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Quality Expectations, Reputation and Price

Abstract

While the theoretical literature on firm reputation is well
developed, there exist few empirical studies that cuantify the
importance of reputation effects. This paper estimates the
impact on price of current product quality and reputation using
data from the market for Bordeaux wine. A model is proposed in
which price is a ﬁunation of current quality and expected
gquality, where the latter depends on reputation. Egquations
determining price and expected quality are estimated jointly.
The empirical findings show that the price premium associated
with a better reputation far exceeds that associated with
improvements in current quality.. The impact of reputation on
price is disaggregated into individual firm and collective (or
group) reputation effects and the significance and magnitude of
these effects are compared. The results indicate that both types
of reputation are important and that, in general, the market
values collective reputation indicators only to the extent that

they are useful predictors of product gquality.
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JEL Abstract

Quality Expectations, Reputation, and Price

The impact on price of current product quality and
reputation are estimated using data from the market for Bordeaux
wine. A model is proposed in which price is a function of
current quality and expected quality, where the latter depends on
reputation. Bquations determining price and expected quality are
estimated jointly. The empirical findings show that the price
premium associated with better individual énd collective {or
group) reputation far exceeds that associated with improvements
in current quality. As well, the market values collective
reputation indicators only to the extent that they are useful

predictors of product quality.

Keywords: reputation, product quality, information



1. Introduction

When the true guality of a product is not known before
purchase, consumers may rely on a firm’s reputation to form
expectations of the product’s quality. In this case, product
prices will depend on firm reputation, as shown by Klein and
Leffler (1881), Shapiro (1983} and Allen {1984). While the
theoretical literature on reputation is well developed, there
have been few attempts to empirically quantify the magnitude of
reputation effects on price or to measure the relative impact on
price of reputation and current quality.* Jarrell and Peltzman
{1985), Borenstein and Zimmerman (1988) and Karpoff and Lott
{1993} empirically analyze firm repatation, but they examine the
impact of reputation on shareholder wealth or product demand
rather than on price. Caves and Greene (1996} show how factors
that may affect a consumer’'s ability to evaluate a firm's
reputation (such as previous experience with the product)
influence the correlation between price and quality. Using U.S.
data from the nineteenth century, Gorton (1896} examines the
relationship between a bank’s reputation for default and the
discount rate on its debt.

This paper provides empirical estimates of the magnitude of
the impact of reputation and current gquality on price. By
examining the role of reputation in price determination, and
comparing this role to that of current quality, it is possible to
infer whether firm reputation provides useful information to
consumers and whether consumers use this information to guide

their consumption decisions. The results c¢an also be used to




2
determine whether a £irm that invests in reputation will garner a
higher price.

The empirical analysis employse a model in which price
depends on both current quality and expected quality, where the
latter ig a function of reputation. Individual firm data from
the market for Bordeaux wine are used to jointly estimate
equations determining price and expected quality.? The results
show that the impact of reputation on price is approximately 20
times greater than the impact of current quality on price. This
suggests a major role for reputation in price determination,

The analysis undertaken below distinguishes between the
impact on price of twe types of reputation. In the first of
these, individual firm reputation, reputation is based on the
past quality of a firm’s output. This form of reputation is
consistent with that used in the theoretical studies of Klein and
Leffler (1981), Shapiro (1983} and Allen {1884).

The second type of reputation examined, collective
reputation, is similar to a concept suggested by Tirole {(19%6),
and is defined as the average quality produced by a group of
firms with which an individual firm can be identified. 1In a
market with a large number of firms, such as the market for
Bordeaux wine, it may be very costly for consumers to acqguire
information on the past quality of the goods produced by all
firms. It is typically less costly for consumers to acquire
information on collective {or group) quality which can be used as
an indicator of the quality of the goods produced by individual

firms in the group. For example, a consumer’s expectation of the



quality of the wine made by an individual Bordeaux winemaker may
depend on the average quality of all Bordeaux wines.’®

Several features of the Bordeaux red wine industryy make it
especially appropriate for an empirical analysis of the
relationship between quality, price, and reputation. Wine is a
differentiated product and the large number of producers in the
industry makes it costly for consumers to obtain full information
on the current quality of all individual wines produced.
Furthermofe, the industry is relatively stable in the sense that
there have not been major changes to the product which might
reduce consumers’ reliance on reputation as a predictor of
current guality. As well, Bordeaux wine is characterized by a
number of collective or group reputation indicators. Since these
indicators (but not their significance) are often provided on
wine labels, information on whether a product belongs to a
particular group is frequently available at low cost to
consumers.

Although a differentiated product, Bordeaux red wines differ
in only a relatively small number of characteristics, in contrast
to many consumer products which differ in a large number of
dimensions and for which it is much more difficult to obtain a
single overall measure of product quality.?® Bordeaux wine also
exhibits wide price variation. 1In the two years of individual
firm data used below, the price per bottle varies from $8.92 to
$302.56 in 1985 U.S. dollars. Finally, no firm in the Bordeaux
wine industry is a large-enough producer to have a significant

impact on the market price, a basic assumption of the reputation



theories of Klein and Leffler (1981) and Shapiro (1983}, for
example,

The paper ié organized as follows. The model is outlined in
gection 2. In section 3, the data are described and, in section
4, the estimation methodology is reviewed. The impact on
expected quality and price of the individual and collective
reputation indicator variables is discuszsed in section 5. This
section also provides a comparison of the effect on price of
expected quality and current guality. Concluding comments are

presented in gection 6.

2. The Model

To examine the impact of reputation on price, it is
necessgary to specify a general model of product price
determination. The model used here begine with the standard
hedonic approach for differentiated products developed by Rosen
{1974). In this model, the equilibrium price of a good reflects
the value the market assigns to each of the goocd’'s
characteristics, where this value is determined by the
interaction of consumer bid and firm offer functions. For the
cage considered here, the equilibrium price is specified to be a
function of the following four types of characteristics: the
current quality of the good, Q. ; the good’'s expected quality, Qi..
which depends on reputation; a vector of average group quality or
collective reputation indicators, Rf,; and, finally, since the
product isg differentiated, a vector of taste factors, 2;,. Thus,

the equation describing the price of good 1 in period t, Py,



takes the form:

Pie = P{Q;, Qs Ric: 2Z3) + €p, (1)
where €, i8 a mean zero random variable with variance ¢%. The
partial derivative of this function with respect to each
characteristic equals the marginal willingness to pay of
consumers for that characteristic (Bartik and Smith (1987}).

One of the important attributes of equation (1) is that it
distinguishes between the effects on price of current and
expected quality. Expected quality, Qf., should have no effect on
price if consumerg already know actual quality, Q,., since, in
this case, expected quality deoes not provide any useful
additional information. In contrast, if information on current
quality is not available, or is very costly to obtain, Q, will
not enter the consumer decision making process and so cannot
affect price. 1In this case, price will depend only on expected
quality and, therefore, on the reputation factors that determine
expected guality. Since it includes both Q,. and Qf., equation {1)
is general enough to allow the data to indicate the extent to
which prices are determined by current quality or expected
quality and, thereby, does not impose one particular information
specification.

The inclusion of the collective reputation indicators (RL)
directly in the price equation allows for the possibility that
these indicators may reflect a product characteristic which is
valued by consumers independently of its usefulness in predicting
quality. This type of effect might occur, for example, if there

ig "snob appeal” associated with a product from a particular



region, classification or with a particular type of name. If
consumers use collective reputation indicators only to predict
firm quality, these indicators will not have a direct impact on
price and the coefficients associated with the elements of R{,
will be insignificant in the estimated price equation.

In order to estimate the price equation, equation (1), the
factors determining expected quality must be specified. Klein
and Leffler (1981) and Shapiro {1983) propose that consumers form
expectations of the quality of a firm’'s product based on the
firm’s reputation for quality when current quality is costly to
observe. Reputation, in turn, depends on the quality of the
firm's past output. Tirole {1996) suggests that the expected
quality of a firm’s output may depend on collective reputation,
that is, on indicators of the average quality of the goods
produced by a group of firms with which the individual firm is
identified. Consumers may use collective reputation indicators
if information on individual firm reputation is costly to obtain,
or if the use of these indicators can lead to improved forecasts
of current quality even when lagged firm quality information is
available. Taking both types of reputation into account,
expected quality, Qf., is defined as the predicted value from the
quality forecasting equation:

Qi = Q(Ry, RL) + egy, (2
where R;, is a vector of wvariables refliecting an individual firm's
reputation for quality, based on the guality of its past output,
and €y, is a mean zerc random variable with variance o¢f. The

estimated coefficients associated with R, and R, in eguation (2}



will indicate whether information on individual firm reputation
or collective reputation {or both} can be used to predict wine
guality.

If current quality information is costly to acquire, the
reputation indicators, R;. and R, working through the expected
gquality variable in the price equation, could be important
determinants of price. The magnitude of the impact of reputation
on price will depend on both the ability of reputation to predict
gquality {the size of the coefficients on the reputation
indicators in the.quality equation, equation (2)) as well as on
the value the market places on this quality prediction (the size
of the coefficient on expected quality in the price equation,

equation (1)).

3. The Data and Empirical Specification

The relationsghip between price, quality, and expected
quality, where the latter depends on individual firm reputation
and collective reputation, can be gquantified by jointly
estimating the price equation, egqguation (1), and the quality
equation, equation (2). Estimation of these two equations
requires data on individual product prices (P, ), quality {Q.).
individual firm reputation (R;), collective reputation (R}, and
the other characteristics {(Z,) that may affect the price of the
product. The empirical analysis below employs data from the
market for Bordeaux red wine since this market has several
desirable features that make it particulariy appropriate for an

analysis of the relationship between price, quality, and



reputation. For example, as noted in the introduction, Rordeaux
wine has not changed significantly over time and is
differentiated in only a small number of dimensions. This
facilitates the measurement of the variables that enter the model
described in the previous section., As well, the Bordeaux wine
market is comprised of many consumers and many firms, none of
which is dominant. Furthermore, in contrast to many other
products, quality ratings and data on prices and otherxr
characteristics are available for a large sample of Bordeaux
wines. .

Data on the price, P, and quality, Q, of individual Bordeaux
wines, where P and Q are the empirical counterparts of P,, and Q,,,
are taken from the annual "Bordeaux" issue of the Wine Spectator,
the world’'s largest c¢irculation wine magazine, and from the Wine
Spectator’'s buying guide {(Shanken 1993).° The key advantages of
the Wine Spectator data (relative to other rankings) are that it
includes a large number of different wines, utilizes a finely
gradated quality index, provides prices and contemporaneous
guality ratings for each wine, and reflects the results of
tastings which take place at the same time each vear.

The data consist of observations on 151 wines from each of
the 198% and 1990 vintages, 302 observations in all.® These two
vintages were chosen because they are similar in terms of average
price and quality and, as a result, the estimated price and
guality equations are less likely to exhibit parameter
instability. The price used is the per bottle U.S. retail price

provided by Wine Spectator in its "Bordeaux® issue (converted to



constant 1985 dollars).’

The quality rating system used by Wine Spectator grades
wines from 50 (worst) to 100 (best). Quality is assessed in
blind tastings which take into account factors such as a wine's
color, aroma, f£lavor, balance, complexity, and aging potential.?
While gome wine experts claim that rating wine is an
intrinsically subjective process, Robert Parker, the developer of
the *100 point® rating system, argues that "wine is no different
from any consumer product. There are specific¢ standards of
gquality that full-time wine professionals recognize.* (Robinson
1994, pp. 706-707.)°

Individual firm reputation, R,., is assumed to be a function
of the quality of the firm’s past output and depends on both
short-term and long-term factors. The short term reputation of a
wine is represented by its quality ratings in the previous two
vears divided by Wine Spectator’s overall quality rating for the
corresponding vintage (Q.,/V.,, Q.,/V.;). Since the vintage rating
is the same for all the wines of a particular vintage year,
dividing by vintage quality normalizes for differences across
vintages.

As a long time series of Wine Spectator guality ratings is
not available, the longer term reputation of each wine is based
on a clasgification of Bordeaux wine producers by Robert Parker
{1991). Parker allocates wines to one of five groups based on
their guality performance between 1961 and 19%0. Membership of
individual wines in these groups is represented by five zero-one

dummy variables, R1, R2, R3, R4, and RS, from best to worst, with
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the base case being those wines which are not of sufficient
gquality to belong to any of these five groups.

In the Borxrdeaux wine industry, the most important collective
reputation indicators are the government-determined regional
designations {appellations)?®® and industry-determined "quality®
classifications. Whether a wine is included in a particular
degignation or classification is generally indicated on the
wine's label and so is information easily available to consumers.
A zero-one dummy variable is used to represent each of the
following ten regional designations: Fronsac and others
{FRONSAC), Graves {(GRAVES), Haut-Médoc (HAUIMEDOC), Listrac and
Moulis (LISTRAC), Margaux (MARGAUX), Pauillac (PAUILLAC), Pomercl
{POMEROL)}, St.-Emilion {STEMILION), St.-Estéphe (STESTEPHE) and
St.-Julien (STJULIEN), with the remainder of the wines in the
data set being from the rest of the Médoc. Significant
coefficients associated with these dummy wvariables in the quality
equation would indicate that they are useful predictors of
differences in the quality of the wines from these regions
relative to Médoc wines.

Zero-one dummy variables are also used to represent the
different gradations in four industry-determined "quality"
classifications. The most well-known of these is the 1855
classification. Individual wines ranked in this classification
belong to one of five groups (from "best™ to "worsth): First-
Growth (FIRST), Second-Growth (SECOND), Third-Growth (THIRD),
Fourth-Growth (POURTH), and Fifth-Growth (FIFPTH). Dummy

variables were also used to represent those St.-Emilion wines
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that have been classified as either St.-Emilion Premier Grand Cru
Classé (SEPGCC) or St.-Emilion Grand Cru Classé (SEGCC)M as well
ag the Graves wines that have been classified as Graves Cru
Classé (GRACC). Finally, three additional dummy variables are
used to represent those Bordeaux wines which have been c¢lassified
as (Cru Grand Bourgeois Exceptionnel {(CGBE), Cru Grand Bourgeols
{C@B) or Cru Bourgeois (CB).*®* Wines which do not belong to any
of these classifications form the base case in the estimating
equation.

The final two collective reputation indicators that
consumers may use to categorize wines are associated with the
production of "second" wineg. In Bordeaux, firms often produce a
*second” wine using grapes which are not good enough for their
*first” wine, such as grapes from younger vines. Robinson (1994,
p. 861) and Parker (1991, p. 32) argue that this has resulted in
a more rigorous selection of grapes and higher quality first
wineg.*® The dummy variable PRODUCESEC ig included in the
quality equation to indicate that a wine is the first wine
produced by a firm that also produces a second wine. This allows
for the possibility that first wines may be superior in quality
to otherwise identical wines. The dummy variable SECWINE
indicates that a wine is a second wine. It is included in the
guality equation to determine if, ceteris paribusg, second wines
differ systematically in quality from other wines.

Parker {1991, p. 33) argues that the wine trade has, often
migleadingly, promoted second wines as being as good as first

winesg, but cheaper. If consumers believe this promotion, the
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prices of second wines should differ, holding everything else
constant, from the prices of wines produced by firms with only a
single grade of wine. By including the collective reputation
variables SECWINE and PRODUCESEC directly in the price equation,
it is possible to determine whether the production of a second
wine affects the price of either a firm's first wine or its
second wine independently of the impact the production of this
second wine may have on expected gquality.

The price equation specified in section 2 above also
includes a vector.of characteristics (Z;) which reflect
variations in taste across the differentiated product. Since the
types of grapes used in a wine have a major impact on its taste
and style, grape type may be an important determinant of price.
As a result, the estimated price equation includes the
percentages used by each producer of four of the five grape
varieties that are allowed by Bordeaux production regulations
(Cabernet Sauvignon [CABSAUV], Cabernet Franc [CABFRANC], Malbec
[MALBEC] and Petit Vexrdot [VERDOT]).* As the grape varieties
chosen by a grower depend largely on soil type, the inclusion of
grape varieties data in the price equation alsc controls for
differences in land characteristics which could affect the style
and taste of the wine produced.

The data set includes data from both the 158% and 1990
vintages and, as a consequence, a dumamy variable for 1990 (D1580)
is included in both the price and quality equations., This
variable is intended to capture the influence of factors that

differ across the two vintages such as consumer incomes and the
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price of substitutes.

4. Empirical Methodology

Equations (1) and (2} specify the types of explanatory
variables that should appear in the price and quality equations,
but do not restrict the functional form of these equations. Five
types of linear-in-parameters functional forms were considered
for each equation: linear, semi-log, log-linear,s reciprocal and
reciprocal square root. The evidence given in Appendix C shows
that the linear form provides a reasonable description of the
data for the quality equation while the reciprocal square root
model is the most appropriate specification f£or the price
equation. The estimates reported below employ these two
functional forms.

As noted in section 2 above, the expected guality variable
that enters the price equation, equation (1), is the predicted
value from the quality forecasting equation, equation (2). To
obtain asymptotically efficient estimates of the parameters and
correct estimates of the standard eryors, the estimation
technigue used must take account of the presence of this
generated regressor in the price equation.’® This is done by
estimating the two equations of the model jointly using the
methodology described in Proposition 3.5 of Pagan (1886, p.

528} .77 Iteration of this procedure maximizes the concentrated
likelihood function:'®
log L = constant - (n/2) logl|Z],

where I is the variance-covariance matrix of the two equations,
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and n is the number of observations.!® The variance-covariance

matrix of the estimated parameters is given by:

2n = /

QIQ

2n-k ,Z.,l:* ‘

where k is the total number of parameters in the two equations,
Q. is a kx2 matrix of the partial derivatives of the price and

gquality equations with respect to each of the k parameters, and
both @, and £ are evaluated at the maximum-likelihood parameter

estimates.?®

5. Estimation Results
Egtimates of the Price and Quality Equations

Estimates of the parameters of the price and guality
equations are presented in Table 1.** For the gquality egquation,
s8ix of the seven individual firm reputation indicators are
gignificant at a 95 % confidence level (the seventh isg
significant at 90 %), seven of the 11 *"quality" classification
variables are significant relative to the base case wine (an
unclassified Mé&doc), as are seven of the ten government-
determined regional classification variables. These results
suggest that both individual and collective reputation indicator
variables are important signals of differences in current product
quality across wines.

The estimated coefficients associated with the quality and
expected quality variables in the price eguation are both
significant and their signs imply that both wvariables have a

positive impact on price. However, the coefficient on expected
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guality, Q°, is over 17 times larger than that on current
guality, indicating a much greater role for expected quality than
actual guality in price determination. This suggests that
consumers rvely heavily on reputation when making consumption
choices.

Significant coefficients associated with the collective
reputation variables in the price equation would imply that these
variables have an impact on price that is independent of their
ability to predict gquality. This would occur if, for example,
*"snob appeal®" caused consumers £o have a non-gquality related
preference for a good with a particular name, region of origin or
clasgification. The hypothesis that the eleven industry-
determined classification variables do not enter the price
equation directly cannot be rejected using a 85 % confidence
interval.? fThis result indicates that the industry-created
classifications are valued by consumers only as signals of
product quality and, therefore, yield a benefit to wine producers
only to the extent that they provide consumers with gquality
information.

A gimilar test indicates, in contrast, that the government-
designated regional variables have a statistically significant
joint impact on price which is independent of their impact on
expected quality.?® While none cof the individual coefficients on
the regional variables is significant at the 95 % level, the
coefficients associated with the Graves, Pauillac, and St.
Estéphe variables are significant at either 90 or 85 %.** The

estimated coefficients associated with these three regional dummy
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variables indicate that wines from these regions obtain a lower
price than an otherwise equivalent (from a quality and reputation
perspective) Médoc wine.*

As noted above, it has been suggested that the production of
a "second" wine may have both price and quality implications.
The results in the first column of Table 1 indicate that the
gualitiea of both first and second wines are insignificantly
different from wines produced by firmg that make only one wine
{the coefficients on SECWINE and PRODUCESEC in the quality
equation are both.insignificant). As well, the insignificant
coefficients on both SECWINE and PRODUCESEC in the price equation
indicate that consumers will not pay a premium for a wine just

because it is a first or second wine.?

The Quantitative Impact of Quality, Expected Quality, and
Reputation on Price

In order to provide some perspective on the size of the
coefficients in Table 1, Table 2 presents the estimated marginal
impact on price, in dollar terms, of each variable in the quality
and price equations. The first column of figures in Table 2
gives the dollar change in price due to a one unit increase in
each variable that enters the quality eguation (or the impact of
each dummy variable relative to the base case). The magnitude of
this effect depends both on the ability of the variable in
question to forecast quality as well as on the impact of expected
guality on price. The second column of dollar values in Table 2

represents the marginal impact on price of the variables which
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enter the price equation directly.?

The results presented in Table 2 make clear the large
relative importance of reputation effects in price determination.
A one unit increase in expected quality raises the price per
bottle by $4.91, an amount equal to 17 percent of the price of
the average bottle of wine in the data set ($29.51}. In
contrast, a one unit increase in actual guality raises the price
per bottle by only $.24, an increase which is one twentieth as
large. Furthermore, while both short-term and long-term
individual firm reputation variables have a significant impact on
quality, the impact on price of the long-term reputation
variables is far greater in magnitude. For example, a cone unit
increase in last period’'s quality (Q,) increases the current
price by only $.11. However, a wine with a quality rating of RS,
based on its performance from 1961 to 1990, will earn, on
average, $2.89 more than the base case wine. Similarly, wines
rated from R4 to R1 achieve premiaz of from $4.45 to $20.40.

Since a ten point change in quality would be relatively large,
the long-term reputation effects are guantitatively much more
important than the short-term reputation effects in price
determination. These results suggest that consumers are willing
to pay considerably more for a wine with a long quality track
record and that they do not view a recent change in quality to be
as valuable an indicator of a product’s current quality.

The variables that act as signals of collective reputation
are also ghown in Table 2 to have a large guantitative impact on

price. For example, a wine classified in 1855 as a First-Growth
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earns, on average, approximately $14 more than the base case
wine, while a wine claggified as Second-Growth to Fifth-Growth
earns approximately $4 more than an unclassified wine.?® "Two of
the other six classification variables alsc have large and
significant effects on price as do seven of the ten regional
variables.

The evidence presented in Table 2 confirms that congumers
are willing to pay a significant premium for wines with certain
collective reputation signals and that, therefore, they value
these variables as predictors of individual wine quality. @iven
the large number of Bordeaux wine producers, it is not surprising
that consumers use signals of product gquality other than
individual firm reputation to predict current guality and that

these collective reputation indicators have an important impact

on price.

Some Indicators of the Robustness of the Estimates

A number of tests were carried out to assess the robustness
of the estimates. The appropriateness of the functional form
used for the estimated price equation could not be rejected at a
95 % significance level using a test very similar to that of the
standard RESET test.?® Following Breusch and Pagan {1979}, the
price and quality equations were also examined for the presence
of heteroscedasticity. The test results indicate that the
hypothesis of homoscedasticity cannot be rejected at the 95 %
level for the quality equation and cannot be rejected at the 99 %

level for the price eguation.?® While this test uses a single
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equation technique, it provides some indication that
heteroscedasticity is not a serious problem.

The joint non-linear estimation of the quality and price
equations assumes that the parameters in the guality eguation are
the same as the parameters that determinine expected quality in
the price equation. A test of these cross equation restrictions
indicates that the joint restrictions could not be rejected at a
95 % confidence level.?* This suggests that the expectations
formation mechanism used is not inconsistent with the data.

Although the .insignificance of the coefficient associated
with D1990 suggests that aggregation across time is not
inappropriate, the regtrictions implied by combining data from
the 1989 and 1990 vintages were tested usging a likelihood ratio
test for the equality of all the parameters across the two years.
Thig test could not reject the parameter constancy restrictions
and, thus, suggests that aggregating the data for these two years
did not bias the estimates.

During estimation the predicted wvalues of the price variable
were not restricted to be positive (even though only a positive
price is reasonable), nor were the predicted values of the
quality variable restricted to be between 50 and 100 (the
allowable range of values on the "100 point' scale). Although
thegse restrictions were not imposed, the estimated predicted
values of both the price and quality variables were within the
allowable ranges for every observation in the data set.

The R? statistic in the price equation is .877 while, in the

quality equation, it is .464. Given that the analysis uses cross
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section data, the proportion of the variance in quality explained
by the estimated model is of reasonable size while the explained

proportion of the price variance is quite large.*®

6. Concluding Ccomments
The analysis above adds to the small literature which

examines the empirical importance of reputation effects. The
results indicate that the price of the differentiated product
examined, Bordeaux wine, depends significantly on both expected
guality {reputatieon} and current quality. However, the marginal
impact of expected quality on price is approximately twenty times
greater than that of current quality. This resulf is consistent
with a world in which consumers have incomplete information on
product ¢uality, perhaps due to the costs of information
gathering. Given this incomplete quality information, consumers
rely heavily on both individual firm reputation -- based on the
past quality of the firm’s output -- and colliective {(or group)
reputation indicators -- characteristics which allow consumers to
segment firms into groups with differing average qualities -- to
predict current product guality, as in the theoretical models of
individual firm reputation proposed by Klein and Lefflexr (1981},
Shapiro {1983) and Allen (1984), and the collective reputation
model of Tirole (1996).

The empirical evidence further indicates that consumers
congider a long-term reputation for quality to be a better signal
of current quality than more recent quality movements., This

implies that it may take considerable time for a firm to
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establish a reputation for guality that would vield a significant
price premium.

The results also show that collective reputation indicators
play a significant role in price determination principally
through their impact on expected quality. While some of the
government -determined regional designations {appellations) have a
weak direct effect on price, this effect is dominated by the role
of these collective reputation variables as quality predictors.
The industry-determined "quality" classification variables, such
as the well-known. 1855 classification, are only significant
determinants of price to the extent that they are good predictors
of quality. Since they do not have an independent effect on
price, they are useful to firms only to the extent that they
reflect gquality differences.

Akerlof (1970) shows that in a market where consumers lack
information on product quality, a firm cannot charge a premium
for a high quality product and, thus, in equilibrium only low
quality products {(*lemons") are traded. The existence of quality
classifications and other collective reputation indicators that
are good predictors of quality, and which consumers use and
value, may help higher quality firms differentiate their product
from the output of other firms. As a resuli, collective
reputation indicators may be of practical importance to firms and
may lead to the production of a wider quality range of goods.

While the empirical evidence indicates that reputation
effects are large in magnitude, current quality also has a

significant, although small, impact on price. One explanation
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for why both current quality and reputation are significant
determinants of price may be that there are different types of
agents in the market, some of whom are better informed about
current quality than others.* Alternatively, consumers may view
observable quality ratings as noisy indicators of actual quality,
80 they may rely to a greater extent on the accumuiated evidence
embodied in reputation.’® The significance of both current and
expected gquality in the price equation indicates that it is
important to not regtrict the model to cne particular information
specification.

The analysis described above suggests a number of avenues
for future research. Estimates derived using alternative price
and quality data for wine, as well as for cother products, would
provide evidence of the robustness of the results. It may also
be possible to examine dynamic (learning) effects by using a time
series of price data. A further topic for future research is to
determine whether there is a systematic difference between the
impact of collective reputation signals that are industry-
promoted {(such as the guality classifications used above), firm-
chosen {such as whether the firm produces a second wine),
government regulated (such as the regional classgifications), or
exogenous (such as the nationality of a producer}.

One of the more puzzling aspects of the results presented
above is the finding that the "gquality" classification schemes
are such useful predictors of quality. The expectation of the
periodic re-evaluation of Crus Bourgeois and St. Emilion wines

could provide a possible enforcement mechanism for the wines that



23
fall into these categories. However, the 1855 classification,
empirically a very successful predictor of quality, has never
been updated, with the exception of the 1973 elevation of Mouton-
Rothschild from Second-Growth to First-Growth status. A
classification system with no quality control mechanism would be
expected to create an incentive for firms to "free ride" on the
quality reputation of the group. However, after 140 yeaxrs, the
premia accorded wines that were classified in 1855 does not seem
to have been dissgipated by free-riding. The longevity of the
value of this classification suggests that firms have found a
mechanism to successfully enforce quality standards among the
group’s members. More research is needed Lo expand our

understanding of this method of group quality enforcement.
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Endnotes
1. A large literature investigates the correlation between
gquality and price, but it does not incorporate reputation
effects. See the gurveys by Zeithaml (1988) and Geistfeld
{1988) .
2. Recent papers by Nerlove (1995} and Combris, Lecocq, and
Visger (1997) also usge data from the market for wine, but do not
examine reputation effects. Landon and Smith (1997} use wine
data to analyze reputation effects, but dc not directly measure
the relative importance of reputation and current gquality in
price determination, nor can their estimates distinguish whether
yeputation signals affect price directly or only indirectly
through expected quality. Di Vittorio and Ginsburgh (19%4) and
Ginsburgh, Monzak, and Monzak (1992) also use wine data, but do
not explicitly wmodel expected quality {(reputation}.
3. Jarrell and Peltzman (1985} and Borenstein and Zimmerman
{1588) examine empirically issues which are very similar to
collective reputation. Jarrell and Peltzman (1985) find that a
recall by one U.S. automobile or drug firm has an "externality
effect® in that it reduces its U.S. competitors’ share value. In
contrast, Borenstein and Zimmerman (19588) find that the demand
faced by one airline is not affected when another airline has an
accident.
4. Government regulations restrict many of the characteristics
of Bordeaux winemaking, including, for example, the region where
the grapes are grown, grape varieties used, growing methods,

maximum allowable vields, the alccholic strength of the wine, and
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the type of bottles used.
5. Precise definitions of all variables that enter the
estimating egquations are given in Appendix A. The *i* and "t*
subscripts have been dropped for convenience where possible.
Summary statistics for the data are given in Appendix B.
6. Every wine listed in the "Bordeaux" issue for which a price
is reported and for which two previous annual Wine Spectator
tastings are avallable is included in the data set. The wines of
many firms are included for both years, but this is not the case
for all the firms in the data set.
7. Wine Spectator calculates prices by surveying a variety of
retail price sources. Actual prices could differ from these
prices. Note that, although their data set does not include
wine, Caves and Green (1996) obtain very similar results when
they use list prices rather than actual transaction prices.
8. As is the case with many consumer goods, Bordeaux wine is
coften not censumed at the time of purchase. However, even if
consumers intend to let a wine age, they must base their purchase
decisions on the quality information currently available.
9. Quality can be treated as predetermined with respect to price
because most of the factors that affect wine quality are
exogenous (e.g., weather) or are determined by decisions made by
producers years before a wine is released. For example, the
producer must decide what types of grapes to grow, the amount of
pruning, when to pick the grapes, the type of fermentation tanks
to use, the length of time to age the wine in barrels, the

quality of the barrels, and when to release the wine.
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10. These regional designations follow the Appellation d’Origine
Contrdlée (AOC) system which requires growers to meet certain
quality standards such as the use of certain growing methods and
approval of the wine by a tasting panel. While thesge regulations
are presumably intended to directly maintain wine quality,
Molyneux-Berry (1980, p. 11) argues that enforcement of all the
AOC regulations is for all practical purposes not possible and
"The guarantee of quality today still remains, as it has always
done in the past, on the reputations of the grower and the wine
merchant involved.®
11. The classification of St.-Emilion wines was first undertaken
in 19855, This classification was updated in 1958, 1868, and 1985,
12. The Cru Bourgeois classification was first used in 1832.
This classification was updated in 1966 and 1978.
13. It is also possible that, by pro&ucing.a second wine, firms
have not changed their grape selection procedure, but have simply
chosen to market wine made from lower quality grapes rather than
sell these grapes to producers of generic Bordeaux wine.
14. The percentage of Merlot used by producers forms the base
case and so is not included in the estimating equation.
15. In the log-linear specification, only those explanatory
variables which are always strictly positive were transformed.
16. Some of the difficulties assoclated with estimating
generated regressor models are discussed in Pagan (1984, 1986)
and Oxley and McAleer (1993).
17. Thig involves the following procedure. The quality equation

ig estimated and then the price equation is estimated with the



predicted value from the quality equation substituted for the
expected quality wvariable in the price eguation. Using these
parameter estimates, the estimated residuals are calculated for
both the quality and price equations. The derivatives of each
equation with respect to all the parameters in the model are then
calculated for every cbservation in the data set and the
residuals and derivatives for the two equations are stacked.
Finally, a weighted regression of the stacked residuals on the
stacked derivatives is undertaken and the estimated parameters
from this regression are used to update the initial parameter
estimates.

18. While iteration is not necessary to cobtain asymptotically
efficient estimates, it does ensure that the likelihood function
is maximized. Convergence took less than 10 iterations in all
cases. Convergence was deemed to have occurred 1f the value of
the likelihood function changed by less than .00125 percent
between iterations and the largest gradient associated with any
of the parameters was eqgual to zero in its fourth decimal place.
19. In order to identify the parameters associated with ¢ and Q°
in the price eguation, it is necessary to restrict £ to be
diagonal. That there is no contemporaneous correlation across
equations is a standard assumption when contemporaneous actual
and expected values from a forecasting equation are incorporated
in a second equation (See Mishkin 1882; Abel and Mishkin 1983;
and Hoffman, Low, and Schlagenhauf 19584). Both Abel and Mishkin
{1983} and Hoffman, Low, and Schlagenhauf (1984) provide evidence

that suggests that imposing this restriction will not affect the

31
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results significantly even if the restriction is not true.
20. This form of the variance-covariance matrix follows Pagan
(1986, p. 528) and Davidson and MacKinnon (1993, p. 319).
21. Since the dependent variable in the reciprocal sguare root
functional form of the price equation is (P,.)"°, a negative
coefficient associated with an explanatory variable implies a
positive effect on price.
22. The likelihood ratio test statistic, distributed as a x*, is
8.44. The 95 % critical value with 11 degrees of freedom isg
19.68., The hypothesis that the coefficients on the five dummy
variables associated with the 18585 classification are zero, while
restricting the coefficients on the other classification dummy
variables in the price equation to be zero, could also not be
rejected,” For this case, the test statistic is 5.94 and the %5 %
critical value is 11.07 with 5 degrees of freedom.
23. The hypothesis that the government-designated regional
appellation variables do not have a direct effect on price {(in
addition to their effect through expected quality) is rejected at
the 95 % confidence level, The likelihood ratio test statistic
is 35.78. The 95 % critical value for a x* test statistic with
10 degrees of freedom is 18.31. The appellation variables should
not reflect differences in wine stylies across regions since these
differences should be captured by the grape variety variables.
24. A test of the hypothesis that the coefficients on all the
regional variables in the price equation are zero, except those
associated with these three variables, yields a likelihood ratio

tegt statistic of 14.43. With seven degrees of freedom, the 85 %
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x* critical value is 14.07 while the 9% % critical value is
18.48,
25. A possible explanation for this result is that the names of
these three appellations may not be attractive to consumers in
the U.S. market. A non-French-speaking consumer could find
"Graves”™ to be an unappealing name (in French "graves" means
"gravelly terrain®") and "Pauillac" and "St. Estéphe" more
difficult to pronounce than the other appellation names. Berger
(1994) argues that the price of a Sauvignon Blanc wine is
typically lower than a comparable Chardonnay because "Chardonnay
is easier to pronounce than Sauvignon Blanc®". Kramer (1994}
predicts that a wine with "a pronounceable French name" will be
more successful in the U.8. market. Thus, rather than acting
only as a signal of quality, the appellation names themselves may
be viewed as a characteristic which yields positive or negative
value to consumers.
26. One reason why these variables do not have a significant
impact on price may be that the average consumer is unaware that
a wine is a first or second wine since this information is
typically not included on a wine's label.
27. The marginal dollar effect on price of variable X; is
calculated as:

ﬁP = {ﬁ k2 ﬁi} R IIWZ;

where 8, is the estimated coefficient associated with variable

X;, I is the dependent variable (P*/?), P is the price, and T is
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the mean of II when X, is a continuous variable and the mean of I
for the observations associated with the relevant base case when
X; is a dummy variable (the observations for which the dummy
variable equals zero).
28. Di Vittorio and Ginsburgh {(1994) and Ginsburgh, Monzak, and
Monzak (1992) also find the 18535 classification to be an
important determinant of wine prices. However, their estimates
do not reveal whether the 1855 classification is a predictor of
wine quality.

Given the estimated standard errors in Table 1, the Second-
Growth to Fifth-Growth wines all attain the same quality premium
using a 95 percent confidence level. This finding is
inconsistent with a declining quality scale, which the 1855
classification was intended to be. However, except for First-
Growth wines, wine labels generally only indicate that a wine was
classified in 1855, not its level of classification. As a
congequence, wine purchagsers do not have easily-available
information that they can use to differentiate Second-Growth to
Fifth-Growth wines,

2%. This test involved using the estimated maximum-likelihood
parameters to form the predicted value of the dependent variable
in the price equation. This predicted value was squared and this
squared value added to the price equation as an additional
explanatory variable. The model was estimated exactly as before
and iterated until the gradients were zero. The asymptotic t-
statistic on the square of the dependent variable in the price

eguation was 1.32.



30. The heteroscedasticity test was undertaken by regressing the
squared errors from each equation on the explanatory variables
that enter each equation {(either directly or indirectly) using a
simple linear specification. The gquality egquation regression
included 31 regressors in addition to a constant while the price
equation included 36. The LM test statistics are 33.15 for the
gquality equation and 52.64 for the price equation. The 95 %
critical value for a x*® statistic with 31 degrees of freedom, as
in the quality equation regression, is 44.97. The 95 % critical
value for a x*® statistic with 36 degrees of freedom, as in the
price equation regression, is 50,96, while the critical value at
99 % 1is 58.57.

31. The likelihood ratio test statistic was 17.08. The 95 %
critical value for the x* distribution with 17 degrees of freedom
ig 27.59,

32. The calculated test statistic is 49.40 while the 95 %
critical value with 50 parameter restrictions is €67.4.

33. Given the complexity of the estimation procedure, R? is
defined here as the ratio of the explained sum of squares to the
total sum of squares for each equation.

34. Cooper and Ross (1984) presgent a model with informed and
uninformed consumers.

35. This explanation was suggested by a referee.



Table 1: Quality and Price Equation - Parameter Estimates

Dependent Variabie:
Expianatory Variables

&
Q

Firm Reputation Indicators;
QY
QY.
R1
- .
R3
R4
RS

Collective Reputation Indicators:

faj Quality Classifications
FIRST
SECOND
THIRD
FOURTH
FIFTH
CGBE
cGB
CB
SEPGCC
SEGCC
GRACC
() Regional Classifications

FRONSAC

GRAVES

ali uation

Q

2.488 (1.89)%*

2293 (1.99)*++
4.429 (136)***
2919 (6.76)+%*
1.959 (6.26)***
1.558 (4.73)%*

1081 (S.08)***

2.336 (4.47)4*
S787 (259>
BI66 (2.58)H**
7355 (1.99)%**
8794 (2.77yre
5515 (1.60)*
1198 (0.38)
5455 (1.58)
1211 251y
4129 (0.93)

1500 (385

~2127 (0.14)

4.248 (327

Price Equation

P-.S

~0209 (7814

«G012 (3.14)%

=379 (1.11)

0528 (1.64)*+

36



LISTRAC
MARGAUX
PAUILLAC
POMEROL
STEMILION
STESTEPHE
STJULIEN

HAUTMEDOC

(¢} Second Wine Indicatars:

Grape Varieties:

Other Varighles:

SECWINE

PRODUCESEC

CABFRANC
CABSAUV
MALRBEC

VERDOT

D195¢

Constant

RZ

1.520 (1.05)

2.818 (2.22)y*4*
4.674 (3.52)+*
5352 (4.05)x
3.682 (2.84)+%»
4.678 (3.49)r4
4077 (305

5684 (0.46)

0913 (0.08)

~ 1911 (0.41)

6659 (0.16)

79.87 (40.0)***

464

37
-0066 (0.21)
0042 (0.14)
0536 (L.56)*
0102 (0.29)
0118 (0.38)
0586 (1.76)**
0434 (1.32)

0236 (0.87)

-0087 (0.36)

0036 (0.36)

- 0004 (2.81y%**
- 0002 (1.44)
~0002 (0.26)

« 0008 (1.40)

0050 (0.603

2.193 (9.76)

877

Note: The number in brackeis beside each estimated coefficient is the absolute value of the t-statistic.

*** The estinated coefficient associated with the explanatory variabie is significant at 95 percent.

** The estimated coefficient associated with the explanatory variable is significant at 90 percent.

* The estimated coefficient associated with the explanatory variable is significant at 85 percent.



Table 2: Real Dolar Marginai Effects on Price

Quality Equation Price Equation
Yaris Varigbles
& 4.91%4e
Q 24vee
Firm Reputation Indicators
Q; AR
Q, Ryiil
R1 20,4054+
R2 102444+
R3 553w
R4 4.45%=
RS 2.89%x
Collective Reputation Indivators
fa} Quality Classifications
FIRST 13. 794
SECOND 4.02%%*
THIRD 3 75%%e
FOURTH 3290w
FIFTH 4.02%%
CGBE 2.40*
CGB 49
B 237
SEPGCC 5.85%e=*
SEGCC 176

GRACC TH0
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b} Regional Classifications

FRONSAC -29 296
GRAVES 10.08* = 7,14
LISTRAC 2.52 64
MARGAUX 5484 .53
PAUILLAC [1.84%%* ~B.G7*
- POMEROL 15.15%% 245
STEMILION B.04%we -1.73
STESTEPHE 11865+ -8.60%*
STJULIEN G.43%%s -5.91
HAUTMEDOC 85 2.02
(¢} Second Wine Indicators
SECWINE 39 194
PRODUCESEC -7% 67
Grape Varieties
CABFRANC Lprns
CABSAUV 04
MALBEC 05
VERDOT 17
Year Dummy Variable for 1990
D19%9 Jo 107

**¥ The estimated coefficient associated with the explanatory variable is significant at 95 percent.
** The estimated coefficient associated with the explanatory variable is significant at 90 percent.
* The estimated coefficient associated with the explanatory variable is significant at 85 percent.
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Appendix A: Variable Definitions and Data Sources

CABFRANC - a wine producer's average percentage of the Cabernet
Franc grape variety. Source: Parker (1991) except for a
small number of wines which were not included in Parker for
which data from Molyneux-Berry (1990) were used. Second
labels were assumed to have the same grape composition as
first labels.

CABSAUV - average percentage of grapes in the wine which are of
the Cabernet Sauvignon variety. Source is the same as for
CABFRANC.

CB ~ a dummy variable which equals cone 1f the wine was classified
as a Cru Bourgeois in the 1378 Médoc classification and zero
otherwise. Source: Parker (1991, p. 830-1).

CGB - a dummy variable which e@uals one if the wine was
classified as a Cru Grand Bourgeocis in the 1978 Médoc
classification and zero otherwise., Source: Parker (19%1,
p. 929-30).

CGBE - a dummy variable which equals one if the wine was
classified as a Cru Grand Bourgeois Exceptionnel in the 1978
Médoc classification and zero otherwise. Source: Parker
(1991, p. 929).

D1550 - a dummy variable which equals one if the wine is from the
1930 vintage and zero otherwise.

FIFTH - a dummy variable which equals one if the wine was
classified as a Fifth-Growth in the classification of 1885
and zero otherwise. Source: Parker (1991, p. 925).

FIRST - a dummy variable which equals one if the wine was

clasgified ag a First-Growth in the classification of 185%
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and zero otherwise. Source: Parker (1991, p. 924}.

FOURTE - a dummy variable which equals one if the wine was
classified as a Fourth-Growth in the clasgification of 1855
and zero otherwise. Source: Parker (1991, p. 925).

FRONSAC - a dummy vayxiable which equals one if the wine has a
Frongac or “"other" appellation and zero otherwise. "Other®
includes wine producers from outside the other appellations
specified or who combine grapes from more than one
appellation and who, therefore, have a Bordeaux designation
only. Source is the same as for Q.

GRAVES ~ a dummy variable which equals one if the wine has a
Graves appellation and zero otherwise. Source is the same
as for Q.

GRACC - a dummy variable which equals one if the wine was
classified (Cru Classé) in the 1959 Graves classification
and zero otherwise. Chateau Haut-Brion was included in the
First Growth category and not the Graves Cru Classé
category. It is the only wine which is recognized in two
categories. Source: Parker {1991, p. 9826).

HAUTMEDOC - a dummy variable which equals one if the wine has an
Haut-Médoc appellation and zero otherwise. Source is the
same as for Q.

LISTRAC - a dummy variable which equals one if the wine has a
Listrac or Moulis appellation and zero otherwise. Source is
the same as for Q.

MALBEC - average percentage of grapes in the wine which are of
the Malbec variety. Source is the same as for CABF.

MARGAUX - a dummy variable which egquals one if the wine has a



42
Margaux designation and zero otherwise. Source is the same
as for Q.

P - the price per bottle of wine in 1985 U.S8. dollars. The
gource of the nominal prices is the same as for Q. The
deflator is the quarterly average of the U.8., CPI in the
first quarter of the year in which the wine is released.
This price index is reported in the International Monetary
Fund’s International Financial Statisticg. 19%4, p.l114.

PAUILLAC - a dummy variable which equals one if the wine has a
Pauillac designation and zero otherwise. Source is the same
as for Q.

POMEROL: - a dummy variable which equals one 1f the wine has a
Pomercl designation and zero otherwise. Source is the same
as for Q.

PRODUCESEC - a dummy variable which equals one if the wine is the
first wine of a producer that also produces a second wine
and zero otherwise. Source: Parker (1991) except for a
small number of wines which were not included in Parker for
which data from Molyneux-Berry (1950} were used.

Q - quality measure. Source: 1989: "Rating 1989 Bordeaux Reds,"
Wine Spectator, Vol. XVI, No. 21, 15 March 1992, 26-32.
1990: "Rating Bordeaux's Generous '90s," Wine Spectator,
Vol., XVII, No.22, 31 March 19983, 30-39.

Q., -~ lagged gquality. Source is the same as for Q as well as
"1 88 Bordeaux Tasting Notes,® Wine Spectator, Vol. XVI, No.
2, 30 Bpril 1991 and Shanken (19893).

Q.. - twice lagged quality. Source ig the same as for Q as well

as "Tasting the 87 Bordeaux," Wine Spectator, Vol. XV, No.
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3, 15 May 1990, 46-9 and Shanken {1993).

Rl - a dummy variable which equals one if a wine producer is
included in Parker’s list of *"First-CGrowths" and zero
otherwise. Source: Parker (19%1, p. 932).

R2 - a dummy variable which equals one if a wine producer is
included in Parker’s list of "Second-Growths" and zero
otherwise. Source: Parker {(19%1, p. 933).

R3 - a dummy variable which equals one if a wine producer is
included in Parker’'s list of "Third-Growths" and zero
otherwise. Bource: Parker (1991, p. 933}).

R4 - a dummy variable which equals one if a wine producer is
included in Parker's list of "Fourth-Growths" and zero
otherwige. Source: Parker {1991, p. 933).

RS - a dummy variable which equals one if a wine producer is
included in Parker’s list of "Pifth-Growths" and zerxro
otherwise. Source: Parker (1991, p. 933-4).

SECOND - a dummy variable which eguals one 1f the wine was
classified as a Second-Growth in the official classification
of 1855 and zeroc otherwise. Source: Parker (1991, p. 924).

SECWINE -~ a dummy variable which equals one if the wine is a
second wine and zero otherwise. S8Source is the same as for
PRODUCESEC.

SEGCC - a dummy variable which equals cne if the wine was
classified as a Grand Cru Classé in the 1985 St. Emilion
clagsification and zero otherwise. Source: Parker (19%1,
p. 928-9)}.

SEPGCC - a dummy variable which equals one if the wine was

claggified as a Premier Grand Cru Classé in the 1985 St.



44
Emilion classification and zero otherwise. Source: Parker
(1991, p. 928).

STEMILION - a dummy variable which equals one if the wine has a
St. Emilion designation and zero otherwise. Source is the
same as for Q.

STESTEPHE - a dummy variable which eguals one if the wine has a
St. Estéphe designation and zero otherwise. Source is the
game as for Q.

STIJULIBN - a dummy variable which equals one if the wine has a
St. Julien designation and zero otherwise. Source is the
same as for Q.

TEIRD - a dummy variable which egquals one if the wine was
classified as a Third-Growth in the official classification
of 1855 and zero otherwise. Source: Parker (1991, p. 924-
5).

V, and Vv, - the average guality of the previous vintage and of
the vintage two yvears before, respectively, in Bordeaux.
Source: *Rating Bordeaux Vintages 1961-1991," Wine
Spectator, Vol. 18, No. 2i, 31 March 1994, 35,

VERDOT - average percentage of grapes in the wine which are of
the Petit Verdot variety. Source is the same as for

CABFRANC.



Appendix B: Data Summary Statisties

Q
Q.

Q.
Rl

Rz

R3

R4’

RS

Not R1-R5*
FIRST
SECOND
THIRD
FOURTH
FIFTH
CGBE
CGB

CB
SEPGCC
SEGCC
GRACC
Unclassified"
FRONSAC
GRAVES

LISTRAC

Mean

89.82
88.34
83.05
106 (32)
103 31)
146 (44)

066 (20)

- 235 (T1)

344 (104)
033 (10)
073 (22)
063 (19)
043 (13)
079 (24)
066 (20)
086 (26)
043 (13)
066 (20)
076 (23)
073 (22)
298 (90)
033 (10)
116 (35)

043 (13)

Minimum

75

35

65

Maximum

100

106

106

45



MARGAUX 126 (38) 0 i

PAUILLAC 116 (35) 0 1
POMEROL 109 (33) 0 1
STEMILION 162 (49) 0 1
STESTEPHE 073 (22) 0 1
STIJULIEN 086 (26) 0 1
HAUTMEDOC 106 (32) 0 1
MEDOC* 030 (9)

CABFRANC 1242 0 66
CABSAUV 44.19 0 85
MALBEC 30 0 10
VERDOT 143 0 15
Merlot 4166 8.0 100
SECWINE 036 (11) 0 1
PRODUCESEC 589(178) 0 1
No SECWINE* 374(113)

v, 95 92 98
v, 82.5 73 92
P 29.51 8.92 302.56

Note: The numbers in brackets give the number of observations in the sample for which a dummy variable

equals one. The total number of observations is 302.

* These variables comprise the base case in the estimating equation.
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Appendix C: Choice of Functional Form
When determining the functional form for the price and

quality equations, the two equations were analyzed separately.
Five functional forms were considered for each equation: linear,
log-linear {(with the dummy explanatory variables untransformed),
semi-log, reciprocal, and reciprocal square root. The models
were compared using a RESET test, a heteroscedasticity (Breusch-
Pagan) test and a non-nested test — the P, test of MacKinnon,

White, and bavidson {1983).

The Quality Egquation

The RESET and heteroscedasticity test resulis for different
versions of the guality equation are given in Table Cl. Neither
of the tests could reject any of the five specifications. As a
result, the linear specification was chosen since it is the most
easy to interpret. The linear functional form was then compared
to alternative specifications using the P, test. The t-
statistics from this test are given in Table Ci. The log-linear
model rejects the linear model at the 5 % level, but not at the 1
% level. However, if the log-linear model is the maintained
hypothegis, the linear model rejects the log-linear model, even
at the 1 % level, as shown by the results at the bottom of Table
Cl. As a result of these tests, the linear specification was

chogen as most appropriate.

The Price Egquation
When determining the functional form for the price equation,

this equation was specified to include all the variables that
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would appear in a reduced form version of the price equation
{that is, with expected quality substituted out, and the cross
equation restrictions not imposed). The results in Table (2
indicate that the reciprocal square root functional form is the
only functional form which is not rejected by the RESET test.
All the functional forms are rejected by the Breusch-Pagan
heteroscedasticity test, but of these, the reciprocal square root
form is the only one that is not rejected at the 1 % level, and
it is just barely rejected at the 5 % level. These results

- indicate that the ‘reciprocal sguare root functional form for the
price equation may be the most appropriate. Taking the
reciprocal square root model as the maintained hypothesis, this
functional form wag then tested against the other four
gpecifications using a P; test., The test statistics for this
test are also given in Table C2. While three of the four
functional forms reject the reciprocal square root functional
form at 5 %, none reject at 1 %. Given the above regults, the
reciprocal sguare root functional form was chosen as the most

appropriate form for the price equation.
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Table C1: Functional Form Tests - Quality Equation

Funstional ¥orm RESET Test®  Heferoscedasticity Test®
Linear 44 38.48
Log-Linear 57 39.25
Semi-Log .74 39.22
Reciprocai 110 40.02
Reciprocal Square Root 51 39.62
Pegrees of Freedom for Test 1,269 31

*The RESET test statistic is distributed as an F-statistic,

®The Heteroscedasticity test statistic is distributed as a x? statistic.

Linear Model Compared to Other Models Using P, Non-Nested Test

Leg-Linear Semi-Log Reciprocal Reciprocal Square Root
t-Statistic =2.58%* -68 6% 68

Log-Linear Model Compared to Other Models Using P, Non-Nested Test

Linear Semi-Log Reciprocal Reciprocal Square Root
t-Statistic 2,78 1.50 -1.03 -1,41

* Reiects at 5 percent.

** Rejects at 5 percent, buf not 1 percent.
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Table C2: Functional Form Tests — Price Equation

Functional Form RESET Test* Heteroscedasticity Test®
Linear 177.18* 70,7104
Log-Linear 5193+ 78.10*
Semi-Log 57.03* 79.05*
Reciprocal 6.65%* 67.19%
Reciprocal Square Root 241 SL*
Degrees of Freedom for Fest 1,264 36

*The RESET test statistic is distributed as an F-statistic.

® The Heteroscedasticity test statistic is distributed as a y* statistic.

Reciprocal Square Root Model Compared fo Other Models Using P, Non-Nested Test

Linear Log-Linear Semi-Log Reciproca!
t-Statistic 2.17%* 2.26%* 2.17%* 1.57

* Rejects at § percent.

** Rejects at § percent, but not 1 percent.



