
I

D
A

ACHOOL OF REAL EATATE

Planes, Trains, and Automobiles;
The lmpact of Traffic Noise on House Prices

dr. M.A,J, Theebe

.'' r'ri4r*ú¡¡

-qãtÞ,

RESEARCH
o



Planês, Trairs, and Automobiles;
The lmpact of Traffic Noise on House Pricæ

Mercel AJ. Thcebe

Universiry of Âmsterdam and ING Real Estate

The Netherlands

1" vcrsion, May 29,2002

Cotntþondanco addnst:

Uniucrciþ of Anstcrdan, Dcþartmant of Finantv and Oryaniqation

Rootcr¡¡tmat î l, l0l8ll/B Am¡trdam,Thc N*h¿rlandr

I>hone: *31 70 341 8756, Enail: Marccl.Thuþ@nailin&nl

Abolræt:

Because of large planned infrastrucrural projects like expansion of the main airport and

constn¡ction of high-speed railways, noise nuis¿nce has become a national social topic in

thc Nethedands, Moreover, according to EU-guidelines, determination and enforcement

of diffcrcntiated noise limits will be delegated from national to local governments in the

ncar futurc. 'I'hc valuc of noisc has never been this important. In this pâper, we estimate

the non-linear impact of traffic noisc on property priccs. T'hc used data set is vcry

extensive; over 100,000 sales transactions are studied, with many individual property

characteristics, combined with noise levels for 2 million small 100 by 100 meter areas. lüle

use spatial autoconelation techniques to overcome the reg¡.rlar problems of traditional

NIMBY-an¿lysis performed by hedonic regression. We find that the maximum impact of
traffic noisc will bc a 3 to t0 percent house price reduction. The reduction is a non-linear

function of thc noisc lcvc! rcducing noisc frorn loud to rathcr loud levels is more

beneficial than reducing it from very loud to loud.

KEwordr: trafic noì$, þwþefl1 uahu, hodonh n¿nxion, spalìal ailonmlalìon



l. lntroduction

Amsterdam Schiphol Aþort and a group of 350 envi¡onmentalists have been fighting

over fifteen square meters of land for seven years. The airport faced capacity problcms

and intended to expand its nurnber of runways to ftvc, but in 1994, a prcssure group

bought a parcel to obstruct thc cxpansion plans of the aþort. Only a small part of this

parccl was rcquircd to realizc the fifth n¡nway. C)ne of the major arguments of the

environrnentalists is noise pollution.

Schiphol Âþort is located the Netherlands, a country bclonging to thc rnost dcnscly

populatcd nations in the World, with the highest population dcnsity of all OECD-
countrics aftcr Korcar, Evcn within this crowdcd country, the population is concentrated

in thc wcstcrn part.'Ihis multiplc-ccntric urban area is frcquently referred to as a seven-

million peoplc city.

That is why the aþort is not the only major cause of noise nuisance. These millions of
people need transportation to move to and from work and social activities, and consume

and produce goods that nccd to bc transportcd.'l'hc availablc infrastructurc is used very

intcnsivcly for this, comparcd to othcr Europcan countrics. 'lhere are fewer miles of
roads per person, leading to an above-rivcrage usage of the road system of which 15

percent is seriously congested every day. The intensity of the r¿ilroad usage is three times

the EU ¿verâge. The area is sen¡ed by nvo major airports, which face the problem of
insufficient capaciry, aggravated by strict noise regulations and pressure groups strongly

opposing expansion. But with econornic and population growth, traffic intcnsiry is only

incrcasing.

Flgwe 1: I>envnta¿e of population annoyd þt noìtc,þr thrcc Døh prcuincu, 1999.
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One of the urrwclcome side cffccts of intcnsc traffic in high dcnsc arcas is n<¡isc

pollution. Noise generated by traffic cvcn fc¡rms thc rnajor catcgory of all noisc

nuisances, as is shown in Iligure l. M<¡rc peoplc arc annoycd by thc noise of passing cars

than by noise procluced by neighbors. Since rnore persons ârc exposed to car traffic than

to plancs or trains, fcwcr complaints are causcd by the latter rwo categorics of uaffic,

cxccpt for thc pnrvincc of North-l lolland whcrc Arnsterdam Schiphol r\þort is locatcd.

llesidcs that, studics likc Micdcma and Oudshoorn (2001) show th¿t with cqual noisc

levels, n<lise frorn airplancs is pcrccivcd as most annoying, followcd by car noisc an<l

finally noise from passing trains.

Table 1: lndiution of toand huckz

Data dB(A)
claec

Indication Examplc Commcnt

.,

3

4

5

6

7

I
9

10

0-10

t0-20

20-30

30.40

4l -45

4(r-50

5r -55

5ó-ó0

6r-65

6(¡-70

7 t-75

76-80

80-90

90-l 00

100-1 t0
I 10-120

120-140

I Icaring tlrrcsholcl

Just arucliblc

Vcry quict

Quict
(luict
(luict

Quict
Modcratcly loud

Modcratcly loucl

Modcrntcly loucl

Modcrntcly loucl

l,outl
Vcry krucl

Vcry loud

Uncrxnfirrtnbly krud

Unc<xnfortrrbly krutl

LInc<xnf<lrtably loud

l,ight traffrc

Noisc in ivcr:rfìc rcst:rurarìt

Nr¡rm¿¡l city/frccway trerffic Artnoy'ancc

I lc¿rrtbc¿rt

Itustling of lcnvcs

!lhispcr
(]uict strcct noiscs

f lcnvy traffic

Motorcyclcs at 25 fcct

Ilclicoptcrat 100 fcct

lì<¡ck'rt lloll band

l,<¡ucl thunclcr

r\irplanc during dcparturc

<35 dlì0\) dcsirccl f<rr slccp

<50 dll(/\) dcsirccl f<¡r worlt

I lcnrirr¡¡ loss if ¡rcrsistcrrt cxposurc

lrain rncl distrcss

'I'he l)utch govcrnment providcs protcction against noisc pollution by irnposing

mâximum noise levels for air, rail arrd road traffrc.'I'hc Noise Nuisancc 
^ct 

prescribcs a

prcfcrrecl maximum level of 50 decibels at facades of properties within a specific distance

from mnjor roâds ând râilwâys. Âs shown in Table 1, this level is equal to the noise

câusccl by light traffic, Only if ccrtâin conditions âre rnet, the maximum allowcd noise is

raiscd to a dccit:cl lcvcl l¡crwccn 55 and 70, A lcvcl of 70 decibel is modcratcly loud and

comparablc to thc noisc causcd by frccway trnffic. Ncvcrthclcss, thcrc arc still propcrtics

located in areas with higher avcragc noisc lcvcls; frrr cxamplc, about 1 pcrccnt of thc

observatiorrs in our clata set is located in arcas with an avcrâlfc sound lcvcl cxccccling 70

dccibels.

2'l'his tnl¡lc is l¡nsctl orr lìatcrnan (2001) nnd llumphlcys and I)attcrsr¡n (199(r). ltrr cnsc of com¡rnris<xr, wc
also show thc l0 r:rngcs that will bc uscd ns sr¡und v¿rri¿rblc in this cha¡rtcr,
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Sincc noisc is c¡nc t¡f thc factors contributing to thc quality <lf a property location, noise

could l¡c capitalizc<J in housing priccs, Propcrtics lc¡catcd along a road with hcavy traffic
arc likcly to scll for lcss than comparablc propcrtics locatcd elsewhere, while properties

situated at vcry quiet locations might even sell at a premium compared to other
properties.

Ihis capitalizcd valuc is of substantial importancc. Largc infrastructural projccts arc

planncd f<¡r thc Ncthcdands, likc cxpansion of thc main airp<>rts and construction <¡f

high-spcccl railways. Morcclvcr, thc lìuropcan Union decidcd that the determination and

cnf<>rccment of diffcrcntiatcd noise limits will be delegated from national to local

governments in the near future. When making these policy decisions, the harrn or
benefits to homeowners should not be neglected.

'lhc pricc impact of n<¡isc nuisancc is a widcly studicd arca. Il<¡wevcr, most analyzed

gcclgraphical arcas conccm thc Unitcd Statcs and thc Unitcd l(ngdom, and other regiorrs

arc latgcly ncglcctcd. Most of thc Anglo-Saxon studies date from the late seventies and

cady eighties. Is it reasonable to assume that these results apply to other countries too,

ancl still?

In this pâper, rvvc analyze the impact of t¡affic noisc on propcrty priccs for thc wcstcrn

part of thc Ncthcdands with usc of hcdonic rcgrcssion and spatial autc¡correlation. 'lb
our knowlcdgc, thcsc tcchniqucs havc ncvcr bcen applied to study this topic in the

Ncthcdands, and thc combination of techniques for externaliry analysis has never been

used in the literature before. This combination allows for more efficient estimates and a

nonlinear relationship between noise and property prices. Sections 2 and 3 providc an

oven¡icw of thc literature regarding the valuation of trafFrc noisc, and a dcscription <>f our

mcthodology, rcspcctivcly, Our datâ sct is vcry cxtcnsivc; rnany variablcs arc uscd to
filtcr ovcr 100,000 propcrty priccs f<rr othcr influcnccs, and thc noise information is very

detailed, sirrce trafftc noise is known for every square area of 100 by 100 meter. Section 4

presents details on the data. The focus of the paper will be on cstimating thc propcrty

value reduction caused by thc nuisance from cars, trains and airplancs. 'l'hcsc cstirnatcs

arc discusscd in scction 5, aftcr which wc will makc somc gcncral infcrcnces and

conclusions in thc final sccti<¡n (r.

2. Literaturo rovlew

A clear wây to express the annoyance people perceive from traffic noisc is to cxprcss thc

hassle in rnoncy. 'I'he cstimated amount could l¡c uscd by national <>r local govcrnmcnts

to cornpcnsatc citizcns suddcnly faccd with a ncw highway in thcir backyard or
inhabitants of propcrtics in thc ncar vicinity of an cxpanding airport, or alternatively to

cstimatc the bcncfrrts of noisc rcducing policies.
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Hx¡rressing traffic noise and other errvironmental conditions in money is widely studied.

Many stuclies on traffìc noise date from the late seventies and early eþhties, and are

cxtcnsively summarized and analyzed by Nelson for roacl traffic (1982) ancl air traffic

(1980), Morc rcccnt publications on roacl nuisancc impact are from I'lughes and Sirmans

(1992) antt l-luang and Palmquist (2001), whilc akcraft nuisancc has bccn studicd by

ûrllins and Iivans (199a) and Lcvcsquc (1994), amongst othcrs. Ptnn (1978) is amongst

the small nurnber of authors studying noisc gcncratcd by railroads.

The value of environmental goods could be found in a direct way by meâns of surveys

and cxpcrimcnts, or indirectly by analyzing acrually observed market data like property

priccss. Although thc lattcr alternativc is the most popular by far, both methods find

p()poncnts and <lpponcnts in litcraturc.

Surveys Yorsus hedonlcs
'l'hc most coûunon survcy mcthod is contingcnt valuation, â mcthod dcriving monetâry

valucs by mcâns of survcys. Rclativc to hcclonic rcgrcssion, it is lcss dcpcndcnt on costly

data and will suffcr lcss fr<>m cconomctric problcms, although thc tlisadvantagc of a largc

potcntial subjcctivity might out'wcigh this advantagc. Iixamplcs r¡f mt>nctizing traffic

noise by lneans of contingent valuation arc Saclcnsrnindc (1999), Orosclaudc ancl S<>gucl

(1994), ancl Van Praag and llaarsma (2001).

Using survcy approaches for the Netherlands, Van Praag en llaarsma found that people

living in non-insulatcd propcrtics should be compcnsatcd for cvcry incrcasc in aircraft

noisc <rf 10 I(u with a pcrccntagc c¡f thcir nct incc¡mc vnrying fntm1,2 to 2.2 pcrccnft. If
thc propcrtics arc insulatcd, thc compcnsation would l¡c al¡out onc third of thc non-

insulation cornpensatic>n. I'Iowcvcr, Baarsma (200q f<>uncl that pcoplc w<¡uld bc willing

to pay an additional 57.1 perccnt of thcir housing cxpcnscs if aircrafts do no longcr causc

nuisance cluring the rright, and 25.5 percent for avoiding noise during daytime.

'Ihc hedonic approach derives values by analyzing acrually observed market data, like

propcrty transactit¡n priccs. By mcans of rcgrcssion, this approach analyzes thc

c<¡ntribution of physical and l<¡cational propcrry charactcristics to propcrty transacti<¡n

prices. Âs will bc clcar, this mcth<¡d uscs actual ch<¡iccs instcad of willingncss. ilowcvcr,
estimates and their interpretation arc dcpcnclcnt on sclcctccl variablcs and spccificati<¡n of
the regression equâtion, and orr thc validiry of undcrlying âssutnptions. Neverthcless,

rnost academic publications rely on the hedonic approach. I.)xamples of use of hedonics

to cxprcss thc valuc of traffic noise are l-lughes and Sirmans (1994), Uyeno, I-lamilton

an<l lSiggs (1993), and 'ùíilhcl¡nsson (2000). r\s argued by Dubin (1998) Pacc, Ilarry ancl

3 lJcsiclcs thcsc v¿rh¡¿rti<x¡ mcthods, r:stirn,ating thc vnluc <¡f cnvirr¡rtrncrttrl g<xrds c<¡uld l¡c ¡rcrf<>rmctl by
pricirr¡¡ mcthorls, likc anrlysis of o¡>¡l<>rtunity cost$ or llovcrrìmcrìt pÂymcnts, ârnorì¡ìst othcrs. Sincc wc ckr

not r¡lrc survcy or ¡rricin¡¡ mcthotls in this papcr, wc will n<¡t cliscuss this. r\rt <¡vcrvicw ca¡t bc f<runtl in
llatcmrrr ct nl (2001).
¡ Ku, or Kostcrr Unit, is a n<¡isc indcx usccl in thc Ncthcrlantls, dcrivccl frorn thc so-callcrl NNI-indcx.
Itrom 2003, this indcx will bc rcphccd by thc morc common ldcn-i¡rdcx f<¡r l)utch policy dccisions,
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Sirmans (1998) and Pace and Gilley (1997), spaúal cstimation tcchniqucs corrcct partly

for the estimâtion bias causcd by missing variablcs in hcd<¡nic rcgrcssion.

Sincc wc havc a data sct that is rich cnough to dcrivc thc pricc of noise by hedonic

rcgrcssion, ancl since wc considcr this method to be more reliable than conuingent

valuation, we will express the perceived annoyance in a monetary value by mcans of
hedonic regression.

Nolse varlable
'[b estimate the price of noise with hedonic regression, an index reflecting thc noisc is

frequently adcled to the list of attributes explaining property priccs. If h<¡mcowncrs wcrc

indecd annoyed by noise, noise would be capitalizcd in housing priccs. 'l'hc pricc of a

ptopcrty locatcd along a road with many passing trucks an<I cars would bc hi¡¡her if thc

propcrty would bc situatcd in an arca whcrc warbling birds cause the loudest noise, all

clsc c<¡ual. In that casc, thc cstimatcd contribution of noise to house prices will be

signihcantly negative.

Noise is usually expressed in decibels, which mcasurc thc lot¡dncss of sc¡und as pcrccivcd

by the human car. I lowcvcr, ânnoyâncc is not just causcd by thc krudncss of sound, also

âspects likc frc<¡ucncy, variability, tirnc <¡f thc day, and thc usual backgr<>und lcvcl matter.
'ltr accc¡unt f<lr thcsc additional lrspccts, many cliffcrcnt noise indices have beerr

dcvclopcd, diffcrcnt âc()ss countrics and noise typcs.'Ihc indices could be cumulative

weighted averâges of the number of decibels for a specific time period, or â rncâsurc

indicating the percentage of the total time for which a sound lcvcl is cxcccdcds. Nclson

(1982) concludccl that therc could not bc a singlc indcx that is bcst suitcd for all

purposcs, sincc cach indcx discards sornc inf<lrmation. Ncvcrthclcss, I.cvesque (1994)

argucd that, with analyzing ai¡craft noisc, cumulativc indices clo not perform as well as

othcr indiccs.

'fhe large variery of noise inclices complicatcs the comparison of outcomcs of diffcrcnt
stuclics. A uscful instn¡mcnt to compârc study outc<>mcs is thc noise dcprcciation

scnsitivity indcx (NDSI), 'lhis indcx calculatcs thc pcrccntage value change caused by a

1-dccil¡cl dccrcasc in noisc cxposurc, by relating the percer)tâge difference between pdces

P,, and P, to the difference between noise levels cll},, ancl clll,. T'he NDSI could bc

calculated as

/1\ MD.(r= changeinpropertyvalue 
=òV = 

I x 4 -Pn
\r/ rYuÐr - changein noiseexposure d/V Po dBo - dBl

5 ltrcc¡ucntly uscd sound indiccs rrc l,r\c<¡ (cncrgy mcan s<lund lcvcl), l,cln (day-ni¡¡ht ûvcrr¡¡lc sourrtl Icvcl),
l,¡¡¡ (noisc lcvcl cxcccd in l0% of timc), Nl,)lr (rloisc l,)xposurc ltorccast), NNI (rkrisc antl Nurnbcr Irrclcx),
Nltl, (Noisc ll¡llution l,cvcl), and'l'Nl (l'raffìc Noisc Indcx). r\ rn<¡rc clab<¡ratc clcscri¡rti<xr <¡f thcsc
nltcr¡vrtivc incliccs cnn trc f<rund in Nclson (1980) nnd l3crglund rnd l,indvnll (1995).
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If it is asst¡mccl that a rcduction in noisc lcvcls will leacl to higher property values, both

numcrîtor and clcnorninator will bc positivc, lcading to a posiúvc NDSI.

In rwo rcvicw studics (1980, 1982), Nclson comparcd many stuclics usin¡¡ this indcx. IIc
fourrd that propcrty valucs rise with on âvcrâgc 0.4 pcrccnt if road traffic noisc is rcduccd

by t decibel, and with 0.(r percent if noise from air trafFrc dccreases 1 decibcl. According

to Nclson, the different Nl)SI's for road and air traffic noise are due to differences in

mcthoclology and data, although the higher price for airplane noise is in line with the

highcr pcrccivcd ânnoyâncc frorn ¿ir uaffic for the same sound level of road traffic.

3. Methodology

Ilxtcrnalitics arc mostly analyzcd by including thcir prcsencc as additional explanatory

variablcs in thc hcdonic rcgrcssion. Prcscncc is usually mcasurccl by a variablc likc

straight-line clistancc bctwccn in<Iividual propcrtics and thc cxtcrnnlity. In casc of niosc

studies, a noise inclcx is usccl. As shown by l)ubin (1998) anct Pacc an<l Cillcy (1997),

âmongst others, using the spatial configuration of data by mcans of spntial rcgrcssion

techniques could improve hedonic regressions irr real estate stuclics in tcrms of cfficicncy.

\ùíhcn using hcdonic rcgrcssion, a frequently used moclel specifìcatiorr is the semi-log

spccification, in which thc natural logarithm of transacúon prices is regressecl on

variablcs rcflccting physical and locational propcrty charactcristics. With standard

Onlinary Iæast Sc¡uarcs (OI^S) rcgrcssion, thc nc¡isc varial¡lc could l¡c addcd to thc list c¡f

rcgrcssors:

(2) lnP = /(physical,locational,trafficnoise)+etor

In this equâtiorì, physical ancl locational attributes are included, just as tirne dummies to

câpturc gcncral market changes, ancl variables measuring the irnpact of the cxterrrality.

Notc thât wc usc log transformations of prices in this equation. Iog prices ¡rrovide
coctTcicnts that can bc intcrprctcd in a straightforward way, and arc relativcly câsy to

cornparc with <¡thcr n<>n-Dutch studics and ovcr timc. If for cxamplc thc paramctcr for

'garage' is 0.170, thc prcsencc <>î a garaga riscs thc pricc of a pn)pcrry with corT-l=18,570,

relative to a'rlo garage'de fault siruation. If, instcad of log priccs, thc actual priccs woulcl

be regressecl orr attributes, the coefficierrt for gârâge would be a price in Iìluros. 'Ihis

would bc diffrcult to cornpare with US studies from 1990, for example, because of both

inflation and cxchan¡¡c râtcs. Morcovcr, lJox-Cox transformations used to cletermine the

bcst spccification f<rr n hcdonic rcgrcssion frcquently indicate this so-callcd semi-log

speciftcation as thc bcst onc.

I-lowever, with use of spatial autorcgressir>n, cquation (2) would l<nk likc:

(3) lnP = /(physical,locationa[pricesotherproperties,trafficnoise)*arror

(,,



since this technique uses prices of surrounding properties as aclditional information to
estirnate thc pricc of a specific property, comparablc to the sâles cornparison approach

an appraiscr might usc.

A 3-step approach

If the negarive externality, or NIMIIY ("Not-In-My-Ilackyard'), is includecl as a sepârate

câtcgory, thc following cquarion will bc thc corc of thc analysis, and will bc rcfcrrcd to as

tha'þll ngnúon'.

(4) ln(PRICE)=po+llrXrno,t,ï+lJzXt,ryst(.^r.+þ3XLo(.Á?roNÁ!,+pnX*uo, +e

Idcally, thc cquation mcntioncd abovc is cstimatcd in onc proccdurc, with usc of spatial

autocorrelation. Spatial autocorrclation corrects for regrrlarities in priccs over space, to

correct for wrongly omitted locational attributes. As shown by l)ubin (1988), âmongst

others, ornitted variables will not affect the sign and magnitude of a pararneter estimate,

but cloes affect its variance. In case of positive spatial depenclence, as will be likely in a

housing rnarket, its variancc will be biascd downward, thcreby overstâting prccision.

Spatial tcchnic¡ucs thcrcf<¡rc avoid artificially raisccl t-valucs, and providc m(xc ,rccurf,tc

cstimatcs. I-lowever, evcn whcn working with a Pcntiurn 3 pcrsonal computcr, wc still

face computer limitations when estimating (a) for all properties and all accomrnodation

centers with spâtiâl regression. Therefore, we usecl a nested rnoclel in which

computations are split into three stâges.

(5) stagc I: In(PRICE)=þot þ,Xrnor,r, * ßrX n,,rro,n,,* þrX,.,r,nrr,,rn,,* i

(6) stage II: X ,,rr, =lo *ltX utnxtir *lzX t,ttvstt:,v.*ltX t u,nrr,,rn,. * i

(7) stage III: T = p4Í +v

In the hrst stage, we regressed krgarithmic priccs with C)rdiuary Iæast Squarcs (OLS) on

physical arrd locational properry attributes, arrd time du¡nmies to capture general market

movcmcnts. 'I'hc uncxplainccl parts of prices, thc rcsiduals from this regrcssion, will
rcflcct thc part of priccs causcd by omittcd attril¡utcs and whitc n<¡isc. Amongst thcsc

omittcd atuibutcs is traffrc n<¡isc.

The residuals from stage I could be regressed on this traffrc noise, but the noise will have

to l¡c corrcctecl fust for correlation with the variables that cleterminecl these residuals.

'lhc Equatirln (ó) for stagc II takcs carc of this corrcction. If thc variablc dcscribing

traffic noisc is cornplctcly indcpcnclcnt on thc othcr charactcristics, rcsiduals ñ will l¡c

equal to the NIMIIY-variable, minus the estimated âverâge reflected by 70, In the

completely oppclsite case, in which the NlMßY-variablc is an cxâct function of thc other

variables, the residuals íî will be zero. If matrix X*,n,,,,,. contâins more than one variable,

f<¡r cach of thcsc varinblcs a correctcd vcrsions has to l¡c calculatcd scparatcly,
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'I'hc third stagc in p) finally cstimatcs thc corrcctccl NIMIIY-variable as a function of thc

residuals from thc rcgrcssion (fi).'l'hc cstimatccl cocfficicnt Bo will be the OLS cstimator

from the full regression. 'Ihis can bc shown by rcwriting stagc III of Dc¡uation (7) with

usc of E<¡uations (5) ancl (6):

(8) lnp-p,,-þ,xu^-þrx r, -þrx,,, = þo(xn,un -lo-ltxu,t-Tzx ¡tt -yrx,.,,)+v

or

(9) tn p =(þo - p,yo)*(F, - þor,W * *(F, - þ,y,)x,n +(F, - þoy,)x,.u + pnx *u,,, +ù

Irc¡uation (9) shows that the cquation of stage III is the sâme âs the full equation in (4),

with Bo equal to (ìo-lt^y), f, t, (p,-/try,\, þ, t, (Fr-ltry), ancl p, cqtral to

(\r-Bryr).'lhc cstimata for poof E<¡uation (9) is thc sâme âs in Equation (4).

Morcovcr, sincc thc stagc III rcgrcssion is similar to the full regression, it can be shown

that the residuals zwill be idcntical to thc rcsiduals q if cstimatcd by OLS.

Parâmctcrs from thc stagc l-rcgression in (5) will not be exactly equal to the parameters

from thc full rcgrcssion (4). Ilowcvcr, this is not importânt in this paper: the focus is on

estimatic¡n of paramctcr /o in stagc III. Just as thc full model coulcl be estimated with

spâtial autocorrelation, wc could solcly cstimatc pârâmctcr p,,with spatial tcchnic¡ucs too,

in stagc III. Aftcr all, if there is spatial autocorrelation in the information used in stage I,

OLS will not cxploit it, such that this information will show up unused in the residuals.

Since thc cstimatcs of p,, from (4) and (7) wil not cliffcr, spatial techniques applied to (7)

will produce the same estimatc, but without overstates accuracy.

If matrix X in the ncxt cquation woulcl contai¡r the NIMIIY variablc, the coefhcient

rnatrix p is cstimatcd as

(10) þo =((x ,,rur)' vu (x r,r*))u (x *,r,,r)' vr. i
Dcpcnding on whcthcr one specifies spâtiâl autocorrelation with SAIì or CAIì, rnatrix

Y-ris specifred as

(11) Y'i)o = ( - pW)'( - pW)

(12) Y,)n= (-pW)

with matrix W containing n-b1-n weþhts assigncd to ncighboring obscrvations, prrramctcr

p spcci$'ing the degree of spatial autocorrelation, and matrix I a uniry matrix. In thesc

so-called lattice modcls, !l ancl p should bc spccificd by uial and crror, in <¡rdcr to find

thc bcst regression performance. l)etails on the differerrce bctwcen modcling with SAIì

and CAR can bc founcl in Dubin (1998), âmongst others.
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Homogenelty

The hedonic technique tries to reveal a hedonic price schcclulc undcdying actual propcrty

prices, but the results are depcndent on the sclcctcd m<¡dcl spccification and thc sct <¡f

used variables. Moreovcr, it is assurnecl that thc studicd housing markct is hclmogcnous,

If largc diffcrcnccs exist bcrwccn rcgions within thc studicd markct, thc rnixture of
markct scgmcnts will yicld an unrcliablc pricc f<lr noisc nuisance. Moreover, with a less

homogcnous housing market, the problern of omitted variables will become more

important. l.or example, if a toxic waste site lowers property prices in a noisy âreâ, thc

regression will attribute the lower prices to the loud noisc if information on thc wastc

sicle location is omittcd. If a sample only contains propcrtics in thc small arca arr¡un<I thc

wâstc site, this externality would impact all propcrtics, lcading to a m(xc accuratc

cstirnatic¡n of noisc valuc. Bcsidcs bcing hornogcnous ovcr spacc, thc hedonic regression

rcc¡uircs thc variablcs to bc homogcnous ovcr tirnc as well.'I'his rncans that rro significant

shocks should havc occurrcd within the pcriod the data set describes.

'Ihe geographical area we use in this study is largc comparcd to othcr hcdonic stu<lics,

which might câuse â violarion of rcgional homogcncity. I lowcvcr, thc thrcc provinccs in
otrr samplc show rathcr similar pricc dcvclopmcnts ovcr timc. Ncvcrthclcss, wc control

for diffcrcnccs bctwccn thc rcgions by mcans of rcgional dummy variablcs, the serni-log

spccification, and spaúal autorcgrcssion. I:ìirst, 59 dumrny variables correct for
differenccs in absolutc price levels between regions. fior example, Amsterdam property

prices arc generally higher than llotterdam property prices; in 2000, the pricc of
Amsterdam âpartments exccedcd lìottcrdam âpartrncnt priccs by 80 pcrccnt, for singlc-

family properties this diffcrcnce was about 50 pcrccnt(', 'l'hc dummics arc lrasccl <>n zip

ccldcs an<I ârc crcâtcd such that for cach arca rcprcscnted by a dummy sufficient

obscrvations arc availablc in our data sct7. Secondly, the semi-log specihcation of the

hcdonic cquation makcs the estimates less sensitive to differences in absolute price levels

between regions, since it uses percerìtage price contributions instead of dollar âmounts.

Thirdly, the spatial autoregression corrects for omitted variablcs by considcring thc priccs

of ncighboring propertics cxplicitly, 'I'hc pricc impact of thc unknown ncighborho<xl

charactcristics will bc rathcr similar frrr ncighboring propcrties.

Moreover, we estimate the price of traffrc noise for a number of sub-markcts, âs

sug¡¡ested irr the literature. For example, Uycno, Ilamilton and Biggs (1993) found that

dctachcd houscs will suffcr lcss frorn m¡isc than multi-family propcrtics. Palmquist

(1980) on thc <¡thcr hand suggcstcd that propcrty priccs in high-income areas will show a

largcr cliscount than properties in low-income areas. Thetefore, we creâte sub-samples by

dividing the set of properties in sets with multi-family, cletached single-family and non-

cletached singlc-family propcrties, as wcll as in scts with low-, middlc- and high-inc<>mc

6 lJ¡¡scd on information from l)utch ¡\ssocinti<¡n of llcal list¡rtc r\gcnts (NZII4),2000.
7 l)urnrny varirblcs rcprcscnt in bctwccn l3l ancl 4,ó19 trnnsactions, with îrì âvcrít¡lc of 1,925 soltl
propcrtics.
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areas. lJesides, we split the clataset in areas with a low, avcragc and high population

dcnsiry, and we perform estirnations for each of the separate years of our datâse t.

The constant prlce of orery declbel

The form of the relationship between noise and valuc discounts is not known

beforehand. Most studies assume a straightJine relationship bctween discounts and

dccibcls, and find or âssumc â minimurn noise level at which sound starts to influence

housc priccs. M<¡st studics ûnd a lcvcl of ¿round 55 dB as the ambient noise level, like

Huang and Palmquist (2001) and Pnlmc¡uist (1982).

Flowever, the question is why noise prices should bc a lincar function of n<¡isc lcvcl as

measured i¡r decibelsP Decibels are expressed on a logarithmic scalc: cach incrcasc of 10

decibel (dB) mcans a doubling of the absolute loudness. So, 80 dl] is ¿bout twice as loud

as 70 dB, and four times as loud as 60 dll. Reducing the sound level from 80 to 70 dB

meâns alargcr noisc rcduction in absolutc tcrrns than reducing it from 70 to 60 dll. 'üíith
a linear relationship bctwccn discounts and dccil¡cls, vcry loud noises have to be reducecl

more than less loud sounds in ordcr to achicvc an cqual pcrccntâge incrcasc of property

prices. However, to our knowledge, no studics analyza whcthcr thc pricc of noise

reduction depends on the actual original noise level.

We will not add a noise index to the set of explanatory variables, but a set of dummy

variablcs, 'lhc dummics are zero, except for the dummy indicating the noise range the

specific propcrry is locatcd in. In this way, the ambient noise level can be distinguished

easily, and the rcsults might rcvcal a nonlincar pattcrn for noise. For cxample, reducing

the noise level from a very loucl 80 dccibcls t<¡ a still high 70 dccibcls might not be valued

as rnuch by the market as a reduction from 70 to a mc¡rc convcnicnt (¡0-<ìccibcl noise

level. A constant value per reduction of one decibcl would indicatc that thc valuc of both

reductions would be equal.

'lhc NDSI of a n<¡isc lcvcl dccrc¿se from clll, to dlì, could be calculated with use of the

cstimatcd scmi-logarithmic coe fficients p,, and p, as:

t13) NDS/^, =--L"exp(/')-exp(/o)\ / v'¡ exp(/o ) dBo - dBl

This value is the percentage change in properry valuc causcd by a l-dccibcl dccrcasc <¡f

noise level. Since we use S-decibel classes of noise instead of one noise index, thc nc¡isc

diffcrcncc will l¡e 5 or a multiple of 5.

Posltlve and nogatlve extornalltlos

The construction of a new road might not only causc annoyancc by incrcascd noisc or ai¡

pollution, but it might also generâte positive externality effects like improvcd

acccssibility. 'I'hc purc negative impact could for instance be revealed by including a
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dummy variable indicating whether the property has view on the road to correct for
positive impacts. Most of these added variables show high correlation with the noise

variables, and will therefore not add much to thc analysis. Moreover, if the government

decides to construct â new road or if thc aþort expânds, inh¿bitants of adjaccnt

propcrtics will not pay for thc ncw positivc cxtcrnalitjcs if thcy arc compcnsatcd for thc

pure ncgative impact. Il)spccially when used for the infrcquently applicd second phase of
the hedonic approach, estimation of demand curves by means of preferences revealed by

the regression, breaking down the net effect will be useful. However, for valuing the

harn or benefit of changes in noise exposure to house prices, correction for positive side

effects has no practical implications. It is thc change in net cffect that matters,

Summarizing, this papcr cstirnatcs thc nct impact <lf noisc gcncratcd by cars, trains, and

airplanes on properry values. tùfe will use the hedonic approach, estimated with use of
spatial autoregression, and use noise dummies to allow for a nonlirrear relationship

berween noise and prices. The next section describes the data we used for this.

4. Data descriptlon

In this pâper, we analyze the entire lù(/estern part of the Nethcrlands, consisúng of the

provinccs of North-l lolland, Utrccht, and SouthJ lolland. 'Ihcsc provinccs f<¡rm thc

most dcnscly populatcd rcgion of thc Ncthcrlands. Dcspitc focusing on a sclcctcd 
^ra 

, 
^

trcmcndous âmount <lf data is requircd. First of all, information ab<>ut transactcd

properties is needed to obtain price information, and to frlter the prices for differences in

properry quality. We obtained transaction price infonnation and characteristics of over

160,000 transactions from the Dutch r\ssociation of lJrokers (NVM, from properries

sold in the years 1997 through 1999 in this area, T'he NVM is the largest Dutch

association of brokcrs, with a national markct sharc <¡f <¡vcr (10 pcrccnt. '['hc br<lkcr

records contain informati<¡n on many variables, like 26 different house type

classifications, parcel size, properry volume, details on the garâge, heating system, garden

size ancl sun position, inner and outer property maintenance conditions, and construction

year. Details on the data are provided by Appendix Table 4.1.

Bcsidcs physical âttributcs, wc also uscd locational features to filtcr propcrty priccs.

Ncighborhood inf<rrmation is <¡l¡taincd frorn Locatus and thc Ccntral Burcau of
Statistics. I¡catus is a f)utch organization providing information about rctail lc¡cations.

In this paper, we use locational variables reflecting distance to one of the I major city

centers and the share of owner-occupied single-family properties rel¿tive to the total

nurnber of owned properties for all individual properties; thc avcrage share of eldcrly,

wcstcrn and non-wcstcrn immigrants and singlc-pcrson housch<llds of thc spccific 4-digit

zip code area; and the population density of thc municipality.
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Iìrom thc Nati<¡nal Institutc of Public Ilcalth and thc Envir<¡nrncnt (abbreviated in
Dutch as 'lìlVM) we obtaincd noisc lcvcls for small squâre arcas of 100 by 100 meters.

Since the noise areas werc indicatcd by thc naticlnal coordinatc systcm and thc sold

properties could be linked to this coordinatc systcm too, cach individual propcrty could

be linked to a square sound area.

The noise index used is the curnulative encrgy lcvcl indcx l,Acq. 'l'his noisc indcx

concerns the accumulated 24-hour noise pressure generatcd by r<lad, rail and air traffic

for 1999. The noise levels concern âverages for 100 by 100 meter areas, and are

translated into 10 categories of 5 decibels each. Ilowever, the levels with the lowest and

thc highcst sound lcvcls conccrn widcr rangcs of noisc.

Table 2 provides more information about thc noisc data. Morc than half of all squarcd

areas are very quiet with an average decibel levcl of l:clow 40. Flowcvcr, most c¡f thcsc

areas are non-residential, since only 1 percent of all properties is locatcd within such a

silence area. Âs could be inferred from l.igure 2 for the Netherlands and I'tigure 3 for

Amsterdam, areas with the highest noise levels concern locations directly adjacent to

frccways, railroads and aþorts. Especially the figure for Amsterdam illustrates how

dctailcd thc noisc data sct is; crowdcd strccts, frceways, and the airport runways in the

southwcstern part of thc map with thcir approach routcs ârc clcarly visiblc. Only 14

percent of all propertics is locatcd in arcas with a lowcr sound lcvcl than thc dcsirablc 50

decibels indicated by the l)utch governrncnt. I-lowcvcr, lcss than 1 pcrccnt of all samplc

properties is located in areas with a sound level <lf abovc 70, thc abs<¡lutc lcgal maxirnum

of noise generated by road or railroad traffrc. In our data set, these are alrnost 900 such

properties.

Table 2: Dunþtìon o/ noin dala.

Sound
langc

Decibcl
langc

100x100m
arcae in total data set

Percentâge

5s.18%

9,20%

11.03%

10.15%

753%
4,00%

1.78%

0.70%

0,3(¡o/o

0.07o/o

2p73,(r50

Propcrtics
located within area

percentâge cumulative

1

2

3

4

5

6

7

I
I
10

040d8
41-45 dß

46-50 dB

51-55 dß

56-ó0 dB

61-ó5 dB
(¡(r-70 dB

71-75 dB

76-80 dB
>80 dB

1.11%

2,87%

10.25o/o

27,84%

34,49%

18,20%

4.460/0

0.64%

0,130/0

o.ot%

1.11%

398%
14.23o/o

42.07%

76.560/o

94.76%

99.22o/o

99.86%

99.990h

100.00%

total
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In order to create sub-markets for analysis, we divicled our data set four timcs in thrcc

sub-sarnples, along thc dimensions neighborhood income, year of sale, propcrty typc and

address density.s Sub-samples are created such that each set has ¿bout thc samc numl¡cr

of observations, cxcept for the housing typc and ycar of salc dimcnsi<¡n, 'lhblc 3 spccifics

charnctcristics of thcsc sul¡-scts, I-lowcvcr, somc brcakclown dimcnsions used to create

sub-samplcs will bc corrclatcd. Fligh noise âreas gencrâlly havc a higher address density,

relatively more multi-family properties and lower average irrcomes. In quiet areas the

address densiry is lower, and the share of (detached) single-family properties and averagc

income is higher. So, results for data segmentâtion based on income and addrcss dcnsity

and propcrty typc will bc rather similar. Morc details on thc similarity of sub-markcts îrc
providcd in'I'al¡lc 4.

Figwe 2: Anu witb higb trafit noire, and indiration of audied rc¿ion.

71.75 dB

176.80 dB

¡>80 dB

t

I
\ 4

TI
tt

I

Thð
Uttgcht

II

8r\dclrcss-tlcnsity is n stzrtistic crcntcd by thc l)utch (lcntr¿l lJurcru r¡fSt¿¡tistics (OBS). lt clc¡rotcs thc
,¡lvcrÍrgc numbcr of ndclrcsscs pcr $(luîrc kil<xnctcr within ¿r straight-linc dist¿rncc of I kilomctcr rr<¡und rll
ir¡dividu¡rl ¡rr<4rcrtics, I t rct)rcscnts thc cr¡nccntrrtio¡l of humrn activity, ancl is uscd try thc ( )ltS to clzrssify

munici¡>nlitics on dcgtcc of urbanizati<¡n,
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Flgute 3: Noì¡c ìn An$erdan, noi¡e leael¡ aboaa 50 dacibok.

01{6 dB
6660 dB

t6166 dB
166.70 dB

171-76 dB

l>7õ dB

Table 3: Chamctcri¡tia of sab+anplcs.

Break-down dimcneion Range Obsenatione 7o Obseta'atione

Income (€, pet head)
Lower incomc
Mddle income
I-Iighcr income

18,300-21,500
27,500-24,700
24J00-33,000

37,629
38,474
37,472

35,915
44,491
33,168

53,755
20,278
39,601

33.10/o

33.9%
33.00/o

31.6%
39,20/o

29.2%

47.30/o

17,8%
34.9%

Yeare
1997
1998

1999

Property type
Singlc- family, non-detached
Single- fnmily, dctachcd
Multi-family

Addrees deneity
Lower address-density 104-1,406 37,747 33,2%
Middle address-density 1,417-2,478 38,123 33.6%

I-lighcr address-density 2,671-5,926 37,710 33.2%
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Tablc 4: Sìnìlaritìe¡ behveen ¡ab-narket¡.

Obe Mcan Mean Mean
eound addrees- income
rangc dcneity x

€ 1,000

Houee type Year

non- dctach. multi-
dctnch, sf family

sf

1997 1998 1999

Addrcss-dcneity
lower 37,741 4.4
mid<tlc 38,123 4,6
higher 37,710 5.1

968
l,gt4
t,979

3,848
1,842
1,192

25.8
23,5
20.0

t 9.9
23.2
26.2

23.8
24,3

21.6

60%
57%
25%

2(r%
760/0

11%

13%
27%
64%

59%
28%
t7%

35%
34o/o

26%

38%
38o/o

41%

26%
27%
34%

Income
I-ower
Middlc
Higher

37,628 5.0

38,474 4,5
37,472 4.(t

31%
55%
57%

10%
t7%
2(r%

27%
32o/o

35%

34%
36%
26%

40%
39%
39%

39%
39o/o

39%

33%
29%
26%

27%
25%
35%

Houec typc
non-detach. sf 53,755 4.5
dctachc<l sf 20,218 4,6
multi-family 39,601 5,0

Ycar
1997

1998
1999

35,915 4.7
44,491 4,7
33,168 4,7

100% 0/o 0/o
0% t00% 0%
0% 0/o 100/o

1,790
1,814

3,218

2,101
2,320
2A6t

23.3

23,1

22,8

51o/o

47%
44%

20%
18%
15%

29%
350/o

4t%

100/o 0o/, (f/o

0o/o 10tr/o ff/o
0% tr/o 100/o

32% 39% 29%ïbtal 173,574 4.7 2,292 23,1 47% l8% 35%

5. Results

'I'hc impact of traffic noisc is cstimatcd by mcans <¡f thc hcdonic approach. An OI^S-

rcgrcssion for (5) yields estimates as specifted in Âppendix Table 4.1. Despite the large

number of explanatory variables, tolerance levels indicate that the selection docs not

suffer from severe multicollineârity. In (6), the location of a propcrty within a spccific

rangc of dccibcls is rcprcscntcd by NIMBY-dummics. Estimatjon <>f thcsc noisc

dummics occurs with both an OlS-spccification ancl a spatial CAlì.-specification').

Flowever, the spatial cstimation proceclure could yield slightly different estimation results

for the same specificâtion. We therefore performed the spatial estimâdon 5 times, and

selected the results from the estimâtion with the lowest root meân squarcd crror. For

multicollincariry rcasons, thc dccibcl rangc 56-60 dccibcls is choscn as default, since this

'¡'l'hc ()\lì-spccificnti<xrs rrc bnscd on arc l)claunay-trian¡¡lcs. ¡\ltcrnntivc ()r\ll-s¡rccificnti<¡ns with n larr¡¡cr
numbcr of ncighbors nncl vlrying spatial c<lrrclatio¡r c<¡cfficicnts only rcsultccl in tlccrcnsc" of root mcrn
sr¡uarccl crrors <¡f bclow 0.002, whilc tcquiring cxtrcrncly l(nìgcr cornputâti<¡n tirnc, Spntinl tir\ll-
spccifrcati<lns shr¡wcd highcr r<xlt mc:ur sc¡uarcd crror and lowcr kr¡¡ likcliho<¡ds.
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is the most cornmorì noise rangc. 'I'hc rangcs 76-80 and al¡ove 80 are merged into onc

class l¡ccause of an insuffrcient numbcr of <¡l¡scrvati<¡ns f<¡r most examined sub-samples.

Results for entlre sample

thble 5 shows the estirnati<¡n rcsults obtaincd with the total data sample. Although thc

cstimations of OI^S and the spatial tcchnic¡ucs ârc râthcr similar, thc latter approach

yiclds a l<¡wcr root mean squared error and a highcr maxirnum likclihoocl, indicating

morc cfficicnt cstimates.'I'he significance levels do show diffcrcnccs, h<¡wcvcr.

Table 5: ßtinand priru inpatt o! noin, îùnþdftd t0 56-60 duibel.

Noise range Obe. oLs Spatial

Itrobability lrs lmpact Probability

<=40 dl3
41-45 dB
46-50 dB
51-55 drì
56-ó0 dB
ó1-ó5 dt]
(¡(¡-70 dll
71-75 dB
>=76 dlJ

Loglik
tmse
obs

F,stimated impact
on house price

21%
-1.0%
-0,7%
03%
0.0%

-0.60/o

-1.1%
-3.2%
-5¿%

on housc price

3.6%
_0.70

-0.3%
-0.30/o

0.0%
0.20/o

-0.70/o

-3.9%
-5.2%

-458,665
0.1(r2

113,574

1,259
3,2(¡5

1 1,ó38

31,616
39,177

20,669
5,064

732
154

0,001

0.005
0,002
0.043
doþulr
0,001
0.000
0.000
0.000

0,000
0.132
0.195
0,050
dc/ailt
0322
0,040
0,000
0.001

-475,894
0.19ó

113,574

Estintatul øofidenß an nvntþnacd iato puwnta.qel Pnhability htol¡ inlì¿nh iltc tìgtifnna ol i)è c¡lhlalct, Aho ¿itnn
an il¡o naxìnnm lo¿likoliltood of thê êstirl(tt¡on, tho nol nean squarod cnrr, anl ilte nnnthtololtscnalìott¡, E¡litttalc¡
a,rl þnl)dl)ilit¡$ of ùfcnnt qcffr:atiou an contþoruhh, tìnce all ngnriow ls¡ Maxiltlttt Ukoliltootl.

Judging on thc spatial rcsults, priccs appear to be affected by traffic noisc only if thc

sound level exceecls (¡5 dccil¡cls. 'l'his is in line with the 68-decibel levcl Ilateman ct âl

(2001) found for Scotland. 'l'hc ncgntivc impact riscs with the sound level, but thc

maximt¡m price impact is rathcr rnodcst, just abovc 5 pcrcent. This is in accordance with

thc rcsr.rlts of most other srudies too, if wc assumc a NDSI value of 0,4 percent per

dccibcl, an ambient noise level of (r5 decibcls, and a maximum noisc of just above 75

decibels. I-lowcvcr, sincc thc discount does not rise lineady with sound lcvcl, it is not

correct to assumc â const,ìnt pricc pcr clecibel. Il.emarkable is thc signifrcant premium for

very quiet locations. Howcvcr, in l¡ctwccn 40 and 65 clecibels, the impact of noise docs

not differ from the impact of thc dcfault noisc rangc, 'Ihe up¡:er parrel of I'igure Â.1 in

thc Appendix provides a graphical rcprcscntation of thc estimated price impact, for

diffcrcnt noisc levcls.

'l'hc valuc of rc<Iucing traffic noise with one dccibel is clcpcndcnt <¡n thc original noisc

level.'l'his means that thc NDSI is not constant. We estimate the indcx to vary betwccn

0.14 and 0.ó5 percent, valucs thât ârc still in the range of frequently found values. 'lhblc (¡

specifies the calculations of this indcx.
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Table 6: [!¡tinatcd Noitc Dcþnoiation .îcndtiuity Index, for dillcnnt noi¡c lcucb.to

Reduction from To o/oP¡ice change NDST

Range Used Range Used

41-65 dB

66-70 dtl
71-75 dB

>=76 dB

<=40 dll
41-65 dB

66-70 dll
71-75 dB

3,7%

0,7%

3.3%

13%

015%
0.140/o

0.650/o

0.250/o

62.5

67,t
72.t

77.5

37.t
62,t
67.t
72,5

If the estimated discounts from rcgression with the total sample are used, one could

calculate the total change in properry values caused by changes in noise exposure. For
example, one could estimate the compensation the localgovernment should distribute to

owncrs of properties located to a newly constructcd road with heavy traffic. If thc rcsults

of 'I'ablc 7 arc applicd, thc owner of a 200,000 Euro rcsidcntial propcrry faccs a loss of
ó,400 Euro, if this road riscs traffic noisc from 68 dccil¡cl to 73 dccibcl. Altcrnativcly, the

valuc of a planned noisc barricr or morc rigid airport noise contours to property owners

could be approximated. 'fhe largest price change per decibel is caused by a change in

noise level from 71-76 to 6ó-70 decibels.

Our results are quite similar to the results found in other studies. If wc apply a NDSI <¡f

0,4o/o t<> <¡ur arnl¡icnt noisc lcvcl of 65 dccibcls, calculatcd valuc changcs arc rathcr

cornparablc, as depictcd in'Ihl¡lc 8.

Tablc 7: Estinated pnperly þrirv than¿erþr than¿ec in noiu ercpmnft.

to
<=40 dB 41-65 dB 66-70 dB 71-75 dB >=76 dB

from

<=40 dB
41-65 dB
66-70 dB
71-75 dB
>=76 dB

0.0%

3.70/o

4.4%

7,80/o

9.2%

-3.6%

0.00/o

0.7%

4,0%

5.3%

-4.2%

-0,7%

0.0%

3.3%

4.6%

-73%
-3.8%

-3.2%

0,0%

13%

-84%

-5.0%

-4.4%

-13%

0.0%

Table 8: Pruþer! þrìce than¿t pìth NDSI o/0.4% and ambìent noìu lcael of 65 dB,

to
<=40 dB 41-65 dB 66-70 dB 7t-75 dB >=76 dB

from

<=40 dB
41-6s dB
66-70 dB
7l-75 dB
>=76 dB

0.0%

0.0%

2,0%

4.0%

6.0%

0.0o/o

0.0%

2,00/o

4,0%

6.0%

-2.00

-2.0%

0,00/o

2,0%

4.0%

-3.9%

-3.9%

-2,0%

0,0%

2.0%

-5.8%

-5,90/o

-3.9o/o

-2.0%

0.0%

l0 Notc thrt thc NI)SI-calculntions tlc¡>cnd on thc sclcctctl noisc valucs within thc noisc mn¡¡cs,'l'hc s¿rmc

sclcctcd lcvcls rrc uscd for calculrtio¡rs in'l'nblcs 7 nnd 8, Itcrccnt,,rgc pricc chan¡¡cs nrc ctlculntcd by
subtractin¡¡ thc scmi-krg cstimatcs ¡rnd tnkin¡¡ thc cxl)ortcrrt,

-17-



Results for subcamples
We also estimatcd thc n<¡isc impact fr¡r <Jiffcrcnt sub-samplcs. When discussing these

results, we use the outcomcs from thc spatial rcgrcssion, sincc these cstimates âre more

efficient than the OlS-outcomcs. lì.csults sh<¡wn arc cntircly bascd on sub-samples.'l

Somc litcrature suggests that high-irrcorne areas will bc morc affcctcd than low-inc<¡rnc

arcas. 'lhblc 4.2 in thc Appcndix confirrns this sug¡estion, although the differencc is n<¡t

largc. 'l'he OIS rcsults suggcst that the impact rises with income, but the spatiâl results

for middle-incomc arcas show a highcr discot¡nt for middle-incorne âreâs than for hþh-
income areas. It should bc notcd, howcvcr, that thc numbcr of obscrvations for high

noise properties in the middlc-incomc arca is rathcr small. Iligh-incomc arcas show

significant discounts for sound levels abovc 65 dccibcls, whilc othcr arcas arc only

nffcctcd with a lcvcl of above 70. 'Ihe premiurn for very quict locations is only significant

f<lr high-incr)mc ârcâs.

In 1999, the l)utch housing markct was tcnscr than in prcvious ycars. It might be

expected that traffic noisc will bc <¡f lcss irnportancc in tcnsc ycars, but thc spatial rcsults

even show the opposite. 'I'hc maximum cstimatcd impact is thc highcst f<rr 1999. 'I'hc

ambient noise level is 65 decibels for all ycars. 'l'hcsc rcsults arc sh<¡wn in'l'al¡lc 4.3 in
thc Appendix.

Accorclin¡g to litcrâtr¡rc, multi-family properties are affected more by trafftc noisc than

detached singlc-family propcrtics. 'l'his conclusion seems to be rather counter-intuitive,

since it might bc assumccl that citjzcns in qr.rict arcas would be annoyed more quickly by

traffic noise than peoplc livin¡g in crowdcd arcas. Our rcsults ârc rnorc intuitivcly, since

we find that multi-farnily propcrtics and propcrtics in nrcas with a high urbanization

dcgree suffer less than other properties firrm traffrrc noisc. Appcndix'I'ablcs r\.4 and 4.5

show cletailccl results, which are illustrated in Appendix lfigurc 4.1, Sincc thc discount

for dctachcd propcrties starts decreasing from a low ambicnt noisc lcvcl, inhaÌ:itants of
thcsc propcrtics arc rclativcly quickly annoyecl.

lìecause of the similarity of sarnplc brcakd<¡wn climcnsions, rcsults for multi-family

propcrtics arc quite similar to rcsults f<rr crowdcd and l<¡w-incorÌrc ârcâs, whilc estimates

for detached single-family properties arc comparablc t<> cstjmatcs f<¡r lcss crowdcd and

high-incomc areas.

ll lJoth noisc pi¡ntsnctcr cstirnntcs nnd cstirnntcs f<rr physical and locationrl rttributcs arc bascd r¡n thc
lrcl)rrâtc sub-sarrt¡rlcs.
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6. Summary and conclusions

Sincc traffic intcnsity is growing with population and wclfare, the impact of the resulting

noise nuisance has becorne a widely srudied area. I-lowever, most analyzed geographical

âreas concern the United States ancl the Unitecl l(ngdom, and othcr rcgions arc largcly

neglected. Most of the Ânglo-Saxon studics datc from thc latc scvcntics and cady

eighrics. Is it reasonablc to assr.rmc that thcsc rcsults apply to othcr countrics too, ancl

still?

'l'hc issuc of noisc nuisance has bccome vcry important for the Nethedands. Currerrtly,

largc infrastructural projects are planned, like expansion of the main airport and thc

construction of railroads for high-speed intcrnational trains. 'I'hcsc projccts facc strong

opposition from prcssurc groups. Morcovcr, in thc ncar futurc, Iocal govcrnrncnts will bc

allowcd to dctcrminc and cnforcc diffcrcntiatcd noisc limits for spccific arcas within their

municipality.

Undcrstanding thc value of noise is theref<rre gaining irnportance, arrd it validates a study

after the impact of noise on properry prices. First of all, one shoulcl know the impact of
new infrastructure or more compliant rroise limits on values of surrounding propcrtics, as

a refercncc f<rr potcntial compcnsation to harmcd h<¡mc<¡wncrs. Altcrnativcly, thc

capitalizcd valuc of noisc in h<lusc priccs c<¡ultl bc uscd to cstimatc thc bcnefits ç>f n<¡isc

rcduction, f<rr cxamplc by constructi<¡n of noisc barricrs al<lng highways or by rnore rigid

noisc cont<¡urs f<rr airports.

Most studies found that sound levels below 55 decibels do not harm propcrty priccs, but

for each aclditional clccibel, the properry loses 0.4% of its valuc, on îvcrâgc, In this

chapter, wc estimatc thc pricc impact of noisc for thc wcstcrn part of thc Ncthcrlands,

with a vcry rich clata sct, Usagc of spatial autorcgressi<>n techniques will yield more

âccurâtc cstimates than crxrvcnti<¡nal estimation techniques. Moreover, we use dummy

variables for noise rârlges instead of one noise inclex, to allow for a nonlinear rclationship

berween noise level ând properry prices. No study known to us has cvcr tricd this

intuitive approach bcforc.

tùØc Frnd that traffic n<¡isc indccd has a signifrrcant impact on properry prices. Noise levels

above (r5 decibels âppeâr to be capitalizecl into prices, with a maximum discount of
approximately 10 pcrcent. r\lthough this nct pricc impact mâttcrs, thc purc impact of
noisc might bc cancclcd out to sornc cxtcnt by thc positivc cffccts gcncratcd by

infrastructurc. 'l'hc nct discount is not a lincar functi<>n of noise; reducing noise from a

krucl (71-75 dIì) to modcratcly krud level (6(r-7rJ dlì) has a larger impact on property

values than reducing noise from very loud (over 75 dlÐ to loud, or a reduction from
moderately loud to quiet. ftor properties confronted with traffic noisc lcvcls bctwccn 41

and 65 decibels, the actual noise level docs not rnâttcr. I lowcvcr, if thc pnrpcrty is
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lc¡catcd in a very quiet area (below 40 dl]), it will sell at a significant prcrnium of around

3,5 pcrccnt, IJccause of this non-linearity, the estimatcd priccs pcr rcduction of noisc

(NDSI) tlcpcnd on the original noise level, but rangc bctwccn 0.14 and 0.ó5%.'l'hcsc

findings arc in linc with litcrature,

We also examined sepârâtc parts of thc housing markct of the wcstcrn Nethedands. We

find weak evidence that properties in high-incomc ârcâs ârc affccted more by traffic

noisc than properties in low-income areas. Iì.csidcnts of high-incornc ârcâs æe annoyed

with lc¡wcr noisc levels than other residents. Sincc high-incomc arcas havc a largcr

pcrccntagc of dctached single-family properties and will havc a lowcr addrcss dcnsity

than othcr arcas, morc or less the same results are found if sub-markets arc crcatcd with

these othcr dimcnsions. Ncvcrthclcss, the differences between sub-markets do not sccm

to be very large. Although the housing rnarkct was rnorc tcnscd in 1999 than in previous

years, we do not fincl large changcs in trafltc noisc impact for scpârâtc yeârs.

Our cstirnatccl price impacts will contain regression n<¡isc and arc dcpcndcnt on thc

choscn spccifications. Ncvcrthcless, all specifications indicate that traffic n<lisc will
impact p()pcrty priccs if it is above 65 decibels. Moreover, most spcciltcati<¡ns show a

maximum impact on propcrty priccs of in between 3 and 10 percent. "I'hcsc hndings will

provide sufficicnt foothol<l in futurc traffic noise discussions.
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Appendix

Appendlx Teble A,1: Data de¡ctiþtion and rcptrion nwhr.
Propcrty ch¡r¡ctcrlctic Averrge Sd Ertlmcte T-val p¡ob Totcrencc

llnu¡
Rooms on grountl (lrt) fl<xrr

lloom¡ rt rccond flo<¡r

lìr¡om¡ nt thir<l fkrt¡r
Itooms at fourth fìoor

,fr{e

I,ropcrty volumc (ml)
Itnrccl rizc (m)

'l'imc to mnrkct (dayn)

1,8

t.9
0,5

0

65.47

39.03

24,99

7,58

1.2

1.4

0.8
0.2

5,8%

3,60/o

2.5%
3.lo/o

0,000

0.000

0,000
0.000

0,000
0.000

0.29

0.21

0.60
0,r2

0,33
0.7(¡

337
19(r.7

157

5{t1.8

58 ó9.8

0,lo/o
0.0%

r65,40
40.ftO

0.0% -21.N O.ilx) 0.93

Propcrty cheractcrirtic Frcq. 7o Frcq. Ectimntc T-vrl Prub Tolcrancc

flounlng typc

.rin¿h.þniþ

'rimplc'
'rorv h<¡unC

'man¡ion'
'villn'
rcountry housc'
tcountfy c8(ntct

'bun¡¡alow'

'bungalorv rvith prtio'
'ucmi bun¡¡rlorv'

'rplit lcvcl'
tmc¡ndcrt
rpropcrty rv. in-homc offìcc'

'hourc rvith built-in ¡¡rragc'
tfnrm houtc'

'canrl housc'

Malti.lauiþ
'¡¡roun<l floor dwclling unit'

'uppcr floor drvclling unit'

'ground an<l uppcr fl, drv, unit'

'stninvcll drvclling unit'
'mdsonncttc'

'$crvicc flnt'

'apartmcnt in bld. rv, clcvat<¡r'

'apilrtmcnt in bltl, rvo, clcvfltorl
tluxuti<¡ur¡ îprrtmcntl

'()thcrl'
'C)thcr2

5$48
47,172

12,3ì4
4,504

(r75

l4
7i9
400

1,002

207

39

24tl
8t2
270
280

4,811

5,944
267

797

3,071

172
I,l 74

9,051

7,48(,

4,40/o

47,50/o

10,90/o

4,00/o

0.6%
0,0%
0,7%
0.40/o

0,9%

1t,20/o

0.0%
0,20/o

0,7o/u

0.!/o
0,3%

4,2o/o

S,2o/o

0,!/o
(t,70/o

2,7%

0.T/o

7.T/o

8,0%
(t,60/o

-7,1a/o

¿ißillt
9'7o/o

25,64/o

28.1%
11,30/o

30,T/o
10.00/o

24,llo/o

-7,20/o

-1.3%
-î,llo/o

-3,2%
-1.4o/o

5,8%

-16.ïe/o

-16,90/o

.6,1o/o

-28.11u/o

-14,40/o

-I3,4u/o

-1r,2%
-24.00/o

-16,90/o

-45.52

-45,{10

-5,17

-43.llll
-34,26

-2(t,21

-50,71
-67.5(t

-43.75

0,55
(),57

0,82
0,98

0.85
0.95

0.86

0.97

0,99

0,97

0,82
0.87

0,90

0.53

0,41

0.96

0.ftO

ll.(r2

0.92

0,29

0,28

0.33

0,97

0,99

-25,15 0.000 0.77

t(
32

0.0%
0,0%

-2(¡,tlo/o

-5l,lvo

37,1 5

58.()7

29,72

r.51

33,74
9,47

33.25
-0.88
.0,41

-3,08

-4,26
-1.14

4,58

0,000
O,(XX)

0,000
0.131

0,000

0,000

0,000

0.n7Ð

0,ó80
0.002

0,000
0,255

0,000

0.000

0,000

0,000
0.(xx)

0,000
().(xx)

0,000

0.000

0.Oil)

-t 1.35
.8. l7

0.0(x)

0,000

F¡cllltles

(ìaru¡c

No ¡¡ara¡¡c, o¡ unknown
Oonncctctl gnnrgc of brick*
l)ctrchccl ¡¡ara¡¡c of bricks

Conncctcd garagc of rv<¡<¡rl

l)ctnchcd glrnrgc of rv<xxl

lluilt-in ¡¡rrn¡¡c

92,332
6,719

7,845
2r5
775

5,óótl

111,30/o

5.9o/o
(r,t)o/o

0.T/o
0,7o/o

5.$/o

¿cktlt
15,3o/o

16,80/o

16.1%

ut,30/o

75.60/o

51.92
(¡1,1¡0

l r.66
23.30

47.16

0.(xx)

0,000

0.000

0,0il)
0,fi)o

0,80

0,82

0.99

0,95

0.75
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Àþtondix Tabh A.l øntìwed,
Propc¡ty chsrrctcrletlc FrEq. % Frcq. Egtlmr¡c T-v¡l Prcb Tolcnncc

Bathmon¡

No bnthr<¡om
1 bathttxlm
2 bothroomn
3 bathroom¡

4 <¡r morc btthroomrr

l lcalitrg

Ocnrol hcoting
G¡s hcrtcr
No opcn hrcphcc
Opcn fircplncc

Clanlu rut lotìlìon
No gtrdcn, unknoln, or North
Northcrut
llnrt
Southcr¡t
tiouth
Southrvc¡t
Wc¡t
Northrvcst

Ganlen hn¿th

No gnrdcn, or unknown
I to 5 mctcr¡
5 to 10 mctcn
t() to 15 mctcr¡
15 to 20 mctcn
20 to 50 mctcn
50 motcr¡ or lnrgcr

29,43|t

72,691
10,336

1,069

40

99,r42
1i,612
98,994
14,580

25.90/o
(¡4,V/o

9,10/o

0,9ro
0,00/o

-6.!/o
ídailt
2,10/o

2.!/o
'4,Xo/o

-37,55

9,5fr

3,53
-1,41

.44.42

25.33

0.79
(r,ì4

13,29

2ì,(,4
37,11

18,39

0.(xx) 0,60

0.ilx)
0,000

0,t 58

0,000

0,ür0

0.77

0.86

0,559

0.(r2t
0.000

0,000

0,000
0,ffio
0,003

0.73

0.61

0.59

0,49

0,5ó
0,51¡

0,73

0,429
0.m0
0,000
0.m0
0,000
0.üx)

0,60
0.2r
0,17
0,42

0,54

0.75

0.83

0,95
0,99

88,P/o

12,tY/o

87.20h

12.8%

ilctarlt

'tl'60/o

ddaalt
4.9o/o

42,171

4,973
9,458

9,973
17,765

I 1,8ó9

12,55?

4,871

37,lo/o

4,40/o

tl.lo/o

8.E%
15.60/0

t0,5%
17,10/o

4,3%

dtþnlt
-0,2o/o

-ll,lo/o

7,2o/¡

l,5o/o

2,1%
0,00/o

1,ú/o

dt/ottX

0,r%
1,90h

4,1%o

ll.8o/o

t6.l%
17.T/o

.0,Ít
-0.48

4.42

ó,33

8.24

3,ó8
2.94

34,9()6

5,9(r2

25,(!(¡l

3r,465
7,(rtl4

4,415

1,541

10,70/o

5,t%
22,50/o

29,5%

6,t*/o

t,9%
1,4o/o

Inßrìor
Unkrrorvn

l.lxccllcnt
(iood
Rcaconnblc

Mccliocrc
Ikd

I!xlorìor
Unlnorvn
l.ixccllcnt
C<¡<¡cl

llcmonrblc
Mcdiocrc
B¡d

2r7
I I,t 24
gl,l24
11,410

2,153
146

0,*/o
16,V/o

71,(f/o

10, lolo

l,Ð0/o

0,30/o

0,5o/o

6,llo/o

(Wtl
-5.50/o

-7.70/o

-71.60/o

-t,eh
2,3v0

dcþal
-5,t/o
-tl.lo/o
-9,80/o

0,2t
27.31

-24.14

-r 5,rfr
-10,41

-2,29

.20,53

-[t,77
.ó.03

24(t

l6,1 51

ll(t,Zln
9,257

I,45(r

ztl

0,*/o
14,P/o

75,Ð0/o

8,T/o

1,30/o

0,x/o

8,80

0,784

0.000

0.m0
0.Ofi)

0.Ofi)

lr,lr22
0,000

0,000
0,ilx)
0,000

0,59

0.43

0.ó6

0,(r5

0.5(¡

0,5e

0,42

0,66
0.6(r

0,57

Othcr

,fah¡ undìtion
'l'r¡n¡action costs for
'l'rnnrrction coEt¡ for

buycr
Ecllcr

I I 3,258
3l(r

112,527

1,1147

99,7%
ll.3o/o

99,tro
0,9r/o

(Walt
13,10/o

daþalt
70,80/o

Monrncnl
N<¡ m<numcnt
Monumcnt

11.21 0.m0 0.97

.22.

t4.52 0,000 0,74



Table A.l mntinucd.

Onml
(ìn¡uncl orvncr unknorvn
(ìround orvncd
(ìround lcascd, fixctl tcrm
(ìround lcnrcd, flonting

1,18 0,276 0.80

Cioaínclíon,ycar
1500-1750

l 750-1800
t 8(x)-ilt50

1850-1900
190()-1910

1910-1920

t920.1930
1930-1940

1940-195()

1950-19()0

l9('0-1970
lt70-rr80
1 980.1990
1990-2000

28,005

75,695

ll,46l
I,413

24,7o/o

ô(¡,7o/o

7,5o/o

1.T/o

0,2o/o

.hJù,ilt

-1,0%

-7.lla/o

0,000

0.001

-3,t8
.3.33

12,79

10,1 3

ll¡.411

16.88

5.03

r 1,53

13.67

2,27

t.7t
-12,13

2t.3(,

70.47
-44.42

3.15

4,97

7.43

9.20
11,62

10,36

12.27

12,05

15,06

15,45

t4.x4

l7.qtl
20.911

22.61

25.98
28.21

29.72

3r.r 2
Jl,24
35,45

t8,t2
40,8r

39.(rl

41,92

46.(X)

50,1 I
52.52

54,79

59.50
s9.57

57.37
(rl,Ð2

ó0.11

59.91

51.47

437

r34
t58

2,666

4,147

3,429

9,763

16,514

863

8,546
1 6,1 70

17,r84
l9,tlll
11,445

2,729

2,r70
2,819

1,143

2,95t
3,174

3,201

2,(t(t4

3,19ó

3,2117

3,037

2,742

ì,372
3,5(r7

3,997

3,803
3,744

3,887

3,862

3,178

3,745

4,046

3,803
I,491

3,459
3,564

3,884

3,376

l,2ol
3,405
2,967

2,146

2,144

2,17t)
1,772

1,078

0,40/a

0,1%
0.1o/o

2,4o/o

3,llo/o

3,Ivo
tl,(¡o/o

14.5%
0.llo/o

7,5o/o

74,2o/o

15,8%o

16.8%

11,80/o

2,40/o

2,60/0

2,5%

2,llo/o

2,60/o

2,80/o

2,\Vo

2,40/o

2,8%

2,90/o

2,7o/o

2,4a/o

7,llo/o

1,10/o

ì,50h
x.4%
3,30/o

t.4%
7,40/o

2,8%

x,30/o

3,60/o

5,4%
3,2o/o

3,1%
1,10/o

3,4%

7,lf/o
2,8%

3,V/o

2,60/o

1.9%

l,9o/o

1,90/o

1,(f/o

1,0o/o

17,Jo/o

l1,l%
7.tlo/o

6.6%

2.llo/o

3.3%

3,4a/o

1,6%
().50/o

-2,70/o

5,(to/o

dclanl

19,1o/o

-tl,60/0

d.Iatlt
L6o/o

2,60/o

3.9o/o

4,9o/o

6,lo/o

5,4o/o

(t,1e/o

6,t%
7.9a/o

11.30/o

7,9a/o

0,000

0,000
0.000

0,000
0.000

0,000
0.00()

0,023
0.088

0,000
0.000

0,t2
0.92

0.83

0,82
().70

0,63
(),71

0.53
0.44

0,92
().1¡l

0,53

0,52

0.000

0,000

0.52

0.77

,fah¡ noncnl

Jnnunry 1997

Itbruary 1097

Mnrch 1997

Âpril 1997

Mny 1997

Junc 1997

July 1997

Âugurt 1997

Scptcmbcr 1997

Octobcr 1997

Novcmbcr 1997

l)ccsmbcr 1997

Janurry l99ll
lrcbrunry l99ll
Mrrch t99t|
Âpril 1998

Moy l99tl

Junc 1908

July l99tl
Âu¡¡ust l99tl
ticptcmbcr l99ll
Oct<¡bcr 1998

Novcmbcr 1998

l)cccmbcr t998

Jnnunry 1999

Itcbruary 1999

March 1990

Âpril 1999

May 1999

Junc 1999

July 1999

Âuguttt 1999

Scptcmbcr t999
Octobor 1999

N<¡vcmbcr 1999

l)cccmbcr 1999

9.50/o

11,04/o

ll.60/o

13,6%
74,9o/o

15.7%

16,5o/o

17,40/o

19.t/o
20,5o/o

22.3%

22.00/o

21.6%

25.90/o

28,iVo

30.6a/o

12,5o/o

15,3%
36,70/o

38,7%
42,4o/o

40,8%
43.5!/o

44.2e/o

0.m2
0,000

0.000

0.000
0.000

0,000

0.(xx)

0,000
0.000

0,000
0.000

0,000

0.0(x)

0.000

0,000
0,000

0,000

0.000

0,000

0.000

0,000

0,000

0.000

0.000
().(xx)

0,0ü)
0.000

0,000

0.000

0,000

0,fix)
0.000

0,000
0.000

0,üx)

0.49

0,50
0.48

0,49
0.47

0,47

0.52

0,47

0.47

0,49

0,51

0,46

0.45

1t.42

0,43
0.43

0.42

0.42

0,47

0,43

0,41

0,43
0.45

0,45
0.44

0,42
0.45

0,4ó

0.45

0.48

0.56

0,5(¡

0,55
0.fi)
0.70
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Appendlx Teble A,2: Estínation of noho ìnþacl on horcc pricct; rcilt¡Ior difcnnt inovnc-ana¡,

Nolee ob¡ oLs 6parlal

percentâge probability percentage probability

lowcr lncome

<=40 dB
41-45 dB
46-50 dB
51-55 dB
56-60 dB
61-65 dB
6ó-70 dB
71-75 dB
>=76 dB

Loglik
rmse
obs

84
54()

3,002
8,309

14,221
10,391

2,475
363
77

9,000/o

5.80%
0.800/o

1,20%
0.00%
-a.4ao/o

030%
-3.400/o

-5.90%

-199,314

0,209
37,628

0.000
0.000
0.0ó8
0.000

0,172
0.574
0.002
0.011

7,600/o

0.80%
-0.70%
-0,600/o

0.00%
0.100/o

010%
-5.40%
-6,700/o

-133,833
0.174

37,()28

0.550
0,477
0.163
0.080

0.769
0.8ó3
0.000
0.017

Middle lncomc

<=40 dB
41-45 dB
46-50 dB
51-55 dB
56-60 dB
ó1-ó5 dB
6ó-70 dB
71-75 dB
>=76 dB

Loglik
finEe
obs

725
1,386
4,788

t2,290
12,825
5,053
1,224

166
l7

0.50%
-2.600/o

-0.80%
0.r0%
0,00%
-0,700h
-r.40%
-1.200/o

-6.700/o

-135,670

0.173
38,474

0.465
0.000
0,015
0.752

0,012
0.009
0.380
0.101

7.200/o

-1.60%
-0,4Q0/o

-0300h
0.00%
0,10%

-0.50%
-1.70%
-7,500/o

-130,921

0.t48
38,474

0.u3
0.011
0.30ó
0,276

0.731

0,402
0.247
0.035

Higher income

<=40 dB
41-45 dB
4ó-50 dB
51-55 dB
56-60 dB
61-65 dB
66-70 dB
71-75 dB
>=76 dB

I,oglik
rm9e
obs

450
1,333
3,848

11,017
13,971
5,225
1,425

203
60

r.60%
-2,0Q0/o

-0.60%
0,30%
0.00%
-0.40%
-4.100/o

-6,60%
-7,40%

0.076
0,000
0.060
0.141

0.129
0,000
0.000
0.001

330%
-0.80%
0,200/o

0.10%
0,00%
-0,20%
-2,90%
-6,\Qo/o

-7.00o/o

-727,847

0.t52
37,472

0.004
0.257
0,704
0.796

0,5t2
0.000
0.000
0.002

-r31245
0,172

37,472
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Appendlx Table A,3: E¡tination of noi.tc ìnrpaa on horcc pricer; nnl*for dffinntJcan.

Noise rângc obs oLs sDetial
percentâge prcbability percentâge probability

19n

<=40 dB
41-45 dB
46-50 dB
51-55 dB
56-ó0 dB
61-65 dB
66-70 dB
71-75 dB
>=76 dB

Loglik
nn8e
obs

365
1014
3ó10

10239
l2()04

6298
1506

241
38

0,7o/o

-0,80/o

-0.5%
09%
0.0%
-0,4%
-1,5%
-5.10/o

-6,3%

.126218
0,177

3sBls

0,492
0.170
0.184
0.000

0.166
0.002
0.000
0.025

2,6%
0.40/o

-0,20/o

0,4%
0.Ao/o

0,30/o

-0.9%
-4,90/o

-3.6%

-122,495
0.154

35,915

0,029
0.5ó8
0.591

0.125

0,309
0.086
0.000
0.172

<=40 dB
41-45 dB
46-50 dB
51-55 dB
5ó-60 dB
ó1-65 dB
66-70 dB
7l-75 dB
>=76 dB

495
1239
4596

12522
t5413
7944
1955

254
73

0.9o/o

-0,70/o

-09%
0.0%
0,0%
-0.8%
-0,4o/o

-7.60/o

-5.Qo/o

-l(r4,019
0.189

Mlït

0.322
0,922
0.00ó
0.9s2

0.002
0,369
0.195
0,423

0.50/o

-0.20/o

-0.3%
-0,20/o

0.0%
-0.20/o

-0.30/o

-2.9%
.7,Qo/o

0.627
0.798
0.34t
0,3ó1

0,544
0.500
0.014
0.001

Loglik
lmEc
obs

-158,909

0.1()2

44,491

1999

<=40 dB
41-45 dB
46-50 dB
51-55 dB
56-60 dB
61-65 dB
6ó-70 dB
7l-75 dB
>=7ó dB

399
t0l2
3432
8855

11160
6427

1603
237

43

4.0%
-2.óo/o

-0.7%
0.30/o

0.0%
-0.4%
-7,60/o

-3.0%
-7,30/o

-120,615
0.208

33,1ó8

0.001

0.000
0.099
0.381

0.197
0.004
0.030
0.018

5,2%
-7,70/o

-0,4%
0.20/o

0.0%
0.3%

-1,30/o

-3.1o/o

-8,00/o

-1 16,843
0.179

33,168

0.000
0,027
0.417
0,43()

0.440
0,024
0.020
0,006

LogliL
fln8e
obs
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Appendix Table A,4: ß¡tination of noisc inþaú 0,t hoase prial; nult þr dilþrcnt

Noiee range obe epatial

percentage probability percentâge probabiliry

Non-detached einsle-familv

<=40 dB
41-45 dB
46-50 dB
51-55 dB
56-60 dt3

61-65 dB
ó6.70 dB
71-75 dtl
>=76 dB

Loglik
Itmsc
obs

765
2?04
6,634

16,370
18,598

7 22r
1,649

264
50

1,6%
-1.8%
-1,7%
-0.2o/o

0.0%
-0.3%

-1.9%
-3.2%
-8,50/o

-189,757
0.147

53Jss

0.007
0,000
0.000
0.154

0.202
0,000
0.000
0.000

l.7o/o

-1.3%
-0.50/o

-0.3%
0,0%
0.0o/o

-1,6%
-3,3o/o

-10.3o/o

-182,300

0J24
53,755

0.028
0.003
0,054
0,141

0.898
0,000
0,000
0.000

Dctachcd einclc-familv

<=40 dB
41-45 dB
46-50 dB
51-55 dB
5ó-60 dB
ó1-ó5 dB
66-70 dB
71-75 dB
>=76 dB

rmsc

3ó8
684

2238
5,ó65
6,824
3,377

907
117

38

-2.4o/o

-03%
0.60/o

03%
0.0%

-7.50/o

-5j%
-7.60/o

-6.1%

-67,621

0.199
20218

0.036
0.746
0.211
0.489

0,000
0.000
0.000
0.053

t.0%
0.8%
13%
0,5%
0.0%
-r.0%
-4,5%
-6,4%
-3,2%

-óó,458
0.183

20,218

0.470
0,373

0.024
0.239

0.016
0.000
0.000
0.306

Loglik

ol>s

Multi-family

<=40 dB
41-45 dB
46-50 dB
51-55 dB
56-ó0 dB
61-65 dB
óó-70 dB
71-75 dB
>=76 dB

Loglik
finse
obs

126
377

2J66
9,581

13,755
10,071

2,509
351

66

8.4%
0,20/o

0.8o/o

1.1%
0.0%
0.1%
0.3%
-1.8%
-2,9%

0.000
0,822
0.057
0.000

0.759
0.430
0.087
0.206

3.2%
-0.t%
0.t%
0.4%
0.0%
0.6%
0.7%

-3.5%
-4.5!/o

-737,239
0.154

39,601

0.161

0.575
0.817
0.248

0,0ó5
0.184
0.005
0,088

-143,605
0.189

39,ó01
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Appcndix Table A.5: Estínatìon o! noíu ìnþatt on hoarc þriæt; rualt þr diffennt
addrc¡¡ den¡ìlh¡.

pcrccntagc probability pcfccntagc

Lower addrees densiw

<=40 dB
41-45 du
46-50 dB
51-55 dB
56-60 dB
61-65 dB
66-70 dB
71-75 dB
>=7ó dß

Loglik
Rmse
obs

96()
1,843

5,142
1 1,587
11,889
4,623
1,403

212
66

0.7%
-2.0%
-(r.t%
-0,40/o

0,0o/o

-03%
-3.90/o

-6s%
-7,70/o

-133,767
0,178

37,741

0.29r
0.000
0.765
0,093

1.8%
-1.0%
0.0%

-0,50/o

0,0%
-0.2%
-3,20/o

-6.2%
-6,80/o

0.040
0.084
0.979
0.055

0,553
0,000
0.000
0,002

0.380
0.000
0.000
0,001

-130,713
0,160

37,741

Middle addreee deneity

<=40 dB
41-45 dB
46-50 dB
51-55 dB
56-ó0 dll
ó1-65 dB
ó6-70 dB
71-75 dB
>=7ó dB

240
1,048
4,103

11,293
14,686
5,420
1,146

r73
14

3.7%
-1j%
-0.1%
11%
0,00/o

-0,7o/o

-13%
0.4%
-9.9%

-131,709
0,162

39,123

0.001

0.059
0.870
0.000

0.005
0.008
0.727
0.017

4.t%
-r.0%
-0.2%
0.3%
0,00/o

-0,1%
0.4%
-0.9%
-83%

0.005
0.121
0.672
0.177

0,667
0.501

0.509
0.024

Loglik
rmSc
obs

-726,788
0.137

38,123

Hiqher addreee deneiw

<=40 dB
41-45 dB
46-50 dß
51-55 dB
56-ó0 dB
61-65 dB
6ó-70 dB
7t-75 dB
>=7ó dB

53

374
2,393
8,736

12,602
10,626
2,515

347
74

10.70/o

5,8%
01%
0.4%
0.0o/o

-0.4%
0.1%
-4,1%
-5,6%

-139,514
0.208

0.000
0.000
0.880
0.141

0,188
0.850
0.000
0,019

3.30/o

t.9%
-0.30/o

-0.7%
0,00/o

0.3%
0,0%
-5.3%
-5.5%

-133,977
0,173

0,353

0.181
0.613
0.040

0.431

0.930
0.000
0,040

Ioglik
rmsc

10obs 37

-27 -

37 10



Appcndk Flgurc A,1: B¡tinatcd inpact of trufic noìn on þmþodl prìcetJor entìn unþh
and ub-mnphs,

Shown âre percentege uansformations of scmi-logarithmic coefftcients, estimeted with spatid
autorcgrcssion. Selected ere the results of the estimation with the lowcst root mcan squared crror.
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fu dlfferent ¡ncome arcas

Trafflc noþe lmpact
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Aþþsndbc bign 8A.l continaed.
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