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Abstract

Residentialeal estateaccountdor alarge shareof wealth(e.g. 33%in U.S.in 2005accordingto FRB
balancesheetata),andGDP (about11%in theU.S.in 2005accordingio the BEA). Yetsurprisingly there
arefew modelsavailableto analyzepricedeterminatiorand“equilibrium” in this market. This researctwill
contrituteto our understandingf the housingmarketin two mainareas:1) via collectionandanalysisof
new, previously unavailablehigh frequeng micro dataon individual housingtransactionswith detailson
how list pricesarerevisedover time, andinformationon eachvisit by buyers,andoutcomeof baigaining
(includingthesequencef offersandwhetheror notsellerrejectedor accepteaachoffer) for alargesample
of homesoverasigni cant periodof time, and2) via developmenibf a computationallytractableempirical
modelof “temporaryequilibrium” in particularhousingmarkets. We usethe term*“temporaryequilibrium”
to denotethe factthat mary housingmarketsmay have animbalancebetweensupply anddemandat ary
pointin time, asre ectedin theoftenusedadjectves“seller's markets”and“buyer'smarkets”. Eventhough
theremay be a temporaryimbalancein supplyanddemandwe believe pricesadjustrelatively rapidly to
clearthemarket. Our modeldescribes proces®f endogenouadjustmenin prices(andin sellerandbuyer
beliefs)sothatatary givenpointin time,agentsn thesemarketscanbedescribedishaving “approximately
rationalexpectations’eventhoughtheremay be a longerrun continuingimbalancebetweerthe numberof
homesbeingsoldandthe numberbuyerslooking to buy themin ary particularhousingmarket.

We will build, empirically estimateandtesta dynamicmodel of the housingmarket with threetypes
of agents:1) sellers,2) buyers,and 3) real estateagents.Sellersdecidewhetherto list their homewith a
realestateageng, andsubsequentiiow to revisetheirlisting price overtime, andwhetheror notto accept
offers from buyersif/when they arrive. Buyerssearchamongthe setof available homesin the particular
housingmarket underconsiderationanddecidewhetheror not to make an offer on houseghey visit, and
if so,whethertheirinitial offer shouldmatchor be above or belowv the sellers list price. If a sellerrejects
their initial offer, buyersdecide(in n additional“bargainingrounds”)how muchto increaseheir previous
offer, or whetherthey should“walk” andsearchfor otherhomesor sale.Realestateagentsaaremodeledas
having accesdo atechnologyanddata,the multiplelisting service thatcanresultin a higherrateof arrival
of buyersand possiblybettermatchof potentialbuyers(i.e. buyerswho arewilling to pay morefor the
homethanfrom the generabopulationof searchers).



1 Intr oduction

Residentiatealestateaccountdor alarge shareof wealth(e.g.33%in U.S.in 2005accordingo FRB balance
sheedata),andGDPin moderneconomiegaboutl1%in theU.S.in 2005accordingo theBEA). Furthermore,
a vastmajority of householdswn their home(about70%in the U.S.), andthe saleand/orthe purchaseof a
homeare often the largest nancial transactiondiouseholdengagdn. In the year2005alone,morethan8
million homeswereboughtandsoldin the U.S. Yet surprisingly therearefew modelsavailableto analyzethe
housingtransactiorprocess.

Our proposedesearctwill contritute to our understandingf the housingmarket in two mainareas.The

rst contrikution is the collectionandanalysisof new, high frequeng micro dataon individual housingtrans-
actions,with detailson how list pricesarerevised over time, and informationon eachvisit by buyers,and
outcomef bagaining (including the sequencef offers andwhetheror not sellerrejectedor acceptedeach
offer) for a large sampleof homesover a signi cant period of time. The secondcontrikution is to develop
computationallytractablemodelsof the behaior of buyers,sellers,andintermediariesn the housingmarlket,
andto estimateghesemodelsusingour data.

This researchwill allow usto addresghe following importantquestions:How do sellerschoosetheir
listing price?How to they reviseit? How do sellersdecidewhetheror notto acceptanoffer? Whatinformation
abouttheir own transactiorhistory andthe overall market environmentmattersfor their listing price andoffer
acceptancstratgies?How dobuyerschooseheir rst offer, andif rejectedtheirnext offer(s)?Do institutional
differencesn the negotiationprocessver housingtransactionsffect market outcomesandmarket ef ciency?
Whatis thevalueof therealtors'contrilkution to the housingtransactiorprocess?

We believe therearepotentialpublicpolicy bene tsresultingfrom betteranalyticalmodelsof theresidential
real estatemarlet. The U.S. Departmenof Justiceis currentlyinvestigatingthe U.S. National Association
of Realtorsto determinewhetherit hascreatedunfair barriersto entry, particularlyin restrictingaccesgo
the multiple listing service a large online databasef homesfor sale,in orderto maintainlarge real estate
commissionswhich aretypically 6% in the United States. Although our initial focuswill be to understand
bagainingand price determinatiorunderthe statusquo (i.e. assuminghathousesare soldvia a real estate
agent),we believe our modelcanbe extendedto includereal estateintermediarieandan endogenoushoice
of whetherto sellvia areal estateageng, or to @sellby owner®. With this extensionin place,it will bepossible
to studythe IO issuesconnectedvith real estateagentspossiblyevenincludingendogenousdeterminatiorof
realestatecontractsandcommissions.

A uniqueaspectof our researchs that we have accesdo detailedmicro datafrom a foreign country
England,n additionto datafrom theU.S. Realestatdaws andinstitutionsaresigni cantly differentin England
comparedo theU.S.andwe believe thesedifferencewill helpshedlight into thecharacteristicsf institutions
andinto therelative ef ciency of differentformsof organizationof the housingmariet.

To date,the lack of adequatedatahaslimited the scopeof empirical researchon housingtransactions.
Existing datasetstypically include propertycharacteristicstime to sale,initial listing price, and saleprice.
They do not containinformation on the buyer's side of the transaction(e.g., the timing andtermsof offers
madeby potentialbuyers),or onthesellers behaior betweertheinitial listing andthe saleof a property(e.g.,
the sellers decisionto rejectan offer or to revise the listing price). This explainswhy mostof the empirical
literatureon housingtransactionsaseither focusedon the determinantf the saleprice or on the role of
theinitial listing price andits effect on thetime to sale(e.g.,Horowitz (1992),Miller andSklarz(1987),and
Zuehlle (1987)).

Recentattemptsto overcomesomeof the datalimitations by supplementingonventionaldatasetswith
additionalinformation have generatedzaluableinsights. For example, Geneswe and Mayer (1997) build a
datasetfor the Bostoncondominiummarket wherethey are ableto uncover the nancial position of each
seller They nd thatsellerswith high loan-to-alueratio tendto seta higherinitial listing price, have alower
probabilityof salebut, if andwhenthey sell, obtainahigherprice. Glower etal. (1998)conducta phonesuney
to obtaininformationon eachsellers motivation (e.g.,whetheror not they have a plannedmoving date),for
areal estatetransactiordatasetfor Columhus, Ohio. The evidencesuggestshat sellersconvey information



abouttheir willingnessto sell (i.e., their reseration value),throughthe listing price. Similar evidenceis also
reportedjn Anglin etal. (2003),Geneswe andMayer(2001),Knight etal. (1998),andKnight (2002).

In additionto contrikuting to the empiricalliteratureon housingtransactionspur proposedesearctalso
contributesto the theoreticalliteratureon the stratgic interactionsbetweenbuyersandsellersin the housing
marlet (e.g.,Arnold (1999), Chenand Rosenthal(1996ab),Coles(1998), Horowitz (1992),Krainer (2001),
Taylor(1999),Yavas(1992),andYavasandYang(1995)). Ourresearctnighlightstheimportanceof accounting
for incompleteinformationin the matchingand baigaining ervironmentwhere buyers and sellersinteract,
possiblythroughintermediaries.

2 Data

Ourresearchwill useseveralnewly-collecteddatasetson residentiareal estateransactionshuilding on prior
work by Merlo andOrtalo-Magt& (2004)thatanalyzeda newv datasetof individual residentialpropertytrans-
actionsin England. The main novelty of the datais the recordof all listing price changesandall offers made
betweeninitial listing andsaleagreementThis studycharacterizeé numberof key stylizedfactspertaining
to the sequencef eventsthatoccurwithin individual propertytransactiorhistories assessethelimitations of
existingtheoriesn explainingthe data,andsuggesteden theoreticaframavorksfor the studyof the strategic
interactionsetweerbuyersandsellersthatis the primaryfocusof the new researcho be describedelow.

To motivateourtheoreticamodelsijt is usefulto describehedataandsummarizesomeof thekey empirical

ndings. In England mostresidentiapropertiesaremarletedundersoleageny agreementThis meanghata
propertyis listed with a singlereal estateageng thatcoordinatesll market relatedactvities concerninghat
propertyfrom thetimeit is listeduntil it eithersellsor is withdravn. Agenciegepresentheselleronly. Listing
a propertywith anageng entailspublishinga sheetof propertycharacteristicenda listing price. Although
notlegally binding,thelisting priceis generallyunderstoodisa pricethe selleris committedto accept.

Thelisting pricemayberevisedatary time atthediscretionof theseller Potentiabuyerssearchy visiting
localrealestateagenciegndviewing properties A matchbetweertheselleranda potentialbuyeroccurswhen
thepotentialbuyermalesanoffer. Within amatch thegenerapracticeis for thesellerto eitheraccepbor reject
offers. In the eventthe sellerrejectsan offer, the potentialbuyer eithermalkesanotheroffer or walks away. If
agreementoccurs pothpartiesengageheadministratie procedurdeadingto theexchangeof contractsandthe
completionof the transaction.This procedurdypically laststhreeto eightweeks. During this period,among
otherthings, the buyer appliesfor mortgageand hasthe propertysuneyed. Eachparty may cancelthe sale
agreementip to the exchangeof contracts.

For eachpropertyit representsthe ageny keepsa le containinga detaileddescriptionof the property
its listing price,anda recordof listing price changesoffers, andtermsof the saleagreementasrequiredby
law. Theinformationcontainedn eachindividual le is alsorecordedntheaccountingegisterthatis usedby
eachageng to reportto the headof ce. Althoughall visits of a propertyby potentialbuyersarearrangedyy
thelisting ageny, recordingviewingsis not requiredeitherby the headof ce or by law. However, individual
agenciesnayrequiretheir agentdo collectthis informationfor internalmanagemenpurposes.

The rst datasetwewill usein ourresearchvasobtainedrom thesalesecordsof four realestateagencies
in England.Theseagenciesareall partof Halifax EstateAgenciesLimited, oneof the largestnetwork of real
estateagentsn England.Threeof theseagencie®peratan theGreatel.ondonmetropolitararea,onein South
Yorkshire.Our sampleconsistf 780completetransactiorhistoriesof propertiedistedandsoldbetweenjune
1995 and April 1998 undersole ageny agreement.Eachentry in our datawas validatedby checkingthe
consisteng of therecordsin theaccountingegisterandin theindividual les.

Eachobsenration containsthe propertys characteristicas shavn on the information sheetpublishedby
theageng at the time of initial listing, the listing price andthe dateof thelisting. If ary listing price change
occurswe obsereits dateandthenew price. Eachmatchis describedy thedateof the rst offer by apotential
buyer andthe sequenc®f buyer's offers within the match. Whena matchis successfulye obsenre the sale
agreedprice andthe dateof agreementvhich terminatethe history In addition,for the propertiedisted with
oneof our GreateLondonagenciegwhich accountfor abouta fourth of the obserationsin our sample) we



obsere the completehistory of viewings. Sinceeventsare typically recordedby agentswithin the week of
their occurrencewe usethe weekasour unit of measureof time. Our dataspanswo geographicareaswith
differentlocal economicconditionsandtwo differentphase®f thecyclein thehousingmarket. While thelocal
economyin GreaterLondonhasbeenexperiencinga prolongedperiodof sustainedyrowth, this hasnot been
the casein SouthYorkshire. Furthermorefrom Junel1995to April 1998,the housingmarket in the Greater
Londonmetropolitanareawentfrom a slow recovery to a boom. While this transitionoccurredgradually for
easeof expositionwe referto 1995-96astherecovery andto 1997-98astheboom.

This datasetwasthe one analyzedby Merlo and Ortalo-Magi& (2004), and their main ndings canbe
summarizedasfollows. First, listing price reductionsarefairly infrequent;whenthey occurthey aretypically
large. Listing pricerevisionsappeato betriggeredby alack of offers. The sizeof thereductionin thelisting
priceis larger the longera propertyhasbeenon the market. Secondthe level of a rst offer relatve to the
listing price atthetime the offer is madeis lower thelongerthe propertyhasbeenon the market, the morethe
propertyis currentlyoverpriced,andif therehasbeenno revision of thelisting price. Negotiationstypically
entail several offers. About a third of all negotiationsare unsuccessfu(i.e., they endin a separatiorrather
thana sale). The probability of succes®f a negotiationdecreasewith the numberof previous unsuccessful
negotiations. Third, in the vastmajority of casesa propertyis sold to the rst potentialbuyer who makes
an offer on the property(i.e., within the rst negotiation),althoughnot necessarilat the rst offer. The vast
majority of sellerswhose rst negotiationis unsuccessfuénd up selling at a higher price, but a few end up
acceptinga lower offer. The higherthe numberof negotiationsbetweeninitial listing andsaleagreementthe
higherthe saleprice.

In additionto this data,our analysiswill alsorely onanew datasetfor Englandthatwe recentlycollected
from arealestateageng in thecity of Reading.Thisageng operates paperlessf ce whereall realtorswork
cooperatrely on all the propertiedisted. Thisimpliesthatevery real estateagentrecordsevery detailsof ary
actionon every propertycarefully Thequality of the datais exceptional We have detailsaboutevery property
thatwashandledwithin theageng betweenlanuan2000whenthey startedmplementinghe paperlessf ce
andJune2004 (almost2500properties).In particular unlike the rst dataset,we have informationon all the
propertieghatwerelisted, regardlesof whetherthey sold or werewithdrawvn. For every listing, we know the
sameinformationasin the rst dataset. In addition,we know detailsaboutall the visits to the property We
know howv mary hits the propertygot on a weekly basison the ageng's website. We know if andwhenthe
propertywasadwertisedthroughthe pressandvia mailings.

Theageny alsomaintainsles for eachpotentialbuyer In particular we know thedateof their rst enquiry
in the ageng, whetherthey are rst-time buyer, buying to maove in or to rentthe propertyout, andthe price
rangewithin whichthey arelooking. We obviously have all thecharacteristicef thepropertythatarepostedoy
theageng onits website.In addition,we alsoknow thevaluationdoneby theageng's own appraiserWe have
alsomappeda small subsef the propertieswith a GIS systemto obtainpreciseinformationon the areaand
shapeof the parcelof land thatsupportseachpropertyanddetailsabouteachlocation. We planto implement
this procedurdor all the propertiesn our sample.

Finally, we have startedto collect nev datafor the market of Madison, Wisconsinand are investigating
opportunitiego collectdatain Chicago.Madisonis a particularlyinterestingcasestudybecausét hasa very
well organizedfor-sale-by-avner market thatis largely dominatedoy f shomadi son. com The ownersof this
servicehave beenvery cooperatre in providing uswith data.We arealsoworking closelywith variousrealtors
in Madisonandtheir associatiorto assemblalatasetsthat are comparablgo the oneswe put togetherfor
England.

3 Models: Overview

This sectiondescribeghe overall model of a 2&temporaryequilibrium®in the housingmarket. Subsequent
sectionswill describevariouskey @submodels8uchasa modelof the sellers determinatiorof listing prices

andoffer acceptancstratgies, the buyers' searchandoffer decisionsa modelof bagainingbetweerbuyers
andsellers,andmodelsof realestatantermediariesThe modelspresentedhereareintendedo provide abasis



for a structuraleconometridramevork that might explain the stylizedfactsof baigainingover housingprices
describedn Merlo and Ortalo-Magr (2004). We alsoplanto generalizehesemodelsto accommodat¢he
additionalfeaturesof the otherdatasetswe will usein our analysishatwe describedn the previoussection.

We de ne a conceptof &temporaryequilibrium®thatis consistentvith a temporaryimbalancen supply
and demandfor housing,re ecting the possibility that a housingmarlet could eitherbe a 2uyer's market®
(i.e. wheretherearerelatively morepropertiedor salerelative to the numberof buyers,andhousingpricesare
trendingdownwardovertime) or a2sellers marlet®(i.e. wheretherearerelatively morebuyersthanproperties
for sale,andtransactiompricesaretrendingupwards). The main requiremenfor a temporaryequilibriumis
thatbeliefs of sellersandbuyersare approximatelycorrect. Buyershave beliefsaboutthe distribution of the
gualitiesandpricesof the houseghatarecurrentlyavailablefor sale. Similarly, sellershave beliefsaboutthe
arrival rateandbidding propensitie®f buyers(i.e. thelikelihoodabuyerwill malke a offersandthe probability
distribution of the sizeof the offers). Thesebeliefsareapproximatelycorrectif they arenearlythe sameasthe
actualprobabilitiesanddistributionsthatareobseredin the housingmarlet.

The motivation behindthis 2approximatesquilibrium®approachis to avoid the problemsinvolved in at-
temptinga 2directsolution®of the bagaining andequilibrium problem,especiallyin termsof attemptingto
circumentthe 2curseof dimensionalitydnvolved in a direct BayesianNashequilibrium formulationof gen-
eral speci cationsof the2negyotiationsubgame®Underthe latter approachsinceeachnegotiationbetweera
buyerandsellerin thehousingmarketis naturallymodeledasa gameof two-sidedincompleteinformation,we
would have to specifya Bayesianupdatingprocesgnappingpriors of the buyer andsellerabouteachothers
valuationof the propertyin question.Thusoneof therelevant@statevariables¥or the buyerandsellerduring
a ngyotiationis the posteriorprobability of the valuationof their opponent,conditionalon the history of the
balgainingprocesssofar. Sinceit is unlikely that theseposteriorbeliefswould be a memberof ary natural
conjugate-priofamily (which could be summarizedy a nite-dimensionalvectorof parameters)he poste-
rior in mostrealisticcasesvould not be describabléy a nite-dimensionalvector andthereforeat leastone
importantstatevariablefor the problemwould bein nite-dimensional.

We proposea pragmaticalternatve thatwe believe representa goodapproximationof how actualagents
arelikely to think aboutandbehae in negotiationsover the saleof a house,and assumehat the buyer and
sellerhave beliefsaboutthe probabilitiestheir opponentsvill take variousactionsduringthe negotiations.For
example we assumehatthesellerhasbeliefsabouttherateof arrival of buyers theconditionalprobabilitythat
abuyerwhoviewsthepropertywill make anoffer, theconditionalprobabilitydensityof theoffer giventhatone
is made,andthe probability the buyerwill continueto negotiateand provide anotheroffer if the sellerrejects
the buyer's rst offer, andso forth. Theseprobability distributions re ect the fact that the selleris unavare
of the buyer's underlyingvaluationof the property aswell asothertypesof unobsered heterogeneityn the
preferencesf thebuyer(i.e. thebuyer's searcttostsandlevel of impatiencdo nd ahousegtc.). Thus,unlike
a full BayesianNashequilibriumformulation,we do not assumehat the sellerexplicitly updateseliefsvia
Bayesrule after every possiblenegotiation history althoughthe sequencef conditionalprobabilitiesmight
possiblybe consistentith suchupdating.

At the sametime, we do not allow buyersand sellersin a negotiation processto have arbitrary beliefs
aboutthe possibleactionsof their opponentsinstead we assumehatthe buyersandsellershave approximate
arationalexpectations&bouttheir opponentsn a housingnegotiation. In otherwords,the beliefswe useare
requiredto be approximately?self-con rmingPin the sensdhatbuyers'andsellers'beliefsareapproximately
equalto theactualconditionalprobabilitydistributionsthatarein effectoveragivenperiodof time. The2given
period of time® canbe relatively short(i.e. a periodof 2disequilibrium9n the local housingmarket when
excesssupplyor demandmight be changing) but it mustbe long enoughfor it to be plausiblethatbuyersand
sellershave well-formedbeliefs(i.e. accuratéeliefs)of therateof arrival of buyers,of thenumberof properties
comingonthemarket,andof realizechousingtransactiorprices.To bemoreconcreteywe mightexpectthatour
equilibriumis relevantfor periodsasshortas3 to 6 monthsor so,or aboutthe averagedurationof time to sell
or buy ahousein mosthousingmarkets(if thereis a severeimbalanceof supplyanddemandsuchasa period
of severeexcesssupplywherefew transactionaretaking place,longerperiodsmight be necessaryo enable
collectionof sufcient datato enablesufciently accuratestimatiorof the2behaioral probabilitieshecessary



to determinesquilibriumbeliefs). We would expectthatreal-estatagentsvould be constantlymonitoringthe
local housingmarket andcould cornvey their obserationsof thelocal housingmarket conditionsto the buyers
andsellersthatthey advise. This information (aswell asotherinformationin nevspapersirademagazines,
andword of mouth)couldbe viewed asthe practicalsourcesf the 2beliefs®f buyersandsellersthatwe will
model. Thesebeliefsmaynotbeexactly correct(in the senseof exactly coincidingwith theactualdistributions
thatwould be realizedover the periodin question) put at leastapproximatelycorrect,in the sensehatbeliefs
of buyersandsellersshouldnot differ in obvious andeasily correctablevaysfrom the realizeddistributions,
which couldbe estimatedria standardstatisticalmethods.

Thus,our modelof temporaryequilibriumin the housingmarlet is consistentith a view thatbuyersand
sellerslearnrelatively little from the outcomeof individual housingnegotiations. Instead,their beliefs are
formed mostly via communicationsvith real estateagents discussionsvith friends, readingthe nevspaper
etc. Our model, however, doesallow buyersandsellersto revise their beliefsover the courseof bagaining
over a speci ¢ property The belief revision processs basedon estimatedprobabilitiesformedfrom a large
numberof 2similar®obserationsof balgainingoutcomesaccordingo theapproximateself-con rming beliefs
describedabove. For example,if a buyerwereto make an offer on a propertyandthe sellerwereto reject
this offer, the sellerwould have revisedbeliefsaboutthelik elihoodthe buyerwould 2walk® or would submita
revisedoffer. Theselleralsohasbeliefsaboutthe magnitudeof a revisedoffer if the buyerwereto submitone.
In generathe genericbeliefsthatwe positre ect our view thatgiventhe degreeof heterogeneityand®noise®
in thehousingmarket, the gainsto a buyeror sellerfrom usinganexplicit Bayesiarupdatingprocesdo re ect
the additionalinformationfrom the idiosyncraticcharacteristicef the particularpropertyin questionandthe
revision of beliefsduringthe courseof anindividual negotiationwould be small.

Themainatrick®involvedin modelingtemporaryequilibriumis to de ne appropriatésufcient statistics®
thatenableusto capturetheidiosyncraticfeaturesof individual propertiesn a parsimoniougashion,in sucha
waythatit is possibleyia obserationof alimited numberof housingransactiongo form accurateestimate®f
thebehaioral probabilities(i.e. theconditionalprobabilitiesgoverningbuyerandsellerbehaior). At thesame
time we seek e xible speci cationsof thesebeliefssothattheiterative learningprocesstliescribedelowv will
convergeto atemporaryequilibriumcon guration.

The temporaryequilibrium is computedby solving the sellers' optimal pricing and salesstratgies and
buyers' optimal searchand offer stratgies undertrial valuesfor sellers' and buyers' beliefs. Then actual
transactionpricesare computedby simulatinga heterogeneoupopulationof buyersand sellersfor a large
housingtract (i.e. a reasonablycontiguousand homogenouget sufciently large numberof housesin an
areaof a city, suchasthe Londonhousingmarket describedn Merlo and Ortalo-Magi&). This simulation
is conductedmnary timesfor a reasonablyshortperiodof time, with enoughsimulatedobserationsdravn in
orderto estimatethe conditionalprobability distributions comprisingsellers'and buyers' beliefs. With these
revised beliefsthe buyers' and sellers' problemsare re-sohed and newv simulateddataare generated.This
processontinuesuntil corvergence;.e. until theinputbeliefsof sellersandbuyersareapproximatelyequalto
the estimatedgrobability distributionsfrom the simulationsof the model. Thus,thetemporaryequilibriumcan
be regardedasanapproximateétrationalexpectationgequilibriumein the housingmarket, but allowing for the
possibility of temporaryimbalancedbetweersupplyanddemandf housing.

Although via the useof stochasticsimulationsit is possiblefor usto generatearbitrarily large simulated
samplef housingtransactiongo enableaccuratenon-parametri@stimationof the conditionalbelief proba-
bilities, in reality, buyersandsellersmay not have this capability They mustform beliefsbasedon a single
realizationof housingtransactioroutcomesRealestateagentspnthe otherhand,have theability to aggrgate
over the transactionsn which they aredirectly involved, andto exchangeinformationwith otherreal estate
agents.They maythereforeplay a key role asprovidersof valuableinformationto buyersandsellers.

4 The Seller Model

In this sectionwe formulatethe sellers problemof how to setandreviselist pricessequentiallyover time and
how to baigainwith arriving buyersasa discretetime nite-horizon dynamicprogrammingproblem.We take



thedecisionto sell ahouse(via arealestateageny) asa given,andconsideronly the decisionof which price
to list thehouseatinitially, how to revisethis priceovertime, whetheror notto accepbffersthataremadeand
whetherto withdraw thehouse.

We assumea 2-yearhorizon, so that if a houseis not sold after 2 years,we assumethat the houseis
withdravn from saleandthe sellerobtainsan exogenouslyspeci ed2continuation/alue®representinghe use
valueof owning (or renting)theirhomeover alongerhorizonbeyondthe 2 yeardecisionhorizonin thismodel.
This continuationvalue may or may not equalthe sellers belief aboutthe @ nancial value®of his/herhome,
i.e. their expectationof whattheir housewill sell for onthe market. We summarizehe sellers beliefsabout
the nancial value of their homeby the value F; wheret denoteshe time period(i.e. currentweekin the 2
yearselling horizon). We considera formulationthat allows the sellers beliefsaboutthe nancial value of
their hometo evolve over time in responsdo outcomegratesof arrivals of offers, magnitudeof offers, etc.)
from listing theirhomewith arealestateageng. This valuationwill berepresentedsafunctionof obserable
ahedonictharacteristicef the home(whosevalueswe assumeas commonlyagreeduponby all sellers)and
anadditionalidiosyncraticcomponenthatre ects bothunobsered (to theeconometriciangharacteristicsf a
givenhouseandalsoidiosyncraticvariationsamongsellersin their personakvaluationsof the nancial value
of theirhomes.Thus,we write i as

R = expf XB+ wig (1)

where X is a vector of time-invariant (at leastrelative to the period of time for which the houseis being
sold) obsered characteristic®f the house(numberof bedroomspaths,squarefeet, location/schooHistrict,
etc.), B representshe commonlyagreedPweightingfactors®for how thesevariouscharacteristicaffect the
nancial valueof a home,andv; is theidiosyncraticcomponento the sellers belief aboutthe nancial value
of his/herhomeaswell asembodyingthe net effect of unobsered (to the econometriciangttributesof the
homeandotheridiosyncraticaspect®f a particularhouse.Thus,expf X[3g representshe resultsof a standard
ahedonic%Yegressionthat provides a basiccomponenf the valuationof the home,andexpfv (g represents
idiosyncraticfactorsaffecting the value of the home, causingit to be valued (or priced)belov or abore its
ahedonicvalue®. In our initial formulations,we will adopta proportionalspeci cation in which in every
relevantoccurrencen the model,the hedoniccomponenexpf X[3g appearssa proportionalfactor This will
imply thatthe hedonicvalue canbe?factoredout® In particular all list prices,reseration valuesandsoforth
for the sellerin this modelwill be proportionalto the hedonicvalue, and our model can be interpretedas
providing a valuationand characterizinghe optimal selling stratgy for the @diosyncraticdeviations®of the
value of the homefrom its hedonicvalue. This is a usefulcomputationakimpli cation, sinceit implies that
it is not necessaryo solve separatalynamicprogramsfor eachspeci ¢ homethatis listed for sale. Instead
a single dynamicprogramcan be solved for characterizingselling value and optimal listing and baigaining
strat@iesin termsof percentageleviationsfrom the hedonicvalue (whatever valueit might happerto be),and
thenby appropriatgroportionaladjustmenti.e. by multiplying by the hedonicvalues)we canobtainprices
andselling stratgjiesfor a heterogeneousetof homes. Of course the proportionalityassumptiomrmay be a
strongandempiricallyuntenablene.Until we have moredirectevidenceagainsit, the computationabene ts
aresufciently compellingthatwe have decidedto adoptit asa point of departuregor our work. However the
discussiorbelaw is valid whetheror not we assumehatthe hedonicvalueexpf X3g hasbeenfactoredout of
the nancial values|ist prices,reseration prices,sellers optimalvaluefunction, etc.

Buyersmay or may not agreewith the sellers (privately held) belief aboutthe nancial value of their
home. Thus,we will shortly describe?offer distributions®for the value of offersto buy the home(if made)
which will dependon R andalsoon the currentlisting price P;, but which will stochasticallydiverge from F
andP; re ecting the buyer's own idiosyncraticvaluationof the houseaswell asstratgic considerationsibout
the buyer's optimal searchand purchasingstratgy. We will attemptto specifythesearrival probabilitiesand
offer distributionsin a e xible way sothatthey canberegardedas®reducedorms®thatareconsistentvith the
solutionto the underlying®uyer's problem®hatwe outlinein the next sectionof theproposal.

Sincewe do not modelthe default option of not selling one’s housebeyondthe relative short2 yeartime
intenal consideredn this analysiswe will simply invoke a e xible speci cationof the @continuatiorvalue®
Vt (R, 1) whichrepresentshe discountedexpectedutility (in monetaryequvalentunits) of owning ahomeand



notsellingit within the2 yearwindow consideredn this model. We assumehatif thesellerhasnotsoldby the
terminalperiodT they obtainthe continuationvalueVt (Fr,T) which dependon — but doesnot necessarily
equal— thesellers terminalbeliefaboutthe nancial valueof theirhome 3. SinceF{ re ects bothobsered
andunobsered attributesof the home,it is cornvenientto allow the continuationvalueto dependon Fy soit
alsore ects thoseattributes,but we alsoallow the continuationvalueto dependon utility functionparameters
T andsomeor all of the T parametersan be treatedas unobsered heterogeneity For example,a simple
speci cationfor thecontinuatiomrmightbeV; (R, 1) = h(t)R whereh(t) is somefunctionof the utility function
parameterslf h(t) > 1, thesellers continuationvaluefor not sellingtheir homeis greaterthantheir estimate
of its nancial value,andif h(1) < 1, thesellers continuationvalueis lessthantheir estimateof its nancial
value. In generalwe expectV;(R,1) < R, but it is possiblethata sellerwould still decideto sell their house
evenif the oppositeinequalityholds. This is becausef randomnesandskewnessin buyervaluationswhich
might createa sufciently high optionvaluethatmakesit worthwhilefor the sellerto try to sell their homein
hopeshattheremightbeabuyerwilling to pay muchmorethanF; for the homeeventhoughthey believe that
aon average®he (maximum)amountthey would be willing to pay to own the home,W(\;,T) exceedstheir
estimateof whatthey couldsellit to atypical buyer, F;.

We allow a sellerto decideto withdrav their homefrom beinglisted, which we assumes the sameas
decidingnotto sellit, sincewe do not at this point allow a 2for saleby owner®decision,or ary choiceabout
selling throughdifferentreal-estateagents. Although for our rst datasedescribedn Section3 we do not
obsere withdrawvals,we do in our seconddataset.

Thus,thesellerwill have 3 maindecisions:1) whetheror notto withdrawv theproperty 2) if sell,how much
to setthelisting price P; at eachperiod,and3) if anoffer arrivesat price O;, whetheror notto acceptit. We
assumehatthe rst two decisionsare madeat the startof eachweekandthe sellerprecommittso themfor
the restof the week. Within the week,if oneor more offers arrive, the sellercanengagen bagainingwith
the prospecire buyer(s). The statevariablesin the modelare 1) thelisting price setin the previous week, P,
2) the history of offers H; up to startof weekt (this is a vectorthat canincludea numberof differentpieces
of information, but we have in mind at leasta) the durationsincelast offer, andb) the highestoffer receved
sofar), and3) the sellers currentestimateof the nancial valueof theirhome,F;. Let S(R, Rk, H;) denotethe
maximumexpectedpresentliscountedzalueof anoptimalsellingstratgy. We have

S(PtaFt»Ht) = max \/t(Ft>T)7mF,aX[u[(T7RFt>Ht)+ BES+1(P7F17HI)] (2)

TheBellmanequatiorsaysthatateachweekt, theoptimalsellingstratgy involveschoosinghelargerof 1) the
continuationvalueof (permanentlywithdraving the homefrom the market, 2) or continuingto sell, choosing
anoptimallisting price P. ThefunctionES 1(P, R, Ht) is the conditionalexpectationof theweekt + 1 value
function S+ 1 conditionalon the currentstatevariables(F;, H;) andthelisting princeP thatis in effect during
weekt. The function u;(t,P, R, H;) representshe currentweekholding costlto the seller of having their
homeon the marlet. It is thenetutility (in money equivalentunits) of the usevalue of owning the homeless
the®hassleosts®ofhaving to shav the houseto prospectie buyers.

We do not have spaceto go into detailto describethe equationfor ES+ 1, but we will describebrie y the
way we modelthesellers beliefsaboutthearrival of offersfrom buyers,thedistribution of thesizeof theoffer,
andthe probability thatthe buyer(s)will 2walk® (i.e. not make a counteroffer andsearchor otherhouses)f
thesellerrejectsthe buyer(s)offer(s). Thesecomponentsreusedto construciaformulafor ES;+ 1. Following
Merlo andOrtalo-Magr (2004)we assumehatthesellers only baigainingdecisionis to accepor rejectoffers
madeby buyers:thesellerdoesnotmake a price2counteoffer®if he/shaejectsthebuyer(s) offer. Weassume
thatwithin a givenweekthereareat most4 possiblestageof offersandaccept/rejectlecisionsy buyersand
thetheseller Below, to keepnotationsimpler we write ES+ ; for thecasewhereonly amaximumof two offers
andaccept/rejectiecisionson the partof the sellerareallowedto occurwithin theweek.

Let A((njP,V;,H;) denotethe conditionalprobability that n offers will arrive within a week, wheren =
f0,1,2+g; i.e. wedo notinitially discriminateamongtherealizednumberof buyerswho arecompetingn the
2auctioncasehenmorethan1 buyer makesan offer in a givenweek. Let O ; bethe highestoffer receved



at stagej of the baigainingprocess(i.e. if morethan1 buyer makesan offer, thenOj is the highestof the
offersmade). Thenwe let f;(Ojjn,,O; 1,P,\t,H) denotethe sellers beliefsof the conditionalprobability of
thehighestoffer at stagej giventhenumberof offersrecevedatweekt, n;, andthehighestoffer atstagej 1,
O; 1 (if j= 1thenQy is treatedasa null set,sincetherewereno previous offersin the weekprior to the rst

offer). Soif oneor morebuyersmalke anoffer, the highestoffer is adrawv from this conditionaldistribution and
thesellermustdecidewhetheror notto accepit. If anoffer Oj is acceptedthefunctionN;(O;) denoteshenet
salesproceedgnetof real estatecommissionstaxes,andothertransactiongosts)receved by the seller The
sellermustdecidewhetherto accepthenetproceedN;(O;), sellingthehome,or rejectthe offer andhopethe
buyer(s)submita moreattractve counteroffer, or hopethatsomebetteroffer arrivesin somefutureweek.

If asellerrejectsthe offer O;, thereis a probability w;(O;jO; 1,n, P\, H;) thatthe buyer(s)will 2walk®
andnot make a counteroffer asa function of the last two rejectedoffers, O; andO; 1, the total numberof
offers,n, andthecurrentstate(P, V;, H;). We assumehatif thereis morethanl buyerwho makesan offer and
if the sellerrejectsthe highestof the buyers' offer, eitherall buyerswill stayin to make a counterofier or all
will walk, i.e. we do not considerthe combinatoriallymore complex casewheresomebuyerswalk andother
buyersstayin.

Finally, let g (vt+ 1jnt, Oj, vt, P, Hy) denotethetransitionprobabilityfor theidiosyncratic time-varyingcom-
ponentof the sellers nancial valuationof their house.This transitionprobability dependsn the numberof
offersreceved, n, thelastoffer receved, O; wherej indexesthe jth offer thatthe sellerrecevesfrom buyers
(afterrejectingthe j 1 previousoffers),thevalueof thesellers idiosyncraticvaluationshock® ; atthestart
of theweek,thelisting price postedatthe startof theweek,P, andthe historyH; atthestartof theweek.TheTg
transitionprobability captureghe@earningeffects®of actualexperiencen sellingthehomeon the sequential
revision of the sellers beliefsof the nancial valueof his/herhome.In particular it canallow usto capturea
sellerwhoiis initially overly optimisticaboutthe nancial valueof theirhome(i.e. theirinitial drav vg is too
high) andthatsubsequergxperiencewith long periodsof no offersor low offerscancausehe sellerto revise
downward their estimateof the nancial value of their home. Corversely positive experiencein the market
couldleada morepessimisticsellerto revise upwardtheir estimateof the nancial valueof theirhome.Thus,
we believe we cancapturemary of the featuresof more complicatedBayesianearningmodelsand equilib-
rium baigainingmodelsin a simplerdreducedorm?® approactthatmay nonethelesbe consistentvith a fully
Bayesiargame-theoretiformulationof the bagainingproblem.

The lastbit of notationis a law of motion for updatingthe history statevector basedon the baigaining
outcomeswithin theweek.We write a genericupdatingrule of theform

Ht+l: r(ntaojtht) (3)

whichis appropriaten the casewhereH; consistf two piecesof information,1) thedurationsincelastoffer,
and2) the lastoffer recevedin weekt, where j; is the numberof offers madeandthus,Oj, is the nal offer.
In this casethe updatingrule I' is obvious: if n; = 0, thenthe durationsincelast offer is incrementedy 1,
otherwiseit is resetto 0, andif n; = 0, thenthe maximumoffer receved sofaris unchangedwhereasf n; > 0
the maximumoffer receved sofar is the maximumof the maximumoffer receved prior to weekt andO ;.

The optimal selling stratgy resultingfrom the solutionto this dynamicprogramwill consistof history
dependentunctionsfor determiningthe listing price at the beginning of eachweek,andthe sellers resera-
tion valuesfor the within-week baigaining problem. We have programmedhe sellers problemusingsome
hypotheticabssumptionaboutthe nancial value,arrival rates sellervaluationsandsoforth. We do nothave
spaceo gointo detailaboutall of theseassumptionsere,but it is usefulto illustratetherich typesof behaior
thatresultfrom simulationsof the sellers modelin gure 1 below.
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Figure 1. Simulations of Optimal Selling Strategy (500 Sellers)

These gures illustratethe resultsof 500 simulationsof the solutionto the dynamicprogrammingor 500
ex anteidentical sellerswhose nancial valuefor their homesis initially F = 200 (units arein thousand®f
dollars). Accordingto our calculationsthe optimalinitial listing priceis P; = 288. Thetop blueline in both
panelsof gure 1 is the averagelisting price for sellerswho have not yet sold their homes.We seethat over
time, the meanlist price decreaseselatiely slowly until approximately75 weeks,at which time thereis a
signi cant dropin list prices,followed by additionallarge dropsat 85 and95 weeksafterinitial listing. By the
endof thesellinghorizon(i.e. at 104weeks)homeshathave notbeenwithdravn arelistedat justunder$250,
or aboutl5%]lessthantheirinitial list price.

Thus,theseinitial simulationsmatcha key stylizedfact of the empiricalanalysisof list price revisionsin
Merlo andOrtalo-Magng2004),i.e. thatlisting pricereductionsarefairly infrequent, ot whenthey occurthey
aretypically large. Our simulationresultswere basedon a solutionto sellers problemwherethe x ed cost
of changinglist pricesis quite small, $15 per list price change. It is quite encouraginghat this modelcan
alreadymatcha key stylizedfactin the datawithout resortingto high x ed2menucosts®sinceit is, in fact,
quite inexpensve to revise listing pricesat the Londonreal estateagenciesvherepricesaretypically posted
on a bulletin boardratherthanadwertisedin the nenspaper An interestingfeatureof the modelis that2early®
revisionsin list prices(i.e. within the rst year)aretypically in responseo buyerswho 2walk®in response¢o
the sellers rejectionof their bid. However later revisionsin list prices(i.e. afterthe rst yearthe homehas
beenon the market) aretypically @spontaneousPge. notin responseo a buyerwalking, but ratheranattempt
to lower pricein responséo alack of arriving buyers.

Thebluecirclesin theleft handpanelof gure 1 representhe averagereseration price of sellersfor the

rst offer which arrivesin ary givenweek. Theseresenration valuesaresigni cantly lower thanthelist price
and, for the solutionthat we computed the reseration fall monotonicallyin eachround of baigaining with

theweek. As onewould expect,resenation valuesare alwayshigherin the casewhere2 or morebuyersare
makingoffers (an #auctionsituation®)comparedo the casewhereonly a singlebuyeris makingoffers. The
jaggedgreenline in bothpanelof gure 1representtheaveragesellingpriceof houseghatsoldin eachweek.
The+ symbolsin theleft handpanelaretheaveragerst offersreceved. We seethata majority of rst offers
arebelav the blue resenration price circles, so sellersgenerallyrejectedthe rst offersin thesesimulations.
The right handpanelplots the third offers receved (onceagaindenotedby + symbols)andwe seethat by
the 3rd roundof baigaining,buyers' offershave increasedndsellers'reseration valueshave decreasetb the
extentthat mostof the third round offers exceedthe sellers' reseration values,and hencewere acceptedy
the sellers.We seethatat the third stage the sellers'reseration valuesare closeto their beginning of period
expectedvaluefunctions:in factthe nal reseration valueequals the sellers expectedvaluefunction at the
startof the subsequenweek.

In thesesimulations the meansalesprice was $231,andthe meantime to salewas20.2 weeksafter the
initial list. Of the 500 sellerssimulated,493 of themwere successfuin selling their homeswith 104 weeks
from initial listing. A total of 217 of the 493 transactionspr 44%, resultedirom immediateacceptancesind



428 or the 493 homessold were soldto the rst buyer (or highestbidding buyerin caseof multiple bidders)
who madean offer on the home. Thesenumbersareroughly consistentvith the obsered ratesof acceptance
foundin the studyby Merlo andOrtalo-Magng2004).

While we do not claim thatthis initial solutionandsimulationof the modelis fully realisticin all details,
it doesatleastqualitatively re ect mary of the stylizedfactsaboutbagainingover residentiareal estatefrom
the analysisof Merlo and Ortalo-Magre (2004). Theseinitial resultsmale us optimistic that our approacho
modelingbaigainingandendogenougrice determinatiorin residentiakeal estatemarketsis computationally
feasibleandis potentiallycapableof providing agoodexplanationof thebehaior we obsere in thesemarlets.

5 The Buyer Model

In this section,we describethe decisionproblemfacedby a potentialbuyerin the housingmarket. The buyer
wantsto buy a homeif the netutility from buying exceedshe utility from the next bestalternatve (i.e. either
renting,or searchingandbuying in someothermarket). Let the reseration value of not buying be given by
Ap. We assumehatthisis x edfor agivenbuyer, but thereis a distribution of suchreserationvaluesfor new
buyersenteringthe housingmarket.

For eachpropertyonthe marlket, we representhe buyer's valuationB asafunctionof obserable2hedonic®
characteristicef thehome(whosevalueswe assumés commonlyagreeduponby all buyers)andanadditional
idiosyncraticcomponenthatre ects bothunobsered (to the econometriciangharacteristicef a givenhouse
andalsoidiosyncraticvariationsamongbuyersin their personakvaluationsof thevalueof thehome.Thus,we
write B as

B = expf Xy+ pg (4)

whereX is avectorof time-invariant(at leastrelative to the periodof time for which the houseis beingsold)
obsered characteristicef the house(numberof bedroomspaths,squarefeet, location/schootlistrict, etc.),y
representshe commonlyagreed®weightingfactors®or how thesevariouscharacteristicaffect the nancial
valueof ahome,andp is theidiosyncraticcomponento the buyer's belief aboutthe valueof thehomeaswell
asembodyingheneteffectof unobsered (to theeconometricianattributesof thehomeandotheridiosyncratic
aspect®f aparticularhouse.

A buyer may or may not agreewith the sellers (privately held) belief aboutthe nancial value of their
home. Thus,for eachoffer the buyer may chooseto malke on a propertywe will de ne a probability thatthe
sellermayacceptheoffer. This probabilitywill in generadependnthetimethehomehasbeenonthemarket
andthe currentlisting price P, which are both obserable, but will alsore ect the sellers own idiosyncratic
valuationof the house(which is part of the sellers private information), aswell asstratgic considerations
aboutthe sellers optimal selling stratgy andthe sellers beliefsaboutthe buyers' side of the market. We will
attemptto specifytheseprobabilitiesin a e xible way sothatthey canberegardedas®reducedorms®thatare
consistenwith the solutionto theunderlying?sellers problem®hatwe outlinedin the previous sectionof the
proposal.

We assumehat a potentialbuyerinstantaneousliearnshis idiosyncraticcomponenbf his valuationof a
homep uponvisiting the home,andthis valueremains x ed thereafter However the buyer knows the distri-
bution from which p is drawn, andthis impliesthatthe buyerfacesa searchproblemwhenit comesto buying
ahome. The buyersproblemis to decidewhich homesto visit in a given period,andfor ary of thesehomes,
whetheror notto make anoffer.

At the startof weekt the buyer entersthe market andobseresthe entiresetof housesavailablefor sale,
theirlist prices,thetime eachhomehasbeenonthemarket, andthevectorof obserablecharacteristicef each
house.The expectedvalueto the buyerfrom visiting a particularhomedependn the buyersexpectationof
the outcomeof the negotiationprocessf the buyerwereto decideto make anoffer onthehhouseandincludes
the 2optionvalue®of continuingto searchf the offer is not acceptedr if the buyer decidedafterobservingu
notto make anoffer onthehousen the rst place.

We assumehat the buyersreseration value Ag is smallerthanthe ex ante expectedgain from visiting
the mostpromisinghomelistedfor salein the marlket. Also, amongthe buyerswho arestill on the market at
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the startof time t, we assumehatthey will visit the mostpromisinghome rst, i.e the homefor which their
expectedgain from visiting is the largest. Whenthe buyer visits the home,the buyer incursa searchcostc
but learnsthe idiosyncraticcomponenbf the value of owning the homep. Giventhis valuation,if the buyer
wereto paythelisting price P, the buyersnetgainfrom purchasinghehomewouldbeB P;. However, the
buyer may not necessarilywantto make an offer equalto the listing price. The buyer may decideto make a
lower offer, or sometimesn very 2hot®housingmarketswheretherearemary buyerscompetingfor alimited
housingstock,hemay decideto make anoffer thatexceedgshelisting pricein orderto beatoutany competing
bidderswho may be simultaneouslyplacingoffersonthehouse.Let O denotethe offer price submittecby the
buyer, andletV(O,t, P, B, Ap) denotetheexpecteddiscountegayof from the2bagainingcontinuatiorgame®
whenthe buyersubmitsan openingoffer of O.

Thus, after visiting a housefor saleand learningits idiosyncraticcomponenf the value, , the buyer
caneithermale anoffer or decideto maove on, andchoosethe next mostpromisinghomethatis availablefor
salein the real estatdistings. If the buyerdecidego continueto searchthe utility of searchinghe next most
promisinghomefor salemustexceedthereserationvalueAp, otherwisethe buyerwill exit the market at this
pointasa?ddiscouragetuyer®

Now considerthe decisionproblemdetermininghe buyer's expectedutility from the bagainingcontinua-
tion game.If thebuyersubmitsaninitial price offer O4, the buyerbelievesthatthe sellerwill accepthis offer
with someprobability g1(O4jt, R, B). If thisinitial offer is rejected,the buyer candecidewhetheror not to
make anotheroffer, O, or walk away. If he makesa secondbffer, therewill bea probabilityg,(0»jO4,t, R, B)
thatthe sellerwill acceptit, giventhatsherejectedthe previous offer of O; andsoforth. Consistentvith our
speci cationof the sellers modelwe allow buyersto submitup to 4 offers on a given home. This situation
de nesa nite-horizon optimizationproblemwhosesolutiongeneratesptimal buyers' price offer sequences.
Ontheotherhand,in the caseof anauctionsituation(i.e. wheretherearemultiple potentialbuyerssubmitting
bids on a given house) we assumehat the buyerssimultaneouslhsubmittheir bids andthereis a probability
the sellerwill acceptthe highestoffer submittedor allow for onemoreroundof bidding. Initially, we assume
thatwhena buyer malkeshis initial offer, he is unavare of whetherotherbuyersmay have alsomadean offer
onthesamehome.

6 The Bargaining Model

In the two previous sectionswe have describedmodelsof the sellers andthe buyer's problemsin general
ervironmentswith two-sidedncompletanformation.We have formulatedeachproblemseparatelywhereeach
playertreatsthe other side as parametric althoughtheir beliefsare 2approximatelycorrect In this section,
weintroducea simplebaigainingmodelwith one-sidedncompleteinformationwherebuyers' offer sequences
andthe sequencef a sellers listing andreseration pricesare simultaneoushdeterminedn equilibrium,and
beliefsare consistent.This modelcanalso2explain®the main empirical ndings of Merlo andOrtalo-Magté
(2004). An importantgoal of our researchs to estimatesuchalternatve modelsof the playersinvolvedin the
housingtransactiorprocessandcompareheir relatve performancen tting thedata.

Supposehat the sellervaluesher houseR+ o, whereR denoteshe (known) rental value of the house
ando F, 02 [0,0], is thesellersidiosyncraticvaluationof the housein excessof its rentalvalue (whichis
privately known by the seller). If shesellsat price p attimet = 0, ..., T (thatis, within T periodsof putting
her houseon the market), the sellers payof is p; it is R+ o otherwise.Whenshe rst putsherhouseon the
marlet, the sellersetsaninitial listing priceR+ p?, p? 2 [0,5], thatshecanthenchangeover time. We let p}
denotethe listing priceattimet = 0O, ..., T. The populationof potentialbuyersof the houseis characterized
by adistribution of valuationsR+ B, whereB G, B2 [0,B], B O, denotesa potentialbuyer's idiosyncratic
valuationof thehousein excessof its rentalvalue.

Theaggregateconditionsof thehousingmarketcanbein oneof two possiblestateof theworld,H 2 f 1, hg.
In stateH = |, thehousingmarletis aslav® andé= o | = aB, a; < 1 (thatis, it is a buyer's market), while in
stateH = h, the housingmarletis @boominglandd = o 1, = apP, o < ap < 1 (thatis, it is a sellers marlet).
While the potentialbuyersknow the stateof the world (they have a globalview of the marlet), the sellermay

11



be uncertainghoutit (shehasonly a partial view of the marlket). We let ¢ denotethe probability a sellerwith
valuationo 2 0,0/ doesnotknow thestateof theworld andB (d,q) denotegheprior beliefsof anuncertain

selleraboutthe probability thatthe stateof theworld is H = h. Let y' denotethe sellers expectedprobability
thatthe stateof theworld is H = h givenherbeliefsattimet. (Notethatif o 2 (a3, anf], thesellerknows that
the stateof theworld is H = h).

If the stateof theworld is H = | andthesellerlists herhouseata price p; > gy, the buyerswill know that
theselleris lying abouthervaluationandwill notmake offerson herhouse(i.e., therateof arrival of potential
buyersis equalto zero).|If, ontheotherhand thesellerlists herhouseataprice p} thatis smallerthanor equal
to the maximumpotentialsellers valuationconditionalon the correctstateof the world, the buyerswill not
know whetherthe selleris lying or notandin eachperiodt = O, ..., T, a potentialbuyerwith valuationdravn
from thedistribution G(3) will arrive with probability®. If in ary givenperiodapotentialbuyerarrives(thatis,
amatchoccurs) thebuyerandsellerengagen a within-period, nite-horizon baigaininggamewith one-sided
incompleteinformationandone-sidedffers.

Supposehatthe valuationof the potentialbuyerR+ b (whereb denotesa realizationof 3) is public infor-
mationwithin the match. The potentialbuyer, however, doesnot know the sellers valuation. He only knows
the listing price andthe (equilibrium) distribution of possiblesellers valuations. The potentialbuyer andthe
sellerplay a nite-horizon bagaininggamewherethe uninformedparty the buyer malkesall the offers. More
speci cally, whenthebuyermalkesa rst offer, p1, theselleracceptor rejects.If the sellerrejectswith prob-
ability w, the matchis broken. With probabilityl w, the buyergetsa chanceo make a secondoffer, p,, and
soon. Weletk 2 denotethe maximumnumberof offersin the bagaininggame.If the matchis successful,
thebuyer's payof is (R+ b) p. If thematchis notsuccessfulthe buyergetsa payof of 0.

Given this speci cation, we cannormalizeR to O (thatis, we cansolve the gameignoring the additve
componenR andthenaddit backattheendto the equilibriumprice offers). Also, giventhe componenbf the
initial listing pricein excessof therentalvalueof the housepE, we candivide o, B, p1,..., Pk, pandp; by pE
andexpressvaluations puyer's price offers,andlisting price changesspercentagesf the differencebetween
the initial listing price andthe rentalvalue of the house.Hence,S= o/pE 21[0,1],B= B/pE 2 [0,B] where
B=B/p’>1,Pj=p;/p’2[0,1], j= 1,...k, P= p/pd 2 [0,1], andP} = p} /p? 2 [0, 1] whereP? = 1.

The modeldescribecherehasa uniqueperfectBayesiarequilibrium,which, for eachperiodt = 0, ..., T,
speci esthe sellers choiceof a listing price. Furthermorefor eachperiod wherea matchoccurs,and for
eachpossiblebuyer's valuation, the equilibrium characterizeshe sequencef offers by the buyer and the
correspondingequencef lowestsellers valuationssuchthatthe selleracceptsa given offer. To solve for the
equilibrium,we rst characterizéhe equilibriumof the baigaininggamein the eventthata matchoccurs.We
thencharacterizahe optimal choiceof the listing price by the seller Sincethe time horizonof the selleris
nite, we characterizeéhe equilibriumby backwardinductionstartingfrom thelastperiodT.

Supposehat a buyer with valuationB arrivesin period T, andthe maximumnumberof offers within a
negotiationis k= 3. SinceT is thelastperiod,if a saledoesnot occur the sellers continuatiornvalueis equal
to S, andtheequilibriumof the baigaininggameis characterizedy critical levels of buyers'valuations,B(w),
BYw) andB°w), buyers'priceoffer sequences® = (By(B,w), B(B,w), Bs(B,w)), P%= (BY(B,w), BB, w), 1),
Bo%= (BYPB,w),1,1), and(1,1,1), andthresholdon the sellers valuation,s(B, w), s{B,w), §B,w), 8{B,w),
and®{B,w) suchthat:If 0 B < B(w), thebuyer offersthe price offer sequencé®, andthe selleracceptghe
rst offerif S §(B,w), acceptshe secondoffer (if the gamereacheghat stage)if s(B,w) <S s{B,w)),
acceptghethird offer (if thegamereacheshatstage)f sYB,w) <S B(B,w), andrejectsall offersotherwise;
If B(w) B < BYw), the buyer offers the price offer sequence®®, and the seller acceptsthe rst offer if
S §(B,w) acceptghe secondoffer (if the gamereacheshatstage)if §B,w) < S #{B,w), andacceptghe
third offer (if the gamereacheshat stage);If BYw) B < B%w), the buyer offers the price offer sequence
B% andthe selleracceptshe rst offerif S  §Pw) andacceptshe secondoffer (if the gamereacheshat
stage);Finally, if B B%w), the buyer offersthe price sequencg1, 1, 1) andthe selleracceptghe rst offer.
Recallthatgivenour normalizationanoffer of 1 correspondso anoffer atthe currentlisting price. Hence the
equilibrium characterizatiotyields increasingsequencesf buyers' offers andsellers reseration prices,and
admitsthe possibility of prolongedaswell asunsuccessfutegotiations.
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Now considerthe beginning of periodT (or the endof periodt = T 1), wherethe sellerhasto decide
whetherto revise herlisting price. Notethat, giventhe equilibrium characterizatioof the bagaininggame if
apotentialbuyerarrivesin thelastperiod,thesellers expectedpayof from bagainingis
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whichis increasingn p/ (thisis truefor allt = 0,...,T). Hence,thesellers listing price at ary time will be
eithero; B or anp.

If the sellerknows the stateof the world, shewill choosep, = a;B in stateH = | and p. = app in state
H = h(thatis, thesellerchooses listing priceequalto the upperbqundof thesupportof thesellers valuations

in therealizedstateof theworld). If the sellers valuationis o 2 O,onE andshedoesnot know the stateof

theworld,herexpected(continu%tion]oayof if shechoosep] = oiBis6W ST,oB + (1 8)Su B, while
i

if shechooseqp] = apBitisy’ 8W ST,an +(1 8)SuyB + 1 y' Suif. Clearly the choiceof the

listing price for anuncertainselleris nontrivial only in the casewherethe currentlisting priceis anB andthe
sellerwasnever matchedwith a potentialbuyer (if abuyerarrivedatary period,thesellerwould know thatthe
stateis H = h andhencewould not revise herlisting price). If thisis thecaseijf y' is relatvely small,theseller
will reviseherlisting pricefrom p[ 1= ayBto pl = a;B. If, ontheotherhandy" is relatively large, theseller
will notreviseherlisting price.

By letting (S, T, p} ) denotethe sellers expected(continuation)payof given her optimal choiceof the
listing price, we novw move backoneperiod(tot = T 1) andrepeatthe previous analysis(startingwith the
solutionof the baigaininggameconditionalon amatchoccurring)exceptthatwe replaceSwith v(S T, p| ) and
we needto derive the distribution function of (ST, p/). We thenmove backwardsto periodt= T 2 and
soon up to theinitial periodt = 0. Whendoing so, notethat the upperboundof the distrikbution of sellers
valuationsremainsthe same(normalizedto 1 in the solutionof the bagaining game). However, the lower
boundis no longer0 but insteadis v(0, T, p[). This implies that buyerswith B < v(0, T, p[) will not make
offerson the house.In generalaswe move backto earlierperiods,the lower boundwill belarger (the sellers
aremorepicky andbunchedcloserto thelisting price).

With respectio the equilibrium initial listing price, sincethe sellers (expected)payof in the baigaining
gameis increasingn thelisting price, the sellerwill chooseeitherp? = o or pP = anP. If thesellerknows
the stateof theworld, shewill choosepE = aB in stateH = | and pE = apPin stateH = h andneverreviseit.
If the sellerdoesnot know the stateof theworld, if herbeliefsaboutthe probability thatthe stateof the world
is H = h arerelatively 2optimistic’shewill choosep ¢ = anB. However, if shegetsalong enoughsequencef
periodswhereno buyerarrives,shewill updateherbeliefsdovnwardandshemayeventuallyswitchherlisting
priceto p} = a;p atsomet = 1, ..., T. If ontheotherhand,abuyerarrives,shewill instantaneousliearnthat
the stateof theworld is H = h andwill thereforenever revise herlisting price. Notethatif the sellers beliefs
aboutthe probability thatthe stateof theworld is H = h arerelatively 2pessimistichewill choosep | = aip
andwill never revise her listing price sincelearningwill not occur (if pE = oy the arrival rate of buyersis
equalto 0 regardlesf whatthe stateof theworld is).
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7 Modeling Real Estate Intermediaries

Sofar, ourdiscussiorhasconcentratedn providing relatively detailedmodelsof thetwo key agentsn thereal
estatemarket: buyersandsellers. While the modelsdiscussedo far do not yet have an explicit treatmentof

real estateagentswhenthesemodelsaremorefully developed,we believe it will befeasibleto take the next

stepandconstrucexplicit modelsof real estatdantermediariesin particular it will be possibleto extendthese
modelsto allow for anendogenoushoiceof whetherto sella homewith the assistancef areal estateagent,
versusffor saleby owner®

The rst stepis to identify the 2serviceProvided by real estateagents. Thereare a numberof possible
serviceghatreal estateagentsprovide that have alreadybeendiscussedn the formulationof our models: 1)
thereal estateagenthasthe ability to includea sellers homein alarge databas®f homesfor sale,calledthe
multiple listing service which in conjunctionwith othertypesof adwertising,canhelp to increasehe rate of
arrival of potentialbuyers,and/orresultin arrivals of buyerswho arebetterinformedandthusbetterfrmatches®
for the sellers home,resultingin a higherrateof offers, or higheroffers or both, 2) the real estateagentis an
experton conditionsin thelocal housingmarket, andcantherefore*aggrgateinformation®andprovide useful
informationadviceto a selleraboutwhatlist pricesareappropriateywhatarrival ratesof buyersto expect,and
whatpricethe sellercanexpectto receve from saleof their home.Fromthe standpoinof a buyers,realestate
agentsalsoprovide valuableservicesvia their accesso themultiple listing service by helpingbuyersto direct
their searchmoreef ciently to thehomesn their desiredocation,styleandpricerange.

We believe it is possibleto quantify the value of the servicesprovided by real estateagentsin termsof
the modelwe have alreadypresentedi.e. to quantify the impactof a real estateagenton buyer arrival rates,
on offer distributions,andsoforth. If it is possibleto identify the causakffects®i.e how a real estateagent
affectsarrival rates,offer distributionsandsoforth, thenit is possibleto estimatethe value of the real estate
serviceausingour modelingapproachlin particular sincewe alsoknow the costof arealestateagent(i.e. the
realestatecommissiornis typically 6% in the U.S.,andwhena saleoccursbetweera buyerandsellerwho are
bothrepresentedly their own realestateagentsthis commissionis split 50/50betweerthe buying andselling
agents)we canmodelbuyers'andsellers’endogenoushoiceof whetherto userealestateagentsin particular
a sellerwill list their homewith areal estateageny only if the increasen the expectedselling price dueto
higherarrival ratesof buyersand/orhigheroffersdueto improved matchesand/orbetteradviceto the selleron
sellingstratgy, exceedghe 6% commission.

Therearedif cult economidssuesarisingfrom thepossibilityof multiple equilibriawhenrealestateagents
areintroduced,andrelatedeconometriagssuesof how to infer 2causalityQiven the patternsof self-selection
in the decisionof whetheror not to usea real estateagent. In particular until recently the vastmajority of
homeshave beensoldvia real estateagencieandthe homesthataresold by ownermay not be typical of the
overall populationof homesfor sale.It might bethe casethatbeliefsaboutthe power of real estateagentsare
aself-con rming® Thatis, if sellersbelieve thatthey areunlikely to be successfulinlessthey hire arealestate
agentthenthey will do soandmostof the@goodhomesWwill be listed with real estateagents.If buyersalso
believe thatthey will notbeableto nd outaboutgoodhomesunlessthey searchthe multiple listing service,
thenthe sellers'beliefswill be con rmed andthe vastmajority of transactionsvill be intermediatedy real
estateagents However it couldbe possiblethatthereis analternatve equilibriumwherea signi cant shareof
housesarefor saleby owner, andthatsearchvia avenuesoutsidethe multiple listing service(e.g.theclassi ed
ads, or independentinternetpostingagencies)could resultin a very differentequilibriumin the real estate
market with afarlower shareof housingtransactionsiandledby traditionalreal estateagents.

We believe thatthis alternatve equilibrium may be startingto take hold in MadisonWisconsin,wherethe
ageng f shomadi son. com(anageng whichis currentlyproviding uswith listing andtransactiordata,asnoted
above) hasalreadygaineda signi cant market shareandis growing rapidly at the expenseof traditionalreal
estateagenciesWe areseekingcomparablalatafrom traditionalreal estateagenciesn Madison,andbelieve
thattheentryof f sbomadi son. commaysene an@instrumentthatwill allow usto infer how thesealternatve
intermediariesaffect arrival ratesandoffer distributions, providing a moresolid groundingfor makingcasual
inferencesandwhethemuiltiple equilibriais anempirically realisticpossibility
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Wewill alsostudyissuegelatedto the entryandexit of realestateagentsandwhetherthereis credibleevi-
denceof entrydeterrencandcollusionby existing realestateagenciedby virtue of their controlof the multiple
listing service— allegationsin therecentU.S. Departmenbf Justicesuit againsthe AmericanAssociationof
Realtors.To the extentthatacquiringandmaintainingthe listing informationin the multiple listing serviceis
acostlyactvity, theremaybea valid agumentthatexisting real estateagenciedave propertyrights over this
information,andthatrequiringthatthis informationbe provided at no costto competitorscouldleadto subop-
timal outcomeif theseintermediariesosetheincentive to acquireanddisseminatehis valuableinformationas
aresultof unwisecourtdecisionand/orregulationof this market. We will attemptto characterizéhe socially
optimal con guration of the real estatemarket, taking into accountthe costsof collectinganddisseminating
informationandusethis asa benchmargt againstwhich to evaluatethe ef ciency existing or statusquoequi-
librium in the housingmarket (including modelingpresumednonopolycontrol of the multiple listing service
by collusie realestateagents)yersusalternatve formsof organizatiorof therealestatenarketincludingalter
native typesof contractdor providing real estateservicege.g. insteadof commissiorbasedoricing, we could
study markets basedon feefor service®contracts similar to that provided by f sbomadi son. comfor listing
homeson their website or buyerspayingreal estateon an hourly basisfor their expertassistancen searching
therealestatemarlet).

While our researcho studythe role of real estateagents modelingentry and exit of theseagents(and
potentialcollusionandexclusionarytacticsof existingagents)andconsideringalternatve structuregor thereal
estatemarletis necessarilhighly speculatre andnot well developedat this point, we believe thatproviding a
rigorousmicrofoundatiorfor thereal estatemarket by carefully studyingthe behaior of thetwo key agentsn
this marlket, buyersandsellerswill provide a solid basison which we canbuild. We alsobelieve thatwe have
assembledomeof thebestpossibledatafor whichto studythesdssuesandaswe notedabove, theimportance
andpracticalrelevanceof having animproved understanding@f the operationof residentiakeal estatemarket
cannotbeunderestimated.
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