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Abstract 

A real estate market model characterized by incomplete information, costly search, and varying expectations 
is presented. The model describes a self-selection process for market participants and a distribution of transac- 
tion prices. These transaction prices, which arise from a Nash equilibrium, can be expressed as a noisy signal, 
reflecting incomplete information as well as the conditions of sale. The appraiser's role is formalized as the task 
of signal extraction. The model emphasizes the differences in information available to individual buyers and sellers, 
who make transactions only infrequently, and the appraiser, whose expertise comes from observing many trans- 
actions. Based on the model, it is shown that contrary to popular perceptions, appraisal smoothing is consistent 
with an optimal updating strategy. 
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Even in light of the development of general models of  market imperfections, the simple 
competitive market model remains the dominant tool in real estate analysis. However, despite 
its popularity, the competitive market model provides an inadequate portrayal of  the trading 
environment in real estate markets. Specifically, three important features of  real estate 
markets distinguish the price formation process from that implied by the standard model: 
(1) Participants in real estate markets often have incomplete information about the attributes 
of  the purchase, and decisions to buy and sell must often be made based on this partial 
knowledge. (2) Given the heterogeneity and fixity of real estate, some period of costly 
search must be incurred by potential buyers. (3) Trades are decentralized, and market prices 
are the outcome of  pairwise negotiations. This price determination process represents a 
significant departure from Walrasian auction. 

This article introduces a model of real estate transactions which incorporates these three 
features, all of which play a crucial role in determining the eventual transaction price. The 
model is also useful in understanding the role of  property appraisal in real estate markets 
and the techniques for making appraisals. This application to the appraisal function can 
be quite important. In real estate markets, purchases and sales of individual properties occur 
only infrequently. Thus the current market value of the stock of real capital, or the worth 
of  any investor's holdings of real estate, must be inferred from limited information about 
recent transactions. 
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The theoretical underpinning of our analysis is the notion of price dispersion in market 
equilibrium. 1 As noted by Burdett and Judd (1983), it appears to be crucial for price dispersion 
in equilibrium that some ex post  differences exist in the information available to buyers 
or sellers. 

We take information imperfections, varying expectations, differing search costs and 
bargaining to be characteristic of the real estate market for both housing and investment 
properties. This leads to price dispersion in short run equilibrium, in which the transaction 
prices for identical properties vary. The model we describe includes an explicit recogni- 
tion that the searching process entails not only locating the desired property but also bargain- 
ing over the price to be paid. Thus the task of buyers is one of searching for a bargaining 
game to provide the highest net expected payoff. 

Section 1 below places the assessment problem in the broader context of real estate in- 
vestment analysis. Section 2 presents the basic model of microeconomic behavior of real 
estate actors. Section 3 characterizes the appraisal problem more specifically. Conclusions 
are presented in Section 4. 

1. Equity returns and estimates 

Reliable market value imputations are crucial to profitability, and methods of imputation 
of market value are more important for real estate than for other components of investment 
portfolios. In the absence of sales, rates of return must be imputed rather than observed, 
and the correlation of returns across investment categories must be inferred from evidence 
on current operating income, from the sales of comparable properties, or from historical 
trends. 

A large literature comparing real estate holdings with other investments concludes that 
in general, real estate has provided a somewhat higher risk-adjusted return when com- 
pared to other investment instruments; the inclusion of real estate in a portfolio of investments 
can substantially reduce portfolio risk; and real estate is a good hedge against inflation. 
Recent studies include Fama and Schwert (1977); Webb and Sirmans (1980); Miles and 
McCue (1982, 1984); Ibbotson and Siegel (1984); and Brueggeman, et al. (1984). 

The conclusions of this entire literature depend on the construction of real estate return 
series which can be compared with similar indices for other investments. Many researchers 
have relied upon professional appraisals to represent market value (See Hartzell, et al. (1986) 
for a review of such studies). Indeed, this may be the standard practice. See Firstenberg, 
et al. (1987) for a concise and timely discussion of this issue. 

The effects of appraisal technique are often "demonstrated" by identifying an exogenous 
process governing the behavior of "true" prices as well as describing a precise specifica- 
tion of appraisal methodology. For a particular methodology and for specific assumptions, 
it can be deduced that appraisal "smoothing" occurs. 2 This reasoning has been used to 
recommend procedures to correct existing appraisal data (Ross and Zisler, 1987; Geltner, 
1989). 

Without prior agreement on a model of real estate prices and a model of appraiser behavior, 
however, these conclusions arise mechanically from arbitrary assumptions made about the 
underlying processes? 
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"Smoothing" results are generally attributable to reliance by appraisers on previous prices 
(Ibbotson and Siegel, 1984, p. 222) or previous appraisals (Ross and Zisler, 1987; Geltner, 
1989) in forming their current estimates of market value. This results in some form of 
autoregressive structure exhibiting "inertia" and termed the "tyranny of past appraisals" 
(Geltner, 1989, p. 469). Note, however, that an autoregressive representation of a stochastic 
process does not necessarily imply smoothing. 

In this model, we take a more structured view of the problem. We specify a model of 
price determination within a real estate market and deduce the relationship between infor- 
mation and transaction prices. We then ask, what is the optimal strategy for an appraiser? 
By assuming a quadratic loss function, we derive a parsimonious behavioral representa- 
tion of the appraiser's updating procedure. The resulting model of appraisers' behavior 
has a natural interpretation --  it can be expressed as a weighted average of a previous ap- 
praisal, as proposed by previous researchers, as well as the most recently observed trans- 
action price. An explicit expression for the weighting parameter is thus derived. 

In this model, smoothing may arise from the relative variability of general market price 
uncertainty and idiosyncratic transactions uncertainty, even when appraisers follow an op- 
timal updating strategy. This is in sharp contrast to the common conjecture that smoothing 
arises from flaws in methodology or even incompetence among appraisers. 

2. Buyers, sellers, and price determination 

The model developed below describes trade among income-maximizing, heterogeneously 
informed agents. 4 Let P be the random price of a class of similar properties whose value 
is dependent on the realization of variables following a random process. There are m + n 
agents in this market, and each of the m buyers wishes to buy one property from the n 
sellers. No agent observes P directly, and all transactions are based upon estimates of P, 
based on individual information sets. Since no agent has complete information, the buyers' 
and sellers' estimates,/bb and i bs, deviate from P by error terms e b and e ~, respectively: 

~b = p + e b and /b~ = p + e s. (1) 

Thus, e b and e ~ summarize the extent to which each buyer and seller is informed. The 
errors are uncorrelated across agents and have 0 conditional means. 5 

Buyers and sellers are also distinguished by their respective discount functions, pb and 
pS, which represent the urgency of the agents to conclude a transaction. Each pair of dis- 
count parameters determines threshold or willingness to trade prices p b  and ps: 

pb = (pb)-l~ab and PS = p~/5~. (2) 

In the absence of strategic considerations, pb corresponds to the maximum price which 
the buyer is willing to pay for a given property and ps to the minimum price at which 
the seller is willing to sell his property. 6 p b  is increasing in pb; the more impatient the 
buyer is, the more he is willing to pay. The discount functions are independent of the estima- 
tion errors. Allowing for heterogeneity in both discount functions and information en- 
dowments, respective threshold price distributions F(P b) and L(P s) exist for the m buyers 
and n sellers. 
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Each buyer and seller has a reservation price pr or offer price po. The reservation price 
is a function of the buyer's search cost and the distribution of sellers in the market. Any 
buyer with a reservation price derived from an optimal search rule that exceeds his threshold 
price will likely not participate in this market. This outcome forms a natural self-selection 
criterion for determining the eventual market participants. Similarly, each seller determines 
an offer price based on knowledge of other sellers and the distribution of reservation prices. 
Under certain conditions, it may not be profitable for a seller to engage in trade when the 
offer price is less than his threshold price. Nevertheless, it is clear that, for buyers and 
sellers who participate in this market, the reservation and offer prices differ from their 
respective threshold prices by values e b and e~: 

pr  = pb _ eb and po = ps  + es, (3) 

where 6 b, 6 s > 0 represent the strategic component of the agent's overall willingness to 
trade prices. Thus a buyer (seller) will be unwilling to trade with a seller (buyer) with 
an offer (reservation) price po (pr) where pr  < po < pb (ps < p r  < po), since, 
strategically, he obtains a higher payoff, given his knowledge of the potential trades which 
are possible. 

For a matched buyer and seller pair for whom pr  > po, the region between the two 
prices represents the surplus to be divided. Any partitioning of this surplus is desirable 
for both players; here the Rubinstein (1982) noncooperative bargaining approach is adopted 
to specify the manner with which the surplus "cake" is divided. 

It can be shown (Rubinstein, 1982; Shaked and Sutton, 1984) that such a game results 
in the seller getting the share 

1 - pb 

(1 - pbps) 

and the buyer getting 

1 - o :  - ( o h ( 1  - p S ) )  

(1 - pbpS) 

The equilibrium partition of the surplus depends on the relative bargaining position of the 
buyer and seller, as represented by each agent's discount function. For an impatient buyer, 
pb approaches 0 and the seller receives the full surplus. Conversely, if the seller is impa- 
tient, the seller receives the share 1 - pb and the buyer gets /9bY 

The equilibrium shares obtained in Rubinstein's perfect equilibrium correspond to the 
bargaining parameters in the asymmetric Nash bargaining game (see Binmore and Dasgupta, 
1987). Using this result, a given transaction price, pT, negotiated between a buyer and 
a seller in our model can be expressed as a weighted average of the reservation and offer 
prices: 

p T  = o:pr + (1 - o:)P ~ (4) 
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where oJ is the equilibrium share. The condition of the sale can thus be represented by 
the relative urgency with which the buyer and seller wish to conclude a transaction. In 
a "seller's market," pb is small. From (4), as pb ~ O, o~ ~ 1 and p r  ~ pr,  the seller 
extracts an increasingly large surplus. 

2.L The buyer's behavior 

In this section we characterize the decision of buyers to enter the market and their subse- 
quent search behavior. The distribution of reservation prices arises from the precommit- 
ment to a negotiating strategy. Since the employment of such strategies is common 
knowledge, search is conducted over a set of possible noncooperative games with the perfect 
equilibrium partitions representing the search payoffs. In this way, a realistic element of 
real estate transactions is captured. 

The buyer is assumed to have knowledge of the payoff distribution but not to know the 
location of any individual seller. The perfect equilibrium surplus partitions are functions 
of pr, po, pb and pS. In our model, we consider the simpler case whereby pS and pb are 
fixed and known by all buyers and sellers. 8 

A buyer searches for the game which yields the largest surplus by sampling from the 
distribution of sellers and their offer prices, defined as H(P~ This search will continue 
until the marginal expected gain from obtaining an extra observation is equated with the 
marginal cost of search. Under well known conditions (see Lippman and McCall, 1976; 
Weitzman, 1979), an optimal stopping rule exists and the searching procedure has a reser- 
vation price property expressed in terms of surpluses. If the buyer engages in a game with 
a seller which provides him with a payoff below the reservation level, the buyer will con- 
tinue searching. If the negotiated surplus is above, the buyer will stop searching and will 
conclude a transaction at the specified surplus partition. 

Specifically, consider an elementary sequential search model with an infinite horizon, 
no discounting and a known distribution H(P~ Upon meeting, each actor learns of the 
counterpart's discount parameters as well as the reservation and offer prices. A trade is 
feasible if the buyer's reservation price is larger than the seller's offer price. If a trade 
is feasible, the surplus is divided according to the rules noted above. If a trade is not feasi- 
ble the buyer rejects the seller's offer and selects another independent draw from the distribu- 
tion of sellers. 

Each buyer's surplus partition, Si, associated with meeting and negotiating with seller 
i can be expressed as: 

/ ( 1  -- o~)(P b - p o )  if pb > p o  

Si 
otherwise 

(5) 

The search to maximize surplus is equivalent to search for the lowest (po). From (5), the 
objective function is 

E[II]  = (1 - o~)(P b - Emin(P~, P~, P~, . . . ,  po)) _ nc, (6) 



132 DANIEL C. QUAN AND JOHN M. QUIGLEY 

where n is the random stopping time, c is the cost per search, and recall is permitted. 
Defining Pr  as the reservation price, the expected gain from search as dictated by the best 
stopping rule is: 

If po <_ pr, buy the property and receive Si. 
If po > pr, do not buy and continue search. 

It can be shown that the solution to (6) implies an equilibrium relationship between the 
search cost and the reservation price: 

er er 
C -- f~ (pr __ pO)dH(po ) ~_. L H(P~176 -~ D(pr)" 

1 - - w  
(7) 

D(P') is an increasing function of pr, reflecting the fact that those individuals with high 
search cost will have high reservation prices. The reservation price relationship, which 
allows for bargaining, differs from the conventional search problem in the denominator 
of the left-hand side term. Since 0 < ~0 < 1 for a reasonable range of discount parameters, 
the reservation price with bargaining will be larger in the absence of such friction. This 
arises because sellers are not passive price takers, and consequently, buyers cannot extract 
all the surplus. Buyers must therefore be satisfied with sellers who have higher threshold 
prices - -  leading to smaller surpluses. When the seller is in a stronger bargaining position, 
the buyer's reservation surplus level becomes smaller. Conversely, in a buyer's market, 
ps ~ 0, o~ --* 1 - pb, and the buyer's reservation price will be determined by (6). Unless 
ps = 0 and pb = 0, the reservation price in this framework will always be larger than in 
the absence of bargaining; the standard result is a limiting case. 

The self-selection mechanism determining the eventual market participants from the set 
of m potential buyers for a given property is straightforward. We define a market partici- 
pant as an individual with a threshold price and search cost pair (pb, c) such that pr  < 
pb. 

First, consider the set of m* market participants. If any member draws an offer price 
po such that po <. pr, a purchase will take place. If offers are drawn such that pr < 
po <_ pb, no purchase will be observed. If an individual continues searching, a lower price 
can be obtained given search costs and the knowledge of H(P~ Clearly, no purchase takes 
place for all po > pb. 

Clearly, the m - m* group of potential buyers with (pb, c) pairs, such that pr > pb 
will not participate in the market (since their expected gains from searching are less than 
their valuations of the property).9 

Define F*(P b) and G*(P ~) as the distribution of threshold and reservation prices for 
the m* self-selected market participants, respectively. Clearly, for all pb and pr  in the sup- 
port of F*(P b) and G*(pr), G*(P r) <- F*(pb). That is, the relationship between G*(P r) 
and F*(P b) is one of first-order stochastic dominance. ~~ 

This definition of a participant gives a necessary condition for an eventual transaction. 
Market participants who satisfy this condition need not necessarily conclude transactions. 
However, any observable transaction price must be bounded at the top by the set of reser- 
vation prices. 
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The reservation price can thus be expressed as a function of the search cost. Let Q(c) 
and G(P r) be the distribution of the search cost and the reservation price respectively. 
Then 

G(P r) ~ Pr(R < P ' )  = Pr[c <_ (1 - co)D(P~)] = Q[(1 - r (8) 

where R is a random variable. 

2.2. The seller's behavior 

In this section, we define the seller's informationally determined threshold prices and 
characterize their optimal offer prices. If sellers are Nash players with respect to other 
sellers, their optimal responses to a costly search by buyers will result in a dispersion of 
offer prices, even for identical properties. We define an equilibrium distribution of offer 
prices in terms of sellers' expected profits. 

It is convenient to express the buyer's search strategy in terms of the cumulative distribution 
of the offer prices. Note from (7) that 

dD( Pr ) f Po r - h(P~ ~ = H(pr) ,  (9) 
dp  r 

where, once again, H(.) is the offer price distribution. From (8), the density of the reser- 
vation price is: 

g(er) = ( 1  - co)q[(1 - co)D(pr)] dD(Pr) 
d W  

(10) 

= (1 - co)q[(1 - ~o)D(W)]H(pr). 

Consider the actions of the sellers. Each seller realizes that, by lowering price, profit 
conditional upon sale will be lower, but the pool of potential buyers will increase, since 
additional buyers with lower reservation prices will be induced to search. Conversely, by 
raising price, the revenue conditional upon sale will be higher, but the pool of potential 
customers will be smaller. Equilibrium is characterized by the expected zero profit condi- 
tion; each seller who sets a price from the equilibrium distribution of offer prices will 
earn the same level of expected profits. Consider the behavior of the nth seller, given that 
the other n - 1 sellers have already chosen their offer prices. Using a derivation similar 
to Rob (1985), it is shown in Appendix 1 that the expected profit function of a seller with 
a given po will have the following expected profit function: 

f 
Oo 

II(P ~ = (1 - co) (oJP r + (1 - r176 - r r. (11) pO 

The maximization of (11) with respect to po summarizes the best response of this seller, 
given the behavior of the buyers and all other sellers. Let K be the common level of 
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profits for all sellers who behave this way. Then an equilibrium distribution, H(.), is one 
in which II(P ~ < K for all po, while the equality holds for all po in the support of H(.). 
Note that, although all sellers will earn the same level of profits in equilibrium, no seller 
is indifferent to the price selected from the equilibrium distribution. This is due to the 
fact that decisions to raise or lower prices will affect not only the pool of potential customers 
but also the number of sellers at a given price. This, in turn, will affect probabilities of 
sale and expected profits. 

As is the case with buyers, each seller's decision to sell is based on a comparison of 
threshold and offer prices, and no potential seller will enter the market if his offer price 
is lower than his threshold price. Thus a market participant is a seller for whom ps < po. 

Let n* be the number of sellers from the n potential sellers who are market participants. 
Define L*(P s) and H*(P ~ as the distribution of threshold and offer prices, respectively, 
for these n* sellers. By analogy to the argument in 2.1, it follows that L*(P s) <_ H*(P~ 
That is, the relationship between L*(P s) and H*(P ~ is one of first-order stochastic 
dominance. 

2.3. Transaction prices 

The previous sections indicate bounds for the reservation prices for buyers and the offer 
prices for sellers. In this section, we use this information to derive the distribution of prices 
from which an observable market transaction must be drawn. 

For the risk-neutral income maximizers in this market, it was shown that the transaction 
price, pr, can be expressed as the Nash bargaining solution for a given bargaining 
parameter, t0. For distributions of reservation prices for the buyers and offer prices for 
the sellers, the feasible set of prices from which a transaction price is drawn is the con- 
volution of these distributions. Define the density of the convolution of the two distribu- 
tions as k(Pr). For the case in which po and pr  are independent, the density of pr  is: 

pT 
k(P r) = fo  h*[(1 - r176 - (1 - r176 ~ 

Thus, a transaction price is defmed as a price drawn from the density k(Pr). 

(12) 

2.4. Price determination: A simple example 

In this section, we present a simple graphic example. Let the density function of the reser- 
vation prices for the group of self-selected buyers be characterized by a gamma function 
suitably normalized for the price interval 0 _< P _< 4. 

R2P reX( 4_P r ) 
g(P r) = (13) 

(e 4x - 4X - I) 
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The offer price distribution h(P ~ consistent with the above reservation price distribution 
can be obtained by the expected profit function as shown in (11). As discussed in the previous 
section, price dispersion will exist in equilibrium when sellers earn the same expected profit 
levels K for all prices in h(P~ Differentiating (11) with respect to po we obtain the follow- 
ing condition: 

f p, g(pr) dP r =  pog(pO) (14) 
~ H(P r) (1 - co)H(P ~ 

This condition must be satisfied by H(.) to be consistent with dispersion. For tractability 
reasons, we consider the simpler case of o~ = 0; that is, sellers are price takers and buyers 
receive the complete surplus upon a transaction. In this case, (14) simplifies to: 

H(P~ _ (pO)2g(pO) (15) 
K 

For H(P ~ to be a proper distribution function, dH(P~ ~ >_ 0 for all po within the 
bounds po < po < po. Thus, a necessary condition for the existence of a dispersion of 
offer prices is 

g,(po) - 2 
- -  _> - -  for all po <_ po < po. (16) 
g(eO) eo 

This first order difference equation implies 

o o 

g(pO) >_ P~ Pu (17) 
( p o ) 2 ( e o  _ eT) 

Thus, for a given price range, (17) provides a lower bound for the feasible reservation price 
density function, which supports a proper offer price distribution. As Rob (1985) has pointed 
out, for price dispersion to occur, it is necessary that there be a number of buyers with 
high reservation prices (thus making it profitable for sellers to set correspondingly high 
offer prices.) In a concrete example presented below, this restriction is seen to imply 
parameter restrictions. 

From (17), it follows that only gamma distributions with 9~ _< .75 will result in a 
nondecreasing distribution of offer prices. From (15), the seller's offer price density func- 
tion is: 

h(P ~ = (P~ - )xP~176 (18) 
64 

Given these threshold price distributions for buyers and sellers, the feasible set of trans- 
action prices, pr ,  is of the form 

k(p T) = •5(pT)4eX(4-Pr)(5 + )kP T) 

(32)2X 5 
(19) 
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Figure 1 presents a schematic of  the two price distributions, equations (13) and (18), drawn 
for ~, = .75. Figure 2 shows the resulting distribution of  observable transaction prices for 
the same parameter value. 
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3. Information content of prices 

This model of price formation allows us to characterize the information provided by a given 
transaction to an external observer. Since any transaction price is a weighted average of 
the reservation and offer prices, which are related to their threshold prices by (3), the rela- 
tionship between pT and P, the full information price, can be established: 

pr = [pb(pS --_p{,l) + 1] p + (1 - pb)(eO -- pOeb)pa(l+__COb)2(lpbps) -- Ps)(pSeS + es) (20) 

= B P +  v. 

Consider an external observer, whom we label a, who is less informed than either the 
buyer and seller; that is I a, a 's  information set, is a proper of  subset of I ~ and F,  infor- 
mation sets of the buyer and seller, respectively. We assume that this individual observes 
the condition of  sale but does not observe each agent's estimation error, e ~ and e ~, nor 
the strategic parameters, e ~ and e s. This agent treats these parameters as random variables. 
We assume that he views each transaction price as being derived from some drawing from 
the distribution of strategic parameters; his prior information has no power in predicting 
the outcome of any draw. That is, we assume independence of e b, ~ ,  and e a. 

Under these conditions, p r  is informative about the full information price, P, for agent, 
a, if p r  is correlated with P, conditional on a ' s  information set, I a. From the definition 
of e a and using (20), it follows that the conditional covariance between p r  and P is: 

Cov(Pr ,  p I I  a) = E [ ( p  r - B p  a - E(plla))][ea].  (21) 

Since a is less informed than both the buyer and seller, by the law of iterative expecta- 
tions, E[e~ a] = E[e~[I a] = 0. Independence of e o, e ~ and e a simplifies (21) to: 

Cov(Pr ,  P I I  a) = BVar(eal I  a) (22) 

(See also, Appendix 2). 
pT is not informative if either Var(ealI  a) = 0 or B = 0. The former is the case when 

the observer has complete information. The information content therefore rests upon 
whether or not B = 0. 

From (20), it is clear that for 0 < p ~, p ~ < 1, B > 0. Thus, the transaction price, 
pr ,  will always be a useful signal for the purposes of inferring P. In a real estate market 
characterized by bargaining and search frictions, under a reasonable range of buyer and 
seller discount parameters, those frictions do not dominate the information content of prices. 
This result permits us to characterize the optimal updating strategy of an appraiser who 
is nothing more than a less informed external observer of market prices. 

4. The appraiser's problem 

These results can be used to characterize real estate appraisal, the procedure which uses 
an observed transaction price, prt, at time t to estimate the transaction price for "com- 
parable" properties. 
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In what follows, we consider the general case in which the mean adjusted true price 
at time t, Pt, follows a random walk. 

Pt  = P t - i  "[- ~t, ( 2 3 )  

where ~/t - N(0, cry) and E(rhrh_j) - -  0 for allj. Volatility in prices arises from exogenous 
market movements. 

As noted in equation (20), the transaction price can be expressed in terms of the true 
price plus some "noise" terms. Consider the appraiser's problem: to estimate the market 
clearing price of a property by using the knowledge of the sale price, pT, of an identical 
property. This sale price is equal to the unobservable true price plus some terms which 
reflect the cost of search, the condition of sale and the relevant distribution parameters. 
The appraiser thus must extract the relevant signal from the "noisy" transacted price. The 
difficulty in "filtering" such information is that the transaction price is subject to market- 
wide noise as well as idiosyncratic transaction noise. For this reason, the appraiser's up- 
dating rule will be a function of the relative size of these sources of disturbances�9 

Consider the appraiser's updating rule. Let I,-1 =- {pr,  p r ,  pr ,  . . . ,  prt_l} be the set 
of all previously observed transaction prices available to the appraiser. The conclusion does 
not change if we let B = 1. 

P~t = P t  + Yr. (24) 

For convenience only, let v, be an i.i.d normal random variable with variance o 3 and mean 
0.11 The optimal updating procedure for an appraiser, given an initial information set It_ 1 
and an additional piece of information, Pt r, is the so-called least squares or recursive 
projection 

E[PtlP~, I t - l ]  = E[PtII,-1] + K[P T - E (P t - I I I , -1 ) I .  (25) 

(See Sargent, 1979, chapter 10; Samuelson, 1965, 1973; or Chow, 1984.) 
The new appraisal is made by augmenting the current appraised value of an identical 

("comparable") property by some weighting, K, of last period's prediction error. The last 
term of (25) is the updating component. We define P* = E[PtlPf, I,-1] as the appraiser's 
estimate of the market price at time t. It is shown elsewhere (Quan and Quigley, 1989) 
that the resulting estimate for the parameters of this model has the following form: 

P * =  KP T + (1 - K)P*_ 1 (26) 

where 

2 -F- 2 0"~ O" v 

Appraisal proceeds through computation of a weighted average of the price recorded 
for the last transaction and the appraiser's previous estimate, with the weights depending 
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on the second moments of the error distributions. This result is intuitive, since the infor- 
mational content of the system is summarized in its variance, lz If  a~, the transaction noise, 
is large relative to a~, the market-wide noise, then K will take on small values and the 
appraiser will put more weight on the previous estimate�9 Thus, if the variability of prices 
due to condition of sale is large relative to the marketwide noise, then appraisers will rely 
more heavily on the previous estimate, rather than on the most recently observed transac- 
tion price. Conversely, if  the variation in transaction prices due to the condition of sale 
is small relative to the marketwide variation, then the appraiser should place more em- 
phasis on the transaction price. 

We can now formalize the concept of appraisal smoothing. Following Geltner's deriva- 
tion (1989, footnote 3, p. 470), returns are represented as first differences of the prices�9 
Let r* = ( P * -  Pt*-l) be the return based on the estimated prices. Expressing the updating 
rule (26) in terms of returns, we obtain 

1"*= K(Pf  - pT_,) + (1 - /Or*_,. (27) 

Using (24) and the random walk of prices, P.T - P l - 1  = Tit q -  Pt - Pt-l" The first term 
*/t is the unobservable true random return, ut - ut-1 is the difference in forecast error due 
to information differences between time t and t - 1. By suitable choice of the unit time 
interval, this error difference is small relative to the market movement noise, ~/t. Ignoring 
this term, the expression for rt*is: 

r*= K~t + (1 - K)r*_l. (28) 

The appraisal-based return has the form of a first order autoregressive process with 
parameters K and l - K and with variance: 

2 

Var(rt*) = Ka~ where K = an 
2 2 - K o~ + a~ 

(29) 

This expression demonstrates the relationship between the variance of the appraisal-based 
return and a~, the variance of the true return�9 From the definition of K in (29), 0 < K 

2 is large relative to a~, the market wide disturbance, K, is a small number and < 1. I fa~  
more weight is placed on the appraiser's previous estimate. Thus, the variability of returns 
based on appraisals will exhibit a strong reliance on previous estimates and will be 
"smoothed." 

An alternative behavioral interpretation of (29) indicates why appraiser's estimates may 
result in smoothed return estimates. If  a 2 is interpreted as the appraiser's subjective valua- 
tion of uncertainty as to the condition of sale, a large a 2 corresponds to the appraiser hav- 
ing little information about the circumstance of the transaction. If  this uncertainty is large 
relative to the market-wide movement in prices, it is optimal for the appraiser to place 
less weight on the transaction in question and to rely more heavily on the previous price 
estimate. This reliance will introduce inertia into returns. Note that this is the behavior 
of appraisers who follow an optimal updating strategy. This contradicts the conventional 
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wisdom which asserts that smoothing by appraisers arises from flaws in methodology, poor 
appraisal practice, or even incompetence. When an appraiser who pursues an optimal up- 
dating strategy is faced with uncertainty about the nature of the most recently observed 
transaction, it is reasonable to "discount" that transaction and to rely more heavily on in- 
formation acquired in previous periods. This results in smoothed return estimates made 
by competent appraisers. 

It is clear from (29) that Var(rt*) depends on the relative variability of the market move- 
ment noise, ~t, and the transaction noise, J't: 

Var(rt*) = tr~ tr~ . (30) 
2 + 202 

Variability in ~/t arises from factors which dictate general market price movements; changes 
in vt represent variability in the agent's information set and the condition of sale. Thus, 
for any measured variance of appraisal-based return indices, such a measure can arise from 
specific combinations of market movement and transaction noise as dictated by (30). A 
plot of (30) is provided in Figure 3. 

5. Conclusion 

This article has presented a complete model of price determination in the real estate market 
in which property appraisal performs an important, efficiency-enhancing role. Profit- 
oriented, but imperfectly informed, actors in the market make varying offers to buy and 
sell properties, leading to a short run equilibrium in which there is some distribution of 

~,~, </:> ~ O  ~" 

, <Se < ~ : ' S  

Figure 3. Variance plot. 
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market prices for identical properties. The role of the appraiser is to provide information 
so that the variance of this price distribution is reduced. The appraiser does this by up- 
dating the current estimate of the value of comparable properties every time a transaction 
is observed. Under quite general conditions, it can be shown that the recursive process 
linking appraisers to potential buyers and sellers of property reduces the market imperfec- 
tions which arise, for example, from costly search and uncertain income projections by 
market actors, 

The key to the model is the updating rule which the appraiser employs to extract the 
price signal from the "noisy" transactions made by imperfectly informed actors in the 
market. This rule specifies the appropriate weighting of the information in a given transac- 
tion with the stock of prior information available to the appraiser. This stock of informa- 
tion is the experience and human capital of the appraiser, which forms the basis for signal 
extraction. 

The stylized model emphasizes the differences in information available to individual buyers 
and sellers, who make transactions only infrequently, and the appraiser, whose expertise 
comes from observing many transactions. The model indicates that, although no actor is 
fully informed, in a stationary world the dynamics of the market lead to a convergence 
of transaction prices. 

The model can clearly be generalized to more realistic circumstances. For example, 
idiosyncratic aspects of buyers or sellers (e.g. "distress sales") can be introduced (by im- 
posing some distribution on e); excess supply or demand in local markets can be modeled 
by modifying the convolution equations appropriately. Finally, the optimal updating rule 
can be made more realistic by employing a full fledged Kalman filter algorithm. (See 
Kalman, 1960, or Anderson and Moore, 1979.) Indeed, it appears that these theoretical 
notions can be used to improve practice in the computerization of the appraisal function. 

Clearly, this analysis is only a first step in relating the actions of real estate appraisers 
to the economics of information. 

Notes 

1. A variety of  theoretical models have been developed which lead to such dispersion. Examples include Re- 
inganum (1982), based upon firms' varying production costs; Salop and Stiglitz (1976), based upon differ- 
ing search costs; and Wilde and Schwartz (1979), based upon consumers' inherent propensities to search. 

2. For example, it is commonly asserted by researchers that appraisal data are subject to "smoothing" by 
the application of professional rules-of-thumb, thereby reducing the variance of the prices reported for a 
sample of appraisals relative to a sample of the actual sales of  identical properties. If true, such an assertion 
is disquieting, since all measures of risk, as well as the diversification potentials of  assets, are based on 
measures of dispersion. Thus, reliance upon an artificially smoothed series will necessarily underestimate 
the riskiness of  an asset, and will distort the correlation of its return with the returns to other assets as well. 

3. It is not difficult to find a smoothed representation of any arbitrary stochastic process, but one can with 
equal ease specify an appraisal strategy which can result in a larger variance. 

4. Other factors which provide important motives for trade in real estate markets (such as, income shocks, 
differences in tastes, or planning horizons) are not developed in the interest of parsimony. These factors 
can be introduced to the model without significantly altering the basic results. Note that any one of these 
sources of  heterogeneity is sufficient to insure that the so-called "no trade" results do not apply (See Milgrom 
and Stokey, 1982). 

5. Given the common value feature of  real estate in this model, we will only address the issue of learning 
on the part of an appraiser in this model. In principle, since each agent's estimates are correlated, interaction 
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between agents will alter their information sets as they meet their counterparts. This aspect of learning by the 
agents is ruled out in our model but is developed elsewhere in Quan (1990). The main results of this model are, 
however, preserved in this simpler setting. 

6. A more general interpretation of this formulation can be made if we interpret fib = EiPI l  b ] (where I b is 
the buyer's information set and E is the expectation operator) as the utility level the buyer receives for the 
property. Fishburn and Rubinstein (1982) showed that, under general conditions (where preferences defined 
over their valuation are continuous, reflexive, transitive and stationary and where time is valuable), the buyer's 
time preference can be represented by a utility function of the form (pb)-lfib. Under those conditions pb 

can be viewed as the utility level, measured in monetary terms, that the buyer assigns to the property. 
7. The asymmetry of this result reflects the "first move" advantage which is characteristic of such games. It 

can be shown that, as the time period between offers becomes small, this advantage becomes negligible (Bin- 
more and Dasgupta, 1987). Even though alternate structures for such a game can circumvent such an advan- 
tage, we will retain this asymmetry for the sake of realism, since the seller typically provides the initial ask- 
ing price in real estate markets. 

8. Since a s and a b determine o~, the most natural interpretation of this assumption is that the "condition of sale" 
for properties is known. A more realistic case, in which the distribution of a s and a b are known, is con- 
sidered in Appendix 3. 

9. A simple example demonstrates this relationship. If H(P ~ has a uniform distribution between the bounds 
0 and b, then (7) can be expressed as: 

o r pO 
c _ - - d P  ~  < b. 

1 -  o~ b 

Any potential buyer whose cost of search exceeds a critical cost c* will not be a participant in this market where 

c* - (1 - ~)(Pb) 2 

2b 

10. If this were not true, then a participant would exist whose reservation price was larger than his threshold 
price. But such an individual could not be a participant and therefore could not be a member of m* 

11. Assuming the estimation errors have a mean of 0 simplifies the presentation. The more general case of nonzero 
unconditional mean is considered in Quan and Quigley (1989) as well as the case in which errors made by 
subsequent agents are reduced over time. Also, the normality assumption is not binding if we restrict ourselves 
to linear filtering rules (See Anderson and Moore, 1979, chapter 3). 

12. This expression for an appraiser's updating procedure is very similar to the one hypothesized by Geltner. 
If the most recently observed transaction price is the appraiser's present estimate, then the signal-to-noise 
ratio specified above is identical to Geltner's unspecified "confidence" parameter. 

Appendix 1 

Following Rob, the reservation price distribution has the following discrete approximation: 

AG(pr) = r r g(Pi )APi 1/m. (A1.1) 

A buyer with a pr can only trade with a seller whose P~ <_ pr. Since H(P ~ is the 
distribution of  seller offer prices, the buyer's probability of  making a favorable trade is 
1/nH(P~). The probability of  a seller with a given P~ of  making a favorable match is the 
sum of  1/nH(Pr), for all pr > po. If a trade is possible, the seller receives pr  = o~pr 
§ (1 - o~)P ~ Thus, the total expected seller payoff from participating in this market is 
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simply the sum of the products of the probability of making favorable matches and the 
payoff conditional on a match: 

H(po ) = ~ o~P r + (1 - co)P ~ = Z (wPr + (1 -- c~176 (A1.2) 

nH(e r) nH(e~) 

where the last term is derived by substituting in (AI.1), and the summation is over all i 
for pr >_ po. However, from (10), 

g(e~) = (1 - co)q[(1 - co)D(pr)]H(pr). (A1.3) 

Substituting in this expression into (A1.2) and taking the limit yields the following con- 
tinuous case: 

5 II(P ~ = (1 - ~) (~pr + (1 - co)P~ - 6 o ) D ( p r ) ] d P  r. 
o 

This expression appears as equation (11) in the text. 

(A1.4) 

Appendix 2 

We calculate the term Cov(P ~, PIIa): 

Cov(P ~', e l i  a) = E[(P r -  E ( p T I l a ) ) ] [ P  - -  E(PIla)]. (A2.1) 

By the definition of p r  and the independence assumption, 

E(P~]I a) = BE(e l l  a) -- E(eOl Ia) + E(dlla).  (A2.2) 

Substituting this expression into (A2.1) we get: 

Cov(P r, e l i  a) = E[P r - BE(el la) - E(eb]I a) + E(eSlla)][ea]. (A2.3) 

Expanding the P~ term and taking expectations yields 

Cov(e e l l  a) = BE[ealla]  2 = BVar (ea l la ) .  (A2.4) 

This expression appears as equation (22) in the text. 

Appendix 3 

This appendix generalizes the results reported in the text to the case in which pb and pS 
vary among the population. 
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Consider the buyers. Suppose each buyer knows his own pb and pr  but does not know 
pS or po. Let i index buyers and j index sellers. If buyer i meets seller j ,  the surplus to 
buyer i is: 

sb = p~(1 - p}) (p~. _ p~), 

1 - p~p} 
(A3.1) 

and the seller gets: 

( 1  - p / b )  S,~ = (pr _ p~), (A3.2) 
1 - p/bp] 

Thus, for a buyer with given p b and pr,  the distribution of pS and po will result in a cor- 
responding distribution of surpluses. Buyer i searches for the maximum surplus subject 
to his search cost by solving: 

Emax[Sbl, s/b2, . . . ,  sbn] -- nc. (A3.3) 

The resulting reservation level of surplus for buyer i is labelled ~/b. It Can be shown from 
(A3.1) that for given ~/b pb and er ,  

__dP~ = ~S/b(p a - 1) < 0 and anP~ = 2S~(p b - 1) < 0. (A3.4) 
do s pb(1 _ pS)2 doS2 Oh(1 _ pS)3 

~/b therefore defines an indifference level of buyer i's surplus for various combinations of 
pS and po. The indifference level is downward sloping and concave to the origin. Thus, 
for buyer i with a given ~b, trading with an impatient seller (small O s) who has a high 
po will yield the same level of surplus as a more patient seller who has a lower po. The 
extent of this tradeoff is dependent on p ~ 

Now we can characterize the set of sellers with whom i may trade. Let all sellers be 
identified by the pair (p~, P~), and let all buyers be identified by (p/b, p~.  Any given buyer 
will trade only with sellers who can provide a surplus at least as large as the reservation 
level, S/b. Thus the feasible set of trading partners for i is: 

t "- p / b ( 1  _ pS) (Pf _ po) > ~/b) g/b = (pS, p o )  : 1 - p~pS 

k._ 

(A3.5) 

Given the cost of search and the distribution of la b and pr  over the set of buyers, there 
exists a corresponding distribution of feasible trading partners for each of these buyers. 
Define such a distribution as 5:(gb(p s, po)).  Thus 5:(gb(x, y)) corresponds to the propor- 
tion of buyers who can trade with seller (x,y). 
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Now consider the sellers. Each seller j ,  endowed with p} and P~, knows 5:(.); trade is 
only profitable with buyers whose indifference level is greater than (p}, P~).  The propor- 
tion of such buyers is 1 - 5:(p], P~).  Thus, given n buyers, the probability of meeting 
a feasible trading partner by random matching is: 

n(1 - 5:(p}, P ] ) )  
(A3.6) 

The payoff  upon a successful match can now be indicated�9 For  seller j ,  order the buyers 
and index them so that buyer 1 represents the match which will result in the smallest buyer 
surplus; buyer  2 represents the match, yielding the next smallest surplus, and so on, for 
all feasible trading partners o f j .  That is, if we let nj be the index of  the last buyer with 
whom seller j can trade, then the set of  feasible buyers for j is (1, . . . ,  nj). Thus from 
(A3.1) and (A3.2), we know that if  seller j meets with buyer 1, the seller will receive 

(1  - p b )  
S~j = ( p r  _ p~), (A3.7) 

(1  - 

and so on for all buyers until buyer nj. The profit function for the seller will therefore 
be the sum of the seller surplus for each buyer whose index ranges from 1 to nj. That 
is, profits I I  is: 

( 1  - p f )  
(P7 - U )  ,j 

s PIP)) H ( p ) , P ; )  = ~ ]  (1 - b s 

i=1 n(1 -- 5:(p~, P~)) 
(A3.8) 

The maximization of (A3.8) with respect to the pair (p~, P~) will determine their optimal 
combination of (o~, pjo) and thus the level of surplus which they demand. I f  the maximiza- 
tion of (A3.8) produces a pair (p}, P~) which yields a level of surplus less than that deter- 
mined by each seller's endowed pair, this seller will exit the market. I f  it is larger, then 
he stays in and engages in trade�9 
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