiet? The standard Ridker-Henning ap-
prgach would simply measure thé willingﬁess to pay (wtp)
for such’a change as dq-ﬁq (the change in quiet multiplied
by the averaée price of‘quiet) SO as to derive:

wtp = dq-Pq

(37 - 36) + 122.50.

i

$122.50 : (21

102
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However, as hds been demonstrated in Section.4.1, the
,RidkerqHénning heasure over—estimates the true willfngness
to éay. The actual willingness to pay for the increased
quiet 1s the distance B'C, which corresponds to the value
Vy - V,. . The calculatiop of the true willingness to pay
depends upon determining the value of V., as V, is already
known.

The elasticity of substitution is defined as
the percentage change in the ratio in which the goods are
consumed divided by the percentage change in the marginal
rate of substitution. This means that the elasticity of
substitution between points A and C in Figure 4;4 can be
calculated as: \R

i

)

Vo/gq, = Vi/q, MRS p
o = . s a— (22)
AC Vl/Ql .SC - MRSA
where MRS, and MRS correspond '~ .he marginal rates of

substitution at points A and C respectively. By rearrang-

ing terms, to solve for V, using the above equation:

a1 MRS p

v, = v, 12 4,. + 1] (23)

/
The problem with the above. equation is that while the va-
lues of qg,;, g2, V; and MRS, are known, the values oac and
MRS. are unknown. Thué,lit is not pqssible to solve for

V,. If the elasticity of substitution was constant along



Lo, then v,- = oau. Since it 1s possible to calculate

oap ! following the procedure outlined in Section 4.3,

a value for JAC>COuld be derived. But it is not possible,
however, to determine the &alue of the marginal rate of
substitution between V‘and g at point C, without more spe-
cific information about the utilityvfunctioh and indiffer-
ence‘curve Iy. Thus, the limited amount of information
\\Provided by the hedonic price function does not permit the
&recise calculation of willingness to pay for quiet.

The reason why it is not possible to calculate
the exact willingness to pay is that it is impossible to
"trace out" the original indifference curve I, in Fi-
gure 4-4, giveq £ﬁe limited amount of»informgtion avail-
able. The values of v thag'correspond to the various
levelskof q along I,. cannot be.determined, .However, it

1s possible to approximate the indifference curve and de-

rive an estimate of the willingnéss to pay for additional

units of quiet.
Thevestimaﬁed hedonic p%iqe function indicétes
that the marginal priée of quiet declines as the level of .
quiet rises ceteris paf?bus, since'Pq = 735-q~i is‘the
partial derivative 6f.£he price function with respect to
quiet?7‘Thus, when the average level of Quiet increases
from 36 to 37 in Figure 4-4, the "average" mafginal price

of gquiet declines from $122.50 to $120.50, which is deter-

mined by evaluating the partial derivative at g; = 36 and

92 = 37. The Ridker-Henning approach to measuring willing-'

104



ness to pay simply extends the original price of quiet

the change 1in the average level of quiet. In this

ent the marginal rate of substitution between

gyliet and ot er characteristics at point A is be-
ing\ applied to the entire segment AC of the indifference
curv Therefore, the measurement‘is only correct if

- there fi no curvature to the indifference curve (ﬁhis would

cccur if) the elasticity of substitution was infinitely

large//; value) .

/ .
' - A better measure of the benefits derived from

the iﬁerease in quiet would be to approximate the curva-
ture that exists betﬁeen points A and C (approximate the
change in the marginal rate of substitution[l This ap-
proximation could be given by the marginal rate ofpeub—
stitution at peint B, which lies between points A and C.

If the 1nd1fference curves are homothetlc, the marginal .
rate of substltutlon at B would be equal to that of point
B',Twhere the MRS is equal to the price of quiet evaluated
athz = 37. Thus,,anﬁeStimate of willingness to pay that
islbef%er.than the Ridkef—Henning estimate'which ~ould be
‘derivec by valuing the change in the ievel;of quiet in
terms of the marginal price of quiet that weuld prevail

at g; = 37 rather than g, = 36. Thié.would vield a measure

'of willingness to pay equal to:

(37-36) - 735(3%)'5
(37-36) (120.5)
] _ $120.50 , (24)

T wtp'

i
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This measure of willingﬁess to pay for qﬁiet is
superior to the Ridker-Henning apprbach because it recog-
nizes that the marginal rate of substitugion between quiet ,
and other housing characteristics.will change as the level
of quiet changes. However, it dées not measure the true
willingness td pay for the exogenous change in quiet'bef
cause it does not take into considération the full change
in the marginal rate of'substitufihn.’ It is also not pos-

sible to say whether it is an over- or an under-estimate. (

- From eéuations (21) and (24), it WOuld appear 7
" that the RidkeriHenning’approach provides an estimate that
is fairly close in value to the one provided by the pro-
cedure outlined above: $122.50 versus $120.50 or a dif-'~
ference of about 1.7%. However, this applies only to a
one-unit change in the level of’quiet. The errdrlinvtﬁe
Ridkerfﬁenning measu;ement becbmes progressiVely wOrée as
larger changes in the level of qﬁiet are analyzed.

For example, sﬁppose that a noise abatement pro-
gram Qould increase the level of quiet from an average of

36 units to an average of 40 units. Ridker and Henning

would measure the willingness to pay for this change as:

Xmg\f (40-36) - 735(36)"%
J ’ .

(40-36) - 122.5

i

$490.00 , (25)

However, using the modified approach suggesfed above a

better estimate of willingness to pay could be generated



by appreximating the change 1in the marginal rate of sub-
stitution that.would occur in moving: from q = 36 to q' =
40. This can be done by valuing)the change in quiet in

terms of the price of guiet tha ‘wohld have prevailed had

"\

the new level been the averade level ofVQuiet. In moving
from g = 36 to q' = 40, the marginal price of quiet would

change as:

\
Woo¥ Y \
Pq=36 = 735-(36)77 = 122,50
. s —‘lr -
Pg,=37 = 735°(37) 7=
- 3. (38) 7% -
qi=38 = 7357 (38) % = 118.60
P = 735+ (39)"F = 117.60
ql.:39 =
. _% .
Pae=a0 = 735'_(40)»_ =.116.70 . (26)

N

If the total change in gmiet was decomposed into a series
of one-unit éhanges, willingness to pay for each of ¥these
changes could be calculated in the same manner as was done

in equation (24). The willingness to pay for the: total

change could then be derived by summing the willingness to

pay for each of the one-unit changes, so that:

~

WtP"= (37-36) - 735(37)—% + (38-37) - 735(;8)—%

+ (39-38) - 735(39)—% + (40-39) - 735(40)—% (27)

-
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This qiveﬁ\a total willingness to pay of

\ \v’/_‘\t\w‘-'

wtp' $120.50 + $118.60 + $117.60 + S$S116.70

I

$473.40 (28)
It can be seen; by compari&g\the results of equations

(25) and (28), that the difference between the Ridker-
Henning estimate and the above measure of willingness to
pay'hae become considetably larger. iThe_error in the
Ridker-Henning estimate is now 3.4%. Thus, thle the
Ridker~Henning approach may provide reasonably accurate es-
timates of willingne;e to pay for very small changes in

the level of quiet, the-size of their error becomes pro-
gfessively larger as more sizeable chahges_in the 1evel of
guliet are considereq. For this reason, the method proposed
in this section for measuring the benefits of a noise abate-
ment program is to be considered superior to-the.standard
Ridker-Henning me thod .28

One final'extehsion cafl be made to this analyels,

that being to determine what e tot?Z willingness to pay
would be for a change in the vexageg level of quiet. To
do_this it ilﬁnecessary to co he average willingness

O pay, as/ calculated above, w1th;some estlmate of the num-

ber of households in the area af€;cted by aircraft noise.

A crude(estimate, obtained from the 1971 Census of Canada

data, ?? of the number of households in the area would be

5

about 27,500. If these households have -the same ‘marginal

o~
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valuation of quiet as was derived from the hedonic regres-
sion equation and are distributed geoqraphically in the

same way as the ob&rvations in the sample data, theh the
total willingness to pay for a chaﬁgé in the average level

of quiet can be calculated as:

4

wtp (one unit Ag) = 27,500 x 120.50

= $3,313,750

wtp (four unit Aq) = 27,500 » 473.40 |

il

/$13,018,500

Thus, the totalvbenefips of a noise abatement program de-

signed to increase the aQerage level of guiet by one

unit (36 to 37) would be approximately $3,313,750. If

the ébatement prograﬁ was designed to raise the average-

level of guiet to 40 -units, the tétal bggefits wolld rise
o

to $13,018,500. To determine\whethér either of the?e pro-

grams éré économically'efficient, it would be qe¢%s"ary‘to

compare the total benefits to the total costs of each pro-

gram..



Footnotgg

"1t should be noted that it does not matter whether the
model measures willingness to pay for quiet or damage due to noisec.
Since quiet is the absence of noise, the two values should be equi-
valent in magnitude, but opposite in sign. For the most part, Chap-
ter IV will concentrate upon determining the willingness to pay for
quiet. The reason for this is that since quiet is a "good"” the stan-
dard economic models of consumer choice, in which the individual
chooses among goods so as to maximize utility for a given income
~level, can be utilized without modification.

A “A. Thomas King, Property Tares, Amenities and Residential
Land Values (Cambridge: Ballinger Publishing Co., 1973), p. 5.

33. p., Nelson, "Residential Choice, Hedonic Prices and the

Demand for. Urban Air Quality," 6upublished Paper, the Pennsylvania
State University (July 1975), p. 3. /
Y
uThls discussion is a more rigorous development ef the
hedonlc technique that has already been introduced in Sectiegn 3.2

of Chapter III.

.

°G. s. McDougall, "Hedonic Prices a:d the Demand for Local
Public Goods," Unpublished Paper, Wichita State Unlver51ty (August,
1975), pp. 3-5.

<
6John Meullbauer, "Household Production Theory, Quality,
and the Hedonic Technique," American Economzc Revzew 64 (December,
974), p 977.

» ’R. G. Ridker and J. A. Henning, "The Determinants of Resi-
dential Property Values with Bpecial Reference tgQ Alr Pollution,"
Review of Economics and Statisties, 49 (May, 1967, pp. 246-257.

-

8This debate, al g with the Ridker and HenniTy article,
is discussed in detail in Sggtion 3.2 of Chapter I1I.

SNelson, "Residenéial.Choice, Hedonic Prices and the De-
mand for Urban Air Quality," p. 6. -

104, Myrlck Freeman, "Air Pollutlon and Property Values:
A Further Comment," Review of Ecomomics and Statistics, 56 (November,
1971), p. 555. Py

11Sherwin Rosen, "Hedonic Prices and Implicit Markets: Pro-
duct Differentiation in Pure Competition," Journal of Political Eco~
normy, 82 (1974), pp. 51-54. .

-

125 M. Pollnsky and S. Shavell, "The Air Pollutlon and Pro-
perty Value Debate," Review of Economzcs and Statzsttcs, 57 (February,
1975), PP- 100-104.
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't should be noted that this 1s not a stamdard utility

function because it incorporates a mix of "value" and "quantity"

What 1s being implicitly assumed to derive a function of this form

1s that the prices of housing characteristics other than quiet remain
constant so that a composite commodity, v, can be utilizaéd to repre-

sent all of those characteristics.,

"Ridker and Henning, "The Determinants of Residential Pro-
perty Values with Special Reference to Air Pollution," rp. 246-257.
1¢ 4 : .
’A. S. DeVany, "An Economic Model of Alrport Noise Pollu-
tion in an Urban Environment," in’ Theory pud Measwurement of Heonomio

Frternalities, ed. by Steven Lin (New York: Academic .Press Ltd.,
1976), pp. 205-214. , . .

16yans-werner Mary, The Influence of Atrcra t Noise Annoy-
ance on Single-Family House Prices: A Case & Study of Edmonton's In-
dustrial Airport, Unpublished M.A. Thesis, University of Alberta,
1975. , P '

. - -

17p breakdown of the distribution of observations among

the various noise levels can be found in Appendix B.
1

18por comparison purposes, the regression_results using
the variable-QUIET rather than QUROOT appear in Appendix C. - The
regression analysis wa$ also conducted using the level of noise as
an independent variable. The results of this analysis appear in Ap--
pendix D. Since the‘variable QUIET was defined simply as the reverse
of NOISE, these regression results parallel those of Table 4-2.- As
expected, the best fitting regression quation was one that used a
non~lingar term for the noise level, in this case the level of noise
squared. Thus, the results presented Ain Appendix B use the variable
NOISE2, where: (//

NOISE 2 = NOISE x NOISE _ o
It should be noted that whlle the coefficient assoclated with QUROOT
in Table 4-2 is positive, the coefficient assoc1ated with NOISE2 is
negative. This again is to be expected if quiet is an environmental
amenity and noise a disamenity.

!9The effective tax rate (ETR) is a measure of tax burden
developed by Wallace E. Oates in his article "The Effects of Property
Taxes and Local Public Spending on Property Values: An Empirical Study
of Tax Capitalization and the Tiebout Hypothesis," Journal of Politi-
eal Economy, 77 (1969), pp. 957-971. The effective tax rate is de-
fined as: :

Total Property'Taxes
Market Value of Property

ETR =

If property taxes are capitalized ihto house prices, it would be ex-
pected that a negative relationship exists between ETR and property
value, ceteris parzbus.
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Itohas already been hssumed that the consumers ' utility
functions are sepdrable  (see Chapter 111) 1n order to generate the
theoretial model on which these Ymparical results are based. Thus,

the emparical results rest on the Nssumption that separable, homo-
thetio and identical urility fune t1dns describe the preferences of

mdividudals aff cted by 1 seee— N .
\ .
LN
. e hana astl v, "’/'4}‘1\‘7! S Molomn M spocoomomiog
N
{

i /

(Chicago: K fid- M(Nd7\w'Ilm11§th} Co., 1974), pp. $®7-98.

Meullbauer, "Hg)u’/nﬂld Production ’I‘hoory, Yuality and- the
Hedonic Technigque,” e wati
- //
i - AR ///,. . : <, . . . B
) UMW, U tles 200 Housni, pp. 199-200.

o

///r‘f’ﬂg/ hit should be ndted that if the calculation of the elasti-
city ot substitution Had beqgun on a different indifferecnce curve,
say at the average priced house with a level of quiet of 25 units,
an elaqtlclty different from 2 would" have bepn generated. Thus,
there are different 9's for different 1nd1fference

—

-

" 5The averadge house was’located in an area ith an NEF
contour of 24. Since the index of quiet is defined”hs 60 - NOISE,
this means that the average level of qui

B g ¢ elasticity-of substitfution between points A and B
can be ¢fa}dulated as follows: : :

. . _ 1286 - 1322 122/ 14
"AB 1322 -120.5 >~1-122.5) :

This ¢ ulation is possible because information is available about -

the Eéiiﬁ\af goods consumed at point B' which also applies to point B.
—>3f the utility function is assumed to be homothetic, then the marginal
% rate of substitution at B' (which is equal to the price of quiet at

q = 37) 1is equal to the MRSp.

7t this- point it should be noted that when th¢ price func-
tion is of the form Pq = 735 q_%, the individual consumer faces a non-
convex budget constraint set because the market price of quiet declines
as the quantity of quiet purchased rises. Thus, for the model to gen- .
erate an interior optimum (Z.e. consumer purchases both housing charac- 1
teristics and quiet) it is necessary to assume that the curvature of
the indifference curves is greater than the curvature of the budget

curve.

28This difference between the Ridker-Henning measure and
~ the one suggested in this chapter can be highlighted by examining a
larger change in quiet. If the average level of qguiet had been N
g = 25, the average price of quiet would have been P_ = 735(25) 2 =
147.0. [ If the level of quiet was changed by 15 units to q - 40, Rid-
ker and Henning would estimatenthe average benefits to be $2205. The
measure provided in this chapt#r would yield a willingness to pay jpr

the same increase of $1932.

MY
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CHAPTER V

SUMMARY AND POLICY IMPLICATIONS

This thesis has attempted to provide both a the-
oreticel and an empirical framework in which the problem
of aircraft noise ‘can be analyzed In the broadest con-
text, alrcraft noise can be considered to be an external
diseconomy that reduces the etility levels of individuals
residing in proximity to an airport or along aircreft
flight paths. Ae is demonstraﬁed'in Chapﬁer ITI, the exis-
tence of an external dlseconomy can le~d to an inefficient
allocatlon of resources with too much zir *transport ser-
vices or too little noise abatement,(and, ~hus, too little
quiet environment) being‘provided to sdc;ety simply be-
cause the air transport industry does not bear the full
© costs of its operations. To determine an e“fi-ient allo-
cation of resources, or at least what consti-utes a move-
ment towards efficiency, requires that it be nossible to
derive a‘meashre of society's willingnese te;pay for quiet,
or conversely, the costs of aircraft noise.

Several difficulties arise in the measurement
of the willingness to pay for quiet. Quiet is not a pri—'
vate good transacted in a 51ngular market like most private

N

goods. Rather, 1t is a good produced and consumed jointly
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‘Jwith other housing characteristics so that a market price
for quiet is not readilv nbservable. At the same tiﬁe,
the provision of a quic < vironment possesses public good
characteristicslso that if the level of quiet is éhanged
for oﬁe.individual, it is also changed for all other in-
d}viduals‘rcsiding in'the éffected aréa. This means ﬁhat
wiliingnqss to pay cannot be determined‘by simple gurvey
techniques as individuals will have a tendency to either
under- or over-estimate the damage due to aircraft noise,
N )

to ‘avoid paying their share of the costs of any noise

l
.

x

abatement program.

Thus, the main emphasis of this thesis has been
twofoid. First, in Chapter III, an attempt. has been made
to formuléte a theoretical model capable of measuring the
willingness to pay for quiet. It was found that property
Valﬁe,studies, first initiated by Ridker and Henning, could
be used to estimate the willingness to pay for exogenous
changes in the level of quiet under certain restrictive
coﬁditions (particularly; if the area was "small_and.open").
More generally, it was also demonstrated that the 6riginal
Ridker-Henning method of imputing willingnes$ to'pay was
incorrect, and that a more precise measure requiréd infor-
mation about' how individuals were willing to substitute
between quiet and other hoﬁsing characte;istics. ‘Secondly,
the thesis éoncentrated on deriving empirical estimates of
the willinéness to pay for quiet:in the City of Edmonton.

This was accomplished(by the use of the hedonic regfession
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technique. House prices were regressed against a vector

i Pf housing characteristics; duiet included, so that the
implicit marginal price of quiet could be determined. It
was empirically found that the marginal price of quiet
varied with the level of quiet such that the marginal price
declined as the level of quiet increased. By assuming that

individual preférences for quiet an’ othev housing.charac—‘

teristics were both identical and omothe-ic it was possi-
ble té utilize the marginal price f..n~t on to derive an
estimate of how individuals were willing to gubstitute be-

. tween quiet and other housing characteristics (the marginal

-rate of substitution). This estimate of the marginal rate
. .

\\\_iifii?Stitution was then used toucalculaté an estimate of

the waiingneés to pay for changes in the level of quiet.

The results of this empirical analysis appeared in Chapter

Iv. ,. -
The analysis presented in this thesis can also

:be;used to assess the éolicies currently) in effect to deal
with the problem of a -craft noise in the City of Edmonton.
These policies were originally discussed 1in Section 1.4 of
Chapter I. |

| | The first policy‘consideréd was the responsibili—
ty of the City‘of,Edmohton's Assessment Department. This
policy was first inséituted in the late 1950'5 and involves
a réductidn of from two to eight bercent in the agsessed

values of- houses located in areas affected by aircraft

noise. Thus it is designed to coﬁpénsatq,-through reduced

€
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- property taxes, houseowners in high noise areas. The ques-
tion that arises is what is the impact of this policy and
does 1t result in a more efficient allocation of resources?
This policy is supposedly designed to provide a
form of annual compensation to individuals so as to, offset
the costs of aircraft noise. Yet, the empirical results
sbown in Table 4-2 suggest ‘that it will achieve neither
objective. 1In the first instance, a reduction in property
‘taxes will decrease the effective-.rate of taxation (the
variable TAX in Table 4-2) associated with the parti-
cuiar property. ‘The regression analysis indicates that
this reductlon in. the. _effective tax rate will increase the
"total property value because the coefficient assoc1ated
“with the var;able TAX 1s negative in slgn: For example, if
-an average-priced home was- located iu the noisiest area and
if the eight percent reduction'in_assessed property value
was translated into anfeight percent reduction.ip'yearly pro~
perty taxes, the,effective tax rate would bevO.l% poiuts low-
.Lv‘{e.r (about $37'per year in taxes) than if it were located in
i‘lan area with .no aircraft noise. This 0.1% decrease in the
effkctlve tax rate would 1ncrease the property value by
$l,l92 accordlng to the coeff1c1ent attached to the vari-
able TAX in Table 4-2. If the tax reductions,were_be}ng
fuZZy capltallzed into increased house price . this would
1mply a real rate of time discount of about four percent.
S;nce four percent is not an unreallstac figure to.expect,

it may be possible to conclude that tax.reductions are ful-



\

ly, or f}sse‘to fully, gapitalizéﬁ into increased house
pfices.

Thus, the only individuals who astually.beﬁefit
from the tax policy are those who owned a-house in the hoise
aréa when the policy was first ihplemented. Reduced pro-
perty taxes are capitélized into increased property values
so that subsequent owners of the affected houses eséential—
ly "pqy“ for the compensation. Thus, the tax policy is

-

not a continuous form of compensation.
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At the same time, the reduction in assessed values

does not fully?offset the costs of aircraft noise. If the

policy was totally effective(ﬁthe coe¥ficient associated

with the variable QUROOT in Table‘4;2-should not be signi-
ficantly different from zero mééning that the level of quiet
{or noisé) should not affect house prices. Since this co-
efficient is significantly different from zero and of the.
appropriate positive sign, the tax policy, with its' two .to
eight percent reduction in assumed values; does not fully
compenséte for ail of the costs associated with aifcraft

noise.

The question can also be raised as to whether

\

this type of compensation policy is consistent with the

achievement of an efficient allocation of resources. In

Chapter II, it was argued that. the victims of an undeplet-

able external diseconomy like aircraft noise should be

’

neither taxed nor compeﬂsated, softhat they bear the full

social cost of their location decision. If no compensation



is forthcoming, individuals will tend to geographically
separate - themselves from the source of the external dis-
ecénomy, thus reducing the total cosgs of the externality.
It can be conéluded then, that if the City of Edmonton's

compensation policy is at all "successful", it may in fact

lead to an inefficient allocation Q% resources by encourag-

ing individuals to live in proximity to the Industrial Air-

po?t.

The second ﬁolicy iﬁ effeét in the City of Ed-
monton is the Central Mortgage ana‘Housing Corporatibn po-
licy with respect to the granting of NHA fihanting for
houseswlocéted"in'areas affected by aircraft noise. CMHC
will not grant financing for houses locétéd in an area wiﬁh
an NEF value greater than 35 and will'only grant financing
for houses chated in_an area with an NEF‘value'BetWeen
25 and 35 if adéquéte'sound'inSU1ation is installed; This
is essentially a_%on;ng policy designed to restrict resi-
dential_development in high noise locations. The policy
appears to be consistent with the achievemént of an effi;

~

~cient allocatien of resources because ig encourages geo-

graphic sepafétiogxbétwéeﬁ the source and.victims of the
. . & o

external diseconomy. However, it iqun unnecessary'pq}ié

cy beééuse if the victims of the externality are not com-

pensated iniény Qay,‘they bear the full social cost of

their location decision. _Thus, it can be expected that

individuals wbuld”naturally“tend to separate themselves

from the sources of aircraft noise, making the CMHC policy "
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redundant. However, thisg assessment of the CMHC policy
ignores the fact that it may be politically necessary to
utilize zonlng in order to prevent.lnd1v1duals from locat-
ing in proximity to an airport and then attempting to se-
Cure compensation for the aircraft noise they are enduring

at that locatio

.The third' olicy discussed in Chapter I was the
recommendations th t,arose from the master plan for'air?
port services developed jointly by the Crty of Edmonton and
the Canadian Air Transportation Administration. "One of the
recommeudations that came out of_this study was that the
‘utilization of the Industrial Airport be reduced by”bulld—

ing a satelllte alrport out51de of the City of Edmonton to

handle privately- owned light- alrcraft ThlS recommendation

was developed without consrderlng whether 1t was "econo-
mically eff1c1ent", that 1is, whether the beneflts produced
by such @ move exceeded-the costs involved.

One of the problems associated. with: an economlc
evaluatlon of such a move is that ‘many of the beneflts7

such as the reductions in alrcraft noise,- that are antici-

pated could not be measufed. However, thlS the81s 1nd1cates

that a measurement to estimate the value of one such fac-
tor, noise, is possible. By follow1ng the. procedure out-
~lined in Chapter IV and by estlmatlng what changes in the
level of.n01se could be,expected from some particular

planned,change'in the usage of the~Industrial Airport (or

N .
any airport, for that matter) the willingness to pay for

. 120



the additional quiet created‘by that plan could be estji-
mated. This measure.could then be used as one  input into
an economic evaluation designed to assess the economic ef-
ficiency of any proposed change in tlre operation of the
lndustrial Airpont. ‘

This thesis has provided both a theoretical an

a ~mpiri.. ' framework in which the problem of aircraft
i~ can A analyzed. It should be'recognized, however,
-n~t ther: -e several limitations to the analysis.. To 5

i A

ve “ho empirical estimates of the willingness'to pay

for guieu 't was necessary to assume that individual pre—
J

ferenc 's were both 1dent1cal and homothetlc. Theserres-

. \
trictive assumptions could not be'emplrlcally substantiated

because of the limited amount of data available. . This sug-
gestsvtnat the techniques developed Witnin this thesls must
be applied with caution and with a due recognition of their
limitations. At the same time, the measurement of the w1l—
lingness to pay- for changes in the level of guiet correct—
ly applies only to marginal changes. ~Infra-marginal or
"large" changes in the level of quiet that alter the bas-

ic supply and demand characterlstlcs of the market cannot

be evaluated uslng the methodology developed 1n this theSlS
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APPENDIX A:
THE RELATIONSHIP BETWEEN-“'THE.ELASTICITY OF SUBSTITUTION.
. AND WILLINGNESS TO PAY



Given that the utility functioﬁ is U(v,q), the
movement from poinf A to D in Figurel4—l entails no change
in the level of utility as -it is a movement along the in-
differenée curve I,. Such a movement must result in the-

total differential of the utility function, dU, being zero:
du = Uydq + U,dv = 0 (1)

where Uq is the parfial derivative of U with respect to g
and U, is the partialeerivative of U with respect to v.
If v and q were independent of each other, the above
equatioﬁ could be used to solve for dv. But this is not

the case, as:

. Uy : )
dg = -—dv (2)
U
q
where Uy /Ugq 1s the marginal rate of substitution’ (MRS) be-
tween g and v. This means that the. second-order differen-
tial must be used to sqlvé for dv, whereithe sécond—order
differential of U is given by:  /;>

-1 —

da(du) = @*U = Uyq (dq)? + Uy, (av)? + 20Uy, dg dv  (3)

Substituting the value of dg obtained from equation (2)

into equation (3) yields: P -
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i . —UV )“ 2 —UV
d“uU = qu \U—qu + Uyy (dv)® + 2UquV a;dv (4)

Rearranging terms in equation and multiplying that equa-

tion by
vg UqUy (qugq + vuv) s
vq UqUJIqu + vUyJ yie Si

atu = 20 g2y sy - 2U, U2
T g aqYv UgvUqUv vvUg]’
Y Uy Uy (qug + vU,)

vq UqUy (qUgq + vUy)

VQ[-qugé + 2UgqyUqUy - 2vaUé)
’ UqUy lqUg + VU] S (5)

[

Since the elasticity of substitution can be defined as:!

_ AW/ QAV/Q) _ UgUvlaug + vu,)
d(Uq/Uy)AUG/Uy) qv(—quU3;+ 2UqvUqUy = UyyUg)-

equation (5) reduces, by substitution/ to:

(4

Uv(qu + vUy) —qv? , .
dzU — . dV’ / (6)

Ug(gv) o
N

. ) . T — , “.
The solution of equation (6) for the value of dv simply




involves, a rearranging of terms, so that:

-d2u(u,)
2 J (7)

2 . g
dv qaqv C Uv(qu T

The value of dv is determined by tak.nc the square root

of equation (7):

" / T -a'u(ug) .
WS 0 U T vOuT | ‘e
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The value dv = Vv, - Vv, 1s always positive because the right-

hand”gﬁde of equation (8) is always positive. The values

g, v, Ugq and U, grekpositivé and 0 can only take on values

ranging from zero to infinity. If the indifference c¢' rves
are strictly convex to the origin, d2U will always be less

than zero.?
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Footnotes

'

v/ IR. G. D. Allen, MathcmdticaZ‘AnaZysis for Economists (Lon-
don: The MacMillan Press, Ltd., 1971), p. 342.

“ibid., p. 497.



APPENDIX B:

DISTRIBUTION OF DATA OBSERVATIONS

o
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In order to determine whether the empirical ob-

servations of the multiple listings real estate transac-—

tions adeguately reflected variations in the level - of air-
craft noise in the City of Edmohton, it 1s necessary to
examine the distribution of those obsqrvations'ove:‘the
different NEF values. The 352 observations were distri--»

but%d in the following manner:
SN

i

NEF Valué | Number of Observations ) Per Cent -
NEF > 35 B o, 10 o 3%
30 £ NEF < 35 ' | 33 10%
25 < NEF < 30 ‘ 97 ‘ 1273
NEF <. 25 _ 212 ' 60%

352 100%

As can be Seen‘from the_ab6Ve table, the majority of ob-'
servations come from the Iow—noiée (NEF < 25Y zZone. Tgis
reflects the fact that thevhighef_poisé areas affect a
smaller'afea of the city. However, the obsefvationé do

appear to reflect a variation in the level of noise as

about 40% of them do correspond télhigher noise areas.
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APPENDIX C:

ESTIMATED HEDONIC PRICE EQUATION
(QUIET AS AN “INDEPENDENT VARIABLE)
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“ Estimated Hedonic Price Equatien
(Quiet as an Independent Variable)

Dependent Variabie: PRICE ) .
Independent Estimated Standard\
Variables Coefficient Error 1 T-Statistic
- CONSTANT 37,079 - ' 5,325 \ 6.96*
FLOOR _ 1,425 . o3 6.15*

AGE . o ' 2539 101 | -5.35%
BATH4 o 5,367 831 | 6.46* ’
BROOMS ; 1,205 726 1 - 1.78*
FIRE 5,406 ' 1,508  ‘ : 3:58%
DGAR 5,656 1,103 - 5.12*

TWO : _ -5,391 1,235  -4.36%

DUP K] | -3,363 . 1,814 o -1.85%
DBASE 3,079 - o811l - 3.79%
BRICK , 6,410 2,914 To2.20% .
LSIZE ‘ 110 ' 36 : S o3.10%
'DCBD ' -1,339 378 - -3.54%

pz2 - -1,147 , 1,239 -0.93 B

DZ3 -519 . o Ta82. o -0.35

TAX. © -1,190,860 171,086 . -6.96*
QUIET 119 89 1.34%%

Number of Observations = 352
R? = .6015 , i
0

*Significant at the 95 percent ‘level of confidence, one-tailed test.
**Significant at the 90 percent level of confidence, one-tailed test.



"APPENDIX D:
ESTIMATED HEDONIC PRICE EQUATION

(NOISE AS AN INDEPENDENT VARIABLE)
b ]
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2T

: ~ Estimated Hedonic Price Equation I
- (Noise as an Independént Variable)

/

Dépendent Variable: PRICE - ~
Iﬁdependeht Estimatéd Standara
Variables Coefficient Error T-Statistic
CONSTANT 42,909 4,198 10.22%, %
FLOOR 1,420 231 6.15*

AGE ~537 101 ~5.34*%
jBATH4 5,370 830 6.47*
BROOMS ‘1,278 726 1.76*

FIRE 5,388 1,507 3.58*
~ DGAR 5,651 1,102 5.13*

WO -5,377 1,234 -4.36* '

DUP A-3,313‘ 1,814 183

DBASE 3,068 811 3.78%

BRICK 6(437 2,912 2021%

LSIZE p 112 36 3.15%

DCBDfE/P\ -1,339 377 -3.55%

DZ2 -1,173 1,239 -0.95
pz3A_ -479 1,482 -0.32
TAX -1,195,050 171,037 o -6.99*
NOISE2 ~2.65 1.73 s |G

Number of Observations = 352

R? = .6221

2

7

. I
*significant at the 95 percent level. of confidence, one-tailed '~teb¥:
**Significant at the 90 percent level of confidence, one-tailed t-test.



