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Abstract: This paperpresents an empirical examination toe cost of collective action problems inherent in
condominium reconstruction in Japan. Because of propertyco-ownership problems associated with the
decisionmakingprocessarise amongwnersof condominiumunits.  Further,mechanisms ofondominium &w in
Japanpotentiallyinduce a holdut problemin the decisionmaking processresuling in the development afnore
serious collective action problemsBy comparingthe price functions of Japanese condominiumth those of
rental apartments in Japan and condominiuniBétunited Stateswe clarify the presence afcollective action cost
in Japaneseondominium reonstructiorand confirmthat adeficiencyexists inJapanese condominium law.

1 Introduction

A condominium providesa mixture of private ownership of a defined apartment, \amt
co-ownership ofa range ofcommonpropertyin the condominium complexncluding, among
others hallways, roofs elevatorsgymnasiumsand swimming poal The scaleecononresand
the public goodspropertes of common spaceand facilitiesaretwo of the main reasons fahe
rapid growth of condominiuns in Japan sinc¢he 1960s. Condominiuns enablethe property
owner to enjoythesecommon propertieand shardhe servicesthey provide By 2011, there
were about 5.8 millioncondominiumunits in Japan accounting for about 10% of the 53.5

million housing unitsn the country

Although the ceownership aspect of condominigntertainly provide a benefit to
property owners, itoften causes externalities and collective actiroblems. Substantial
resources and effort are required to achieve colleatigeisionmaking when managing
condominiums, and still morare neededo resolvethe conflicts of interesthat ariseamong
property ownersvhenreconstructingthem Today, about 20%o0f condominiumsgsome 1.18
million units) are more than 30 years old and face extensivevationproblems Many of
these olér condominiumsthat were built before the revision ahe Building Standards Act in



1981, do not meetartlguakeresistance standards.Clearly, condominiums in Japan are
characteristically not very robysthowever it is surprising that only 167 condominiumgad
been reonstructedy October 201%. Accordingly, in the very near future, many more owners
of condominium unitdn urban Japan will be facing the difficult problem of reconciling the
conflicts of interest among property owners and addressing the challenge of collective action.

Indeed,the delayin reconstructingpold condominiumsnay be duein partto the difficulty
inherent in managingthe collective decisioamaking processamong individualsof various
backgroundsvith different interests However, thenainreasorfor the reconstruction pblem
seems to ba lack of effective condominiumdeclarations anehechanismgor minimizing the
cost of decisionmaking even thoughcondominium lav in Japan defines very specifand

detailedprovisionsfor enforcingthe rules ad procedures governirdgcisionmaking

This study is the first to empirically examine the cost of collective action involved in the
decisionmakingsurrounding condominium reconstructionlhe aim of this paper is to examine
the impact of collective action problems surrounding Japanese condonownership and to
evaluate the validity of the current Japanese condominium lawparticular, we conduct three
empirical analyses. First, we explore which factors determine the collectieeisionmaking
time used during the reconstruction by exangn64 cases of condominium reconstruction in
Japan. The estimation result shows that the number of housing units in a condominium
building has a positive influence on the amount of colleafi@eisionmakingtime involved; a
1% increase in the number of units prolongs deeisionmakingtime by about 0.3%. This
indicates that the collective action becomes more complicated as the number of members

involved indecisioamakingincreases.

Secondly, we identifythe presence of a collective action cost in Japanese condominium
management by using the number of units as a proxy for the difficulty of the collective
decisionmakingprocess in condominium reconstructiorfzor this purpose, we estimate the rent
and prgerty pricefunctions ofboth condominiums ancental apartmets. Sincemost rental

apartments have a single owner, or are owned and securitized into a real estate investment trust

! The Construction Ministry (now th#linistry of Land, Infrastructure, Transport and Tourism) has estimated the average
housinglifespan based on the lifespan of housing demolished. The estimated average lifespan of a housing unit in Japan is about
26 years, which is shorter than in many Western countries (44 years in the United States and 75 years in the United Kingdom).
See Consuction Ministry (2006) for further detail.

2 For data, see the website of the Ministry of Land, Infrastructure, Transport and Tourism
(http://www.mlit.go.jp/jutakukentiku/house/torikumi/manseidata itm



(REIT) by a single corporation, they do not involve collective actidrherefore, by controlling

other factors, the number of units is expected to affect the price of condominiums to different
degrees, in terms of collective action problen@mnpared with rental apartments=inally, the

price function of U.S. condominiums (cooperative housing) is estimated for comparison of the

efficiency of condominium laws in both countries.

In the latter two analyses, we use several methods to handle the statistical problems
inherent in simultaneously estimating the rent and price fumeti To start with, every
household decides endogenously whether to rent or own a unit, which we refer to as the tenure
choice problem. We use HeckmanOs (1979) 4step estimates of the rent and price functions
of the condominium to handle this sort oldegeneity.

Another statistical problem is that of selection bias among the three types of apartments,
Japanese condominiums, Japanese rental apartments, and U.S. condomihiusngroblem
arises for a anendogeneity problenrm which the type of apartent the developer decides to
build (condominium or rental apartment) is the one that maximizes the present value of his or her
future returns, and because the sample is not a random selection from the popud&drave
no appropriate variables to seras instruments, and given that we lack information on the
distribution of the population, we select samples of the three types whose characteristics are as

similar as possible for comparison.

The estimation results show that the number of units has aveegéect on the price of
condominiums in Japan, although we cannot find significant impacts of the number of units on
the price of rental apartments in Japan as well as condominiums in the United States.
Furthermore, after handling the selection biabjam, we find that a 1% increase in the number
of units induces a 0.065 to 0.088% reduction in the condominium price relative to the price
change in the rental apartment in Japanhis finding ensures the presence of a collective action
cost in Japaneseosdominium management.In addition, the difference in effects of the
number of units on the price between condominiums in Japan and the United States is also found
significant®  On this basis, & concludehat ceownership and condominium law in Japarrkvo

against optimaldecisionmaking in maintaining and reconstructing a condominiuand thus

3schill et al. (2007) estimate the price functimisondominiums and cooperative housing, respectively, and report that owners
of cooperatives have lower costs in the collectieeisionmaking process than do owners of condominiums. They also find
similar results, namely, that the number of units indbedominium has a negative coefficient, although they do not use OrentO
data.



decrease the value of the condominium

The structure of the paper is as followsAn overview of the problems and issues
surrounding condominium law in Japan ande contrast with the United Stas®provided in
section 2. In Section3, we use a simple development mottekexamine the optimal timing of
restructuring and the effects of collective action problems in condominium manageinent
Section4, we introduce the number of units as a proxy for the difficulty of collective action by
referring to existing studies and by conducting simple estimations using Japanese condominium
data. Wethenestimate the rent and price functions of the three types dhaga buildings to
examine the collective action costs involved in Japanese condominium management irbSection

Finally, Section6 provides some concluding remarks.
2 Condominium Law in Japan: An Overview

To reconstruct a condominium,Japanese condominium law requiras least four-fifths
agreement amongondominiumowners Once the proposal for reonstructionis adgted,
proponents havehe right to askdissentersto sell their ownership. However, the crucial
problem behind this rulis thatprices are ambiguoubecauseactualpropertytransaction®n the
marketare lacking Sincedissenters havan incentive to delay the timing of reconstruction
proponentsnay have tgrovide the dissentexgith additionalfunds to obtain their consentin
extreme casg in which dissentersitendto raise the selling pricef their ownershipashigh as
possible,a holdout problenis induced deterring the condominium fromeing reonstructed
The principal outcome ithat almost all condominiumeconstructiorprojecs in Japararelikely
to proceed only when collective decisionmaking successfully achieves unanimity.
Consequentlythe currentondominiumlaw in Japaractuallyrequires an extremely high degree

of uniformity of interestamongownersto rebuilda condominium®

In contrastmost of the state laws the Unhited Stateshaveno definedrules regarding the
decisionmakingprocessnvolved incondominium reconstruction Insteada condominiuntan
be terminaed by voting, which usually requires feiiiths or threefourths agreement

depending orthe state law. After a resolutionis passed tderminae the condominiumthe

* Grossman and Hart (1980) and Eckart (1985) argue that holdout problems cause making a takeover bid and land taking to be
impossible. See also Menezes and Pitchford (2004)lafédfy (1994), and Plassman and Tideman (2010) for the relationship
between land assembly and the holdout problem.

5 SeeWest and Morris (2003, p. 912)



general proceduris to sell the land to a nedeveloper and redistribute the reveno@revious
condominiumowners accordirg to theirindividual ownerships In principle this termination
rule hastwo advantage over Japanese condominidaw. First, becausghe amount othe
redistribution is cleq it leavesno room for a holdut amongdissenters, androponents do not
need toexhaustime and effort persuaty disenters to leavéhe condominium. Secondy, as
long as no other regulatiogoverning land exists in that particular areathe land can be
developedn any manneafter termination othe condominiumto maximize theroductivity of
land use In contrastJapanese condominiulaw allows only condominiums to be rebuilt as a

mears of redevelopment

In addition many states ithe Unhited Statesallow condominium developers to stipulate
rules through private contracts, including covenants, conditions, and restrictions (CC&RS)
These rules can contribute to maintaining the quality of serucdse common facilities and
may avoid the need to decreaskee price of the condominium itself. The profit-maximizing
behavior of condominium developers magsult in the developerdescribingthe optimal
declarationstipulating rules regarding collectivdecisionmaking For instanceBarzel and
Sass(1990 argue thatleclarations and bylaws may help internalize the externalities caused by
the behavior of property owners, therehinimizing the cost of collective action.In brief, the
apparent cost of collective action in condominiamanagement inhe Unhited Statesmay be
much lower tharthatin Japan.

3 Model

Consider acondominiumbuilt at time ! =! that will be rebuilt when the owners of the
condominium make a collective decisiontbereconstruction Themarketimputedrentof the
units in thecondominium at timel ! !, !, depends oithe quality ofthe services providedfor
the dwelling including the number of bedrooms, facilitiedpcation and surounding

environment Therent level at time! (before thdirst reconstructionjs then
R ! Lyt (1)

where ! is a vector ofactors detemining services surrounding thdwvelling. The price of the

5 SeeWest and Morris (2003, p. 925)



condominiumat time !, !, is thenet presem value ofthe discounteduture renttaking future

reconstructionnto consideration:

||| E! J;T!!!!!!!s!!!!" I Z!d!!fl!ll!!!!!!!!!!!t!!" I !T!!!!(!!!!!:l! (2)
where ! is aconstantdiscount rate!,, is thereconstructiorrelated cost!, is thetiming of
the ! th reconstructionand ! { is the rent at time (after the ! th reconstruction) The

reconstructiorrelated cost includes the physical constructeord teardowncoss, the cost
involvedin decisionmakingandmoving and the accommodation cost# the ceownersduring
reconstruction. As we discuss latewye assuméhe latterfforms of costarepositively correlated

with the number of cowners in a condominium.

In terms of social optimality, the value thie condominiumis maximizedthroughplanning
andexecutingthereconstruction We assume thahe reconstructiomelated cost! ,, , and the
rental value of a newly reconstructed condominiLRh_, , remain constartvertime. The price

of a newly rebuilt condominiurh, .’

isthenequal for all! under theoptimal decisions of the
community Hereafter, wecan relate C,, , ! }! , and the optimal',, to!,!", and! !!,
respectively. Thus,we can rewritdhe maximzation problem for théiming of reconstruction

asfollows:

Pl 1oy !!f.!l!!!“(””!" ! (!!!_!)!!!(!!!n_ 3)

The necessary condition fthis problemis
Lyt (P o), 4)

where!,' is the optimal timing othe first reconstruction and 1, is the rent(before the first
reconstruction)at the time of the optimal reonstruction. It is well known that the optimal
timing for areconstruction isvhen the rat becomess low aghe opportunity cost of postponing
the reconstructiorand equals the cost ointerest ofthe net capital gainaccruedfrom the

reconstruction.

However, as discussedywners rarely achievean optimal agreemenin Japanese
condominiung because of the difficultyf the collective decisioamaking process We may

" Note that the prices immediately after reconstruction aftet an optimal reconstruction are the same as long as we expect
every reconstruction to be carried out optimally in the future.



thenassume thateconstructions usually delayedfrom the optimal timing The price change

from the expeted delay of the nexeconstruction byA! from theoptimal timing !, is then

T !(!!!’! !(![!!A!))!!!(T!!!””)! 1 8 (5)

Furthermore, therice of thecondominiumdepreciates more whehe decisionmaking
cost, one of the reconstructioelated costactors, is higher:

oy opgrrafrnnny (6)

Equations (5) and (6) show th&ie condominiunprice decreases as the expected datay
its future reconstructiomecomes longeand as the constructionrelated costbbecomedarger.

By differentiating thepricerate of thetime change !, (! 'Ii/' !),9 with respect toA! and! ,

we can predict that the expected delay in future reconstruetnwhthe increase inthe
decisionmakingcostaccelerata deterioratiorof theprice

oR |y L
TRy CEURCIRED) AR )

! %e!!(!!!!!m)_ .

Thus we can predict thatollective action problems Japanese&ondominiuns induce
both lowerprices andamorerapid decline irprices over time

4. Number of units and collective action

In this section, we introduce the number of unit@icondominium as a proxfor the

difficulty of collectiveaction We first reviewtheliteratureregarding relationships betwetre

8 In Eq. (5), we assume that only the first forthcoming reconstruction is delayed. If instead we assume that every fesonstruct
in the future will beequallydelayed, the differentiation becomes the following:

i, ERIGIRINID)
ﬁl A CTE !(!!!+”))1!!!z(!f!!z!z)! H

This assumption makes the effects of the reconstruction delay more strongly negative than irbEgit @)es not change any
implications of the following discussion.
° Differentiating !, in Eq. (2) with respect td yields
%I !t[_! !! f!!!!S!!!(!!t)!" I IZ: !!f!!_‘! "||' !!!(!!!)!n ] !!! !!!!!! !!!]
=i

hence the brice of the time change rate is

0 24 l'l—l '



size ofa groupandcollective actionandthenmake assumptions about how the number of units
in a condominium affec the collectivedecisionmaking processinvolved in reconstruction.
To examine some of tee assumptionswe conducta simple regression analysfier the

relationship between the number of units #retime involved incollectiveaction
4.1 Proxy of the difficulty of collectiveaction

The difficulty of collectiveactioninvolved inreconstructiordependscrucially on the extent of
diversity of interests amongondominiumowners If theinterests otondominiumowners are
alike, there will belittle room for conflicts of ingrest and divergent opinions regarding
reconstruction No transaction costswill then ariee from the decisioamaking process
However,unit ownerscan differ fromeach other in mangespects, includingxpectations about
future renal prices their financial condition, the extent of any liquidity constranand cost

involving collective action.

As mentionedJapanese condominium lawquires a high degree of uniformity among
owners to execute asconstruction Therefore, it is easyo imagine that the ollective
decisionmaking processinvolved in condominium reconstructionecomes more complicated
and inefficien as the number of ownenscreasesOne of the leading studies the relationship
betweengroup size and collective actionis by Olsen (1965. Regarding condominiums,
Harmsmann(1991) and Bezel and Sas$1990) discussthe difficulty of collective decisios
involving large numbers of ownefseom alegal and economipoint of view Westand Morris
(2003) also study collective decisioamaking in condominium reconstructioprojecs in the
contexs of the law and economicafter the Kobe arthquakein 1995 They find a negative
relationship between the number of units in a condominium thedspeedof collective

decisionmakingin reconstruction.

Following these literaturestudies, we may assumethat an increase inthe number of
co-owners will make collective action more costly ambtentially delay reconstruction
Consequentlyin our empirical model, we use the number of units in each condominium as a
proxy for the costof the collectivedecisionmakingprocess. We hypothesize that its estimated

coefficientin thepricefunctionof thecondominiumwill be negativen the followinggrounds

I. Having a large number oftinit ownersfurther complicats the process of collective

decisionmaking in rebuilding condominiums,and thus delays reconstuction from the

8



optimal timing.

ii.  This additional difficulty in the collective decisionmaking processimplies higher
transaction cost given thateachunit owner living witha large number obtherowners
has to spend longer timeatanddevotemore efforttowardachievinga collective decision

relativeto whenfewer memberare nvolved

iii. A condominiumcomprisinga large number ofunits requires more time to reconstruct
sothe cost per household during reconstruction tends to be higher as the numberiof unit
the condominium increases. Heresidentswill have torent otherhousing while waiting
for the reconstruction to be complet&d

The formerpoint (i) is represented iequation(5), andthe latter points (ii and iii) are
expressed in (6). Although the final rationale(iii) is commonto all condominiuns, in Japan
and elsewhere the impacts ofthe former attributes (i and ii) can differ according to the

efficiency ofthemechanisms in condominium law.
4.2 Time required for collective action

In this subsection, weeport ona simple regression analysisnductedo examinethe first two
assumptias (i and ii). In particular we examine relationshigsetweenthe number of owners
of a condominiumand the collective decisioamaking time. We usedataprovided by Meno
(2004) andfrom a websité" listing recenly completedcondominium reconstructioprojecs.
The specification for the regression analysissigollows:

ES ) Ll L T (HS%& ) M HS% L L %R
I R W P N I > S I O 9)

where subscripti indicates the ith condominium, TIME is the duration of the collective

decisionmaking processsurroundingreconstration (in month3,*> UNITold is the number of

19 Although the physical reconstruction citself may have a scakconomyin terms of the number of units, we assume the cost

of collective action as a whole is marginally increasiti an increase ithe number of owner&Ve examine this point further in

Section 4, by comparing the price functions of condominiums and repaaineents that differ only in the collective action
problem, not in the physical construction cost.

M The URL of the website from which we collected the data on condominium reconstructions in August 2011 is
http://www.manshon.jp/tatekae/ta_jirei _index.html

2 The duration of collectivelecisionmakingregarding reconstructioffJME, is the number of years between the time when the

first official meeting was held about reconstruction andithe tvhen a consensus on reconstruction was reached. However,

some data lack information on when the consensus was made. To cope with this problem, we obtain the time of the consensus by
subtracting the estimated number of years for construction (the nafmpesrs required to tear down the old condominium and

9



units inthe previous condominiunk-AM is the floor area ofthe new condominium divided by
the floor area ofthe previous condominiumUNITM is the number founits in the new
condominium drided by the number of units ithe old condominium AGE is the number of
yearsthat havepassedetween the timéhe old condominium was builandthe time thefirst
official meetingon the reconstructiontakesplace TOKYOis a dummy variable indicating a

condominum located inthe Tokyo prefectureand ! is an error term.

Finally, SELFHATis an expected valuer a dummy variableSELF which is assigned 0
if a developers involved in thedecisioamakingprocess and if residents plan andarry outthe
procedure themselves The decisionmaking procedure can béetter managed withouthe
supportof otherswhen a collective action probte is not very serious andconsequently
requires less time for collective actionTo take into consideration such andogenousssue,
we firstusea probit estimateegressig SELFon FAM, UNITM, log(AGE), TOKYQ andSTART
(thestarting year of collectivaction)to obtainSELFHAT the fitted value oSELE

According to the basic statistias table 1, reconstructioriakes placafter 39.52 yearsn
avera@ (ranging from 19 to 75 year$jom the completion of the condominium, atite
decisionmaking processtakes 6.03 yearson average (from 0.6 to 18.6 year®) achieve
consensusroreconstruction. When looking aEFAM andUNITM, we observe that reconstructed
condominiums increase the total floor area and the number of umt& newly reconstructed
condominium the total floor area and the number of units are increasealeragdy 176 and
79%, respectively In fact, in only one condominiunwas thetotal floor aeareduced after
reconstruction By expanding the totdloor area of a condominiupowners can benefftom
having more spacen their ownunits, andthey can sell extranitsto coverthe reconstruction

cost, whichwill enablethem to achieveonsensusoreeasily.
<<inserttablel1 here->

The probitestimate ofSELFis shown in column [A] in table 2. The coefficient of
In(UNITold) has a negative sigat the5% significancelevel. This indicates thathe collective
actionregardingreconstruction is more likely to be well managed without involving a third party
if the number of property owneds the condominiums not large Regarding other variables,

build the new one) from the time of completion of a new condominium. The number of years for construction is estimated with
coefficients obtained by regressing reconstruction time on the total flemo&the new condominium and the age of the old
condominium, with samples having information on the duration of reconstruction.

10



only TOKYOshows a significant effecat the15% significancelevel, onSELE This implies
that collectivedecisioamakingin Tokyo is more difficult than in other prefectures, and therefore
tends to involve a developer to manage the process efficiently.

<<inserttable2 here>

Columns[2-2] and [23] in table2 showestimation resultfor equatiorf9). In addition to
ordinary least square®©LS) estimats, we conducta truncated regression becauBBME is
truncated insuch away that we do not observe the condominiums whose collective
decisionmakingis still in pragress™ The coefficients ofn(UNITold) show positive signs and
they are statistically significanterifying that an increase in the number of property owners
requires more time to achieve consenggardingreconstruction. In concreteterms if the
number of units doubles, the tinmeeded forcollective decisionmakingis extendedoy about
30%.

Regardingthe other variablesthe coefficients ofFAM have positive signs This may be
becauseas part ofthe decisionmaking process it takes more timeo consider the metholbly
which the surplus floor areaill be used and operated The mefficients of logAGE) show that
thetime needed focollectivedecisioamakingis reducel by 45% if the age athe condominium
is doubled Althoughthesignificancdevels arenot strong(ranging from 1Go 15%, this result
implies that property ownershurry their decisioamaking about reconstruction when their
condominiung are more dilapidated. The mefficients of SELFHAThaveremarkablynegative
effects ondecisionmakingtime, as expectedalthoughtheir signs are not significabecause of
thepresence omulticollinearity. Note that when we useELFin (9) instead of the fitted value,
the coefficients are0.6623 with a 5% significance level in the truncated modahd-0.6609

with a10% significance level in the OLS estimate.

Finally, aoefficients ofthe variableTOKYO indicate thatthe collective decisionmaking
time is about 4% longer in Tokyo tham other prefectures. Intuitively, this resultmakes sense
becausepeople in such a large city have variousbackgroundsand interests which can
complicatethe process ofcollective action Moreover, people relocate more frequently in

Tokyo; thus they are likely to havdess incentive to contribute tacommunity relations

13 See Appendix 1 for a description of the truncated model in this case.
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activities'*

These results verify thainincrease in the number of ows@&f acondominiumlengthens
the collectivedecisionmaking processinvolved in reconstruction. However, if owners of
condominiums are aware of théuture reconstruction problem in advance, theay start
collective action at ararlier stageto carry on the reconstruction at the optimal timingo
examine thigssue we regresth(AGE) onIn(UNITold), FAM, andTOKYQ

As seen irtheresult in column [24] of table2, the number of units does n&gnificantly
influencethetiming of the collective actionwhich ensurgthat the collective action is not driven
by the propertyvaluemaximizing behaviors of condominium ownerfRegading TOKYQ its
coefficiens show positive sigis at the 10% significancelevel, meaningthat condominium
owners in Tokyadbegintheir discussiomegardingreconstruction relatively late compareath
those in other regions. As already implied in the former regression analys$ieis, provides
additional evidence that gople livingin a metropolitan areauch as Tokyo may have little
interest intheir neighbonood community andmay feel reluctantto becomeinvolved in the

management dheirown condominiura.

To summarizewe verified that an increase in the number of units ancondominium
prolongs the collectivedecisioamakingprocess and days the timing of reconstruction. This
corresponds tthe fact that the number is positively correlatagth C and! T. Thereforewe
can use the number of unit ownefsa condominium as a proxy variable for the collective action
cost. We can therexpect that the number of unisll have a negative effeabn the price oa
condominium as shown inequations(5) and (6) In addiion, asderivedin (7) and (8) if
peopleexpecta delay inreconstructionor if they expecta highcostfor the decisionmaking
processthenthe pricewill declinemorerapidly thanthe price of an equivalentental apartment

thatis not affected byollective action problems.

5 Estimation of the collective action cost in condominiunreconstruction

1 According to a survey conducted by the Ministry ahtd, Infrastructure, Transport and Tourism in 2005, neighbor
relationships are tenuous in metropolitan areas relative to local regions; about 28% of the population in local regiores have
almost no relationships with neighbors, whereas the percemzagases to 45% in metropolitan areas. The interviewees living

in the metropolitan areas reported 1) being absent from home during the daytime, and 2) residents being rapidly rbplaced as t
two main reasons for these shallow relationships among neighttaseport (in Japanese) is available at
http://www.mlit.go.jp/hakusyo/mlit/h17/hakusho/h18/html/H1022100.html
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5.1 Estimation modelsand hypotheses

We pursuethe following strategy t@xaminewhethera collective actioncostexistsin Japanese
condominiuns. First, we obtain two datasetson rental and property prices fdapanese
apartmentsone forcondominiuns and the other for rental apartmestthat do not havethe
abovementionedcollective action problem. We canthen comparethe estimateatoefficients
for the number of units and the agetloé building for boththerent andorice functionsto extract
a measure ofthe collective cost. We also estimatethe rent and price functions of
condominiumsor cooperative apartments ithe Uhited States for comparison. Although
condominiums irbothJapan anthe Uhited Statesinvolve a potential collective action problem,
their costsmay be differentbecause otlifferencesbetween lhe two countriesn condominium

laws andhedwelling environments.

Secondly, by simultaneously stimating the reat and price functiors, we consider the
endogenous decisioaf household tenure choic® own or rent. However, f we directly
estimate eachent andprice function using the OLS method the estimation resultsight be
biased. Thereforge we apply thetwo-step estimation proceducé Heckman (1979)o address
the problems ofendogeneity andampleselectionbias. In the first stagef the procedure we
usea probit model to estimate the tenure choice functiontarabtain the estimatedinverse
Mills ratios. In the seond stage, we estimatbe rent and price functiors by OLS, with
estimated inverse Mills ratancludedasexplanatoryariables. Appendix2 describes how to
obtain the inverse Mills ratios armtovides he estimation resudtof the tenure choe functiors
for condominiumsn Japan anthe United States

We assuméog linearity for the renfunctionin Eq. (10) with aconstant terman estimated
inverse Mills ratio I'{*® , and a stochastic error teyr /R, We now have
S DL L L B M units D I L TR (10)

where subscript! indicates a individual unit or building. Recall that!, is a vector of
variables determining the level of dwelling serviead !"#$% and !"# , are the number of

unitsandthe age of the buildingespectively

In the rentfunction (10) to be estimatedye expectthatthe costs otollective actionwill

haveno efect on the rent becausteis a matterfor ownersof a condominium not for tenants.
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Therefore, the number of unitsill not have a direct influence on the renbecauseof the
collective action problemalthoughit may imposeexternalitiesfor residentsgiventhe presence
of public goods property For instance, amcrease in the number of residents may bringua
a feeling of insecuritybecauseof the anonymity ofowners and renter@ndat the same time
condominiuns with alarge number of units may have ample common facilisesh as darger

lobby with asplendid chandelier andstatelycortile.

Theseexternalities angublic goodspropertes indeedreflect the rentbut not theprice
directly becausehousing services obetter quality increase the utility residents. Thus a
higher utility level shifts the demand curve for housupvard to increase theurrentrent,
whichresults in a highegprice It is noteworthythat if we control for theentwith theadequate
variables, thexternaleffect and the public goods propestyouldnot directly affectthe price of
the condomnium. Rather they can have an effect on the price only when timdljpencethe

currentrent.

We nextdefine thepricefunction. We assumehatthe assefprice of a condominium is a
function ofits currentand futurerent,the cost related toeconstructionthe expected delain the
timing of thereconstructionand other discount factqrsuch aghe rates ointerest,depreciation,
and property taation In accordance witlhis assunption, we define therice function of a

condominium (before the first reconstructi@s)

Lo b LU VIR Y T(UH$99!! Lunits!). (11)

Recall that!! (I"#$% and ! !!"#$% are the reconstruction delay and tlwest related to
reconstructionyespectively,both of which we regard as major componentghef collective
action problem. Becausave assuméhat these factors anecreasingunctions of the number of

units, the number ofunits negatively affects the condominium price in both caassexplained

in Sectiond.'®
We estimatehe followingpricefunctionfor condominiums
R0 T O O Y A R I 1 ~eo o O T X I I R - R I o B SR )

where "Il I"#$ |1 is a logarithmic value ofthe rent estimated in1Q), and!; is a vector of

15 We can omit some discount variables, such as the #ttexee and the property tax rate, by inserting year dummies.
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variablesthat directly affect the condominium pricather thanaffecting it throughrent'® Our

hypothesis is that the condominiupnice correlatesnegativelywith the number of units, hence
I, 1 1. In addition,by usingtheestimation value afhe current rent, weancompare the speexd
declinein the property price ofapaneseondominiuns with that of rental apartment Equatiors
(7) and (8)imply that the speed of decline tihe Japaneseondominium price is faster thamatfor
anapartmenthatdoes not havéhe collectiveaction problem Thus we expecthe coefficient!,

to besmaller than the coeffiaie estimatedor rental apartments.
5.2. Data
5.2.1Japanese ondominiums

We obtaired dataon Japaneseondominiuns from Tokyo Kantei an independent real
estate information servicé The datainclude thetime distance fromthe central business
district, offered rent (the ren&l pricelisted by owners in the housing marketjice, numbeiof
floors, floor space, number of bedrospand sdorth, all of whichwerecollected in 200%or the
Tokyo areaalongside Japan Railwa@sChuq Keio, and Odakyuines Although the original
datado not indicate whether the buildirgpntainingeach unit is a condominium, wisedataon
apartments that provide information on units availablebfh for sale and rent, and hence can
guarantee that they are condominiumblote alsothat the data on the rent atite price of
condominiums are not transaction dbta the prices offered by existing @wners. Thus, if
we havemore than a single observatitor the same unit in different months, we extract only the
most recent observatida collectthetransaction price datajthough the possibility remains that
the ownersnay have withdnan some ofthe unitsfrom the marketist.

5.2.2Rental apartments

We next obtain data on rental apartmerior comparison. Since a single owner (or
corporationthrough aREIT) owns eachiental apartmenbwners of rental apartments are able to
carry out maintenance, rehabilitatjiand reconstructiobased ortheir own decisions ahthus
do notencounter theroblems associated wittollective action. We collectdata on rental

6 Dummy variables for years of purchase are included to control for the impact of changes in interest rates and property taxes
prices induced by the macroeconomy.

1 We could also use the cretgms of unit number and building age as explanatory variables to capture the effects indicated in
the model. However, the variances of the coefficients for verifying our hypothesis become substantially large because of the
preence of multicollinearity and the limitations on sample size. For our empirical setting, we separately specify the number of
units and building age as explanatory variables, and leave further technical analysis as a future research direction.

18 For the Tolyo Kantei Co., see the company homepadetpt//www.kantei.ne.jp/
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apartmats, including the assetsalesprice andrental evenueof each buildingandits attributes
partly from Tokyo Kantei ancpartly from Japan EIT (JREIT)'® Becausehe data on rental
apartment$rom Tokyo Kanteiprovide theoffer price, we extract samples in the same manner as
for Japaneseondominiuns. In contrast, the price data in JREIT dransaction valugsand
their years ofpurchaserangefrom 2002 to 2006. The dataon rental revenudrom Tokyo
Kanteiarefor 2005,whereaghe data fromdREIT rangefrom 2005 to the first half 02006.

5.2.3U.S.condominiums

Fromthe National AmericarHousing Survey (hereafter referretb as AHS° conducted
in 2002, 2004, 20Q5nd 2007, we use samples whose housing ityjie theOcondominium or
cooperativ® categorty The dataincludesuch housing characteristics tae variables available
in Japanes condominiums. However, unlike the datan Japanese condominiums, AHS has the
transaction price and the date of purchagheproperty if the household owns the property, and
the current rental price if the household rents the propefitgble3 defines thevariablesusedin
equationg10) and (2), andtable4 providesdescriptive statistics.

<<insert Table 3 and 4 here
5.3 Estimation results

The estimationresultsfor the rert function (exceptfor the coefficientsfor the regional
dummiesand year dummigsare presented itable5. The two-stepand OLS estimatordor
Japaneseondominiung are shownn table5 in columns [51] and [52], respectively and the
OLS estimators for rental apartmesmte shownin column[5-3]. The estimation resultdor
condominiums irthe Uhited Statesare shown in columns {8] and [55].

<<insert Table 5 here>

Let usfirst look at the coefficients of the number of unils(UNITS, for Japanese
condominiums and rental apartments.The coefficients of In(UNITS for Japanese
condominiums arenegative and statistically significanyhereasthe coefficiens for rental
apartmerg arenot significant; the rerfor aJapaneseondominium decreases by about 4% if the
number of units in theondominium building doubles.One possible explanation for thisteat

9 For JREIT, see the homepagétp://www.ares.or.jp/jreit_e/index.html
20 Microdataof AHS were obtained from the United States Census Bureau website, available at
http://www.census.gov/housing/ahs/.
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efficient maintenanceof condominiumsis preventedoecause othe collective action problem
amonga large number of residentsNot only reconstruction, but also some important bogdi
maintenancesuch asearthquakeetrofitting, elevator maintenancand building pest control
require consensusvith threefourths agreemenor more amongproperty owners Regarding
condominiums inthe Unhited States the coefficient ofIn(UNITS is 0.049 with a 10%
significancelevel by OLS; however we did notfind a significant effecfor the twostep estimate
The positive effect of UNITS) indicates that larger condominiums in the United States may
have more variety of facilities such as a swimming pool and a recreation réd@mrexpected,
theage ofthebuilding, INn(AGE+1), hasa negative effect on the rent in all types of apartment

On the contrarysome other coefficients display different signs between condominiums in
the two countries. For instancewhen we look at coefficients ¢fi(TIME), although the time to
the workplace has positive correlation with the reribr condominiums inthe United States
coefficientsof the time tothe central business distrishow negative signs in JapanThe floor
level of a condominium unitn(FLEVEL+1), and the number of bedroonis(BEDRMt1), also
show differenteffects on prices between condominiums in Japan #mel United States
Furthermorethe number of stories in a condominium buildim§STORIE$ has a great impact
on the rentfor condominiums inthe Unhited States One of the main reasorf®r these
differencesmay bethat someof the condominium samples in AH&portedthe floor level as
beingon thefirst floor even thoughhese housing units actually have two storieBhe samples
of thesekinds of two-floor luxury condominiums mayhave resuled in In(STORIE$ and
In(BEDRM#1) having positive signandin(FLEVEL+1) having a negative sign

We now move on tothe price functions. Using the estimatedvalues of rentin columns
[5-1] to [5-5] in table5, we obtainthe correspondingprice functions shownin columns g-1] to
[6-5] in table 6. When we look at the coefficients dfi(UNITS, we find that Japanese
condominiuns arethe only apartment typehose coefficients showignificant negative sign
According to column [€l], the price of Japanese condominigmdecreases by 2.34%henthe
number of units doubles.On thecontrary the coefficients ofn(UNITS in the price functions
of rental apartmestand condominiumin the Unhited Statesare not statistically different from
zero. These resultappear taconfirm the devaluation ofondominiung in Japan resulting from

the inefficiency of Japanese condominium Jaausng a seriouscollective action problem.
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<<insert Table 6 here>

When comparing the coefficientsor In(AGEt+1l), we find a tendewcy for Japanese
condominiung to be valued lower than the other two types of apartmerds the building
becomes older This appears toeinforceour hypothesis thate collective action problenfor
Japaneseondominiung accelerate the rate ofdeclinein prices. In this regard, however, we
cannot simply compare the magnitude of coefficients across different types of apartments
because we have nauccessfullytreated the sample selection bies these estimations.
Accordingly, wecarry out a robustness check kgstimaing the following regressins with a
more careful treatmewif the data

5.4 Robustness check

This subsectioraims to examine the differences in coefficientstitd rent and price
functions amondpuildings withdifferent types otontracts For this purposewe consider two
statistical problems. The first problem is the limits ofour choseneconometric methods
handling the endogeneity of the tenure choice proble@Gondominium datancludeboth rented
and owneroccupied unitsenablingus to use a probit model to estimate the tenure choice
function. On the contrary by its very naturethe rental apartment datdo not contain
observations on ownarccupied housing. As a result, m the first analysisin which we
estimaté the rental andprice functiors separatelyby type of building we apply only the
two-step regression proceducethecondominium data.

A secondproblem arisesfrom bias inthe distributionof housing characteristics.In
conductinga comparison analysis of hedomiousingprice functionsthat includetwo or more
types of apartments, is necessaryo cope with sample bias problemss that prices and error
termsof the functios are not correlated across apartment typétowever, asan be seen ithe
basic statisticpresentedn table4, Japanese condominiums tend to be fatigegn the other two
types in addition,rental apartments are newThese biases adueto the different methods of
collecting samplesof each apartment type and tthe endogemity problem of developers
decidingwhich type of apartment to build, nametpndominiuns or rental apartmeat

With these conditions in mind, we condactecond analysis dsllows. First, we select
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samples by limitingthe number of units and the building ages®* By using propensity
scorematching methods, wéhen extractrental apartmestand condominiums ithe United
Statesthat hae characteristicsimilar tothe Japaneseondominiuns??  Seconty, by usingthe
selectedpooled datan Japaneseondominiunsg with rental apartmestandon condominiums in
the Unhited States we estimate theent andprice functions with crossermsof variables and a
dummy variable indicating Japanese condomisiunThese crosserms enable us to compare
the coefficients of variables between Japanese condominiunteeaathempartment type. For
rental apartments, we uslee extrapolated invers#ills ratio for the tenure choice problem
based orestimatedenure choice functionggardingJapanese condominiumsThis estimation
method is carriedut successfully undethe assumption thatousing units in a rental apartment
are treated in the same manner by households as housing uaitsoimdominium uporthe

tenantOs or ownet@sure choice.
5.4.1Japanese condominiumsompared with rental apartments

We first look at estimations comparing Japanese condominiums with rental apartments.

Table 7 shows the estimationresults forthe rent functions The firstthree columns[7-1] to

[7-3], areresults based on OL&hdthe remaininghree columng[7-4] to [7-6] are based on the
two-step method Each column shosvan estimation using sampleglected bya different

range of calipexin the propensity score matoy. As we restrict the rargyof calipes from 0.5

to 0.1, we observe thathe sample size becomes smahd standard errof®r the estimates
increase D in this tableindicates the condominium dumiy; therefore crossterms such as
D*In(UNITS), showthe differencen coefficiens of thevariablesin the rent function of Japanese
condominiung from the coefficierd of rental apartments.

<<insert Table 7 here>

The coefficients oin(UNITS are all positive although these significandevels arenot
strong enough tbiave aninfluence on the rent On thecontrary D*In(UNITS has a negative
effect on the renimplying that the rent of Japanese condominiums degahgre than the rent

of rental apartments when the number of uimtseass, while its significancelevel is at most

2L In particular, we excluded apartments that contained more than 100 units and those built before 1981, when the Japanese
government begato require all buildings to be built using new earthqued@stance standards.

22 Appendix 3 briefly describes the algorithm for the propensity seaehing methods we use to conduct the analysis and
estimate the propensity scores.
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10% Recall that when we estimate the rent functions separately by apartment type with full
observations, we obserassignificant negative effean rentof the number of units for Japanese
condominiums but no effect fathe others. However, when we compare the coefficients
between apartment types after treatmenthef selection bias issuesye do not findstrong
statisticalevidence ba difference In this sense, the questiah whether acollective action
problemexistsin terms of the maintenanaé condominium buildings remains ambiguou®
larger sample size may be required to verify the collective action prahlexandominium
maintenance Alternatively, collective decisionmaking in building maintenance mayot
actually be problematicenoughthat it canbe verified statistically. In fact, the coefficients of
D*In(AGE+1) are not significantlydifferent from zero, meaning that there is little difference in
the speed of depreciation of rental values betw@apanese condominiums and rental
apartments. For other variableghat are relevantto both apartment typesuch asTIME,
STORIESand EV, their crosgermsalso have no influence otthe rent. These resultsmply
that little structural difference imrent functiors exists between Japanese condominiums and
rental apartmentshe F-testdoesnotreject at al0% significance levethe hypothesishatthe
coefficients ofin(UNITS), INn(AGE+1), In(TIME), In(STORIE$ andEV areequal

Table 8 providesestimation results for therice function The estimation results are
consistent with the resultsf the earlier estimationsusing separated data. The coefficientsof
D*In(UNITS show that theondomnium price declines by about &®8.8% comparedith the
price changen rental apartmestas the number of units in the building doubleBurther, we
observe a significant differencdor the coefficient ofin(AGE+1) between the two apartment
types. Although the price of rertal apartmerg decreaseby merely 4.4 t07.1% as theage of
the building doubles, condominiuns devalueby anextra 187 t021.1%. These resultprovide
further evidence othe existence ad collective action costelated to theeconstruction problem
in Japanese condominiumsAlthough eveneasy buildingmaintenanceequiresthreefourths
agreemenbr more among owneyrseconstructionnvolves all residens in the weightytask of
negotiatios. As mentioned,an extremely high degree of agreement among condominium
ownersis necessary for reconstructitmecause othe current condominium law in Japdhus

considerabléime and energgre requiredo achieve consensus.

<<insert Table 8 here>
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5.4.2 Condominiums in Japancompared with the United States

One ofthe ways toexamine Japanese condominium lavbysconductinga comparative
analysis among societies with different legal systerdgthough controlling all other factors to
extract the effeadf thecollective action problemvould seemto be a challenging task, itvgorth
analyzing this problem by using U.S. condominiums for comparison. We selectU.S.
condominiumshaving characteristicsimilar to Japanese condominiunasid then examinghe
rent andprice functions in the same manner as in the previous analy§lse estimation results
for the rent functions argresentedn table 9. As with the previous estimatder Japanese
condominiums andental apartments, we do rfotd significant difference@ the coefficients of
IN(UNITS and In(AGE+1) between condominiums in Japan ahe Uhited States The rent
function for condominiums irthe Unhited Statesis different from that in Japaim that the age of
the building, the number of bedrooms, the timetie workplace and the floor level othe unit
have no influence on the rentRecall that intable5, in which we presentestimats of therent
functions separately by apartment typhes coefficients ofin(AGE+1) show significant negative
signs however, they are no longer significant after the sample seleectiatmentjn which we
restrict the samples otondominiumsto thosebuilt after 1981. Regarding he number of
bedrooms although it seems natural to assume a negativefsigthe coefficent because of
scale econones the coefficientdoes not show the expectedsign in the case of U.S.
condominiums. This may be because th®using size anthe quality of thedwelling may be
positivdy correlaedin the United States for instanceresidentsanay have better neighbors and
live in a betterenvironment in areawhere thehousing sizds larger or large condominium

unitsmay be mordikely to be equippedavith betterfurniture and facilities ithe United States
<<insert Table 9 here>

Finally, Table 10 showshe estimatedprice functions. We can see positive sigfer the
coefficiens of IN(UNITS, some ofwhich are statisticallydifferentfrom zero. This implies that
in the Uhited States people have some positive expectagioaboutthe future rent of
condominiums. Recall that in the Uhited States the land on which condominiumsare
constructedcan be used in variougays after the condominiums are terminate@vhereas
Japanese condominium lanaturallyallows only reconstruction of condominiums thiwselands.

In general,a highly productive propertysuch asa commercial facility and office buildg,
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requires asufficiently largetract ofland, whereast is difficult to use land productively if it is
too small. Accordingly, the number of units, which correlatpositively with thesize of the
land, may havea positive effect on the price of condominiums thre Uhited States The
coefficients of D*In(UNITS and D*In(AGE+1l) are negative andtatistically significant
indicating that Japanese condominiums devalue more as the number of units agel ohehe
building increaseompared wittcondominiums irthe United States Theseresultssuggesthat

a revisionin Japanese condominium law maduce the collective action cost and, at the same

time, improve the productivity of land use along with condominium redevelopméme fature.

<<insert Table 10 here>

6 Concluding remarks

The reconstructionof condominiums is becoming a serious social problem in Japan.
More than 1 milliorcondominiumunitsin Japan were builhorethan30 years agaandmany of
them are inneed of restructuringto meet eartlquakeresistance standardsHowever, the
complexity and difficultyof the collective decisionmaking processinvolved in reconstruction

prevens old condominiums fronbeingredeveloped efficiently

The purpose of this paperto examinevhethera collective action cosexistsfor Japanese
condominiums Initially, by using 64 cases of condominium reconstrucfimjecs in Japan,
we find that the time used forcollective decisionmaking regardingreconstructionbemmes
longeras the number of units in the condominium increagesssencethe estimation results
indicatethat if the number of units doublethe collectivedecisioamaking time involved in

reconstruagbn will increase by about 36.

By using the number of units as a proxy for the difficudfycollective action, wehen
estimateboth the rent andprice functionsfor Japanese condominiunas well as fotwo other
types of apartment buildings, rental apartments in Japan and condominitiradmted States
Here, we use ental apartment®r comparisorwith condominiumsecauseaental apartments are
owned by single owners amdb not naturally involve collective actiorrgblems We also
obtain dataon condominiums inthe Uhited Statesto explore the effect of the difference in

condominium laws Estimatingthe price functions, we use estimated valdes rent obtained
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from the rent functions. This enable us to identifythe direct effect of the number of unitsn
the price Collective actionproblemsinvolved in rebuilding may have a direct effecton the
property price of commminiums but not througla changean thecurrent rent

The results show thatamong the three types of buildings, onle thrice of Japanese
condominiumsis negatively #ected bythe number of units This implies that aremarkable
cost of collective action problems inherent in condominiunownershipin Japan. We also
comparethe coefficientof price functions between Japanese condominiums andttveotypes
of buildings after carefully considerintpe sampleselectimm bias The coefficientsfor the
number of units and the agetbk building inthe price functions of Japanese condominiuams
significantly lower than thosér the othertwo typesof dwellings The resuls confirm the
existence of collective action cosfor Japanese condominiumshich impliesthatthe current
condominium law in Japais prevening condominiumowness from engaging in arefficient
decisionmaking processfor reconstructionand from productive land useand thus requires

revision

The presenanalysisdoesnot considethe effectof thetenure securityaw in Japanwhich
prevents owners from evictingrenters. Such eviction control may bring abodtirther
difficulties in rebuilding. In this situationpwnersconsentingo reconstruction not onlyave to
persuade dissang ownersto comply,but alsohave toevict anyrenters. Because théenancy
law in Japan excessively secures rentgainst evictionit reinforces condominium lavn
discouragingthe incenitve for rebuilding. Accordingly, wemay have to distinguistbetween
the condominium discount assumed thg condominium law itseliand that arising from the
tenant protectionaw. A challenge for future researdh to separatethe effects oftenant

protectionlaw and condominium lawn Japan
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Table 1 Descriptive statistickor 64 cases of condominium reconstruction in Japan

Variable Description Minimum p50 Maximum Mean S.D.

TIME Months spent on collectivdecisionmaking 0.6 4.9 18.6 6.03 4.59

YEARoId Year whenthe construction of a previous 1926 1962 1981 1961.49 11.11
condominiumwas completed

YEARnew Year wherthereconstruction of a new condominium 1975 2004 2012 2001.01 8.32
was completed

START Year when the first meeting dhe reconstruction was 1969 1992.4 2008.5 1994.73 9.34
held

RecAGE Number of years betweeheyear of completion o& 19 38 74 39.52 11.31
new andaprevious condominium

AGE Number of years between the year when a previous 13 33 59.5 33.66 10.34
condominium was completed and the year when
residentdegan taliscuss reconstruction

UNITold Number of housing units in a previous condominiun 16 62.5 368 89.19 83.03

UNITnhew Numberof units in a new condominium 20 96.5 644 150.71 136.03

FAold Floor area (rﬁ of a previous condominium 880 3,400 18510.87 4,737.26 3,722.33

FAnew Floor area (rﬁ of a new condominium 1,166 9,274.19 57,336.67 13438.65 12,287.30

FAM Ratio of increase in floor area aftéereconstruction 0.82 2.62 6.34 2.76 1.09

UNITM Ratio of increase in the number of units after 0.71 1.63 4.2 1.79 0.73
reconstruction

SELF Dummy variable indicating that a reconstruction wa 0 0 1 0.09 0.28
conducted by residents (withaitie support of a
developer)

TOKYO Dummy variable indicating a condominium is locate 0 1 1 0.58 0.50

in the Tokyo prefecture

Source Meno(2004) and a website listing past reconstructi¢hstp://www.manshon.jp/tatekae/ta_jirei_index.hjml
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Table 2 Estimations of collectivaction timein reconstruction

[2-1] [2-2] [2-3] [2-4]
Model
Probit Truncated OLS OLS
Dependent variable SELF In(TIME) In(TIME) In(AGE)
In(UNITold) -1.3421** 0.2938** 0.2954** 0.0166
(0.5410) (0.1262) (0.1324) (0.0465)
FAM -0.1357 0.1864** 0.1869* 0.0303
(0.2500) (0.0911) (0.0957) (0.0435)
UNITM -0.0069 -0.0047
(0.1221) (0.1282)
TOKYO -0.8876+ 0.4724%** 0.4705** 0.1357*
(0.5546) (0.1814) (0.1906) (0.0751)
In(AGE) 0.3724 -0.4417* -0.4469+
(1.0147) (0.2623) (0.2759)
SELFHAT -0.5460 -0.5330
(0.7041) (0.7403)
START -0.0220
(0.0389)
LAMBDA 0.6681***
(0.0511)
CONSTANT 47.1534 1.0562 1.0598 3.2352%**
(75.5879) (1.0535) (1.1098) (0.1944)
Observations 64 64 64 64
R? 0.346 0.069
Log likelihood -14.25 -64.73

*x k% %+ indicate statistical significance at the 1, 5, 10, and 1Bels using twosided tests.

Figures in parentheses are robust standard devia@u$.ordinary least squares.
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Table3. Variables in the rent angrice functions

Variable Definition
Rentfunction
RENT Offer monthly rent plus service charge divided by floor spate®(or $ft?). Offer monthly
rent is a price listed by owners in the housing market.
UNITS Total number of dwelling units in the apartment building
AGE Age of the apartmer{tnonths)
TIME Walking time from the apartment to the central business district/worktzsioetes)
STORIES Number of stories in the apartment building
FLEVEL Floor number of the unit
BEDRM Number of bedrooms in the unit
EV Binary variable indicatingnapartment building witlanelevator
SOUTH Binary variable indicating unit with southfacing windows
CORNER Binary variable indicating unit located ora corner of the floor
NEW Binary variable indicatingnapartment built withinhelast year
Binary variable indicating an apartment managed by one of the seven most highly va
BRAND real estate compani€slitsui, Nomura, Daikyo, Sumitomo, Tokyu, Tokyotatemono,
Mitsubishizisyo, Touwa)
LAMBDA Estimated inverse Mills ratiol }
YEAR Year dummies for data sources and time of purchasing the property
REGION Regional dummies for cities/metropolitan areas

Price function

PRICE

RENTHAT
UNITS

AGE
RENOVATED
LAMBDA
YEAR
REGION

Offer price(condo) and sale price (rental apartment), eficided by floor space
(" 10,000/m)/($/ft)

Estimated value aherent ( /m?)/($/ft?)

Total number of dwelling units in the apartment building

Age of the apartmer{tnonths)

Binary variable indicating a unit maintained prior to selling

Estimated inversdlills ratio, '} #

Year dummies for data sources and time of purchasing the property

Regional dummies for cities/metropolitan areas
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Table4. Basic statisticen variables used itherent and price functions

Variable Minimum p50 Maximum Mean S.D.
RENT [CJ]  ("10,000/nf) 0.12 0.29 0.54 0.30 0.09
[RA]  ('10,000/nf) 0.16 0.39 0.70 0.40 0.10
[CU]  ($/tD) 0.14 0.88 3.73 0.97 0.49
PRICE [CJ]  ('10,000/nT) 13.92 44.64 94.12 44.71 16.07
[RA]  ('10,000/nf) 23.22 73.07 163.52 75.38 25.89
[CU]  ($/tD) 12.33 98.30 461.77 119.68 79.98
UNITS [CJ] 6 94 1192 180.93 234.97
[RA] 3 28 288 38.92 34.87
[CcU] 2 10 747 37.98 79.93
AGE [CJ] (vea) 1 22 46 21.70 9.71
[RA]  (yea) 0 3 43 7.36 8.40
[CU] (yea) 0 22.5 44.5 22.58 11.69
Year of completion [CJ] 1959 1983 2005 1983.30 9.71
[RA] 1968 2004 2006 2001.38 5.48
[CU] 1962.5 1982.5 2006 1981.53 11.56
TIME [CJ]  (minutes) 1 21 56 21.74 12.64
[RA]  (minutes) 3 15 55 17.67 9.76
[CU]  (minutes) 0 20 180 22.57 19.58
BEDRM [CJ] 0 2 3 1.54 1.27
[RA] 1 1 1 1.00 0.00
[CU] 0 2 4 1.96 0.68
SPACE [CJ] (M) 10.44 47.98 130.67 46.48 22.76
[RA]  (m?) 2.63 32.71 257.56 40.38 29.89
[CUl  (ft) 99.00 1,049.50 3,500.00 1,114.61 404.48
FLEVEL [CJ] 1 4 31 4.89 3.52
[RA] 1 3 15 3.70 2.11
[CU] 1 1 21 2.10 2.89
STORIES [CJ] 3 9 31 8.99 4.64
[RA] 2 6 30 7.41 4.22
[CcU] 1 2 21 3.56 3.94
FLRATIO [CJ] 0.08 0.56 4.29 0.56 0.28
[RA] 0.50 0.50 0.50 0.50 0.00
[CcU] 0.05 0.50 1.00 0.61 0.26
BRAND [CJ] 0.00 0.00 1.00 0.11 0.31
[RA] N N \ \ N
[CcU] N N N N N
NEW [CJ] N N N N N
[RA] 0 0 1 0.15 0.35
[CU] 0 0 1 0.07 0.25
EV [CJ] 0 1 1 0.83 0.38
[RA] 0 1 1 0.63 0.48
[CU] 0 0 1 0.20 0.40
CORNER [CJ] 0 1 1 0.60 0.49
[RA] N N \ \ N
[CcU] N N N N N
SOUTH [CJ] 0 0 1 0.25 0.43
[RA] N N \ \ N
[CcU] N N N N N
RENOVATED [CJ] 0 0 1 0.09 0.28
[RA] N N \ \ N
[CcU] N N N N N

[CJ]: Condominiums in JapafRA]: rentalapartments in JapafCU]: condominiumsn the United States
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Table5. Rentfunctions by apartment type

[5-1] [5-2] [5-3] [5-4] [5-5]
Apartment type
Japanese condominium Rental apartment U.S.condominium
Model Heckit OLS OLS Heckit OLS
IN(UNITY -0.0426*** -0.0417*** 0.0098 -0.0266 0.0490*
(0.0084) (0.0088) (0.0213) (0.0284) (0.0273)
IN(AGEt+1) -0.1230*** -0.1107*** -0.0789*** -0.2236*** -0.1174%**
(0.0127) (0.0126) (0.0167) (0.0382) (0.0378)
In(TIME) -0.0752*** -0.0744*** -0.0857** 0.0697** 0.0374
(0.0237) (0.0236) (0.0339) (0.0275) (0.0277)
In(BEDRM#1) -0.1254*** -0.2790*** 0.3689*** -0.2250**
(0.0296) (0.0125) (0.1267) (0.0986)
In(FLEVEL+1) 0.0382*** 0.0331*** -0.2283*** -0.0491
(0.0099) (0.0102) (0.0590) (0.0540)
In(STORIEY 0.0141 0.0154 0.0292 0.4204*** 0.1181*
(0.0196) (0.0203) (0.0421) (0.0751) (0.0711)
EV -0.0195 0.0330 -0.0667* 0.1573* 0.0344
(0.0244) (0.0230) (0.0400) (0.0909) (0.0925)
BLAND 0.0832***
(0.0274)
NEW -0.1807***
(0.0613)
SOUTH -0.1014*** -0.0180+
(0.0188) (0.0122)
CORNER -0.0472%*** -0.0083
(0.0160) (0.0143)
LAMBDA -2.8700*** -4.8487***
(0.5512) (0.6508)
Observations 679 679 502 548 562
R? 0.8340 0.8241 0.5822 0.3838 0.3263

Dependent variable im(RENT). *** ** * _+indicate statistical significance at the 1, 5, 48d 156 level using twesided tests.
Figures in parentheses are robust standard deviations. Coefficients of dummy variaklgiens and years of data are not shown in
the table OLS: ordinary least squareseckit: HeckmanOs twsiep estimates.
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Table6. Pricefunctions by apartment type

[6-1] [6-2] [6-3] [6-4] [6-5]
Apartment type
Japanese condominium Rental U.S. condominium
apartment
Model Heckit OLS OLS Heckit OLS
RENTHAT 0.3561*** 0.2440*** 0.5938** 0.5725%** 0.5478**
(0.0977) (0.0591) (0.2439) (0.1670) (0.2573)
IN(UNITY -0.0234** -0.0257** 0.0056 0.0246 0.0154
(0.0102) (0.0101) (0.0199) (0.0225) (0.0361)
In(AGE+1) -0.2849*** -0.3008*** -0.0722%** -0.0681+ -0.0788**
(0.0234) (0.0208) (0.0148) (0.0432) (0.0363)
LAMBDA 0.7807** 0.1826
(0.3874) (0.3271)
RENOVATED 0.0495** 0.0538***
(0.0193) (0.0191)
Observations 577 577 478 1,003 1,058
R? 0.7945 0.7946 0.7020 0.4017 0.4085

Dependent variable isn(PRICE). ***, ** * _+indicate statistical significance at the 1, 5, 48d 196 levels using twasided tests.
Figures in parentheses are robust standard deviations. Coefficients of dummy véoiaielg®ns and years of daba purchase are

not shown in the tabl®©LS: ordinary least squarddeckit: HeckmanOs twsiep estimates.
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Table 7 Rent function: Condominiums and rental apartments in Japan

[7-1] [7-2] [7-3] [7-4] [7-5] [7-6]
Model
Heckit OLS
Caliper e P P =11 P e
IN(UNITS 0.0192 0.0224 0.0144 0.0345+ 0.0362+ 0.0357
(0.0243) (0.0256) (0.0297) (0.0225) (0.0240) (0.0272)
IN(AGE+1) -0.0626***  -0.0643***  -0.0700*** -0.0758***  -0.0803*** -0.0851***
(0.0141) (0.0146) (0.0169) (0.0172) (0.0183) (0.0218)
In(BEDRM#+1) -0.1705***  -0.1705***  -0.1705*** -0.2778***  -0.2778*** -0.2778***
(0.0636) (0.0637) (0.0642) (0.0180) (0.0180) (0.0181)
In(TIME) -0.0865**  -0.0857** -0.0688* -0.0829** -0.0874** -0.0736**
(0.0355) (0.0374) (0.0351) (0.0334) (0.0352) (0.0345)
In(FLEVEL+1) 0.0561***  0.0561***  0.0561*** 0.0464***  0.0464*** 0.0464***
(0.0166) (0.0166) (0.0167) (0.0154) (0.0155) (0.0156)
IN(STORIES -0.0405 -0.0506 -0.0841 -0.0304 -0.0432 -0.0693
(0.0485) (0.0535) (0.0629) (0.0462) (0.0509) (0.0605)
EV -0.0665+  -0.0735+ -0.0497 -0.0628+ -0.0673+ -0.0534
(0.0439) (0.0475) (0.0493) (0.0411) (0.0440) (0.0470)
D*In(UNITS -0.0458 -0.0490+ -0.0410 -0.0539* -0.0556* -0.0551+
(0.0323) (0.0334) (0.0367) (0.0313) (0.0324) (0.0349)
D*In(AGE+1) -0.0102 -0.0085 -0.0028 0.0019 0.0064 0.0112
(0.0265) (0.0269) (0.0283) (0.0286) (0.0293) (0.0317)
D*In(TIME) 0.0205 0.0197 0.0028 0.0202 0.0247 0.0109
(0.0477) (0.0492) (0.0476) (0.0456) (0.0471) (0.0466)
D*In(STORIE$ 0.0269 0.0370 0.0705 0.0382 0.0510 0.0771
(0.0542) (0.0587) (0.0675) (0.0525) (0.0567) (0.0655)
D*EV 0.0394 0.0464 0.0226 0.0196 0.0241 0.0102
(0.0542) (0.0572) (0.0588) (0.0516) (0.0540) (0.0566)
BLAND 0.0805***  0.0784*** 0.0896** 0.0857***  0.0834*** 0.0935***
(0.0289) (0.0300) (0.0348) (0.0290) (0.0300) (0.0345)
NEW -0.1501**  -0.1547** -0.1469** -0.1842***  -0.1975*** -0.1900%***
(0.0623) (0.0629) (0.0612) (0.0625) (0.0657) (0.0700)
D*SOUTH -0.0485+  -0.0485+ -0.0485+ -0.0022 -0.0022 -0.0022
(0.0324) (0.0325) (0.0327) (0.0176) (0.0176) (0.0177)
D*CORNER -0.0429* -0.0429* -0.0429+ -0.0175 -0.0175 -0.0175
(0.0259) (0.0260) (0.0261) (0.0187) (0.0187) (0.0188)
LAMBDA -0.6355 -0.6504 -0.9541
(0.5408) (0.5844) (0.6625)
D*LAMBDA -1.2763 -1.2613 -0.9576
(1.2817) (1.3028) (1.3469)
Observations 725 700 627 748 720 645
R? 0.9775 0.9775 0.9804 0.9774 0.9775 0.9802

Dependent variable Ia(RENT). *** ** * ' +indicate statistical significance at the 1, 5, 40d 136 levels using twesided tests.
Figures in parentheses are robust standard deviations. Coefficients of dummy véoialdgions and years of data are not

shown in the tableDLS: ordinary least squardseckit: HeckmanOs twstep estimates.
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Table 8 Pricefunction: Condominiums and rental apartments in Japan

[8-1] [8-2] [8-3] [8-4] [8-5] [8-6]
Model
Heckit OLS
Caliper e e e e 6! ol e
RENTHAT 0.6039**  0.7023*** 1.2166*** 0.6067**  0.6793*** 0.9788***
(0.2533) (0.2635) (0.2822) (0.2593) (0.2567) (0.2593)
IN(UNITS 0.0053 -0.0001 0.0190 0.0049 -0.0031 0.0099
(0.0237) (0.0270) (0.0282) (0.0240) (0.0270) (0.0287)
IN(AGE+1) -0.0673***  -0.0641***  -0.0442*** -0.0707*** -0.0694*** -0.0522***
(0.0139) (0.0143) (0.0137) (0.0144) (0.0148) (0.0129)
D*RENTHAT -0.4543+ -0.5528*  -1.0671*** -0.5564** -0.6291**  -0.9286***
(0.3024) (0.3113) (0.3283) (0.2738) (0.2715) (0.2742)
D*In(UNITS -0.0743** -0.0689* -0.0880** -0.0734** -0.0654* -0.0784**
(0.0359) (0.0382) (0.0393) (0.0360) (0.0381) (0.0395)
D*In(AGE+1) -0.1875***  -0.1906***  -0.2106***  -0.1872*** -0.1884*** -0.2057***
(0.0412) (0.0415) (0.0417) (0.0403) (0.0406) (0.0402)
D*RENOVATED 0.0113 0.0113 0.0113 0.0112 0.0112 0.0112
(0.0366) (0.0367) (0.0372) (0.0362) (0.0363) (0.0365)
LAMBDA -0.1458 -0.2360 0.2709
(0.5199) (0.7060) (0.6859)
D*LAMBDA 0.5644 0.6546 0.1477
(0.7773) (0.9136) (0.9025)
Observations 653 613 516 653 632 565
R? 0.9974 0.9973 0.9978 0.9974 0.9973 0.9978

Dependent variable is(PRICE). ***, ** *

, + indicate statistical significance at the 1, 5, 48d 186 levels using twesided

tests. Figures in parentheses are robust standard deviations. Coefficients of dummy Variabtgsns and years of data

purchase are not shown in the tal.S: ordinary least squareseckit: HeckmanOs twaiep estimates.
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Table 9 Rent function: Condominiums in Japan dhd United States

[9-1] [9-2] [9-3] [9-4] [9-5] [9-6]
Model
Heckit OLS
Caliper e P rrn e =11 e
IN(UNITS -0.0094 -0.0418 -0.0045 0.0206 -0.0161 0.0045
(0.0589) (0.0607) (0.0722) (0.0595) (0.0659) (0.0755)
In(AGE+1) -0.0165 -0.0114 -0.0233  -0.0145 0.0037 -0.0262
(0.0445) (0.0436) (0.0479) (0.0527) (0.0531) (0.0503)
In(BEDRM#+1) 0.1349 0.0550 -0.0809 -0.0746 -0.1077 -0.1259
(0.1713) (0.1591) (0.1634) (0.1459) (0.1424)  (0.1582)
In(TIME) 0.0298 0.0398 0.0344 0.0401 0.0457+ 0.0390
(0.0280) (0.0279) (0.0281) (0.0289) (0.0284) (0.0274)
In(FLEVEL+1) -0.0682 -0.1414+ -0.0566 0.0528 0.0186 0.0123
(0.0866) (0.0925) (0.0866) (0.0781) (0.0780) (0.0817)
IN(STORIES 0.1475* 0.1993** 0.1040 0.0598 0.0804 0.0746
(0.0838) (0.0914) (0.0975) (0.0912) (0.0952) (0.1074)
EV -0.0025 0.0344 0.0262 -0.0340 -0.0468 -0.0221
(0.1032) (0.1021) (0.1189) (0.1079) (0.1061) (0.1218)
D*In(UNITS -0.0172 0.0152 -0.0221 -0.0400 -0.0033 -0.0239
(0.0630) (0.0647) (0.0756) (0.0637) (0.0698) (0.0789)
D*In(AGE+1) -0.0563 -0.0615 -0.0495 -0.0594 -0.0776 -0.0477
(0.0503) (0.0496) (0.0533) (0.0579) (0.0583) (0.0557)
D*In(BEDRM#1) -0.3054* -0.2255 -0.0896  -0.2032 -0.1701 -0.1520
(0.1838) (0.1724) (0.1764) (0.1471) (0.1437)  (0.1593)
D*In(TIME) -0.0958**  -0.1058** -0.1004** -0.1028** -0.1084** -0.1018**
(0.0436) (0.0435) (0.0436) (0.0436) (0.0434)  (0.0427)
D*In(FLEVEL+1) 0.1243 0.1975** 0.1127 -0.0063 0.0278 0.0342
(0.0883) (0.0941) (0.0883) (0.0798) (0.0797)  (0.0833)
D*In(STORIE$ -0.1611* -0.2129**  -0.1176  -0.0520 -0.0726 -0.0668
(0.0900) (0.0972) (0.1029) (0.0963) (0.1001) (0.1117)
D*EV -0.0245 -0.0614 -0.0532 -0.0091 0.0037 -0.0211
(0.1084) (0.1074) (0.1235) (0.1128) (0.1110) (0.1261)
NEW 0.4221* 0.4644* 0.2911 0.1947 0.2604 0.1825
(0.2531) (0.2564) (0.2706) (0.2458) (0.2548) (0.2718)
D*SOUTH -0.0485 -0.0485 -0.0485 -0.0022 -0.0022 -0.0022
(0.0340) (0.0339) (0.0339) (0.0185) (0.0185) (0.0185)
D*CORNER -0.0429+ -0.0429+ -0.0429+ -0.0175 -0.0175 -0.0175
(0.0271) (0.0271) (0.0271) (0.0196) (0.0197) (0.0197)
LAMBDA -1.5367*** -1.5421** -0.6820+
(0.5250) (0.5351) (0.4654)
D*LAMBDA -0.3750 -0.3697 -1.2298
(1.3255) (1.3290) (1.2998)
Observations 465 456 421 468 461 431
R? 0.9557 0.9591 0.9655 0.9526 0.9562 0.9647

Dependent variable Ia(RENT). *** ** *  +indicate statistical significance at the 1, 5, 4Ad 156 levels using twesided
tests. Figures in parentheses are robust standard deviations. Coefficients of dummy Varisdgems and years of data are

not shown in the tabl®©LS: ordinary leastqiaresHeckit: HeckmanOs twsiep estimates.
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Table10. Pricefunction Condominiums in Japan atite United States

[10-1] [10-2] [10-3] [10-4] [10-5] [10-6]
Model
Heckit OLS
Caliper P =11 =11 o P =11
RENTHAT 0.0830 0.4155+ 0.9900**  -0.1036 0.2729 1.1210**
(0.2054) (0.2690) (0.4889) (0.3177) (0.3252) (0.4893)
IN(UNITS 0.0541* 0.0861* 0.1210 0.0947*** 0.0949** 0.1069
(0.0324) (0.0455) (0.0918) (0.0353) (0.0387) (0.0783)
In(AGE+1) -0.1355%** -0.0967* -0.0740 -0.1121%** -0.0717 -0.0060
(0.0416) (0.0560) (0.0952) (0.0398) (0.0508) (0.0730)
D*RENTHAT 0.0666 -0.2659 -0.8405+ 0.1538 -0.2227 -1.0707**
(0.2661) (0.3187) (0.5185) (0.3306) (0.3381) (0.4983)
D*In(UNITS -0.1231***  -0.1551***  -0.1900** -0.1632*** -0.1634***  -0.1754**
(0.0426) (0.0534) (0.0960) (0.0449) (0.0478) (0.0834)
D*In(AGE+1) -0.1192**  -0.1580** -0.1807* -0.1458*** -0.1862*** -0.2519***
(0.0575) (0.0689) (0.1035) (0.0558) (0.0644) (0.0833)
D*RENOVATED 0.0113 0.0113 0.0113 0.0112 0.0112 0.0112
(0.0375) (0.0379) (0.0383) (0.0376) (0.0379) (0.0386)
LAMBDA -1.0910%** -1.0898* -1.8075**
(0.4184) (0.6090) (0.9044)
D*LAMBDA 1.5096** 1.5084* 2.2260**
(0.7250) (0.8533) (1.0877)
Observations 640 531 438 702 592 493
R? 0.9908 0.9901 0.9899 0.9912 0.9907 0.9906

Dependent variable ia(PRICE). ***, ** * | +indicate statistical significance at the 1, 5, 40d 186 levelsusing twesided

tests. Figures in parentheses are robust standard deviations. Coefficients of dummy YVeried@ns and years of dava

purchasere not shown in the tabl®LS: ordinary least squarddeckit: HeckmanOs twatep estimates.
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Appendix 1. Truncated model

The collective action timelIME, is observed only if the collective decision has been made kboatcome
of the dataln other words, we do not observe data whose colledgeesionmakingis still in process.
Therefore, the empirical modislas follows:

{ln(!"#$ DL LIS | IS %EHS! 1S |,

wherei indicatestheith condominium Z is a vector otheindependent variables explainilfgME, StartYear
is the year whethe collective actiorfor reconstruction first takes place, aDdtaYearis the year when the
dataarecollected. We assume that follows a normaldistribution with variance! across sampleRataare
observed only if the year when the collective decision is nfgtdetYear+ TIME, is prior to the year whethe
dataarecollected,DataYear

Now, let I, ! I"#'$%"&, ! 1"#$"%&#$, then the conditional expectatiof In(TIME) of sampld is
EQ (S DS ! !t 1A oy mames - i)
o rqp, o maas ) oz
PES D1 ) mo (2 ("#$ )! '
RN | ! |"(I"i’:ﬁ$(!§l zZy e ('"('"#$ !)' ! )
I |( !!- !-) |( J.,)

where ¢() and ! () arethedensity function anthe cumulative density function @normal distribution. As
shown in the equation abovsecauseve observenly samples with error terms that taxelow certain values,
we overestimatéhe coefficients in OLS. In the truncated model, we obtain estimates by maximizing the
following likelihood:

I (' (e )L Ly )

LI LS DS ! alt ) (,,,(I,,#$ ST ,).
| . . | . .!.
: |
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Appendix 2. Tenure choice function and nverse Mills ratio
A2.1.Tenure choicefunction

In this paper, we considéne tenure choicgroblemof a householdegarding thelecision whether to rent or
own housing althoughthe problemin generalinvolves many other kinds of decisigrssich as the timing of
move thetypes of housingandtheir locatiors. More precisely, we focus aihe tenure choice between rental
unitsand ownetoccupied units in condominiums.

A substantialnumberof empirical studies havpresented thdevelopment of model®r tenure choice.
The pioneering studies yenderson and loannid¢$983) and Miceli(1989 are amonghoseshowng that
household with high income tendto own large house Similarly, usingindividual information including the
attributes ototh houses and household®psen(1979) and Bourasgd995) findthat householslwith alarge
number offamily membersaremorelikely to own a house thatio rent a house.

In accordance with these stusliaveestimate tenure choice functions in Japan taedUhited Statesby
using a probit model, in which wentroduce floor spacasan instrumersdl variableand use lie number of
bedroomsas an explanatory variablevhich is also used in the refiinctions. The dependent variable is a
dummy variableOWN which takes a value of 1 if the housing is listed sale onthe market, and O if it is
listedon themarket agental housing

All explanatory variables in the rent function are used in estimadtie tenure choice functiotfor
condominiums irthe United States except that we ushe floor-level ratio,FLRATIO (floor level ofthe unit
divided by total storiegn the condominium), instead of the floor levélLEVEL In contrast for the tenure
choice functionfor Japanese condominiumgje exclude variable$or the location and attributes of the
condominium becaus&apaese condominiumdataare not randomly samplefrom the populationbut are
obtained only wheme observe both types of unitepsefor sale andhosefor rent, within the same apartment
complex.Given such a datset,to avoid serious biasye need tolimit our explanatoryariables toattributes
of theunitin the buildingwhen estimating the tenure choice functionJapanese condominiums

The resuk of the probit estimate of the tenure choice function are shown Appendix Table 1
According to previous studiesuchasthose byHenderson and loannides (19&hd Bourasa(1995), the
coefficientsfor the floor space and the number of bedrooms in the m8PACH and In(BEDRM+1), are
expected to be positivén our estimation, both of the coefficiemlisplay theimpredictedpositivesigns
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AppendixTablel. Tenurechoice finction

[A1-1] [A1-2]
Apartment type
Japanese U.S.

condomnium condominium

In(SPACH 0.0053* 0.0007***
(0.0028) (0.0001)
IN(UNITS -0.0012**
(0.0006)
IN(AGE+1) -0.0044
(0.0035)
NEW 0.5553***
(0.1843)
In(BEDRM+1) 0.0434 0.1035+
(0.0511) (0.0642)
FLRATIO 0.0220 -0.3344**
(0.1158) (0.1337)
IN(STORIES 0.0287*
(0.0163)
In(TIME) 0.0508
(0.0391)
EV 0.0751
(0.1161)
SOUTH -0.1538**
(0.0727)
CORNER -0.0632
(0.0773)
CONSTANT -0.4112%** -0.4040
(0.1328) (0.2821)
Observations 1,481 1,701

*x kx| +indicate statistical significance at the 1,18, and 186
levels using twesided testsThe figures in parentheses are robust

standard deviations.
A2.2.Inverse Mills ratio

As introducedby Heckman(1979), even though samples are not randomly selected, unbiased parameters can
be obtainedby implementing an inverse Mills ratid,, as an additional explanatory varialiea regression
The estimated inverse Mills ratio can be caIcuIatedA!a_' /(0! 1), where! is the standard normal
density function and is the standard normal cumulative distribution function evalutxted the firststep
probit estimate.

The respectivevectors of explanatory variables and estimated parameters iabthes tenure choice
function are denotedy !, and . The inverse Mills ratio iserted in the rent function iq. (10) is then
M 0 'Tr/(1 111!, and the inverse Mills ratio fathe price function in Eq. (12) is [}# !

Ll e/ (',
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Appendix 3. Selection by popensity score natching

In Subsection 4.4 on th®bustness checlour aim is to evaluate the differenagethe collective action cost
betweendifferent apartment type3o cope withthe sample selection bidsetween condominiums and rental
apartments in Japan,encould have usethe two-step proceduref Heckman (1979asin the tenure choice
problem if wehadadequate instrumental variabli®r the decisionmaking problem ofdevelopersandif data
for both Japaneseondominiuns and rental apartmesitvererandomsample of thepopulation. Howevenve
metneither of these condition&urthermore, weareinterested i comparisorof thecondominiums in Japan
and inthe Uhited States whose economic systems aréstantiallydifferent

To reduce the bias in the estimatiome compardahe rent and price functions among samples having
similar characteristics. For sample selection, we §es¢ct samples by restricting the number of unitsthad
year ofcompletion We thenusethe propensityscorematchingmethodadvocatecoy Rosenbaum and Rubin
(1989 to select rental apartmentand U.S. condominiums that have characteristics! , similar to

condominiung such that!, (\)!f (1) ! 11z, where!, (!) and !, (!) are functions to be estimatedising
Japaneseondominiumdaa, given by} ! !, andusing data omental apartmestand U.S. condominiums
I 1 1, respectively.Rosenbaum and Rubin prove that conditioning !bi(! =1!!z) is equivalent to

conditioning o , which means that theamplebias between rental apartmgand condominiumis reduced
by matchingthosewhose conditional probabilities, called propensity scores, are ttldsgng a condominium

To obtain propensity scores, wenductprobit estimate in which we useD as a dependent variable
and the number of units and year of completion as explanatory varisiiddedo not include other housing
characteristics as the explanatory variatlesauseghese characteristics between condominiums in Japdn an
the United Statesare not comparablethus the propensity scormatchingmethod fails to select adequate
numbers of samples based onth# characteristics. Consequently, we extract samples that have a similarity in
termsof the number of units and the year of completion, whose sample selection didhdsmnosiconcern.
Based orthe estimated pipensity scorewe select rental apartmemr U.S. condominiumsvhosepropensity
scoredall within a certain radius (caliper) tfiescores of condominiums

We then estimatethe rent andprice functions for these selected samples having less bias between
different types of apartmentsWe should note however,that this matching methoddoes not absolutely
eliminatethe sample biaetween condominiusand rental apartmegtalthoughit doeshelpto reduce biago
some extent
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