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Abstract

Residentialrealestateaccountsfor a largeshareof wealth(e.g.33%in U.S. in 2005accordingto FRB
balancesheetdata),andGDP(about11%in theU.S.in 2005accordingto theBEA). Yetsurprisingly, there
arefew modelsavailableto analyzepricedeterminationand“equilibrium” in thismarket. This researchwill
contributeto our understandingof thehousingmarket in two mainareas:1) via collectionandanalysisof
new, previously unavailablehigh frequency micro dataon individual housingtransactions,with detailson
how list pricesarerevisedover time, andinformationon eachvisit by buyers,andoutcomesof bargaining
(includingthesequenceof offersandwhetheror notsellerrejectedor acceptedeachoffer) for alargesample
of homesovera signi�cant periodof time,and2) via developmentof a computationallytractableempirical
modelof “temporaryequilibrium” in particularhousingmarkets.We usetheterm“temporaryequilibrium”
to denotethe fact that many housingmarketsmay have an imbalancebetweensupplyanddemandat any
point in time,asre�ectedin theoftenusedadjectives“seller'smarkets”and“buyer'smarkets”.Eventhough
theremay be a temporaryimbalancein supplyanddemand,we believe pricesadjustrelatively rapidly to
clearthemarket. Ourmodeldescribesaprocessof endogenousadjustmentin prices(andin sellerandbuyer
beliefs)sothatatany givenpoint in time,agentsin thesemarketscanbedescribedashaving “approximately
rationalexpectations”eventhoughtheremaybea longerrun continuingimbalancebetweenthenumberof
homesbeingsoldandthenumberbuyerslooking to buy themin any particularhousingmarket.

We will build, empirically estimateandtesta dynamicmodelof the housingmarket with threetypes
of agents:1) sellers,2) buyers,and3) realestateagents.Sellersdecidewhetherto list their homewith a
realestateagency, andsubsequentlyhow to revisetheir listing priceover time,andwhetheror not to accept
offers from buyersif/when they arrive. Buyerssearchamongthe setof availablehomesin the particular
housingmarket underconsideration,anddecidewhetheror not to make anoffer on housesthey visit, and
if so,whethertheir initial offer shouldmatchor beabove or below theseller's list price. If a sellerrejects
their initial offer, buyersdecide(in n additional“bargainingrounds”)how muchto increasetheir previous
offer, or whetherthey should“walk” andsearchfor otherhomesfor sale.Realestateagentsaremodeledas
having accessto a technologyanddata,themultiplelisting service, thatcanresultin ahigherrateof arrival
of buyersandpossiblybettermatchof potentialbuyers(i.e. buyerswho arewilling to pay morefor the
homethanfrom thegeneralpopulationof searchers).



1 Intr oduction

Residentialrealestateaccountsfor a largeshareof wealth(e.g.33%in U.S.in 2005accordingto FRBbalance
sheetdata),andGDPin moderneconomies(about11%in theU.S.in 2005accordingto theBEA). Furthermore,
a vastmajority of householdsown their home(about70% in theU.S.),andthesaleand/orthepurchaseof a
homeareoften the largest�nancial transactionshouseholdsengagein. In the year2005alone,morethan8
million homeswereboughtandsoldin theU.S.Yetsurprisingly, therearefew modelsavailableto analyzethe
housingtransactionprocess.

Our proposedresearchwill contribute to our understandingof thehousingmarket in two mainareas.The
�rst contribution is thecollectionandanalysisof new, high frequency micro dataon individual housingtrans-
actions,with detailson how list pricesare revisedover time, and informationon eachvisit by buyers,and
outcomesof bargaining(including thesequenceof offers andwhetheror not sellerrejectedor acceptedeach
offer) for a large sampleof homesover a signi�cant periodof time. The secondcontribution is to develop
computationallytractablemodelsof thebehavior of buyers,sellers,andintermediariesin thehousingmarket,
andto estimatethesemodelsusingourdata.

This researchwill allow us to addressthe following importantquestions:How do sellerschoosetheir
listing price?How to they reviseit? How dosellersdecidewhetheror not to acceptanoffer?Whatinformation
abouttheir own transactionhistoryandtheoverall market environmentmattersfor their listing priceandoffer
acceptancestrategies?How dobuyerschoosetheir�rst offer, andif rejected,theirnext offer(s)?Do institutional
differencesin thenegotiationprocessover housingtransactionsaffectmarket outcomesandmarket ef�ciency?
Whatis thevalueof therealtors'contribution to thehousingtransactionprocess?

Webelievetherearepotentialpublicpolicy bene�tsresultingfrom betteranalyticalmodelsof theresidential
real estatemarket. The U.S. Departmentof Justiceis currently investigatingthe U.S. NationalAssociation
of Realtorsto determinewhetherit hascreatedunfair barriersto entry, particularly in restrictingaccessto
the multiple listing service, a large online databaseof homesfor sale,in order to maintainlarge real estate
commissions,which aretypically 6% in the United States.Although our initial focuswill be to understand
bargainingandprice determinationunderthe statusquo (i.e. assumingthat housesaresold via a real estate
agent),we believe our modelcanbeextendedto includerealestateintermediariesandanendogenouschoice
of whetherto sell via arealestateagency, or to ªsellby ownerº.With thisextensionin place,it will bepossible
to studytheIO issuesconnectedwith realestateagents,possiblyevenincludingendogenousdeterminationof
realestatecontractsandcommissions.

A uniqueaspectof our researchis that we have accessto detailedmicro datafrom a foreign country,
England,in additionto datafrom theU.S.Realestatelawsandinstitutionsaresigni�cantly differentin England
comparedto theU.S.andwebelieve thesedifferenceswill helpshedlight into thecharacteristicsof institutions
andinto therelative ef�ciency of differentformsof organizationof thehousingmarket.

To date,the lack of adequatedatahaslimited the scopeof empirical researchon housingtransactions.
Existing datasetstypically includepropertycharacteristics,time to sale,initial listing price, andsaleprice.
They do not containinformationon the buyer's sideof the transaction(e.g., the timing andtermsof offers
madeby potentialbuyers),or on theseller's behavior betweentheinitial listing andthesaleof aproperty(e.g.,
theseller's decisionto rejectan offer or to revise the listing price). This explainswhy mostof the empirical
literatureon housingtransactionshaseither focusedon the determinantsof the saleprice or on the role of
the initial listing priceandits effect on thetime to sale(e.g.,Horowitz (1992),Miller andSklarz(1987),and
Zuehlke (1987)).

Recentattemptsto overcomesomeof the datalimitations by supplementingconventionaldatasetswith
additionalinformationhave generatedvaluableinsights. For example,Genesove andMayer (1997)build a
dataset for the Bostoncondominiummarket wherethey are able to uncover the �nancial position of each
seller. They �nd thatsellerswith high loan-to-valueratio tendto seta higherinitial listing price,have a lower
probabilityof salebut, if andwhenthey sell,obtainahigherprice.Gloweretal. (1998)conductaphonesurvey
to obtaininformationon eachseller's motivation (e.g.,whetheror not they have a plannedmoving date),for
a real estatetransactiondatasetfor Columbus, Ohio. The evidencesuggeststhat sellersconvey information
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abouttheir willingnessto sell (i.e., their reservationvalue),throughthe listing price. Similar evidenceis also
reported,in Anglin etal. (2003),Genesove andMayer(2001),Knight et al. (1998),andKnight (2002).

In additionto contributing to theempiricalliteratureon housingtransactions,our proposedresearchalso
contributesto the theoreticalliteratureon thestrategic interactionsbetweenbuyersandsellersin thehousing
market (e.g.,Arnold (1999),ChenandRosenthal(1996ab),Coles(1998),Horowitz (1992),Krainer (2001),
Taylor(1999),Yavaş(1992),andYavaşandYang(1995)).Ourresearchhighlightstheimportanceof accounting
for incompleteinformation in the matchingand bargaining environmentwherebuyersand sellersinteract,
possiblythroughintermediaries.

2 Data

Our researchwill useseveralnewly-collecteddatasetson residentialrealestatetransactions,building on prior
work by Merlo andOrtalo-Magńe (2004)thatanalyzeda new datasetof individual residentialpropertytrans-
actionsin England.Themainnovelty of thedatais therecordof all listing pricechangesandall offersmade
betweeninitial listing andsaleagreement.This studycharacterizeda numberof key stylizedfactspertaining
to thesequenceof eventsthatoccurwithin individual propertytransactionhistories,assessedthelimitationsof
existing theoriesin explainingthedata,andsuggestednew theoreticalframeworksfor thestudyof thestrategic
interactionsbetweenbuyersandsellersthatis theprimaryfocusof thenew researchto bedescribedbelow.

Tomotivateourtheoreticalmodels,it is usefulto describethedataandsummarizesomeof thekey empirical
�ndings. In England,mostresidentialpropertiesaremarketedundersoleagency agreement.Thismeansthata
propertyis listedwith a singlerealestateagency thatcoordinatesall market relatedactivities concerningthat
propertyfrom thetimeit is listeduntil it eithersellsor is withdrawn. Agenciesrepresenttheselleronly. Listing
a propertywith an agency entailspublishinga sheetof propertycharacteristicsanda listing price. Although
not legally binding,thelisting priceis generallyunderstoodasa pricetheselleris committedto accept.

Thelisting pricemayberevisedatany timeatthediscretionof theseller. Potentialbuyerssearchby visiting
local realestateagenciesandviewing properties.A matchbetweenthesellerandapotentialbuyeroccurswhen
thepotentialbuyermakesanoffer. Within amatch,thegeneralpracticeis for thesellerto eitheracceptor reject
offers. In theevent thesellerrejectsanoffer, thepotentialbuyereithermakesanotheroffer or walksaway. If
agreementoccurs,bothpartiesengagetheadministrativeprocedureleadingto theexchangeof contractsandthe
completionof thetransaction.This proceduretypically laststhreeto eightweeks.During this period,among
otherthings,the buyer appliesfor mortgageandhasthe propertysurveyed. Eachparty may cancelthe sale
agreementup to theexchangeof contracts.

For eachpropertyit represents,the agency keepsa �le containinga detaileddescriptionof the property,
its listing price,anda recordof listing pricechanges,offers,andtermsof thesaleagreement,asrequiredby
law. Theinformationcontainedin eachindividual �le is alsorecordedontheaccountingregisterthatis usedby
eachagency to reportto theheadof�ce. Althoughall visits of a propertyby potentialbuyersarearrangedby
thelisting agency, recordingviewings is not requiredeitherby theheadof�ce or by law. However, individual
agenciesmayrequiretheir agentsto collectthis informationfor internalmanagementpurposes.

The�rst datasetwewill usein ourresearchwasobtainedfrom thesalesrecordsof four realestateagencies
in England.Theseagenciesareall partof Halifax EstateAgenciesLimited, oneof thelargestnetwork of real
estateagentsin England.Threeof theseagenciesoperatein theGreaterLondonmetropolitanarea,onein South
Yorkshire.Oursampleconsistsof 780completetransactionhistoriesof propertieslistedandsoldbetweenJune
1995 and April 1998 undersole agency agreement.Eachentry in our datawas validatedby checkingthe
consistency of therecordsin theaccountingregisterandin theindividual �les.

Eachobservation containsthe property's characteristicsasshown on the informationsheetpublishedby
theagency at the time of initial listing, the listing priceandthedateof the listing. If any listing pricechange
occurs,weobserve its dateandthenew price.Eachmatchis describedby thedateof the�rst offer by apotential
buyer andthesequenceof buyer's offers within thematch. Whena matchis successful,we observe the sale
agreedpriceandthedateof agreementwhich terminatethehistory. In addition,for thepropertieslistedwith
oneof our GreaterLondonagencies(which accountfor abouta fourth of theobservationsin our sample),we
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observe the completehistory of viewings. Sinceeventsaretypically recordedby agentswithin the weekof
their occurrence,we usetheweekasour unit of measureof time. Our dataspanstwo geographicareaswith
differentlocaleconomicconditionsandtwo differentphasesof thecyclein thehousingmarket. While thelocal
economyin GreaterLondonhasbeenexperiencinga prolongedperiodof sustainedgrowth, this hasnot been
the casein SouthYorkshire. Furthermore,from June1995to April 1998,the housingmarket in the Greater
Londonmetropolitanareawent from a slow recovery to a boom. While this transitionoccurredgradually, for
easeof expositionwe referto 1995-96astherecovery andto 1997-98astheboom.

This datasetwasthe oneanalyzedby Merlo andOrtalo-Magńe (2004),and their main �ndings canbe
summarizedasfollows. First, listing pricereductionsarefairly infrequent;whenthey occurthey aretypically
large. Listing pricerevisionsappearto betriggeredby a lack of offers. Thesizeof thereductionin thelisting
price is larger the longera propertyhasbeenon the market. Second,the level of a �rst offer relative to the
listing priceat thetime theoffer is madeis lower thelongerthepropertyhasbeenon themarket, themorethe
propertyis currentlyover-priced,andif therehasbeenno revision of the listing price. Negotiationstypically
entail several offers. About a third of all negotiationsareunsuccessful(i.e., they end in a separationrather
thana sale). Theprobability of successof a negotiationdecreaseswith thenumberof previousunsuccessful
negotiations. Third, in the vastmajority of cases,a propertyis sold to the �rst potentialbuyer who makes
anoffer on theproperty(i.e., within the �rst negotiation),althoughnot necessarilyat the �rst offer. Thevast
majority of sellerswhose�rst negotiationis unsuccessfulendup selling at a higherprice, but a few endup
acceptinga lower offer. Thehigherthenumberof negotiationsbetweeninitial listing andsaleagreement,the
higherthesaleprice.

In additionto this data,our analysiswill alsorely on a new datasetfor Englandthatwe recentlycollected
from arealestateagency in thecity of Reading.Thisagency operatesapaperlessof�ce whereall realtorswork
cooperatively on all thepropertieslisted. This impliesthatevery realestateagentrecordsevery detailsof any
actiononeverypropertycarefully. Thequalityof thedatais exceptional.Wehave detailsabouteveryproperty
thatwashandledwithin theagency betweenJanuary2000whenthey startedimplementingthepaperlessof�ce
andJune2004(almost2500properties).In particular, unlike the�rst dataset,we have informationon all the
propertiesthatwerelisted,regardlessof whetherthey soldor werewithdrawn. For every listing, we know the
sameinformationasin the �rst dataset. In addition,we know detailsaboutall thevisits to theproperty. We
know how many hits thepropertygot on a weekly basison theagency's website.We know if andwhenthe
propertywasadvertisedthroughthepressandvia mailings.

Theagency alsomaintains�les for eachpotentialbuyer. In particular, weknow thedateof their�rst enquiry
in the agency, whetherthey are�rst-time buyer, buying to move in or to rent the propertyout, andthe price
rangewithin whichthey arelooking. Weobviouslyhaveall thecharacteristicsof thepropertythatarepostedby
theagency onits website.In addition,wealsoknow thevaluationdoneby theagency'sown appraiser. Wehave
alsomappeda smallsubsetof thepropertieswith a GIS systemto obtainpreciseinformationon theareaand
shapeof theparcelof landthatsupportseachpropertyanddetailsabouteachlocation.We planto implement
thisprocedurefor all thepropertiesin oursample.

Finally, we have startedto collect new datafor the market of Madison,Wisconsinandare investigating
opportunitiesto collectdatain Chicago.Madisonis a particularlyinterestingcasestudybecauseit hasa very
well organizedfor-sale-by-owner market that is largely dominatedby fsbomadison.com. Theownersof this
servicehavebeenverycooperative in providing uswith data.Wearealsoworkingcloselywith variousrealtors
in Madisonand their associationto assembledatasetsthat arecomparableto the oneswe put togetherfor
England.

3 Models: Overview

This sectiondescribesthe overall model of a ªtemporaryequilibriumº in the housingmarket. Subsequent
sectionswill describevariouskey ªsubmodelsºsuchasa modelof theseller's determinationof listing prices
andoffer acceptancestrategies,thebuyers' searchandoffer decisions,a modelof bargainingbetweenbuyers
andsellers,andmodelsof realestateintermediaries.Themodelspresentedhereareintendedto provideabasis
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for a structuraleconometricframework thatmight explain thestylizedfactsof bargainingover housingprices
describedin Merlo andOrtalo-Magńe (2004). We alsoplan to generalizethesemodelsto accommodatethe
additionalfeaturesof theotherdatasetswewill usein ouranalysisthatwedescribedin theprevioussection.

We de�ne a conceptof ªtemporaryequilibriumºthat is consistentwith a temporaryimbalancein supply
anddemandfor housing,re�ecting the possibility that a housingmarket could eitherbe a ªbuyer's marketº
(i.e. wheretherearerelatively morepropertiesfor salerelative to thenumberof buyers,andhousingpricesare
trendingdownwardover time)or aªseller'smarketº(i.e. wheretherearerelatively morebuyersthanproperties
for sale,andtransactionpricesaretrendingupwards). The main requirementfor a temporaryequilibrium is
thatbeliefsof sellersandbuyersareapproximatelycorrect. Buyershave beliefsaboutthedistribution of the
qualitiesandpricesof thehousesthatarecurrentlyavailablefor sale.Similarly, sellershave beliefsaboutthe
arrival rateandbiddingpropensitiesof buyers(i.e. thelikelihoodabuyerwill makeaoffersandtheprobability
distribution of thesizeof theoffers).Thesebeliefsareapproximatelycorrectif they arenearlythesameasthe
actualprobabilitiesanddistributionsthatareobservedin thehousingmarket.

The motivation behindthis ªapproximateequilibriumºapproachis to avoid the problemsinvolved in at-
temptinga ªdirectsolutionºof the bargainingandequilibrium problem,especiallyin termsof attemptingto
circumvent theªcurseof dimensionalityºinvolved in a directBayesianNashequilibriumformulationof gen-
eralspeci�cationsof theªnegotiationsubgameº.Underthe latterapproach,sinceeachnegotiationbetweena
buyerandsellerin thehousingmarket is naturallymodeledasagameof two-sidedincompleteinformation,we
would have to specifya Bayesianupdatingprocessmappingpriorsof thebuyerandsellerabouteachother's
valuationof thepropertyin question.Thusoneof therelevantªstatevariablesºfor thebuyerandsellerduring
a negotiationis the posteriorprobability of the valuationof their opponent,conditionalon the history of the
bargainingprocessso far. Sinceit is unlikely that theseposteriorbeliefswould be a memberof any natural
conjugate-priorfamily (which couldbesummarizedby a �nite-dimensionalvectorof parameters),theposte-
rior in mostrealisticcaseswould not bedescribableby a �nite-dimensionalvector, andthereforeat leastone
importantstatevariablefor theproblemwouldbein�nite-dimensional.

We proposea pragmaticalternative thatwe believe representsa goodapproximationof how actualagents
arelikely to think aboutandbehave in negotiationsover the saleof a house,andassumethat the buyer and
sellerhave beliefsabouttheprobabilitiestheir opponentswill take variousactionsduringthenegotiations.For
example,weassumethatthesellerhasbeliefsabouttherateof arrival of buyers,theconditionalprobabilitythat
abuyerwhoviewsthepropertywill makeanoffer, theconditionalprobabilitydensityof theoffer giventhatone
is made,andtheprobability thebuyerwill continueto negotiateandprovide anotheroffer if thesellerrejects
the buyer's �rst offer, andso forth. Theseprobability distributions re�ect the fact that the seller is unaware
of thebuyer's underlyingvaluationof theproperty, aswell asothertypesof unobserved heterogeneityin the
preferencesof thebuyer(i.e. thebuyer's searchcostsandlevel of impatienceto �nd ahouse,etc.).Thus,unlike
a full BayesianNashequilibrium formulation,we do not assumethat the sellerexplicitly updatesbeliefsvia
Bayesrule after every possiblenegotiationhistory, althoughthe sequenceof conditionalprobabilitiesmight
possiblybeconsistentwith suchupdating.

At the sametime, we do not allow buyersand sellersin a negotiationprocessto have arbitrary beliefs
aboutthepossibleactionsof their opponents.Instead,weassumethatthebuyersandsellershave approximate
ªrationalexpectationsºabouttheir opponentsin a housingnegotiation. In otherwords,thebeliefswe useare
requiredto beapproximatelyªself-con�rmingºin thesensethatbuyers'andsellers'beliefsareapproximately
equalto theactualconditionalprobabilitydistributionsthatarein effectoveragivenperiodof time. Theªgiven
periodof timeº canbe relatively short (i.e. a periodof ªdisequilibriumºin the local housingmarket when
excesssupplyor demandmight bechanging),but it mustbelong enoughfor it to beplausiblethatbuyersand
sellershavewell-formedbeliefs(i.e. accuratebeliefs)of therateof arrival of buyers,of thenumberof properties
comingonthemarket,andof realizedhousingtransactionprices.To bemoreconcrete,wemightexpectthatour
equilibriumis relevant for periodsasshortas3 to 6 monthsor so,or abouttheaveragedurationof time to sell
or buy a housein mosthousingmarkets(if thereis a severeimbalanceof supplyanddemand,suchasa period
of severeexcesssupplywherefew transactionsaretakingplace,longerperiodsmight benecessaryto enable
collectionof suf�cient datato enablesuf�ciently accurateestimationof theªbehavioral probabilitiesºnecessary
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to determineequilibriumbeliefs).We would expectthatreal-estateagentswould beconstantlymonitoringthe
local housingmarket andcouldconvey their observationsof thelocal housingmarket conditionsto thebuyers
andsellersthat they advise. This information(aswell asotherinformationin newspapers,trademagazines,
andwordof mouth)couldbeviewedasthepracticalsourcesof theªbeliefsºof buyersandsellersthatwe will
model.Thesebeliefsmaynotbeexactlycorrect(in thesenseof exactlycoincidingwith theactualdistributions
thatwould berealizedover theperiodin question),but at leastapproximatelycorrect,in thesensethatbeliefs
of buyersandsellersshouldnot differ in obviousandeasilycorrectablewaysfrom therealizeddistributions,
whichcouldbeestimatedvia standardstatisticalmethods.

Thus,our modelof temporaryequilibriumin thehousingmarket is consistentwith a view thatbuyersand
sellerslearn relatively little from the outcomeof individual housingnegotiations. Instead,their beliefs are
formedmostly via communicationswith real estateagents,discussionswith friends,readingthe newspaper,
etc. Our model,however, doesallow buyersandsellersto revise their beliefsover the courseof bargaining
over a speci�c property. The belief revision processis basedon estimatedprobabilitiesformedfrom a large
numberof ªsimilarºobservationsof bargainingoutcomes,accordingto theapproximateself-con�rmingbeliefs
describedabove. For example,if a buyer wereto make an offer on a propertyandthe sellerwere to reject
this offer, thesellerwould have revisedbeliefsaboutthelikelihoodthebuyerwould ªwalkº or would submita
revisedoffer. Theselleralsohasbeliefsaboutthemagnitudeof a revisedoffer if thebuyerwereto submitone.
In generalthegenericbeliefsthatwe posit re�ect our view thatgiventhedegreeof heterogeneityandªnoiseº
in thehousingmarket, thegainsto abuyeror sellerfrom usinganexplicit Bayesianupdatingprocessto re�ect
theadditionalinformationfrom theidiosyncraticcharacteristicsof theparticularpropertyin question,andthe
revisionof beliefsduringthecourseof anindividual negotiationwould besmall.

Themainªtrickºinvolvedin modelingtemporaryequilibriumis to de�ne appropriateªsuf�cient statisticsº
thatenableusto capturetheidiosyncraticfeaturesof individual propertiesin aparsimoniousfashion,in sucha
waythatit is possible,via observationof alimited numberof housingtransactions,to form accurateestimatesof
thebehavioral probabilities(i.e. theconditionalprobabilitiesgoverningbuyerandsellerbehavior). At thesame
timeweseek�e xible speci�cationsof thesebeliefssothattheiterative ªlearningprocessºdescribedbelow will
convergeto a temporaryequilibriumcon�guration.

The temporaryequilibrium is computedby solving the sellers' optimal pricing and salesstrategies and
buyers' optimal searchand offer strategies under trial valuesfor sellers' and buyers' beliefs. Then actual
transactionpricesarecomputedby simulatinga heterogeneouspopulationof buyersandsellersfor a large
housingtract (i.e. a reasonablycontiguousand homogenousyet suf�ciently large numberof housesin an
areaof a city, suchas the Londonhousingmarket describedin Merlo andOrtalo-Magńe). This simulation
is conductedmany timesfor a reasonablyshortperiodof time, with enoughsimulatedobservationsdrawn in
orderto estimatetheconditionalprobabilitydistributionscomprisingsellers'andbuyers' beliefs. With these
revisedbeliefs the buyers' andsellers' problemsare re-solved andnew simulateddataaregenerated.This
processcontinuesuntil convergence,i.e. until theinputbeliefsof sellersandbuyersareapproximatelyequalto
theestimatedprobabilitydistributionsfrom thesimulationsof themodel.Thus,thetemporaryequilibriumcan
beregardedasanapproximateªrationalexpectationsequilibriumºin thehousingmarket, but allowing for the
possibilityof temporaryimbalancesbetweensupplyanddemandof housing.

Although via the useof stochasticsimulationsit is possiblefor us to generatearbitrarily large simulated
samplesof housingtransactionsto enableaccuratenon-parametricestimationof theconditionalbelief proba-
bilities, in reality, buyersandsellersmay not have this capability. They mustform beliefsbasedon a single
realizationof housingtransactionoutcomes.Realestateagents,ontheotherhand,have theability to aggregate
over the transactionsin which they aredirectly involved, andto exchangeinformationwith otherreal estate
agents.They maythereforeplay akey roleasprovidersof valuableinformationto buyersandsellers.

4 The SellerModel

In thissection,we formulatetheseller's problemof how to setandreviselist pricessequentiallyover time and
how to bargainwith arriving buyersasa discretetime �nite-horizon dynamicprogrammingproblem.We take
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thedecisionto sell a house(via a realestateagency) asa given,andconsideronly thedecisionof which price
to list thehouseat initially, how to revisethispriceover time,whetheror not to acceptoffersthataremade,and
whetherto withdraw thehouse.

We assumea 2-yearhorizon, so that if a houseis not sold after 2 years,we assumethat the houseis
withdrawn from saleandthesellerobtainsanexogenouslyspeci�edªcontinuationvalueºrepresentingtheuse
valueof owning(or renting)theirhomeovera longerhorizonbeyondthe2 yeardecisionhorizonin thismodel.
This continuationvaluemay or may not equaltheseller's belief aboutthe ª�nancial valueºof his/herhome,
i.e. their expectationof what their housewill sell for on themarket. We summarizetheseller's beliefsabout
the �nancial valueof their homeby the valueFt wheret denotesthe time period(i.e. currentweekin the 2
yearselling horizon). We considera formulationthat allows the seller's beliefsaboutthe �nancial valueof
their hometo evolve over time in responseto outcomes(ratesof arrivalsof offers,magnitudesof offers,etc.)
from listing theirhomewith a realestateagency. Thisvaluationwill berepresentedasa functionof observable
ªhedonicºcharacteristicsof thehome(whosevalueswe assumeis commonlyagreeduponby all sellers)and
anadditionalidiosyncraticcomponentthatre�ects bothunobserved(to theeconometrician)characteristicsof a
givenhouseandalsoidiosyncraticvariationsamongsellersin their personalevaluationsof the�nancial value
of their homes.Thus,we write Ft as

Ft = expf Xβ+ νtg (1)

whereX is a vector of time-invariant (at least relative to the period of time for which the houseis being
sold) observed characteristicsof the house(numberof bedrooms,baths,squarefeet, location/schooldistrict,
etc.), β representsthe commonlyagreedªweightingfactorsºfor how thesevariouscharacteristicsaffect the
�nancial valueof a home,andνt is theidiosyncraticcomponentto theseller's belief aboutthe�nancial value
of his/herhomeaswell asembodyingthe net effect of unobserved (to the econometrician)attributesof the
homeandotheridiosyncraticaspectsof a particularhouse.Thus,expf Xβg representstheresultsof a standard
ªhedonicºregressionthat providesa basiccomponentof the valuationof the home,andexpf ν tg represents
idiosyncraticfactorsaffecting the valueof the home,causingit to be valued(or priced)below or above its
ªhedonicvalueº. In our initial formulations,we will adopta proportionalspeci�cation in which in every
relevantoccurrencein themodel,thehedoniccomponentexpf Xβg appearsasa proportionalfactor. This will
imply thatthehedonicvaluecanbeªfactoredout.º In particular, all list prices,reservationvaluesandsoforth
for the seller in this model will be proportionalto the hedonicvalue, and our model can be interpretedas
providing a valuationandcharacterizingthe optimal selling strategy for the ªidiosyncraticdeviationsºof the
valueof thehomefrom its hedonicvalue. This is a usefulcomputationalsimpli�cation, sinceit implies that
it is not necessaryto solve separatedynamicprogramsfor eachspeci�c homethat is listed for sale. Instead
a singledynamicprogramcanbe solved for characterizingselling valueandoptimal listing andbargaining
strategiesin termsof percentagedeviationsfrom thehedonicvalue(whatevervalueit mighthappento be),and
thenby appropriateproportionaladjustment(i.e. by multiplying by thehedonicvalues)we canobtainprices
andselling strategiesfor a heterogeneoussetof homes.Of course,the proportionalityassumptionmay be a
strongandempiricallyuntenableone.Until wehavemoredirectevidenceagainstit, thecomputationalbene�ts
aresuf�ciently compellingthatwe have decidedto adoptit asa point of departurefor our work. However the
discussionbelow is valid whetheror not we assumethat thehedonicvalueexpf Xβg hasbeenfactoredout of
the�nancial values,list prices,reservationprices,seller's optimalvaluefunction,etc.

Buyersmay or may not agreewith the seller's (privately held) belief aboutthe �nancial value of their
home. Thus,we will shortly describeªoffer distributionsºfor the valueof offers to buy the home(if made)
which will dependon Ft andalsoon thecurrentlisting pricePt , but which will stochasticallydiverge from Ft

andPt re�ecting thebuyer's own idiosyncraticvaluationof thehouseaswell asstrategic considerationsabout
thebuyer's optimalsearchandpurchasingstrategy. We will attemptto specifythesearrival probabilitiesand
offer distributionsin a �e xible waysothatthey canberegardedasªreducedformsºthatareconsistentwith the
solutionto theunderlyingªbuyer's problemºthatweoutlinein thenext sectionof theproposal.

Sincewe do not modelthedefault optionof not sellingone's housebeyond therelative short2 yeartime
interval consideredin this analysis,we will simply invoke a �e xible speci�cationof theªcontinuationvalueº
Vt (Ft ,τ) which representsthediscountedexpectedutility (in monetaryequivalentunits)of owning ahomeand
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notsellingit within the2 yearwindow consideredin thismodel.Weassumethatif thesellerhasnotsoldby the
terminalperiodT they obtainthecontinuationvalueVT (FT ,τ) which dependson — but doesnot necessarily
equal— theseller's terminalbeliefaboutthe�nancial valueof theirhome,F s

T . SinceFT
s re�ects bothobserved

andunobserved attributesof thehome,it is convenientto allow thecontinuationvalueto dependon FT so it
alsore�ects thoseattributes,but we alsoallow thecontinuationvalueto dependon utility functionparameters
τ and someor all of the τ parameterscan be treatedas unobserved heterogeneity. For example,a simple
speci�cationfor thecontinuationmightbeVt (Ft ,τ) = ht (τ)Ft whereh(τ) is somefunctionof theutility function
parameters.If ht (τ) > 1, theseller's continuationvaluefor not sellingtheir homeis greaterthantheir estimate
of its �nancial value,andif ht (τ) < 1, theseller's continuationvalueis lessthantheir estimateof its �nancial
value. In generalwe expectVt (Ft ,τ) < Ft , but it is possiblethata sellerwould still decideto sell their house
evenif theoppositeinequalityholds.This is becauseof randomnessandskewnessin buyervaluations,which
might createa suf�ciently high optionvaluethatmakesit worthwhilefor thesellerto try to sell their homein
hopesthattheremightbeabuyerwilling to paymuchmorethanFt for thehomeeventhoughthey believe that
ªonaverageºthe (maximum)amountthey would be willing to pay to own the home,W t (Vt ,τ) exceedstheir
estimateof whatthey couldsell it to a typicalbuyer, Ft .

We allow a seller to decideto withdraw their homefrom being listed, which we assumeis the sameas
decidingnot to sell it, sincewe do not at this point allow a ªfor saleby ownerºdecision,or any choiceabout
selling throughdifferent real-estateagents.Although for our �rst datasetdescribedin Section3 we do not
observe withdrawals,wedo in ourseconddataset.

Thus,thesellerwill have3 maindecisions:1) whetheror not to withdraw theproperty, 2) if sell,how much
to setthe listing pricePt at eachperiod,and3) if anoffer arrivesat priceOt , whetheror not to acceptit. We
assumethat the �rst two decisionsaremadeat thestartof eachweekandthe sellerprecommittsto themfor
the restof the week. Within the week,if oneor moreoffers arrive, the sellercanengagein bargainingwith
theprospective buyer(s).Thestatevariablesin themodelare1) the listing pricesetin thepreviousweek,Pt ,
2) thehistoryof offersHt up to startof weekt (this is a vectorthatcanincludea numberof differentpieces
of information,but we have in mind at leasta) thedurationsincelast offer, andb) thehighestoffer received
sofar), and3) theseller's currentestimateof the�nancial valueof their home,Ft . Let St (Pt ,Ft ,Ht) denotethe
maximumexpectedpresentdiscountedvalueof anoptimalsellingstrategy. Wehave

St (Pt ,Ft ,Ht) = max
�
Vt (Ft ,τ),max

P
[ut (τ,P,Ft ,Ht) + βESt+ 1(P,Ft ,Ht)]

�
(2)

TheBellmanequationsaysthatateachweekt, theoptimalsellingstrategy involveschoosingthelargerof 1) the
continuationvalueof (permanently)withdrawing thehomefrom themarket,2) or continuingto sell, choosing
anoptimal listing priceP. ThefunctionESt+ 1(P,Ft ,Ht) is theconditionalexpectationof theweekt + 1 value
functionSt+ 1 conditionalon thecurrentstatevariables(Ft ,Ht) andthe listing princeP that is in effect during
weekt. The function ut (τ,P,Ft ,Ht) representsthe currentweekªholdingcostºto the sellerof having their
homeon themarket. It is thenetutility (in money equivalentunits)of theusevalueof owning thehomeless
theªhasslecostsºofhaving to show thehouseto prospective buyers.

We do not have spaceto go into detail to describetheequationfor ESt+ 1, but we will describebrie�y the
waywemodeltheseller's beliefsaboutthearrival of offersfrom buyers,thedistributionof thesizeof theoffer,
andtheprobability that thebuyer(s)will ªwalkº (i.e. not make a counteroffer andsearchfor otherhouses)if
thesellerrejectsthebuyer(s)offer(s).Thesecomponentsareusedto constructa formulafor ESt+ 1. Following
Merlo andOrtalo-Magńe (2004)weassumethattheseller'sonly bargainingdecisionis to acceptor rejectoffers
madeby buyers:thesellerdoesnotmakeapriceªcounterofferº if he/sherejectsthebuyer(s)'offer. Weassume
thatwithin a givenweekthereareat most4 possiblestagesof offersandaccept/rejectdecisionsby buyersand
thetheseller. Below, to keepnotationsimpler, wewrite ESt+ 1 for thecasewhereonly amaximumof two offers
andaccept/rejectdecisionson thepartof thesellerareallowedto occurwithin theweek.

Let λt (njP,Vt ,Ht) denotethe conditionalprobability that n offers will arrive within a week, wheren =
f 0,1,2+ g; i.e. we do not initially discriminateamongtherealizednumberof buyerswho arecompetingin the
ªauctioncaseºwhenmorethan1 buyermakesanoffer in a givenweek. Let O j bethehighestoffer received
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at stagej of the bargainingprocess,(i.e. if morethan1 buyer makesan offer, thenO j is the highestof the
offersmade).Thenwe let f j (O j jnt ,O j � 1,P,Vt ,Ht) denotetheseller's beliefsof theconditionalprobabilityof
thehighestoffer atstagej giventhenumberof offersreceivedatweekt, nt , andthehighestoffer atstagej � 1,
O j � 1 (if j = 1 thenO0 is treatedasa null set,sincetherewereno previousoffers in theweekprior to the�rst
offer). Soif oneor morebuyersmakeanoffer, thehighestoffer is adraw from thisconditionaldistribution and
thesellermustdecidewhetheror not to acceptit. If anoffer O j is accepted,thefunctionNt(O j ) denotesthenet
salesproceeds(netof realestatecommissions,taxes,andothertransactionscosts)received by theseller. The
sellermustdecidewhetherto acceptthenetproceedsNt(O j ), sellingthehome,or rejecttheoffer andhopethe
buyer(s)submitamoreattractive counteroffer, or hopethatsomebetteroffer arrivesin somefutureweek.

If a sellerrejectstheoffer O j , thereis a probabilityω j (O j jO j � 1,n,P,Vt ,Ht) that thebuyer(s)will ªwalkº
andnot make a counteroffer asa function of the last two rejectedoffers, O j andO j � 1, the total numberof
offers,n, andthecurrentstate(P,Vt ,Ht ). Weassumethatif thereis morethan1 buyerwho makesanoffer and
if thesellerrejectsthehighestof thebuyers' offer, eitherall buyerswill stayin to make a counteroffer or all
will walk, i.e. we do not considerthecombinatoriallymorecomplex casewheresomebuyerswalk andother
buyersstayin.

Finally, let πt(νt+ 1jnt ,O j ,νt ,P,Ht) denotethetransitionprobabilityfor theidiosyncratic,time-varyingcom-
ponentof theseller's �nancial valuationof their house.This transitionprobabilitydependson thenumberof
offersreceived,nt , thelastoffer received,O j where j indexesthe jth offer thatthesellerreceivesfrom buyers
(afterrejectingthe j � 1 previousoffers),thevalueof theseller's idiosyncraticªvaluationshockºν t at thestart
of theweek,thelisting pricepostedatthestartof theweek,P, andthehistoryHt at thestartof theweek.Theπt

transitionprobabilitycapturestheªlearningeffectsºof actualexperiencein sellingthehomeon thesequential
revision of theseller's beliefsof the�nancial valueof his/herhome.In particular, it canallow usto capturea
sellerwho is initially overly optimisticaboutthe �nancial valueof their home(i.e. their initial draw ν0 is too
high) andthatsubsequentexperiencewith long periodsof no offersor low offerscancausethesellerto revise
downward their estimateof the �nancial valueof their home. Conversely, positive experiencein the market
couldleada morepessimisticsellerto reviseupwardtheir estimateof the�nancial valueof their home.Thus,
we believe we cancapturemany of the featuresof morecomplicatedBayesianlearningmodelsandequilib-
rium bargainingmodelsin a simplerªreducedformº approachthatmaynonethelessbeconsistentwith a fully
Bayesiangame-theoreticformulationof thebargainingproblem.

The last bit of notationis a law of motion for updatingthe history statevector, basedon the bargaining
outcomeswithin theweek.Wewrite agenericupdatingruleof theform

Ht+ 1 = Γ(nt ,O jt ,Ht) (3)

which is appropriatein thecasewhereHt consistsof two piecesof information,1) thedurationsincelastoffer,
and2) the lastoffer received in weekt, where j t is thenumberof offersmadeandthus,O jt is the �nal offer.
In this casethe updatingrule Γ is obvious: if nt = 0, thenthe durationsincelast offer is incrementedby 1,
otherwiseit is resetto 0, andif nt = 0, thenthemaximumoffer receivedsofar is unchanged,whereasif nt > 0
themaximumoffer receivedsofar is themaximumof themaximumoffer receivedprior to weekt andO jt .

The optimal selling strategy resultingfrom the solution to this dynamicprogramwill consistof history
dependentfunctionsfor determiningthe listing price at thebeginning of eachweek,andthe seller's reserva-
tion valuesfor the within-weekbargainingproblem. We have programmedthe seller's problemusingsome
hypotheticalassumptionsaboutthe�nancial value,arrival rates,sellervaluations,andsoforth. Wedonothave
spaceto go into detailaboutall of theseassumptionshere,but it is usefulto illustratetherich typesof behavior
thatresultfrom simulationsof theseller's modelin �gure 1 below.
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Figure 1: Simulations of Optimal Selling Strategy (500 Sellers)

These�gures illustratetheresultsof 500simulationsof thesolutionto thedynamicprogrammingfor 500
ex anteidenticalsellerswhose�nancial valuefor their homesis initially F = 200 (units arein thousandsof
dollars). Accordingto our calculations,theoptimal initial listing price is P1 = 288. Thetop blueline in both
panelsof �gure 1 is theaveragelisting price for sellerswho have not yet sold their homes.We seethatover
time, the meanlist price decreasesrelatively slowly until approximately75 weeks,at which time thereis a
signi�cant dropin list prices,followedby additionallargedropsat 85 and95 weeksafterinitial listing. By the
endof thesellinghorizon(i.e. at104weeks)homesthathave notbeenwithdrawn arelistedat justunder$250,
or about15%lessthantheir initial list price.

Thus,theseinitial simulationsmatcha key stylizedfactof theempiricalanalysisof list pricerevisionsin
Merlo andOrtalo-Magne(2004),i.e. thatlisting pricereductionsarefairly infrequent,but whenthey occurthey
aretypically large. Our simulationresultswerebasedon a solutionto seller's problemwherethe �x ed cost
of changinglist pricesis quite small, $15 per list price change. It is quite encouragingthat this modelcan
alreadymatcha key stylizedfact in the datawithout resortingto high �x ed ªmenucostsºsinceit is, in fact,
quite inexpensive to revise listing pricesat the Londonreal estateagencieswherepricesaretypically posted
on a bulletin boardratherthanadvertisedin thenewspaper. An interestingfeatureof themodelis thatªearlyº
revisionsin list prices(i.e. within the�rst year)aretypically in responseto buyerswho ªwalkº in responseto
the seller's rejectionof their bid. However later revisionsin list prices(i.e. after the �rst yearthe homehas
beenon themarket) aretypically ªspontaneousº,i.e. not in responseto a buyerwalking,but ratheranattempt
to lower pricein responseto a lackof arriving buyers.

Thebluecirclesin the left handpanelof �gure 1 representtheaveragereservationpriceof sellersfor the
�rst offer which arrivesin any givenweek. Thesereservationvaluesaresigni�cantly lower thanthe list price
and, for the solutionthat we computed,the reservation fall monotonicallyin eachroundof bargainingwith
theweek. As onewould expect,reservation valuesarealwayshigherin thecasewhere2 or morebuyersare
makingoffers (an ªauctionsituationº)comparedto thecasewhereonly a singlebuyer is makingoffers. The
jaggedgreenline in bothpanelsof �gure 1 representstheaveragesellingpriceof housesthatsoldin eachweek.
The+ symbolsin theleft handpanelaretheaverage�rst offersreceived. We seethata majority of �rst offers
arebelow the blue reservation price circles,so sellersgenerallyrejectedthe �rst offers in thesesimulations.
The right handpanelplots the third offers received (onceagaindenotedby + symbols)andwe seethat by
the3rd roundof bargaining,buyers'offershave increasedandsellers'reservationvalueshave decreasedto the
extent that mostof the third roundoffers exceedthe sellers' reservation values,andhencewereacceptedby
thesellers.We seethatat thethird stage,thesellers'reservationvaluesarecloseto their beginningof period
expectedvaluefunctions: in fact the �nal reservation valueequal's theseller's expectedvaluefunctionat the
startof thesubsequentweek.

In thesesimulations,themeansalespricewas$231,andthe meantime to salewas20.2weeksafter the
initial list. Of the 500 sellerssimulated,493 of themweresuccessfulin selling their homeswith 104 weeks
from initial listing. A total of 217of the493transactions,or 44%,resultedfrom immediateacceptances,and
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428or the493homessoldweresold to the �rst buyer (or highestbiddingbuyer in caseof multiple bidders)
who madeanoffer on thehome.Thesenumbersareroughlyconsistentwith theobserved ratesof acceptance
foundin thestudyby Merlo andOrtalo-Magne(2004).

While we do not claim that this initial solutionandsimulationof themodelis fully realisticin all details,
it doesat leastqualitatively re�ect many of thestylizedfactsaboutbargainingover residentialrealestatefrom
theanalysisof Merlo andOrtalo-Magńe (2004). Theseinitial resultsmake usoptimistic thatour approachto
modelingbargainingandendogenouspricedeterminationin residentialrealestatemarketsis computationally
feasibleandis potentiallycapableof providing agoodexplanationof thebehavior weobserve in thesemarkets.

5 The Buyer Model

In this section,we describethedecisionproblemfacedby a potentialbuyer in thehousingmarket. Thebuyer
wantsto buy a homeif thenetutility from buying exceedstheutility from thenext bestalternative (i.e. either
renting,or searchingandbuying in someothermarket). Let the reservation valueof not buying be given by
A0. Weassumethatthis is �x edfor a givenbuyer, but thereis a distribution of suchreservationvaluesfor new
buyersenteringthehousingmarket.

For eachpropertyonthemarket,werepresentthebuyer'svaluationB asafunctionof observableªhedonicº
characteristicsof thehome(whosevaluesweassumeis commonlyagreeduponby all buyers)andanadditional
idiosyncraticcomponentthatre�ects bothunobserved(to theeconometrician)characteristicsof a givenhouse
andalsoidiosyncraticvariationsamongbuyersin theirpersonalevaluationsof thevalueof thehome.Thus,we
write B as

B = expf Xγ + µg (4)

whereX is a vectorof time-invariant(at leastrelative to theperiodof time for which thehouseis beingsold)
observedcharacteristicsof thehouse(numberof bedrooms,baths,squarefeet,location/schooldistrict, etc.),γ
representsthecommonlyagreedªweightingfactorsºfor how thesevariouscharacteristicsaffect the �nancial
valueof ahome,andµ is theidiosyncraticcomponentto thebuyer's beliefaboutthevalueof thehomeaswell
asembodyingtheneteffectof unobserved(to theeconometrician)attributesof thehomeandotheridiosyncratic
aspectsof aparticularhouse.

A buyer may or may not agreewith the seller's (privately held) belief aboutthe �nancial valueof their
home. Thus,for eachoffer thebuyermaychooseto make on a propertywe will de�ne a probability that the
sellermayaccepttheoffer. Thisprobabilitywill in generaldependonthetimethehomehasbeenonthemarket
andthecurrentlisting pricePt , which areboth observable,but will alsore�ect the seller's own idiosyncratic
valuationof the house(which is part of the seller's private information),aswell asstrategic considerations
abouttheseller's optimalsellingstrategy andtheseller's beliefsaboutthebuyers' sideof themarket. We will
attemptto specifytheseprobabilitiesin a �e xible way sothatthey canberegardedasªreducedformsºthatare
consistentwith thesolutionto theunderlyingªseller's problemºthatweoutlinedin theprevioussectionof the
proposal.

We assumethata potentialbuyer instantaneouslylearnshis idiosyncraticcomponentof his valuationof a
homeµ uponvisiting thehome,andthis valueremains�x ed thereafter. However thebuyer knows thedistri-
bution from which µ is drawn, andthis impliesthatthebuyerfacesa searchproblemwhenit comesto buying
a home.Thebuyersproblemis to decidewhich homesto visit in a givenperiod,andfor any of thesehomes,
whetheror not to make anoffer.

At thestartof weekt thebuyerentersthemarket andobservestheentiresetof housesavailablefor sale,
their list prices,thetimeeachhomehasbeenonthemarket,andthevectorof observablecharacteristicsof each
house.Theexpectedvalueto thebuyer from visiting a particularhomedependson thebuyersexpectationof
theoutcomeof thenegotiationprocessif thebuyerwereto decideto make anoffer on thehouse,andincludes
theªoptionvalueºof continuingto searchif theoffer is not acceptedor if thebuyerdecidedafterobservingµ
not to make anoffer on thehousein the�rst place.

We assumethat the buyersreservation valueA0 is smallerthan the ex anteexpectedgain from visiting
themostpromisinghomelistedfor salein themarket. Also, amongthebuyerswho arestill on themarket at
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thestartof time t, we assumethat they will visit themostpromisinghome�rst, i.e thehomefor which their
expectedgain from visiting is the largest. Whenthe buyer visits the home,the buyer incursa searchcostc
but learnsthe idiosyncraticcomponentof thevalueof owning thehomeµ. Given this valuation,if thebuyer
wereto paythe listing pricePt , thebuyersnetgainfrom purchasingthehomewould beB� Pt. However, the
buyer may not necessarilywant to make an offer equalto the listing price. The buyer maydecideto make a
lower offer, or sometimesin very ªhotºhousingmarketswheretherearemany buyerscompetingfor a limited
housingstock,hemaydecideto make anoffer thatexceedsthelisting pricein orderto beatoutany competing
bidderswho maybesimultaneouslyplacingofferson thehouse.Let O denotetheoffer pricesubmittedby the
buyer, andletV(O, t,Pt ,B,A0) denotetheexpecteddiscountedpayoff from theªbargainingcontinuationgameº
whenthebuyersubmitsanopeningoffer of O.

Thus,after visiting a housefor saleand learningits idiosyncraticcomponentof the value,µ, the buyer
caneithermake anoffer or decideto move on, andchoosethenext mostpromisinghomethat is availablefor
salein therealestatelistings. If thebuyerdecidesto continueto search,theutility of searchingthenext most
promisinghomefor salemustexceedthereservationvalueA0, otherwisethebuyerwill exit themarket at this
pointasa ªdiscouragedbuyer.º

Now considerthedecisionproblemdeterminingthebuyer's expectedutility from thebargainingcontinua-
tion game.If thebuyersubmitsaninitial priceoffer O1, thebuyerbelievesthatthesellerwill acceptthis offer
with someprobability g1(O1jt,Pt ,B). If this initial offer is rejected,the buyer candecidewhetheror not to
make anotheroffer, O2 or walk away. If hemakesa secondoffer, therewill bea probabilityg2(O2jO1, t,Pt ,B)
that thesellerwill acceptit, giventhatsherejectedthepreviousoffer of O1 andsoforth. Consistentwith our
speci�cationof the seller's modelwe allow buyersto submitup to 4 offers on a given home. This situation
de�nesa �nite-horizon optimizationproblemwhosesolutiongeneratesoptimalbuyers' priceoffer sequences.
On theotherhand,in thecaseof anauctionsituation(i.e. wheretherearemultiplepotentialbuyerssubmitting
bidson a givenhouse),we assumethat thebuyerssimultaneouslysubmittheir bidsandthereis a probability
thesellerwill acceptthehighestoffer submittedor allow for onemoreroundof bidding. Initially, we assume
thatwhena buyermakeshis initial offer, he is unawareof whetherotherbuyersmayhave alsomadeanoffer
on thesamehome.

6 The Bargaining Model

In the two previous sections,we have describedmodelsof the seller's and the buyer's problemsin general
environmentswith two-sidedincompleteinformation.Wehaveformulatedeachproblemseparately, whereeach
playertreatsthe othersideasparametric,althoughtheir beliefsareªapproximatelycorrect.º In this section,
we introduceasimplebargainingmodelwith one-sidedincompleteinformationwherebuyers'offer sequences
andthesequenceof a seller's listing andreservationpricesaresimultaneouslydeterminedin equilibrium,and
beliefsareconsistent.This modelcanalsoªexplainº themainempirical�ndings of Merlo andOrtalo-Magńe
(2004).An importantgoalof our researchis to estimatesuchalternative modelsof theplayersinvolved in the
housingtransactionprocessandcomparetheir relative performancein �tting thedata.

Supposethat the seller valuesher houseR+ σ, whereR denotesthe (known) rental value of the house
andσ � F, σ 2 [0,σ], is theseller's idiosyncraticvaluationof thehousein excessof its rentalvalue(which is
privatelyknown by theseller). If shesellsat price p at time t = 0, ..., T (that is, within T periodsof putting
herhouseon themarket), theseller's payoff is p; it is R+ σ otherwise.Whenshe�rst putsherhouseon the
market, thesellersetsaninitial listing priceR+ p0

L, p0
L 2 [0,σ], thatshecanthenchangeover time. We let pt

L
denotethe listing price at time t = 0, ..., T. The populationof potentialbuyersof the houseis characterized
by a distribution of valuationsR+ β, whereβ � G, β 2 [0,β], β � σ, denotesa potentialbuyer's idiosyncratic
valuationof thehousein excessof its rentalvalue.

Theaggregateconditionsof thehousingmarketcanbein oneof two possiblestatesof theworld,H 2 f l ,hg.
In stateH = l , thehousingmarket is ªslowº andσ = σ l = αl β, αl < 1 (thatis, it is a buyer's market),while in
stateH = h, thehousingmarket is ªboomingºandσ = σ h = αhβ, αl < αh < 1 (that is, it is a seller's market).
While thepotentialbuyersknow thestateof theworld (they have a globalview of themarket), thesellermay
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beuncertainaboutit (shehasonly a partialview of themarket). We let φ denotetheprobabilitya sellerwith

valuationσ 2
h
0,αl β

i
doesnotknow thestateof theworld andβ (d,q) denotestheprior beliefsof anuncertain

sellerabouttheprobabilitythatthestateof theworld is H = h. Let γt denotetheseller's expectedprobability
thatthestateof theworld is H = h givenherbeliefsat timet. (Notethatif σ 2 (α l β,αhβ], thesellerknows that
thestateof theworld is H = h).

If thestateof theworld is H = l andthesellerlists herhouseat a price pt
L > σl , thebuyerswill know that

theselleris lying abouthervaluationandwill notmake offerson herhouse(i.e., therateof arrival of potential
buyersis equalto zero).If, on theotherhand,thesellerlistsherhouseatapricept

L thatis smallerthanor equal
to the maximumpotentialseller's valuationconditionalon the correctstateof the world, the buyerswill not
know whethertheselleris lying or not andin eachperiodt = 0, ..., T, a potentialbuyerwith valuationdrawn
from thedistributionG(β) will arrivewith probabilityθ. If in any givenperiodapotentialbuyerarrives(thatis,
amatchoccurs),thebuyerandsellerengagein a within-period,�nite-horizon bargaininggamewith one-sided
incompleteinformationandone-sidedoffers.

Supposethatthevaluationof thepotentialbuyerR+ b (whereb denotesa realizationof β) is public infor-
mationwithin thematch.Thepotentialbuyer, however, doesnot know theseller's valuation.He only knows
the listing priceandthe (equilibrium)distribution of possibleseller's valuations.Thepotentialbuyerandthe
sellerplay a �nite-horizon bargaininggamewheretheuninformedparty, thebuyer, makesall theoffers. More
speci�cally, whenthebuyermakesa �rst offer, p1 , theselleracceptsor rejects.If thesellerrejects,with prob-
ability w, thematchis broken. With probability1� w, thebuyergetsa chanceto make a secondoffer, p2, and
soon. We let k � 2 denotethemaximumnumberof offers in thebargaininggame.If thematchis successful,
thebuyer's payoff is (R+ b) � p. If thematchis not successful,thebuyergetsapayoff of 0.

Given this speci�cation, we cannormalizeR to 0 (that is, we cansolve the gameignoring the additive
componentR andthenaddit backat theendto theequilibriumpriceoffers).Also, giventhecomponentof the
initial listing pricein excessof therentalvalueof thehousep0

L, we candivide σ, β, p1, ..., pk, p andpt
L by p0

L
andexpressvaluations,buyer's priceoffers,andlisting pricechangesaspercentagesof thedifferencebetween
the initial listing price andthe rentalvalueof the house.Hence,S= σ/p0

L 2 [0,1], B = β/p0
L 2 [0,B] where

B = β/p0
L > 1, Pj = p j/p0

L 2 [0,1], j = 1, ...,k, P = p/p0
L 2 [0,1], andPt

L = pt
L/p0

L 2 [0,1] whereP0
L = 1.

Themodeldescribedherehasa uniqueperfectBayesianequilibrium,which, for eachperiodt = 0, ..., T,
speci�es the seller's choiceof a listing price. Furthermore,for eachperiodwherea matchoccurs,and for
eachpossiblebuyer's valuation, the equilibrium characterizesthe sequenceof offers by the buyer and the
correspondingsequenceof lowestseller's valuationssuchthattheselleracceptsa givenoffer. To solve for the
equilibrium,we �rst characterizetheequilibriumof thebargaininggamein theeventthata matchoccurs.We
thencharacterizethe optimal choiceof the listing price by the seller. Sincethe time horizonof the seller is
�nite, wecharacterizetheequilibriumby backwardinductionstartingfrom thelastperiodT.

Supposethat a buyer with valuationB arrives in periodT, andthe maximumnumberof offers within a
negotiationis k = 3. SinceT is thelastperiod,if a saledoesnot occur, theseller's continuationvalueis equal
to S, andtheequilibriumof thebargaininggameis characterizedby critical levelsof buyers'valuations,eB(w),
eB0(w) andeB00(w), buyers'priceoffer sequences,eP= ( eP1(B,w), eP2(B,w), eP3(B,w)), eP0= ( eP0

1(B,w), eP0
2(B,w),1),

eP00= ( eP00
1 (B,w),1,1), and(1,1,1), andthresholdson theseller's valuation,s(B,w), s0(B,w), bs(B,w), bs0(B,w),

andbs00(B,w) suchthat: If 0 � B < eB(w), thebuyeroffersthepriceoffer sequenceeP, andtheselleracceptsthe
�rst offer if S� s(B,w), acceptsthe secondoffer (if the gamereachesthat stage)if s(B,w) < S� s0(B,w)),
acceptsthethird offer (if thegamereachesthatstage)if s0(B,w) < S� eP3(B,w), andrejectsall offersotherwise;
If eB(w) � B < eB0(w), the buyer offers the price offer sequenceeP0, and the seller acceptsthe �rst offer if
S� bs(B,w) acceptsthesecondoffer (if thegamereachesthatstage)if bs(B,w) < S� bs0(B,w), andacceptsthe
third offer (if the gamereachesthat stage);If eB0(w) � B < eB00(w), the buyer offers the price offer sequence
eP00, andthe selleracceptsthe �rst offer if S � bs00(w) andacceptsthe secondoffer (if the gamereachesthat
stage);Finally, if B � eB00(w), thebuyeroffers thepricesequence(1,1,1) andtheselleracceptsthe �rst offer.
Recallthatgivenournormalization,anoffer of 1 correspondsto anoffer at thecurrentlisting price.Hence,the
equilibriumcharacterizationyields increasingsequencesof buyers' offers andseller's reservation prices,and
admitsthepossibilityof prolongedaswell asunsuccessfulnegotiations.
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Now considerthe beginning of periodT (or the endof periodt = T � 1), wherethe sellerhasto decide
whetherto reviseherlisting price. Notethat,giventheequilibriumcharacterizationof thebargaininggame,if
apotentialbuyerarrivesin thelastperiod,theseller's expectedpayoff from bargainingis
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which is increasingin pT
L (this is true for all t = 0, ...,T). Hence,theseller's listing priceat any time will be

eitherαl β or αhβ.
If thesellerknows thestateof theworld, shewill choosepT

L = αl β in stateH = l and pT
L = αhβ in state

H = h (thatis, thesellerchoosesa listing priceequalto theupperboundof thesupportof theseller's valuations

in therealizedstateof theworld). If theseller's valuationis σ 2
h
0,αl β

i
andshedoesnot know thestateof

theworld, herexpected(continuation)payoff if shechoosespT
L = αl β is θW

�
S,T,αl β

�
+ (1� θ) Sαl β, while

if shechoosespT
L = αhβ it is γT

h
θW

�
S,T,αhβ

�
+ (1� θ) Sαhβ

i
+

�
1� γT

�
Sαl β. Clearly, the choiceof the

listing pricefor anuncertainselleris nontrivial only in thecasewherethecurrentlisting priceis αhβ andthe
sellerwasnevermatchedwith apotentialbuyer(if abuyerarrivedatany period,thesellerwouldknow thatthe
stateis H = h andhencewouldnot reviseherlisting price). If this is thecase,if γT is relatively small,theseller
will reviseherlisting pricefrom pT� 1

L = αhβ to pT
L = αl β. If, on theotherhand,γT is relatively large,theseller

will not reviseherlisting price.
By letting v(S,T, pT

L ) denotethe seller's expected(continuation)payoff given her optimal choiceof the
listing price,we now move backoneperiod(to t = T � 1) andrepeatthepreviousanalysis(startingwith the
solutionof thebargaininggameconditionalonamatchoccurring)exceptthatwereplaceSwith v(S,T, pT

L ) and
we needto derive the distribution function of v(S,T, pT

L ). We thenmove backwardsto periodt = T � 2 and
so on up to the initial periodt = 0. Whendoing so,notethat the upperboundof the distribution of seller's
valuationsremainsthe same(normalizedto 1 in the solutionof the bargaininggame). However, the lower
boundis no longer0 but insteadis v(0,T, pT

L ). This implies that buyerswith β < v(0,T, pT
L ) will not make

offerson thehouse.In general,aswe move backto earlierperiods,thelower boundwill belarger (thesellers
aremorepicky andbunchedcloserto thelisting price).

With respectto the equilibrium initial listing price, sincethe seller's (expected)payoff in the bargaining
gameis increasingin thelisting price,thesellerwill chooseeitherp0

L = αl β or p0
L = αhβ. If thesellerknows

thestateof theworld, shewill choosep0
L = αl β in stateH = l andp0

L = αhβ in stateH = h andnever reviseit.
If thesellerdoesnot know thestateof theworld, if herbeliefsabouttheprobabilitythatthestateof theworld
is H = h arerelatively ªoptimisticºshewill choosep 0

L = αhβ. However, if shegetsa long enoughsequenceof
periodswherenobuyerarrives,shewill updateherbeliefsdownwardandshemayeventuallyswitchherlisting
priceto pt

L = αl β at somet = 1, ..., T. If on theotherhand,a buyerarrives,shewill instantaneouslylearnthat
thestateof theworld is H = h andwill thereforenever reviseher listing price. Notethat if theseller's beliefs
abouttheprobabilitythatthestateof theworld is H = h arerelatively ªpessimisticºshewill choosep 0

L = αl β
andwill never revise her listing price sincelearningwill not occur(if p0

L = αl β the arrival rateof buyersis
equalto θ regardlessof whatthestateof theworld is).
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7 Modeling RealEstateIntermediaries

Sofar, ourdiscussionhasconcentratedonproviding relatively detailedmodelsof thetwo key agentsin thereal
estatemarket: buyersandsellers.While themodelsdiscussedso far do not yet have anexplicit treatmentof
realestateagents,whenthesemodelsaremorefully developed,we believe it will be feasibleto take thenext
stepandconstructexplicit modelsof realestateintermediaries.In particular, it will bepossibleto extendthese
modelsto allow for anendogenouschoiceof whetherto sell a homewith theassistanceof a realestateagent,
versusªfor saleby owner.º

The �rst stepis to identify the ªserviceºprovided by real estateagents.Therearea numberof possible
servicesthat realestateagentsprovide thathave alreadybeendiscussedin the formulationof our models:1)
therealestateagenthastheability to includea seller's homein a largedatabaseof homesfor sale,calledthe
multiple listing service, which in conjunctionwith othertypesof advertising,canhelp to increasethe rateof
arrival of potentialbuyers,and/orresultin arrivalsof buyerswhoarebetterinformedandthusbetterªmatchesº
for theseller's home,resultingin a higherrateof offers,or higheroffersor both,2) therealestateagentis an
expertonconditionsin thelocalhousingmarket,andcanthereforeªaggregateinformationºandprovideuseful
informationadviceto a selleraboutwhatlist pricesareappropriate,whatarrival ratesof buyersto expect,and
whatpricethesellercanexpectto receive from saleof their home.Fromthestandpointof abuyers,realestate
agentsalsoprovide valuableservicesvia theiraccessto themultiple listing service,by helpingbuyersto direct
their searchmoreef�ciently to thehomesin theirdesiredlocation,styleandpricerange.

We believe it is possibleto quantify the valueof the servicesprovided by real estateagentsin termsof
themodelwe have alreadypresented,i.e. to quantify the impactof a realestateagenton buyer arrival rates,
on offer distributions,andso forth. If it is possibleto identify the ªcausaleffectsºi.e how a realestateagent
affectsarrival rates,offer distributionsandso forth, thenit is possibleto estimatethevalueof the realestate
servicesusingour modelingapproach.In particular, sincewealsoknow thecostof a realestateagent(i.e. the
realestatecommissionis typically 6% in theU.S.,andwhena saleoccursbetweena buyerandsellerwho are
bothrepresentedby their own realestateagents,this commissionis split 50/50betweenthebuying andselling
agents),wecanmodelbuyers'andsellers'endogenouschoiceof whetherto userealestateagents.In particular,
a sellerwill list their homewith a real estateagency only if the increasein the expectedselling pricedueto
higherarrival ratesof buyersand/orhigheroffersdueto improvedmatchesand/orbetteradviceto theselleron
sellingstrategy, exceedsthe6%commission.

Therearedif�cult economicissuesarisingfrom thepossibilityof multipleequilibriawhenrealestateagents
areintroduced,andrelatedeconometricissuesof how to infer ªcausalityºgiven thepatternsof self-selection
in the decisionof whetheror not to usea real estateagent. In particular, until recently, the vastmajority of
homeshave beensoldvia realestateagenciesandthehomesthataresoldby ownermaynot betypical of the
overall populationof homesfor sale.It might bethecasethatbeliefsaboutthepower of realestateagentsare
ªself-con�rming.º Thatis, if sellersbelieve thatthey areunlikely to besuccessfulunlessthey hire a realestate
agent,thenthey will do soandmostof theªgoodhomesºwill be listedwith realestateagents.If buyersalso
believe that they will not beableto �nd out aboutgoodhomesunlessthey searchthemultiple listing service,
thenthe sellers'beliefswill be con�rmed andthe vastmajority of transactionswill be intermediatedby real
estateagents.However it couldbepossiblethatthereis analternative equilibriumwherea signi�cant shareof
housesarefor saleby owner, andthatsearchvia avenuesoutsidethemultiple listing service(e.g.theclassi�ed
ads,or independentinternetpostingagencies),could result in a very differentequilibrium in the real estate
market with a far lower shareof housingtransactionshandledby traditionalrealestateagents.

We believe thatthis alternative equilibriummaybestartingto take hold in MadisonWisconsin,wherethe
agency fsbomadison.com (anagency whichis currentlyproviding uswith listing andtransactiondata,asnoted
above) hasalreadygaineda signi�cant market shareandis growing rapidly at theexpenseof traditionalreal
estateagencies.We areseekingcomparabledatafrom traditionalrealestateagenciesin Madison,andbelieve
thattheentryof fsbomadison.com mayserve anªinstrumentºthatwill allow usto infer how thesealternative
intermediariesaffect arrival ratesandoffer distributions,providing a moresolid groundingfor makingcasual
inferencesandwhethermultipleequilibriais anempiricallyrealisticpossibility.
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Wewill alsostudyissuesrelatedto theentryandexit of realestateagentsandwhetherthereis credibleevi-
denceof entrydeterrenceandcollusionby existingrealestateagenciesby virtueof theircontrolof themultiple
listing service— allegationsin therecentU.S.Departmentof Justicesuit againsttheAmericanAssociationof
Realtors.To theextent thatacquiringandmaintainingthe listing informationin themultiple listing serviceis
a costlyactivity, theremaybea valid argumentthatexisting realestateagencieshave propertyrightsover this
information,andthatrequiringthatthis informationbeprovidedatno costto competitorscouldleadto subop-
timal outcomeif theseintermediarieslosetheincentive to acquireanddisseminatethisvaluableinformationas
a resultof unwisecourtdecisionand/orregulationof this market. We will attemptto characterizethesocially
optimal con�guration of the real estatemarket, taking into accountthe costsof collectinganddisseminating
informationandusethis asa benchmarket againstwhich to evaluatetheef�ciency existing or statusquoequi-
librium in thehousingmarket (includingmodelingpresumedmonopolycontrolof themultiple listing service
by collusive realestateagents),versusalternative formsof organizationof therealestatemarket includingalter-
native typesof contractsfor providing realestateservices(e.g. insteadof commissionbasedpricing,we could
studymarketsbasedon ªfeefor serviceºcontracts,similar to that provided by fsbomadison.com for listing
homeson their website,or buyerspayingrealestateon anhourly basisfor their expertassistancein searching
therealestatemarket).

While our researchto study the role of real estateagents,modelingentry andexit of theseagents(and
potentialcollusionandexclusionarytacticsof existingagents),andconsideringalternativestructuresfor thereal
estatemarket is necessarilyhighly speculative andnotwell developedat thispoint,webelieve thatproviding a
rigorousmicrofoundationfor therealestatemarket by carefullystudyingthebehavior of thetwo key agentsin
this market,buyersandsellers,will provide a solid basison which wecanbuild. We alsobelieve thatwe have
assembledsomeof thebestpossibledatafor whichto studytheseissues,andaswenotedabove,theimportance
andpracticalrelevanceof having animprovedunderstandingof theoperationof residentialrealestatemarket
cannotbeunderestimated.
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