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External productivity and utility effects of city airports

Abstract This paper uses a micro-level data set for residleand commercial property transactions to
investigate external utility and productivity effedor three (city) airports in Berlin, Germanyarspatial
hedonic analysis. We find strong evidence of advamise effects on property prices and a discoityitat
approximately 55dB. Marginal price effects decreammificantly in the presence of alternative noise
sources, which can lead to biased estimates ifrttegaction effect is not accounted for appropthiate
Given that there is less evidence of positive asbéy effects, our result questions the jusetfion for
locating airports in citycentres.

Keywords Accessibility, aircraft noise, commercial propest residential properties, hedonic analysis
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1.0INTRODUCTION

While large cities depend on major airports caigywut hub functions to provide various interna-
tional non-stop connections, smaller downtown bessnairports are much appreciated by busi-
nessmen due to their accessibility. Neighbourhaiviats usually oppose these airports, mainly
because of extensive noise pollution and emissiopgosition obviously becomes stronger the
more central airports are located, since populademsity is typically found to be much higher in
downtown areas. As a consequence, local authoateesonfronted with two conflicting interests,
emphasizing the role of downtown airports as atlonafactor to attract businesses on the one
hand and the necessity of protecting local resgldintng quality on the other. The case of Berlin

stands exemplarily for such conflicts. Politicalpopition to the scheduled closure of city-airport
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Tempelhof became large enough to enforce a publerendum, which finally failed. To make
appropriate decisions, politicians have to relyahd information about the extent to which resi-

dents and businesses are effectively exposed textkeenal effects mentioned.

Quantifying (city) airport externalities, howevas, difficult in practice as residents and firms
have no incentive to reveal the true (dis)amerthey incur from a nearby airport. Instead, they
exaggerate (perceived) benefits and costs in digadlibargaining process in order to seek
rents.(Social) cost benefit analyses rely on lags of assumptions regarding the cost of travel
time and noise, which are difficult to ascertaipatal property market analyses offer a way to
circumvent these problems. Following bid-rent tlye@il kind of positive and negative accessi-
bility effects and environmental externalities denassumed to capitalize into property prices as
they affect the willingness to pay of the margibayer. An evaluation of urban property markets
therefore qualifies as a natural starting poina efelfare analysis of airport externalities based o

the revealed preferences of market participants.

Property price effects of airports have, theref@attracted scholars’ attention. Bell (2001) pro-
vides a survey on the impact on residents’ physioaldition and introduces effects on property
prices. Most empirical studies available so farufbon North America (Mieszkowski&Saper,

1978; Nelson, 1979; Uyeno, Hamilton, & Biggs, 19@8)United Kingdom, where Manchester

Airport has attracted much attention (Collins & Bsa1994; Pennington, Topham, & Ward,
1990; Tomkins, Topham, Twomey, & Ward, 1998). Fonthental Europe evidence is available
for airports located in Oslo, Basel, Paris and Aargam (Navrud, 2002). However, with the ex-
ception of Weigt (2007), there is still little eeidce available for German Airports. Surveys on
the empirical literature reveal that airports aeady found to adversely affect property values
(Nelson, 1980; Van Praag& Baarsma, 2005). Metayaeal on hedonic price aircraft noise stud-

ies are provided by Schipper, Nijkamp, &Rietveld§2p and Nelson (2004). An alternative ap-
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proach to the evaluation of airport externalitieaswsed by Nitsch(2009), who analysed resi-
dents’ preferences as stated in a public poll cotetliby opponents to the closure of Tempelhof

Airport in Berlin, one of the airports analysedfuis study.

This article adds to the existing literature in muous important ways: First, it analyses the ef-
fects of three airports, Tegel (IATACode: TXL), Tpeihof (IATACode: THF) and Schonefeld
(IATA Code: SXF) in one city. Two of the three args (TLX and THF)are clearly city airports,
whereas most airports in the studies mentionedeboy outside cities. Second, it investigates the
impact of airport externalities on three differembmarkets. Two residential submarkets are con-
sidered to assess airport effects on householty/utitpically owner-occupied detached and semi-
detached houses and typically renter-occupied #fartily houses. The third submarket com-
prises commercial properties. This facilitates thaluation of external productivity effects,
which have been the focus of less attention inliteeature. Third, we assess not only negative
effects related to aircraft noise, but also positaxternalities arising from access to flight canine
tions, which we approximate using(weighted averagad network distances to airports. Al-
though we find strong evidence of adverse proditgtand utility effects arising from noise ex-
posure, the evidence is less compelling for pasitiecessibility effects. Nevertheless, estimated
noise effects can be biased if accessibility effeante not accounted for in empirical models.
Fourth, the impact of aircraft noise is estimatetl anly conditional on alternative noise sources,
but also in interaction with other sources. We shbat estimated noise effects may be severely
biased if these interactions are not accountedapmropriately. Finally, we show how a simple
regression-based interpolation approach can helpvéocome data limitations by generating a

continuous noise surface where only limited (dis®rdata are available.

We use GIS tools and projected GIS maps to anaysghly disaggregated dataset covering a

broad range of structural, location and neighboodhcharacteristics. Our models use potentiality
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variables and include attributes such as neighlmmathistoric quality, which has received little
attention in the literature until recently. Wherppeopriate, we correct for a spatial auto-
regressive structure in the price-generating pmoesa spatial structure in the error term by ap-
plying SAR models. The remainder of this articleiganized as follows. In the next section we
discuss the airports within the study area in nu&til. Section 3 discusses the empirical strategy

and data issues. Results are presented in Secéind donclusions in the final section.

2.0BERLIN AIRPORTS

The official inauguration of Tempelhof airport wias1923. After complete redevelopment during
the national socialist regime, Tempelhof was cle&@Ermany’s most important air hub with a
maximum capacity of 6 million passengers a yeacegeding the effective 1934 numbers by a
factor of thirty. These dimensions, the facilitysagn and architectural and historical particulari-
ties have frequently been discussed (Carré, 20@md3& Paeschke, 1998; Meuser, 2000;
Schmitz, 1997). Tempelhof later became internatiprizzominent as Berlin’s most important

access point for the 1948-49 airlift establishedupply West Berlin residents during the Berlin
Blockade. To provide the necessary capacity, twaenarports were conceptualised, one of

which was Tegel Airport, jointly operated by theeRch since 1948.

By the mid 28 century, Berlin possessed a decent infrastrudturair traffic and was preparing
itself to benefit from the rapidly growing markétowever, Berlin soon lost its status as Ger-
many’s pre-eminent hub, mainly due to the loss afrkat access following Germany’'s divi-
sion(Redding, Sturm, & Wolf, in press). West Beltiacame completely surrounded by the So-
viet zone of occupation. While the most importanéstvGermany counterpart of the airlift —

Frankfurt — emerged as Germany’s new pre-eminehbt generating more and more traffic and
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continuously expanding facilities, improvementsain traffic infrastructure in West Berlin re-

mained relatively modest.

As no reserve space for extension of facilities @aaailable in Tempelhof due to its downtown
location, Tegel Airport was opened for civilian gaffic in 1960 to meet the demands generated
by increasing national and international air t@gffand the fact that a flight connection was the
only way of travelling between West Berlin and Wé&trmany avoiding border controls. In
1974,a new civilian terminal in the south of Tegefield replaced the existing facilities which

subsequently have been used for military and gowemal purposes only.

Following the inauguration of the new Tegel Airpofempelhof Airport was closed until 1984
when it was reopened mainly for smaller airplané&ed by business travellers. Despite minor
extensions during the following decades, Tegel &irfkept moderate size. Even experiencing a
considerable capacity overload (Steinke, 2006)ntimaber of served passengers at Berlin’s Tegel
Airport has hardly exceeded 13 million per yearglatively small number compared to 52 mil-
lion at Fankfurt or even over 67 million at Londbleathrow in 2005. Figure 1 shows passenger

traffic at Berlin airports since reunification i990.

[Figure 1 about here]

As noted above, the capacity of both airports s¢rieted by their central location and good acces-
sibility. Compared to the city airports at Tegetdarempelhof, the location of Schénefeld, which
served East Berlin and its surroundings during divesion period, is remote. In recent years,
Schonefeld, which will be redeveloped as the newiB&randenburg International (BBI) Air-
port, has become much appreciated by low-costerardue to low operating costs. However,
Tegel continues being the most important airparbigsiness flights and the only airport in Berlin

to offer intercontinental connections.
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While Tegel Airport will continue in operation uh#i011, when the new BBI Airport is scheduled
to be inaugurated, Tempelhof airport was closedOotober 31, 2008. The external effects of
Tempelhof Airport were judged differently by citiz® Some neighbourhood activist movements
favoured the final shutdown, while the Interest @rof City Airport Tempelhof (ICAT) success-
fully held a referendum in favour of Tempelhof Aarp remaining in operation. The poll was held
on April 27, 2008 and won the approval of the mi&joof voters, but failed to achieve the mini-
mum quorum of 25% ‘Yes’ votes of the total electerd.egal claims of airlines opposing Tegel's

closure have not been successful.

3.0EMPIRICAL STRATEGY

Following standard rent theory, spatial variationthe value of urban land, net of commuting
cost, reflects productivity or utility differentmlthat drive bid rent functions of residents and
firms. In principle, access to airports may be exge to increase the productivity of firms by
providing fast access to other regions and natioreakets and reducing transaction, communica-
tion and information costs. If accessibility to ethregions’ markets significantly impacts on the
economic performance of regions and cities, thgnasieas close to transportation nodes such as
airports should particularly benefit from regiomategration given that journeys to and from air-
ports are time-consuming. If productivity effecte aignificant we would, all other factors being
equal, expect increasing bids and equilibrium lprides in closer proximity to airports. Within
air corridors, however, the exposure to aircrafseshould exhibit an adverse effect on worker
productivity and therefore decrease bids and dauilin prices, conditional on access to fight
connections and other factors. Similarly, househdblng closer to airports may experience an
increase in utility due to fast access to flightirwections and travel opportunities and a decline in

utility from the exposure to aircraft noise, whisha clear disamenity. The proximity effect of an
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airport is a net-effect of both, which following regentional praxis in the real estate economics

literature can be identified in a hedonic regressinalysis (Rosen, 1974).

Our empirical analyses are conducted for threandissubmarkets, a) one/two family houses,
town houses and villas, b) multi-family houses ah@ommercial properties. While submarkets
a) and b) serve as a basis for an evaluation asdteald utility, submarket c) analogically yields
insights into productivity effects. Distinguishinige residential market into submarket a) and b)
potentially yields further interesting insightsye@n the very distinct tenure structure. Sub-market
a) is closest to the vast majority of the existiibgrature on the impact of air-craft noise, which
has focused on owner occupied detached housingri#cplarly interesting characteristic of the
multi-family housing market in Berlin (submarket ig)the very low rate of owner occupancy.
Although we cannot observe the rate of owner oacoypairectly, comparison of submarkets a)
and b) still allow for an evaluation of the impad€taircraft noise on a) an owner-occupied and b)
a rental market. The price of multi-family propegiwith rented units reflects the expected cash
flow of discounted rent streams. Given the lowebitity cost for renters, we expect renters to be
less risk averse with regards to the potential)(diigy effect of aircraft noise, which they will
usually be uncertain about before moving in. Thusld result in a lower marginal price effect of

aircraft noise within the residential market (bjrqmared to the owner-occupied market a).

Besides distinguishing into three separate subrnsgrkee first separately focus on the impact
areas of the three airports in order to increasedgeneity within the reduced study areas, which
encompass very different submarkets and potentedhibit heterogeneity in implicit prices of
various housing and location characteristics. ;ngbcond step we pool the data across the entire
city area to estimate an average treatment efé@dhe noise exposure as well as airport accessi-
bility effects. Last, we investigate how individwsadurces of noise are perceived in interaction, i.e

if the disamenity effect of aircraft noise incresee decreases in the presence of street noise.
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Empirical specification

We employ a standard hedonic specification comtrgplior structural § as well as locational
and neighborhood\) characteristics in order to estimate the cond#@iompact of access to air-
ports and aircraft noise on the log of price panasg meter of landP). Given that the airport
proximity effect potentially is a net-effect of assibility and noise, failure of controlling for-ei
ther of the two effects may lead to biased coedfits.
(1) log(Pit) = Xk aiSik + X1 Bili + Xom YmNim + Xt 6. EASTie X ¢

+f(AAi;) + g(AN;) + @¢ + &
, Whereg, is a full set of year fixed effects amg is an error term. All other Greek letters are
parametersEASTis a dummy denoting all transactions within thetean part of the formerly
separated city. This specification is set up tedelocalized externalities at an intra-city scae
this article contributes to the discussion of tpéroal location of airports within a city or region
All factors that impact on the study area as wlawkecaptured by time effeats.In order to cap-
ture the gradual reduction in the price differdnbiatween both city parts (Ahlfeldt, 2010b) the
EASTdummy is interacted with a set of year dummies.dféxl controls include a conventional
set of structural characteristics as well as braad established sets of neighborhood attributes
and environmental (dis)amenities (Ahlfeldt, 2010&able Al in the appendix provides a descrip-
tion of variables used in the hedonic modAla.is an indicator of airport accessibility to airpprt

As a default we use road distance measures tortalsnDA) of all airports.

(2) f(AA;j) = X;0;DA;;

At city-wide scale we also use an alternative airpacessibility indicator. Instead of estimating
the marginal price effects for all three airportdividually, we estimate the marginal price effect
for the average distance to airport termin@dBA), weighted by airports’ proportions at overall

air traffic (y/N). While being slightly more restrictive, this furanal specification still accounts
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for the size of the airports in the study areas @despondingly heterogeneous effects while at
the same time reducing the sensitivity to correfaiof airport distances with unobserved neigh-

borhood or location characteristics.

3) f(AA;) = ADA; = 6 %,;,-LDA;;

Given the non-linear log scale of the decibel s@ald the unknown subjective perception of
noise, we estimate the unknown non-linear relabietween aircraft noise level and the (log) of
land price per square me@tAN) rather than assuming a log-linear functional faxrante. We
make use of dummy variables denoting 5 db gridsdellg. 50-55) and employ difference based
semi-parametric estimation techniques (Lokshin,620hformed by non-parametric estimates,
the true functional relationship can then be apipnated by an appropriate parametric specifica-

tion.

Note that the vectdXl,in specification (1) includes street noise as tlusthimportant alternative
source of noise, so that specification (1) yieldd astimate of aircraft noise effects, conditional
on the effect of street noise. Specification (bwhver, treats both sources of noise as independ-
ent, which not necessarily has to be true. Letssimg that household utility] is a function of

both air noise A) and street noiseR} and other factorsZ] that are independent from both:

U = h(A,R,Z). Clearly, we expect tth@]/aA <0 andaU/aR < 0. If AandR are not independ-

ent, it follows thafU’ /aA s0 anddU”’ /aR s 0. In principle, second-order derivatives may

be negative, if both sources of noise are perceiweinplify each other, or positive, if the mar-
ginal utility effect of one source of noise becorsesller in the presence of another. This ration-
ale applies analogically to marginal productiviffeet. As a result, the marginal effect on prop-

erty prices for each of the noise sources may depenthe presence of the alternative noise
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source. The hypothesis of a dependency among thedwurces of noise can be tested empirically
by introducing an interactive term of air noigd\j and street noises(Y) into specification (1).
(4) log(Pit) = Xk aiSik + X1 Bili + Xom YmNim + 2t 6. EASTie X ¢

+f(AA;j) + g(AN;;) + ¥ AN; X SN; + @, + &
Parametetp then gives the change in marginal utility (proditt) effect as the level of alterna-
tive noise increases by 1 db. If one of the twsaaources is perceived as dominating, so that the
presence of an alternative source of noise addsdethe perceived disutility (disproductivity) of

residents (workers)p will be positive.

In line with the common strategy in applied urbaore@mics research we control for various lo-
cation attributes by a distance to the nearestifeaneasures (e.g. distance to the nearest green
space, rail station, etc.). The implicit assumptioderlying the inclusion of these variables i4 tha
the value of these features, discounted by distasceaded against the land price. Similarly,
building on the traditional framework of rent thgohedonic studies typically control for the dis-
tance to the central business district (CBD). AdiBe@xhibits a highly polycentric structure, with
two dominating business areas, we include the mimnaistance to the western (Breitscheid-
platz) or the eastern CBD (metro station “Stadetjtin our specification$ Moreover, we calcu-

late an employment potentiality as a detailed laboarket accessibility indicator following Ahl-
feldt (2010a). Transactionreceives the employment potentiality of the pretsw it falls within

(EPy) , which is the aggregate of employment within 201 precincts in Berlin and 206 sur-

1 This specification implicitly treats both centras perfect substitutes, which is in line with thefinition of the
Senate Department (Senatsverwaltung fiir Wirtsohddeit und Frauen, 2004). This specification algoids col-
linearity problems compared to the alternativentrfdducing distances to both CBD individually.
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rounding municipalities within a 50 km buffer zofrem the city’s outboundaries, weighted by

(car) travel timetfy,).?

(5) EP,, = Zw E,exp (_Tttvw)

Analogically we calculate a green and water po#dityi as the distance weighted sum of sur-
rounding water or green areas to better capturestitwwment with natural amenities. This is
particularly important in this analysis since Tege@bort lies within a major recreational area and
our objective is to estimate the impact of the aslwesnvironmental quality due to noise emis-
sions net of the utility derived from these amesitiGreenGP) and water\(VP) potentialities are
calculated as the distance-weighted sum of theaserérea for green and water spaces, respec-
tively, at the level of 15,937 statistical blockehich are connected by a straight-line distance
matrix (in km). To reflect car (employment) and kwag (green and water) speed we employ spa-
tial discount parameters of 0.1 (car) and 2 (graed water) following Ahlfeldt(2010a)and
Ahlfeldt (2009) and Ahlfeldt & Maennig(2010) respigely.? All potentialities enter the empirical
specifications in logarithms so that coefficiendg de interpreted as elasticities. Besides the po-
tentiality variables another variable is worth memning, which is less common in the applied
urban and real estate economics literature: thebeuraf designated landmarks within 600 m, a
threshold based on Ahlfeldt & Maennig (2010). Tésiable accounts for the historic quality of

the neighbourhood, which is receiving increasirnigraton in the literaturé.

1 [area;
2 The internal distance for precinbﬁf m is calculated on the basis of its surface agrad) (seeKeeble,
Owens, & Thompson, 1982).See Ahlfeldt(2010a).

*The car discount parameter (0.1) is based on dtgrigpe urban labour market accessibility modeltfee metropo-
litain area for Berlin. The walking (2) discountrpmeter was set to yield and exponential cost fanttat con-
verges towards zero at a maximum walking distafi@lkmn.

4 See Coulson & Lahr (2005) and Ahlfeldt & Maenr2§10) for recentexamples for the U.S. and Europe.
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Note that with relatively few exceptions, we findystematic spatial structure in the error term,
which is typical for micro level spatial analys&ge use spatial autoregressive (SAR) models to
obtain unbiased and efficient estimates in thegmes of spatial dependency. LM tests in most of

these cases reject a spatial-lag model in favanadrror-corrections model.

(6) e=AWe+pu

whereW is a binary row standardized weights matrix intingatransactions that are neighbours,
Ais a parameter andis a random error termln few cases, however, a weak autoregressive
structure seems to be resent in the price gengrptotess so that a spatial-lag model is employed

as a robustness check.

(7) y=pWy+Za+u

wherey is our endogenous variablejs a vector of variables included in specificat{@ip a is the
respective coefficient vector apdthe lag parameter. Note that in spatial lag-mqdmsfficients
need to be adjusted before the usual interpretajhies. It can be shown that using a row stan-
dardized spatial weights matrix, the appropriatgat&l” multiplier for the estimated coefficients
is 1/(1p) (see e.g. Won Kim, Phipps, & Anselin, 2003). t&parror-correction models as well

as spatial lag-models are estimated using maxinkehhood techniques.

Data

In the present analysis we make use of an exhaustnord of 32,763 transactions of developed

properties that took place between January 1, 2000December 31, 2007 within the boundaries

® Wedefine transactions as neighbors if they ocdthimva 500 m radius. In very few cases where ramgaction
occured within the threshold, we define the nearastsaction as neighbor. The specification gehepabduces-
similar resuls to an alternative weights matrixhwitverse distance weights. We prefer the binariglte matrix
since inverse distance weights in some of our nsogéh a limited geographic scope and few obseownatiend to
produce a strong spatial smooth.
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of the Federal State of Berlin, Germdhphis study period stops almost 17 month beforeil Apr
27, 2008, when the referendum confirmed that Tehgdelvould be closed. Our data set is a
complete record, covering transactions for comnaé(&i,474) and residential properties (31,289),
which following rent theory facilitate the evaluati of the impact of accessibility and environ-
mental quality on the productivity of land (commaldand) as well as on household utility and
location desirability (residential land). Throughaur empirical analyses, we distinguish residen-
tial transactions into transactions of propertiega)oon/two-family houses, townhouses and villas

(15,199 observations) and b) multi-family houses 428 observations).

The transaction data provided by the Committee a@igtion Experts in Berlin (2008) includes
the usual parameters such as age, floor spaceardat storeys as well as information on land
use, physical conditionand building type. Employmds1S-environment, property transactions
were geo-referenced based on geographic coordiaatemerged with the framework of the Ur-
ban and Environmental Information System of thea&emepartment of Berlin (Senatsverwal-
tung fur Stadtentwicklung Berlin, 2006). Within $h&G1S-environment, additional environmental
control variables capturing the impact of naturad @nvironmental amenities, transport and pub-
lic infrastructure and built heritage, as well asse emissions and airport accessibility variables
could be generated. All distances are preciseast gt a 6 digit level and accurate to the level of
addresses when referring to transactions. Whemrirggeto precincts or blocks, distances strictly
refer to their geographic centroids. Within the &i8/ironment, neighborhood data are merged
that were available for 15,937 statistical blockepulation by age and origin, all referring to

2005, and employment at workplace, referring to30638 traffic cells (rate of unemployment,

® Onlyrelatively few observations had to beexcludexf the full record due to missing values in crlclaracteris-
ticss. No signs for a sample selection bias wenado
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referring to 2005) or 191 zip codes (purchasing groweferring to 2008) With the exception of
purchasing power, which was bought from the marés¢arch organization GfK, these data were

provided by the State Statistical Institute BeBirandenburg.

The primary variables of interest used to assesgxternal effects are indicators of access to the
flight connections offered by the three (city) airts as well as the exposure to aircraft noise-with
in the affected neighborhoods. Access to the aspsrmeasured by the effective road distance
from every individual transaction to the terminailtings of the three airports. A distance matrix
is created on the basis of the full Berlin road rbapt-in in MS Mappoint 2009. From an official
report (Laermkartierung nach Umgebungsrichtline0®2007),data on exposure to street noise
and aircraft noise for Tegel Airport were availabtea very detailed level of 10x10m grid cells.
The noise map for Tegel Airport covers approximatbe northern half of the city, including the
air corridors. Within this area, noise levels arearded for all developed properties and expressed
in an equivalent long-term sound pressure index)lin the standard log decibel-scale (dB).
These official records refer to the effective soymmdssure at facades and take into account all

physical obstacles that potentially affect noiseéguas.

Officially, local authorities are required to detene noise protection zones where land use activi-
ties are restricted for all airports. For Tempe]hHawever, the noise protection zone defined on
the basis of an equivalent long-term sound predswed of more than 67 dB(A) zone hardly ex-
ceeds the territory of the airport and is therefofdittle use in the present analysis. The best
available data that could be obtained were from Bezlin airports operating company
(Flughafengesellschaft) in form of an electronicpnfar which sound pressure levels ranging

from 50-55, 55-60, 60-65, 65-67 and more than 67{A)Ere defined. Based on these discrete

" Data on employment at workplace include all empésycontributing to social insurances.
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information, we employ a simple regression bas¢erpolation approach in order to generated a
detailed continuous noise surface that is compatlhih the official information for Tegel airport.
Therefore, in the first step we define an auxiliaf0 mx100m grid and a new coordinate system
with an origin in the airfield centroid and the xiarunning parallel to the air corridor. Moreover,
we define a 350m buffer around the outmost zoneevive assume a noise pressure of 45-50dB.
In the next step, a naive average of noise pregsuge52.5 for the 50-55 zone) as well x- and y-
coordinates within the auxiliary coordinate systane assigned to the newly generated grid
points@). A regression of average noise pressiiile on third order polynomial vectors of xX (
= x+x2+x3) andy- (Y=+y+y2+y3) coordinates (suppressing negative signs), intieres of both
(X x Y=xy+(xy)?+(yx)J and a full set of interactive terms with dummaesoting the northerrj
and the western/)) quadrants of the coordinate system yields predigtlues of noise exposure
for about 10,000 gird pointg)in the area.

|[Xglas + [Yglaz + Xy X Yas

(8) NLy = [+|Ny x Xg|by + [Ny X Yy|by + [Ny X Xy X Y| bs [+ 0
W, X Xgley + Wy X Yylep + | W, X X, X Yyles

, Where lower case letters form the set of parametedw is an error term. Based on the esti-
mated parameter vectof8; — ¢3)the level of noise exposure can be predicted fer ghout

10,000 grid pointsg) in the area.

Naturally, this approach is better suited for pr@dg reliable interpolations rather than extrapola-
tions, so that we only keep grid points with a etl value larger than 45dB. Overall, the pro-
cedure yields a reasonable fit as suggested®fyo& 81.5 and a close fit of obtained and imputed
noise level along the zone boundaries (see Figu@®) limitation of this approach is that physi-

cal obstacles within a pre-defined noise-zone atetaken into account by the interpolated val-
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ues. We note, however, that there are no evidestaoles, e.g. high-rise buildings, elevated roads

or railways, evident for the noise impact area.
[Figure 2 about here]

For Schoenefeld airport, noise information is enere restricted. As the airport lies outside the
boundaries of Berlin, with only a relatively smpdirt of the air corridor crossing Berlin territory,
no detailed noise maps were included into the n@pert. The only available information there-
fore is a map of the area of restricted developmehich, however, already takes into account
that noise levels will increase considerably wHenniew international airport BBI will be inaugu-
rated. Based on this zone of restricted developmenturther define a 3 km buffer zone. Fig-
ure3shows the study area and the areas exposedsmlerable aircraft noise. Evidently, the noise
emissions follow the extensions of runways, whigh parallel in east-west direction in each case.
Note that for Tegel airport the available noiseadadvers a much larger area, but we restrict the
visualization to the area where noise exposureesisa threshold of 45 dB so that the scale is
compatible with Tempelhof. We make use of the Gi8i®nment to assign transactions to noise

levels and zones displayed in Figure 3.

[Figure 3 about here]

4.0EMPIRICAL RESULTS

Airport impact areas: Residential

As discussed, Tegel Airport during the study pengabs the most important airport within the
region and by far the most important of the twq aitrports. We start our empirical analyses for
the residential submarkets a) and b) within the TiXlpact area where aircraft noise exceeds a

40 dB level. Below this threshold, aircraft noisesld hardly play an important role within an
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urban environment where the usual alternative nenseces are present. Table 1 presents a series
of estimations following equation (1) that permrmfarence on the disutility effects of aircraft

noise.

Column (1) shows results for a set of mutually egisle 5-dB grid cell dummies for submarket
a), starting at a 45-50 dB noise level. Coefficseon the grid cell dummies give the average price
differential within the respective zones relatieetlhe base zone with a noise level of 40-45 dB.
Results indicate non-significant price effects amtlevel of 50-55 dB and negative and signifi-
cant price discounts at higher noise levels. Wihitgoerties within the 55-60 dB zone sell at mod-
erate discounts of about 7% compared to othervasgparable properties, properties that are ex-
posed to an equivalent sound pressure of more#BaiB sell at discounts of more than 48%.
For an average property in our sample this im@iesbsolute reduction in sales price of close to
€88,000° These results are in line with a large negativieaot on household utility and indicate a
non-linear impact with a discontinuity around 55.d®ice differentials remain virtually un-
changed if estimated conditional on airport acdsl#tsi, measured as the road distance to the

TXL terminal (column 2).

These results stand in sharp contrast to the gwnesng findings for submarket b shown in col-
umn (3). While, as discussed, a smaller discoughtribe expected for submarket b) and renter
occupied multi-family houses, the entire absencsigrificant effects is certainly surprising. For
none of the noise zones, however, are there stgnifiprice differentials observable. Not even are

there negative coefficients that systematicallyease in magnitude at higher noise levels. Again,

8 The percentage impadPl) is approximated from the coefficiebtaccording to the standard interpretation for
dummy variables in semi-log modelBl: = (expp)-1)x100 (Halvorsen&Palmquist, 1980).

® From the percentage impad?l) the average absolute impaétl) is derived according to following formula :
Al = Pl/(1-PI)xPxS, whereP andS are the mean sales price and lot size of progertie
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results hardly change if noise effects are estichetaditional on access to the airport (column 4).
Note that correcting for a spatial structure in éner terms detected in models (3) and (4) hardly
affects the results for either market (columns 8 &h Figure 4 shows the results of a semi-
parametric regression of the noise treatment (¢@mdl on structure, location, neighbourhood
and airport access). We plot the conditional meairansaction prices at different noise level
relative to the area average of the 40-45-dB base £in log differences). The results pretty
much confirms Table 1 findings. While for submarkgtprice differentials hardly deviate form
zero for all noise levels, for submarket a) priceatinuously decline with in noise levels beyond
50 dB and become negative beyond 55dB. At the samee the marginal impact increases with

noise level, supporting the notion of a non-linefect of aircraft noise on household utility.

Table2 presents the results for a similar set tin@ges for the impact area of Tempelhof airport.
Since our generated noise data does not cover teists below 45 dB, we define a 500-
m buffer distance to the 45 dB area as base faueto the much smaller size of the airport, the
noise level, even for properties within the airrmor and very close to the airport, hardly exceeds
a level of 60 dB. Overall, the pattern of resuisembles the findings for the Tegel Airport im-
pact area, although even for the dummy variablestiieg the areas with the highest noise level,
there are no coefficients that are negative andifeggnt. The large and negative, albeit not sig-
nificant, price differential for the 60+ dB zoneviever, is nonetheless remarkable. It implies a
negative price differential of about 27% compar@the control zone and even more compared to
areas with lower noise levels. In terms of magrettids price differential even exceeds the one
for similar noise levels within the Tegel Airporeighbourhood. For an average property within
the 60+ zone the relative discount implies an alisalliscount of about €84000, which, despite
the lower noise level, is close to the maximum a@Hect in proximity to Tegel Airport. In con-

trast, similar to the case of TXL, there is hardiydence for a negative noise effect on submar-
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ket b). Again, conditioning on airport access (oohs 2 and 4) as well as accounting for spatial
dependency (columns 5 and 6) hardy affects thenpattf results, which also becomes evident in
the semi-parametric estimates in Figure 5. Prioesnulti-family houses (b) even tend to increase
when moving into areas with higher noise level. MW/groperties in submarket a) similarly ex-

hibit conditional mean prices that increase in @@slower levels, there is a sharp discontinuity a

approximately55dB, after which the relationshipagersed.

As discussed, for Schonefeld Airport, detailed aeoiscords are not available. The best informa-
tion we have is the zone of restricted developmienarder to assess whether properties within
this zone sell at a significant discount due tasa@missions, we run a set of Table 1 and 2 type
regressions using a dummy for the zone of restridevelopment and a study area within a 3 km
buffer surrounding this zone. Results in Tabledaia, reveal a relatively clear pattern of results.
There is a significant price discount for submaeproperties of about 27%, pointing to consid-
erable disutility effect. For an average properithim the zone this implies a considerable dis-
count of about €70,000. Although generally withie same range, this is a slightly lower magni-
tude compared to the maximum noise effects found égel and Tempelhof airport. At the same
time no significant discounts are found for subneaitk). These findings are robust to controlling
for airport accessibility and spatial dependenclyiciv following the LM-test scores is addressed
by spatial-lag models (5). Note that no spatialesigj@ncy is evident in the column (4) estimates

and that the column (6) results are provided asastness check only.

Airport impact areas: Commercial

As discussed in Section 2, we expect aircraft notgeonly to have an adverse effect on house-
hold utility, but also on productivity of workersié employees and, consequently, the value of
commercial land. Our record of property transadiaovers commercial properties within the

noise impact area of Tegel and Tempelhof airponialégically to Tables 1-3 for the residential
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submarkets, Table 4 presents estimated average gifferentials within different zones of noise
exposure for the commercial property market for Tegel (columns 1-3) and Tempelhof (col-
umns 4-6) impact areas. Again, taking the 40-45dBe zone as a basis, coefficients in column
(1), similarly to the results for the owner-occupieesidential submarket a), indicate negative
price differentials for the 55-60dB zone. At higmeise levels, however, no significant effects
are found. Once airport accessibility is accourfted(column 2), however, all coefficients be-
come negative and considerably increase in magnitAtdthe same time, the negative and sig-
nificant coefficient on road distance to the aitparcolumn (2) points to significant proximity
benefits. Moreover, noise effects for the65-70 dBezis large and negative (price discounts up to
85%), conditional on airport accessibility. Appatgnthe negative productivity effects related to
noise are compensated by productivity gains fromkgaccess to the wide array of flight connec-
tions offered by the city’s most important businagport. These results indicate that estimated
aircraft noise effects can be biased if accessilgtifects are not controlled for. More generally,
they highlight the importance of disentangling pigsi and negative externalities emanated by
transport infrastructure as shown by Ahlfeldt (28LGor main roads and urban rail stations. Al-
though negative and large, the coefficient for@Be65-dB is not significant and of smaller mag-
nitude than for the 55-60-dB zone, which seems sdraeanomalous. Closer inspection of the
data reveals that this effect is most likely atitdble to relatively high prices for commercial
properties within a medium-size retail center asiBenzstrasse. Correction for spatial depend-
ency (3) leaves the results largely unchanged.irét §lance, the coefficient seems to be much
lower for the 65—70dB zone. The decrease, howesgrartially attributable to application of a
lag-model, for which coefficients need to be cotedcas described in Section 2 (coefficient Rho
takes a value of 0.36). In any case, the coeffidenthe 60—-65-dB noise zone is not significant

in the lag-model.
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Estimated noise effects on commercial propertiesamilar within the Tempelhof Airport impact
area. There is a large, negative and highly sidibt significant discount of about 75% within
the 55-60-dB zone in addition to a smaller effextthe 50-55-dB zone (columns 1-3). Esti-
mated noise effects are hardly affected by comglor airport accessibility (2) and spatial de-
pendency (3). The notable difference is that negatioise effects seem to be compensated by
positive accessibility effects in the case of Tedet not Tempelholf, which is plausible in light

of the relatively small number of flight connectsooffered by Tempehlhof airport.

Overall, these results strongly indicate the presesf localized positive and, in particular, nega-
tive productivity effects of (city) airports. Altlhuigh positive effects seem to be limited to airports
offering a large array of flight connections), thesffects can be large enough to partially com-
pensate for the negative effect of noise. Our tedulther suggest a discontinuity in the produc-
tivity effect of aircraft noise around 50-55dB, wiiis even more apparent than in the disutility
effects for households. A (conditional) discountabbut 75% within the area exposed to heavy
aircraft noise indicates a considerable reductrowarker efficiency, making respective proper-

ties much less desirable for commercial purposes.

City-wide effects

The results presented so far consistently poiatigerse productivity and utility effects related to
exposure to aircraft noise within all airport impaceas, as well as a potential discontinuity & th
noise perception at a threshold of about 55 dBy @l submarket b, comprising renter-occupied
multi-family houses, could a negative effect noémdéound. In the remainder of the article, we
pool our data separately for each submarket adh@ssvhole city area in order to estimate the
average treatment effects for aircraft noise angbai accessibility. While calibrating the hedonic
models based to the full data-base allows us tto#xdl available price variation and to achieve

potentially higher parameter stability, the pooteddels may be slightly less efficient in predict-
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ing hedonic prices within the airport impact areasmarginal prices for selected attributes may

slightly vary across space.

We start with submarket a), the 1- and two-famibyes, and repeat column (1) estimates form
Tables 1 and 2 for the whole city area. Resultsgred in Table 5, column (1) are in line with
the finding for the TXL and THF impact areas. Thexea negative and statistically significant
discount beyond 55 dB. The maximum percentage digcof about 47% is within the same
range as in Table 1, even slightly larger. In calui@), we extend the specification by individual
road distance to airport measures for all airp(a@e Equation 2) to account for airport accessibil-
ity. While there is a negative and significant irapfr distance to TXL and THL, which is in line
with a positive utility effect from access to fligbonnections, the opposite is true for SXF. Esti-
mated noise effects remain virtually unaffectedhesy are in column (3) where neighbourhood
effects corresponding to the airport impact aressiun the previous section are included to con-
trol for unobserved neighbourhood particularities column (4), finally, we replace individual
accessibility variables by the (weighted) averaggadce to airportAVA) measure defined in
equation (3). This is our preferred accessibililgatment due to presumably lower correlations
with unobserved characteristics of the airport hieaurhoods. We find a positive effect for prox-
imity to flight connections, with property pricegaeasing by about 2.2% per 1 km increase in

average distance to airports.

Table 6 repeats column 5 estimates for submarkeh®é)renter occupied multi-family houses. In
line with the previous findings for the individualrport impact areas, there are no significant
noise discounts (columns 1-4). Individual airpastessibility effects are inconsistent (2-3) and
the average distance to airport treatment effessgmficant (4). Similarly, no compelling accessi-
bility effects are revealed for commercial propestin Table 7. Results for the productivity ef-

fects of aircraft noise are more ambiguous. Forzbwee of highest noise exposure (65-70 dB)
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there is a large and significant discount of ali®o in our preferred column (4) model, which is
in line with previous findings. Contrary to Tablerdsults for the TXL and THF impact areas,
there is no adverse effect for the 55-60 dB zonallimodels. Moreover, the problem with the
medium size retail center at “Residenzstrasse”iwitihe 60-65 dB noise zone of TXL airport, is
considerably aggravated. The large and positivffic@at indicates that the pooled model is less
capable to explain the relatively high prices fomenercial properties in the center. The SAR
model, for which results are presented in columin b some degree “cures” these inconsisten-
cies. After correcting for the spatial structuretie error term, we find a large and significant
discount of about 47% within the 55-60 dB zone,alhihowever, is still considerably less than
suggested by Table 4 results. In line with the SA®Uel in Table 4, column (3), we find negative
and relatively large, but not significant coeffiaie for the higher noise zones (60-65 and 65-

70 dB).

Note that we don’t estimate SAR models for submarkg and b) at city-wide scale due to the
large sample sizes. Spatial LM test scores predent@able 5 and 6 notes strongly indicate the
appropriateness of spatial error correction modklscontrast to lag-models, error-correction
models leave OLS coefficients unbiased if the ulytey models are appropriately specified.
Given the consistency of OLS and SAR coefficieninestes for both submarkets in Tables 1 and
2, there is reason to believe that potential proklef spatial dependency are limited to inefficient
standard errors at the city-wide level, too. Sifaeboth submarkets noise effects are generally
estimated at very high levels of statistical sigmaihce, we believe that qualitative and quanti&ativ

interpretations of OLS coefficients are justified.

Marginal price effects and treatment heterogeneity

In the last step of our empirical analyses we twrnattention to the marginal price effect of air-

craft noise. Average treatment estimates at tlyel@itel basically confirm previous findings from
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the narrower samples indicating negative and st effects for submarkets a) and c). Noise
effects become crucial beyond a threshold levedlmfut 55 dB. This non-linearity needs to be
taken into account when defining a parametric spation with the objective of revealing mar-
ginal noise effects. As a somewhat pathologicalltewe consistently find no effects for submar-
ket b). Although at a city wide level airport acsidity does not seem to be a very critical de-
terminant for household utility or firm productiyjtthe neighbourhood analysis of Tegel Airport
shows that estimated aircraft noise effects magdmesiderably biased if airport accessibility is
not accounted for. In addition, there is anothepanant source of bias that has not been ad-
dressed in the previous steps and has often bestooked in the literature: The interaction with
alternative noise sources, in our case, streetends discussed in section 3, the marginal
(dis)utility and (dis)productivity effects of aiwit noise may be expected to be larger if no alter-
native noise is present. Under this assumptiomastd aircraft noise effects will be biased if the
spatial distribution of aircraft noise is correlht@ith street noise. In order to address this poten
tial interaction effect we estimate specificatid), (which includes an interactive term of aircraft

noise and street noisg.

Results are presented in Table 8, starting withmguket a) and omitting the interaction effect in
column (1). Throughout Table 8 only the variablésnterest are displayed to save space. Full
estimation results including hedonic charactersséire presented in Table A2 in the appendix for
selected models (3, 6, 9) that stand exemplarityttie three submarkets. If the interaction of
street noise and air noise is not accounted forfineka negative and significant (log-)linear im-
pact of both noise sources where, notably, streetenseems to have much greater (dis)utility

effects than aircraft noise. While for an averaQelB increase in street noise there is a price dis-

19 Our measure of street noise does not include eswtnoise, especially not aircraft noise.
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count of about 5%, a respective increase in aisengields only a relatively moderate 1% effect
(column2). This relationship changes considerabilgeothe interaction between the two noise
sources is accounted for (column 2). There is aipesand significant coefficient on the noise
interactive term, revealing that the marginal prétect for one type of noise diminishes in the
presence of another. Equivalently interesting,neestied individual noise effects increase consid-
erably, in particular for air craft noise, whosepimet is now within the same range as street noise.
An average 10 dB increase in air or street noise yield price discounts of 5% and 7%. As dis-
cussed, our previous findings indicate a discoityna the utility and productivity effect around
55 dB. We therefore extend the model by a dummiakbe indicating areas with 55 or more dB
noise level in order to test for a significant leskift, conditional on the log-linear average effe

in column (3). Indeed, a significant discount ofpegximately 10% is evident for properties
within that zone, while the marginal price effe€tan average 10 dB increase is considerably re-
duced to 2% and no longer statistically significahlhe coefficient on the interactive term is

slightly reduced and sharply fails the 10% sigmifice criterion (p-value: 0.14).

In column (4-6) we apply the same models as in)(tb3ubsample b). If the interaction between
noise sources is not accounted for we, similah¢oprevious results, find the “pathological” posi-
tive noise effects for air noise and also for stremse (column 4). Once the interaction is consid-
ered, however, these effects are reversed (5)\ithdil noise effects are now negative, significant
and within a similar range to the other residensisbmarket a). An average 10 dB increase in
noise level yields a 6% (3%) reduction in propgmntiges in the case of air (street) noise. As in the
case of submarket a) the coefficient on the intera¢erm is positive and statistically significant
again pointing to considerable treatment heteragenkaterestingly, there results even remain

unchanged if a level-shift at the 55 dB level is\akd for, indicating that there is no discontiguit
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at this threshold for this submarket. These findiage most notable as they highlight the potential

of severe bias in estimated noise effects if irtgoa effects are not accounted for appropriately.

The pattern of results for the commercial propemarket (submarket c) in columns (7-10) exhib-
its some similarities. Without interactive termtiested noise effects are small and insignificant
for street noise and positive and significant forrmoise (column 7). With the interactive term
(column 8), both coefficients on individual noiseusces are negative and of roughly the same
magnitude as for the other submarkets, althouglstatistically significant at conventional levels.
Similarly, the interactive term exhibits a positil®it not significant coefficient. Previous results
had shown the strongest discontinuity for the conerak property prices, which is confirmed
when we extend the present specification by therdyifior 55 or more dB (column 9). While the
three coefficients of interest considerably inceeas magnitude and the coefficients on street
noise and the interactive term even become statiltisignificant, there is still a negative (condi
tional) price shift of about 40% once the 55 dBetiold is crossed. Submarket ¢) seems to be the
only submarket where spatial misspecifications geme cause for concern. We therefore repeat
column (9) estimates employing an SAR (error) moRekults do not change qualitatively. There
is a negative and highly statistically significaligcount for property exposed to 55 dB or more of
now about 44%, while individual noise effects aot estimated precisely taking as a basis con-
ventional criteria. These findings, nevertheless)ficm the presence of very strong adverse ef-
fects on the productivity of office workers. We adhat the slight instability of noise estimates
for the commercial property market might be palstiabused by a relatively low number of ob-
servations of traded commercial properties withigaa exposed to high air noise levels, which,

however, is in line with firms’ aversion to aircrafise.
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5.0 CONCLUSION

This paper contributes to the assessment of exteffeets of (city) airports by providing an in-

depth investigation of three airports in Berlin,r@any. While we find strong evidence of nega-
tive productivity and utility effects reflected significant property price discounts within areas
that are exposed to high levels of aircraft noeagdence of positive accessibility effects is less
compelling. For residential properties, an averagatment effect of approximately 5—-6% is evi-
dent for every 10-dB increase in aircraft noisejclwhs within the range for results available in
the literature (Nelson, 2004). Moreover, for therearket of one- and two-family houses, there is
evidence of a significant discontinuity in the reoiperception when a threshold of 55dB is
crossed. Within the zones of highest noise exposunaperties sell at discounts of more than
40%, corresponding to €85,000 for an average ptgpEor commercial properties, the disconti-
nuity is even more pronounced. Conditional meamp@ty prices decrease relatively abruptly by
approximately 40% once the threshold is crossedic@ting a strong adverse effect on office
worker productivity. Positive accessibility effectsuld only be found at the city level for one-and
two family houses, where a 1-km increase in theghteid average distance to flight connections
reduces prices by 2.2%, and for commercial progestrithin the narrower impact area of Tegel

airport.

Our results support the notion that airport extitiea are composite effects of positive and nega-
tive effects, so that failure to control for eithirthe effects can result in biased coefficiemts f
the other. Even more crucial, a significant intéac effect with alternative sources of noise is
evident, which can lead to severe bias if not appately accounted for. Although there are non-
significant or even positive noise effects for gw@market of multi-family houses, significant
negative effects within the usual range are evideme the interaction with street noise is ac-

counted for. Consistently for all submarkets, thsifive interaction effect indicates that the mar-
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ginal price effect of either street or aircraft seidecreases in the presence of an alternative nois

source.

Based on our findings, it is possible to informmplars and authorities about productivity and
utility effects of city airports, which are quitertroversial in general and especially in the adse
Berlin.Overall, our results provide little justiiion for location of airports within densely devel
oped downtown areas. Although at the city levetehs hardly any evidence of positive accessi-
bility effects, such effects within the narrowerpatt area seem, if present at all, to be more than
compensated by adverse noise effects. As a réisalfjet effect is clearly dominated by adverse
productivity and utility effects, making a more ret® airport location desirable from a welfare
economics point of view. More generally, our reswonfirm recent findings on limited produc-
tivity effects of intra-city access to inter-cityahsport hubs (Ahlfeldt, 2010b), which is somewhat
surprising in light of the strong emphasis in eaqaigeography on the benefits arising from

good access to regional and international markets.
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Fig. 1 - Passenger traffic at Berlin airports
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Source German Airports Association. URL: http://www.adet.org/eng/gfx/index.php.
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Fig. 2 — Noise protection zones and estimated ai@t noise: THF
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Notes: Figure created based on the Urban and Emwieatal Information System (Senatsverwaltung fi@adgint-
wicklung Berlin, 2006).
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Fig. 3 — Aircraft noise in Berlin
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Fig. 4 - Semi-parametric noise effects: TXL
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Notes: Difference-based semi-parametric estimdtekshin, 2006) are conditional on the control vhlés used
in Table 1 and 4.
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Fig. 5 - Semi-parametric noise effects: THF
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Tab 1 - Residential submarkets — TXL impact area

(1)

()

(3)

(4)

(5)

(6)

oLS OoLS OoLS OoLS SAR (error) SAR (error)
dB 45-50 -0.009 -0.011 0.033 0.004 -0.007 0.027
(Dummy) (0.019) (0.019) (0.035) (0.028) (0.021) (0.04)
dB 50-55 -0.012 -0.013 0.046 0.008 -0.018 0.061
(Dummy) (0.021) (0.021) (0.031) (0.03) (0.024) (0.048)
dB 55-60 -0.068** -0.069** 0.041 -0.021 -0.060* 0.051
(Dummy) (0.023) (0.023) (0.032) (0.037) (0.027) (0.05)
dB 60-65 -0.073* -0.078* 0.056 -0.012 -0.106** 0.05
(Dummy) (0.033) (0.033) (0.037) (0.038) (0.039) (0.056)
dB 65-70 -0.229** -0.232** 0.115+ 0.053 -0.252** 0.033
(Dummy) (0.061) (0.061) (0.065) (0.064) (0.062) (0.078)
dB>70 -0.519** -0.528** -0.528**
(Dummy) (0.085) (0.085) (0.091)
Distanceto -0.002 -0.038* -0.007 0.027
TXL Airport (km) (0.004) (0.017) (0.021) (0.04)
Submarket A A B B A B
Year Effects Yes Yes Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes Yes Yes
Structural Controls Yes Yes Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes Yes Yes
Observations 2998 2998 3502 3502 2998 3502
R-squared 0.81 0.81 0.61 0.61

Notes: Endogenous variable is log of price per sgmaeter land in all models. Baseline specificaimequation
(1). Controls are defined in Table Al in the appen&ubmarket A covers one/two family houses, town-
houses and villas, submarket B covers multi-farhibpises. Robust standard errors are in parenth&gis:
denote significance at the 1/5/10% level. Spati®l ktatistics for model 2 [4] are:Mgyo: 112.86 ro-
bustLMeror: 83.23,LMj5g: 46.89, robustMiag: 17.05 [Meyror: 230.04 robustMeyror: 136.22,LMj5q: 95.31,

robustLM,g: 1.46]
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Tab. 2 - Residential submarkets — THF impact area

(1)

()

(3)

(4)

(5)

(6)

oLS OoLS OoLS OoLS SAR (error) SAR (error)
dB 45-50 0.031 0.036 0.028 0.025 0.04 0.017
(Dummy)) (0.029) (0.03) (0.022) (0.022) (0.039) (0.029)
dB 50-55 0.077+ 0.088* -0.003 -0.007 0.106* -0.034
(Dummy) (0.04) (0.041) (0.031) (0.031) (0.051) (0.041)
dB 55-60 0.031 0.045 0.028 0.025 0.014 -0.019
(Dummy) (0.067) (0.066) (0.032) (0.032) (0.079) (0.044)
dB>60 -0.326 -0.309 -0.023 -0.03 -0.319 -0.041
(Dummy) (0.234) (0.234) (0.061) (0.061) (0.244) (0.071)
Distance to 0.015 -0.011 0.019 -0.011
THF Airport (km) (0.012) (0.01) (0.018) (0.015)
Submarket A A B B A B
Year Effects Yes Yes Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes Yes Yes
Structural Controls Yes Yes Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes Yes Yes
Observations 1591 1591 4695 4695 1591 4695
R-squared 0.74 0.74 0.61 0.61

Notes: Endogenous variable is log of price per sgmaeter land in all models. Baseline specificaimequation
(1). Controls are defined in Table Al in the appen&ubmarket A covers one/two family houses, town-
houses and villas, submarket B covers multi-farhibpises. Robust standard errors are in parenth&gis:
denote significance at the 1/5/10% level. Spatisl &tatistics for model 2 [4] ard:Meor: 49.64, robust
LMerror: 16.38,LMj5g: 42.82, robustMiag: 8.56 [LMeyror: 220.08 , robuskMeor:183.78,LMqg: 43.89, robust

LMaq: 7.60].
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Tab 3 - Residential submarkets — SXF impact area

(1)

()

(3)

(4)

(5)

(6)

oLS OoLS OoLS OoLS SAR (error) SAR (error)
SXF Zone of rest. -0.231** -0.305** 0.086 0.091 -0.276** 0.034
Develop. (dummy) (0.048) (0.053) (0.149) (0.185) (0.065) (0.213)
Distance to -0.033** 0.002 -0.024 -0.021
SXF Airport (km) (0.013) (0.036) (0.017) (0.045)
Submarket A A B B A B
Year Effects Yes Yes Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes Yes Yes
Structural Controls Yes Yes Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes Yes Yes
Observations 1176 1176 158 158 1176 158
R-squared 0.83 0.83 0.91 0.91

Notes: Endogenous variable is log of price per sgmaeter land in all models. Baseline specificaimequation
(1). Controls are defined in Table Al in the appen&ubmarket A covers one/two family houses, town-
houses and villas, submarket B covers multi-farhibpises. Robust standard errors are in parenth&gis:
denote significance at the 1/5/10% level. Spatidd Istatistics for model 2 [4] aretMeyo: 14.49,
robustLMerror: 10.36, LMjag: 5.35.13, robustMiag: 1.23 [Meno: 1.02 , robustMepor: 1.36, LMjgg: O,

robustLM,q: 0.34]
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Table 4 - Commercial properties — TXL and THF impad area

(1) () (3) (4) (5) (6)

OLS oLs SAR (lag) oLs oLs SAR (error)
dB 45-50 -0.13 -0.306 -0.453+ 0.082 0.072 0.106
(Dummy) (0.284) (0.308) (0.26) (0.122) (0.12) (0.097)
dB 50-55 0.035 -0.226 -0.306 -0.568** -0.577** -0.646**
(Dummy) (0.332) (0.351) (0.289) (0.2) (0.207) (0.155)
dB 55-60 -0.958+ -1.399* -1.490** -1.471%* -1.544%** -1.653**
(Dummy) (0.488) (0.557) (0.469) (0.277) (0.296) -0.239
dB 60-65 0.155 -0.883 -0.85
(Dummy) (0.415) (0.693) (0.554)
dB 65-70 -0.431 -1.609+ -1.12
(Dummy) (0.6) (0.835) (0.701)
Distanceto -0.372+ -0.323* 0.118 0.227
Airport (km) (0.203) (0.157) (0.179) (0.14)
Airport TXL TXL TXL THF THF THF
Submarket C C C C C C
Year Effects Yes Yes Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes Yes Yes
Structural Controls Yes Yes Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes Yes Yes
Observations 159 159 159 105 105 105
R-squared 0.8 0.81 0.94 0.94

Notes: Endogenous variable is log of price per sgmaeter land in all models. Baseline specificai®equation
(1). Controls are defined in Table Al in the appen&ubmarket C covers commercial properties. Rbbus
standard errors are in parenthesis. **/*/+ denagmificance at the 1/5/10% level. Spatial LM stttis for
model 2 [5] areLMeor: 2.13 , robustMeror: 2.91,LMjag: 10.92, robustMiag: 11.07 LMerror: 5.20 , robust
LMerror:6.41, LMjaq: 0.21, robusiMi,g: 1.41] The spatial lag parameter Rho takes a vafu&36 in model
(3).
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Tab. 5 - 1/2 family houses (a) — city-wide effects

(1) (2) (3) (4)

SXF Zone of Rest. -0.129** -0.075** -0.089** -0.153**
Develp. (dummy) (0.026) (0.029) (0.029) (0.027)
dB 45-50 0.041** 0.031* 0.029+ 0.029*
(Dummy) (0.013) (0.013) (0.015) (0.013)
dB 50-55 0.069** 0.056** 0.056** 0.059**
(Dummy) (0.015) (0.015) (0.016) (0.015)
dB 55-60 -0.031+ -0.062** -0.058** -0.046**
(Dummy) (0.017) (0.017) (0.019) (0.017)
dB 60-65 -0.059* -0.103** -0.096** -0.092**
(Dummy) (0.029) (0.029) (0.03) (0.029)
dB 65-70 -0.260** -0.242%* -0.235** -0.295**
(Dummy) (0.057) (0.059) (0.059) (0.061)
dB>70 -0.631** -0.618** -0.609** -0.685**
(Dummy) (0.083) (0.084) (0.083) (0.084)
Distanceto -0.005+ -0.004

Airport (TXL) (km) (0.003) (0.003)

Distanceto -0.015** -0.015**

Airport (THF)) (km) (0.003) (0.003)

Distanceto 0.012** 0.013**

Airport (SXF)) (km) (0.001) (0.001)

AverageDistance -0.022**
to Airport (ADA) (0.004)
Submarket A A A A
Year Effects Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes
Neighb. Effects - - Yes -
Structural Controls Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes
Observations 15199 15199 15199 15199
R-squared 0.73 0.74 0.74 0.73

Notes: Endogenous variable is log of price per sgmaeter land in all models. Baseline specificaimequation
(1). Controls are defined in Table Al in the appen&ubmarket A covers one/two family houses, town-
houses and villas. Robust standard errors areriengfzesis. **/*/+ denote significance at the 1/ Gevel.
Spatial LM statistics for model 4 areMerq: 2941.09 , robustMerr:1058.76 L Mjog: 1918.77, robustM,g:
36.43.
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Tab. 6 — Multi-family houses (b) — city-wide effed

(1) (2) (3) (4)

OLS OLS OoLS oLs
SXF Zone of Rest. 0.201+ 0.152 0.183 0.197
Develp. (dummy) (0.12) (0.127) (0.132) (0.12)
dB 45-50 0.079** 0.090** 0.052** 0.078**
(Dummy) (0.012) (0.013) (0.016) (0.013)
dB 50-55 0.048** 0.061** 0.021 0.047**
(Dummy) (0.017) (0.018) (0.019) (0.018)
dB 55-60 0.070** 0.085** 0.050** 0.068**
(Dummy) (0.016) (0.017) (0.018) (0.017)
dB 60-65 0.078** 0.089** 0.041 0.076**
(Dummy) (0.025) (0.026) (0.027) (0.026)
dB 65-70 0.044 0.042 -0.008 0.042
(Dummy) (0.057) (0.057) (0.058) (0.057)
Distanceto -0.004 -0.004
Airport (TXL) (km) (0.005) (0.005)
Distanceto 0.028** 0.027**
Airport (THF)) (km) (0.005) (0.005)
Distanceto -0.011** -0.014**
Airport (SXF)) (km) (0.002) (0.002)
AverageDistance -0.002
to Airport (ADA) (0.006)
Submarket B B B B
Year Effects Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes
Neighb. Effects - - Yes -
Structural Controls Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes
Observations 14998 14998 14998 14998
R-squared 0.65 0.65 0.65 0.65

Notes: Endogenous variable is log of price per sgumaeter land in all models. Baseline specificaimequation
(). Controls are defined in Table Al in the appen8ubmarket B covers multi-family houses. Robatsin-
dard errors are in parenthesis. **/*/+ denote digance at the 1/5/10% level. Spatial LM statistics model
4 are:LMeror: 2220.73, robustMerror: 4351.751 Mjaq: 2131.02, robustMisg: 3.25.
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Tab. 7 - Commercial properties (c) — city-wide effets

(1) (2) (3) (4) (5)

oLs oLs oLs OoLS SAR (error)
dB 45-50 0.334** 0.327** 0.199* 0.342** 0.109
(Dummy) (0.089) (0.09) (0.096) (0.089) (0.107)
dB 50-55 0.228** 0.282** 0.141 0.253** -0.052
(Dummy) (0.077) (0.089) (0.099) (0.088) (0.139)
dB 55-60 -0.152 -0.124 -0.232 -0.123 -0.630**
(Dummy) (0.172) (0.169) (0.174) (0.176) (0.244)
dB 60-65 0.926** 0.989** 0.898** 0.974** -0.299
(Dummy) (0.307) (0.323) (0.323) (0.312) (0.589)
dB 65-70 -0.768* -0.859* -0.909* -0.723* -0.471
(Dummy) (0.341) (0.398) (0.391) (0.348) (0.562)
Distanceto -0.011 0.007
Airport (TXL) (km) (0.031) (0.032)
Distanceto 0.01 0.039
Airport (THF)) (km) (0.026) (0.032)
Distanceto -0.033* -0.036*
Airport (SXF)) (km) (0.016) (0.016)
AverageDistance 0.024 -0.028
to Airport (ADA) (0.038) (0.054)
Submarket C C C C C
Year Effects Yes Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes Yes
Neighb. Effects - - Yes - -
Structural Controls Yes Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes Yes
Observations 1474 1474 1474 1474 1474
R-squared 0.77 0.77 0.77 0.77

Notes: Endogenous variable is log of price per sgumaeter land in all models. Baseline specificaimequation
(1). Controls are defined in Table Al in the apprn&ubmarket C covers commercial properties. Rbbus
standard errors are in parenthesis. **/*/+ denagmificance at the 1/5/10% level. Spatial LM sthtis for
model 4 areLMepor: 421.76 , robustMeror:247.05,LMoq: 184.76, robusktM,,g: 10.05.
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Tab. 8 - Marginal price effects and treatment heteongeneity

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

(OoLS) (OoLS) (oLS) (OLS) (OoLS) (OLS) (OoLS) (OLS) (OoLS) (SAR)
AverageDistance -0.020%** -0.020**  -0.021** -0.002 -0.004 -0.004 0.036 0.033 0.012 -0.031
to Airport (ADA) (km) (0.004) (0.004) (0.004) (0.007) (0.007) (0.007) (0.036) (0.036) (0.036) (0.054)
Street Noise (dB) -0.005** -0.007** -0.007** 0.002** -0.003** -0.003** -0.001 -0.007 -0.010+ -0.006
6.0 (0) (0.001) (0.001) (0) (0.001) (0.001) (0.002) (0.005) (0.006) (0.006)
Air Noise (dB) -0.001* -0.005* -0.002 0.003** -0.006** -0.005** 0.007* -0.008 -0.013 -0.018
7.0 (0.001) (0.002) (0.002) (0.001) (0.001) (0.002) (0.003) (0.013) (0.013) (0.017)
Street Noise 0.00007+  0.00006 0.00015** 0.00015** 0.00023 0.00033+ 0.0002
x Air Noise (0.00004) (0.00004) (0.00002) (0.00002) (0.00018) (0.00019) (0.0002)
dB>55 -0.103** -0.004 -0.500**  -0.576**
(Dummy)) (0.018) (0.015) (0.158) (0.187)
Submarket A A A B B B C C C C
Year Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year x East Effect Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Structural Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Location Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Neighb. Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
SXF Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 15199 15199 15199 14998 14998 14998 1474 1474 1474 1474
R-squared 0.73 0.73 0.73 0.65 0.65 0.65 0.76 0.76 0.76

Notes: Endogenous variable is log of price per sgmaeter land in all models. Baseline specificaimequation (1). Controls are defined in TableiAthe appen-
dix. Submarket A covers one/two family houses, tbauses and villas, submarket B covers multi-farhibpses, submarket C covers commercial properties.
Full estimation results for models (3), (6) and €6 presented in Table A2 in the appendix. Robtastdard errors are in parenthesis. **/*/+ dendgaifcance
at the 1/5/10% level. Spatial LM statistics for rebé areLMeor: 484.30 , robustMerror: 280.33,LMog: 215.603, robustM,g: 11.64.
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Tab. A1 — Hedonic controls

Structural Controls
Floor Space Index (FSI)
Plot Area (m?)

Storey

Age (Years)

Age (Years) squared
Condition: Good
Condition: Bad

Ratio of total floor space and plot area size
Surface are of the plot of land

Number of storeys of the building

Age of the building in years

Squared age of the building in years
Building is in good physical condition
Building is in bad physical condtion

Locationl Controls
Dist. to Centre (km)

Emp. Potentiality (log)
Dist. to Station (km)

Dist. to Main St. (km)
Dist. To School (km)
Landmarks within 600m
Dist. toWater (km)
WaterPotentiality (log)
Dist. to Green (km)
Green Potentiality (log)
Dist. tolndustry (km)

Minimum distance (great circle) to “Breitscheidplatz” (CBD-West)
or metro station “Stadtmitte” (CBD-East) in km

Log of employment potentiality as defined in equation €
Distance (great circle) to nearest metro or suburban railway sta-
tion in km

Distance (great circle) to the nearest main road in km

Distance (great circle) to the nearest school in km

Number of designated historical landmarks within 600m
Distance (great circle) to the nearest water body in km

Log of water potentiality as defined in equation €

Distance to the nearest green area in km

Log of green potentiality as defined in equation €

Distance (great circle) to the nearest industrial zone in km

Neighborhood Controls
Proportion (%) Foreign

Proportion (%) Young
Proportion (%) Old
Proportion (%) Unemp.

P. Power (1000€/cap)

Proportion of non-German population at total population in sta-
tistical block

Proportion of 18 years-old and younger at total population in
statistical block

Proportion of 65 years-old and older at total population in statis-
tical block

Proportion of unemployed population at total population in traf-
fic cell

Average purchasing power in 1000€ per capita in post code

Noise related variables
Year Effects
Year x East Effects

SFX Effect / Zone
Neighborhood Effects

dBh - j
AVA

Distance to Airport
Air Noise
Street Noise

Mean shifter for year all years 2000-2007

Set of dummy variables denoting transactions in former East-
Berlin for all years 2000-2007

Dummy for SXF zone of restricted development

Dummy variables denoting a) the area exposed to 40 dB or more
TXL air noise, b) the 350m buffer area around the area exposed to
45 dB or more THF air noise, c¢) the 3 km buffer area around the
SXF zone of restricted development

Dummy for area exposed to air noise from h to jdB

Average distance (road network) to airports as defined in equa-
tion € in km

Distance (road network) to airport as defined in km

Air noise in long term equivalent sound pressure in dB

Street noise in long term equivalent sound pressure in dB
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Tab. A2 — Hedonic estimates

(1) (2) (3)

Coeff. S.E. Coeff. S.E. Coeff. S.E.
Floor Space Index (FSI) 1.445** 0.043 0.450** 0.007 0.348** 0.032
Plot Area (m?) -0.0001** 0 -0.000* 0 0.000** 0
Storey 0.017+ 0.009 -0.002 0.005 -0.018 0.011
Age (Years) -0.009** 0.001 -0.006** 0.001 -0.003+ 0.002
Age (Years) squared 0.000** 0 0.000** 0 0 0
Condition: Good 0.209** 0.011 0.437** 0.014 0.743** 0.047
Condition: Bad -0.314** 0.012 -0.411** 0.014 -0.465** 0.064
Dist. to Centre (km) -0.055** 0.003 -0.061** 0.005 -0.131%* 0.024
Emp. Potentiality (log) 0.040%* 0.018 0.007 0.035 -0.287 0.185
Dist. to Station (km) -0.075** 0.008 -0.074%** 0.010 -0.343%** 0.105
Dist. to Main St. (km) -0.024 0.0160 0.114** 0.040 -0.619* 0.247
Dist. To School (km) 0.052** 0.003 0.027** 0.002 0.000** 0
Landmarks within 600m  0.003** 0 0.001** 0 0.090** 0.028
Dist. toWater (km) 0.009 0.010 0.022 0.016 0.054 0.097
WaterPotentiality (log) 0.011* 0.005 0.009 0.008 0.094+ 0.051
Dist. to Green (km) -0.009 0.011 -0.106** 0.020 -0.217* 0.109
Green Potentiality (log)  0.022** 0.006 -0.046** 0.011 -0.098+ 0.058
Dist. tolndustry (km) 0.041** 0.003 0.032** 0.012 0.218** 0.50
Proportion (%) Foreign 0.002* 0.001 -0.004** 0.001 0.002* 0.001
Proportion (%) Young 0.001 0 0.007** 0.001 -0.003 0.002
Proportion (%) Old 0.001** 0 0.002** 0.001 0 0.002
Proportion (%) Unemp.  -0.010** 0.001 -0.014%** 0.002 0.006 0.008
P. Power (1000€/cap) 0.015%* 0.002 0.034** 0.004 0.085** 0.026
Av. Dist. to Air. (AVA) -0.021%** 0.004 -0.004 0.007 0.012 0.036
SXF Zone -0.151** 0.027 0.186 0.12 8.0 9.0
Street Noise -0.007** 0.001 -0.003** 0.001 -0.010+ 0.006
Air Noise -0.002 0.002 -0.005** 0.002 -0.013 0.013
Street Noise x Air Noise 0 0 0.000** 0 0.000+ 0
dB> 55 -0.103** 0.018 -0.004 0.015 -0.500** 0.158
Submarket A B C
Year Effects Yes Yes Yes
Year x East Eff. Yes Yes Yes
Observations 15199 14998 1474
R-squared 0.73 0.65 0.76

Notes: Endogenous variable is log of price per sgumeter land in all models. Baseline specificati®on
equation (1). Variables are defined in Table AlbiBarket A covers one/two family houses, town-
houses and villas, submarket B covers multi-faiyses, submarket C covers commercial properties.
Robust standard errors are in parenthesis. **/#nate significance at the 1/5/10% level.
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