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Abstract

We develop a model of competition between retailer chains with a structural estimation of
the demand and supply in the supermarket industry in France. In the model, supermarkets
compete in price and brand offer over all food products to attract consumers, in particular
through the share of private labels versus national brands across all their products. Private
labels can serve as a differentiation tool for the retailers in order to soften price competition.
They may affect the marginal costs of all products for the retailer because of eventual quality
differences and also by helping retailers to obtain better conditions from their manufacturers.
Differentiation is taken into account by estimating a discrete-continuous choice model of
demand where outlet choice and total expenditures are determined endogenously. On the
supply side, we consider a simultaneous competition game in brand offer and price between
retailers to identify marginal costs. After estimation by simulated maximum likelihood,
the structural estimates allow to simulate the effect on the equilibrium behavior of retailer
chains of a demand shock through an increase in transportation costs for consumers and a
merger between two retailer chains.
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1 Introduction

Private labels (PLs), or store brands, have been growing in importance within the food retailing
industry during the last years. Several explanations can be found to justify why a retailer
may find profitable to introduce a PL in its offer. The most common justification in the 10
literature lies in the vertical relationship between manufacturers of National Brands (NBs) and
retailers. In this context, PLs are used by the retailer as a mean to either reduce the double
marginalization problem or to gain some bargaining power in front of manufacturers. The
marketing literature, on the other hand, has stressed the role of PLs as a tool for either better
price discriminate among consumers or for generating consumer loyalty to the store.

All these explanations are in line with statements made by industry managers. Berges-
Sennou, Bontems and Réquillart (2004) cite a survey by LSA /Fournier! according to which
the main reasons retailers develop PLs are: to increase customer loyalty (16%), to improve
their positioning (18%), to improve margins (25%) and to lower prices (33%). More direct
conversations with managers reveal that, at least for some retailers, PLs were developed as an
instrument to fight back the entry of Hard Discounters (HDs) in the industry?.

The purpose of this paper is to integrate these considerations in a single framework in order
to better describe how PLs affect the competition between retailers. From their point of view,
private labels play a role both in the demand and in the supply sides. Hence, a complete
evaluation of the impact of PLs in retailer competition needs to take into account both of them.
We will follow the literature on structural models of competition (see, for example, Berry,
Levinsohn and Pakes (1995), Nevo (2001), Ivaldi and Verboven (2005) or Bonnet and Dubois
(2010)) to estimate the parameters of the demand that, together with an assumed equilibrium
condition for the game played by the retailers, will yield estimates for the margins and marginal
costs of each retailer. In order to account for the possible effects of private labels on the supply
side, we will endogenize the location of retailers in the characteristics space defined by the
policy towards PLs. Draganska and Jain (2005) have a similar game of simultaneous price and
product line length competition for the supply side, where the product line is a characteristic
of the market for yogurts analyzed.

The role of private labels on the demand side is two-fold. On the one hand, PLs serve as a

'LSA /Fournier “Les marques de distributeurs”, Libre Service Actualités, 1472 (January 1996):10-15.
>This is the case, for example, of Leclerc in France who changed its policy towards PLs in 1998 after the
successful entry of Aldi and Lidl to the french market.



differentiation tool for retailers. In the characteristics approach to product differentiation, each
consumer has an ideal mix of private labels and national brands in the assortment of the retailer.
These ideal points are dispersed along the characteristics space, in which retailers themselves
locate by choosing their policy towards these kinds of products. Consumers with stronger
preferences for PLs will naturally choose to visit those retailers offering a larger assortment of
them. Thus the differentiation aspect of PLs comes into play in retailers’ competition for the
customers. Once the customers are in the store, PLs play a second role of price discrimination
in each of the product lines offered by the retailer. In this case, the private label is an option
that the retailer can use to better screen the willingness to pay of the different consumers in
its customer base (see Putsis (1997) and Stole (2005)). These two mechanisms also explain
why PLs emerged as a response to the entry of hard discounters: consumers with the lowest
willingness to pay for NBs were attracted by stores offering cheap PL products, reducing the
customer base of the incumbent retailers. Retailers had then the choice between a smaller
customer base but with a higher average willingness to pay - given that entrants provided the
screening device - or keeping the customer base and pursuing themselves the screening through
the introduction of private labels.

To determine whether the development of private labels is an important tool of differentiation
among retailers, we estimate a discrete-continuous choice model for the demand side (following
Haneman (1984) and Smith (2004)) where consumers choose which retailer they patronize and
how much they spend depending on the retailers’ characteristics.

A survey published in a study ordered by the Office of Fair Trading about competition in
the retailing industry® identified the principal factors affecting the choice of a grocery store.
Low price was classified in the third place, just behind the product range and selection and
immediately after the quality of the service. The main factor driving the choice was conveni-
ence. This points out a moderate importance of price competition and shows that retailers are
differentiated according to location and product selection. The strategy of the retailers towards
PL products affects this last factor of differentiation, thus raising the possibility that some
features of this strategy contribute to soften even more the competition in prices. Hence, we
estimate the determinants for patronizing a retailer, and the consumer’s expenditure at it, as
a function of prices, retailer’s and consumer’s characteristics. The effect of PLs as a potential

differentiation device is captured through variables reflecting each retailer’s general PLs policy

3Office of Fair Trading, "Competition in Retailing", Research Paper n° 13, September 1993. See section 2.2.3
on Consumer relationhips.



- the percentage of its offer devoted to PL varieties, the number of product lines with a PL
presence and other characteristics. These variables are included in the store characteristics. In
this way, we can estimate their effect on the consumers’ valuation of the bundles that can be
purchased at each retailer.

Following Smith (2004) in the functional form chosen for the indirect utility, we carefully
model the heterogeneity of consumer preferences. However, in Smith (2004), retailer prices are
treated as an unobservable in the estimation of the choice model because of the lack of data on
retailer prices, thus instead of inferring marginal costs, Smith (2004) assumes a multi-store Nash
pricing equilibrium on the supply side and uses aggregated data on marginal costs to estimate
the price parameters using the theoretical expression for the profit margins. Our situation is
the opposite, as it is usual in the literature, given the fact that our database is richer and
records the prices of all the products purchased in any retailer, allowing a direct estimation
of the conditional demand elasticity, which is not the case in Smith (2004). In Smith (2004),
unobserved prices affect retailer choice and expenditures and thus both price parameters are not
identified. Instead, identification is achieved by fixing the value for the ratio of these parameters
so that it implies a plausible conditional (on retailer choice) demand elasticity.

With the estimates of the discrete-continuous choice model at hand, we can compute the
demand observed by each retailer. Assuming a Nash equilibrium in prices in the game played
by the firms owning the different retailers chains, we can express the vector of retailers’ margins
as a function of demand parameters. From these margins, we can recover each retailer’s mar-
ginal cost, which reflects a combination of all products’ wholesale prices plus marginal costs of
distribution.

Nevertheless, and also given the particular characteristics of the French retailing sector, it is
interesting to consider competition along more than one dimension. French regulation forbids
the resale at a loss for retailers?: the retailer cannot set the price of the good below the price
appearing on the bill from the supplier. All rebates and reductions, i.e. listing fees, payable at
the end of the year but anticipated by the retailers cannot be deduced from the price appearing
in the bill. Moreover, as general terms of sale have to be non-discriminatory according to
commercial law, the effect of the ban on resale at a loss is equivalent to allowing floor prices:

manufacturers can collude to increase wholesale prices and pay the retailers through negotiated

"Resale at a loss was introduced with the Galland Law in 1996 and mostly unchanged until 2006 while our
data are form 1998-2000. Several studies, including one carried over by the French Competition Authorities,
recognized an inflationary effect of the law.



listing fees (Allain and Chambolle (2005)). As evidence of this phenomenon, Bonnet and Dubois
(2010) have shown empirically that resale price maintenance was used in the market for bottled
water in France during the years 1998-2000. In this case, price competition between retailers is
significantly restricted and they have to find other dimensions in which to compete. Competition
along the location in the characteristics space, which in this case is a form of competition in
product lines, arises as a reasonable option. For example, one can think that after a merger the
retailers involved may find profitable to reorganize their offers of PLs and NBs in order to better
discriminate among consumers and reduce competition between them (Gandhi et al. (2005)).

Retailers’ decisions on their location in the PLs policy space can also be motivated by the
possible different effect of national brands or private labels on the wholesale prices offered by
the manufacturers. Literature on the vertical relationship between manufacturers and retailers
has pointed to two different ways by which PLs can help to obtain lower wholesale prices on
branded products: when linear pricing is used to set wholesale prices, the introduction of a PL
by the retailer reduces the double-marginalization problem (Mills (1995) and Bontems, Monier
and Réquillart (1999)); if non-linear pricing is used instead, Rey and Vergé (2010) show how
they offer the possibility to refuse the contracts proposed by the manufacturers, increasing the
pay-off of non-contracting and thus the rent to retailers.

We thus propose a simultaneous location-and-price game between retailers and assume their
marginal costs to be a function of the mix of national brands and private labels in their assort-
ment. This framework allows to simulate retailers’ response to changes in demand or supply
conditions like a transportation cost shock on consumers or a merger among retailers, and com-
pute their effect on their level of prices and product mix, taking into account the possible effect
on costs.

The paper is organized as follows. Section 2 presents a brief review of the literature on
private labels. Section 3 presents the formal description of the model of consumer choice of
a retailer and the likelihood function. The different equilibrium assumptions are discussed in
section 4. Section 5 presents an introduction to the dataset. Section 6 presents the econometric
method and estimation results. Finally, section 7 details the simulation of demand shocks and

merger on equilibrium behavior of retailers.



2 Review of the literature

Literature on the effects of PLs on competition has analyzed mainly the relationship between
retailers and manufacturers through their branded products (or NBs). According to this stream
of literature, retailers would introduce PLs in order to increase their bargaining power vis a vis
manufacturers.

In a vertical structure with one manufacturer and one retailer, both in a monopoly position,
if only linear prices are considered (Mills (1995), Bontems et al. (1999)), then this structure
suffers from the double marginalization problem. In this case, by introducing a PL, the retailer
creates competition in the downstream market which reduces the manufacturer’s market power.
Consequently, the wholesale price decreases and so does the double marginalization problem.
Consumer’s surplus rises unless the cost of producing the PL is too high. When non-linear
tariffs are allowed (Caprice (2000), Rey and Vergé (2010)), the double marginalization problem
disappears, since the wholesale price is set at marginal cost. In this case, the mechanism through
which the retailer gains bargaining power is the reservation profit. Assuming the manufacturer
makes a take-it or leave-it offers, the opportunity to sell a PL creates some profit for the retailer
even if he does not sell the national brand (NB). Thus, for the retailer to accept the offer, the
manufacturer must leave some rents to match the retailer’s reservation profit.

There has been also much interest in determining what is the effect of a PL introduction
on the prices of the NBs. Theoretical works tend to favour the prediction of a decline in NB’s
prices whereas empirical works have shown more mixed results. Gabrielsen, Steen and Sgrgard
(2001) find a positive effect (when significant) of a PL introduction on the prices of NBs. This
effect is larger for high and moderately successful PL introductions and larger on leading brands.
Regarding the effect of PL penetration on individual NB prices per category, Ward et al. (2002)
find that NB prices tend to rise with PL share and this increase varies within NBs. In some
categories the price increase is much higher in the leading brand and in others it is much
higher in the second or third brands. More recently, Bontemps et al. (2005), using a similar
methodology, show that the positive impact on NB prices is higher for increases in the market
share of PL products stricto sensu. For other kind of PL products - those exclusively sold by
hard discounters or those that are low price products - the effect on NB prices is negative in
half of the categories with significant effects and, in any case, their effect is lower than that of
strictly PL products.

The other reasons stated for introducing a PL have more to do with the horizontal rela-



tionships between retailers and have been the subject of less attention in the literature. They
concern the positioning of retailers’ offer and customer loyalty. On the theoretical side, Cor-
stjens and Lal (2000) take this approach and try to "show when and why the store brand can
become a source of store loyalty for the retailer". They show that even when there is no cost
advantage with respect to NBs, retailers may find profitable to introduce a PL with a relat-
ively high perceived quality since it is capable of creating store loyalty. Conversely, low cost
low price PLs only increase price competition between retailers. Basically, a PL works as a
brand that is under exclusive distribution in a single retailer. If there exists a certain level
of brand-loyalty for this PL, this loyalty is directly translated into a retailer-loyalty. This is
then a source of switching costs for the consumers, leading to the usual pricing situations and
trade-offs described by Klemperer (1995) of firms facing consumers with switching costs. This
intuition would be in line with the empirical findings of a raise in NB prices after the introduc-
tion of PL varieties. Moreover, empirical results by Bonfrer and Chintagunta (2004) support
the mechanism explained by Corstjens and Lal (2000). They use a panel of 104 product cat-
egories for five competing retailers in one region and construct measures of brand loyalty, store
loyalty and store brand purchase. They find that store loyal consumers are more likely to buy
PL varieties. Higher store loyalty is associated with lower brand loyalty within a store and also
with lower store-invariant measures of brand loyalty. This last correlation suggests that loyal
PL consumers tend to be those with less brand loyalty in general.

Corstjens and Lal (2000) further suggest that consumer’s loyalty to a retailer should be
even higher when he/she opts for purchasing PLs in more than one category of products.
This argument would call for a positive relationship between the retailer’s probability of being
selected and the share of PLs in the total expenditure of the consumer at this retailer. However,
reasons in favour of finding the opposite relationship have also been suggested in the literature.
Sudhir and Talukdar (2004) mention the argument that PLs could attract mainly deal prone
consumers and cite the work of Dick et al. (1995) who find that store brand customers are
more price sensitive than average consumers. Furthermore, if the PL products offered by one
retailer are perfect substitutes for PL products offered by another retailer, then the mechanism
proposed by Corstjens and Lal (2000) for generating retailer-loyalty does not work and the
above mentioned relationship would not exist. Evidence of at least some degree of substitution
is found by Ailawadi and Harlam (2004), who find that retailers’ margins on PLs decrease as

the percentage of competing retailers carrying a PL in the category increases.



3 Consumer behavior and the demand model

Retailer’s demand is modeled as a combination of discrete and continuous choices. In every
purchasing act, the individual chooses first the retailer and then the quantity purchased at
this particular retailer. These decisions depend on consumer and retailer characteristics. In
particular, since the purchasing act of an individual is motivated by the need of several different
products, the choice of the retailer is going to depend on the prices charged to the different
products sold. We can simplify this by considering that every retailer offers a particular bundle
of goods at a given price. Then, the choice of a retailer is equivalent to purchase one of the
offered bundles.

More formally, and following Haneman (1984), the individual consumer ¢ has a direct utility
function at time ¢, u defined over the quantities x; = (x;1¢,...,x;5:) of the bundles goods
proposed by J; different retailers, and on the numeraire ¢; (which will represent the amount
left for top-ups and other purchases in second choice retailers or other minor retailers included
in the database). J; is the choice set in terms of retailers for each consumer i. The quantity
x;j represents the quantity of the composite good bought by consumer 7 at retailer j in period
t. The consumer’s utility also depends on L characteristics of the retailer where the purchase
is made, which will be denoted by b = (b1, ...,br), and that could vary with the individual
(think of distance to the store for example). Finally, the utility can also be influenced by
M characteristics of the individual, z = (21, ...,2ar). The vector € is going to collect all the
characteristics of the retailer and the individual that are unobservable for the econometrician.

At every period ¢, the individual consumer maximizes his direct utility function w(x;t, git, bijt, 2it, €jt)
subject to J; non-negativity constraints (one for each z;j) and the budget constraint:

Ji

ijtl’z‘jt + it = Yit

j=1
where y;; is the consumer’s total expenditure in food and pj; the retail price of store bundle j.
Discreteness in the consumer’s decision comes from the additional constraint that all but one of
the non-negativity constraints must bind because of the necessarily exclusive consumer choice
of retailer. Given this, the problem reduces to choose the pair (z;j¢, ¢it), with the other z;;’s
set to 0. This maximization yields a demand function Z;j¢(pji, Yit, bije, 2it, €i5¢) and an indirect
utility function of the form ;i (pje, Yit, bije, 2it, €ij¢), both conditional on the purchase of the

bundle belonging to the j** retailer. The selection among the different retailers is made from a



choice set J;, defined as the set of all the retailers present less than 16 km away from consumer

i, and it will be given by the following condition:

Uijt(Djt, Yit, Djt, Zits €ijt) > ikt (Djt» Yit, Dijes Zit €ijt) Vk € J;

The outcome of this selection process is random from the point of view of the econometrician
because of the unobservability of e. Therefore, the different choices will be observed with a
probability induced by the distribution of €. The next step in the analysis is to specify a
functional form for the conditional indirect utility function. We use the same functional form
as Smith (2004), which is in turn very close to the one used in Dubin and McFadden (1984)
or Haneman (1984). Treating Roy’s identity as a partial differential equation, this functional
shape belongs to the class of functions that provides a linear in income conditional expenditure
function. Moreover, we specify the way prices and characteristics affect the indirect utility
function such that the conditional expenditures functions be linear in parameters as in Dubin
and McFadden (1984). The additional restriction put on this class of indirect utility functions
is that it provides also a simple and tractable form for discrete choice probabilities.

Accordingly, the conditional indirect utility function has the following shape:

Uijt = 1 [6 9Dyt + 51 hlpjt + 25,090 ¢ ¢1jt } exp [(d)g;j@ — 3 © lnpjt)clt] + 7112”,: + €ijt

where ¢ identifies types of consumers with identical preferences, g(7) is the group type of i,
h(j) is the company group to which retailer j belongs to, p is a scaling term, z; is a vector of

individual characteristics and 1/11 jt and w m are retailer quality indexes defined as:
1/]9(1 (bg(l 59(0)
15t lh(j lyt

Y5 = bl;,690)

The reason for having two different indices is that some of the retailer characteristics included
in bo;;; - and which may be faced differently by each individual - are not going to influence the
demanded quantity of the bundle. This specification allows to have an individual-store index
wgl(;t that will not affect the conditional demand functions but affect the probabilities of the

consumer of choosing a given store, and a store specific sort of "quality" index 1/1“{5-? affecting

the conditional demand of the consumer, including eventually an unobserved component (ﬁ‘({g()j)



which is fixed over time. Additionally, gg:()j) is a retailer chain group fixed effect capturing
all those fixed unobserved characteristics of retailer j that only affect the consumer’s choice of
retailer but not the conditional expenditure. Heterogeneity in consumer tastes is introduced

by estimating different sets of parameters ©9 = (8, 83, a7, ¢{,, ¢3,.67,69) for every consumer

type g.

Individual’s indirect utility is also affected by unobservable personal characteristics, such as
consumption habits, captured through the univariate random variable ¢,; and which is assumed
to follow a log-normal distribution LN (0, A\9)°. The other source of randomness are unobserved
disturbances to individual’s valuation of retailer j at time ¢, denoted by €;;¢, and assumed to be
an i.i.d Type-1 Extreme Value distribution function in standard form with unit scale parameter.
In addition, these two random variables are assumed to be independent.

The application of the Roy’s identity results in the following conditional demand for con-

sumer ¢ at time ¢ for a bundle from retailer j:

(i)
N N TG N O R I T ST ) Wi
LTijt = Pt [( 2 Wi+ 01 Inpj + za” + ¢1jt ) Cit ﬁg(i) (1)

and multiplying it by its price, we obtain the conditional expenditure:

()
O Y I ) ST ) W s )
Cijt = 62 Yit + 51 Npjt + 2 + ¢1jt Cit ,ﬁg(l) ( )
2
From the above expressions, it can be seen that characteristics included in wgg)t do not

affect the conditional demand and, therefore, the expenditure. These are likely to be retailer
characteristics such as the distance from the consumer’s home or retailer services like the number
of cashiers. The retailer fixed effects capture retailers’ characteristics that are constant through
time like, for example, retailers’ reputation.

At last, one can also obtain the conditional probability for individual i to choose retailer
J.- Actually, given the additivity assumption for €;;; on the indirect utility function and the
assumption that ¢;;; follows an extreme value distribution, the probability s;;; of retailer j to

be selected by individual ¢ - conditional on the unobserved individual ¢’s characteristics (;; -

SHence, E ;] = ¢*'/? and Var[¢,,] = e (ekg - 1) where g = g(4) is the type of consumer .
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follows a multinomial logit:

) eXp{ [5“’ yir + B Inpj, + 2,090 + w?ﬁ] exp [( — B3¢ lnpgt)ézt] - wzgl}
S,L]t Zt - 7 T ¥ KA
2 eXp{ [ﬁg Vyie + B9 Inpry + 2},000) +1/J{1]kt)} oXp [( 2h(k) — B3 )lnpkt)@t} "‘/’ggkt}
ked;

Then, integrating out over the distribution of population characteristics, we thus obtain the
market shares of each retailer as a function of prices and characteristics of supermarkets. This
aggregated demand function is known by retailers whose competition is modelled in the next

section.

4 The Retailers Game

4.1 Price Competition

We first assume that retailers compete in prices, taking as given the vector of store character-
istics determined in a previous stage. Thus, the observed prices are those arising from a Nash
equilibrium of a simultaneous price setting game between retailers groups. A single firm can
own several retailers and form a group of retailer chains (i.e. in France, in 2005, the Hyper
2 group owns the hypermarkets of Hyper 2 , the supermarkets of Supermarket 1, some hard-
discount and other proximity retailers). Hence, we assume that prices are chosen by each group
of retailers in order to maximize the joint profits of their members.

Denoting by Jp, the set of retailers owned by group h (where h = 1,.., H and Jy, ..,Jg is
a partition of {1,..,J}), at time ¢ the expected joint profits of group h is the sum of profits
provided by all types of consumers and equal to ) /C 1Y dF, (¢;), where’

g

Z Z 7) 5iTij

i/9(1)=g j€JIn

In this expression, c; represents the marginal cost of one unit of good sold by retailer j.
Each retailer group maximizes the joint expected profits with respect to all prices of each re-

tail store of the group. Considering all the possible types of consumers, the first order conditions

SSubscript ¢ is omitted in this section to simplify notations.
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with respect to prices p; of retail group h can be expressed as:

Zg{ g%ﬂfbd@ (@-)} =0 (3)

where
8]:[9 (9T 88'
SE= D (st ) st Y (k- C"?)@’“%
bj Pi ye7, bi

because %%’f =0 for all k£ # j.

The first term of the summation measures the extra profits coming from the price increase
over the quantity sold. The second term reflects the change in the quantity sold due to the
price increase. This quantity can change through a decrease in the retailer’s probability of
being selected by the consumer but also through a decrease of the consumers expenditure. The
final term captures the effect of a change of retailer j’s prices on the profits of the other retailers
of the group.

Every retailer in group h sets its price level to maximize the sum of the expected profits
derived from each segment of consumers. Thus, the observed price levels must satisfy the system
of J equations formed by the first-order conditions (3). Once the demand is known, the only
unknowns are the marginal costs ¢; of each retailer, which can be obtained by solving this
system of equations. To see that, the first-order conditions can be expressed in matrix notation.

Define I}, as the ownership diagonal matrix of retail group h, which is of size J x J and
whose elements I;,(j, j) are equal to 1 if retailer j belongs to group h and 0 otherwise. Denote
by in, = diag(l}) the vector containing the diagonal elements of I,. Let S, and X, be two
J x J matrices containing the sum across consumer types of expected responses of quantity to
a change in prices coming through, respectively, a change in the market share and a change in

the conditional demand, i.e.

=, { [Fadiar, @} - nd [Ftpar, )}

Sp =

=, { | a:ng )} =, { / xiJé;i; 7, 6}
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5, { /< s ZELdF, (c»} 0 0
0 0

0 0 >, {/Csu%m,f}'ng (Ci)}

Note that the off-diagonal elements of X, are zero due to our formulation of the conditional

e
Il

demand, which makes it dependent only on the own-price of the retailer. Finally, define @) as a

diagonal matrix whose diagonal elements are the expected total quantity sold by each retailer

J: Q(,J5) = X, {/sijxideg (Cz)} Then, the margins v, = [(p; — ¢;) 1jeJh]j of retailers of
¢

group h (1jes, = 1if j € J, and 0 otherwise) are solution of the following equations:
Qih+(Ith+IhSpIh)’7h:O Vh=1,..,.H (4)

The solution to this system of equations can be found by minimizing the sum of squares of

condition (4). This yields a solution for v;, of the form, Vh =1, .., H:
V= — InXp + ISpIn) " Qip, (5)

When solving the system of J equations, we obtain an estimate for the marginal cost of each
store bundle of goods. This estimate is of course dependent on the assumption about the game
that is played by the retailers. Were the retailers engaged, for example, in tacit collusion, the

real marginal costs would differ from those estimated here.

4.2 Simultaneous Location-and-Price Competition

Suppose now that retailers compete not only in prices but also in their location choice in
the characteristics space of goods, choosing both variables simultaneously. More specifically,
retailers can vary their offer in PL and NB so as to attract more consumers to the store and,
possibly, increase expenditures. This kind of game implies a second set of first-order conditions
that adds to the set defined in (3), which allows us to recover more information on the parameters
determining retailers’ marginal costs.

Literature on the vertical relationship between manufacturers and retailers has signaled the
importance of PLs in the outcome of this relationship. When linear pricing is used to set
wholesale prices, the introduction of a PL by the retailer reduces the double-marginalization

problem and allows the retailer to purchase NBs at a lower wholesale price. If non-linear
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pricing is used instead, PLs can be used by the retailers to increase their market power within
the vertical structure. Rey and Vergé (2010) show how they offer the possibility to refuse the
contracts proposed by the manufacturers, since retailers can rely on other manufacturers and
on their PLs to conform their offer. Moreover, the wider the coverage of PL brands the easier to
refuse contracts that bundle several brands of the manufacturer. Since PLs increase the payoff
of non-contracting, the manufacturer is obliged to leave a positive rent to the retailer. This
rent depends inversely on the retailer’s profit on the other brands and can be affected by the
manufacturer through the wholesale price offered to the retailer.

In order to test whether PL brands have a different impact than NBs on retailers’ marginal
costs, we consider that their marginal cost function depends on the ratio in which each type of
brands is present in their assortment. Denote this ratio by p;. Therefore, in the simultaneous

location-and-price game, retailers forming the group h solve the following problem:

Mazx Z {/Hng (¢5) } = / Z Z p;)) sij (Ps P) Tij (pj» p;) dFy ()
{pj’pj}jeJh g Si/g(i)=gi€n

Each retailer then chooses the level of its p; according to its effect on market shares, condi-
tional demands and marginal cost levels. We do not need to impose any functional form for the
relationship between this ratio and the level of marginal costs. Actually, this ratio can affect
marginal costs in two ways: a) it may reduce the marginal cost of the bundle of products by
substituting branded product varieties by PLs that may be purchased at lower wholesale prices;
b) it may reduce the wholesale price for other NBs by increasing the rent that manufacturers
are obliged to leave to the retailer. Note, as well, that the level of marginal costs may depend
on factors that are known for the retailers but unobserved by the econometrician - i.e. the
retailer’s ability to negotiate contracts or any bargaining power vis a vis manufacturers and
orthogonal to p;. Assuming that there is a unique maximum, we use the first-order conditions
with respect to price which are given by equation (3) and the one with respect to pj- Actually,

the maximization with respect to p; yields the following additional conditions:

>, { Mo, <<z->}—0 (6)

op;

where the derivative of retail group h’s profits arising from consumers of type g with respect to
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the ratio is given by the following expression, for all j € J,, and h=1,.., H

o1t _ Oc; 0%;j _ Osig
SE= D | st (0 ) st Y (e — ) Tk
Pj i/g(i)=g Pi Pi ke Pi

The derivative of marginal cost with respect to p; and the margin, of each retailer, are the
unknowns of these equations. As in the previous case, this system of equations can be written
in matrix form. Let I'py, be the vector of derivatives of retailers’ marginal cost with respect to
pj- Define S, and X, in the same spirit of S, and X, with the price derivative substituted by
the derivatives with respect to p;. Then, the implied derivative of marginal costs is given by

the following expression:
L (p;) = (IhQ)” (InX, + InS,Ip)y forall h=1,... H (7)

in which ~ denotes the Moore-Penrose generalized inverse (because of the block configuration
of the matrix I,Q) and v = 331 ;..

Retailers’ margins ;, can be recovered from (4) and substituted in (7). The estimated mar-
gins are the same as in the previous case. The difference is that together with the first-order
condition on p;, they imply a set of estimates for the effect of this ratio on marginal costs. The
sign of this effect is determined by the observed sign of (I, X, + I,S,1}). Elements in the diag-
onal of the first matrix contain a weighted sum of the effect of p; on the estimated conditional
demand of each consumer, with more weight given to consumers with higher purchase probab-
ilities. The rows of the second matrix contain a weighted sum of its effect on the probability
of selecting retailer 7, with more weight given to individuals with higher estimated conditional

demands.

5 Data

Data on consumer and product characteristics, as well as consumers’ retailer choices are drawn
from a database recording the purchasing acts of french households through the technique of

home scanning’. The database consists of individual purchases made from 1998 to 2000 by more

"The database comes form TNS World Panel and we thank INRA for providing us the data as well as Christine
Boizot for her help in the access to these data.
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than 9000 households® in french distributors of food products. It covers all the metropolitan
french departements and 476 products belonging to 64 different food categories (water, aperitifs,
fresh fruits, cheese ...)". It is representative of the French population.

The database is organized as a collection of product files in which a typical record is a
purchase of that product in a given retailer at a certain date. In this record one has information
about the identifying code of the individual, so that we can trace all the purchases of each
individual, his/her socio-demographic characteristics, as well as characteristics of the product
(brand, price, format ...), quantity purchased and retailer characteristics (name of the retailer,
surface of the store and type of retailer).

Since different individuals can have different purchasing habits, and may therefore visit
the stores with a different frequency, observations belonging to the same month are grouped
together. The choice of the period length as a month is somewhat arbitrary, but it is long enough
to capture different habits. Moreover, it will be useful in the construction of price indexes that
will avoid short-term variations due to product promotions and enables us to abstract from
other dynamic considerations.

Data on outlet characteristics for every retailer were obtained from LSA/Atlas de la Dis-
tribution 2005, which lists all the french outlets involved in food distribution. Besides their
location, the Atlas provides us with the name of the retailer chain the outlet is affiliated to,
its surface, the number of cash registers, the number of employees, the number of parking slots
and the number of pumps available in the outlet’s gas station. We merged this information
with the household data using the name of the retailer, the zip code of the consumer’s residence
and the surface of the outlet. For each of the retailer chain, we found the closest outlet to the
consumer dwellings thanks to zip codes and geographical data allowing to compute distances.
If this distance was less than 16 kilometers, the outlet was included in the consumer’s choice
set. Only one outlet per retailer chain was included in this set. The computed distance is added
as an additional retailer characteristic.

Using the information contained in the household data, several additional variables have been

constructed regarding individuals’ and retailers’ characteristics (from all the possible retailers,

8The number of households for 1998 is of 9756, that of 1999 is 11310, while the same figure for 2000 is of
12291. Around 1/4 of the panel is renewed every year, thus leaving us with 3710 households present in the whole
period.

9Nevertheless, households do not record all the products purchased. In particular, for each household there
is a group of products not recorded. This group can be either a) fruits and vegetables or b) fish and meat. The
rest of products are recorded for all the households.
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we selected 22 of them representing about a 90% of the total sales recorded in the database).

5.1 Household-specific variables

The data contain detailed information on households characteristics including household com-
position, geographic information on dwellings and also some classification by income groups
that will be used to define groups of consumer types. The data also contain detailed continuous
observation of all purchases with information on products, brands, prices, retailers.

The data on purchase are aggregated at the household level, by month and we define the

following variables:

o Monthly expenditure per retailer: All the purchases of a household during a particular
month are aggregated to form his monthly expenditure. Purchases made at the selected
retailers are identified and the rest of the purchases are aggregated into purchases in the
outside option. The first row of Table 1 presents the average across individuals in the

panel of their total expenditure per month.

e First and second choice retailers: The first choice retailer is the one where an individual
spent the most in a given month. The same computations have been done for the second
retailer choice. The average monthly expenditure across consumers in first and second
choice retailers is displayed in Table 1. For each household, expenditure in PL products
in each retailer is also computed. Table 1 also shows the average of this expenditure
across consumers with a positive purchase, of any kind of product, at first and second

choice retailers.

e Share of PL products in expenditures per retailer: It is the monthly expenditure in PL
products made at a given retailer over the consumer’s total expenditure at that retailer.
This variable reflects the importance of PL products in individuals’ average expenditure

per retailer.

e Loyalty to a retailer in terms of first choice: This is a dummy variable indicating whether
an individual’s first choice in a given period coincides with his/her first choice retailer in

the previous period. This variable is shown at the bottom of Table 1.

e Loyalty to a retailer in terms of total expenditures: 1t is the percentage that the monthly
expenditure spent on a given retailer represents over the total expenditure of the household

across all retailers during that month.
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(in €) 1998 1999 2000

Monthly expenditure Mean 173.13 170.62 166.89
St. Dev 137.98 144.96 150.46
Monthly expenditure in 1st choice retailer Mean 128.95 128.52  126.23
St. Dev 119.83 129.16 135.67
Monthly expenditure in 2nd choice retailer Mean 41.96 40.92 39.84
St. Dev 36.00 35.21 34.75
PL monthly expenditure in 1st choice retailer Mean 26.95 28.94 29.38
St. Dev 57.56 74.89 83.77
PL monthly expenditure in 2nd choice retailer =~ Mean 10.02 10.54 10.45
St. Dev 14.37 14.59 14.02
Number of visited retailers Mean 2.97 2.95 2.95
St. Dev 1.09 1.09 1.09
Loyalty to first choice retailer Mean 0.66 0.66 0.64

Table 1: Summary statistics for consumers’ data

The data show that the average expenditure in first-choice retailers is significantly larger
than in second-choice ones. This suggests that the selection of the first-choice retailer is the
most relevant decision for the consumer. On the other hand, expenditure in PLs is relatively
more important at second than at first choice retailers. Finally, around 65% of the households

in the sample chose the same retailer in two consecutive periods.

5.2 Retailer-specific variables
Table 2 shows some statistics at the retailer level over the variables defined as below:

e Sales in PL products: Column (A) displays the retailer specific ratio of sales in PL products

over its total sales (PL penetration).

e [irst choice probability: Column (B) shows the average probability of choosing a given
retailer as first choice (in terms of expenditures). This is computed as the number of
households who prefer a given retailer spending the largest part of their food expenditures
in that retailer over the total number of households who purchased some food in a given

period.

e Price index: Column (C) shows a price index computed for every retailer using data on
prices and quantities purchased. Details the construction of this index are given in the

following subsection.

e Share of PL warieties in total offer: Column (D) presents the number of PL varieties

(references) offered by the retailer over the total number of varieties offered. The whole
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offer cannot be observed and, instead, both the numerator and the denominator have to
be computed using the records from the household data. The denominator is computed
as the addition of the number of varieties offered for each product in a particular retailer
chain for each period. We aggregate the information coming from outlets with a similar
surface within a retailer: every outlet is assigned into a group according to its surface

in steps of 50 m?

. We divide France in 7 large regions and thus the sum is conducted
by retailer, region, group and period. The computation of the numerator is analogous to
that of the denominator but considering only the references identified as PLs. For hard

discounters, this share is defined as hard discount brands over total varieties offered.

e Share of NB warieties in total offer: Similar to the previous variable but taking into
account only varieties classified as NB. The total number of varieties offered is not equal
to the sum of the number of PL. and NB because of the presence of "First Price" brands

or of "Regional" brands.

e Surface, cash registers, employees, car parking, pumps and number of outlets: Columns

(E) to (J) present the averages across retailers of the variables provided by LSA’s Atlas.
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5.3 Price Indices

The computation of a price index is motivated by our definition of utility for a bundle of goods.
We need to assign this bundle a price faced by the consumers when considering whether to
purchase it. The index we compute is a weighted average of the implied prices of the products
included in the database.

Given that for every product we have a sequence of different brands purchased at different
prices during the time period, first of all we have to compute a single price for this product. The
price of a product k is computed, for every selected retailer j in region m (using administrative

"departements") and period t, according to the following expression:

NE .
Jjm
ﬁk . Z =1 ngmtqz]mt
jmt k
Jm NJmt k
=1 igmt

where pfjmt is the price of the brand corresponding to the i*" observation in the database,
and that was purchased at retailer j in region m and period t. Similarly, qumt represents the
quantity purchased while N "¢ is the number of varieties of product k for sale at retailer j in
region m and period t. When the price of a product k at retailer j cannot be computed for a
period t due to the lack of data, this price is set to its average value across periods. However,
this problem is not very important, except for two retailers which happen to have a very small
number of outlets.

Once all the product prices are computed, we collapse them in a single measure by computing

a weighted average equal to:

ﬁjmt = Z wkﬁ?mt
k
The weight for each product in the index is given by:

1
Nk Z pzjmtqumt
’.7’

( Z pmmt%gmt)
7] m

where N* represents the total number of varieties of product k across retailers. That is to say,

the weight is given by the share of the mean expenditure in product £ when taking into account

all the observations with respect to the sum of mean expenditures in all the products.

21



Other price indexes could be computed following Diewert (1976). In particular, the Fisher
price index is exact for a general translog expenditure function. Since the translog functional
form provides a second order approximation to any general expenditure function, it is considered
a good approximation to the true cost of living price index. The computation of the weights
can also be done in different ways. Tests will be done to check the robustness of our results to
these different price indexes.

The use of a price index may also be considered problematic since it may suffer from en-
dogeneity. By construction, the index takes only into account the prices of those varieties of
products finally purchased by the consumer. However, since we are using averages over all the
consumers in the database, we expect this problem to be small. In a first stage, and given that
the retailer choice model is estimated using data at the individual level, we will treat the price

index as exogenous and test this assumption later.

6 Identification and Econometric Method

6.1 Estimation method

Given the functional form chosen for the indirect utility and the distribution of ¢;;;, the prob-
ability of retailer j to be selected by household 4 - conditional on its unobserved characteristics

(s - follows a multinomial logit:

exp {11 [ 83y + 819 mpjo + 24y + 1) exp [<¢z£;@ - A0 mpca) + 5}

sijt (Cit) =
> eXP{ [59 yzt-i-ﬁg( )hlpkt—i—z a9(@) +¢gkt} exp [( gh(k) 59 hlpkt)Cit} %lkt}
kJEJi

The unconditional probability of individual ¢ selecting retailer j can be found by integrating

out over the distribution of the unobserved individual characteristics:

ri =Y Lo, /C st (Cr) dFy (Ca) (s)

where Fj is the cumulative density function of ¢ for type g consumers, assumed to be identically
distributed for all consumers within a type g. As ( is assumed log normal, this unobserved

individual characteristic also induces a density of the conditional expenditure, which can be

22



found by a change of variable technique:

o @it 1 3) T ey fu (10/47)

€ijt \Cijt = ; N i i i ; i

) [eijt + ﬂi;] V2mA 2X90) B30 yie + A1 Inpje + 2,090 + 44y
BaC

(9)

Therefore, the joint probability of observing consumer ¢ spending an amount of €;;; in retailer

j at time ¢ is equal to the conditional probability times the marginal probability and is given
by the product of expressions (8) and (9). The likelihood of the sample is given by the following

expression:

In L = Z dijt {ln rij¢t +1n [féijt (éijt ‘ J)]}
,7,t

where d;j;; is a dummy variable indicating whether consumer ¢ chose retailer j at time ¢ or not.

6.2 Specification choices

Let’s choose the variables entering the different elements of the indirect utility. In addition to the
household budget attributed to food (y;;) and the price of the basket of goods (pj¢), variables by
in wgg-i) are considered to affect both the choice of a retailer and the conditional expenditure of
the consumer. Among them, retailer-specific characteristics include the logarithm of its surface
(In surface) and the ratio p; of PL varieties to NBs in its assortment. Fixed effects capture
observable and unobservable characteristics of retailers that are constant across households and
time. The most important of these characteristics is the average perception of retailer’s quality.
z;+ contains also individual-specific variables such as the number of cars in the household or the
size of the household.

Given the dependence of the estimates of the elasticity of costs with respect to p;, it is
important to capture as flexibly as possible all the taste variations in the sample. Consumer
taste for p; is allowed to vary between consumers along two dimensions. First, consumers may
value differently PL varieties sold at hard discounters than those sold at traditional retailers.
Second, due to the earlier entry of hard discounters in the Northern part of France, preferences
for PLs are allowed to vary also between consumers of the north-west and south-east parts of
France.

The term wggi represents the effect of the variables that may condition the household’s
choice of a retailer but not his expenditures. We include the distance between the household

and the retailer (distance), the logarithm of the surface of the retailer outlets (In surface) - this
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is a proxy for the total number of varieties, or the assortment, offered by the retailer at that
outlet - and the number of competing retailers located less than 3 kilometers away from the

consumer.

(1)
2h(3j)

retailer chain characteristics that do not influence the conditional expenditure of the individual.

Finally, a second set of retailer fixed effects is included in ¢ to capture unobservable
As in Smith (2004), the identification of the two sets of fixed effects is possible because we
observe both the retailer choice and the expenditure for every individual.

Given the complexity of the model to be estimated and to ease the computational burden,
some restrictions have been added implicitly on the valuation of the alternatives for the con-
sumers by gathering all hard discounters and a minor hypermarket chain into two alternatives
(Hard discounters and Other hypermarkets); the outside option is enlarged with the smallest
supermarkets from Table 2. This formulation assumes that retailers within the grouped altern-
atives are perfect substitutes for each other and that their unobserved characteristics, such as
quality, are equally perceived by the consumers within these two kinds of retailers. Hence, the
two alternatives represent the aggregate competitive pressure that hard discounters and the rest

of the minor hypermarkets put on the remaining retailers.

6.3 Identification issues

Demand parameters are obtained using simulated maximum likelihood (SML). Simulated choice
probabilities are computed averaging the results from 60 random draws taken for every obser-
vation from a log-normal distribution LN (0, Ag(i)) for (;;.Convergence of the iteration process
that estimates the \9() parameters jointly with the rest of demand parameters is hard to obtain
and requires good starting values. However, part of the parameters are already identified with
the conditional expenditure equation (2). In particular, 20 ig identified and can be estimated
by maximum likelihood estimation of this equation. Thus, similarly to Smith (2004), we follow
a three step procedure in which the estimated value of M) _ obtained after the maximum
likelihood estimation of the conditional expenditure - is then used to define the distribution
from which the random draws are taken. All other parameters of the discrete-continuous choice
model are then estimated by SML in a second stage. The third step recomputes the value of
M) that maximizes the SML at the estimated value of the other parameters in step 2. Steps
2 and 3 are repeated until convergence.

As already mentioned, the identification of this discrete/continuous choice model is achieved
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here with the exclusion restriction that the distances to the retailers affect the choice probabil-
ities of retailers by each consumer but not the conditional expenditure. This is justified by the
fact that we exclude the distance to the retailer to affect the expenditure at that retailer once it
is chosen. Moreover, we consider choice sets for each consumer which depend on the catchment
area (defined using the set of retailer stores present within a given distance to the household
address). These choice sets vary across consumers and we assume that prices and characteristics
of retailers in the choice set vary exogenously with respect to the unobserved consumer taste
distribution conditional on household characteristics like their income group. This amounts to
assume that there is no other heterogeneity of consumer tastes that would be observed by the

retailer when they choose prices.

6.4 Substitution patterns and Independence from Irrelevant Alternatives

Simple logit models suffer from the property of independence from irrelevant alternatives (ITA),
which generates proportionate substitution patterns among alternatives. In the present paper,
more flexible substitution patterns are obtained by two different ways.

In the first place, the model allows for heterogeneity of parameters across consumer types (g).
Hence, the ITA holds for individuals within the same consumer type, but not at the aggregate
level if a sufficient number of types is specified. These consumer types are defined in terms of
income. The household database classifies individuals in 18 income categories and we further
aggregate those with the smallest number of observations (specially in the lowest and highest
part of the income distribution), reducing the number of different income categories to 9. This
yields 9 consumer types, although not all of them have enough observations to allow the model
to be estimated. Results are obtained for almost all types with monthly income categories
ranging from less than 305 € to 4,574 € .

A second source of flexibility is obtained by allowing for taste variation within consumer
types. This is achieved by the interaction of individual and alternatives’ characteristics. The
addition of observable individual-specific variables in z;;, together with the unobservable ¢,; and
the functional form chosen for the indirect utility, provide these interactions. Hence, even at

the consumer type level, the ITA does not hold for the aggregate.
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6.5 Simultaneity bias

The estimation of demand for differentiated products may suffer from endogeneity problems
analogous to those posed by homogeneous product analysis: producers will set all the control
variables in their maximization problem (price and p;, here) taking into account any demand
shocks that they may observe. If these shocks are unobserved by the econometrician, then a
simultaneity bias appears. In the context of differentiated products and discrete choice models,
these shocks are product characteristics (in our case, retailer characteristics) that are unobserv-
able or hardly measurable by the researcher. Among these characteristics, quality stands out
as one of the most important. Other such characteristics proposed in the literature are past
experience (Berry et al. (1995)) or advertising and coupon activity (Besanko et al. (1998)).
To the extent that these characteristics are constant through time, the inclusion of retailer
fixed effects in the indirect utility should remove this source of correlation from the error term.
Hence, the coefficients of price and of p; would be unbiased. On the other hand, advertising or
promotions can be thought as varying in time. Advertising is likely to be higher during weeks
in which there is a promotion. Nevertheless, our time period being a month, we expect these
two variables to be fairly constant through these aggregated time periods and so their effect to

be captured through the fixed effects.

7 Estimation results and simulations

7.1 Empirical estimates of the demand model and margins

Tables 3 and 4 present the results obtained!'’. Remark that we allow the ratio of private labels to
national brand in the product offerings (pj) to affect utility differently across two large regions
(the north and northeast of France and the rest of the country) through interactions with
the dummy variable "Northern region" and we also allow this ratio to affect utility differently
between hard discount retailers and "traditional" retailers through the interaction with a dummy
variable for hard discounters. This choice has been the result of a specification search, and
indeed we see from estimates that the offer of more private label products (higher p;) can

have opposite effects on the utility of consumers depending on their income groups. This taste

Due to the small market share of Hard discounters among consumers of types 6, 7 and 8, the estimation for
these groups has been performed excluding Hard discounters from the possible alternatives. Also, the estimation
for group 5 failed to converge and hence it is not reported. Remark also that some variables have been removed
from the specification of utility on an empirical basis.
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variation can be interpreted in several ways but reflects the fact that private label products can
be perceived differently in the population. Given the functional form chosen for the utility of
the consumer, the interpretation of the coefficients cannot be read directly from the table. The
exception are the coefficients of variables inside 15, which enter the utility function linearly.
As expected, distance to the retailer reduces the utility of every alternative. Its effect is less
severe for middle-income consumers, who are more willing to travel. Low-income consumers
may face high transportation costs whereas high-income consumers may value more their time.
The surface of the retailer has a positive effect on the utility for nearly all the income classes,
but less so for the high-income consumers. On the contrary, these consumers have a higher
valuation for the availability of parking slots. With respect to the availability of gas stations,
when significant, results show that it is positively valued. This is specially true for low and
middle-income consumers. Finally, a higher number of retailers close to the consumer reduces
the mean utility that he derives from each of them.

The estimated parameters also allow to compute the corresponding elasticities that are

presented for each retailer in Table 5.

27



s1omnsuod jo sdnoid 1od [9pow 92107D SNONUIIUOI-I)IIISIP ) JO SIMNSAY :¢ d[qE],

72000 +xx0180°0 62000 445962070 170070 44%8920°0 65000 445312070 \'¢
§cs1'0 €291°0- VLLTO sy JELT'T 9T€C 0 9910°0- 676¢€°0 4450699°T NE\mQE:Q qN
1€60°0 44506670~ 6€C1°0 s LTOT- CLST0 445309670~ 89.2°0 Ll €671 NE\aoﬁm red qN
92000 44961070 7€00°0 +%%3800°0 67000 1700°0- 02000 445060070 NE\EE%Q qN
9.20°0 sxxelV’0- LEEOO sy 0LLE°0- 8.70°0 sV EV°0" €0L0°0 455 09€C70" wyg> [rejed qN
06500 w45 168770 ¢9¢0°0 445069070 8¢80°0 4x%04€°0 ¥0€2°0 6L0€°0- dorjans Jorg
601070 wxx316€°0-  LVIO0 sxx o V870" L610°0 sxxe 160" 00€0°0 x5 98C470- ooueysI(J mﬂ
L2€E°0 x5 20168~ €0S7°0 w5 00G6°L" 80%74°0 55000727 GLLL'SC 11€8°C- junoosi( prey
LEEE0 +xx0690°8= 904770 445 0060L7L~ 61740 s 9LL79” ¥L09°6¢  ¢LCEG- ‘wedAy Y10
T€EE0 sy 2GV0°8- V0ST0 sV 899°L" 91v40 s V92797 9€ge’Lc  09¥€°G- SIdYIO
9€¢€€°0 wxx020T°8-  L0SY'0 s OLEL" L 81740 wxx068797 8¥Lc' 1€ GOET G- ¢ d1ad wdiH
TEEE0 #xx20608~  G0ST°0 sy lGCL L™ L0750 w45 068°9” 1LGG°0€ €997 1 4104 ©d4H
€6€€0 wxx0€L08- VIGO0 sV 0CL7L" 1740 sy 708797 ¢yaec6c  6891°¢- T 1oyrewtedng
yee0 «xx2880°8-  TIST0 sxx 98697L- Gcreo sy 564797 1162 1€ ¥0LT'¥- ¢ wdiy
8€¢€€0 45590408~ 0TSY°0 s S00L7L- LIVG°0 s 184797 EVeLLE 108¢'8- 1 diy N@
8¥81°'C 45 089L77- 9607°'¢ 5509979 09872 8006°T- L0€0°L ¥0L2°0- dorjans Jorg
9.89°'C VL2987 6€0L°C 91€E'T- ¢8¢€SE €619 8¥8L'V €L6L°C S1ed JO IoquinN
8¢8¢'1 G19¢°0- 86771 695070~ €6¢6'1 626L°C 9€9¢°¢ ¥.9¢'1- 9Z1S PlOYPsnNoYy 0
T1L2V %0106 1€¢0°G s VGV LT L89Y°G €700°8 €CES'TI 4%0699'8C "SI PIRH X UOTFOIL UWIDYION X L
12516 +xx080€°9C  TT09°0T 9618'8- 99¢T0T €TE8°¢ 1T08°GS 10776 Junoosi(q preH X lo
[4'l3ad «x076°0T-  €90T°¢ 4xx09GT° LT 9€89°¢ €LLY8 L- 8019°0T s 3607CE~ UOT3aI UWIYION X lo
c0v'6 0ScT 11~ 929701 +00C86T 09L€°0T  LP499'8 €496€°8Y  6EV8EE- ld
100°6T wxx 20760 09¥°0¢ sy l089LT- 6LG°€EC sxxlVCIT- LL6'CVE  VPT64C junoosi( prey
1¢¥°0¢ GL8'9T VcL€e sy 9€97C6- 069°€2 GL69T- 63269 019°8- ‘wedAy BYIQ
CLGLT +4008°9€ 97¢'0¢ sxso L€ TL" 60402 1649~ L16°8¢ 671°8¢ SI9YYO
84961 £0IV'VE 664°¢C s 1087L8” G88°CC wiel- GEL89 V9L'LE ¢ d1ad wdig
G9T°6T 4 39T°CV 8GT1°CC sy 099 V8" ¥¥0°¢c €€L°0- €L8'89 Gc1o€ 1 4704 ©d4H
44N 69¢¢l 0vL' 18 sy OVVT0T-  €ELTTT 8¢V 11- L86°¢9 89801 T jorewtedng
9TL°0C 0L€°T¢ 7€8°€C 445 96€°90T-  L6CTC GGy ot Vae' 1L 69¢°1¢ ¢ wdiy
€9€°0¢ 02102 L0G°€c s lV1TC0T- 090°7¢ 1€¢°8¢- 148704 160°€T- T odig H%
€700°0 wxx 9066970 €500°0 s g 16L°0 9000 w5 0470 65100 728970 NQ
1889°¢C wxxECVETT  TIVL'E x5 2990°€C G19q°¢ 445 00T 6T 12784 sy VLT HQ
0¥ vIsl wxx 29 €007 9€79LVT 450072068 LV'E18 0€ceel VLGL GG 6VP9'T- 7!
115 PIS 0D 115 PIS PR0D 115 PIS 0D 1 PIS  CPeoD s1ojowrered
¢ dnoix) ¢ dnoin) 1 dnoin) 0 dnoin) juopuadep dnoin)

28



("3u00) sowmsuod jo sdnors rod [Ppour 92101D SNONUIIU0I-IJOIISIP dYY JO SINSIY :F d[R],

§200°0 +4x£990°0 €200°0 455202070 ¥200°0 445908070 X
6€97°0 L2170 98610 «L98€°0 6€9T°0 GyeT o qevTo x5 099770 NE\ES:Q qN
1.00°0 +%x0000°0 6200°0 wx5x7900°0 €200°0 % 9720°0 0890°0 «E1€1°0- ma\poﬁ red qN
18¢€°0 wxx V198 - €6TT°0 «xE70€°0- 878070 «xx88¢C°0-  ¥200°0 45361070 NE\MQEQO qN
2900 wxx28TC°0-  09€0°0 sy 92€°0" 1650°0 w5 200770~ 9520°0 s V8TV 0~ wg> Trejelr qN
¢8¢1°0 Iv91°0- €850°0 66€0°0 ¥1v0°0 wxx0VLT0 €770°0 x5 689€°0 dorjIns oy
89700 wxx 10LG0-  €LTO00 w5 967707 €210°0 4509090~ PIT00 sV 187707 oueRsI([ m%
- - - - - - orLe0 wx /00778~ HNoSSI(J pIeH
cSr80 s V6LT L= TLST0 w5 39178 8110 x5 8198~ PVLEO x5 0CVT8" ‘wedAH BYIQ
L6780 wxx86T0°L- TLST0 s 121787 €8T¥°0 wxx8LTT8  €VLED w5 390T°8" SIdYIO
65780 sxxCLETL" GLGYO s L1G 8™ 8170 445006578~ GVLE0 e 368178 ¢ d1ad wdig
GL¥8°0 wxxSVIT° L= 089770 sy VT8 98T¥°0 «xx0V8C8~  TVLED B4 1 4104 wd4y
L6480 s SLLT L LT9V0 sy VG 8" 95c¥°0 x| 8EE8  8VLED s SELT8" T jeyrewtedng
Ger8°0 sV SV0° L €LST0 sy 021787 €8T1°0 s VIVC 8 9VLED ey OLVT8" ¢ wdiy
9¥¥8°0 w5 9290°L- VLGYO sV S8 €81¥°0 wxx08VC 8 LVLED 099178 I diy m@
66876 GreT 11 1€60°¢ 45066701 006L°€ +xx0CESTT  9¥ICC L01CEV dorjIns oy
T2€T'9 wx LSV6TT 8088°¢ «xx080°€T-  €LG0E 4509998 9T99'C ¢cl90 SIed JO IToquinN
G¥8L°G L9701~ L9ET°C Y9847~ 960L°1 8G1€C EV.LET 9681°0- 9ZIs ployesnoy 0
- - - - - - 1468°F 788971~ "OSI([ PIRH X UOTDI WIDYION X L
- - - - - - 96978 TLSET yanoosiq paep x fd
L898°'1¢ w43 J00°GTT  TPPL6 8€€6 A" 116¢°L %% 1690°9T 08L0°¢ 48TCT'8 UOT3DI WIYION X o
960219 0T65'8L- L8ILVG  €990°1€ G0€9°61 wxx 10699 080T'8 L0LV'eT o
- - - - - - 1,6°0¢ 3 20780C JUnoOS[(J pIeH
610°16 L€6°€6- v01'8¥ sV VLT- LTELE 45087991~ 8IT'1¢ sy 709788~ ‘wedAH BYIQ
291°8L 089671~ 79¢€° 07 w50V CET- LT9'TE wxx09°0E€T-  699°8T x5 289729 SIdYIO
08498 Gveelt- L6997 w536 09T-  T8L'GE 4x506°GCT- 609°0C e 6LGTL" ¢ d1ad wdig
8€0°98 168°8€T- €L9°6¥ w45 80TPT- GP8GE sy D06°6CT-  TIR6T sy SVLT8 1 4104 wd4y
€0C'18 O19°GV1- €LTEY w0 VIT- LETEE x0T VEL- 096761 #xx016768~ T jeyrewtedng
¢06°06 «J9G7€4T- LET 6V w45 0T 67T~ 089°LE x5 I€6VT- T8I'TT x5 020776~ ¢ wdiy
991768 186°9¥1- £C8'8Y w4500 69T-  CGVELE sy 86 LET- 9TC'TT 455006798~ 1 wdig HQw
6010°0 wxx0VELO ¢500°0 wxx 36470 ¢¥00°0 s 166L70 170070 455096970 NQ
L0001 wxxILEETE  609T°S x5 9LCEV  TALRE x5 29876€ ¥166°C x5V V968 HQ
20°969 89°€CL 16756 +x36°C88T 06°098 w5 1979981 1€°669T +x0€°L8LE 7/
115 PIS CPROD 115 PIS 0D I PIS CPeoD 1 PIS CPeoD s1ojourered

g dnoix) ), dnoix) 9 dnoin) § dnoix) jyuepuedop dnoin)

29



Retailer Own-price elasticity =~ Own-price elasticity =~ Own-PL/NB ratio

of choice of conditional demand elasticity of choice
Hyper 1 -10.9759 -1.1482 -0.0022
Hyper 2 -10.9694 -1.1311 -0.0054
Supermarket 1 -11.7135 -1.1464 -0.0037
Hyper EDLP 1 -9.5673 -1.1853 -0.0044
Hyper EDLP 2 -9.1811 -1.1490 -0.0085
Others -11.9909 -1.1716 -0.0061
Other Hyperm. -12.4183 -1.1319 -0.0057
Hard Discount -13.4877 -1.3654 2.4036

Table 5: Elasticities implied by the choice model

Own-price elasticities of expected choices are computed by averaging the simulated price
elasticities of every consumer’s retailer choice. Own-price elasticities of expected conditional
demand are computed by averaging the simulated price elasticity of consumer’s demand across
consumers who did their primary shopping at a given retailer j. The expected price elasticities

are thus given by the following expressions:

Z/ 88”15 /alnpjt]ng (C)

Sljt

Z/ 8$Z]t /8lnp]t] ng (C)

xz]t

where N; is the number of consumers of retailer j.

Hard discounters have the largest price elasticity of choice, indicating that their customers
are the most willing to switch to competing retailers. Moreover, they also face the largest
price elasticity of conditional demand. Thus, when confronted with a price increase, their
customers react by cutting down on consumption. A different pattern emerges for Hyper EDLP
1 and Hyper EDLP 2, two retailers who advertise themselves as having lower prices than the
other hypermarkets. Despite facing a higher conditional demand price elasticity, their net
price elasticity (taking into account both the elasticities of the probability of choice and of
the conditional demand) is one of the most inelastic among the selected retailers. Hence, their
customers are relatively loyal to the store but adjust their expenditure in case of a price increase
relatively more than customers in competing retailers. Two other retailers, Hyper 1 and Hyper
2, are in an intermediate situation: their price elasticities are moderate for the selection of

retailer and relatively low for the conditional demand. In other words, they may lose some
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Retailer Margin PL/NB ratio (p)
% of sales cost elasticity

Hyper 1 9.00% (0.0072)  -0.0183 (0.0042)
Hyper 2 10.40% (0.0045)  -0.0165 (0.0029)
Supermarket 1 12.81% (0.0231) -0.0328 (0.0094)
Hyper EDLP 1 9.31% (0.0071)  -0.0336 (0.0045)
Hyper EDLP 2 9.79% (0.0047)  -0.0288 (0.0031)

(

(

Others 10.40% (0.0120)  -0.0206 (0.0035)
Other Hyperm. 8.48% (0.0114)  -0.0132 (0.0049)
Hard Discount  9.87% (0.0192)  0.9537 (0.3221)

Table 6: Average estimates for margins and elasticities of costs to PL/NB ratio

customers after a price increase but those who stay do not change much their expenditure!!.

Elasticities with respect to p; are computed in a similar way as price elasticities. Except
for Hard Discounters, all retailers see their choice probabilities marginally decreasing with an
increase of this ratio. The ratio p has the higher effect (in absolute value) for Hyper EDLP 2
and the other small retailers whereas the smaller impact is found for Hyper 1 and Supermarket
1. These findings seem consistent with consumers’ perceptions about the quality of PL products
in different retailers: Hyper 1’s PLs are well considered whereas Hyper EDLP 2’s are not so
much.

Let us discuss in what follows the margins and derivatives implied by the assumed com-
petition model between retailers. The results summarized in Table 3 are used to construct the
matrices X, S, and @), which are needed for the computation of the margins v according to the
expression in (5). The averages, across periods and regions, of the implied margins over sales

and ratio-elasticity of costs are presented in Table 6.

Estimated margins are in line with those estimated by Smith (2004) (around 10-13%) for
the British market, whose concentration is similar to that of the French market!'?. The effect
of p on retailers’ marginal cost is estimated to be negative but small in magnitude. Excluding

Hard Discounters, the larger effect on cost (in absolute value) is found for Hyper EDLP 1: a

1 Qur database does not contain information on purchases done in small retailers - such as street markets and
other small specialized stores - that can be good substitutes of the selected retailers for some consumers. Hence,
our results are conditional on visiting one of these larger retailers and the competitive effect of street markets
and the like is not accounted for.

2 According to ACNielsen data, the five largest retailers in UK hold a market share of 67% in 1999. In France
this figure was around 72%. See Rapport d’information sur l’évolution de la distribution, Assemblée Nationale,
2000.
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Retailer Original sample Simulated Difference
choice probability choice probability

Hyper 1 14.81% 15.06% 0.25 %
Hyper 2 17.34% 17.67% 0.33 %
Supermarket 1 6.77% 6.95% 0.18 %
Hyper EDLP 1 92.46% 23.01% 0.55 %
Hyper EDLP 2 27.95% 28.64% 0.69 %
Others 6.75% 6.90% 0.15 %
Other Hyperm. 3.72% 3.80% 0.08 %
Hard Discount 3.35% 0 -

Table 7: Simulated choice probabilities in the absence of Hard Discounters

1% increase in the PL to NB ratio decreases its marginal costs by a 0.03 %. Hard Discounters
face a cost elasticity closer to unity.

Finally, to provide an indication of the consumers’ substitution patterns between retailers, we
compute their expected choice probabilities in the absence of Hard Discounters. We simulate
the probability each consumer assigns to the retailers in his choice set, excluding the Hard
Discounters, assuming that the rest of the retailers do not change their prices. By the law of
large numbers, the average of these choice probabilities across consumers, computed for every
retailer, converges to the true choice probability they face. Table 7 presents the results of
this simulation. Hyper EDLP 2 and, to a lesser extent, Hyper EDLP 1 would be the two
retailers benefitting the most. This finding seems realistic in the view that both retailers are
relatively more specialized in low and middle income consumers and heavily advertise their
"Every Day Low Prices" pricing policy'. Thus, in the absence of Hard Discounters, consumers
would preferably turn to other retailers they perceive as having lower prices. In this case,
this decision implies travelling higher distances, since most part of the consumers would switch
to hypermarkets or large supermarkets located further away. Supermarkets, like Supermarket
1, and other small retailers, although located closer to the consumer, would only take minor

advantage of the absence of Hard Discounters.

7.2 Simulating retailer response to demand shocks

In order to illustrate the applications of our proposed framework, we present in this section a

simulation of the retailers’ response to a demand shock. In particular, we consider the case of an

"3See Rapport sur I’évolution de la distribution, Assemblée Nationale (2000).
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increase in the transportation cost of all the consumers. Retailers located further away would be
penalized relative to other closer retailers, such as supermarkets and Hard Discounters. In this
case, models assuming only price competition between retailers would predict a price decrease
for hypermarkets in order to retain their more sensitive (to distance) customers. Of course,
if the fraction of distance-sensitive consumers is low enough, retailers may find profitable to
lose these customers and keep (or slightly increase) the level of prices for the rest. However, if
retailers can control, in addition to prices, their location in the characteristics space then the
price decrease may be lower: retailers can compensate the increase in transportation costs by
offering more quantity of the characteristics that are valued by the consumer. Retailers can play
on this degree of differentiation. Of course the trade-off is determined by the costs of changing
these characteristics. In our proposed framework, retailers can control their offering of PLs with
respect to that of NBs and that, in turn, has an effect on their marginal costs.

We implement the increase in transportation costs by simulating a 10% increase in the
distance of the consumer to all the retailers. The exercise amounts to solve the system of
equations formed by the first order conditions (3) and (6) with respect to prices and p;. This
requires the knowledge of the level of marginal costs (’yj — p;) as well as the value of the cost

derivative along all the domain of the ratio. As our method allows to recover estimates for each

o —

. ; dcil o
retailer of ¢; and % at the observed value p; that we denote %
J

o We proceed by assuming
J

that the relationship between marginal costs and the ratio is the same for all the retailers up to

a constant and use the implied values of the derivative to recover a functional form for c¢;(p).

—

The empiricla estimates of % show that the derivative of marginal costs with respect to
J

p; is negative for small values of the ratio and positive for larger ones. This implies that the
functional form for marginal costs should be decreasing for small p; and increasing afterwards.
One way to reconcile these findings is by fitting a polynomial of order two for the relationship
between the marginal cost derivative and the ratio. Using a quadratic form, we estimate the

parameters b, ¢, d using

dcj (p;)
dp

J

:b+ij+dp?+€j

With the coefficients of this polynomial, we recover the polynomial of order three that char-
acterizes the level of marginal costs. The only unknown is the value of the constant in this
last polynomial, which can be recovered from the difference between the level of marginal costs
cj = (’yj — pj) estimated for each region and period and the value implied by the polyno-

mial. This constant varies across retailers and hence allows for differences in marginal costs
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Retailer Simulated equilibrium Simulated equilibrium Change

(original distance) (10% increase in distance)

Price p Ratio p Price p Ratio p Price p  Ratio p
Hyper 1 5.96 1.2552 5.97 1.2606 +0.17 %  +0.43 %
Hyper 2 5.96 1.3930 5.96 1.3987 +0.00 % +0.41 %
Supermarket 1 7.13 1.2508 7.24 1.2460 +1.54 % -0.38 %
Hyper EDLP 1 6.23 1.0477 5.88 1.1069 -5.62 % +5.65 %
Hyper EDLP 2 5.62 1.3263 5.62 1.3318 +0.00 % +0.41 %
Others 6.16 1.2143 6.17 1.2309 +0.16 %  +1.37 %
Other Hyperm.  6.52 1.2826 6.54 1.2903 +0.31 % 4+0.60 %
Hard Discount 5.27 2.1698 5.43 2.1940 +3.04 % +1.12%

Table 8: Retailers’ reaction to an increase in transportation costs of 10%

irrespective of the ratio of private labels p. Thus the cost function per retailer is assumed to be

02

2y g
2 3

¢j(p) = aj+bp+co-+d

2 B
where a; = ¢j — bp; + ¢ +d5-.
The simulation is performed using the data for one large region (north and northeastern

part of France) and one period of our sample. Results are given in Table 8.

The first two columns of Table 8 show the equilibrium price and equilibrium ratio p obtained
when simulating the model without changing any covariates of the model. Comparing these
results with the true data, the simulation shows a better performance in recovering observed
prices than observed ratios. It overestimates the price level of Hyper EDLP 1 and the Hard
discounters, while underestimates the ratio p for Hard discounters. For the rest of the retailers,
the simulated ratio is larger than the observed one but that of Hyper EDLP 1 is relatively too
low.

Besides this first remark on the performance of the simulation in recovering the observed
data, we nevertheless argue that the comparison of the two simulated equilibria is informative
about the retailers’ reaction to the demand shock.

In general, the reaction of prices and ratios is small in magnitude. There are, however, a few
exceptions. Retailers located closer to the customer, such as Hard discounters and supermarkets
like Supermarket 1, are able to increase prices between 1.5-3% at the expense of more distant

retailers. This is specially true for Hard Discounters, who can compensate the increase in prices
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Retailer Original equilibrium Merger equilibrium Change
(Hyper 2 and Superm.1)

Price p Ratio p Price p Ratio p Price p Ratio p
Hyper 1 5.96 1.2552 5.96 1.2581 +0.056 % +0.23 %
Hyper 2 5.96 1.3930 5.98 1.3955 +0.34 % +0.18 %
Supermarket 1 7.13 1.2508 7.93 1.1811 +11.24 % -5.57 %
Hyper EDLP 1 6.23 1.0477 6.26 1.0488 +0.49 % +0.11 %
Hyper EDLP 2 5.62 1.3263 5.63 1.3266 +0.21 % +0.02 %
Others 6.16 1.2143 6.16 1.2212 +0.05 % +0.57 %
Other Hyperm.  6.52 1.2826 6.53 1.2830 +0.18 % +0.03 %
Hard Discount 5.27 2.1698 5.26 2.1668 -0.10 % -0.14 %

Table 9: Merger Simulation

with an increase in the ratio of PLs. Among the more distant retailers, those competing for
lower income consumers reduce somewhat both their prices and ratio. This is specially true
in the case of Hyper EDLP 1, who cuts prices significantly trying to attract more consumers
thanks to its more dense network of stores. The rest of retailers seem to prefer a marginal
increase in prices at the risk of losing their more price sensitive customers.

As a second simulation, we simulate the merger of two retailer chains, the "hypermarket 2"
chain and the chain named "Supermarket 1". This amounts to simulate the new equilibrium
taking into account the fact that the merged entity would maximize total profit of all retailers
of these two chains. Results of the simulation are in Table 9 where the two first columns
report again the equilibrium simulation at the original situation of the industry structure for
comparison with the merger simulation.

The results show that the largest changes would occur for the prices of the supermarket
1 stores prices which would increase by more than 11% with an important reduction in the
offerings of private labels since the ratio p would decrease by 5.57 %. It seems that the merger
would allow the chain to increase prices and reduce the private labels offerings. Most other
retailers would also increase prices even if not in large proportion, except hard discounters who

would be decreasing prices slightly.

8 Conclusion

This paper complements the literature on the food retailing industry by developing a structural
model in which retailer chains compete in price and brand offer to attract consumers. In

particular, retailers’ brand offer is characterized by the share of private labels versus national
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brands across all their supplied products. We show that, in general, consumers’ valuation of
private labels plays a negative role both in their decision of which retailer to visit and in the
average expenditure at the store. Nevertheless, the inclusion of private labels slightly reduces
marginal costs for the retailer. Hence, the results point out lower marginal costs and a higher
bargaining power with respect to manufacturers as the main motivations for the introduction
of private labels.

Our proposed framework allows for a richer simulation of retailers’ reaction to changes
in demand or supply conditions. We have shown how some retailers may find profitable to
increase prices while adjusting the ratio of PLs according to the preferences of their consumers.
For example, in the case of a demand shock that could be an increase in transportation cost,
we find that this increase in spatial differentiation (making stores further from each other and
from customers) allows most retailers to slightly increase prices except some type of less distant
retailers (denoted hyper EDLP 1) who decrease prices but also increase private labels offerings
(which allows to reduce cost). On the contrary, hard discounters which are typically the small
and the closest react by increasing prices and private labels. The framework can also be applied
to the analysis of mergers which we illustrate by the merger of two retailer chains. We find that
not only the merger leads to a price increase of the stores of one of the merged chains but also

to a decrease in the offerings of private labels by this chain.
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A Appendix

A.1 Price Index

At first, all the 476 products were used to construct the index. The resulting price series,
however, presented strong fluctuations for some of the retailers. Specially for the supermarkets
Hard Disc. 1, whose price index had a range going from 5,79 € to 11,89 €. A careful inspection
of the data revealed that these retailers had a small number of observations for products with
high variation in prices (crustaceous, oysters, quality wine...). Thus, for data on purchases of
these products, it was possible to have one month with a purchase of a cheap variety and next
moth a purchase of an expensive variety. In order to avoid this problem and to obtain more
stable price indices, we decided to include two selection criteria for the products. The first one
is about the average number of observations per retailer and period (the number of observations
present for each retailer and period is computed and the average across retailers and periods
is taken). When this number is below a given threshold, the product is eliminated from the
index. The threshold was set at 20 observations after trying with several values. Actually, this
threshold keeps a reasonable number of products while eliminating those with the most severe
effects. Since this criterion still allows for a small number of observations for a single retailer,
we introduced a second criterion. It eliminates those products for which one can obtain a mean
expenditure with a confidence interval including negative values for some retailer. Besides these
two criteria, other products were eliminated for several reasons: 11 products were eliminated
because they were not present in all the 36 periods; 1 product was eliminated because it seems
to present wrongly coded information; and finally, 10 products that are normally sold in units
were also eliminated to keep consistency within the quantity variables defined in the rest of the

products. In the end, a total of 240 products were kept to form the index.
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