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ABSTRACT 

The market hec()me~ int!fficient when externahtie~ cause market 

However, an externality d()e~ not entrain inefticiency if a market 

other than the one that generates it acc()unt~ for it in sorne way. Airp()rt~ 

are a well-known source of the negative externaJity noise; and housing 

market~ arc cornmonly thought tn he affected hy airport noise. A hedonic 

model was applied to airport noise and the housing market, together. It wa~ 

found that the housing market of the West Island of Montreal did aCCOUJlt 

implicitly for the noise annoyance from Dorval Airport, hence that the noise 

wa~ a pecuniary externality. Moreover, each additional unit of noise 

annoyancc (NEFdB) was found tu cause an average depreciation in housing 

priee (N DSt) of 0.76 %. Finally, the linguistic predominance (French- or 

English-speaking) of a neighhourhood's residents may he an appropriate 

Canadian analogue for the racial variahles that have hecn specitïed in sorne 

hedonic property models in the U.S .. 
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RESUME 

Le marché devient ineftïcace quand le~ externalités causent la faillite 

du marché. Pourtant, une externalité n'entrai ne pas de l'inenkadté SI un 

marché autre que celui dont elle provient en tient compte de quelque la,on 

Or, les aéroports répresentent une source hien connue de l'cxternahté 

ncgative du hruit Les marchés immohiliers sont considérés comme étant 

susceptihles d'être intluencés par le hrUit aéroportuatre. Un modèle 

hédonique a été appliqué au hruit aéroportuaire et au marché nnmohiher 

conjointement On a constaté que le marché immohilier de l'Ouest de \'Ile 

de Montréal a hien tenu compte de la nuisihihté hruyante de l'AéropOi t 

Dorval. Donc, on pourrait conclure que ce hruit a été une externahté 

pécuniaire. De plus, on a constaté que chaque umté additionnelle de la 

nuisihilité hruyante (NEFdB) aurait entrainé une dévalorisation moyenne 

dans la valeur des maisons (N DSI) de 0.76 pour ccnt. Enltn, la 

prédominance linguistique (anglophone ou francophone) des hahitant~ d'un 

quartier pourrait être analogue pour le Canada aux variahle~ raciaux (fui ont 

été specifiés dans des modèles hédoni(fues immohilier~ aux Etat~-lInh 

Il 
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CHAPTER 1. INTRODUCTION 

I. Externalities and Airport Noise 

Economie activity in a given market can have external ral1lification~. 

either positive or negative, for people who do not participate in that market. 

When the latter are not involved in that particular market, ami the impact 

that they experience is not the direct ohject of a market transaction. the 

effect is called an externality. Externalities represent a productive or 

destructive activity whieh is not explicitly emhraced hy the market 

institution. When the market dues not account for them in any way, ib 

putative efficiency is undermined. 

However, the external impacts may have an induccd effect on the 

pnce~ in a second market, so that the latter contains what am()unt~ to twu 

sub-markets: an explicit market for it~ own gond. and an implicit market fur 

the externality. When such is the case, the externality is termed "pecuniary", 

and the market institution, through its implicit reflection of the particular 

externality, does not lose its property of efficiency hecause of il. 

One interesting example of a negative externality is airport noise. the 

local noise emanated by aircraft operating at a given airport. As a 

pollutant, ib effect~ are well-documented (Beattie, 1983; DWG, 1990; 

Harvey et al., 1979; Muskin and Sorrentino, 1977; Tietenberg, 1988; and 

Walters, 1975 and 1978). Because aircraft contribute the largest component 

of airport noise, it will be assumed that aircraft noise and airpurt noise can 

be considered to be more or less synonymou~ 1. However, il is nol just the 

high level of localized noise that is relevant, but also the fact that most 

airports are located near urban centres which are the origins or destinati()n~ 

of most of their clientele. Indeed, t:te problem of airport noise lies in the 

coincidence of locally high levels of noise and local concentrations of 

Nevertheless, ground trafflc may contribute to airport noise (DWG, 
1990), and aircraft noise may have an impact away from airp()rt~. 
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population . 

Although the fact that commercial airport~ are usuaHy shed in or 

around urban areas make!' airport noise problematic, it is fortunate tor the 

analysis of the airport noise externality. Becau~e housing markets also 

happe.1 to he loeated in urban or suhurban are as, they provide an excellent 

opportunity for analyzing the impact of the airport noise externality through 

its eapitalization in housing priees. 

There is no explicit market for airport noise, but the general 

eapitalization of airport noise effeets in housing priees makes it most certain 

that there is an implicit market for airport noise (Nelson, 1979; Pennington 

el al., 1990; and Walter~, 1975). Consequently, airport noise is most 

prohahly a so-called pecuniaryexternality, one that induces effects in another 

market and whieh may thereby preserve the efficiency of the market as a 

whule. If this eapitalization effeet ean he measured around a given airport, 

and it is found to he significant, then the airport noise externality can be 

decmed pecuniary, or locally SO, and one can conclude that the market ha!' 

not failed in this respect. 

Il. Research Questions and Hypotheses 

II. A. Problem Statement 

The research prohlem for this the sis is to determine whether the 

market accounts for the negative externality of airport noise. More 

specit1cally, the housing market was the part of the economy which was 

being considered, and Dorval airport was the locus of the airport noise. 

This may also he the tirst economic study pertaining to the alrport noise 

emanating from Dorval airport Measures of the relative importance of 

noise effects on housing priees are calculated and compared with previous 

work . 

2 
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Il. B. Research Questions 

The first question to he dealt with in this thesis is whcthcr airpmt 

noise is a pecuniary or non-pecuniary externality. 1 f it is the former, it~ 

effects should he incorporated into the priees of the housing market. Thus, 

this question amounts to one of whether the market works despitc the 

existence of external effects. The second question is cun\Î1'gent upon the 

first. Il asks how much of an effeet does airport noise have on housing 

priees, supposing tbat there is an effect. 

Il.C. Hypotbeses and Questions 

The primary hypothesis eoncerns whether thcre is u statiMically 

significant relationship hetween house priees and noise. Il maintains that 

at least one, if not ail, such coefficients are signitïcant and ncgative 01', ln 

other words, that aireraft noise at Dorval Airport does have a significant, 

negative effeet on local housing priees. Besides the hypothesi!l, a question 

is posed: how large is the impact, if any, of airport noise on housing price~, 

relative to those priees? 

III. Structure of the Tbesis 

This chapter has introdueed the research problcm; and prclIcnted the 

research questions and hypotheses. Chapter Il reviews the litcrature on the 

nature of externalities, as a departure from Pareto-optimality and markct 

efficiency. Moreover, it diseusses peeuniary externalitie~, which preserve 

market efficiency; and hedonies: theory, application, assumption~, and 

alternatives. Chapter III deals with how to specify hedonie mudels, in termll 

of both functional form and whieh variables to include; and eovers thc 

sources of data and variables that were aetually used. It goes on to explain 

the Box-Cox transformation, a method of using the data to determinc the 

appropriate funetional form. 

Chapter IV deals with the method. Il eovcrs the empirical techniqucll 

3 
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u~cd, including ordinary least square~ (OLS) ,and maximum Iikelihood 

estimation (ML). The fifth chapter treat~ of the results of the various 

estimations and hypothesi~ tesls and their limitatiom.. Moreover, it shows 

ealculatjons of the relative importance of noise U~ a determinant of housing 

priees, and discusses the impOltance of neighbours' linguistic affiliation. 

Chapter VI eoncludes the thesis with êll :summary, a discussion of 

potl!ntial limitations and an idea for refining the method that was used to 

maximize the likelihood function, as weil as recommendations for further 

research. Finally, Appendix A presents the nl')del specifications retainedJ 

and corresponding econometric result~ . 

4 
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CHAPTER Il. LITERATURE REVIEW 

This chapter summarizes the Iiteratllre on Paretll-optlluahly ami 

externalitie5l, and reviews the nature and impact of airpmt noi~c. Il then 

surveys the main theoretical aspect~ of the hedol1lc method: specifleally. thl' 

nature of amenities or characteristics, implicit priees, the hcdonic priee 

function, hedonic equilibrium, and marginal hid and orrer curves. It abo 

deals briefly with the method's assumptions and with the lJucstion of 

whether one should estimate demand function~ from hcdonil' reslllts, and, 

if so, under what conditions. Finally, there is a hrier evalllatlOl1 01 

alternatives to the hedonie method. 

1. The Market, Efficiency, Pareto-Optimality, and Mark,!t Failurc 

I.A. The Market and Market Hfficiency 

A perfectly competitive economy IS detincd to have certain 

characteristics, which real markets may oe as~umed to satisly. These arc 

that it encompasses ail welfare-relevanl inpllt!o., gonds, and !o.erviecs, und that 

transactions are effected and ownership estahlished without cost. It i!o. alM) 

presupposed that every commodity has a priee and lhat thi!o. priee i!o. idcntll:al 

for ooth consumers and producers 1. Although the distribution of reM)UrCC~ 

and profit~ is assumed to he completely speci1ïed; a different dlstrihution 

would not detract from the essential nature of the market\ charactcristies 

(Hjalte et al., 1977). 

Although a market economy's priee system distrioute!o. information 

ahc ut resource abundance throughout the economy, the market is not 

complete. ft excludes sorne natural resouree~ and man-made product~, so 

that the priee system divulges incomplete information about the opportunity 

Each of these major assumption~ depend~ on other, Ic~scr 
assumptions and qualification5l, which will not he di~cu\~cd hcrc. 

5 
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C()!lt of rcsource!l or the impact of unpriceù outputs. Thi~, as will he seen 

hclow, contrihute~ to the per~i~tence of environ mental prohlems (Hjalte et 

al., 1977). 

A perfectly competitive economy will tend to move to a long run 

equilihrium, where a unique priee system equates supply and demand for 

each positively-priced good (Hjalte et al., 1977). Moreover, it is 

cconomically efficient, which subsumes efficiency in production, in 

consumption, and in exchange. Ali of these happen to be necessary 

conditions for Pareto-optimality (Asimakopulos, 1978; Layard and Walters, 

1978; Randall, 1981; Varian, 1984; and Weimer and Vining, 1989). Thus, 

having a perfectly competitive economy in long run equilibrium is equivalent 

to achieving Pareto-optimality. However, the concept of economic efticiency 

is not a total criterion for evaluating the workings of a market, neglecting 

a~ il dues the equally important question of distribution al equity 

(Asimakopulos, 1978; Varian, 1984; and Weimer and Vining, 1989) 2 . 

1. B. Pareto-Optimality 

Effectively, economic efficiency and Pareto-optimaIity are coincident 

(Asimakopulos, 1978; Layard and Walter~, 1978; Tietenherg, 1988; and 

Varian, 1984). But, whereas economic efticiency i~ explained in terms of the 

marginal conditions facing each producer and consumer, Pareto-optimality 

is defined in terms of the superiority of the situation in question for ail 

concerned. Pareto-optimality holds that: "There is no feasible allocation 

where everyone is at least as weil off and at least one agent is strictly better 

off." (Varian, 1984, p.198). 

However, Pareto-optimality is only a necessary but not sufficient 

2 For more complete expositions, please see Asimakopulos (1978, 
pp.421-423) and Layard & WaIters (1978, pp.7-17) . 

6 



• 

• 

• 

coaditio'/1 for maximum welfare; and Pareto-optimal positions arc not 

unique, as there is an infinite numhcr of output and priee cOl11hinatllln~ that 

are Pareto-optimal, each of which correspond~ to a ccrlêlin distrihution of 

resourœs (Asimakopulos, 1978; and Varian, 1984). finally, I)arcto

improvl!ments do no more than present a potential for improvcmcnt. Thcrc 

is no guarantee that the gainers will compensatc the losers for whatcver los~ 

they may incur through a policy change (Tietenherg, 1988; and Wcimcr and 

Vining, 1989). 

I.C. Market Failure 

Th'ere are situations, known a~ market l'ail ure, wherc SOI1lC of the 

assumptions that are basic to the competitive mndel are not Illet, hcnœ 

where Pareto-optimality is ab~ent (Weimer and Vining, 1989). An 

imperfection in the m:uket for just one commodity i~ enough to prccludc 

Pareto-optimality in the entire economy (Tietenhcrg, 1988). A~ an 

exception to the functioning of a pure market economy, cxternalitic~ 

constitute a major case of market failure, along with the thrce ca~e~ of 

public goods, natural monopolies, and information,il asym mctry 

(Asimakopulos, 1978; Hjalte et al., 1977; Layard and Waltcr~, 1978; and 

Weimer and Vining, 1989). 

II. Externalities and Pareto-Relevant Externalitics 

II.A. Definition and Nature 

An externality result~ trom a decision-maker'~ acti()n~, wh en th cre i~ 

an impact on other agents who are not considered in the dcci~ion. Therc 

can be positive and negative externalities; both of which can emanate from 

the same source (Hjalte el al., 1977; Johnson and Raga~, 1987; Layard and 

Walf.ers, ]978; Li and Brown, 1980; Randall, 1981; Thihodcau, 1990; 

Tietenherg, ]988; Varian, ]984; and Weimer and Vining, 1~ 19). 

Respectively, these externalities entai! economic henefïb or damagc~ to the 

7 
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affccted party. The decision maker can he a producer or a consumer; and 

the effect can be had upon a producer'~ production (a production 

extcrnality), or a con~umer's utility (a consumption externality). The 

decision maker may disregard the impact because it does not arise from a 

market transaction with the afflicted party, or, in any event, because there 

is no mediation by priees (Asimakopulos, 1978; Hjalte et al., 1977; Layard 

and Walters, 1978; Tietenberg, 1988; Varian, 1984; Walters, 1978; and 

Weimcr and Vining, 1989). 

An important distinction is drawn between externalities that do 

entrain inefficiency in the absence of Coasian solutions, and those that may 

not (Layard and Walters, 1978; Randall, 1981; Tietenberg, 1988; and 

Weimer and Vining, 1989). The former are called technological (Layard 

and Walter~, 1978) or Pareto-relevant (Randall, 1981) externalities. The 

latter, variously described as pecuniary or non Pareto-relevant externalities, 

are accounted for by the price system through their induced effects on 

markets other than their market of origin. An ohvious example is the 

capitalization of an external effeet in local property priees (Tietenberg, 

1988). 

Although pecuniary externalities are held to preserve market 

efficiency under certain conditions, there is sorne disagreement over what 

these conditions are. Tietenberg (1988) argues that priees in the afflicted 

market provide an uneonditional feedback mechanism to the polluter, but 

this supposes that the polluter will he a participant in the afflicted market, 

which may not he true in the case of an industrial polluter and a housmg 

market. Layard and Walters (1978), on the other hand, suggest that there 

need only he small indueed price changes and a lack of distortion in the 

cconomy; whereas Weimer and Vining (1989) present more sophisticated 

and exaeting linkages. 

According to Weimer and Vining (1989), efficient outeomes can he 

attained when: property rights are established by eustom; an externality 
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effect is capitalized into property values; thll~c ongmally affcl'tcd hy (hl' 

introduction of the externality are no longer involvcd, and the \cvel of thc 

externality is stable. For example, the negativc effel't~ as~odated wlth an 

estahlished, local pollution source may he capttahzed into hOllsing valuc~, 

and a new generation of homeowners will not hear any Parcto-relevant 

~xternality. Customary property rights (to pollute) discouragc any mitial 

legal challenges, leading to acquiescence and capitalilatlOn. Morellvcr, 

unlike the original generation, the new generation of owners (\l'cd not 

experience any loss. Finally, instabiIity in the level of the externahty i~ 

equivalent to the receipt of windfall gains in the case of reduccd pollution, 

or to further impacts in the case of increased pollution (Weimcl and Vining, 

1989). 

Coasian solutions hold out the theoletical possibility of private 

resolution of Pareto-relevant externalitie~ hetwcen the concerned parties. 

Economically efficient solutions may be achievcd if there arc no tran~a<.:tion 

costs, rights are nonattenuated, and the negotiated rcdl~trihution would not 

affect marginal values. Nonattenuated property rights rcfcr to a structure, 

where the rights are: completely specified, exclusive, transfcrahle, and 

enforceable (Randall, 1981). However, negotiatiom. could wcll he 

ineffectual: tirst, when there are many partie~, because of the frec rider 

problem; or, second, because of positive transaction costs and Încome 

effects. These are ail Iikely situation~ which limit the applicahility of 

Coasian solutions (Layard and Walters, 1978; Randall, 1981; and WClmer 

and Vining, 1989). Indeed, Walters (1975) p()int~ to thc large numher of 

affected parties as an obstacle to negotiated leveh of airport n()i~c. 

Il.B. Some Implications of Externalitics 

The chief, theoreticai consequence of a Pareto-relevant cxtcrnality in 

production or consumption is that long run equilihrium in a perfcctly 

competitive economy will no longer guarantec cither Parcto-optimality or 
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ctficicncy (A~imak()puIŒ, ]978; Varian, ]984; Weimer and Vining, ]989) . 

ln othcr word~, market t'allure will occur (Varian, 1984). 

Thcre are more practical or specifie implications. The ah ove 

consc4ucncc~ may he ohvlated in the case of non Pareto-relevant 

cxternalities or where Coasian solutions are feasihle. Pifst, the presence of 

an externality associated with a production process indicate~ that the 

produccd good is not optimally priced. That is to say that the good's 

marginal private cost and marginal social cost differ, by an amount that is 

related to the external cost imposed upon others ("society") hy the producer. 

Second, when a negativc externalit)' is associated with a production process, 

finm will produce too much of the good in question. Thi51 occurs hecause 

the firms only perceive the lower marginal privatt;! costs of their activity, 

rathcr than the higher marginal social cost~. Likewise, too much of the 

externality will he produced; and third, incentives for reduclOg the pollution 

per unit of output are ahsent (Hjalte et al., ]977; Layard and Wallers, 1978; 

and Tictenberg, 1988). rinally, where an externality doe51 affect hehaviour 

in ~omc other market~, such hehaviour ought to he retlected in the aftlicted 

market~' price~ (Layard and Walters, 1978; Tietenherg, 1988; and Weimer 

and Vining, 1989). 

III. Aircraft or Airport Noise - Pollution and ExternaIity 

IILA. Airport Noise as an Externality 

Alrcraft noise hears ail of the hallmarh of a negative externality. 

First, it i51 perceived as causlOg injufY, or of having the potential to do sa. 

Tho5lc who experience the noise on the ground are being affected by the 

actions of other!l (Beattie, 1983; DWG, 1990; Harvey et al., 1979; and 
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Walter~. 1978)~. As a hY-Pfllduct of \!C(lnOIll\l: 'h .. 'lIVIt)'. am:,alt nOIM' lIll'cl\ 

the c1assic definition of an fm110111IC c\.krnaltl). alh'\,l.' (Mu,klll and 

Sorrentino, 1977). 

Not only i~ airport noise a negatl\'c cXlcrnality, huI Jt can abo hl.' 

classified as a puhlic had. As ~lIch, Il I~ indlvisihle an conSli 111 pt 1011 and l'ully 

accessihle to aIl. Indivisihility mean~ that one per~on's "con~umptlnnlt of a 

had (or good) neither depletes it nor excludc~ another t'rom nH1'iumll1~ Il 1 

Moreover, the private sector or market cannot he relied llpon to produl.'C an 

efficient amount of a puhlic had (or gond) (DWU. 1990; and Tletcnhcrg, 

1988). A more-than-efticient arnount of a puhlIc hall I~ likely tn hl' 

provided, and can he traced to an improperly defined propcrty Ilghb 'iy~ll'm 

Finally, airport noi~e is particularly interesting a~ an cxlcrnaltty 

hecause commercial airports are usually slted in or around urhan arca~, III 

close proximity to housing markets.. ThiS geographlc cOlllcluencc hetween 

the zone aftlicted hy airport noise anu a housing markel proville~ an 

excellent opportunity for mca:,lll""ing the capltalizatioll of airpOl t noi ... l' III 

housing priees, hence the extent to which It can he cOll\ldcreu tll he a 

pecuniary a~ opposed to technical externality .. 

111.8. The Nature and Impact of Airport Noise 

Most definitions of noi~e suggest that it is hoth a phY"'J<:al concept, 

and a psychological or physiological one. For examplc, DW(i (1990, 33) 

detine noise as "... a sound of any kind which i~ c~pcclally louu, ul~cof(lant, 

3 This distrihutÎonal factor i~ prohlcmatic hccau~e the ah~cnce of 
property rights precludes c()mpcn~ation hetwccn the two group~ 

(DWG, 1990). 

4 Parsons (1990), however, arguec., that thcre i~ ~omc c()ngc~ll()n 

in the consumption of locational (dl~)ameniticc." a rcsult of the c.,pallal 
dispersion of housing on lots. 
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harsh, or disagreeahle ... noise is sound and noise is subjective. "; and Beattie 

(1983) and Harvey et al. (1979) define it as unwanted sound. As the 

definition of noise refers to both physical and subjective aspect~, noise itself 

has both physical and perceived effccts. 

ln terms of its effects, noise causes: psychological and sociological 

stres~, physiological effects, effects on job performance, on property valces, 

and on the ecosystem (The V.S. Office of Science and Technology, cited in 

Harvey et al., 1979). As an example, Harvey et al. (1979) reported frequent 

complaints about airport noise at Buffalo, New York concerning the impact 

of noise on: educational activities, hearing, emotional problem~, 

communications, sleep, and property values. Because it has physiological, 

psychological, social, and economic impacts, there can be no douht that 

noise IS an environ mental pollutant (Beattie, 1983, citing Alberta's 

Environment Council (Noise in Alberta, Publication No. ECA80-16I1B4, 

Edmonton, Alberta, 1980)) . 

The suhjectivity of reactions to noise implies that different people will 

have different cognition of noise, its sources, and its effects. Therefore, 

noise cannot simply be measured as sound. Moreover, the locational and 

demographic attributes of households are related to the cognition of airport 

noise, including perceptions of: stress, adjustment, property devaluation, and 

health hazards. These attributes include social status, place of work, age of 

household head, househoJd location, and length of residence (Harvey et al., 

1979). It has beerî argued that people May be able to adjust successfuJIy to 

airport noise (Whithread, 19'18), but Harvey et al.'s findings (1979) suggest 

otherwisc. 

Apart from subjective perceptions, the effect of airport noise can be 

moderated or worsened by both physical and circumstantiaJ factors. The 

propagation or diffusion of aircraft noise from its source depends upon 

atmospheric factors Jike temperature, wind, air pressure, and humidity; 

distance; and the presence of natural barriers such as woodJands or hills 
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(Beattie, 

sensitivity 

1983). Likewise, 

around airports 

circumstantial factor~ act tu incrcitsc nuise 

(DWG, 1990). Thcsc arc rcsidenthll 

encroachment, changes in operations, and increascd awarencss uf noisc'~ 

impact 

III.C. Airport Externalities in General 

Although it is the most important one, noise is not the sole externality 

generated by airports. There are other externalitics. both positive and 

negative. The chief positive externality is the airport's proximity as a centre 

of employment or a point of departure. Airports also providc advantagc~ to 

services and industries that depend on them for thcir husiness. The other 

negative externalities include air pollution and local trank congestion 

(Beattie, 1983; De Vany, 1976; DWG, 1990; Gautrin, 1975; Nelson. 1979 and 

1980; Pennington et al., 1990; and Walters, )978). 

These other externalities may complicatc the analysis of airport noise 

when they can he accounted for, and may introduce erTOr whcn they citnnol. 

However, they are only important insofar as thcir mcasurcment wuuld 

provide a more accurate accounting of the C()st~ ami henefib of alternative 

airport policies, or as they would he the source~ of multicollinearity or hia~ 

in a distance proxy for noise. 80th positive and ncgative externalities arc 

more or less invelsely correlated with distance, thus with each lllher. If the 

positive ones are relevant, this may pose a prohlem. 

Though severa) authors consider the distance to an airport to he 

important, such variables are Iikely to he insignificant when included in 

specifications with noist. variables (Bender and Hwang, 1985; Jud and Watt~, 

1981; and Palrnquist, 1984). Moreover, Nel!\on (1979) concluded that 

accessibility to an airport has Iittle influence on estirnatcd noise 

coefficients. 
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111.0. Why Evaluate the Impact of Airport Noise 

Airport congestion is already a widespread problem ln Canada. 

Morcover, the demand for air travel has grown throughout the early 1980's 

and there are forecasts of a continuation of past growth. Likewise, airport 

capadties 

transport 

pollution. 

are expected to grow to accomodate increased demand for air 

services, therehy increasing annoyanees like noise and air 

Residential encroaehment has increased the number of people 

who are close to Dorva! airport's flight paths, and are therefore exposed to 

its noise. Such trends have been measured and are expected to eontinl'e 

through to the year 2000 (DWG, 1990). Passengers were forecast to 

increasc at a rate of 4.2 percent annually until 1996, and at 2.8 percent 

thereafter, whereas aircraft movements were foreeast to increase at annual 

rates of 3.9 percent and 2.3 percent over the same periods (Tahle lA. in 

DWG, 1990, p.8) . 

IV. Hedonics 

Hedonics have a theoretico-empirical nature, heing at once a 

theoretical framework and an empirical method or modelling strategy 

(Bartik and Smith, 1987; 8rookshire et al., 1982; Freeman, 1979; and 

Triplett, 1986). Essentially, hedonic (henry attempts to explain the 

interactive equilihrium between eonsumers' preferences for the attrihutes 

that comprise heterogenous goods, and the producers' supply of them. The 

theory also explains the results of this equilihrium in terms of the 

comhinations of attrihutes that are exchanged, and the associated priees, 

hoth for the constituent attributes, and for the good as a whole (Bartik and 

Smith, 1987). The hedonie method, on the other hand, pert~ins to how a 

researcher may use ohservations on the priees and eharacteristics of 

heterogenous goods sold in the market, regress the eharacteristics against 

the priees, and then arrive at impliciL priees for the attributes that make up 

the goods (Triplett, 1986) . 
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IV.A.1. The Hedonic Nature of Goods and Amcnitics 

The hedonic method involves considering heterogcnous gumh and 

serviees in a different light, where the ohject of an cconomic transactiun and 

utility is not so much the good itself, hut the characteristics or attrihlltcs of 

which il is composed. Each good is considered to be a hundle or package 

of such attributes, and can he descrihed hy a vector of them (Bartik and 

Smith, 1987; Garrod and Willis, 1992; and Triplett, 1 98ti). 

Characteristics have thref... definitional aspects: (i) they arc 

homogenous components of heterogenous goods, "packaged" or "hundlcd" 

into the latter; (ii) they have value to huyers and setIers; and (iii) though the 

characteristies may not have explicit or separate priees, a model's priee 

reflects the amount and value of each characteristic of which it is eomposed 

(Triplett, 1986). Moreover, goods can he shaped hy producers, by 

externalities, and hy nature. For housing, the latter twu mcan!\ pertain to 

amenities, which are location-specitïc characteristics of the immediate 

environ ment These can make positive or negative contrihution~ to utility 

(Bartik and Smith, 1987; Nelson, 1980; and Triplen, 1987). 

Amenities can he classified along the line!\ of their geographic extent, 

permanence, and physical tangihility. They arc supplicd in variolls way!\, 

sorne are provided hy the public sector, hut are only indircctly related tu 

what is ultimately valued by households. Other~ arc ~upplicd through 

private sect or activity, modified by public seetor regulations or inccntives 

(Bartik and Smith, 1987). 

The notion of a heterogenous good as a hundle of charactcristics I~ 

fundamental to the interpretation of hedonic functi()n~. Becau~c of this 

idea, the priee of a heterogenous good can he hroken down into price~ and 

quantities of characteristics, an operation that is made explicit hy a hedonic 

function. A good's characteristic~ are the ohjects of economic transactions, 

and the associated implicit priees are economÎC variables which have supply 

and demand side market interpretation~ (Triplett, 1986). J'or the sake of 
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clarity, the discussion nf impJicit prices follow~ that of the hedonic priee 

function, immediately below. 

IV.A.2. The Hedonic Priee Function, and the Bid and Orrer Functions 

The hedonic priee function relates the quantities of a good's 

attrihutes, and their implicit priees, to the good's overall priee at 

equilihrium. As such, it is also what is estimated emr)i."ieally, with data on 

the total priees and levels of chara~teristies of different designs of a good. 

As an equilihrium function, its existence and continuity over attribute space 

must he assumed (Bartik and Smith, 1987; Brookshire et al., 1982; Freernail, 

1979; Palmquist, 1984; Rosen, 1974; Thihodeau, 1990; and Triplett, 1986). 

It can he defined thus, where hj ~re the attributes of the good: 

The hedonic function is a joint envelope of a set of convex consumers' 

hid functions and another of concave producers' offer functions (Anderson, 

1985; Rosen, 1974). The bid or value function (B) is the function B(h;V,D) 

that solves U(h,y-B;D) = V; where V is sorne utility level, D is a vector of 

huyer's attrihutes that determine its preferences, and y is income (Bartik 

and Smith, 1987). The hid function measures the consurners' willingness to 

pay (hid) for differf.nt designs of housing, at a given lever of utility and 

income; and can he described as a family of indifference surfaces relating 

characteristic "j" and money (Rosen, 1974). 

The offer function (0) is, on the other hand, the function O(h, ... ,S) 

that solves O. N - C(h,N;S) = ... ; where S is a vector of supplier attributes 

that determine its cost function, N is the scalar numher of housing units to 

otIer, and C is the partieular firm's cost function (Bartik and Smith, 1987). 

The offer function gives the unit priee per model, or the firm 's willingness 

to accept payment for various designs at a constant profit when the 

quantities of the individual variants are optimally chosen (Rosen, 1974) . 
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The hedonic priee function is determined hy the distrihutions of 

consumer tastes and producer costs which underly the hid and offer 

functions (Rosen, 1974). A related property of the hedonic priee function 

is that it acts as a budget constraint, along with incume or profits, 

respectively, on consumption and production dccisions (Anderson, 1985; 

Bartik and Smith, 1987; and Triplett, 1987). Even though producers and 

consumers can affect marginal implicit priees through thcir choiccs of 

specifie variants of a differentiated product, they are "pricc-schedule-takers". 

Consumers do not arrive at a willingness to pay hased on the charactel'istics 

of a good, hut choose a comhination of attrihutes. given the priee schedule 

and their preferences (Palmquist, 1988). 

Although the equilibrium equality is (k + 1 )-dimensional tor each 

optimal hundle, optima can be depicted in a two-dimensional cros!ol-scction, 

with total bids and offers as functions of one characteristic at a limc (Bartik 

and Smith, 1987). Figure 2.1. shows an equilihrium equality for a house 

containing amount h Z of attribute j. 

Ali bids, offers, and priees are for entil'e h()use~ with some of attrihutc 

J. Lower bid curves imply higher utility, wherea!ol higher offcr curve!ol imply 

greater profits. There will be similar matching!\ of hid and ofrcr curvc!ol 

along the entire hedonic priee function, for thc full continuum of the 

amount of each characteristie. Each such pair matches at thc quanlity of an 

attribute contained in a housing design that is mutually suitable to the 

corresponding buyer(s) and seller(s). Moreover, there could he many 

different house styles, hence many buyer!ol and sellers, that correspond to 

each such point The houses would be identieal in term!ol of characteristic 

j, but cou Id differ in terms of ail or sorne of the other characteristic~. 

Consumers try to minimize their bid for a hou!\c, while suppliers try 

to maximize the offer priee; and both are subject to the con~traint of the 

exogenous price functiorJ p(h). The point of tangency (h') of the hid, ofrer, 

and priee curves is where a household and a supplier rcach t!leir mutual 
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optimum (Bartik and Smith, 1987) . 
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The hedonic priee function J~ usually assumed to be non-linear, 

becausc attrihutes are assumed only to be available in tieu sales slIch that 

consumers cannot "arhitrage" among variants by unuoing and then 

rcpackaging their attrihutes without cost (Anderson, 1985; Bartik and Smith, 

1987: Nelson, 1979; Palmquist, 1988; and Rosen, 1974). For example, two 

10,000 square foot houses are not equivalent to one 20,000 square foot 

housc, since only one house can be lived in at a time. Similarly, one 20,000 

square foot house for half a year and one 10,000 square foot house for the 

other half are not equivalent to one 15,000 square foot house for the whole 

ycar (Example after Rosen, 1974). Such arbitrage is especially improbable 

for housing. hecause of its durahility and the jointness of its structural and 
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locational characteristics . 

Non-linearity implies that those who huy hundlcs cUnlilming diffcrent 

amounts of a certain characteristic will pay different (implicit) pricc~ fur il, 

and that the implicit priee function, too, will hc non-lincar (Triplctt, 1986). 

This is since a characteristic's implicit priec function is the first parti"l 

differential of the hedonie priee function with respect to the qu"ntity of that 

characteristic. And, a non-linear or even non-horizontal, hut lincar implicit 

priee function means that implicit priees and the quantities of attrihute!\ will 

be endogenous, as each will depend on the other (Bartik, 1987a; Diamund 

and Smith, 1985; Garrod and WiIlis, 1992; Ohsfeldt and Smith, 1988; Nelson, 

1978; and Palmquist, 1984 and 1988). Implicit priee!! arc discus!\cd at more 

length below. 

IV.A.3. 1 mplicit Priees 

The implicit prices of characteristic~ have he en de~crihed as "... the 

most important empirical resuIts from a hedonk function,lI (Triplett, 1986, 

p.37). These correspond to the attrihute!! of a good, and arc the amount of 

money that is implicitly offered and aceepted for eaeh umt of a partÏt:ular 

attrihute when the good in question is bought and sold. 1 mphcit price!\ 

retleet the nel present value of the enjoyment of the eorresponding 

attrihute, since its durahility tend!l to preclude it!\ immediate and 

instantaneous consumption (DWG, 1990; Gautrin, 1975; and Goodman, 

1978). They are both similar to and dissimilar from ordinary priees. Threc 

similarities are that: (1) they measure the paymcnt made and reccived for 

the characteristie; (2) they are proportional to both marginal valuation~ hy 

consumers and marginal costs to producers only, howcver, when the 

respective side of the market is competitive; (3) their values arc a reflection 

of market supply of and demand for the relevant characteristÏc!\ WhlCh, in 

the long run, will push the characteristics' prÏce~ to the Icvcl of their coM!\. 

Thu~, they are economic variables that have supply and dcmand !oIide market 
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intcrpretation~ (Triplett, 1986) . 

lmplicit priees are different in that they are rarely direetly observable, 

and are normally estimated; and beeause the bundling of their associated 

characteristics gives rise to eomplieated interdependencies among them. As 

an example of the latter, non-linear hedonie functions mean that even in 

competitive markets, buyers and sellers of different produet designs uo not 

pay or reeeive the same priees for the same charaeteristies (Triplett, 1986). 

lmplicit (marginal) priees are found by evaluating the first partial 

derivative of the hedonie priee funetion with respect to the quantity of the 

corr~sponding attribute (Blomquist and Worley, 1981; ButIer, 1982; 

Freeman, 1979; Nelson, i980; Palmquist, 1984; Rosen, 1974; and Trip'f!U, 

1986). Depending on the hedonic priee function 's form, the implicit priees 

may he equal to its estimated coefficients, or they may have to be calculated 

hy evaluating the implicit priee function at a house's or sample's level of 

attributes. The implicit priee function for at~rihute hj that corresponds with 

the hedonic priee function above would he defined thu!l: 

An estimated implicit priee for noise exposure estimates the 

capitalized damage, specifically psychic costs, per decibel increase of noise 

exposure or per decibel avoided. The measure also happens to reflect 

discounted expectations of future levels of noise (Habuda O'Byrne et al., 

1985; Nelson, 1982; and Walters, 1975). 

IV.A.4. The Marginal Bid and Orrer Functions 

The endogeneity of implicit priees and quantities of characteristies 

worsens an identification problem: that of distinguishing demand (marginal 

bid) and 1 cr mdrginal offer curves from the implicit priee function (Bartik 
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and Smith, 1987; and Palmquist, 1988). It implics that marginal implidt 

priees cannot he used to predict consumer responses to shi.fts in their hudget 

constraint (Bartik and Smith, 1987; and Cassel and Mcndclsohn, 1985). Il 

is iIIustrated in Figure 2.2. The intersection in this diagram corrcspund~ tu 

only one point, at quantity z of attrihute j, alung the hedonic priee funl:tiun 

in Figure 2.1. Different buyers and sellers will have different marginal hill 

and offer functions, respectively, whieh will interscct at differcnt points 

along the implicit priee function. 
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The marginal hid function is the tirst partial ditferential of the hid 

function with respect to the quantity of charactcristic j, and i~ cquivalcnt to 

the marginal rate of suhstitution hetween charactcristic j and money, or the 

implicit marginal valuation of or reservation demand priee for j, given a 

utility index and income. In other wonh. il is a c()mpen~ated demand 
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function (Ro~en, 1974). The marginal offer function is found in a similar 

way from the offer function, hut it represent~ the marginal reservation 

suppl Y price for characteristic j, at constant profit, for a unit increase in the 

quantity of j (Rosen, 1974). 

Assuming that the equilibrium priee function can bt: specified and 

estimated, the hedonie model implies that the points where the marginal 

hi d, offer, and priee functions for each characteristie intersect can be found. 

But, hecause the hedonic priee function is the only priee function for the 

hundle that can he known, its derivative with respect to each characteristic 

hl' the implicit price function, is the only one of these marginal curves that 

can he known directly. Neither the marginal bid nor the marginal offer 

curvc can readily he identified (Bartik and Smith, 1987). 

IV.A.5. A Simple Hedonic Model 

Thi~ section present!! a simple hedonic model of household choice, 

after Bartik and Smith (1987). Assume that hou~ehold~ and firm~, 

rcspcctively demanders and suppliers of housing, are hoth price-takers. It 

is also assumed that the choiee of housing and collateral locational 

amenities is conditional upon prior employment decisions. A household 

wou Id maximizc utility over the choice vector h, suhject to its budget and the 

set of actual priees for housing types. This is represented by: 

whcrc: 

Max U(h,x;D) 
h,x 
subject to: P(h) + x < y 

h is a vcctor of quantities of the dwelling's attrihutes and 

associated amenities~ 

P( .) is the relevant hedonie priee function; 

y is income; 

x is a numeraire non-housing commodity; and 
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D is a vector of the huyer's preterenœ-detcrmining attrihute~. 

On the supply side, protit is maximized over the vector h, il ml the 

scalar numher of housing units to offer (N): 

where: 

Max N. (P(h» - C(N,h;S); 
h,N 

C( • ) is the particular firm's cost function; and 

S is a vector of supplier attributes that dctcrminc it~ l:OM fUl1LCion. 

A supply-demand equilihrium is assurcd hy the cxi),lcncc of the 

hedonic priee function. This function map1\ characteristk~ to priee so that 

the distrihutions of bundles demanded and offcred, whkh dcpend Ol! the 

distributions of D and S, respectively, will correspond tu each other (Bartit.. 

and Smith, 1987). The existence of hedonic cquilihnulTl, and othcr, 

subsidiary assumptions are discussed below, at greatcr Icngth. 

The marginal or equilihrium condition!> for thc prcviou!> two 

maximization problems are such that: the implidt priœ 6P(h')/6hJ, the 

marginal bid (6U/6h~/(6U/6x), and the marginal offct' (6CI6hJ}/N are 

equal, for each characteristic element hJ of cach vcctOI' bundle of attrihutc'l 

b', and thi!! for ail market participant!! buying or sctting the hundlc h'. The 

hundle h7 represents an optimum for those who have marginal hld and olTcl 

functions such that it suits them tu trade that partlcular variant of the good. 

The marginal equilibrium condition!' are: 

au de - -
ah) = ap (hZ) = !!:.L 
au ah N a; J 

This equilibrium condition doe1\ not imply the ~imultanelty uf supply 

and demand or the endogeneity of the imp1icit priee ~chcdulc at the levcl (If 

the individual. NevertheJess, the hedonie priee funetion i), the rc~uJt of 

interaction between an supp1ier~ and ail dcmandcr~ (Bartik and Smith, 
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1987) . 

IV.B. Applying Hcdonics 

IV.B.t. Appropriateness of Hedonics as a Method 

For several reasons, the hedonic method is appropriate for evaluating 

airport noise and other externalities. Pirst, housing is traded on a well

intcgratcd market, and most consumer~ will purchase hut one of many 

diffcrent patterns. Second, airport noise varies spatially across those urhan 

arcas that are affected, therehy yielding variation in the attrihute noise. 

ThinI, and most important, airport noise has heen found to have a 

dcmonstrahle, negativc effect on housing price~ (Bartik and Smith, 1987; 

Brookshire et al., 1982; DWG, 1990; Ellickson, 1981; Nelson, 1980; and 

Palmquist, 1982, 1984 and 1988). 

Indced, the method is a well-estahlished tool for work in land and 

environ mental economics in general; and have heen the theoretical hasis for 

mo~t empirical studies of airport noise as of 1980 (Brookshire et al., 1982; 

Milon lIt al., 1984; Nelson, 1980; Palmquist, 1988; and Poon, 1978). For 

example, the method ha~ heen applied to prohlem~ of: climate, air pollution, 

social infrastructure, noise level, and ethnie composition (Brookshire et al., 

1982); as weil as the capitalization into housing values of fuel savings from 

investments to impr' Ive energy efficiency (Dinan and Miranowski, 1989). 

The fundamental rationale for using the hedonic approach in such 

application~ b that if people are aware of the effect~ of pollution on 

thcm~c1vcs and their property, and can ascrihe a monetary value to the 

damage~, they will pay more for residential property which is less suhject to 

the effects of pollution (Brookshire el al., 1982; DWG, 1990; and Poon, 

1978). 

Not only does the method yield an indication of whether or not an 

cxtcrnality is capitalized, hut the implicit priee for the externality can he 

us cd to arrive at an estimate for household~' willingness to pay (WTP) for 
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a reduction in a negative externality, or an mcrcasc 111 a pO~ItIVC onc 

Hence, the method is appropriatc for mcasunng the welfarc l:llM... 01 

benefits associated with an environ mental amcnity (Garrod and Wllli~, \992, 

Palmquist, 1988; and Poon, 1978). 

IV.B.2. Identification, Endogeneity, and Demand 

Having estimated a hedome priee function, many rc~cardlel~ have 

proceeded to use Rosen's second stage (Rosen, 1(74) tll c~timate the 

demand curves for one amenity or another. Nevcrthcle~~, thi~ practlcc i~ 

erroneous, and gives biased resuIt~, except in certain special Clrnlln~tancc~ 

(Bartik, 1987a; Bartik and Smith, 1987; Blomqui'it and Worley. 1981, Ihown 

and Rosen, 1982; Butler, 1982; Freeman, 1979, Kanl.!l11oto and Nakamui a. 

1986; McConnell, 1990; Maler, 1977; Marh, 1984, and Palmqu .... t, 1(84). 

Thi~ is because of the well-documentcd, hut otlcn-ignorcd plohlcl1l 01 

endogeneity of the marginal bid function, whu.:h make... It hard ln distlngUl~h 

from the implicit priee funetion. The prohlem I~ that thl.! COmUII1CI can 

endogenously choose the quantitie~ and marginal pncc~ 01 charactcn~tic~ 

(Bartik, ]987a; and Bartik and Smith, 1987; and Duhin and Sung, 19(0) 

Two commonly-suggested remcdie~ arc 10 rc~tnct the Imm 01 thc 

hedonic priee ,function, and to u~e ~mgle-markct in~trul11cntal vanahle~, 

whether for suppliers or otherwise. Thesc have heen foumJ to he 

inappropriate (Bartik, ]987a; Bartik and SmIth, 1987; Dlamond and Smith, 

1985; Epple, 1987; Horowitz, 1987; Mem.lclsohn, 1984; Oh~leldt and Smith, 

1985, and Palmquist, 1984). 

However , exogenous, multiple-market in\trument~ that ~hllt the 

hedonic priee function to identify demand eurvc\ arc more credihle. Sllll 

controversial, their use amount~ to e~ti matlng ~cparate hcdonJc functlOn\, 

one for each distinct market (Bartik, 1987a and 1987h; Bartik and Smith, 

1987; Diamond and Smith, 1985; Mcndelsohn, 1984; Oh\fcldt and Smith, 

1988; and Palrnquist, 1984 and 1988). Threc appropriale kllld\ of 
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instrument include the huyers' social groups, separate markets in space, and 

~cparatc markets in time (Bartik, 1987a; Brown and Rosen, 1982; Diamond 

and Smith, 1985; and Kanemoto and Nakamura, 1986; and Palmquist, ]984). 

Finally, Rosen's second stage of estimating demand and supply curves 

may not even he nceessary, since implicit marginal priees are "luite sufficient 

for any poliey analysis, whether the changes in ambient noise are marginal 

or gros~ (Bartik, 1988). For this thesis, a Jack of both multiple market data 

and a priori evidence for the necessary assumptions precluded any attempt 

at using multiple-market instruments to estimate the marginal bid function. 

IV.C. Theoretical and Empirical Limitations 

There has heen much criticism of the hedonic method. Its limitations 

ari~c in going from the theoretieal to the empirieal, wh en trying to apply the 

technique tu a given market for which the assumptions may not he 

appropriate. Most of the other, so-called "empirical problem!l" (Maler . 

1977) of the method are not unique to hedonics. Nevertheless, Bartik and 

Smith (1987) and Brookshire el al. (1982) do note possihle limitations of the 

mcthod which would not arise from inappropriate assumptions. 

These are. first. that it yields only " ... point estimates of the marginal 

rates of suhstitution (slopes of indifference curves) between pollution and 

other goods (money) ... " (Brookshire et al., 1982, p.169). Second, most 

thcoretical treatments of hedonic functions have ignored the dynamic, 

expectational aspects of home ownership: consideration of the future, and 

resale of the dwelling. Third, the effects of uncertainty have been ignored 

in must models of household behaviour. Here, uncertainty subsumes both 

imperfect knowledge about housing characteristics and risks due to the 

proximity of disamenities (Bartik and Smith, 1987). 

Theuretical and empirical evidence is insufficient to evaluate these 

issues of uncertainty, expectations, and informational asymmetry to be 

evaluated. Nevertheless. as these issues are relevant to most empirical 
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models in economics, hedonic mndels arc not matcrially wurse. Moreovcr, 

in spite of their limitations, hedonic mudeh have hecn providing 

increasingly consistent indications of the relative importance of attrihutc!-. 

and amenities to households and are appropriate (Bartik anù Smith, 1987; 

and Palmquist, 1988). 

As mentioned ab ove, and discussed helow, many of the heùunie 

method's limitations arise in a lack of corrcspondencc hetwcen ib 

assumptions and the market heing studied (Bartik and Smith, 1987). 

Further limitations occur wh en hedonic results arc used to cvaluatc policic!-. 

and measure externalities. First, intertemporal changes in hedonic priee 

functions may undermine the use of a hedonie modcI estimated l'mm the 

data of one time period to measure impacts in anothcr. Second, the 

composition of the sample will affect the implicit priee fur noise. For 

example, the relative number of noisy and quiet house!\ may have an cffect. 

as could the fact that the gradation of noise over distance mean~ that 

relatively fewer people will he severely affected, anù many will he les!\ 

affected (Edmonds, 1985; Walters, 1975; and Whithread, 1978). 

Third, estimated implicit priees for an cxternality, when useù to 

evaluate the impact of the externality''i sourœ, may not l'cHcet ail of the 

latter's effects. There may he non-residential noisc C()~ts, such as may he 

inflicted on schools and hospitals, among other institution!\, or horne hy 

visitors staying at hotels or using local park!,. In addition, if noise-tolcrant 

people locate closer to airports, the estimateù noise discount may under

estimate the typical person's aversion to noise (Micszkowski and Saper, 

1985; Nelson, 1982; and Walters, 1975). Fourth, as mentioned in Chapter 

VI, the actual aggregation over properties or housch()ld~ to arrive al a 

measure of total costs or benefits is also problematic. This depends on the 

affected population, and how one measures the population that IS 

distrihuted among different noise levels (Borin!\, t 981; and M ieszkowski and 

Saper, 1978). 
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Despite these limitations, hedonic theory and practice are such that 

the importance of amenities to households can be c1early identified. 

Moreover, estimated hedonic priees constitute the best tool available; and, 

to the extent that it can isolate the magnitude of the causal relationship 

between environ mental quality and housing priees, hedonie analysis is 

successful (Bartik and Smith, 1987; and Cassel and Mendelsohn, 1985). 

IV.D. Hedonic Assumptions 

Most critiques of the theory of hedonies arise in the assumptions 

(Maler, 1977; and Nelson, 1982). There are two categories of assumption: 

those whieh are relevant to the hedonie method in general; and those whieh 

arise when the method is applied to evaluate the economie impact of a local 

amenity or externality. The general assumptions pertain to first, the 

capitalization of attributes in general and, second, the existence of hedonic 

equilibrium. This, in turn, subsumes the existence of a variety of housing, 

full information, and no transaction costs. The second group of assumptions 

deals with the capitalization of a specifie externality's effects. Hence, it 

subsumes the full mobility of consumers, exogenously-supplied amenities, 

and externaJ effects in the market of interest aJone. 

IV.D.1. Capitalization in General - The Hedonic Hypothesis 

The hedonie hypothesis, that heterogenous goods are available as 

many bundle!t of fewer attributes, impli.!s that since market transactions 

involve the exchange of such bundles, the priee of a house is actually an 

aggregation of its characteristies and their priees (Dinan and Miranowski, 

1989; and Triplett, 1987). This presupposes that the values of the attributes 

are capitalized into the housing priee. For there to be full capitalization, 

there must be, in turo, market equilibrium, hence full information and zero 

transaction and moving costs; and, second, a wide enough variety of housing 

designs for the priee function to be continuous (Freeman, 1979) . 
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IV.D.l.a. Equilibrium 

The existence of market equilihrium for the gond in "Iuestiun is a 

central assumption of the hedonic technique. Howcver, it is controvcrsial 

in the case of housing, since it has been argued that the housing market is 

not in equilibrium (Anas and Eum, 1984; Bartik and Smith, 1987; Brookshirc 

et al., 1982; Freeman, 1979; Goodman, 1977; Maler, 1977; and Marks, 1984). 

Disequilibrium may stem from the presence of transaction costs, amI 

informational asymmetry in the housing market. The former are exemplified 

by moving expenses and real estate commissions. Nevertheless, the custs 

and asymmetry may be assumed to be insigniticant relative tu the priec of 

a house, hence not terribly important, and the latter may be mitigatcd by the 

presence of real estate agents and the Multiple Listing Service (Bartik and 

Smith, 1987; Maler, 1977; Michaels and Smith, 1990; Palmquist, 1988; 

WaIters, 1975; and Weimer and Vining, 1989). Hedonic models that assume 

equilibrium can do fairly weil (Anas and Eum, 1984). 

IV.D.l.b. Variety of Housing 

Yet another assumption is that hl>u~e!\ are availahlc III ~unïcicnt 

variety for there to be a continuous priee function. Thi!\ en~ure" that a 

household's optimally desired house design will he availahle, Ml that the 

household will be able to maximize ~t~ utility such that thc lirst ordcr 

hedonic conditions are equalities. Consequently, there will he equilihrium 

between each individual's tastes and the supply of a particular version of a 

good at a certain price (Freeman, 1979; Michael~ and Smith, 1990; and 

Nelson, 1979). However, only a Iimited range of alternative house models 

may be available in a given market (Freeman, 1979). 

IV.D.2. Capitalization of an Amenity's Effects 

For the hedonic method to be used at ail to cvaluatc a public good 

(bad), there must he spatial variation in that good. This must be assumed 
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to he reflectcd in housing values (Brookshire et al., 1982; DWG. 1990; and 

Maler, 1977). This assumptior. require~, in turn, the assumptions of full 

rcsidential mobility, exogenously-supplied amenities, and effects that are 

rcstricted to the housing market. 

IV.D.2.a. Full Residential Mobility 

FOI one to evaluate the capitalization of local amenities or public 

goods, consumers must be able to move between locations of differing 

amenity levels (DWG, 1990; Kanemoto, 1988; and Nelson, 1982). This 

"eross-sectional capitalization hypother,j ... 1 (Kanemoto, 1988), is supposed to 

reneet consumers' ability to trade off the level of an amenity, as a housing 

characteristic, against its implicit priee, the overall priee of a house, or both. 

Although DWG (1990) maintain that this assumption is satistied hy airport 

noise and the housing market, transaction costs relating to moving, and to 

buying or selling houses, may limit the mobility of consumers (Nelson, 1982; 

and Palmquist, t 988). 

IV. D.2.b. Exogenously Supplied Amenities, and Expectations 

To apply hedonics to the evaluation of an amenity, three assumptions 

ahout the supply of amenities are also neeessary. The first is that amenities 

are exogenously supplied. Second, it should be assumed that the supply of 

amenities is fixed over the period relevant to the hedonic market 

equilibrium. The third assumption is that housing supply and demand 

decisions are subject to existing patterns of urban amenities though tbey 

will, eventually, affect the latter (Bartik and Smith, 1987). 

It is also assumed that there are no expected changes in the level of an 

amenity. Otherwise, housing priees and marginal implicit priees may be 

independent of actual pollution, since the market prices of assets like 

housing include the present value of expected future (dis) serviees (Bartik 

and Smith, 1987; Freeman, 1979; Goodman, 1978; Habuda O'Byrne et al., 
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1985; and Walters, 1978). 

IV.D.2.c. Effects Limited to the Housing Market 

Finally, it must he assumed that the effects of airpmt noise arc 

restricted to that market and are not captured at ail in other markets sueh 

as wage or labour markets (Bartik and Smith, 1987; Brookshire el al., 1982; 

and Maler, 1977). This does ignore non-housing market consideration'i 

which may determine a household's choice of city (Bartik and Smith, 1987). 

Even if the real estate market does capture the impact of an environ mental 

commodity, it may not he the only market tu do so. Tu the extcnt that priees 

of goods other than housing respond to differcnces in environ mental quality, 

housing rents will not fully reflect such diffcrences (Maler, 1977). 

IV.E. Alternatives to Hedonics 

The hedonic mclÏ10d has heen descrihed a~ one of a trinity of indirect 

methods for valuing pollution that depend on oh!olervc.d choices. The othcr 

two are the averting behaviour approach and the weak complcrnentarity 

approach (Cropper and Oates, 1992). Therc are also nther. Ics!ol directly 

appropriate methods, which include residential mohility and contingent 

valuation models. 

The averting behaviour approach looks at the cost!ol of mitigating or 

avoiding the pollution and its impacts. Thus, it consider!ol the suhstitution 

of other production inputs for pollution. In the case of airport noise, 

suhstitutes might include sound insulation, ear plug!ol, medicine, and 

cottages. The weak complementarity approach, on the other hand, examines 

how pollution affects the purchase of complernentary good~. ft suhsumes the 

travel cost approach and discrete choice models (Croppcr and Oates, 1992). 

The first would be difficult to apply to prohlem!ol of airport noise hccause 

data on averting hehaviour are scarce and complex; whcrea!ol the second 

approach is hy its very nature more appropriate to pollution sitc~ which arc 
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removed t'rom residential areas . 

Sirnilar to the ahove methods, residential mobility models and 

location al models of discrete choice are an alternative to the hedonic 

method (Bartik and Smith, 1987; Brookshire et al., 1982; and Whitbread, 

1978). However, amenities have been found to have had minimal effect on 

residential mObility, and data on housing turnover may be difficult to obtain 

(Bartik and Smith, 1987). 

Contingent valuation or bid-rent models form another alternative to 

the hedonic method (Bartik and Smith, 1987; Brookshire et al., 1982; Lerman 

and Kern, 1983; and Whitbread, 1978). Contingent valuation involves the 

use of surveys or experimenb to find respondents' willingness to pay to 

maintain or improve sorne aspect of the environment (Tietenberg, 1988). 

Cropper and Oates (1992) suggest that the contingent valuation 

method is 10 be used in the absence of appropriate averting or mitigating 

behaviour, or in the presence of non use values. Brookshire et al. (1982) add 

that survey techniques are especially useful where market data are 

in~uftïcient or unavailable for hedonic analysis. 

However, the hypothetical nature of survey question!l constitute~ a 

scr~()us drawback. Other limitations include the possibility of strategie 

behaviour in answering the questions, unfamiliarity with the (dis)commodity 

heing evaluated, and significant differences between willingness to pay 

(WTP) and willingnes~ to accept compensation (WTA) (Cropper and Oates, 

1992). These creatc a high potential for biased responses which can, 

nevertheless, he limited through proper survey design (Tietenberg, 1988) . 
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CHAPTERIII SPECIFICATION, VARIABLES, and DATA 

This chapter consists of thrcc main part~. The tirst deah with the t\\'o 

chief aspects of specifying the hedonic rcgrcssion model - varia hie dlOKC 

(inclusion) and functional form. The second part considers the speciftc!I of 

which variahles may appear ln a hedonic regrcssion, why or why not, and 

what their inclusion implies. The last part of this chapter reports the 

sources and treatment of the data. 

1. Specification 

The specification of:t hedonic model i~ an important clllpirical 

problem whieh subsumes hoth the chOicc of variahlc!I and functional form. 

It is important hecause the degree of misspccification and the lI~e of proxics 

may have a critical effect on a hedonic priee functi()n'~ pcrformance (Butlcr, 

1982; Cropper et al., 1988; Frceman, 1979; Maler, 1977; and Milon (" al., 

1984 ). 

I.A. Choice (Inclusion) 

AIthough the choice of variahle~ to indudc i~ ~ccn a~ hcing critical 

(Coelli et al., 1991; Garrod and Willi~, 1992; and Grave~ (I,ul., 1(88), therc 

are few c1ear indications of exactly which of the many attrihulcs of hOllsing 

ought to be included as explanatory variable~ in a hedonic model. Ali 

attrihutes are potentially relevant, yct not ail can or should he indudcd in 

a hedonic modet. Having too many variable~ in a specification can rcducc 

the precision of pararneter estirnate!o., hecau!o.c multicollincanty bccomc!o. 

more Iikely. MuIticollinearity is wor!o.cncd by thc fact that housing 

characteristics show little variation acros~ a samplc and arc c1ustcrcd into 

a limited range of house designs. That i~, there are only ~() many way~ in 

which the attributes of houses are cornhined (Butlcr, 1982; Ca~scl and 

Mendelsohn, 1985; Kamath and Yantek, 1979; and Nelson, 1979). Dy the 

same token, any hedonic equation i~ neccssarily mis\pccifïcd ~incc ~()rnc 
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rdevant variahle~ must he omitted, either for lack of data or to reduce 

multicollinearity (Butler, 1982). 

There are certain, recognizcd categories of housing attrihutes which 

have heen shown by previous work to be relevant. These pertain to the 

structure of the dwelling itself and the lot upon which it is built; 

neighhourhood characteristics, including local public services; location, 

proximities, and accessibility to the central business district; and micro

neighhourhood (dis)amenities such as aesthetics and pollution (Brookshire 

el al., 1982; Freeman, 1979; Li and Brown, 1980; Nelson, 1979; and 

Palmlluist, 1984). 

1.8. Form 

Along with variahle choice, functional form is an equally important 

aspect of hedonic mOttel specification. Failure to use the appropriate 

functional form will give rise to misspecification hias, hence errors in 

mcasuring marginal characteristic price~ and erroneous conclusion~ 

(Anderson, 1985; Cropper el al., 1988; Graves el al., 1988; and Halvorsen and 

Pollakowski, 1981 ). 

Howevcr, there is Httle solid theoretical support or unamhiguous prior 

cmpirical evidence for any functional form in particular (Bartik and Smith, 

1987; Cassel and Mendelsohn, 1985; Freeman, 1979; Goodman, 1978; 

Halvorsen and Pollakowski, 1981; and Milon el al., 1984). For instance, the 

hedonic function's form is not derivahle from, and rarely depends on, the 

form of the utility function. Instead, it depends on the distrihution of 

consumers across characteristic space (Triplett, 1987), which is similarly 

unknowable. Consequently, functional form is often chosen out of 

convcnience, with the semi-Iogarithmic fmm heing one of the most prevalent 

(Dinan and Miranowski, 1989; and Halvorsen and Pollakowski, 1981). 

There are two approaches to specifying functional form: first, 

choosing it a priori; and second, choosing il empirically, given the 
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information contained ln the data at hand. The forlller approach t~ 

relatively more restrictive and may ohscure hehavlOural information (Milon 

et al., 1984). The latter. on the other hand, increasl.!s the numhcr of 

parameters to he estimated. and entails higher cumputational costs and 

sorne difficulties in hypothesis testing (Bartik and Smith. 1987; ami Marks. 

1984). 

I.B.1. A priori Specification of Form 

Although many forms are possihle a prion. hedonic thcory sllggest~ 

that non-linear forms are more plausihle and less restrictive. This t~ 

hecause arhitrage through the costle!!!! division and recomhination of 

homing attrihutes is unlikely implying that non-tincal' spccification~ may he 

more appropriate th an linear ones. There arc few avatlahlc comhinatton~ 

of housing attrihutes, housing is durahle, hencc not casily rcpackaged, and 

its structural and neighhourhood services are jointly supplied. Non-tinearity 

implies that marginal implicit priees may not he conMant; they may depend 

on the quantities of their own or other characteristics, and that they, hut not 

the overall priee schedules, can he influenced hy consumer!> and pl'Oduccr~ 

(Freeman, 1979; Nelson, 1978, 1979 and 1980; and Rosen, 1974). 

The linear form is held to be unrealistic, uverly restrictive and likely 

to bias the estimated coefficients. This is becausc the l'mm implies that a 

characteristic's implicit priee is independent of hoth that characteristic~' 

own quantity and those of others, hence that it is constant (Freernan, 1979; 

and Rosen, 1974). 

The semi-Iogarithmie form is generally regarded a!l an appropriate 

non-linear specification for owner-occupied housing, on the ground!l of not 

heing ruled out hy hedonic theory and of hcing supcrior in tcrrns of 

goodness-of-fit (Brookshire et al., 1982; Dubin and Sung, 1990; Goodman, 

1978; Nelson, 1982; and Triplett, 1987). In the scrni-Iogarithrnic t'mm, the 

housing priee is held to be a linear function of the natural logarithm!l of the 
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c.:haracteristics (Bartik and Smith, 1987) . 

Nevertheless, even semi-logarithmic.: forms may he restrictive as the 

truc hedonic.: relationships may he much more complicated ami less uniform 

than the form would imply (Butler, 1982; and Halvorsen and Pollakowski, 

1981). For example, Anderson (1985) notes that the hedonic priee function 

could have hoth eonvex and concave segments. This may occur hecause the 

hedonic priee function is a joint envelope of many different consumers' hid 

func.:tions on one side, and producers' or sellers' offer functions on the other. 

Depending on where mutually tangent functions meet, and on how they are 

distrihuted across the amount of each attrihute, the hedonic priee function 

could assume many, complex, hut curvilinear shapes. Also, the 

intcrpretation of parameter estimates for dummy variahles hecomes difficult 

in the case of semilog forms (Marks, 1984). 

1. 8.2. Flexible (Box-Cox) Functional Form 

Using the Box-Cox transformation procedure to allow for flexihle 

functional form is another approach (See: Graves et al., 1988; and Palmquist, 

1982; among others). This has heen hased ,m the argument that even the 

semi-Iogarithmic form may not he adequate for descrihing the possihle 

complexity of the true relationship hetween the quantity of characteristics 

and priee (Butler, 1982; Cassel and Mendelsohn. 1985; Dinan and 

Miranowski, 1989; and Halvorsen and Pollakowski, 1981). However, despite 

its advantages, the Box-Cox method has not supplanted the semi-Iogarithmie 

form (See: Coelli et al., 1991; and Michaels and Smith, 1990). A variahle Z's 

Box-Cox transformation IS: 

Z ~l = (Z ~2 - 1) 1 (} if (} :;, 0; 

= InZ if (} = O. 

Any or ail of the hedonic funetion's variahles can be so transformed. 

This approach hrings generality as to functional form, encompassing as it 

dncs the Iinear. log-Iinear. semilog, quadratic, and translog forms (Griliches, 
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1967). 

1.8.3. Conclusion about Form 

The most aPr'ropriate form for the hcdonic priee function is the one 

that yields the most accurate estimates of marginal amenity priee~ (Crl)pper 

et al., 1988). Thus, although one fmm may fit the data more dosc1y, anothel 

might better measure the effect of the ;~xplanatory varia hie 01 interest on 

the dependent variable. Since there is no theoretical guidance for the 

appropriate functional form of hedonic price function~, choosing the he~t 

form according to empirical performance i~ rea~onable (Cassel and 

Mendelsohn, 1985). 

Although a data set may providc little cmpirical support for (lny ot the 

conventional functional forms used in economics, thcsc simpler form~ may 

he suftïcient if hedonie priees are relatively insensitive tu funcllOnal fUlm 

(Graves et al., 1988). Moreover, form~ such as the semi-Iogarithmic cnahle 

easier interpretation of result~ and greater comparahility Witt! other studie~ 

than do Box-Cox transformation~ (Mark~, 1984). Hnally, data with a 

restricted sample range may mean that only a ~mall segment of the hedonic 

priee function can he estimated, and the actual form cannot he di~tingUlshcd 

(Butler. 1982, citing Dhrymcs, 19'11). They may al~o rC~lIh in paramctcl 

estimates with large standard errors. In thi~ thesi~, semi-)og, lincar, inverse 

semi-Iog, and log-log functional form~ wcrc cstimatcd. The Box-Cox 

transformation was also used in a linear Box-Cox mndel, hut the ch()~(,n 

algorithms did not converge. 

Il. Var.ables and Data 

This section deal~ with the kind\ of variahlc~ that appcared in the 

hedonic specifications that were estimated, a~ wcll a\ the ~()urcc~ and 

treatment of the data. 
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II. A. Specification Summary 

A convcntional hedonic specification could include housing 

charactcri~tic~, ncighhourhood characteristic~, proxie!o. for local puhlic 

g()ods, acces!o. to the central business district, and variahle!o. descrihmg the 

externality of intercst as explanatory variahle~. Conventional housing 

characteristics arc: lot size, age, living area, the nurnher of haths, condition, 

huildmg materials, the presence of a swimming pool, the numher of 

fireplaces, c&vered parking, and the heating system. N eighhourhood 

characteristics may include ethnicity, crime rate, and population density 

(Brookshirc el al., 1982; and Michaels and Smith, ]990). Local puhlic good~ 

can he descrihed in various ways. 

11.11. Priee, and Temporal, Structural, and Lot Size Variables 

II. 8. 1. Priee 

Thi~ project used actual tran!o.action priees, !o.ince It I!o. generally 

rccognized that the~e data are preferahle to average price~ or evaluation!o. 

(Bali, 1973; Freeman, 1979; and PalmlJuist, 1984). Parson\ partial 

wcighting (1990) hy lot size wa!o. used to refleet congestion in the 

con~umption of urhan (dis) amenities. Price wa~ not dlvided hy lot size to 

correct for heteroskedasticity or to arrive at a priee per area (e.g. Coelli eT 

al., 1991; Jud and Watt~, ]981; and Li and Brown, ]980), since thi~ would he 

tantamount to weighting ail variahles hy lot si7e. 

Finally, the priee variahle was indexed to give a real priee for June 

1991. using the monthly housing priee index for Montréal. For more details 

ahout time and indexation. please refer to the next section, helow. 

Il.8.2. Time and Price Indexation 

Specifying a time variable or using a priee index can be justitïed when 

estimating a hedonic model, since the model is meant to be eross-sectional 

in nature: it is supposed to explain the effeet~ of charaeteristics on housing 
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price~. They may aeeount for othcrwi\c uncxplallh.'d vananrc III hou~lIlg 

priees and isolate the effect!> of il dwclling~' aetllal attnhllte~ (Ana~ and 

Eum. 1984) One can then deal with the qucMion: "Glvl'n that pcople li" 

huy houses, what is It ahout each housc that contrihute!> to Il!> pm:c'1" 

Changes in housing market activity or in the gcneral pncc Icvel ot hOlislIIg 

within the sampling period, due to macrocconomic cvent~ or marl-..et 

disequilihrium, must he accountcd for to allow one to pool a tlllll' 

series/cross sectional sampk (Bartik and Smith, 1987; Michacl~ and Snlllh, 

1990; and Walters, 1975). 

Temporal phenomena werc apparent in data plIhli!>hed hy the Oreatel 

Montreal Real Estatc Board (GMREB; 1990-1991). For cxamplc, hoth the 

numher of sales of residcntial unit~ pel' period ami thel! avci (Ige ~(llc valuc 

changed in a non-monotolllc way from month to month and trom yCilr 10 ye,1I 

(G M R EB, 1990-1991 ). Such market activity i~ held to he inflllellœd hy 

intere~t rates and recessional expectation~ or perception\ (0 M R UJ, Jan. 14), 

1990). Indeed, hou!>ing start~, a I1lca~UI e of activlty hoth III thl' hou\ing 

market and in the economy, had al~o varicd grcatly in l'JIN and 1<)<)0 

(Statistics Canada, Canadian Ecollomic Oh.\en'tr, 1990-19(1) 

Indexation should account for the month-to-monlh pm:e level\ JO the 

housing market, one~ that are held to he external to the ~tru<:lural and 

locational characteristlc~ of each dwelling ln parallcl with argumenh for 

separahle utility, conditional dcmand, and multiple ~tage con\umptlOn 

decision~, a housing priee mdex is thought tu he more appropnélte than a 

general, consumer priee index. Thi~ i~ hecau~e hedonic analy~l~ take... the 

fact that each particular hou~e ha~ he en purcha ... ed a~ glvcn, and ~incc 

housing transactiom constitute a very di~tinct kind of pun:ha~c Moreovcr, 

a housing priee index is more accu rate, sincc il accounl<., for whal had heen 

most relevant to the hou~ing market up to the lime of purcha~e. 

Nevertheless, a time variahle i~ also usefuJ a~ a proxy for market signa", 

disequilihrium, or activity in the housing market whlch may nol he captured 
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in a housing priee index . 

Real house priec!\ were calculated for the month of June 1991. This 

month wa~ cho!\en since it was a summer month, hence it wa!\ likely to have 

included the alheit fictitious peak planning day for which the 1991 NEF 

forcca~t wa~ prepared. Statistics Canada's monthly index of Housing-Owned 

Accommodation for Montréal was used (Statistics Canada, 1991, Series 

P486137) 1. ft was assumed that the Montréal area was already the intended 

place of residence, and that decisions ahout hou~ing followed those about 

cmploymcnt. A monthly time trend was also used. Both time trends and 

priee indexation have heen used hefore (See, for example: Michaels and 

Smith, 1990; among many others). 

lnitially, some models did not include indexed housing priees, and 

~()mc did not include a monthly time trend. Thu~, there were four basic 

kmd!\ of specification with respect to priee and time. They differed in two 

hasic dimensions: wh ether the priee variahle was real (indexed) or nominal, 

and whether or not a monthly time trend variable wa!! included. Eventually, 

only specitications with hoth real priees and the monthly time trends were 

rctained. 

An annual or long-period dummy variahle wa!\ also tried, along with 

the monthly time trends (After: Johnson and Ragas, 1987; Kowalski and 

Paraskevopulos, 1990; and Mieszkowski and Saper, 1978). This was done to 

arcount for a gap in the sample, and for the fact that it was split between 

1989 and 1990. However, the introduction of the year dummy led to 

prohlem~ of near singularity in OLS estimation, hence they were abandoned. 

Data for this index had heen collected monthly and were not 
treated for seasonality, according to a personal communication with 
Statistics Canada's Consumer Price~ Section, 19 June 1992 . 
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Il. B. 3. Structural Variables 

ln general, a wide range of data on properttes' structural 

characteristics IS desireable so that rernaining priee variation can hc 

attributed to external factors (Freeman, 1979). Howevcr, this must he 

balanced against model concision and the necd to limit multicollincarity 

(Butler, 1982; Cassel and Mendelsohn, 1985; and Kamath and Yantek, 

1979). 

Certain structural variables have heen con'iidcred hy previou~ authms 

and found to have had quadratic effects on housing price~. Thus, buth the 

variables themselves and their squares have been spcdfïcd for: living areil; 

age of structure; numher of rooms; numher of hathroom~; and land area (Li 

and Brown, 1980; Palmquist, 1984; Pennington el al., 1990; and Poon, 1978). 

Palrnquist (1984) cites a phenomenon, long known to appraiser~, wherchy 

the priee per unit of living area changes with a house's size; wherea~ Li and 

Brown (1980) observe that housing value declines with age until the age 

approaches historical significance. 

Here, living area, dwelling age, the numner of room~, the numner of 

bathrooms, and lot size were ail specified with either lincar and quadratic 

terrns, or logarithmic, after Li and Brown\ sugge~tion (1980). The 

coefficient for age was expected to be negative, wherca~ the square of age 

was expected to have a small, positive coefficient. The logarithm of age wa~ 

expected to have a negative coefficient. ft should hc notcd that the 

logarithmic transformations of these varianles arc, in cffcct, pre~ent ID the 

inverse semi-Iogarithmic speclficatiom. 

Il.B.4. Lot Size 

Lot size was specified both as a separate varianle, and used to weight 

environmental and location al (dis)amenitic~. A~ a weight for cnvironmental 

and locational (dis)amenities, it accounled for how re~idential den~ity lead~ 

to congestion in experiencing or consuming local (di~)amenitie,. 

41 



• 

• 

• 

Rcsidential density doc), affect how amenities are capitalized into land 

price~, a.'d this means that they can be considered as quasi-puhlic goods 

instead of puhlic goods (Correll el al., 1978; Diamond, 1980; and Parsons, 

1990). Parsons (1990) adduces this lûcally congested, hence quasi-puhlic 

nature of certain amenities to justify the weighting of a property's 

locational, as opposed tu structural, attrihutes by its lot size in the 

framework of a hedonic model. This is not, however, to suggest that actual 

consumption increases with lot size, only that the number of those who can 

have acees~ to the amenities decreases. Neglecting to weight hy lot size 

when it is appropriate will hills estimated impIicit priees for hoth structural 

and locational attrihutes. Other authors have also advocated a similar 

weighting (Li and Brown, 1980). 

Wcighting by lot size should he les), strict than otherwise to the extent 

that newer or to-be-built hou ses are Jess substitutahle for old ones, or when 

the degree of suhstitutahility hetween old and new houses is unknown or 

may vary with the design of new houses. In these cases, Parsons ( 1990) 

rccommcnds the use of a partial weighting function such as P = X la + WX 26 

t X 2r. H ere, X 1 represents the structural attributes; X., den otes locational 

ones; and W is the lot size as a weight. Correct signs on Band r make 

oPx.!oW > 0 and OP2X.!02W < 0; where px. is the implicit priee of 

characteristic Xi. Here, a partial weighting function was used, where lot 

size was tried as a weight for the noise (NEF) variable, yielding "NEFW", 

and / or was used as an explanatory variahle in its own right. 

Il.B.S. MLS Data 

Disaggregated market transaction and priee data were obtained from 

the Multiple Listing Service (MLS) on houses, as weil as duplexes, triplexes, 

and condominiums (Greater Montreal Real Estate Board, 1989-1990; 

hercinafter: GMREBh, 1989-1990). Apartments, however, were excluded. 

Differences in structure and ownership suggest that measures of 
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externalities derived from data on owner-occupicd houses may not apply tu 

high-rise apartments. Part of the reason alsll lic!l in the rclativcly short 

period of occupancy in the latter. Condominiums, however, shuuld providl' 

as good an indication as do houses (Poon, 1978; and Bcattic, 1983) 

Moreover, this would also reftect the hypothesis that the two kinds of 

housing represent different Iifestyles and preferences (DWG, 1990; and 

Beattie, 1983). The present sample consists of 427 ohservations. Samples 

of MLS data have ranged from as few as 234 observation~ (Dinan and 

Miranowski, 1989) to as many as 4331 (Thihodeau, 19(0). 

As only certain MLS books were available to the rcsearcher, the data 

coyer a time period from June 1989 to December 1990, with a gap of cight 

months from Decemher 1989 to July 1990 inclusive. 95 % of the 1989 

ohservations were from October and Novembcr 1989. Hencc, thcrc arc what 

amount to two sub-samples, containing 179 and 248 observations. Requcst~ 

for further data were denied hy the Greater Montreal Real Estate Board. 

The market was defined to include ail West Island municipalitic~ for which 

MLS data were available. 

It is important to note that the MLS data do not cover ail houslflg 

transactions. Henee, the MLS share of the housing market may not be 

representative of the entire housing market in either behaviour (Fidclman 

and Riga, 1991; and GMREB, 1990-1991) or goods. It is unknown whcther 

there are signifieant differences between residential properl1c~ listed on 

MLS and those not so Iisted 2. 

2 Poon (1978, p.219) CÎted P. Chinloy of the Department of 
Economies of the University of Western Ontario a~ having reported 
the absence of significant differences hetwecn MLS and non-MLS 
sale~. 
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Il.C. Ncighbourhood and Locational Variables 

II.Ct Introduction 

Many authors, either expJicitly lor through their specification~, reveal 

the importance of including variables for neighbourhood quality, location, 

and community in a hedonic specification. Indeed, there is a strong 

precedent for specifying neighbourhood variables in a hedonic equation. 

Nevertheless, there is )jttle concensus on how to measure neighbourhood 

quality or, more specifically, on whether certain variables are direct 

measures or proxies (Bartik and Smith, 1987; and Dubin and Sung, 1990). 

Sincc consumers tend to choose communities which satisfy their preferences 

for public goods and neighbours, such variable!! should be included in 

specifications (Brookshire et al., 1982; Dubin and Sung, 1990; Graves et al., 

1988; and Tiebout, 1956). 

Dubin and Sung (1990) provide the basis of a useful taxonomy of 

neighbourhood variables: municipal or public services, sOCÎo-economic 

status, and racial composition. The last twu can be combined into one 

category, since both describe the residents of a neighbourhood. Public 

services include schools and police protection or crime, it!'! converse. SoCÏo

economic variables describe the neighbour~ in each area; their education, 

kind of employment, and age (Dubin and Sung, 1990; Freeman, 1979; and 

Tichout, 1956). 

One other class of neighbourhood variable should be added to account 

for a dwelling's proximity to natural amenities and to specifie private or 

public sect or sources of positive or negative externalities, besioes the one 

of intcresl. Examples include places of employment and shopping, highways, 

and railways, as weil as scenic views, and parks. Although sorne of these 

3 See, for example, Brookshire et al, 1982; Freeman, 1979; Graves 
et al, 1988; Nelson, 1979; Pennington et al, 1990; Poon, 1978; and 
Tiebout, 1956 . 
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are, strictly speaking, public services. their spcdticity und tungihihty 

distinguish them fmm other (dis)servicc~. 

II.C.2. Public Services 

Public service measures can he: of two kinds: per cupiht cxpenditurc 

(or taxation) and output. The former may he (;orrelated with the qUlllity of 

service, despitf; economies of scale and bureaucrutic incfficiency. Output 

measures, on the other hand, are of more direct intcrest tu households, and 

may entait a Jower level of aggrcgation, since they arc more neighhourhood

specifie. However, output measures entait the difficultie~ of ohtaining data 

and of choosing which variables to include (Dubin and Sung, 1990). 

Relevant public services may include facihtlc~ and servicc~ like 

beaehes, parks, police protection, roads, parking facilities, and schuul~ 

(Tiebout, 1956). However, no such variahle was spccified here, sincc data 

on public service outputs in the West Island were either not collected 0\' nol 

availahle, and cou Id not he collected by the researchcr. Instcad, dummy 

variables were used for cities or groups of similar citie~ to rcprcsent 

possible differences in tax rates and in the quality of puhlk servicc~, as weil 

as location al differences (Dubin and Sung, 1990; Jud and Watt~, 1981; and 

Thibodl.!au, 1990) 4. 

II.C.3. The Neighbours 

Hedonic price equations commonly include variabJe~ for 

neighhourhood socioeconomic characteristic!' (Goodman, 1977; and Li and 

Brown, 1980). These can be divided into descriptors of "race" Of ethnicity; 

and measures of socioeconomic statu!l (Dubin and Sung, 1990). Here, 

4 Alternatively, by coneentrating 
tax rates, levels of local expenditurc, 
(Pennington et al, 1990). 

on onc arca, one can control for 
and public servicc!\ in general 
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language was u~ed a!'l a countcrpart to race, and uncmpJoyrncnt was used as 

a rncasurc of socio-economic statu~. 

Unlike the areas considered in other hedonic studies, the dichotomy 

of language (French or English) may be more relevant than "race" in a West 

Island ncighhourhood. There are several reasons why this is SO. On one 

hand, there is no single, predominant visible minority. On the other hand, 

therc has been a well-known and longstanding distinction between Canada's 

two main language groups. As no one else has, to the knowJedge of the 

rcscarcher, specified a variable for language in the context of a hedonic 

model, this should prove to be of interest. Thus, the proportions of an 

cnumeration area's population that speak French or English are introduced 

as neighbourhood variahles. 

The language variable is defined as the apparent proportion of an 

enumeration area's population that has affiliations with one language or the 

othcr. %French.Sp. mcasures the francophone and bilingual proportion • 

wherca~ % Engl.Sp. measure~ the anglophone and bilingual proportion. 

Thcse are hased on 20% samples of each enumeration area. Those who 

speak neithcr language are only counted in the denominators, as part of the 

total population. In spite of the overlap and the exclusion of non-French, 

non-English speakers, the variahles for the two languages may he highly 

negatively correJated. 

There are two theoretical explanations for a Iinguistic variable. The 

most plausihle is that the memhers of one Iinguistic group prefer to live in 

neighbourhoods with others of the same group. The alternate, 

intcrpretation holds that sellers and / or real estate agents discriminate 

against the membcrs of one group or the other (After discussions of "race" 

variahles in: Bender and Hwang, 1985; King and Mieszkowski, 1973; and 

Lapham, 1971). If the first explanation holds, priees should be higher in 

neighhourhoods where more of either group is present, because of their 

prcsumed desireability. The quadratic form of a language variable should 
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represent this. Although a household may prefer 10 lucale in a 

neighhourhood where English or French is the predominant language. the 

presence of the other Iinguistic group would not he expected tu luwer 

housing values, celeris parihus. As is the case for race variables, thcre is no 

c1ear indication of what sign is to he expected for the language cuefficients 

(Duhin and Sung, 1990). 

Finally, a measure of the local unemployment rate wa~ specitied. tu 

reflect the prevalence of unemployed people. Given the high unemploymenl 

rate in and around Montreal, this variable seemed tu he more relevant than 

other neighbourhood measures such as poverty, education, and transiencc. 

ILC.3.a. Cens us Data 

An enumeration area is the lowest level of aggregation for Canadian 

socioeconomic census data, and was equated in this study with the notion of 

neighhourhood. To descrihe the neighhourhoods, 1986 census data were 

ohtained for ail of the enumeration arcas in municipalitics covered hy the 

MLS hooks for the West Island. Each dwelling's addres~ was assigned to an 

enumeration area from the 1981 census, which was then convcrtcd into the 

equivalent one for the 1986 census. Addresscs that eithcr did not exist in 

1981, or that were located in 1981 enumeration areas with many-to-many 

correspondences to 1986 ones, were assigned to 1986 enumeration arcas 

according to their apparent locations on maps of the 1986 enumeration 

areas. 

Il.C.4. Proximity Variables 

Distance to central business district (CBD) variable~ arc commonly 

specified in hedonic regressions, 

places of employment (McConnel1, 

was used in the empirical model. 

as proxies for travel time and acces~ to 

1990). However, no distance variahle 

The pre~ence of multiple employmcnt 

centres and a dispersed pattern of employmcnt, as on the Wc~t Island of 
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Montreal, was problematic. These factors have been found to make it 

difticult, tirst, to identify subsidiary employment centres, second, to 

determine their relative importance to the inhabitants of each 

neighbourhood or dwelling, and third, to specify variables representing the 

centres' impact (Bender and Hwang, 1985; Kowalski and Paraskevopoulos, 

1990; J ud and Watts, 1981; and Palmquist, 1984). Moreover, the differential 

in distance between any pair of houses around the airport was sm ail relative 

to the distance between any of them and the CBD of Montreal. 

Il. D. Airport Noise 

Il.0.1. Introduction 

There is fairly extensive and consistent evidence of the negative 

impact of airport noise on property values. This has been observed despite 

both the diversity of noise measures and methods used, and suggestions that 

strong demand for housing, lack of information on the part of buyers, and 

noise imperturbahle persons would prevent any observed effect of noise on 

housing priees (Gautrin, 1975; Nelson, 1980; Pennington et al., 1990; and 

Walters, 1975 and 1978). 

Il. D.2. Measuring Airport Noise 

Choosing a measure of noise is one of two key issues in specifying a 

hedonic model for the study of noise (Nelson, 1982). Barring actual, 

continuous physiological measures of human reactions to local noise, the 

most ide al measure would he a continuous recording of local noise, at 

several frequencies, for each house. However, this is highly impractical, so 

that the noise's impact must he estimated. For this, noise indices represent 

a superior alternative to measures of the proximity to a noise source or the 

fre'luency and intensity of complaints about noise (DWG, 1990). Noise 

indices are hased on recordings from various directions and distances of the 

noise intensity generated hy individual, henchmark noise events such as a 
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particular type of aircraft's take-off. ovcrtlight, or landing. Future ain:raft 

movements are predicted in time. and estimatcs of thdr aggregatc noise arc 

projected (predicted in space) for various puints ahout an airport. Noi~c 

contours are then drawn among the points. 

To do otherwise, comparing the priee of quiet houses with that of 

noisy hou ses without accounting for the other attrihutes that give value tu 

a house, for example, will reveal the expenditure on quiet. hut will nnt 

indicate the quantity or priee of quiet. Indced, this value can only he 

considered as the priee of quiet if il is unrealistically assumcd that nuise can 

he in two arnounts: sorne or none. Because noise is a continuum as opposed 

to an "attribute" (something that can he present or ah!\cnt. hut which does 

not vary in its amount), it is better to use a mcasure of noise that reflects 

this facto Noise indices do, whereas dummy variahles or "noisy" versu~ 

"quiet" controls cannot (WaIters, 1975). 

Finally, there are, in turo, three main, noise indices: the Nni~c 

Exposure Forecast (NEF), the Composite Noise Rating System (eN R), and 

the Noise and Numher Index (NNI) (WaIter!\, 1975). Neverthelcss. sincc 

only one measure will usually he availahle for a givcn airport, the question 

of which is superior (See: Bartik and Smith. 1987) hceomcs somewhat 

irrelevant. In the case of Dorval Airport, this mcasure happens tn he the 

the NEF. 

Il.0.3. 

II.D.3.a. 

Measuring Noise: the Noise Exposure Forecast (NEF) 

The NEF and its Calculation 

The NEF, currently used to estimate airport noi!lc ID Canada, doc!\ 

refleet the fact that noise is a continuum. It alsu aee()unt~ for the faet that 

noise annoyance is a function of the noisc's duration, I()udnc!\~, sound 

frequency rnix, and of how often noisy event!l oeeur (Beattie, 1983; and 

Wallers, 1975). Although it is not a perfect mea~urc of the noise annoyanee 

originating from Dorval or other airp()rt~, il is thc hest and only one 
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availahlc . E~scntially, the NEF eslimate!> what the cumulative noise 

annoyanee from air traffie on a notional husie!\t day of the year would he for 

a particular geographic point 

The NEF al a given point is arrived at in the following way. First, the 

physical accoustic pressure (sound) propagated during the lake-off or 

landing of a given type of aircraft is measured at various distances and 

angles relative to its flight path. These recordings are weighted at various 

frequencies, to reflect the relative annoyance induced hy certain parts of the 

sound spectrum. The weighted measures are then plotted versus elapsed 

overtlight time, for each type of aircraft, and for hoth take-off and landing. 

For each curve, the glohal maximum is determined. Next, a factor which 

corrects for the duration of the noisy event is added to each maximum, to 

rcprcsent one of the most distressing aspects of noise. The resultant 

mcasure is called the effective perceived noise level (EPNL) (Transport 

Canada, March 1989). The EPNL measures the noise from single noise 

cvcnt~, and is determined for each type of aircraft, as a function of the 

shortcst distance from the aircraft's f1ight path, for each kind of operation: 

taking-off, landing, or flying. Because it does not measure sound per se, hut 

only effective perceived noise annoyance, its units are distinguished from true 

dB with the prefix EPN (Transport Canada, March 1989). 

The NEF, in tum, is an aggregation, for given reference points on the 

ground, of the EPNL calculated from the c10sest points of ail flight paths, 

followcd hy ail types of aircraft, to ~ach destination, on a notional "peak 

planning day" (Transport Canada, March 1989 and June 1990). The NEF 

also incorporates weighting to emphasize the relatively greater annoyance 

caused hy nightime flights (Muskin and Sorrentino, 1977). It is measured 

in NEFdB, which are identical to perceived noise units (EPNdB). The 

logarithmic nature of this summed noise measure, comhined with the large 

sample sizes used to calculate noise and aircraft performance data, allows 

one to ignore variations due to relatively less important factors su ch as 
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weather, wind, and pilot hahits (Transport Canada. Malch 1989 ami Junl' 

1990). 

Il.D.3.h. Empirical Support for the NEF 

A rough correlation can he drawn between NEF zonc!> and the kllld!> 

of reactions that the administrators of an airport can cxpect from the 

residents of those zones. In addition, the severity of health cffects havc 

been related to increasing NEF levels (Beattle, 198]; M uskin and 

Sorrentino, 1977; Nelson, 1979; Transport Canada. Mardl 1989; allli 

Walters, 1975). 80th the Canada Mortgage and Housing Corporation 

(C.M.H.C.) and the Ontario Ministry of Housing have rcfcrred to NEF 

levels in, respectively, a lending policy ft residentlal housing around 

airports, and guidelim.s for residential land use (Beattie, 1983). 

II.D.3.c. Inherent or Definitional Limitations 

Measurement error in pollution variah'e~ such a ... tho!>c lor noisc ha~ 

been found to have a much greater effect on fheir own coenïclCnt~ than dill 

potential measurement error in other explanatory variah'e~ Thu~, thl' 

measurement of noise variahle~ i~ critical (Graves (1/ al., 1988). 

The NEF does have certain inherent or detinitional limitation... They 

imply that it may not be an entirely accu rate mea~urc of the nOl~C 

annoyance, hence the externality, that is actually experienced on the ground 

when the buyers and sellers of houses, or their agent~, apprahe a dwelling 

to decide on a priee. These 1imitation~ pertain to: calculatmg the NE': for 

a peak planning day, instead of a more typical day; using forccast~ of 

aircraft movements to arrive at both the numher of nOl~e evcnt~ to he 

aggregated and their distribution among aircraft typc~ and Ilight path~; not 

calibrating the NEF with aetual measurement~ from the ground; and 

ignoring the local effects of topography, building design and orientatIOn, and 

vegetation on noise annoyance. Two other limitati()n~ arc that the N El-' 
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ignore~ the nni~c annoyance that is generated wh en aircraft u~e reverse 

thrust, after they touch down; and that the NEF may not adequately account 

for the number of evcnt~, even though thb enters intn the aggregation 

(DWG, 1990; Hornblower, 1991; and Transport Canada, March 1989, Feb. 

1990, June 1990, and May 1991). 

Il. D.3.d. Problems in Usage 

Beyond the definitional limitations of the NEF or other noise indices, 

thcre are twu problems which arise when they are used. The first is the 

existence of multiple airport externalities; and the second is the presence of 

multiple sources of externalities which, consequently, overlap. 

There arc other, lesser externalities which emanate from the airport, 

both positive and negative (See, for example: De Vany, 1976; Gautrin, 1975; 

Nelson, 1979; Pennington et al., 1990; and Walters, 1975 and 1978). The 

chief positive externality is the airport's proximity as a centre of employment 

or a point of departure. The former may pertain to the airport itself or to 

air transport-related businesses. 1 he latter may refer to the convenience of 

passengers or to shippers. To the degree of its relevance to local 

inhabitants, an airporfs proximity may bias estimates of noise coefficients 

towards zero (Beattie, 1983; De Vany, 1976; Nelson, 1980; and Pennington 

et al., 1990; and Walters, 1975). This follows from the positive correlation 

of noise and proximity. Finally, the other, lesser negative externalities 

include air pollution and traftie congestion (Walters, 1978). 

Although one could specify a distance to airport variable, in whatever 

fashion, to control for accessibility (WaIters, 1975); the dispersion of local 

employment centres would pose the same problem as it does for distance to 

CBD variables. Also, the empirical evidence for the usefulness of distance 

proxies is weak. For example, Nelson (1979) concluded that NEF 

coefticients were stable at different distances from airports. Because of the 

dispersed nature of employment in the West Island of Montréal, and the 
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ah ove finding, the possihle existence of multiplc cxternalitic), cmanatlllg 

from Dorval Airport is recognized, hut has not heen dealt with III thi), thc~i~. 

Not only are there multiple cxternalities from a smglc soun:e. hut 

there may also he multiple sources of externahtJe~ which affect a gtven 

property. Thus, housing priee may alsu reneet the impact of non-impurt 

externalities, such as air, noise, and visual pollution from nearhy highway~ 

and railways (Poon, 1978; and Whithread, 1978). Ncverthclcs~, the possihlc 

effeet of other externality sources on housing priees wa~ not con~lllered 

here. Airport noise would seem to he more noticcahlc, henrc have thl' 

greatest impact. 

Il.0.4. Contour Data and Sampling 

Noise data were ohtained t'rom Transport Canada\ Map Air{Jort 

Montréal International (Dorval): Noise EXPOSUfl' Foreca.\'I /99/. Ref.No. QR l, 

Sheet No.l/l, March 1986. Since the noi\c data uscd in thi~ thesi), weI e 

forecast circa 1984, and the sales data pertain to 1989 and 1990, cstimated 

coefficient~ may he inaccurate. Nevcrthelc~s, it may he reasonahle to U"'l' 

noi~e readings from one point in time to reprcsent the noi",c lcve! lIVCt il 

longer period if there is not much variation in the traffIC thal producc... the 

noise (Palmquist, 1982). Noise contour data were converted into ~et:ondary 

data hy relating the positions of housing ohservations to the appropnate 

NEF zones or contours. Houses located ncar the NEF contour~ themsclves 

were given integer noise values equal to the contour~' value",. Tho~c located 

near the rniddle of a noise zone (hetwcen two c()ntour~) wcre a~~tgned not~c 

values equal to the level at the lowcr contour. Moreover, lincar 

interpolation was not attempted, owing to the likely complexity of the N I~F 

surface (Levesque, 1991). 

Since the NEF index has a non-zero origin, ali~igning zero nOl\e Icveh 

to houses located beyond the outer contour crcale~ mea~urement error 

(Nelson, 1980, and 1982; and Palrnquht el al., 1990). Thi", ~ludy followed the 
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majority of author~ in ~pccifying a background noi~e level (minimum 

annoyancc threshold) of NEF 20 instead of NEF 25 (Abelson, 1979; and 

Ncl~on, 1978, 1980, and 1982). Thi~ wa~ in keeping with the WeM Island's 

relatively quiet suhurhan nature, and ttlere already is an NEF = 25 contour 

for Dorval Airport The erroneous practice of excluding observations that 

are adjacent to NEF contour lines was not followed. 

A~ mentioned above, noise data have sorne possihle limitations. They 

are collccted during or forecast for relatively brief periods, to which housing 

sale~ data should correspond. Instability in airport traffle or usage, hence 

noise, may render the use of previou~-period samples inappropriate 

(Mie!'zkowski and Saper, 1978; and Nelson, 1982). A similar prohlem may 

arise when the noise sampling or forecasting period and the sale~ sample are 

separatcd by a noticeahle lag. 

Suhjective annoyance has been found to he proportion al to e '\1 l, which 

wou Id suggest a semi-Iog specification for the hedonic model (Nelson, 1979 

and 1982). Brookshire et al. (1982) round ~ome empirical support for thi!l 

ln thclr ~tudy of the relationship hetween their pollution varia hIe and 

housing priee. 

II. E. Spccified Variables 

The variahles eonsidered in various specification~ for this thesi~, and 

thcir units, detïnitions, and sources are presented in Tahle IV. L, helow. 

Thcir expectcd signs, mcans, samp]e standard deviations, minima, and 

maxima appear in Table IV.2.. Most ail of thesc variables, or similar ones, 

have been previously found to be significant hy many researcher~ (Dubin and 

Sung. 1990; Goodman, 1977; Palmquist, 1984; and Poon, 1978). Sorne 

Mructural variahles for which data were availahle, but which were not used 

in the empirical models include the number of tloors, the basement's finish, 

hardwood floors, and central air conditioning. Nevertheless, whether houses 

wcrc detached or semi-detached was specitïed . 
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Four zonal variables were spcdtïed, grouping similar cities tngcthcr. 

The adjacent cities in Zone 3 are ail expo~ed to airport nni~c, and arc 

located on the (southern) Lakeshore of the Island of Montréal. Likewisc. 

the cities in Zone 4 are similar, adjacent towns, hut arc locatcd on thl' 

northern shore of the island. Thirdly, Zone 1 suhsumes cilies that arc ail 

located away from Dorval Airport, whose citizen!! may. in gcncral, he 

similarly weIl-off, and which have similar-looking streets and suhul'han 

patterns. Finally, the Zone 2 dummy variahle is idcntified with the town of 

DoUard-des-Ormeaux, which, although exposcd to airport noise, contain~ 

many more recent housing devel()pment~ than ùo Pointe -Claire, Dorval, 01 

Lachine . 
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• Table 111.1. Variables: Units, Brief Definitions, and Sources . 

Variable units Brief Definition Source 

Real Price $(June 1991) Real house price. a 

Detachllent Yes/No Fully- or semi-detached, vs. attached. a 

Age Years Age, since construction or last renovation. a 

Rooms Units Total number of rooms of any kind. a 

Bathrooms units Number of bathrooms. a 

Floor Area ft 2* Living spa ce in structure. a 

Fireplace Yes/No Presence of fireplaces. a 

Central Heat. Yes/No Presence of central heating. a 

Heat Pump Yes/No Presence of a heat pump. a 

Brick Yes/No Presence of substantial brick facing. a 

Stone Yes/No Presence of substantjal stone facing. a 

Lot Size 'OOOs of fPt Size of the lot. a 

• Garages units Number of garages. a 

Pool - No or above- or in-ground swimming pool. a 

Noise (NEF) [NEFdB] NEF noise annoyance level. c 

Noise (NEF;:) NEFdB· 'OOOs NEF times lot size. (a,c) 
of ft 2• 

% French Sp. lOoths of pop. Proportion of francophone or bilingual pop. b 

% English Sp. 100ths of pop. Proportion of anglophone or bilingual pop. b 

% Unellployed 100ths of pop. Proportion of neighbours unemployed. b 

"one 1 Yes/No Kirkland, Beaconsfield, Baie d'Urfé or (a) 
Senneville 

Zone 2 Ves/No Dolletd-des-Ormeaux (a) 

Zone 3 Ves/No Pointe-Claire, Lachine or Dorval. (a) 

Zone 4 Yes/No Pierrefonds, Ste-Genevieve or Roxboro. (a) 

1 Month Il Honths 1 Sample month of sale. 1 (a) 1 
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• Notes for Table 111.1.: 

a MLS , various hooks (GMREBh, 1989-19(0). 

h Statistics Canada (1990), 1986 Ccnsu~. 

c Transport Canada (1986). 

(.): Calculated from indicated source~' data. 

*, + : 1 ft 2 = 0.093 m2; square fcct arc the conventional unit 01 
measurement for lot sizes and Iluur arca~. 

N.A.: Not Applicahle . 

• 
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Table 111.2. The Variables: Expected Signs, Means, Sample Standard 
Deviations, Minima and Maxima. 

The variahle~ helow appear in the set of retained specifications. 
Variahle~ which were only included in eventually rejected specifications are 
not listed. 

Numhcr of Ohservations: 427 

Variable Expeeted Mean Std. Minimum Maximum 
Sign Dev. 

Real Priee 148525 65271 19866 610695 

ln(Real Priee) 11.84 0.35 9.90 13.32 

Detachment (+) 0.81 0.39 0 1 

Age (-) 21.19 16.88 1 240 

In(Age) (-) 2.66 1.08 0.00 5.48 

Age 2 (+) 733 2830 1 57600 

Rooms (+) 7.67 1.39 4 13 

ln(Rooms) (+) 2.02 0.18 1.39 2.56 

Bathrooms (+ ) 1.79 0.61 1.00 3.50 

In(Bathrooms) (+ ) 0.52 0.34 0.00 1.25 

Floor Area (+ ) 1544 602 482 5620 

In(Floor Area) (+) 7.28 0.35 6.18 8.63 

Fireplace (+ ) 0.65 0.48 0 1 

Central Heating ? 0.66 0.47 0 1 

Hflat Pump (+) 0.08 0.27 0 1 

Brick (+) 0.88 0.32 0 1 

stone (+) 0.03 0.16 0 l 
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Table 111.2. (continued): 

The Variables: Expected Signs, Means, Sample Standard Ileviations, 
Minima and Maxima. 

-
Variable ~x~ed Mean Std. Minimum ,Iax ilium 

Slgn Dev. 

Lot Size (+) 6.75 3.40 0 31. 72 

In(Lot Size)5 (+) 8.68 0.88 -6.91 13.44 

Garages (+) 0.95 0.70 0 2 

Pool ? 0.26 0.60 0 2 

Noise (NEF) (-) 22.68 4.43 20 35 

Noise (ln(NEF)) (-) 3.10 0.18 3.00 3.56 

Noise (NEFW) (-) 151. 71 81.50 0.00 685.44 

Noise (ln(NEFW)) (-) 11. 78 1.02 -6.91 13.44 

% French Sp. ? 0.68 0.08 0.51 0.98 

% Englitih Sp. ? 0.90 0.08 0.46 1.00 

In( % Enqlish Sp. ) ? -0.11 0.09 -0.78 0.00 

% Unemp.loyed (-) 0.06 0.03 0.00 0.18 

Zone 1 ? 0.12 0.32 0 1 

Zone 2 ? 0.18 0.38 0 1 

Zone 3 ? 0.02 0.15 0 1 

Zone 4 ? 0.24 0.43 0 1 

1 
Month 1[ (-) 1 12.31 1 5.80 1 1 1 18 1 

N.A.: Not Applicahle. 

5 The log of lot ~ize h in ft 2 , not (000) t't 2
, 
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CHAPTERIV. METHOD 

1. Introduction 

The mcthod used to estimate a hedonic function i!\ crucial, since it can 

have a great effect on the marginal valuations of environmental commodities 

(Grave!\ et al., 1988). Although the Box-Cox method is often used in hedonic 

modelling, effort~ to apply it to the data set at hand were not successful. 

Thi!\ was so cven when different initial parameter values and optimization 

algorithms were used. Consequently, the discussion about Box-Cox 

estimation i!\ brier Hence, OLS, with functional form specified a priori, was 

u!\ed to cstimate hedonic functions of various forms (linear, In-In, inverse 

semi-In, and semi-In). OLS models are still u~ed to estimate hedonic 

functions (Michaels and Smith, 1990, for example). However, little space 

is devoted to a discussion of this well-known Methode 

The tirst part of this chapter discusses the OLS estimation strategy 

that wa~ u~ed, including model selection and variable evaluation, how 

multicollinearity was dealt with, as weil a!\ testing for stability and 

hctcroskedasticity. The second part considers the Box-Cox method and its 

application to hedomc analysi!\, and report!\ brietly on the Box-Cox work that 

was donc for thi~ thesb. 

Il. OLS Estimation 

II. A. Considerations 

This section presents three considerations in estimating, selecting, and 

rctaining OLS models: general criteria, individual variable significance, and 

multicollinearity. The next section (II. B.) deals with the strategy that was 

followed and how it involved these consideratioO!\. 

Il.A.1. M odel Selection Criteria 

Hcdonic models May be evaluated in Iight of Harvey's five criteria 

(1981) of what constitutes a "gond" model: parsimony, identifiability, 
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goodness of fit, theoretical consistency, and predictive power. First." 

parsimonious model is one that contains few parametcn., yct which hring!. 

out the essential features of the processcs under cxarninattOn. Simphcity 

entails subsuming certain factors under the disturhance tCrIn. Parsimony 

is relevant to the extent that it justifies dropping individually insignitïcant 

variahles from the modet. Identitiahility, the second propcrty, tends to he 

related to parsimony, and means that only one sct of paramctcrs IS 

consistent with the data set (Harvey, 1981). Sin cc no nun-ncstcd tcst~ were 

used here to evaluate alternative specitications, identitiahility has, to sorne 

degree, been ignored. 

The third eriterion, goodness of tit, i!. especially relcvant to prcthcting 

movements in the dependent variahle, hut not to hedonic analyse~, sincc 

they have the goal of estimating specifie regression coefficients, mther than 

simply explaining the variation in the dependent variahle (H arvcy, 1981 ). 

Thu~, although goodness of fit can he charaeterizcd hy mcasurc!. such a!. IP, 

these are not useful criteria for evaluating alternative specification~ ( Ridker 

and Henning, 1967). 

Theoretical consistency mean~ that a model i!. con!.l!.tent with li {Jrion 

knowledge, wh ether from economic thcory or common knowledgc Thc 

accuracy of a model's predictions is a tinal cnterion, whlch may he more 

relevant than goodness of fit, particularly when it b measured against a new 

sample (Harvey, 1981). However, since hedonic model!. are not intcnded for 

forecasting, this criterion is only relevant to the significancc of individual 

parameter estimates. 

Il.A.2. M ulticollinearity 

Multicollinearity is a common empirical prohlcm in hedofl\c work 

(Butler, 1982; and Garrod and Willis, 1992). Examplc!. indudc dirnem\()nal 

housing characteristics, such as the numher of hedroom!., hathroorn", and 

garage~, and floor area and lotsize; distance to CB D vaTlahlc!. and 
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ncighhourhood eharaeteristics; and structural eharacteristics or town and 

age (Butler, 1982; Correll et al., 1978; Dinan and Miranowski, 1989; Li and 

Brown, 1980; and Pennington et al., 1990). 

Multicollinearity reduces the reliability of estimated coefficients 

(Ozanne and Malrezi, 1986, cited by Garrod and Willis, 1992), yet its 

seriousness in an application is not easily judged in an ohjective way. 

Researehers must resort to their own judgrnent and to empirical tests 

(Maddala, 1977, cited by Garrod and Willis, 1992; and Ridker and Henning, 

1967). Moreover, there is a trade-off between multicollinearity and 

misspccitïcation (Butler, 1982). Omitting a relevant variable will entrain 

hias in the estimates of coefficients for the variahles with which it is 

correlated, whereas retaining the variable rnay entrain inefficieney through 

rnulticollinearity (Ridker and Henning, 1967). Provided that sueh 

prohlernatic variables have adequate t-ratios and that their inclusion 1!! 

strongly justified a priori, they should be retained (CoeHi eT al., 1991) . 

Il.8. Estimation Strategy 

The objective was to estimate the coefficients of the hedonic priee 

function, especially those corresponding with noise and neighhourhood 

variables. In preliminary regessions, sorne rnulticollinearity wa~ evidenced 

hy incorrect coefticient signs and insignifïcant coefficients for variables. 

Hence, the matrix of correlation coefficients hetween the variahles was 

computed, and special attention was paid to pairs of variahle!! which had 

coefficients of approximately 0.60 and greater in magnitude. Each variable 

that had such coefficients with two or more other variables that measured 

roughly the sarne thing, size, for example, was treated as being problematic 

and was dropped from ail specifications. Pairs of similar variables with 

coefficients greater than about 0.90, such as the English and French 

linguistic variables, were treated as alternates. New, alternate specifications 

wcrc set, which differed only in which mernher of each pair was included . 
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Thus, the numher of specitications was douhlcd for each such pair. Ail 

other variahles were organized into several comhination, of similar. yct 

compatihle variables. These comhinations wcre, in tum, comhined with 

dissimilar, hut compatihle comhinations to arrive at a ncw set of 

specifications as to inclusion. 

III. Error, and General Limitations 

III.A. Error 

Hedonic priee equations can present the usual econometric pruhlems 

of measurement error, misspeeification crror, autocorrclation, 

multicollinearity, heteroskedasticity, and multicollineanty. H owever, these 

prohlems are not necessarily more severe in hcdonJ(": analysi~ than in any 

other kind of analysis that uses econometries. 

I1I.A.l. Measurement Error 

Measurement error, of the priee or the charactcriMics of a property, 

may result from their misrepresentation with proxlC~ or trum the non

measurement of certain attrihute~. Fairly strong assumptlOn!\ mu~t he made 

ahout unmeasured characteristies, ones which arc only mct when the 

attrihutes are fairly partieular. Such attrihute~ may include the colnu.. of 

paint or carpets, for example (Epple, 1987). Except wh cre alternative 

measures are availahle, such error is generally heyond the control of the 

researcher 1. 

This prohlem is especially relevant tu amenitie~. In gcncral, crudc, 

aggregate and controversial proxies are used to analyzc amcnitlc~. Sueh 

measure~ do not account for distrihuti()n~ of pcrccpti()n~ More 

Another explanation of residual~, hc~ide~ mcasuremcnt crror, 
is that they are caused hy agent~' erroncou!\ perccpti()n~ of priec or 
eharacteristics (Epple, 1987) . 
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tundamentally, the perceptions themselves are poorly understood, as is their 

formation. It follows that the use of resultant estimates in policy analysis 

i~ fraught with uncertainty (Bartik and Smith, 1987). 

III.A.2. Misspecification Error 

Misspecification error, whether due to the omission of measured 

variables, or the exclusion of unmeasured ones, involves the presence of 

unobserved or unaccounted-for characteristics. Its extent has a critical 

effect on a hedonic priee function's performance. The omission of relevant 

variables may reduce a model's degree of explanation, since their effects 

may he included in the intercept or other terms (Cropper et al., 1988; Epple, 

1987; and Garrod and Willis, 1992). However, omitting certain variable~ 

such as thosc dcscrihing a neighbourhood may he justified if the resultant 

misspecificatlOn error is sm ail enough (Butler, 1982; and Garrod and Willh, 

1992). Likewise, although both the Iinear and quadratic Box-Cox 

transform a tions are the hest forms to use when there is minimal 

misspecitïcation, only the former is appropriate in other circumstances 

(Cropper et al., 1988). 

III.A.3. Autocorrelation and Multicollinearity 

Autocorrelation, hoth spatial and temporal, may he an important 

pruhlem in connection with hedonic analyses, hut the structure of the data 

u~cd makes hoth kinds very diftïcult to test for and deal with (Ana~ and 

Eum, 1984; Bali, 1973; and Coelli et al., 1991). The irregular distrihution of 

sales over time is one chief example of the structural prohlems (Coelli et al., 

1991). Multicollinearity is discussed at length in a previous section of this 

chapter, since its presence was intluential in determining the estimation 

stratcgy used here. 
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IlI.A.4. H eteroskedasticity 

The spatial nature of hedonic data indieates that hctcroskcdasticlty 

should be tested for, but there is a Jack of thcorcticaJ support for il 

relationship between variance in priee and location (Corrcll ('[ al.. 1(78). 

Nevertheless, Coelli et al. (1991) did cncountcr hctcroskcda~ticity with 

respect tn lot size. 

IV. 

IV.A. 

Diagnostic Tests 

Tests of Stability 

Because the overall sample comprised 179 nbscrvati()n~ fl'Ol11 1989 und 

248 from 1990, with an eight-month gap in the middlc, the m()dcl~' stahllity 

was tested using the F-test variant of the Chow test. This entailcd running 

separate OLS regressions for the overal1 ~ample and tor each of the suh

samples. Since the periods' estimated standalu crror~, hcnee the a2\, were 

very similar, a Wald test for stability was unnecessary. The Chow test Wél~ 

constructed for eaeh of the 34 most promising specification~ that had becn 

arrived at for the overall sample, including ()ne~ for each of the inver~e 

semilog, true semilog, log-log, and tinear functional form~. 

A conclusion that could be drawn from all of these Chow tcsb 1\ that 

there may have been a signifieant structural change betwccn the twu period~, 

implying that the two periods should, perhap~, have becn considered 

separately. However, the Chow tests did not rcally tc~t the spccllïcatlOn~ 

that had been retained, but one~ which differed from them in the exdu~ion 

of the variable Month. This variable had becn highly signifieant in ail 

previous specifications, but problems of near-smgularity with the suh-

samples meant that the variable had to be dropped in order to perform the 

Chow tests. Thus, any conclusions drawn l'rom the Chow tcst~ pcrformed arc 

relevant to the specifications that were tested without Month, hut may not 

be relevant to the specitïcation~ that were actually retaincd and that did 

include the variable Month. In other word~, the Chow tc~t\ werc only 
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pcrformed on similar, hut not identical specitïcation~ to tho~e retained . 

Morcover, the apparent significancc of the Chow te~t~ for ail functional 

form~ could still he attrihuted tn the sample's discontinuity. 

NevertheIess, a priori information suggest~ that there was a change 

which affectcd the hnusing market hetween 1989 and 1990, namely the 

hegmning of a recession. This resulted in weakened demand for housing, 

manifested m sharply falling housing starts and huilding permit 

expenditures, starting in the second quarter of 1990, and continuing, with 

sorne minor reversaIs, throughout that ycar (Statistics Canada, Canadian 

I~'con()mi(' Ohserver, 1990-1991). 

IV.B. Tests of Heteroskedasticity 

The presence of heteroskeda~ticity l~ likely to hia~ the variance 

estllnator, hence the standard error~ of the regressÎon coefficient~. 

M 1lI cover, ~ome misspccification tests ha~ed on OLS theory may he 

wcakcncd (Godfrey, 1988; and and Judge et al., 1982). Therefore, it is 

important tn test for heteroskedasticity. A Breusch-Pagan te!lt for 

hctcroskedasticity was constructed for each of the specitication!l retained 

attcr the preliminary selections for signitïcant, individual t-tests and ahsence 

of apparent multicollinearity. Hence, it was applicd to Il fully linear, four 

~emi-In, II In-In, and twu inverse semi-In specifications. 

The Breusch-Pagan test is a general Lagrange Multiplier (LM) test for 

hypothcses that the estimated disturhance is sorne function of the regressors. 

Il is versatile since it can he applied without prior knowledge of the 

functional form of the heteroskedastic relationship, although given such 

knowledgc, other, more specifie tests are stronger (Kennedy, 1985; Judge et 

al., 1982~ and Studenmund, 1992). 

AIthough the Breusch-Pagan test dues allow one to test several factors 

al once, the factors and the form of heteroskedasticity must he specified, 
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and the sample should he large (Studenmund. 199:!). In small ~all1pk!\. the 

test may he sensitive to non-normal crror distrihution, Whcrc thl~ I~ lit 

concern. the test may he moditïed hy regressmg the s4uare of the OI.S 

residual, less the sample varianœ, on the variahlc~ in 4uc~tilln The 

Breusch-Pagan statistic would then he ca1culated a~ the produl't ot thb 

second regression's R 2 and the samplc sile (Kocnkcr, 199 l, dtcd hy 

Kennedy, 1985). As weIl, Judge et al. (1982) caution thal in fllllle ~amplc ... 

this test entails a lower fre4uency of Type 1 crrm than Ihe dill\l'11 

significance level would suggest. In other word~, the levcl of ~lglllrJl'anl."l' 

may he more stringent th an that indicated hy «(v), or the cho~en kH'\ ma\ 

he less strictly applicd. 

Ail of the fully linear and semi-In spccllïcatlOm wcrc lound 10 he 

aftlicted hy sorne heteroskedasticity with rcspect to the variahlc~ Room~. 

Bathrooms, Flour Area, and Lot Sizc. Weighted least ~4uarc~ (WLS). whcrc 

each non-dummy variahle 

(Studenmund, 1992), can 

IS divided hy the mmt influcnlial lactOl 

he used in an attcmpt to correcl fOI 

heter()~kedasticity. This wa~ used tn estimatc a reprc~enlatlw. tully hneal 

specifIcation (TL60). Since its Breusch-Pagan tc~t litatl~tic wa, on Ihe tlldel 

of 5x 10 14, it wa~ apparent that the resultant model wa .. l'ven mOI C plOIlC 10 

heteroskedasticity than the original, uncorrectcd onc. Bccau,c Ihc othe! 

Iinear specifications were not very diffcrent from TI ,60, and hecau,e thelr 

heteroskedasticity seemed to he related to the ~ame sizc vaflahlc~, Il wa~ 

decided that weighted least squares would not provc truitful H encc, the 

ahsence of apparent heteroskedasticity was adopted a, an addltlOnal 

criterion for retaining specifications. Con~cquently, whcrea, ail of the 

linear and semi-In specification~ were rcjccted, hoth of thc IIlvcr,c ,cml-In, 

and ail 12 of the In-In specIfications werc rctamcd 

IV.C. Functional Form 

The Durhin-Watson te ... t may he u ... cd to uetcct an Incorrect functlOnal 
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lorm in cros~-sectional data, although it may not he the most appropriate 

te\t for thi~ purpo~e (Kennedy, 1985). Rejecting Ho implie~ that the 

~pecifïed functional form may he erroneous. 

V. The Box-Cox Technique 

V.A. Introduction and Appropriateness 

Hedonic theory suggests that the hedonic priee function may be non

linear instead of lincar, hut does not provide any definite conclusions. This 

is precisely the kind of situation for which Box-Cox transformations are 

appropriate (Bender el al., 1980; Butler, 1982; Cassel and Mendelsohn, 1985; 

Milon el al., 1984; and Zaremhka, 1974). 

The Box-Cox technique estimates the most appropria te values of the 

transformation parameters, hence the most appropl iate functional form, for 

thc data sct at hand. Thcsc, and restrictions that descrihe other, recognized 

fonns can hc tcstcd against one another with likelihood ratio tests (Coelli 

('f al., 1991; Kmenta, 1986; and Milon et al., 1984). 

V.n. The Box-Cox Transformation and Model 

The Box-Cox power transformation of a variahle Z is detined to he: 

ZIO.) :=- (ZIÂ - 1)/ Â, for 0 < Â ~ 1, 

~ InZ l' for Â = 0; 

where ZI> 02, i=I, ... ,N. 

The transformation can he applied to the dependent and independent 

variahle~, hut must hc strictly positive, since the logarithmic transformation 

2 See, for example: Amemiya, 1985; Beauchamp and Kane, 1984; 
Box and Cox, 1964; Carroll, 1982; Draper and Cox, 1969; Fomhy et al, 
1984; Godfrey, 1988; Harvey, 1981; Kennedy, 1985 and 1992; Kmenta, 
1986; Maddala, 1977; Pindyck and Ruhinfeld, 1991; Schlesselman, 
1971; Seah and Layson, 1983; Spitzer, 1982a, 1982h, 1984; Tse, 1984; 
and Zaremhka, 1974 . 
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of zero or negative values will he undctined. Moreoyer. the transformatiun 

parameter need not be the same for ail variahles. and not ail variahles need 

he transformed 3. In general, as the numher of transformation parameters 

increases, the ove rail model will hecome more flexihle; hut its complcxity 

and, with it, the computational costs, will increase as weil (Blomquist and 

Worley, 1981; Dinan and Miranowski, 1989; Fomhy et al .. 1984; and Judgc 

et al., 1980). 

The unknown parameter Â is unrestrictcd within the range of 0 < Â :s 

1 (Cox, 1990; Palmquist and Uanielson, 1989). Â is assumcd to he non-lem 

for convenience in deriving the log-likclihood function (Zarcmhka. 1(74). 

Moreover, Box-Cox models must includc a constant term, su that the 

estimated transformation parameter for the dependent vanahlc i!\ invariant 

to changes in the units of measurement of the depcndcnt vanahlc «'assel 

and Mendelsohn, 1985; and Zaremhka, 1974 and 1987). 

H ere, the regressors in the linear Box-Cox mode! wcrc entcrcd III 

linear versus quadratie form. This has the advantage 01 heing rclatively 

simple, and results are casier to use and interprct. It i~ also more rohu~t tn 

misspecifïcation and the use of proxie~ in hcdonic work (Cmppcr l'I al., 

1988). 

3 Sec: Amemiya, 1985; Box and Cox, 1964, Cox, 1990; Draper 
and Cox, 1969; Fomhy et al, 1984; Judge ('1 al, 1980, Maddala, 1977; 
Seaks and Layson, 1983; Spitzer, 1982a; and Zaremhka, 1974 and 
1987 . 



• 

• 

• 

The linear Box-Cox hedonic model with dummy variahles is: 

P( 0) - a(J t EllJXJ( À) + EkBkDk + (; 
Whcrc: j I, ... ,m; 

k -:: 1, ... ,p; 

P ,( 0) -=- (P 1 
0 - 1) 1 e, 

=- InP " 

XJ(À) -=- (X J
À - 1)/À, 

-- InX
J
, 

P,CO) ( P(O), and XJ(À) l X(À). 

(After: Bender and Hwang, 1980). 

for e :;. 0, 

for e = 0; and 

for À :;. 0, 

for À = 0; 

Thi~ formulation incIude~ a transformatIOn parameter (e) for the 

dcpcndcnt variahle (P), and (À) for each of the independent variahles (X J)' 

Thc dummy variahles (D ,,) are not transformed. 

Applications of the Box-Cox transformation require that the 

transtormcd depcndent variahle he strictly positive, since logarithmic 

transformation~ (when 0 '""- 0) of negative numher~ or zero are undefined. 

This Imphc~ that the distrihution of f i~ necessarily truncated, and cannot 

he cxactly normal. However, normality happen~ to he a hasi~ for the 

maximum Jikelihood method (Amemiya, 1985; Fomhy et al., 1984; and 

Zarcmhka, 1987). 

Ncvertheless, this conflict can he reconciled hy assuming either 

normality, with a very small prohahility of large, negative values for fi; or 

lIpproximllu> normality 4. Finally, no matter what is assumed, the Box-Cox 

procedure, including maximum likelihood estimation, i~ rohust to non-

normality, hence is consistent, provided that the error distrihution is 

rcasonahly symmetric or that P ,( 0) is relatively unskewed (Draper and Cox, 

4 Sec: Beauchamp and Kane, 1984; Fornhy et al, 1984; Lahiri and 
Egy, 1981; Maddala, 1977; Seaks and Layson, 1983~ Spitzer, 1982h and 
1984: l'sc, 1984; and Zarernhka. 1987 . 
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1969; Seaks and Layson. 1983: and Zaremhka. 1(74). 

The Box-Cox method is particularly sensitive tu the prcsence ni 

heteroskedasticity when not allowed fol' in the log-likclihood tUllclton\ 

specification. Unaccounted-for heteroskedasticlty will htas the estimatc 01 

e towards a value (0) that stahilizes u? towards apparent homoskcdasttclty 

(u 2 ), giving the false impression of non-lincanty (Sec: Kmcnta, 1986. Judge 

et al., 1980; Lahiri and Egy. 1981; Seaks and Layson. 1983; and Zarcmhka. 

1974, 1987). Moreover, this hias will, conscqucntly. extend hl othe!' 

parameters (Zaremhka, 1987). Hencc, the Box-Cox mndel should he 

generalized to account for huth functional fmm and pnssihlc 

heteroskedasticity, so that they can he tcstcd simultaneously and theil 

effects isolated (Lahiri and Egy, 1981; and Tsc, 1984). Thi~ was donc hcre. 

V.C. Tbe Box-Cox Likelibood Function 

The Box-Cox model was devised with maximum likclihood e~timatll)n 

in mind (Harvey, 1981; Maddala, 1977; and (>mdyck and Ruhml'eld. \99\) 

Because the maximum likelihood (ML) technique was uscd. li dcn~lty 

function had to he assumed. from which a likclihood tunction was specificd. 

The joint density or Iikelihood for the elemcnb of the vector of original, 

untransformed ohservations, P'\;xb was assumed to have a multlvariatc, 

approximately normal yet possihly hetcroskedac.,tic dl~trihutlOn, alter Harvey 

(1981): 

( 1 ) 
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The positive dctïnitc (variance-) covariance matrix, with ~omc 

allowance for hctcro!lkcdasticity, Î'I: 

Wô 
-1 

e· 0 
e W2a 

v 1 = 
e W,6 

0 wrI> e NxN 

(2) 

Hcrc, J( 0) is the Jacohian of the tran!lformatlOn from P( e) to P, after 

Harvey (1981) and Zarernhka (1974): 

(3) 

The likelihood function is equal to the producl of the normal 

dcn~Jtie~, times J, the Jacohian of the tran~formation from the transformed 

dcpcndenl varia hie. P( e), hack to its original, untransformed value, P. The 

Jacohian reflect~ the change of variahles that occurs in moving from ('S 

distrihution functlOn to that for P; and is equal to 1(8 - I)EllnP,1 (Harvey, 

1981; Judge el al., 1980; Pindyck and Ruhinfeld. 1991; Schlesselman, 1971; 

Seaks and Layson, 1983; and Zaremhka, 1974). 

Tse\ approach (1984) to allow for the possihle presence of 

multiplicative hctcroskedasticity was used ahove. This entailed specifying: 

0,2 (12. h( W' • c5), wherc W was an mx 1 vector of non-stochastic variahles 

wlth respect to which there could he heteroskedasticity. c5 was an mx 1 vectoT 

of hetcroskedasticity parameters, c5 = 0 when there is homoskedasticity, and 

h(.) was a positive function for which h(o) = 1. Here, h(.) was defined to 

he the constant e to the power of W'. c5, after Harvey (1981). Thus, c5 was 

trcated as an additional unknown parameter vector to he estimated, and the 

wholc tcrm was suhstituted for (1,2 in the likelihood function. The necessary 
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assumptions wcre that: f. was normal. and that the prohahihty of large. 

negative values of i. was so small that the prohlem ot truncution ~ould hl' 

ignored erse, 1984). (1 was the disturham:e term of the Box-Cox hedolllc 

modet. 

The tirst convenient transformation of the Iikelthoml fllllctiun wa~ 10 

take its logarithm. Since the logarithmic transformation is monotunlc. and 

the likelih ood function is always non-ncgative. thls opel atiun wa~ not 

problematic (Pindyck and Rubinfcld, 1991) The rcsllltant In-hlchhood 

function was as overleaf' 

InL = - 1. • (0 l) l'lui' 
[

427 In21t + 427 Ina' + l'Wô 1 
2 ~ :~[P(6) -aX(À) pDj'V 1 [P(6) aX(À) pD] 

(4 ) 

But, specificd ln notation which rctleclcd the re4uircIllcnh ot 

GA USSX, the In-Iikelihood function was: 

ILL=- -+[4271n21t+4271nOL+w~,lPIO' X(À) Il npJ4 ,SinE' 111/' 
~ [o~,wôJ 1 

(5) 

Pleél~e note that the matrices W, X, and D had to he ~pht into vcctOI'" 

and the parameter vectors 6, lX, and 8 had to he ~plit into ~calar" Ml lhat 

GA USSX could handle the In-likelihood function. The dcfmillOn" of the 

matrices and parameter vectors, in tcrm" of the indlvldual vaflahle", and 

scalar parameter~, respectively, arc: 

W:\x, == (Roomsl Bathroom~1 LotSizc) 

X"x7 == (AgeIRoomsIBathroomsIFloorArcaILotSizcINU'1 %Engl Sp) 

D"xI 1 == (lI Detachment 1 Fircplace 1 .. 1 ZoneOlI .. 1 Zonc041 Month) 

6 ,~l == (<5 d b 21 0 ,)' 

7'l, 
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f.V7xl == (atla2Ia21f.V~la4Ia5Icx(Jla7)' 

81lxl == (Bd6 2IB,IB418c;16 6IB71 6 l!161JIB 1(16 11)' 

Twu more convcment change~ that couJd have been made to the 

Jikelihood function would have been to concentrate it ~o that it would have 

dependcd on tewer variables, and to scale it so that the Jacobian term would 

have droppcd out 5. Herc, however, concentration was not used because the 

tïr~t partial differentials of the likelihood function could be evaluated, but 

solutions for the parameters were intractahle. Scaling was not done either, 

becausc the heter()~kedasticity-encompassing 

complicated it. 

V.I). Maximizing the Likelihood Function 

specitïcation would have 

Once the likelihood function has he en specified, it must he 

maximized. The method of maximum likelihood (ML) could he used for this 

purposc (Kmenta, 1986), although other techniques have heen proposed, 

~ul:h a~ Iterated Ordinary Least Squares (1 OLS). IOLS maximizes a 

likelihood function with an Ordinary Least Squares (OLS) grid search 

(Casscl and Mendelsohn, 1985; Grave!\ et al., 1988; Halvorsen and 

Pollakowski, 1981; and Zarembka, 1974). H owever, it ha~ a severe 

drawhack, because it will underestimate the covariance matrix and, 

thercforc, bias estimated standard errors and give misleading individual t

values (Fomby el al., 1984; Milon et al., 1984; and Spitzer, 1982a and 1984). 

10l.S was not used for this project. 

5 Sec: Bassman, 1987; Fomby et al, 1984; Harvey, 1981 and 1990; 
Judge et al, 1980; Kmenta, 1986; Maddala, 1977; Pindyck and 
Rubinfeld, 1991; Spitzer, 1982a, 1982b and 1984; and Zarembka, 1974 
and 1987 . 
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v.o. 1. Numerical Optimization 

If analytic derivatives can he found fairly casily, they arc u~ually 

preferahle to numerical derivatives, which can he suhject tll ini.lCcural'iè~ 

H owever, in general, iterativc or numeric procedures must he used for 

maximum likelihood estimation, especially when the ML estllnatllr~ arc nlln

tinear (Harvey, 1981 and 1990; Maddala, 1977: and Pindyck and Ruhinfcld, 

1991). A given procedural rule is used to ohtain succe~sive cstimatc~ until 

convergence is achieved (Harvey, 1990). 

Several algorithms exist for maximizing the Iikelihood functlOn, 

including the Newton-Raphson (Newton's) method, quasI-Newton mcthmb 

such as the Davidon-Fletcher-Powell (DFP) algonthm. the Gaus~-Newton 

(GN) method, and the Berodt, Hall, Hall, and Hau~man (BH H H) 1I1gnrithm. 

These methods differ in whether they involvc the calculation nf flr~t 

derivatives alone, or of second derivative~; in whether the Hesslan matrix 

itself or an approximation is used; and in how the direction vector IS dcfmed 

(Harvey, 1990). 

V. E. Box-Cox (ML) Estimation Strategy 

Initially, the maximum likelihood estimatIOn 01 varioll\ Box-Cox 

models was attempted so as not to restrÏ<.:t functional lorm wlth theoretically 

unjustifïed assumptions. However, the relatively large numher 01 

parameters, up to 48, and the relatively small numher (427) 01 oh\ervatlon\ 

resulted ID failure to converge, even when only one tran\lormatlOn 

parameter was applied to ail variahle~. Thu~, it wa~ decided to u~e OLS a~ 

a more feasible method and to arrive at a more concl\c specifIcation 

OLS was u~ed to arrive at a starting value for a 2, and the In-likclihood 

function was specified to allow for possihle heteroskeda~tlclly with re~pect 

to: the number of rooms, the number of bathrooms, and lot ~ize. The non

transformation parameter~ associated with mdivldual variahle~ wcre glven 

initial value~ roughly mid-way in their possihle order\ of magnitude a\ 
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dcterrnined from prim OLS regressions. The In-likelihood function itself 

was defined for the two transformation pararneter!\. Corn hi nations of 

various optimization algorithrns, including BFGS, DFP (Davidon-Fletcher-

Powell), and NR (Newton-Raphson), were used to maximize the In-

likelihood function, however, these attempts faited to produce satisfactory 

result!\ . 

76 



• 

• 

• 

CHAPTER V. RESULTS 

1. The Regression Models 

The variables that appeared ID the retained specificatiom. arl' 

described in Tables 1I1.t. and 111.2., pp.56 and 58, in Chapter III. For ail 

regressions mentioned below, the sample consisted of ail 427 observations 

for 1989 and 1990. The discussion of results is organized according to the 

forrn of the estirnated hedonic functions. Within each specification a~ to 

form, the equations differ according to which regres~ors were used. Sim:e 

no nested hypothesis tests of functional form were pcrformed, the forrns can 

be considered to be equally valid. Thus, specifications wcre rctaincd for 

each. Nevertheless, sorne forrns seemed to be more prone to problcm!. of 

heteroskedasticity than others, so sorne choiccs can he made among the 

specitications. As weil, adjusted R 2'~ were not u~ed as rnodcJ-selection 

criteria. Finally, rnulticollinearity was not apparent in any of the~e 

specifications, as it had already been dealt with in arriving at them l'rom the 

initial specifications. 

I.A. Inverse Semi-In (Appendix A.I.) 

For the inverse semi-In ~ oecification~, the natural logarithm of the 

real housing priee was specifted as the dependcnt variable. Two rnodcl~ 

were retained, ISL 126 and ISL 127. With the po~sible exception of Central 

Heating, ail independent variables have the cxpected coefficient sign~ M ()~t 

parameter estimates are highly significant (helow ) % or 3 %), although 

sorne, Heat Pump, Noise (NEF), and Zone 1, arc of duhious or horder-linc 

significance (10-20%). Lastly, the intcrcept~ arc cxtremely signifkant. 

The two equations have adjusted R2 va)ue~ which, at 0.70 and 0.72, arc 

in the range which is eonsidered to he adequate for thi~ kind of cro~~

section al analysis (Mark and Goldberg, 1986). The joint F-test~ of ail 

independent variahles were signifieant at the 0% level. Finally, IJreu~ch

Pagan tests suggest that severe hetcro~keda~ticity i\ not prc~ent, and that 
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thcrc i~ prohably le~s than in the linear and !'terni-In specifications. DUTbin

Watson tests were u~ed a~ proxie~ for te~ts of functional fOTm. The results 

sugge~tcd that Ho I"no autocorrelation" 1 should not he rejected at the 5 % 

Icvcl of significance, hence that the inverse semi-In functional forrn may not 

he aberrant 

1.8. Linear (Appendix A.II.) 

The real housing priee was specified as the dependent variahle for al1 

of the linear specifications. Of these, the following specifications were 

retained: TL60, TL61, TL76, TL77, TL78, TL79, TL86, TL87, TL88, and 

TL89. See Appendix A.II. for the full specifications of TL60, TL61, TL88 

and TL89, as examples. The TL equations were al1 found to be afflicted by 

signifïcant heteroskedasticity, according to Breusch-Pagan te~ts. However, 

another heteroskedasticity test (hereinafter "H eteroskedasticity Test N 0.2"), 

ha~cd on the slope of a regression of squarcd residuals on squared fitted 

valuc~, suggcsted that the problem may have been somewhat less severe. 

The modcls have adjusted R 2 values of hetwcen 0.64 and 0.68. and F-test~ 

wcre significant at the 0% level. Ali pararneters had the expected signs in 

ail rnodcls. With the notahle exception of the intercept coefficients, most 

parametcr estimate~ were highly significant at or around the 1 % and 5 % 

Icvcls. Sorne others, such as % English speaking in TL 78 and TL 79, and 

Heat pump in TL78 and TL88, wcre significant, hut at about the 10% level. 

The Durhin-Watson proxy-test~ for functional forrn implied that the fully 

Iincar functional forrn may have been incorrect for all specifications but 

TL60, TL61, TL 78, and TL 79. For these, the proxy-test was inconclusive at 

the 5 % level of signitïcance. 

I.e. Ln-Ln (Appendix A.III.) 

The natural logarithrn of the real housing priee was specified as the 

dcpcndcnt variable for the ln-ln specifications. Since they inc1ude dummy 
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variables, these specifications are not fully logarithmil:. In tht' end, twèlvl' 

were retained: LL21, LL25, LL30, LL31, LL32, LL.B, L134, LL.U. 1.1.36, 

LL37, LL38, and LL39. Three of thesc: LL21, LL30 and LL38. for example, 

appear in Appendix A. II 1., p.123. AH LL cquation~ had adju~tcd R2'S in the 

range of 0.76 to 0.80, and F-tests were highly signifieant. 80th the Breusch 

Pagan and Heteroskedasticity Test NO.2 suggcstcd that it was insignilkant 

or of only marginal importance in ail cases. Morcovcr, sincc the te~t 

statistics are much lower than thŒe obtained for the lincar and scmi-In 

functional forms, more credence can be put in thc~c rcsult~. Ali paramcter!. 

had the expected signs, in ail modcls. With ~ome exccption~. ail parametcl 

estimates were individually significant at or around the 1 % or 5 % leveb. 

The exceptions were: Fireplace in LL3 t (10.5 %); the intcrccpt in 1.1.32. 

LL33, LL38, and LL39 (not signiticant at ail); and Zone 3 in LL34 and LL36 

(9.6 % and 10.1 %). Sorne houses had no lots or werc less than one yeal old, 

or were located in unilingual neighbourhoods. The corre~ponding 

observations that had sorne variable~ with zero value~ had thc lCI oe~ 

replaced with .001 or 1, depending on the order of magnitude of thc 

variahles' non-zero value!l. This was donc to cnahlc taking the variahlc,' 

natural logarithms. Finally, the Durhin-Wabon proxy-tc~t for tunctional 

form was inconclusive about possible misspecification a~ to t'orm for ail In-In 

specifications, at the 5 % level of signifieancc. 

I.D. Ln-Linear (Semi-In) (Appcndix A.lV.) 

For the semi-In specifications, the rcal hou~c priee i~ the dcpcndcnt 

variable. Four specifications were eventually rctaincd: SU8, SI.22, SL27, 

and SL28. Refer to Appendix A.IV., p.126, for SLI8 and SL27. Dummy 

variables were specified, but their natural logarithm~ wcrc not. Thu" thc~e 

models are not fully semi-Iogarithmic. These semi-In spccitïcation~ werc ail 

found to he afflicted by signifieant hcter{)~kedasticity, aecording to Brcu\ch-

Pagan test~. Again, as for the tinear specification\, the re\ult~ of the 
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H ctcroskeda~ticity Test N 0.2 ~uggested that the problem was les~ severe. 

ln general, ail coefficient sigm were as expected. Ali parameter estimates, 

with the exceptions of ln(Lot sizc) in SL18 and Zone 3 in SL27 and SL28, 

wcre highly signiticant at or around the 5 % or 1 % levels. The adjusted R 2 

va)ue~ were only slightly below the 0.7 to 0.9 range that Mark and Goldberg 

(1986) report as adequate for the miero housing data used in hedonic 

~tudic~. Moreover, the F-tests of ove rail model significance supported the 

rcjcction of the null hypothesi~. Finally, the Durbin-Wat~on proxy-test of 

functional form was inconcJusive for aH semi-ln specifications but SL28, for 

which the null hypothesis of no apparent misspecification was rejected at the 

5 % level of significance. These resuJts do not materiaHy contradiet Nelson's 

tïnding (1979 and 1982) that a semi-logarithmic relationship between price 

and the noise variable, as found in the semi-logarithmic form, gives the best 

result~. 

II. Estimatcd Noise Coefficients 

With the notable exception of those from the linear models, the 

hedoflle regressions' estimated coefficients for nohe exposure do not 

themselve~ mcasure the implicit priee of airport noise. Rather, they 

measure the extent to which the corresponding variable, however defined, 

NEP or NEFW, influences the dependent variable. These appear in Table 

V.l., below. To know the implicit priee of noise for the non-hnear 

t'unetional form~, th~ tirst partial differential of the hedonic price function 

with rc~pcct to the NEP must be evaluated. The~e calculations involve the 

mean values of certain variables in a specification, as weil as certain of the 

parameter estimates. Consequently, the implicit priees for noise are 

affccted by error in the coefficient for noise, as weil as error in the other 

coefficients. Sincc the resultant impliclt prices are evaluated at the sample 

mcans, they may not represent the full distribution of implicit priees for 

noise. 
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The results for the vanous retained specitïcation~ arc prescnted in 

Table v.l. Based on individual t-test!l, the most credence can he put in thl' 

estimates ohtained for ail functional forms hut the inverse semi-In The 

magnitudes of the implicit priees for nohe arc fairly con~istcnt among thl' 

specifications for each functional form. The average for the invcrsc-~emi 

ln form is $51O/dBNEF, and the In-In ones IS $1121/dBNEF. The ~emi-In 

ones are somewhat higher, at $1895/dBNEF, whcrea!l tho~e for the linear 

form are comparable with those for the In-In rorm, at $965/dIlNEF. 

Although the specifications were not designed to capture this effl'ct. 

nOIse discount sensitivity indice!l have been found to illcrca~e cxpullentially 

with NEF leveh, and Iinearly with housing price~ (Beattle. 1983: Gautrill, 

1975; and Nelson, 1979 and 1980). Morcovcr, heeau\e the impliett pJ'Jce~ 

themselve~ are highly sample specifie, they cannot he readily compared with 

the re~ults obtained in different studies. 

Nevertheless, the noise deprcciation (sensitivity) mdex (N DSI 01 N DI) 

is a convenient measure of the impact of noise which faciJitatc~ eompari~oll~ 

amùng samples. It measures the percent deprcciation duc to a unit 

(NEFdB) increase in the noise levcl and b defined to he the 1 atio 01 the 

dollar impact of noise on housing priee~ to the value of a typlcal (medlan or 

average) housing property, exprcsscd a!-. a pereentagc. In praeticc, il i~ 

caJculated as the implicit priee of noise (D), muItiplied hy onc hundred, and 

divided by the sample's average property value (Bcattie, 1983; Ncbon. 1980 

and 1982; Pennington el al, 1990; and Walter~, 1(75). Again, the~e appear 

in Tahle V.t. 

Difference~ hetween the N DSI'~ for the variou... functlOnal form~ may 

he explained hy the faet that the mean~ of diffcrcnt variahlc~ cntered into 

thcir ealculations. Despite aH of the possihle sourcc\ 01 crror, the N DSt\ 

for this sample are comparahle with the re~ult~ found hy othcr rc~carchcr~, 

presented in Table V.2. 
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Table V.1. Noise Coefficients, Implicit Priees for Noise and Noise 
Depreciation Sensitivity Indices 

Model NOIse Sign 1 f lC,1ncc ImpllClt f'll,'" !l[\SI t 
CoefficIent tor NOlSt' 

(~RP ,\NEf 1 

ISL126, -0.003'.1 0.2l! -~2.., . ..,Q O. 1~' 

ISU2/. -0.0033 0.22 -Fl3.6~ P. 13 

1 
ISL Ave. Il -0.0034 1 

N.} . 
1 

-~OQ .td 
1 

0.34 
1 

LL21h -0.1840 0.00 -12(1) Qt' 0.31-

LL25, -0.2034 0.00 -12lJlI.3f 0.84 

LL30, -0.16bS o.on -102"'. ~', ll.t/l 

LL31 n -0.1883 0.00 -li':! . r, 1 
1 

O. '8 

~LJ2r -0.1907 O.Ou - ll'i l,I \p, tU8 

LL33 0 -0.2122 0.00 -1284. )P (J.8(, 

LU4 r -0.1710 0.00 -lIISUI Il.71 

LU')" -0.1903 0.00 -lU34.0') Il:,1.1 

LU6r -0.1510 O.Où -931.1J4 Il.G3 

LU7 r -0.1726 0.00 -lUGC. ()~) n.n 

LL38r -0.1775 0.00 -10'7').ICJ 0.72' 

LL39rl -0.1990 0.00 -12oCj.53 0.81', 

1 
LL Ave . II N.J. .. 1 N.I. . 

1 
-1120.16 

1 
0.75~ 

1 

H2 
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Table V.I. (Continued) Noise Coefficients, Ilplicit Prices for Noise and ~oise Depréciation 
Sensitivity Indicer,. r Model NOIse Slgnlf leanee 1 Ioplieit PrIee NDSI* 

('(Jeff 1 c i ent 1 for NOIse 
. (oRP:ùllEfI 

S1.l8~ -391iO.O'i 0.00 -1724.76 1.16% 

SU/ri -489'19.':>9 0.00 -2159.4') 1. 45, 

SLnr• -3f,Y!6.11 (1.00 -1628.03 1.10% 

SL/Sri -46712.83 0.(11) -2060.39 i 1. 39. 

G A~e. Il N.,i. . 
1 

N. f. [ -18"3.16 1 1. 56~ 
, 

1 

1'1,60, -917.31 o.or. -912.34 0.61% 

TU,] 0 -(1.138E. 0,(12 -936.88 0.63~ 

TJ7t.; -910 73 O.OS -910.73 O.6P 

1'1.1'1 r -U.1S'i'l 0.01 -1043.21) O.70~ 

1'1.18 -9'i'1.86 O.OS -957.86 0.64: 

11. l'Jo -0 1509 0.01 -1018.56 0.69; 

TU\(. -867.38 0.06 -86~.38 0.53' 

1LB 7 r -0.154~ 0.01 -1044.21 0.70 

TLBP-. -9l6.9Q 0.06 -916.99 0.62: 

1'L89 0 -0.1504 0.01 -1015.18 0.68' 

TL Ave. Il N.A. 
1 

N.A. 1 -962.e4 
1 

0.65' 
1 

Overall 
1 

N.A. 
1 

N.A. 
1 

-1130.79 

1 

0.76~ 

1 Average 

NA Not Apphcahle 
:j NOI~e DepreCIatIOn Semltlvlty Index 
a The n(me variahle i, ~peclhed a~ the NEf mea~ure 
h The nOl~c vanahlc " ~peclflcd a~ the natural logarithm of the 

NEF mca,ure 
l' The nOl,e vanahlc "~peclfled a' the l'roduct of the NEF 

mea~ure and the property\ lot ~Ile 

d The n(me vanahle i~ specitïed a ... the natural logarithm of the 
product of the N El--' mea~ure and the property\ lot Sl'œ . 
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Il.B. NDSI Results from Other Studics 

N DSI re~ult<. l'Will o,hel ... tutlle... ale plc"'t.'ntcd hdll\\. III l'ahk V 2 

SlrllÏlar to that tound 11) Nd ... on (19g0) Irl 111\ n.·,'ll'W ot thlltl't.·n ... tlldlt.· .... a 

widc range of nlH"'t~ d",,:ounh '" l'vIdent ln thl' tahle Nl'vl'lthl'll'....... ahout 

hall' of the N DSI value .. he wlthlll the 05 Cii to 06(:; 1 ange 

Table V.2. Noise Depreciation Sensitivity Indices from Othcr Studlcs. 

study NDSl t 

Abelson (19791-Cit 1 0.411 

Abelson 119791-Suburb 0.50 

De i'art 09761* 0.80 

D jgert (19731 * 0.50' 

D1gert (19731 * n.70, 

Emerson 119721 * O. :,H 

Galltrin (19751* 0.56 

, * Gautnn (19751 0.68~ 

Habuda O'Byrne et al (] 98') 1 0.67 

M~Mlllan et al 119781 * 0.')0 

Maser et al (19771 * O. 55~ 

Maser et al (19771 * 0.68, 

Nelson (1978b) 1.11) 

Nelson (1980) 1. 3u 

Nelson (1980) 0.50 

Nelson (1980) 08)~ 

, * Palk (19721 2.2u, 

Priee (1974)* 0.83< 

"'. Calculatcd hy Ncl\on (1980) 

-t. Noi".e DepreciatIOn Sen\ltlvlty 1 ndcx 

X4 



• 

• 

• 

Il.C. Linguistic: Rcsults 

'1 he re\ult\ lor the hngul\tlC vanahle that mea\ure\ the proportion of 

I~nglt\h-\pcaklng people ln a nelghhourhood are pre,ented ln Tahle V 3. 

The counterpart that m~a\ure, the proportIOn of French-'peaker... had 

alrcady hcen uropped from ail \pcclflcatJl}n., a~ m~lgnthcant Ali of the 

language wettlClcnt... had pO\lllve ctlect., that wcre ~lgntfïcant at ahout the 

10% levd, and mo,t were thu., at the 1 <x kvel 

Thc ... c re~ult~ ,hou Id he lnterpretcd wJth care, however, for rea~()m. 

,h.,cu~ ... ed ID Chapter Ill, ah ove Bnetly, the Inemher~ ot one hngul~tlc 

group m"y prefer to Itvc m area., whcre that group predommate" or, le"., 

plau~lhly, thcrc may he dl~cJ'JmlnatlOn agam.,t that group hy ~ellcr" and lor 

rcal e.,tate agent~ 

Stncc Il ha" a p0.,ltIVC coeffICIent. the variahlc ln que~tlOn could he 

plCkll1g up the l'llcc .... of lnwmc and educatIOn Fmally, it I~ worth notlDg 

that although l~ngh.,h ~peakef', torm a mlnonty ID Quéhec a., a whole, they 

arc ID the matonty for the area under .,tudy Con.,equcntly, the ... e re.,ult~ 

may not hc comparahle wlth tho~e tor 'li Black population vanahle~ in the 

II nitcd Statc." unie...... the latter torm ~tmilar local ma.l0ntle., 
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Table V.3. Linguistic Results: Coefficients, Signifieanee, and Impheit Priee 

Model 

[ ISLl27 : Il 
LL21 r 

LL25r, 

LL30n 

LL3l. 

LL32r 

LL33h 

E:j SL22 

TL60~ 

TL61~ 

'Il76~ 

TL7! 2 

TL7S" 

TL79? 

1 Average Il 
a 

h: 

Language Sigm f ican,i' Impllci t Pr 1(\' 

Coeff icient fOI languaqt' 
1 LIRP 1\: Enql. ) 

0.5582 1 0.00 1 
4b".28 l 

0.4 701 0.00 ','24.90 

0.4802 0.00 742. Q7 

0.4501 0.00 694.43 

0.4621 0.00 715.10 

0.4771 0.00 723.46 

0.4879 0.00 743.2~ 

79231.7839 0.01 87'7. n 

8255:>.77?0 0.01 914.24 

63893.283 h 0.06 638.YJ 

60GfJ2.023S' 0.08 606.u2 

61402.371(, 0.06 614.01 

58629.3325 0.07 586.29 

57578.8383 0.09 57S.79 

54594.0507 0.11 545.94 

1 

-
1 l N.A. N.A. 678.01 

The language vanahle 1" "pcCif led a" the proportion of I~ngll~h 
~peaker" ln the nClghhourhoo(\ 

The language vanahle 1" \peclfled a" thc natural loganthlll of 
thc proportIOn ot hngll\h \peaker\ ln the nClghhourhood 
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II. D. M isccllar cous Rcsults and Ohservations 

I,tr\t. th~ expcctatlOI1\ a\ lO \Ign. pre\enlCÙ 10 Tahle 111.2, Chaptel 

III, were ail hurne out. ,mù th.\ tOI ail \pecltlcallon... Secondly, the 

~lgnJllcancc\ and \Ign\ 01 ail ret<lIneJ vananle\' coefllclent\ were rounù 10 

he II1depcndent 01 functlOnal lorm or \pecltïcatlOn, hencc rohu\t to It 

'1 hmt, ;nany oh\ervallon\ can h ... maùe ahout dltlerent vanahle\' \Ign ... , and 

01 hel 1100 II1g\ 

lhlllg Pnce mdexatlOn and a Mor'lh vanahle wa ... lound hoth to he 

appropnate and \l'penOl to u ... lI1g ettht:r 0\ nelther The Month cocfflclcnt\ 

cOI1\I ... tently negatlve "'Ign retlected the dCCf·t:llIng rece\"'lon No cxpectatlOn 

wa\ made lor Poo\'\ \Ign. ...lI1ce ... ollle pl "'entlal huyer... of a hou\e are 

dl\\uaded hy the prmpect 01 mall1tall1l11~ a ',wlmmlllg pool, whcrea ... other ... 

fll1d that the enloyment of the pool 1\ worth t\le mallltcnance Thl ... vânahle 

wa\ 100llld to hdVC \IgnllIcant and PO\ltlVC. h'.,\t \mall codflclent\ ln tho ... e 

~peClIKat\On... 111 \'JhlCh Il appeared, lor hoth log !og (LU and log-hnear (SL) 

1 unctlOnal lorm\ SlO1Ilarly, no expcctatton wa \ maùe for Central HeatlOg 

lInllke Pool, thl\ vanahle wa\ found to have \lgtl.l.'H.:ant and nep,llflve "'Ign ... for 

hoth ~rCCIIlCatlOn\ 111 whlCh It appcared (ISLI2h anù ISLI27) l'hl'" may 

retlrct huy~" ... · pl elerence\ tOi electrtcal ha\ehoard hcater\ The \quare of 

the Age vanahle wa\ tound to have ~lgl1lflCant. pO\Itlve coettlclent... in ail 

hnear \peClllcatlOll\, the only one~ where Il appeared Thl\ hear~ out the 

\UpPO' 'tlon that pnce decrea\e\ wlth II1crea ... mg age untll a ncar-hl\tonc age 

l' appmachcd 

Moreover, the vanahle for nelghhour,' unemployment had a 

~lgnttJcant and negatlve coefficIent, a\ expected A\ wcl1, the welghted noise 

vanahle wa\ hlghly ~lgntflCant 111 all ~peclfrcatlOn\ whcre it appearcd Thb 

Implle... that wClghtlrlg hy lot ... 17e to retlect conge\tcd cn.l0yrnent may he 

appropnatc tor local qua\l-puhhc gnou ... or, at Ica\t, that It doe~ not detract 

from the ~lgnltJcance of relevant local (dl~)amenrtle\ Surpn ... ingly. littlc If 

any multJcolhneanty wa ... cVluent among vanahlc~ that mea ... ured the size of 
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a property, f(/r examplc, RI.Hlrn" Bathrollm~. and l.ot SIlC Nl'vathck\,. 

sorne hetero\keda~tlclty wlth rc~pect to the,c vanahk~ wa~ cVldent bnally. 

the 7 one vanahle, hall com.l,tcntlY-\lgncd parameter l"lllllale\ 101 ail 

specltïcatlnnl., a .... 10 mcl J~lOn and tunctlOnal fmm Howcvcl. hel,lll~t' the 

Zone vanahle, tndudc ~everal cltle .... , lIule can he condlHkd ahout thcm 

Neverthele\\, exten~lve rnultlColhncanty a~ mal1llel.,tcd hy 1I1\lgnltJeant 

coefficient, wa .... eVldcnt among thc '\eparah~ cHIC\ that WCI e lall'I l.,uh\lIml~lI 

hy the Zone variahle\ 

The tact that many parameter c\tlmatc\ were ~Igmlleant and hall 

consistent ~Ign~, and that mo~t ot the speclflCatlOn\ a\ tn vallahle IIll'lU\IOn 

do not dlfter hy rnuch acro ........ lunctlOnal lorm .... ImplIc\ tha! IUllctulIlal 101 III 

rnay not he <"0 cntIcal when one WI\hc\ to explalll the total vallatlon 111 the 

dependent vanahle Neverthclc". that certa1l1 varIahle .... weIl' \IgntlIC;II11 101 

sorne functlOnal form\, hut not tor other, Imphe, that tunctlOnal tOim l' 

releva nt when a partlcular vanahlc \ relevancc 1\ 01 Inter c,t 
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CHAPTI~R VI. CONCLUSIONS 

1. ConclusIOns 

I.A. Specifie Conclusions 

Thl\ \tudy wa\ Intended to determlne whcther the market account\ 10r 

the negatlve externahty of alrport nOJ\e, \pecitïcally through the h()U\mg 

market\ pnemg around Dorval Alrport Suppo~lng that the market doe~ 

aecount for the cxternahty. 1 r If alrport n()J~c 1\ a pecuniary externahty. a 

\uh~ldlary 4ue\tlOn conccrned the ~IZC of the Impact relative 10 housmg 

pnce\ 

1t ean he eoncludcd trom the re\ulh a~ a whole that alrport mmc I~ 

a ncgatlvc. pccunlary cxtcrnahty, ~mce the hou\Ing market of the Wè~t 

1\land ot Montreal doe\ ~ccm to account for It In the tran~aetlOn pricc~ of 

tlOU\C\ Thl\ eonclu\lOn hold\ for thc many olfterent ~peclflcatIOn\ a\ to 

vanahlc Inclu\lon. tor I.:ach of the hncar. \cml-In, In-In, and tnver\e ~cml-In 

tunetlOnal lorm\ 

M OJ cover. the e~tllnatcd averagc cHect of atrport nOJ~C on hou\lng 

pnce~. cxprcw:d ..... an N DSI (Nol~e DepreCiatIOn Sen~ltlvlty Indlceq of 

o IX C;~. doc' 'cern to he c1o~e 10 the value ... found hy other rc\earcher\ Thl' 

would ~uggc ... t tttat eaeh declhel of atn:ralt nOl'C annoyance generated hy 

Dorval Alrport cau ... c\ a percent dcpreclatlOn ln hom.mg pnce, whlch is 

comparahle wlth what can he expeeted from prevlou<" work. 

Sneh a eapltahlatlOn eftect of nOl~c on hou~mg pncc\ doc\ not 

necc\~anly IInply that the actual occupanh have ~uttered economlc damage\. 

111O\e who owncd hou\mg hefore they could have antlcÎpated the 

e~tahh~hmcnt of the nOl\e ~ourcc, and ~old It artel. would suffer a Pareto 

cxtcrnahty ln the torm of a Im\ upon ~elhng Howcvcr, a\ the pollutlOn\ 

etteet WIll alread) have heen capltaltzed mto hou~e pncc\. new purchaser~ 

WIll not \ufter ~uch externahtte~ Neverthele\\, the lower values of thelr 

property WIll provi<.le li monetary measure of the di\utthty cau\ed hy the 

polIutton (Wetmcr and Ytning. 1989) . 
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EI\tlmat'!!'- ot th~ Impltclt pnc<: tOI' nlll\c. m $/NI' hiB. a' \\dl .. \ ,II 

the N DSI are prc~ented fOl cach ot tOUt tllnctwnal t,mm. 111 Tahle VII. 

helow The e'\tlmatcd IŒphett pncc\ \\'eIC ~vaillatcd at ttll' ,ample mcan 101 

each ~pcclflratlOn a~ to tndu\lon !'-lIh"'UIllCd h) caeh form IïIC avcrage .... 

maXIma, and mInIma for cach fllr.ctlonal 101111 arc pl c\cntcd ln the tahk 

El,tlmatc~ of the N DSI arc pre~cntcd 111 hke tal,hlOl1 

Table VI.t. Average, Minimum, and Maximum Implicit Pm.:es for Noise and 

Noise Depreciation Scnsitivity Indices; for Four FunctlOnal 

Forms. 

Form Impltclt /)IIl'C tor NOI<.,( CN\)~I' l 
Ave Mm Ma\ JI A \'e 

1 

MIn 
1 

Ma\ 
1 

Inv.SclnJ- -50963 -49367 -5~5 59 o -'~ ';; () -' \ (i; () \ 'i li; 

ln 

LInear -962.84 -8673X 1044 ~ 1 (/ (15 Iii () 'iX Iii () 70 '!t 

Ln-In - -93104 -128428 o 75 1ft o (d (Ic () ~(l (It 

1 1 13 89 

Se ml-In - - -206039 1 5l> (It 1 1 or/, 14'i(/' 

1893 16 162803 

Ali - -49367 -206039 076 (/, o .n (/, 1 45 (f" 

1128 10 

* . oP/oNEf·; $ Cdn (June 1(91)/NI:I'dH 

+: N01\e DeprecIatIOn ScmltlvJty Index 

The lingUllltlc variahle whlch mca\urcd the proportIon of the local 
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populatIOn thal wa... l:ngll ... h- ... peaklOg (anglophone or hlllOgual) had a 

"'lgmlJcant and po ... ltlve coctt IClcnt ln ail of the retamed \peClfIcatlOn... lrI 

whlch Il appeared "he magnitude, of the coelflclent appear 10 hl' 

... omewhat large. unlll one reah/e\ thal the vaflahk wa, ~xpre\ ... ed a ... a 

declmal and not 10 pClccntagc pOln.... When the vanahle 1 ... muillphed hy 

)()() ... 0 that It 1 ... mea'.ured m percentage pom"". the coefficient<., lJ1 the hnear 

modd... arc dlvlded hy 100 The coeffICient then Imphe... that a prop\.'f!y 

pncc appreclJte... hy ahout ~6X() per "ddlllOnal pef(.:entage pomt ~Imllar 

loglc applle\ 10 the cllcl flClenh 10 the other functlOnal torm ... 

A\ mentlOned 10 Charter III. thl\ re ... ult can h(' mterpreted a\ Implymg 

that anglophone... (1' nglJ\h ... peaJ..cr ... ) may preter to re\Hle near other 

:..nglophone.... ()J. le ...... plau\lhly. thi11 the pO\lllYC coeffIcient renec.... the 

ah\cnu.' 01 Il ancol)hone... Annthcr, more hkely mteI pretatlOn 1 ... that the 

vaflahle 1 ... cor rclated wlth Irtcome and educatIOn. hènce the ahlhty to pay 

lOI largel hou\e... wlllch al e advanlagcou\ly locatcd wlth re ... pect tn other 

amcmtll:\ Many 01 the anglophone rC\ldenh 01 the We .. t I\lanJ are 

rdatlvcly well-pald proh:\"'lOnal\ Nol much eh~ can he read lOto thl .. 

except that language doc... \upcrtICially, \cem to he an appropnatc 

counlerpall to the race varlahle.. that havc heen \pcclfted m hedomc 

an,lly~e\ 10 the United Statc~ Potentlal IlImtat!on\ arc dl~cu~ ... ed m Chapter 

V 

1 he 10Ul 1unctlOnal torm\ dlttercd 10 teflm ot thelr lIu~c.:cptlhlhty to 

that they were mcorrect ~pcclflcatiOn\, 

accordlIlg 10 the DUlhm-Wat ... on proxy tC\1, the \Igmflcance of thelT 

paramctel c~tlll1alc... tor nOl ... c. and thelr tendencle\ tn ylc1d hlgh-, low-, or 

mH.ldhng- magnitude ImphClt pnce.. tor nOl\C and langmlge The In-In 

modd.... hJ..e the tn"cr\e 'l'ml-In one .... \eerned to he the Ica ... t-attlteted hy 

hetl'rO\kcda\t1clty, accordtng to the Breullch-Pagan te ... t\ Neverthele\\, 

thc\e two torm~ wcrc not eqUlvalent ~tncc the former had slgmflcant 

pal amctcr C\tllllatC\ lor nOl\c. wherea~ the lattcr dld not On the other 
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hand. the Jnver\e \eml-In \peL'llll'atllH]\ dlli Ihlt \L'l'Ill (0 l'nt.lIl .111\ 

ml'\'\peclflcatlOn a\ to tunctlllnal fllrm. whl'I ~',I\ thl' ln ln lHll'\ 111.1\ h;1\ l' 

Although the ~eml-In nwdl·J\ \\L·!e. appall'ntly, alll'l'Il'd Il, 

hetero'\keda~tlclty, th~)' dlli not entatl any (lln'IOU\ 1l11\\P~'l'llll"ltllln a\ tll 

form. aœordmg ,0 the Durhm-W .thon "d" ~tatl\tIC. and thl'y dld have 

slgnifH.:ant mme paramcter e\tlmate\ On the othl'I hand. the IIIl1'al nllllkh 

scemcd to hl' prone to hctcro\~l'd,l\t\Clty and to 1 cprl· ... l·nt \0 1\1 l' 

ml~\pecihcatlOn a\ to tunctlonal torm Nevcllhde .... '. th,~ IlIll'al Il11Hkl\ dld 

have slgntftcant paramctcr l''\tlmate\ for the nOl\c varrahk 

Certatn pattern\ wcre aho eVllknt III the magllltlHIc... 01 (lie \I11pltnt 

pïlt:e\. hoth tor nO\\e and lênglr~.h-~pea~lI1g nl·lghhOLII.... Yldded hv Ihl' 

dlfterent torm\ The \eml-In ~peclflcatlOl1\ Yldded hlghel C\tll11all'\ 01 hoth. 

compared 10 the olher torm\. whelca\ the lI1vcJ\e \cml ln Imlll gave lowl'I 

cstlmate... Thc In-In and Itnear torm\ provlded 11lIddltng e ... tll1late., 

No tunctional Imm wa., c1carly \upenOl to ail othel .... III ail le ... 'll:r .... 

Thc In-In and 111 vcr ... ,' ~cml-In lorrn... wcre the he ... t 111 telm... of 

hetero\keda\tIcity h)r lI1corrcct ~peclltcatlon a ... to 101111. the !tneal 101111 

may have hecn the wor~t, and the tnvcr\c \ellll-In the he\1 Slgllllll:tnt 

parameter e!\tImate\ for thc nOl\c vanahle wei e Yldded hy all hut the ln III 

form\. Howcvel, tt can he concludcd that the non Imcal 101111 ... a., a glOup 

may have hcen !\upenor to the Itncal Inrm Ali 01 thl\ pOInt... Ollt the 

appropnatene\\ of u\mg a Box-Co..; model ... pecltled tu allow lOI Il· ... tmg hoth 

functional form and heterO\keda\tIClty, provltkd Ihat Il cali he e"'lllllated 

Llkew1\e, no partlcular \peclftcatlon a... tu Inclu\I()1l wa.., deally 

supenor to ail other\ However, Il can he concludcd that the lollowlnr, parI<., 

of a ~peclficatlon are relevant, regal die...... 01 Ihe tunctlollal 1 or III 

Dctachmer.., Age, Room\, Bathroorll\. Garage\, Lot Sile. NOl\c (N U'), 

Zonal or municIpal variahle\, and Month 
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1. B. General Conclusions 

Mme gcncral conclu\lOn\ anu oh\ervatIOn\ can he urawn ahout the 

U\C of hcdonIL\ lU cvaluatc local cxtt..:rnalttle\ hr\!, proXIC\ wl..!re u\eu tu 

analy/e (d,\)amcnltIe\, mcludmg the nOl\C cxtcrnaltty Hou\cholu\' 

pcrc:eptlOn\ 01 urhan amemtle\ arc poorly under\wod, a\ II., how they ohtam 

\lIch InlormatlOn Il lollow\ that the u~e ot re\lIItant c~tlmatc\ ln polJey 

analY\I\ 1\ trallght wlth unœrtamty (Bartlh and Smith. 1987) 

Second, although the truc hencflt\ 01 an amemty change can never he 

known, and de\plte thclr limitatIOn.., hedoOlc mouel\ are prohahly the he\t 

tool\ avaIlahk 1 (lI analyllng \ueh changel, Thcy glve mca\urc\ that arc 

wlthm an orucr of magnltuuc 01 tho\c ohtamed fIom \urvey\, whlCh 1\ at 

ka\t al, gO(/u a\ can he ohtamed m othcr fleld\ 01 appltcu eeonomlC\ (Bartlk 

and SmIth, 1(87) Â\ weil. c\tllnatc\ of margmal wllhngne\\ to pay arc hy 

lar the Ica\t uncertaln mruh lOto polley anaIY\I\. comparcd wIth the 

polttlco-leg",latlve c1cmcnh Inueeu. Bartl\.- and Smith (1987, P 1246) write 

that Il our ahlltty to value amcnllle\ ha\ clearly outpaeeu our 

unucr\tandmg 01 the proCC'I'I that uehver\ amcOItlC\ to hou\ehold\ anu 

partlCulally thc rolc 01 the puhhc ~ect()r in that uehvcry proee'I\" 

II. Idcas and Jiurther Research 

II. A. Changing Optimization Aigorithms to Enable Box-Cox Estimation 

Box-Cox method\ arc otten u~ed to c~tlmate hedonIc mode\<' The 

Bo\-Cox e4uatlon\ thelll\elve\ arc e\tnnated wlth the maximum IIkellhood 

( ML) teehn 1411e, henee \ome Haat Ive optllnllatlon algoflth m H owcvcr, 

l'vcn wlth :l tew parametcr\ to hl' c\tllnated. \uch methodl, can he 

prohlcmatlc and may lall to achlevc convergence llpon con\ldenng the 

c\tlmatl.'\ nI non-tran\formatlOn paramctcr\ ohtamcd trom a [mort hncar or 

loganthnllc modc\\, one cau\c hccome\ ohvlOu\ The latter e\tlmatc\ can 

dlfler h" ~evclë:ll order\ of magnitude. whde ~tep~lze\ mcrea~e only 

mcremcntally, If at aiL and e~tlmated paramcter veetor\ change .Iu~t a\ 
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...Iowly For exalllpk, the tramlOll1latlllll pal a 111 l'tL'1 1Il.1 Bo\. (\1\ Ill\ldcl 111.1' 

he changed trom Ih IlIlmnHlIll ni 0 to Ih 11l.1\lmlllll \lI 1 ln onl' ,IcI', Whl'll'.I' 

the othel parameter... l1Iily onl~ dlilll)!C h~ "Ighl UllII' IHI Ihell \\.1\ t 1 (lm ,,)fliC 

figure hke 270 10 a pm"'Ihle l'onvcrgL'III l' \ .tluc (\1 ''+,'lh7 

Smce thl ... ~eem ... to hl' a hke1~ It mit m)! 01 lï Itlcal ladol, It ilIa, hl' 

de~lrah1t: 10 u ... e an optl11117atlon algonthm whlch. Illl the Iwn 1""l ... IIIIIlI.Ilwn 

parameter ... , optlml/e ... over litcp ... ot hlghel and vallahk OIlle" 01 magllltudc 

flfst, then over lower one .... unttl convelgenl'e l' 1 e,ll'hed Tlnl .... a ... 01111 Hill 

may he to optllT1l1e ovcr an exponentl.tI dom,\ln, ha"'l' 10 (lI hilW t'. ",hele thl' 

Itcratcd paramctcr~ arc the exponenh. and the IHlWl'l ... (lI the ha ... e, .11 l' IhL' 

actual paramder... tu he e ... tllnated 

coulJ hecome progre ...... lvely ... mallel 

1 Ih'WI"'~, thc toklanll'''' and ... tl'll ... IIC ... 

hl! exalllpk, thl' IIr ... t Itl'Iatllll\'" l\Hlld 

he over an Integer domam, untll the applOpllatl' l)ft!el 01 magllltllt!e 1 ... 

Identihed Then, the next IteratIOn, L'01l1t! take placc ovcr the 111 ... 1 dl'L"lm.tI 

place. and ... 0 torth The minima and ma\lma tOI' the col'llll'Il'III' cOllld hl' 

tranliformed mtn exponenb hy takmg thelr natul al or ha,,~ 10 logalltillm 

II. B. Other Ideas for Furthcr Rcsearch 

rlf~L mmt hedoOlc ... tudle" Involvl' the lI\l' 01 hOll"mg data Il o III M 1 ~ 

(MultIple LI\tmg Servlcc) 1 .... , mg... An Important 4ue ... tllHl thal "hould he 

mve~t1gated 1 ... how rcprc ... entatlve the MLS ""tlllg ... and the MIS pail of thl' 

market are of the enUre hou"'lIlg market Jr1 a glven geogl aphte al l'a '( he 

motIvatIOn... for partlclpatlllg 111 the M LS mUI kct arc analy ... ed hy 1'1 ev.: 

( 1987) 

Second, It can ht:: expected lhat aIr traltlc WIll contllllle to InClea ... e al 

Dorval Alrport (DWCi, 1990, and 1 ran...port Canada, l P 7<)()()!, 1()90), aftel 

the rece\"'lon of the pa\t tew year ... ent!\ /\ le ...... graduai and more dl"tll1cl 

change may re ... ult in ... tead. from a propO\CU change III the u"agc 01 

Montreal\ two airporl\ Pre ... ently, mternatlOnal Ihght" u ... e Mlrahel 

AlrpOlt, wh crea... u()me~tlc and U.S fllgh.... u ... c DOl val /\Irpoll 1 he 
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propo\al, almcd at centrahzmg operatlon\ at a huh, would have ail charter 

and cargo tllght\ go through Mlrahel, and ail regular mternatlOnal and 

dome\tlC I1lght\ go through the more centrally-Iocated Dorval Alrport 

(McGovcln, 1993) Ba\cd on Tram.port Canada flgure\ (TP 7960E, 1990) 

for eXI~tmg pattern... of u\agc, the numher of pa\\cnger\ pas~ing through 

Dorval per year may mcrea\e hyahout 40%, and the tonnage of cargo go mg 

through Mlrahcl could mcrea~e h)' a ~Imilar proportllln. Smœ aircraft 

departmg on mternatlOnal I1lght\ mu~t go for longer range\, they will carry 

more tuel, hencc Will u~e morc thrulit when takmg off Increa\ed thru~t Will 

mcrea~c the nO\\e generated hy each aireraft. and tend to increase the total 

nOl\C cmanatmg trom the auport Howevcr, the ah\enee of pre\umahly 

hcavlly-Iaden cargo tllght~ woutd ofhct thl\ mcrea\e, \0 that the net change 

m nOl~e annoyancc, and whether It would he pO~ltlve or negatlve, may he 

indctcrmmatc An economlc evaluation of the changed auport nOl~e 

extcrnahty would complete a pohey analY'-I\ ot the ahove propo~aJ. 

Provldcd that it would he made avaJlahle, Transport Canada\ 

foreca~tlllg ~ottwarc eould he u~ed to prediet the change\ in the eompo~ltlOn 

of alfaaft movement~ The~e result-; could th en he u~ed with Tran~port 

Canada\ ~ottware for pf(~lecting the NEF, 10 predu.:t the re~ultant NEF 

cont()ur~ or value~ at each hou\e. The~e latter e~tlmate~ would yleld the 

new value~ of the n<)\~e vanahle Because (he area around Dorval Airport 

does not secm to mclude distinct suh-market\, the demand for quiet 

prohahly could not he eMimated, and expliclt weltarc analysi~ would not he 

pos'\ihle Ncvcrthele\~, Imphclt pflce~ can he used dlrectly to measure local 

resldent~' wlllmgne~~ to pay (WTP) for change'\ m the level of the 

externahty m question (Bartlk, 1988; Kanemoto, 1988; McConnell, 1990; and 

NcI~on. 1980). 

Dependmg on the re-evaluated N EF estimate~, the change in the 

auport noise extcrnahty cou Id he minor or major, hut would he hkely to 

anect a large area If the changes were minof, hut affected a large area, 
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there would he a move along the hcdonll' pnce funl'twn and a \hlft 111 the 

implielt pncc tunet IOn. H ll\vcvcr, the IIldw.:cd hllu\dlllld li nd ma l "-ct 

adJustment~ would he peeumary m nature and l'\ llIITt' l'\'alllatHlIl \'-"mll! 

remam feaslhle (Bartl"-, 1988, and Bartl"- and Smith, 1(87) 

ln the ca'\c of a maJor change III the nOI\e kycl, une 11111 ... t aceount 101 

the fact that the hedome pnce tunetlOn, hence COll\umel lItlllty, wOlild hl' 

affected hy the change Th .... shltt would OCl:ur thlOugh adlll ... tlllen.... 111 

con~umers' locatIOn, thcreforc hou~tng demaml, and plOdul'l'''' ... uppty 

declslOn~, tn respon~e to a decrea~e tn the ... upply 01 qUIet pmpertlc", and a 

simultaneous tncrea~e in the Impltcit prIee for qUIet Bartl'" (1988) wur"' ... 

out the four ~tage~ ot adJuMment ln detall for the eonver ... e ca .. e, an amcllIty 

improvement 

AS~lImmg that therc 1\ no \hitt of the hedollll' pncc lunctlon may 

overe!ltlmate the truc CO'\b. since the~e wou Id he mlllgated hy the demand 

and suppl Y adJu!ltment\ Neverthcle\\, the lInad.lu ... ted hcdollll' prIee 

function can he u\ed alone tn predlct e.\ ant(' an uppcr hound 11lea ... ure 01 the 

total cost\ of a large, non-margmal arncnlty dcccnoratwn (Bartl"-, 1988, and 

Bartik and Smith, 1987) The uppcr hound Ylcldcd hy th .... applo(\ch \tHluld 

he c1o~e to the actual CO\t of an tncrea ... c In nOI\C, ... mec an cxcc~ .... vc dcgree 

ot error hetween them would imply an Improhahly large changc III the 

amenity supply (Bartlk, 1988). Ftnally, even ordcr-of-magmtude c\tlmatc\ 

or estimate!l of hound\ to the cm.... of IIlcrea ... ed nOl\C Icvcl.. arc 

acknowledged a\ pO~\lhly heing adequate for maktng hroad pollcy dccl\lOn\ 

(Nelson, 1980) 

One could also u!le the noi!lc dcpreclatlOn sen\ltlvlty mdcx al., the ha"'l'" 

for somewhat IIlferior estimate\ of the economlC CO\.... rc\ultmg from an 

increa!le in airport nOl~C, More speclflcally, the total Impact on ail re\ldent\ 

III a given nOl~e zone could he calculated a\ the product of the total 

population residmg m detached hou\e ... , the average value of dctachcd 

hou!le!l, the percent nOl~e di\count (N DSI), and the change ln the nOI\e 
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mdex (N U'), ail dlvldcd hy the populatIOn per dctached hou,e (Beattle, 

1983; Bonn" 1981, and Mle'7kow~kl and Saper, 1978) The product of the 

average value, the N DSI, and the change ln the N I:F yleld, the cml per 

tJOli,e D!vldmg hy the average nurnher of occupant, ln each detached houlle 

glve, a per per,on f~g!Jre WhlCh, multlphed hy the populatIOn, mea,ure~ the 

total 10nal Impact 

WhIChevcr of the ahove threc method, l' u,ed, other mformatIOn 

would he reqUired Il would mcluùe the populatIOn m each N El-' zone, the 

proportion of detached and ~emi-detached hou,c\ ln cach. the occupatIOn 

demi' y 01 each kmd of hou~mg, and mlormatlOn ahout the repre,entatlvlty 

of the ~ampk O~onn" 1981, and Mie~zkow\kl and Saper. 1978) 

Moreover, thcre are two prohlem, ot repre~entatlVlty when hedonic 

re\ulh wlth re~pcct to a nOl,e vanahlc are u~ed to e~tlmate the economic 

hencfll\ of an amenlty IlTIprovcment Thc\e ar~, flf~t, that ot the sample 

wlth re\pect tn the over ail populatIOn of hou\lng tramactlOr.\. and ~econd, 

that of the rc~ultant ~inglc e~tlmate of nOl~e\ Impact wlth re'pcct to the 

many, dll terent people who cxpcrtem:e that ;rnpact (Kancmoto, 1988, M àler, 

1977; and NcI~on, 1982) A~ ... umptHm, can he made to deal wlth the~e 

prohlcm" however For the former, one can a\\ume that the ~amplc l' 

rcpre~entatlvc J'Of the latter prohlcm, one can a~\ume that Indlvlduah are 

Idcntu.:ili More leahsttcally, hut le~~ ~Imply, one can a~~ume the eXistence 

of a contmuum of mdlviduah whlch allocate~ ltllelf among the area~ exposed 

to nOl~e ~o that each area l' hom()genou~ (Malcr, 1977). 

Should the rCllearchcl then try to mea~ure thl! ovcrall impact of an 

cxternahty, the wllhngness to pay mea~ure mu~t he rclated to the ~ize of the 

aftlktcd populatwn (Mleszkowski and Saper, 1978, and Waltel'~, 1(78). 

Indecd. a crude way of u~mg hedomc pnce ditferentiah due 10 nOl~e, which 

arc not wilhngne~, to pay measure~ a~ such, IS h~ multlply them hy the 

nllmhcr of affectcd household~ to yield a measlIre of the mme externality. 

Howc"cr. dlfft!nng personal tolerance of '.OIse may hmlt thl' method\ 
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accuracy, a\ more noi ... e-toit'rant people may tend tll h"c 111 rlll,~,el al ca, 

(Walter~, 1978) 

It compcn\atlOn , ... a pm~ih,hty, Il , ... ,mplH'tant III ,dl'nl,l~ wtw wOlild 

or ha~ horne the hrunt 01 an cXlernaltty change ltHIt~c"mll\all' 

compen~atton of thme who movc 111 aftel thc change , ... madl.' wou Id Il.''lIlt 

In wmdfall gam~, \InCC they ~hould ait l:ady havc paltl a lowcl pllel' Ill! thclI 

propertle~ (Nel\on. 1981, and WClmer and V'llIng. I()~N) ln othl'I wOllh. 

If any compen~atlOn wcre to he pald tOI thl.' etlert ... ni an l.'\teln.lltty allc, 

the externahty\ effect had alrcady heen capitaliled IIIto pl Opl'I ty vallle~. the 

newer owner~ would he compen .. ated 101' a 10\\ whlCh the)' dU.1 not ~lIttC', 

wherea~ the onglllal owncr ... would remalll uncompcn ... atcd 

Thlrdly and finally, It may he worthwhllc to do a COl11pal atlVl' ~t\ldy 01 

contlllgent valuation (CV) or expcnmental (audlOn) mclhOlI\ VCI ... U'" a 

hedonlc model Thl\ could he applted to the po\"hk poliey challge ahove 

or to current alrport nOl~e at Dorval 

alternatIve.. to the hedonrc method, although BrooJ.. ... hll C ('1 al (19H2) and 

Cropper and Oate\ (1992) \ugge\t that they may hl.' redundant /II \Ilhan 

sltuation~, ~mce the~e arc already amcnahlc to the IlllpllCltly "'lIIH'1101 

hedonlc analylil~ Nevcrthelc~\, Brook\hm; {'l III (1982, IO\lIIlI that Ihey 

yielded re~ult~ that were con\1\tent wlth Iho\c glven hy hedolllL\ 

A CV ~tudy or an expenmental one would re4ulre that ;tlrport nOI\C 

and it~ effect~ he delicrihed to the re\pondentc." and that met hm!.. 01 payment 

and eltcltmg value\ he ~peclfted ( Bwokc.,hlre and Courc.,l:Y, 19H7, and 

Cropper and Oatc~, 1992) The \urvey (ould he de\lgned tu c'Ialuatc 

re!lldenb' willingne\\ to accept comp':matlOn (WrA) for enduflng an 

increa~ed mme level or thetr wllhngnc\\ lo pay (WTP, 101 4tJlet " he\c 

would hkely differ, and the former would prohahly he greatcr than the latter 

(Cropper and Oate~, 1992) Whether to evaluatc Wl A or W'J P would 

depend on where the halance of right\ to qUIet or to makc nOIc.,l: would .. eem 

to he 
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Anothcr intcrc\tmg ~ample of re~pondent\ would con\i\t of air 

pa\\cnger\ Thcy (;ould he a\ked how much they wou Id he wllhng to pay to 

(;ompcmate tho\e who art: aftected .. y the externahtlc\ gcncrated hy thelr 

(;on\umptlOn of aIr travel Ncverthele~\, thl\ would not ehclt the extcrnal 

cmh of movmg aIr cargo A ~ample of re~pondenh from alrhne~, alf 

carner~, and compame\ that U\C alrport faclhtie~ may not he large enougll. 

Moreovcr, the re~pondcnh may not teel enough pcr~onal respon~ihility for 

the airport nOl~e thal !~ generated hy thclf economlc activlty . 
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APPENDIX A. RETAINED MODELS. 

The sample consisted of 427 observations for ail of the 
regressions. Only selected specifications are presented in full for cach 
functional form, as examples. These are fairly typical. as they differ 
only in the inclusion or exclusion of one or two variables. The 
remainder are very similar. 
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Appendix A.t. Inverse Semi-In Specifications. 

Dependent Variable: the natural logarithm of the real housing price. 
Sample: House sales on the West Island of Montréal, 1989-1990. 

Inverse Semi-In Equation 1 (ISLI26) 

Degrees of frcedorn _cc 409 
Std. error of est. O. 19 Log-Likelihood = 107.59 
Adjusted R 2 - 0.70 F 18,409 - 56.85; prob. = 0.00 

Durbin-Watson "d" 
H eteroskedasticity: 
(Breusch-Pagan) 

- 1.986; Do not reject Ho (5 % level) 
X24 -- 20.44; prob. =- 0.00 

H eteroskedasticity: 
(Test No.2) 

Variable 

Intercept 
Detachrnent 
Age 
Rooms 
Bathwoms 
Fireplace 
Central heat. 
Heat Purnp 
Brick 
Stone 
Lot size 
Garages 
Noise (NEF) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Monlh 

Coefficient 

11.028 
0.114 

-0.003 
0.045 
0.186 
0.077 

-0.051 
0.058 
0.086 
0.227 
0.022 
0.088 

-0.003 
-0.055 
-0.105 
0.174 

-0.156 
-0.008 

Standard 
Error 

0.091 
0.031 
0.001 
0.010 
0.023 
0.022 
0.023 
0.036 
0.036 
0.066 
0.004 
0.017 
0.002 
0.035 
0.029 
0.071 
0.028 
0.002 

t-Stat. 

120.95 
3.71 

-4.21 
4.65 
8.21 
3.44 

-2.19 
1.60 
2.41 
3.42 
6.29 
5.17 

-1.29 
-1.56 
-3.65 
2.45 

-5.66 
-5.09 

Prob. 
Value 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.03 
0.11 
0.02 
0.00 
0.00 
0.00 
0.20 
0.12 
0.00 
0.01 
0.00 
0.00 

-------------------------------------------------
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• Inverse Semi-In Equation 2 (ISLI27) 

Degrees of freedom =- 407 
Std. error of est. - 0.19 Log-Likelihood 1 19. 16 
Adjusted R2 0.72 .. 20.407 54.88; proh. 0.00 

Durbin-Watson "d" 1.98; Do not reject Ho (5 % levcl) 
H eteroskedasticity: x2 -4 - 32.81 ; proh. 0.00 
(Breusch-Pagan) 
H eteroskedasticity: X2 --1 - 8.97; proh. 0.00 
(Test No.2) 

-- - ---- --- -

Variable Coefficient Standard t-Sta1. Proh. 
Error Value 

------- - -

Intercept 10.626 0.166 64.23 0.00 
Detachment 0.122 0.030 4.04 0.00 
Age -0'()()3 0.001 -4.45 0.00 
Rooms 0.044 0.010 4.64 (lO() 

• Batbrooms 0.181 0.022 8.17 ().OO 
Fireplace 0.066 0.022 3.01 ().()() 

Central heat. -0.064 0.023 -2.80 0.01 
Heat Pump 0.057 0.035 1.63 O. 1 () 
Brick 0.063 0.035 1.78 0.08 
Stone 0.2]8 0.065 3.36 0.00 
Lot size 0.021 0.004 5.84 ().OO 
Garages 0.079 0.017 4.72 0.00 
Noise (NEF) -0.003 0.002 -1.23 0.22 
% English sp. 0.558 0.172 3.25 0.00 
% Unemployed -0.840 0.317 -2.65 0.01 
Zone 1 -0.055 0.034 -1.60 O. Il 
Zone 2 -0.104 0.028 -3.70 O.O() 
Zone 3 0.250 0.071 3.5 j 0.00 
Zone 4 -0.099 0.031 -3.16 0.00 
Montb -0.009 0.002 -5.36 O.()() 

----- ------- - ------- - - - -
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Appendix A.II. Linear Specifications . 

Dependent Variable: the real housing priee. 
Sample: House sales on the West Island of Montréal, 1989-1990. 

Linear Equation 1 (TL60) 

I>cgrees of freedom 410 
Std. error of est. 39165.51 Log-Likelihood = -5112.91 
Adjusted R 2 0.64 F 17,410 45.48; prob. = 0.00 

I>urbin-Watson "d" 
H etcroskcdastieity: 
(8rcusch-Pagan) 

1.61; Inconclusive (5% level) 
X24 - 419.45; prob . .=: 0.00 

H ctcroskcdasticity: 
(Test No.2) 

Variable 

------ -

Intcreept 
I)etaehmcnt 
Age 
Age 2 

Rooms 
8athrooms 
Hcatpump 
Stone 
Lot size 
Oarages 
Noise (NEF) 
%English sp. 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Month 

Xl) 106.42; prob. 0::: 0.00 

Coefficient Standard t-Stal. 
Error 

-12840.57 32931.67 -0.39 
17608.75 6224.52 2.83 
-1876.49 232.48 -8.07 

1.45 1.22 6. 11 
10112.74 1989.54 5.08 
34128.61 4554.93 7.49 
13410.42 7299.14 1.84 
26765.30 12402.48 2.16 

4.17 0.73 5.69 
8363.58 3523.98 2.37 
-912.34 482.02 -1.89 

63893.28 34058.67 1.88 
-26138.42 7321.61 -3.57 
-23919.51 5758.03 -4.15 
39357.62 14739.19 2.67 

-28007.18 6365.65 -4.40 
-1532.80 337.55 -4.54 

Prob. 
Value 

0.70 
0.00 
0.00 
0.00 
0.00 
0.00 
0.07 
0.03 
0.00 
0.02 
0.06 
0.06 
0.00 
0.00 
0.01 
0.00 
0.00 
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Linear Equation 2 (TL61) 

Degrees of freedom 410 
Std. error of est. 39086.29 Log-I.ikclihood -5112.11 
Adjusted R 2 0.64 F 17,4 III 45.76; prnh. 

Durbin-Watson "d" 1.62; Inconclusive (5 % level) 
H eteroskedasticity: X24 418.81 ; prob. 0 00 
(Breusch-Pagan) 
Heteroskedasticity: X21 109.66; prob. 0.00 
(Test No.2) 

Variahle 

(ntercept 
Detachrncnt 
Age 
Age 2 

Rooms 
Bathrooms 
Heatpurnp 
Stone 
Lot size 
Garages 
Noise (NEliW) 
% English sp. 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Month 

Coefficient Standard 
Error 

--- - ------ -

-32658.31 
17448.73 
-1855.91 

7.39 
10346.45 
33501.47 
13983.48 
24964.57 

7.34 
8412.87 

-0.14 
60602.02 

-25493.39 
-23551.33 
39991.40 

-27461.04 
-1493.15 

30930.73 
6210.63 

232.50 
1.22 

1991.29 
4570.57 
7291.86 
1242().86 

1.47 
3506.97 

O.()() 

33954.05 
7244.29 
574644 
14617.17 
6240.37 

337.63 

t-Stat. 

- 1. O() 
2.81 
7.98 
6.07 
5.20 
7.33 
1.92 
2.01 
5.00 
2.40 

-2.29 
1. 78 

-3.52 
-4. 10 
2.74 

-4.40 
-4.42 

11mh. 
Value 

0.29 
O. ()O 
O.O() 
0.00 
O.(K) 

n.oo 
O. ()() 
0.04 
0.00 
0.02 
0.02 
0.08 
0.00 
O. ()() 
0.01 
O. ()() 
O. ()() 

o.O() 
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Linear Equation 9 (TL88) 

Degrees of f reed om 412 
Std. error of est. 39427.79 Log-I.ikelihood - -5116.86 
Adjusted R 2 0.64 F 15,412 50.37; proh. = 0.00 

Durhin-Watson "d" 1.61; Reject Ho (5% level) 
H etefoskedasticity: X2 4 - 449.83; proh. - 0.00 
(Breusch-Pagan) 
Heterosket!asticity: X21 92.65; proh. - 0.00 
(Test No.2) 

-- - - -------- ---------------------

Variahle 

Intercept 
Detachment 
Age 
Age 2 

Rooms 
Bathfooms 
Heatpump 
Lot size 
Garages 
Noise (NEF) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Month 

Coefficient 

40352.02 
17120.67 
-1842.16 

7.86 
10481.50 
34453.42 
12506.25 

4.63 
8676.14 
-916.99 

-26245.15 
-23170.64 
31051.92 

-34341.95 
-1563.17 

Standard t-Stat. 
Error 

17987.34 
6262.58 
232.86 

1.20 
1996.64 
4565.86 
7333.99 

0.72 
3527.82 
484.18 

7369.77 
5789.84 
14323.53 
5606.94 
338.77 

2.24 
2.73 

-7.91 
6.53 
5.25 
7.54 
1.70 
6.44 
2.46 

-1.89 
-3.56 
-4.00 
2. 17 

-6.12 
-4.61 

--- --- - -----------------

Proh. 
Value 

0.02 
0.01 
0.00 
0.00 
0.00 
0.00 
0.09 
0.00 
0.01 
0.06 
0.00 
0.00 
0.03 
0.00 
0.00 
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• Linear Equation 10 (TL89) 

Degrees of freedom 412 
Std. crror of est. 39305.83 Log-Likclihood 51 t 5.54 
Adjusted R 2 0.64 fi 1'i,4U 50.85; proh. o.()() 

Durhin-Watson "d" 1.62; Reject Ho (5 % level) 
Heteroskcdasticity: X2

" 447.26; proh 0.00 
(Breusch-Pagan) 
Hetcroskedasticity: X21 97.29; proh. 000 
('rest No.2) 

Variahle Coefficient Standard t-Stal. "roh. 
Error Value 

- ------

(ntercept 17761. 78 12904.14 1.38 0.17 
Detachment 16995.68 6242.08 2.72 0.0 t 
Age -1819.25 232.58 ·7.82 0.00 
Age 2 7.76 t .20 6.46 o ()O 

• Rooms 10726.98 1995.59 5.38 o 00 
Bathrooms 33684.85 4576.87 7.:\6 0.00 
Heatpump 13216.68 7320.70 1.80 0.07 
Lot size 8.02 1.45 5.52 000 
Garages 8658.06 350K.23 2.47 001 
Noise (NEFW) -0.15 0.06 -2.48 o.() t 
Zone 1 -25722.17 7283. II 3.53 O. ()O 
Zone 2 -22832.15 5771.77 3.96 () ()() 

Zone 3 31847.64 14148.91 2.25 0.02 
Zone 4 -33651.89 5411.08 ·6.22 0.00 
Montt. -1516.10 338.63 -4.48 O. ()() 

----~--~- --
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Appendix A.III. Ln-In Specifications . 

Dependent Variable: the natural logarithm of the real housing priee. 
Sample: House sales on the West Island of Montréal, 1989-1990. 

Ln-In Equation 1 (LL21) 

Log-Likelihood =-- 181.59 
I>egrees of freedom --: 409 
Std. error of est. - 0.16 
Adjusted R 2 0.79 F 18,409 = 10.29; prob. = 0.00 

()urhin-Watson "d" 
H eteroskedastieity: 
(8reuseh-Pagan) 

1. 89; Inconclusive (5 % level) 
X24 = 84.27; prob. --= 0.00 

H ctcroskedasticity: 
(Test No.2) 

Variable 

Interccpt 
I>etachrnent 
Ln(Agc) 
Ln( Rooms) 
Ln( IJathrooms) 
Ln(Floor area) 
Hcatpurnp 
Stone 
Ln( Lotsïze) 
Garages 
1'001 
Ln(NEF) 
Ln( % Engl.sp.) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Month 

X21 -- 25.16; prob. ~ 0.00 

Coefficient Standard t-Stat. 

9.574 
0.1906 

-0.095 
0.258 
0.206 
0.231 
0.066 
0.113 
0.081 
0.054 
0.032 

-0.184 
0.470 

-0.134 
-0.128 
0.152 

-0.149 
-0.010 

Error 

0.292 
0.024 
0.010 
0.065 
0.035 
0.033 
0.030 
0.049 
0.011 
0.015 
0.013 
0.049 
0.123 
0.029 
0.023 
0.056 
0.026 
0.001 

32.76 
7.81 

-9.71 
3.91 
5.90 
7.23 
2.22 
2.30 
8.01 
3.71 
2.39 

-3.72 
3.83 

-4.59 
-5.60 
2.69 

-5.83 
-7.11 

Proh. 
Value 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.03 
0.02 
0.00 
0.00 
0.02 
0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 

-- --- ----------------------
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Ln-In Equation 2 (LL30) 

Degrees of freedom --- 408 
Std. error of esL - O. 16 
Adjusted R 2 - 0.79 

Log-Likcliho()d 183.34 
F 19,408 85.75; prob. 

Durbin-Watson "d" 
H eteroskedasticity: 
(Breusch-Pagan) 

1.88; Inconclusivc (5 % Icvcl) 

H eteroskedasticity: 
(Test No.2) 

Variable 

X24 --- 85.53; prob. O.<X) 

X21 -- 25.28; prob. 0.00 

Coefficient Standard 
Error 

------------------- ------

(ntercept 
Detachment 
Ln(Age) 
Ln(Rooms) 
Ln(Bathrooms) 
Ln(Floor area) 
Fireplace 
Hcatpump 
Stone 
Ln(Lotsize) 
Garages 
Pool 
Ln(NEF) 
Ln( % Engl.sp.) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Month 

9.553 
0.185 

-0.093 
0.262 
0.199 
0.229 
0.035 
0.065 
0.112 
0.086 
0.053 
0.030 

-0.166 
0.450 

-0.134 
-0.122 
0.148 

-0.144 
-0.010 

0.292 
0.024 
0.010 
0.064 
0.035 
0.033 
0.019 
0.030 
0'(}'~9 

0.011 
0.015 
0.013 
0.050 
0.123 
0.029 
0.023 
0.056 
0.026 
0.001 

t-SlaL 

32.75 
7.56 

-9.55 
4.05 
j.70 
6.93 
1.83 
2.18 
2.28 
7.99 
3.63 
2.21 

-3.32 
3.66 

-4.59 
-5.26 
2.63 

-5.62 
-7.19 

O.<X) 

l'ruh. 
Value 

().oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.07 
0.03 
0.02 
0.00 
0.00 
0.0] 
0.00 
().OO 
0.00 
O.()() 
0.01 
0.00 
0.00 
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Ln-In Equation ] 1 (LL38) 

Log-Likelihood = 149.06 
Degrees of frcedom 
Std. error of est. 
Adjuslcd R2 

411 
0.17 
0.76 F 16,411 -- 83.56; pTob. = 0.00 

Durbin-Watson "d" 
H eteroskedasticily: 
( Rreusch-Pagan) 
H eteroskedasticity: 
Crest No.2) 

--= 1.88; Inconrlusive (5 % level) 
X2 4 =- 87.27; prob. = 0.00 

X21 == 32.50; prob. == 0.00 

-- ----- ---------------------------

Variable 

Intercepl 
Delachmenl 
Ln(Age) 
Ln( Rooms) 
Ln(Rathrooms) 
Heat Pump 
Stone 
Ln(Lol size) 
Garages 
1'001 
Ln(NEF) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Monlh 

Coefficient 

10.750 
0.201 

-0.1] 1 
0.40~1 

0.300 
0.064 
0.160 
0.106 
0.066 
0.030 

-0.178 
-0.142 
-0.130 
0.111 

-0.226 
-0.009 

Standard 
Error 

0.218 
0.026 
0.0]0 
0.067 
0.035 
0.032 
0.052 
0.011 
0.016 
0.014 
0.053 
0.031 
0.025 
0.058 
0.024 
0.002. 

t-Stal. 

49.40 
7.69 

-11.32 
6.08 
8.47 
2.00 
3.08 
9.91 
4.24 
2.08 

-3.35 
-4.51 
-5.27 
1.91 

-9.41 
-5.86 

Prob. 
Value 

0.00 
0.00 
0.00 
0.00 
0.00 
0.05 
0.00 
0.00 
0.00 
0.04 
0.00 
0.00 
0.00 
0.06 
0.00 
0.00 
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Appendix A.IV. Semi-In Specifications. 

Dependent Variable: the real housing pnee. 
Sample: House sales on the West Island of Montréal, 1989-1990. 

Semi-In Equation 1 (SLI8) 

Degrees of freedom -- 409 
Std. error of est. --" 39361.76 
Adjusted R 2 0.64 

Log-Likclihood -5114.59 
F 1!!,4()1) 42.36; pruh. O.(X) 

Durbin-Watson "dOl 
Heteroskedasticity: 
(Bred~ch-Pagan) 

1.63; Inconclusive (5 % level) 

H eteroskedastieity: 
(Test No.2) 

Variable 

Intercept 
Detaehment 
Ln(Age) 
Ln(Rooms) 
Ln(Bathrooms) 
Ln(Floor area) 
Heat Pump 
Stone 
Ln(Lot size) 
Garages 
Pool 
Ln(NEF) 
Ln( %Engl.sp.) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Month 

X24 ::- 455.39; prob. 0.00 

X21 -cc 73.04; prob. 0.00 

Coefficient Standard t-Stal. 

-158125.43 
30891.52 

-17835.48 
62664.40 
35773.87 
42586.45 
19946.37 
31292.81 
3103.20 
7807.08 
7613.92 

-39120.05 
79231.78 

-34808.67 
-26834.88 
25171. 78 

-31156.98 
-1579.75 

Error 

71194.16 
5943.98 
2375.49 

15817.11 
8496.39 
8004.44 
7296.25 
11979.98 
2636.6~ 

3566.70 
3266.38 

12038.52 
29904.27 
71 13. Il 
5589.88 
13734.24 
6234.66 
339.65 

-2.22 
5.20 

-7.51 
3.96 
4.21 
5.32 
2.73 
2.61 
1.18 
2.19 
2.33 

-3.25 
2.65 

-4.89 
-4.80 
1.83 

-5.00 
-4.65 

l'rob. 
Value 

0.03 
O.(X) 
O.(K) 
0.00 
O.O() 
0.00 
0.01 
0.01 
0.24 
0.03 
0.02 
o.()() 

0.01 
O.()() 

o.()() 

0.07 
0.00 
o.()() 

-_.- ---- - ------- - - - -
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Semi-In Equation 4 (SL27) 

Degrees of freedom -- 410 
Std. error of est. - 39649.68 Log-Likelihood = -5118.22 
Adjusled R 2 0.63 '·17,410 == 43.79; prob. == 0.00 

Durbin-Watson "d" 
H eleroskedasticily: 
(Hreusch-PagéJ.o) 
H eleroskeda~,ticity: 
(Test No.2) 

-- 1.60; Inconclusive (5 % level) 
X24 = 457.48; prob. = 0.00 

X2) co.. 73.70; prob. = 0.00 

-, --- ------ ---------------------

Variable 

Intercept 
()etachrnent 
Ln(Age) 
Ln(Rooms) 
Ln( Bathrooms) 
Ln( .... oor area) 
Heal Pump 
Stone 
Ln(Lot size) 
Garages 
Pool 
Ln(NEF) 
Zone 1 
Zone 2 
Zone 3 
Zone 4 
Monlh 

Coefficient 

-203433.35 
29804.41 

-16731.87 
63649.18 
38525.73 
42754.39 
19809.16 
29247.31 
5925.19 
8554.38 
7122.10 

36926.27 
-34635.53 
-26093.58 
15059.92 

-38701.26 
-1556.59 

Star". ud 
ErrOl 

69615.45 
5973.17 
2355.79 

15929.02 
8494.35 
8062.74 
7349.43 

12042.52 
2429.60 
3581.54 
3284.96 

12097.86 
7164.84 
5623.71 
13289.82 
5587.02 
342.02 

t-Stal. 

-2.92 
4.99 

-7.10 
4.00 
4.54 
5.30 
2.69 
2.43 
2.44 
2.39 
2.17 

-3.05 
·4.83 
-4.64 
1.13 

-6.93 
-4.55 

Prob. 
Value 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.02 
0.02 
0.02 
0.03 
0.00 
0.00 
0.00 
0.26 
0.00 
0.00 
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