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Optimal Wine Pricing for Restaurants®
Guillaume Coqueret?®

Abstract

We present a simple static way of optimizing the prices of bottles of wine for restaurants with a
given cellar. In contrast to classical assortment pricing models, we posit that the cellar (i.e.,
inventory) is given and is not taken as a variable entering the optimization program. In our
model, the optimal price is driven mainly by a rating parameter after the effect of initial
cost is removed. This parameter plays the role of a dominant characteristic in hedonic
models, even though the levels of stocks may also be determinant when they are very low.
We provide a numerical sensitivity analysis of prices to various parameters and study a realistic
large-scale example based on two wine lists with 50 bottles each. Finally, several extensions are
discussed. (JEL Classifications: C61, L11, L83)

Keywords: assortment pricing, hedonic models, wine list.

1. Introduction

The pricing of bottles of wine is naturally a major concern for winemakers. Because
wine is considered an experience good (it cannot be fully characterized before
consumption; see Nelson, 1970), it is very often priced using hedonic models.
Accordingly, the price of a bottle of wine will depend on the appellation, the
vintage, the winemaker, the taste of wine in bottles with an identical label, available
rankings, possible grading, weather conditions before harvest, and so on. The most
prominent contribution on the topic of hedonic pricing of wine is from Lecocq and
Visser (2006); the authors survey earlier analyses and perform regressions on multi-
ple criteria (objective and sensory) on three different datasets.!

*We are indebted to an anonymous referee for his/her numerous comments, which have lead to a consid-
erable improvement of the practical facets of this paper (notably the analyses in Section IV).
#Montpellier Business School, 2300 Avenue des Moulins, 34080 Montpellier, France; e-mail: g.coqueret@
montpellier-bs.com.

'Other references are (chronologically): Combris et al. (1997), Lima (2006), Ali and Nauges (2007),
Costanigro et al. (2007), Ashenfelter (2008), Benfratello et al. (2009), and Brentari et al. (2011).

© American Association of Wine Economists, 2015

ssaud Aissaaun abpuquied Aq suluo paysiiand 61°510z°aM/2101°01/610"10p//:sdny


mailto:g.coqueret@montpellier-bs.com
mailto:g.coqueret@montpellier-bs.com
https://doi.org/10.1017/jwe.2015.19

Guillaume Coqueret 205

The story at restaurants is fairly similar, except that they benefit from the informa-
tion gathered in the initial price of the bottle. Typically, it is unlikely that they will sell
a bottle of wine at a price lower than the purchase price. Usually, wine costs between
two and five times more in restaurants than in retail stores or specialized Internet
sites. These are, in fact, standard multipliers in the foodservice industry (e.g.,
section 6.3.1 in Ozer and Phillips [2012] mentions higher multipliers, between
three and seven). Given the numerous studies on the importance of wine lists on cus-
tomer choice,? it seems surprising that not much has been said yet on the determina-
tion of the pricing of the wine, and this article aims to partially fill this void. Previous
studies show mixed results about the impact of price on the consumption of wine
(Durham et al., 2004; Preszler and Schmit, 2009), especially because the price vari-
able is diluted into a multitude of other explanatory variables.

In this article, we posit that the price of bottles of wine in restaurants depends on
three simple variables: the cost of the bottle of wine, a rational (or subjective) rating
of the bottle of wine, and the level of stocks. The theoretical setting of the article
strongly relates to the literature on pricing of assortments. Closest to our model is
the approach of Aydin and Porteus (2008), except that we consider a given inventory
(the cellar), while they use it as an adjustment variable. Moreover, while Aydin and
Porteus (2008) provide general conditions under which the joint inventory-pricing
problem has a unique solution, we focus on a particular case and develop it in detail.

The remainder of the article is structured as follows. In Section II, we introduce the
theoretical model of the study and characterize the solution to the problem. Section
1T is devoted to empirical analyses, including sensitivities to parameters and a large-
scale application. Several extensions are discussed in Section IV. Finally, Section V
concludes.

II. The Model

We consider a restaurant with a given cellar of N types of wines. Two wines are of the
same type if and only if their bottles have the same label. The available stock of each
type of wine is denoted by ¢, € N*. Each type of wine is associated with a cost ¢, > 1,
which incorporates at least the cost of purchasing the bottle, but can also include
storage costs or a proportion of fixed costs related to the functioning of the restau-
rant. The lower bound on ¢, is by no means restrictive, as not many restaurants buy
bottles of wine at a price lower than €1 or $1. Our model is of the single period type,
and, without loss of generality, the time horizon is fixed at one year. Our goal is to
identify the price p, of each type of wine, which maximizes the overall profit related
to the wine-selling activity. The model is static for tractability and because we assume

2 A non-exhaustive list is Barrows (1996), Corsi et al. (2012), Dodd (1996), Gil et al. (2009), Sirieix et al.
(2011), Thorsen and Hail (2001), and Yang and Lynn (2009). Other criteria include Michelin reviews
(Gergaud et al., 2015) and Zagat surveys (Perla et al., 2013).
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that the composition of the cellar is not a business issue: it is expected to complement
the menu in accordance with the wishes of the chef and the sommelier. The pricing
of the wine list is dealt with in a second step and can be updated whenever the cellar
is replenished.

Technically, the problem can be formulated as follows:

N
p* = argmax Z (Pr — ck)qiFi(p), (1)
P =1

where we have used the bold notation p for the vectors of all prices. In this setting, F,
represents the proportion of the stock that is expected to be sold, and it is, as such,
less than one. This formulation is different from the classical expectation-maximiz-
ing approach, but the function Fj, is very flexible and can be specified so as to repli-
cate, a posteriori, many classical models. In order to illustrate this, we consider the
alternative canonical problem:

(pr — cx)min(gx, dk(P))] ,

-

p* = argmax [E [
P

= argmax

N
P i=

(e — ) [qk T fep)dx + 1 xfil, p)dx] ,
1 9k 0

where d(p) is the demand variable and f; (-, p). its density function (assuming d(p) is
absolutely continuous with respect to the Lebesgue measure is not very restrictive).
We therefore see that setting

0 qk
Ao) = o |ac [ fitepya + L xfitrpia]

leads to an equivalent formulation, and one can easily verify that, in this case,
Fi(p) < 1. For notational convenience, we prefer to stick with Equation (1).
Moreover, given a real-valued function f defined on R, we write V,f(p) for the
partial derivative with respect to the ith component of its argument evaluated at
point p. Likewise, V;;f(p) and V;;f(p) denote the cross-partial and second partial
derivatives of f, respectively.

In this article, we are particularly interested in the function F(p) of the following form

Fe(p) = — S

=SB g>0. (2)
c+ 0 &)

This form for F; can be viewed as analogous to assumption B2 in Aydin and Porteus
(2008). It embeds the cross-price effects within the future demand for bottles. The
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constant ¢ measures the attractiveness of the no-purchase option for the consumer. A
nice property of F; in Equation (2) is that it satisfies:

V,Fi(p)
Fi(p)

ViF;(p)
F;(p)

The full specification of our model is given by gx (px) = p,zl/ " (which corresponds to a
multiplicative competitive interactions demand function):

ViiFi(p) = ViFi(p) + ———-ViFi(p), i #Jj, i,] # k. (3)

—1/r
o
—1/ne?

P N 4)
CJer 1 Pk

Fk (p)

The parameter r, € (0, 1) determines the attractiveness of bottle k. Consequently, Fj is
increasing in ry, but decreasing with r; for j # k. Further, it is easy to verify that Fj is de-
creasing in py, but increasing in p; for j# k. This is an intuitive relationship since we
expect the proportion of the stock ¢, to be sold to decrease with the price of bottle k
but to increase with the price of bottle j # & (all other things equal, bottle i becomes com-
paratively more attractive when other bottles are more expensive.). In the remainder of
the article, we set

c= ! XN:EI/"" (5)
N&

so that the attractiveness of the no-purchase option is equal to the average attractiveness
of all other options if all bottles are sold at their initial cost (p; = ¢;). Issues relative to the
impact of ¢ on optimal prices is discussed in Section IV.B. The following proposition
shows that the optimization at the core of the article is well-posed.

Proposition Under the specification of Equation (4), problem (1) has a unique
solution.

The proof of the proposition in given in Appendix B. This result is simply a tech-
nical requirement that we need in order to proceed to rigorous numerical analyses.

Before turning to the empirical part, we discuss the implications and parameter
restrictions implied by the model. As is shown subsequently in the proof of the prop-
osition, a rough first-order approximation that holds when we omit the cross-effects
of the model is:

Ci

pi = (6)

1—r i '
This implies that the price is highly nonlinear in the rating of the wine. In fact,
the model gives an infinite price for a wine with a rating of one (see Figure 1).
Thus, it is reasonable to set restrictions on the inputs that we feed to the optimizer.
This can be done when we transform the ratings so that they match the condition
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Figure 1
Approximate Impact of the Rating on the Price-to-Cost Ratio
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that they are indeed less than one. The scores that we assign use a 100-point scale,
which is common in the wine business.

Most of these scores are between 80 and 100 (which is the case within our
datasets), even though some rare exceptions fall below 80. Since we believe that
realistic price-to-cost ratios should lie between two and five, we apply the transfor-
mation

ri = 3/200x g; —7/10, (7)

where r; is the rating (of wine i) we use in the optimization and g; is the corresponding
initial score (out of 100). This ensures that p; ~ ¢;/(1 —r;) is less than five, but more
than two, for scores between 80 and 100.

III. Empirical Results

This section is divided into two complementary parts. The first part studies an
oversimplified model that allows for a tractable sensitivity analysis. The second is
a realistic application of our model to two cellars consisting of 50 bottles each.

A. Sensitivities in a Simple Toy Model

In this section, we study the sensitivity of optimal prices to the variables in the
problem. Our base case is the following. In order to facilitate the presentation of
our results, we simplify the setting to a restaurant with three types of wines: cheap
(k=1), intermediate (k =2), and expensive (k =3). The corresponding prices are
P1, P2, and p3. We set the cost, stock, and rating of the bottles to
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Sensitivity of p,/c, to Variations in Endogenous Parameters
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In accordance with the practice of the foodservice industry and using traditional
cost-based pricing, we display the ratios of price to cost in our results. In the base
case, this yields:

p1/01 = 2.727 pz/C2 = 2.867 p3/C3 = 3.58.

We now study the impact of variations in cost (¢), stock (¢), and rating (r) on the
optimal prices. We start by considering endogenous effects, that is, the changes
that occur in the price of a bottle when a characteristic of this bottle is modified.
We focus on the intermediate bottle. In Figure 2, we plot the p,/c, ratio for different
values of stocks and costs (left-hand graph) and different values of ratings and costs
(right-hand graph). We see that the ratio p,/c, is decreasing in ¢, and ¢,, but increas-
ing in r, (as it should be).

Overall, the stock level seems to have only a marginal impact on the optimal price,
except when it reaches very low levels (less than 5). The rating, however, seems to be
an important driver of the price-to-cost ratio: switching from 0.5 to 0.7 increases the
ratio by a factor between 1.7 and 3.

We further complement this analysis by looking at cross-effects. We plot in
Figure 3 the same p,/c, ratio, but as a function of exogenous characteristics, that
is, costs, stocks, and ratings of the first and third types of bottles. In this case, the
price-to-cost ratio is increasing both in ¢; and c¢3;. Nevertheless, we acknowledge
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Figure 3

Sensitivity of p,/c, to Variations in Exogenous Parameters
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that the behavior of the ratio is concave in these variables: beyond a large threshold,
an increase in either parameter has only a limited impact on p,/c,.

Turning to the effect of stocks, we observe a close to linear relationship. Yet the
magnitude of these variations is small (from 2.85 to 2.95), which confirms the
insight that stocks are not the most determinant parameters of the model. When
looking at ratings (bottom graph), it is the cheap bottle that mostly drives the
polc, ratio. Indeed, given the cost structure of the bottles, the competition for the
second bottle comes from the first one and not the third one. As the first rating in-
creases from 0.4 to 0.8, the attractiveness of the second bottle decreases, and so
does its price. Beyond 0.6, the p»/c; ratio reaches a floor because the first bottle is
then sold at a very high price.

B. Two Realistic Large-Scale Examples

The simple toy model is useful for understanding the basic mechanics of the model,
but restaurants often have more than just three types of wine. Consequently, we now
turn to a more pragmatic study inspired from two genuine wine lists. Restaurants are
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not keen on disclosing information on their cellar, thus we had to gather the data on
our own, and the Internet turned out to be an invaluable source of information.
Because we do not believe that it is relevant, we do not disclose the name of the res-
taurants from which our lists originate. In order to obtain both a purchase price and
a rating, we accessed www.wine-searcher.com, which provides both figures for many
wines and vintages. In Tables 1 and 2, the cost is equivalent to the last value in the
time-series of prices (in euros) on the website, and the grade (Grd) is equal to the cor-
responding score (out of 100), which is a normalized average of exogenous ratings.3
We restrict the study to the items for which both numbers (price and score) are
available.

In order to obtain plausible parameter values, we first divided the wines into two
categories: the liquid ones (which can easily be bought in large quantities) and the
illiquid ones (the most exclusive bottles, for which both buyers and sellers are
rare). Accordingly, we set two values for the stocks: 5 for the illiquid bottles and
100 for the liquid ones. This rather arbitrary choice is meant to amplify the
impact of the stocks, which, as section has shown above, often is not decisive.
Moreover, we normalized the scores according to Equation (7). All results are gath-
ered in Table 1 for the first wine list and Table 2 for the second one.

The means of the second-to-last and last columns of Table 1 equal 3.56 and 3.29,
while the respective values are 2.82 and 3.39 in Table 2. This shows that the price-to-
cost ratios of the model are realistic but also that the bottles at the second restaurant
appear to be cheaper.

We start by describing the results related to the first wine list. We observe that,
overall, the multipliers of the model are above those of the restaurant when the
bottles are expensive and enjoy a very high rating or when the stock is low. This is
typically true for the bottle of La Tache (ID 50). The discrepancy in the price-to-
cost ratio can only be explained by a purchasing price for the restaurant much
lower than that provided by our source. Given the reputation and recent vintage
of the bottle (2010), this would amount to a big discount and a great bargain.

This highlights the importance of the original purchase price: for instance, the
Chateau Margaux 1989 (ID 47) can be seen as good deal on the Internet, compared
to the Chateau Haut-Brion (ID 49) of the same vintage. The prices of these rare
bottles can vary a great deal because demand meets supply only on special occasions
(e.g., auctions). For more affordable bottles, the model can match actual prices rel-
atively accurately, as for IDs 11 to 19 in Table 1, or can lead to large pricing spreads.
ID 28 is such an outlier: according to our model, its relatively low rating should yield

3 Contributors include: Asian Palate—Jeannie Cho Lee, Bettane et Desseauve, CellarTracker, Decanter,
Falstaff Magazin, Gault et Millau, Gilbert and Gaillard, James Suckling, Jancis Robinson, Jean-Marc
Quarin, Jeff Leve (Wine Cellar insider), La Revue du Vin de France, Robert Parker, Stephen Tanzer,
Tim Atkin, Vinous Antonio Galloni, Vinum Wine Magazine, Wine Enthusiast, Wine Spectator. All
ratings are set on a 100-point scale and then averaged.
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Table 1
Characteristics of the First Cellar and Corresponding Prices

Id Wine Cir Rg Cost Grd Rat Stock P (R) P (M) PIC (R) PIC (M)

1 Taittinger Grande Cuvée C C 28 89 0.635 100 105 85 3.75 3.04

2 Veuve-Cliquot Ponsardin C C 37 89 0.635 100 120 109 3.24 2.95

3 Pommery Brut Apanage C C 37 87 0.605 100 196 100 5.30 2.71

4 Pommery Grand Apanage C C 37 87 0.605 100 196 100 5.30 2.71

5 Deutz Cuvée Williams 1999 C C 87 92 0.68 5 320 392 3.68 4.51

6 Dom Pérignon 2003 C C 140 93 0.695 5 445 586 3.18 4.19

7 Krug 2003 C C 161 93 0.695 5 513 655 3.19 4.07

8 Ch. D’Esclans Whisp. Angel 2012 Ro P 14 88 0.62 100 49 46 3.50 3.27

9 Ch. Miraval Pink Floyd 2012 Ro P 15 88 0.62 100 40 48 2.67 3.22

10 Rose et Or Ch. Minuty 2012 Ro P 22 86 0.59 100 75 60 341 2.74

11 Les Tanneurs Chapoutier 2011 w Rh 10 90 0.65 100 49 41 4.90 4.05

12 Les Calcinaires Gauby 2011 w Lg 13 87 0.605 100 45 41 3.46 3.16

13 Sancerre Vacheron 200 A\ Lo 17 89 0.635 100 60 56 3.53 3.29

14 Viognier Cuilleron 2011 W Rh 18 88 0.62 100 55 56 3.06 3.10

15 Pouilly Fumé Ladoucette 2010 w Lo 20 91 0.665 100 59 71 2.95 3.55 @
16 Saint Romain Gras 2010 w Bg 23 90 0.65 100 55 75 2.39 3.28 §
17 Grandes Chaillées Montez 2011 4 Rh 24 90 0.65 100 86 78 3.58 3.26 =
18 Ch. Fieuzal 2008 w Bd 40 87 0.605 100 100 103 2.50 2.57 N
19 Chante Alouette Chapoutier 2011 W Rh 41 91 0.665 100 136 132 3.32 3.22 N
20 Meursault Charmes Jessiaume 2009 w Bg 43 90 0.65 100 190 131 4.42 3.06 ~
21 Chassagne Montrachet Drouhin 2009 W Bg 56 90 0.65 100 140 168 2.50 3.00 §
22 Clos des Mouches Drouhin 2011 W Bg 64 90 0.65 100 160 191 2.50 2.98 0§
23 Silex Dagueneau 2010 w Lo 71 92 0.68 100 175 250 227 3.25 =
24 Ch. Yquem 1985 W Bd 293 91 0.665 5 1380 990 4.71 3.38 ;
25 Ch. Yquem 2001 w Bd 566 97 0.755 5 1322 2467 2.34 4.36 5)
26 Cuvée du Papy Montez 2010 R Rh 18 92 0.68 100 60 69 3.33 3.84 §
27 Cap Nord Combier 2011 R Rh 20 90 0.65 100 65 67 3.25 3.36 S
28 Fines Roches Mousset-Barrot 2005 R Rh 22 84 0.56 100 170 56 7.73 2.53 é
29 Ch. Fombrauge 2008 R Bd 22 84 0.56 100 85 56 3.86 2.53

30 Bastides d’Alquier 2009 R Lg 22 90 0.65 100 65 73 2.95 3.30
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31 Clos des Fées Bizeul 2009 R Lg 23 89 0.635 100 86 72 3.74 3.12
32 Beaune 100 vignes Jessiaume 2009 R Bg 23 89 0.635 100 120 72 5.22 3.12
33 Fugue de Nenin 2009 R Bd 26 85 0.575 100 95 67 3.65 2.58
34 Clos des Grive Combier 2011 R Rh 27 90 0.65 100 76 87 2.81 3.21
35 Ch. Dauzac 2008 R Bd 29 86 0.59 100 110 77 3.79 2.66
36 Cote-Rotie Clusel-Roch 2011 R Rh 32 87 0.605 100 120 88 3.75 2.74
37 Ch. Dassault 2009 R Bd 32 88 0.62 100 125 92 3.91 2.86
38 Dom. Trevallon 2008 R Rh 39 88 0.62 100 125 110 3.21 2.81
39 Ch. La Dominique 2009 R Bd 40 89 0.635 100 144 117 3.60 2.93
40 Clos du Marquis 2005 R Bd 50 88 0.62 5 185 231 3.70 4.62
41 Les Poréts Faiveley 2010 R Bg 52 91 0.665 100 112 164 2.15 3.16
42 Ch. Clinet 2003 R Bd 61 87 0.605 100 250 161 4.10 2.63
43 Les Ruchots Magnien 2008 R Bg 67 86 0.59 100 165 169 2.46 2.52
44 Ch. Giscours 1995 R Bd 74 84 0.56 5 480 255 6.49 3.44
45 Ch. Pichon Longueville 2001 R Bd 111 89 0.635 5 580 409 5.23 3.69
46 Le Pavillon Chapoutier 2010 R Rh 349 96 0.74 5 875 1492 2.51 4.27
47 Ch. Margaux 1989 R Bd 457 94 0.71 5 2153 1709 4.71 3.74
48 Romanée St.Vivant 2009 R Bg 1175 95 0.725 5 2220 4412 1.89 3.75
49 Ch. Haut-Brion 1989 R Bd 1327 97 0.755 5 4665 5569 3.52 4.20
50 La Tache 2010 R Bg 2500 97 0.755 5 2500 10352 1.00 4.14

Notes: Color (C = Champagne, Ro = Rosé, R = Red and W = White), Region (C = Champagne, Bd = Bordeaux, Bg = Burgundy, Lg = Languedoc, Lo = Loire, P = Provence and Rh = Rhone). We report prices (P) and
price-to-cost ratios (P/C) that stem from the Restaurant (R) and from the model (M). The wines are ordered according to their color, and within colors, according to their costs. Grd and Rat are, respectively, the grades
and ratings as in Equation (7).

€l
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Table 2
Characteristics of the Second Cellar and Corresponding Prices

1D Wine Clr Rg Cost Grd Rat Stock P (R) P (M) PIC (R) PIC (M)

1 Laurent Perrier Brut C C 31 89 0.635 100 81 92 2.61 2.97

2 Louis Roederer Brut Premier C C 36 90 0.65 100 85 111 2.36 3.07

3 Bollinger Spécial Cuvée C C 37 91 0.665 100 110 119 297 3.22

4 Veuve Clicquot Ponsardin Rosé C C 44 91 0.665 100 125 140 2.84 3.18

5 Ruinart Rosé Brut C C 49 89 0.635 100 125 141 2.55 2.87

6 Bollinger Grande Année 1999 C C 100 91 0.665 5 265 383 2.65 3.83

7 Altair Mas Amiel 2005 W Lg 16 80 0.5 100 49 36 3.06 222

8 Les Pommards Denogent 2010 A\ Bg 17 88 0.62 100 56 52 3.29 3.08

9 Grand Vallon Villard 2010 w Rh 24 90 0.65 100 92 77 3.83 3.22

10 Cuilleron Petite Cote 2011 w Rh 28 89 0.635 100 85 84 3.04 3.00

11 Terrasses du Palat Villard 2010 w Rh 29 90 0.65 100 110 91 3.79 3.14

12 Dom Trimbach Cuvée Emile 2004 w Al 33 89 0.635 100 110 97 3.33 2.95

13 Dom. Bongran Macon Villages 1999 w Bg 42 88 0.62 5 145 185 3.45 4.41

14 Clos Haut Peyraguey 1983 w Bd 43 89 0.635 5 154 196 3.58 4.55

15 Muntada Gauby 2000 w Lg 80 91 0.665 5 275 324 3.44 4.05

16 Monts Damnés Dagueneau 2007 w Lo 90 93 0.695 5 142 390 1.58 4.33

17 Hermitage Chave 2007 w Rh 182 94 0.71 5 280 727 1.54 3.99 %
18 Ch. Mourgues du Gres Galets Rouges 2009 R Rh 7 83 0.545 100 31 21 4.43 3.04 g
19 Ch. Siaurac 2007 R Bd 13 83 0.545 100 52 33 4.00 2.57 S
20 Dom. Janasse Terre d’Argile 2009 R Rh 13 87 0.605 100 56 40 4.31 3.10 N
21 Ch. Valmengaux 2007 R Bd 15 86 0.59 100 49 43 3.27 2.86 3
22 Ch. La Chenade 2008 R Bd 17 85 0.575 100 70 45 4.12 2.67 T
23 La Ciaude Gros et Tollot 2008 R Lg 17 83 0.545 100 58 42 3.41 2.46 )
24 Mas Jullien 2005 R Lg 20 90 0.65 100 70 66 3.50 3.32 =
25 Fondréche 11 était une fois 2009 R Rh 20 84 0.56 100 80 50 4.00 2.51 >
26 Dom. Montcalmes 2006 R Lg 21 90 0.65 100 85 69 4.05 3.29 ;
27 Cote du Py Foillard 2010 R Bj 23 89 0.635 100 60 71 2.61 3.08 5
28 Dom. Pousse d’or Clos Tavannes 2006 R Bg 28 87 0.605 100 81 77 2.89 2.74 §
29 Ch. Mas Meuf Mourvache 2009 R Rh 30 85 0.575 100 77 75 2.57 2.51 s
30 Reflets Villard 2007 R Rh 33 89 0.635 100 97 97 2.94 2.95 §~
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31 L’aurage 2009 R Bd 33 91 0.665 100 130 108 3.94 3.26
32 Ch. Ceédre 2002 R Bd 36 93 0.695 5 110 215 3.06 5.97
33 Clos des Grives Combier 2009 R Rh 40 91 0.665 100 78 128 1.95 3.20
34 Terres Sombres Cuilleron 2010 R Rh 47 91 0.665 100 120 149 2.55 3.16
35 Ch. Gruaud Larose 2006 R Bd 50 88 0.62 5 137 206 2.74 4.12
36 Ch. Fonsalette 2004 R Rh 54 90 0.65 5 99 236 1.83 4.37
37 Grandes Places Gérin 2002 R Rh 56 87 0.605 5 145 213 2.59 3.80
38 Clos Maréchale Mugnier 2009 R Bg 59 90 0.65 5 145 250 2.46 4.24
39 Santenots Comtes Lafon 2006 R Bg 62 90 0.65 5 155 259 2.50 4.17
40 Roc de Cambes 2001 R Bd 63 84 0.56 5 125 206 1.98 3.28
41 Ch. Fonsalette 2005 R Rh 70 90 0.65 5 120 281 1.71 4.02
42 Dom. Grange des Péres 2006 R Lg 81 87 0.605 5 165 276 2.04 3.41
43 Clos Maréchale Mugnier 2006 R Bg 82 90 0.65 5 145 315 1.77 3.85
44 Tertre Roteboeuf 1996 R Bd 116 87 0.605 5 257 364 222 3.14
45 Ch. Léoville Las Cases 1988 R Bd 174 92 0.68 5 402 633 2.31 3.64
46 Ch. Calon Segur 1966 R Bd 186 90 0.65 5 362 612 1.95 3.29
47 Bolgheri Sassicaia 1998 R Tu 201 93 0.695 5 400 753 1.99 3.74
48 Ch. Haut-Brion 1997 R Bd 297 89 0.635 5 482 890 1.62 3.00
49 Ch. Mouton Rothschild 1990 R Bd 328 90 0.65 5 650 1017 1.98 3.10
50 Ch. Mouton Rothschild 1986 R Bd 717 95 0.725 5 1200 2711 1.67 3.78

Notes: Color (C = Champagne, P = Ros¢, R =Red and W = White) and the region (Al = Alsace, C = Champagne, Bd = Bordeaux, Bg = Burgundy, Bj = Beaujolais, Lg = Languedoc, Lo = Loire, P = Provence, R =
Rhéne and Tu = Tuscany). We report the prices (P) and price-to-cost ratios (P/C) that stem from the restaurant (R) and from the model (M). The wines are ordered according to their color, and within colors, according
to their costs. Grd and Rat are, respectively, the grades and ratings from Equation (7).

SIC
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a below-average multiplier, but the restaurant decided otherwise, by imposing a mul-
tiplier of 7.73, which is the maximum value for the dataset. It is likely that the som-
melier at the restaurant believes that this bottle is underrated. The same conclusions
hold for the Chateau Giscours 1995 (ID 44). For other bottles, such as the Chateau
Yquem 2001 (ID 25) or Chateau Haut-Brion 1989 (ID 49), the effect is the opposite:
the price-to-cost ratio generated by the model is much higher because these bottle
enjoy a very high rating, 97. A limitation of the model is that, in these cases, the
original cost is so high that large multipliers yield unreasonable prices. Our model
suggests a price close to €10,000 for the La Tache bottle, which may seem dispropor-
tionate and deter future purchase.

The bottles on the second wine list have lower price-to-cost ratios. This can stem
either from more aggressive pricing by the restaurant or from the fact that it
managed to obtain lower purchase prices than those that we report (for old vintages
this can come from, e.g., early purchase). The main discrepancies between the wine
list and the model price occur for the costly bottles. Indeed, these bottles display cost-
to-price ratios below 2 in the actual wine list, which is unusually low. The highest
multiplier stemming from the bottle (ID 32) combines all favorable features: low pur-
chase price, low stock, and high grade (93/100). At the other end of the spectrum, the
lowest price-to-cost ratio (2.22) is obtained for the wine (ID 7) with the lowest grade
(80/100). By comparing bottles of equal rating but different stock level, we further
find confirmation that even at larger scales, low levels of stocks imply higher
price-to-cost ratios.

As in a hedonic model, we wish to determine the relative importance of the three
features (stock, cost, and rating) on the prices and price-to-cost ratios originating
from the restaurant and from the model. For this reason, we follow the literature
on hedonic pricing and perform the ordinary least-squares regressions:

pi= o+ B0c+ B+ fri+ g, (8)
pi/ci = a? 4 /J’ff)qi + ﬁf.z)r, + 852), 9)

The results of the regressions are listed in Table 3. We report the p-values from the
t-test, which assesses whether the coefficients are significantly different from zero.

First, we underline that the model values are better explained by the regression-
based approach because R* is higher when the prices are driven by the model,
even though the second restaurant achieves R>=0.976, which is rather high. This
was expected because the model prices depend on these three attributes. From the
first regression (i =1), we conclude that the prices are driven mainly by the costs
(the corresponding betas have p-values close to zero). For all prices, the costs are
the only strongly significant regressors below the 1% level. For the first restaurant,
stocks also seem meaningful. We recall that the stocks were determined based on
the rareness of the bottles, which is also a proxy for their prestige. As such, it is
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Table 3
Estimates of the OLS Regressions (8) and (9) and Their Corresponding p-Values

A | g R

i=1 Restaurant 1 price -769.6 1.180 -5.010 2140.1 0.742
(p-val.) 0.525 0.000 0.010 0.239 -

Model price -295.2 4.097 0.166 —386.7 0.998
(p-val.) 0.184 0.000 0.637 0.243 -

i=1 Restaurant 2 price —6.897 1.607 -0.128 95.802 0.976
(p-val.) 0.922 0.000 0.234 0.391 -

Model price -233.0 3.510 —2.243 394.6 0.989
(p-val.) 0.031 0.000 0.138 0.020 -

i=2 Restaurant 1 price 16.226 - —-0.012 —18.246 0.376
(p-val.) 0.000 - 0.004 0.000 -

Model price -0.362 - —-0.007 5.350 0.738
(p-val.) 0.631 - 0.000 0.000 -

i=2 Restaurant 2 price 5.115 - 0.009 —4.410 0.426
(p-val.) 0.001 - 0.000 0.041 -

Model price 0.302 - —0.008 5.618 0.637
(p-val.) 0.743 - 0.000 0.000 -

not surprising that the prices reflect this variable. In the model we propose, this does
not show up because the prestige of the bottles is expected to be embedded in the
purchase price or revealed in the rating.

From the second regression (i = 2), we infer that, notwithstanding lower R, all
explanatory variables are important in explaining the price-to-ratios corresponding
to the actual wine lists, including the constant. However, the constant is insignificant
when the prices are driven by the model. This is somewhat consistent with Equation (6).
The main difference between the actual prices and the model prices is that the
rating is negatively related to the price-to-cost ratio in the first case, but positively
related to the price-to-cost ratio in the second case. A simple explanation for
these opposite effects might simply be that the sommeliers at the restaurants
disagree with the ratings we have used. The typical situation in which such a
negative impact becomes intuitive is when both the rating and the cost are very
high (i.e., for succulent but unaffordable wines): in this case, the multiplier
should not be too high because it would compromise future sales. Nevertheless,
in all other configurations, we expect the price-to-cost ratio to be positively affected
by the rating.

In three out of four cases, the coefficient corresponding to the stocks is negative, so
smaller stocks imply a higher price-to-cost ratio. We note that the /352) coefficients are
at least 500 times larger than the /3;2) in absolute value, while at the same time the
magnitude of ¢ is less than 200 times that of r. From this, we conclude that rating
is the most determinant characteristic of the two, both for the model-based prices
and the prices taken from the actual wine lists.
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IV. Extensions

A. Pricing Subcategories

In a wine list, it is obvious that not all wines compete with one another. Typically,
sparkling beverages are seldom a substitute for red wines (and vice-versa). As
such, it is relevant to wonder what would happen if bottles were priced by bundles
of homogeneous types. In this case, the model would have to be run separately on
each bundle. We provide such results on the white wines of both cellars in Tables
4 and 5. The choice of white wines is somewhat arbitrary, but there is no apparent
reason why conclusions should be altered when choosing other subcategories
because the model ignores the color of wines. The first price is the original one (stem-
ming from Tables 1 and 2), and the second one comes from optimizing the prices of
the white wines independently from the others.

For the first wine list, the differences in price are rather insignificant, except for the
last two bottles. The spreads are larger for the second wine list. While they remain
below 15% for the cheapest bottles, they can reach more than 35% for some more-
expensive bottles. The bottles that experience a sharp decrease in price are those
for which the stock is very low (five bottles). In contrast, those with large stocks ex-
perience a small rise in price. The main difference between the two lists is that in the
first one there are only two wines with low stocks (out of 15), while in the second list,
the figure is five out of 11. For both lists, the subsample optimization led to a smaller
dispersion in prices, notably by shrinking the highest prices associated with low
stocks. The effect is more pronounced when the proportions of low and high
stocks are balanced.

B. Fine-Tuning the No-Purchase Option

The two wine lists studied in the previous section show that restaurateurs can choose
to set the prices of their wines more or less aggressively. Our model allows for a
degree of freedom through which the average prices (and price-to-cost ratios) can
be adjusted. This flexibility lies in the fine-tuning of the attractiveness of the no-pur-
chase option, ¢, in the demand functions (Equation 4). Even though we have provid-
ed an intuitive simple-to-use level for this constant (Equation 5), it can be adjusted to
match the restaurateur’s target average price-to-cost ratio, for instance. Intuitively,
we see in Equation (4) that all demand functions are decreasing in the variable c,
and if the attractiveness of the no-purchase option increases, then all equilibrium
prices should decrease so that the wines remain competitive with the no-purchase
option. In Table 6, we provide the prices for three values of c¢: the original one,
plus one that is 10 times larger and one that is 10 times smaller.

The striking feature of the results is that the price of the expensive bottles remains
close to unchanged, while those of the cheapest wines are those that vary the most.
The reason for this is that the attractiveness of the expensive bottles (pf1 ") is so low
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Table 4
Model Prices of White Wines from the First Restaurant
1D Model 1 Model 2 Abs. Variation
11 41 44 7%
12 41 42 2%
13 56 57 2%
14 56 56 0%
15 71 73 3%
16 75 76 1%
17 78 79 1%
18 103 102 1%
19 132 132 0%
20 131 131 0%
21 168 168 0%
22 191 190 1%
23 250 250 0%
24 990 924 7%
25 2447 2385 3%

Notes: The absolute variation between the two prices is equal to (max-min)/min.

Table 5
Model Prices of White Wines from the Second Restaurant
ID Model 1 Model 2 Abs. Variation
7 36 35 3%
8 52 59 13%
9 77 86 12%
10 84 90 7%
11 91 99 9%
12 97 103 6%
13 185 135 37%
14 196 144 36%
15 324 268 21%
16 390 332 17%
17 727 664 9%

Notes: The absolute variation between the two prices is equal to (max-min)/min.

due to their high prices that a small price reduction will not affect the demand func-
tion but will lower the profit subsequent to a sale. Intuitively, those who are willing to
buy a bottle for €2,500 will not change their minds if the bottle costs €2,300 or
€2,700. However, reducing a price from €40 to €30 might trigger additional sales
if the no-purchase option is attractive to the consumer.

While the notion of no-purchase may appear rather abstract, it can be partially
adjusted by the restaurateur (assuming the customers are sufficiently thirsty).
Of course, there are the prices of alcohol-free beverages (water, sodas, juices, etc.),
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Table 6
Model Prices of Wines from the First Restaurant
1D cl10 ¢ 10¢
11 50 44 34
12 45 42 36
13 61 57 51
14 60 56 51
15 80 73 65
16 81 76 70
17 84 79 73
18 104 102 99
19 137 132 127
20 135 131 127
21 171 168 163
22 193 190 186
23 254 250 245
24 925 924 922
25 2391 2385 2377
% 3.49 3.32 3.09

Notes: The last column is equal to the average price-to-cost over the 15 bottles.

but these lie outside the scope of the present article (and so do spirits). Much closer
to the point is the corkage fee, which straightforwardly qualifies as a no-purchase
option vis-a-vis the wines on the wine list. If customers are allowed to bring their
own bottles in exchange for a prespecified amount of money, say CF (corkage
fee), then the attractiveness of the no-purchase option can be fixed at ¢ = (CF) ',
where r is a reasonable rating for the bottles that customers are expected to bring.
Consequently, by fixing a corkage fee, the restaurateur can directly monitor a
proxy for the attractiveness of the no-purchase option. A high corkage fee increases
the competitiveness of the wines on the wine list (which can then be sold at a slightly
higher price), but might deter overall wine consumption. On the contrary, a low
corkage fee is an invitation to bring one’s own bottles, and, for the wine list to
remain attractive, its prices have to be lowered. For instance, if we consider an
average score of 88/100 for bottles brought in from outside, then the corkage fee cor-
responding to the rows in Table 6 are €90, €21, and €6, respectively. This shows that
the constant in Equation (5) is well chosen because a corkage fee of €20 seems
reasonable.

V. Conclusion

In this article, we propose a parsimonious model for the pricing of bottles of wine at
restaurants. The main inputs are costs, stocks, and ratings of the bottles. We posit
that the construction of the cellar is conducted separately from its pricing because
we consider it the prerogative of the chef or the sommelier. The model is static
and must be re-run whenever large changes occur in the cellar or in the wine list.
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The prices in the model are driven mainly by the costs of the bottles, which is con-
sistent with the widespread cost-based pricing approach. In our model, the price-to-
cost ratio is then driven mostly by the rating of the bottles, and the stocks have only a
marginal impact, except if they are very low. These features seem to hold in practice
because the same patterns emerge from the prices fixed by restaurants, notwithstand-
ing different sensitivities.

For affordable bottles, liquidity in the market implies that the cost cannot be ne-
gotiated very much, and hence the most important input is the rating. For the most
prestigious bottles, the cost may fluctuate considerably and may thus become a deci-
sive variable. Furthermore, if only a handful of bottles are available, then having a
low stock may also increase the prices. Overall, the rating appears to be the most
crucial parameter because it is not constrained by material or market contingencies
and cannot be unambiguously quantified. Even though Internet scores provide a
neutral basis, they can be adjusted so as to reflect personal taste or perception of
prestige.

The model is flexible and allows any restaurateur to reach possibly prespecified
average prices or average price-to-cost ratios. However, most of this flexibility van-
ishes if a corkage fee is introduced. Lastly, the optimization can be run on the
whole cellar at once or separately on homogeneous subcategories. A direction for
future research might be to include a dynamic feature that takes into account
future flows for the cellar.
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Appendix
A. Partial Derivatives

In this appendix, we provide preliminary computations for the proof of the
Proposition. For i#j, and i, j #k,

—1/ri—1 —1/r
; Dy
ViFi(p) = : —~ Fi(p) = —~ Fi(p) (A1)
r (C + Zﬁlpl l/r[) ripi (C + Z;\;P/ 1/”)
“1/ri—1 —1/r -1
V~F~(p) _ P i % c+ Z#ipl /" _ c+ Zliipl /r; F~(p) (A2)
Lt - . “1/r 2 N —1/r !
T (et me(er St
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N2
“n —1m—2 —(1+ l/r,-)(c—&— SEp 1 ’) +—p 1/
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i <c+21 1P_]/”)

1/ 2 i
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B. Proof of the Proposition

The proof follows along the same lines as that of proposition 2 in Aydin and Porteus
(2008). From

(P — cx)qkFi(p),

Mz

T
I

we infer
N
V,-ﬂ( —q; + Pk—Ck quFk( ) (Bl)
k=1
and for j# i,

N
Vyn(p) = ¢:V;Fi(p) + ¢;ViF;(p) + ) _ (pr — ck)qk ViiFi(p)
k=1

ViF;(p)
Fi(p)

where the second equality stems from Equation (3). Consequently, it is clear that
Vm(p) for all /implies V ;z(p) = 0 for j # i. Moreover, by Equations (A3) and (A4),

V;n(p) (B2)

N
Vin(p) = 2¢;ViFi(p) + Pk — ¢k)qk ViFi(p)
k:l

N

= 2q;ViFi(p) +v: Y (P — ) g ViFi(p), (B3)
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If Viz(p) = 0, then this implies

Vin(p) = g (ZViFi(P) - V,'Fi(l)))

—1/r
¢+ Zl#ipl n
N —uyn\ Vi
Tipi (C+ Dy )

4:Fi(p) ) ((Vi _ 1)<c+ipll/r/>>, (B4)

- N -1
ripi (c + Zl:lP[ /11

=q:iFi(p) | -2

and this quantity is negative since r; < 1. We have hence proved the equivalents of
items (i) and (ii) in proposition 2 of Aydin and Porteus (2008). The proof of the
last point (iii) only requires that V,z(p) > 0 when p; = ¢; (which is straightforward
given Equations (B1) and (A1l)) and that V,;n(p) — 0~ when p; — co. This limiting
behavior is true because by Equations (A1) and (A2),

Vin(p) ~ ¢:F;(p)(1 = 1/r;)) = 07, p;i — . (Q.E.D.)

We now turn to the approximation. From the first-order condition Equation
(B1) =0, we have that

ripiqi + (pi — ¢i)qibii + Z (Pr — ci)qibic = 0,

k#i

—1/r —1/r
C+ D 1P /” and 8, — Pr I
e =

(C + Z;\ilpfl/’.[) (C + Z;\ilpfl/r,>

5,‘,‘ Qk(sik
= - k= Ck) —
P ri + 8j ;(‘D )Qi(ri+6ii>

. This leads to

where §; = —

Noting that §;; ~ —1, we get that when all the cross-effect terms (the sum) are ignored,

Ci
pi = .
1—}",'
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