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Is product with a special feature still rewarding? The
case of the Japanese yogurt market

Tomohito Kamai'* and Yuichiro Kanazawa®

Abstract: Manufacturers of packaged consumer goods strive to develop a new
product with a special feature that could provide additional value to consumers.
However, it is less clear whether such an effort is still rewarding in terms of margin if
manufacturers are losing power to retailers as some have argued. To investigate this
issue, we conduct an economic analysis in the Japanese yogurt market incorporat-
ing strategic interaction between manufacturers and a retailer as well as between
manufacturers by extending the framework employed in the earlier literature to suit
the retailer Stackelberg game which can reflect the possible power shift from manu-
facturers to retailers. We find (1) the manufacturers’ margins on special featured
brands are larger than those on the others; (2) however, the manufacturer produc-
ing such brands is not able to leverage these brands to exert bargaining power over
the retailer; and (3) the retailer obtains as large margins as the manufacturers on
these brands. In the course of this research, we successfully portray the symmettri-
cal relationship between manufacturer and retailer Stackelberg games, whereby the
vertical Nash game is located in the midpoint of those two games.

Subjects: Game Theory Economics; Japanese Studies; Marketing

Keywords: consumer heterogeneity; state dependence in demand; horizontal strategic
interaction among manufacturers; vertical strategic interaction between manufacturers
and retailers; forward-looking behavior of firms

1. Introduction

Manufacturers of packaged consumer goods strive to develop a new product with a special feature
that could provide additional value to consumers. Although the higher retail prices of those products
would seem to be evidence of high margins for manufacturers, these prices might be higher because
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the retailer may garner a larger margin at the expense of the manufacturer’s profit given the alleged
power shift from manufacturers to retailers.

In this paper, we conduct an economical analysis taking Japanese yogurt market as an example
to investigate whether manufacturers’ effort to develop special featured brands still is rewarding in
terms of margins. In Japan, some researchers say that the power shift from manufacturers to retail-
ers is irreversible because of (1) the emergence of giant retailers that exert strong buying power and
enjoy economy of scale, (2) their sophisticated information systems regarding consumers, and (3)
increased retailer concentration (Kim, 2010).! Formulating a new game theoretic framework to de-
scribe this phenomenon and testing it with the real data in yogurt market, albeit a small one, would
be of great interest to researchers in the field as well as those working for innovating manufacturers
facing similar circumstances.

Our analysis principally follows Che, Sudhir, and Seetharaman (2007). However, while they postu-
late manufacturer Stackelberg (MS) and vertical Nash (VN) games as two possible vertical strategic
interactions between the manufacturers and the retailer, the lack of a retailer Stackelberg (RS) for-
mulation in that paper may limit the scope of the analysis in view of possible power shift from manu-
facturers to retailers. Thus, we derive an RS formulation to accommodate the market structure
favoring retailers. To the best of our knowledge, this is the first instance of an RS formulation in the
context of discrete choice model.? This study is hence unique, in that it successfully portrays the
symmetrical relationship between MS and RS games, whereby the VN game is located in the
midpoint of those games.

The rest of the paper is organized as follows. In the next section, we present the general frame-
work of the model and explain the estimation procedure. We describe the data in Section 3. In
Section 4, we present and discuss empirical results. In Section 5, we conclude by discussing our re-
search results, the limitations of this study, and an avenue for further research.

2. The Model
In this section, we present the demand and supply models as well as estimation procedure.

2.1. Demand-side specification

We use a multinomial logit model to estimate household brand choice behavior employing the latent
class model to capture heterogeneity among households (Kamakura & Russell, 1989). The indirect
utility of household i (i = 1, ...,I) for brand j (j = 1, ..., J) on shopping occasion t; (t, = 1,...,T) is
defined as

Vi,

= thiﬂs + simkjSDs + @t,. + € 1)
where vector Xt includes brand dummy variables and the retail price of brand j that household i
faces on shoppiﬁg occasiont, B, € R%is the corresponding vector of parameters for households in
segment s, simkj is the attribute similarity index which measures the similarity of two brands and
SD, is the corresponding coefficient (Che et al., 2007). Specifically, the attribute similarity index of
brand j relative to the previously purchased brand k is defined as

P
ij + Zp:l ijprp

P
1+ Zp:1 r,

where P is the number of product attributes characterizing the product, ij and ijp are indicator vari-
ables taking 1 if k = j and if the two brands have the same level of attribute p, respectively, and

simy; =
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ry> 0O'is a perceived importance weight of attribute p to be estimated. The coefficient SD_ in (1) is

further parametrized as

SDS =7s0 + Diys

where v, € R is the base-line state dependence level of those in segment s, D; is the vector of the
demographic characteristics of household i (i.e. gender and age), and y, € R%is the corresponding
vector of parameters for D We note that a positive (negative) value of SD, reveals inertial (variety-
seeking) behavior, that is, a brand consumption experience increases (decreases) the probability of
repurchasing the brand on the consecutive purchasing occasion. The term §t is a composite meas-
ure of unobserved (to the researcher) demand characteristics that affect all households commonly
and ¢;, are errors distributed iid Gumbel. The outside option (j = 0) is specified as determinant part
of the utlllty being zero.

2.1.1. Demand-side estimation
Since ignoring §jt_ might result in biased estimation (Berry, 1994; Besanko, Dubé, & Gupta, 2003; Nevo,
2001; Villas-Boas, 1999, 2005), we employ the instrumental variable estimation for price as follows:

Pjs = Ko + Zjpky + 1

where zZ, is the instrument for price Pj» ko € R and x; € R are parameters to be estimated, and
1 (Ko l(llpjt,th) is an error term. They are defined for all brands j=1,...,Jand datest=1,...,T
in the study period. For the instrument, we use the average retail prices of yogurt in five stores we
exclude from the analysis owing to lack of price information because those prices in other stores
would reflect the general economic condition that would have affected retail prices in the target
store as well and they would not be correlated to the unobserved demand shock (@t[) which would
include the effect of store-level promotions such as in-store display.?

The likelihood function of the purchase history of household i belonging to segment s,
Lics(Bs I Kor K15 V50 ys|xJ ,ij, ijp,pﬂ, o0 D,) where xf is the set of brand dummy variables, is given
by

Ti J iit.
Lies = HJ {H (Prljt ) K X f(éjtv_lrljty_) X h(”ljt’)}dfjt’

t=1 j=0

dropping the parenthesis of L;_, where Pr;ti(ﬂs’rp’KO’Kl’ySO’ ys|x IkJ,ijp,pﬂ, jt,D) is the logit
purchase probability of household i who belongs to segment s choosmg brand j on shopping occa-
siont, yut is the indicator function taking 1 if household i chooses brand j at time t; and 0 otherwise,
f(fﬂ |r1jt) is the conditional density function of §t given Mits and h(ﬂt) is the den5|ty function ofnt
Then, the demand-side likelihood function is

I S
LBy Ty Kgr K15 Veon Yo lX Lo T, P 2, D) = [ | {HL,ES x Pr,(s)}

i=1 s=1

where Pr,(s) is household i’s probability of membership in segment s.

2.2. Supply-side specification

Following previous studies, we assume that the retailer is a local monopolist and maximizes its joint
category profit (Besanko, Gupta, & Jain, 1998; Che et al., 2007; Sudhir, 2001; Villas-Boas, 2005).* We
further assume that there are multiple manufacturers that may produce multiple brands and sell
these through the common retailer.
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2.2.1. Supply model

As stated, we derived an RS formulation in addition to the MS and VN games as in Che et al. (2007).
In an RS game, the retailer first chooses its retail margins anticipating the reaction of the manufac-
turers in the first stage, and then the manufacturers choose their wholesale prices in the second
stage conditional on the observed retail margins. We also consider Bertrand competition and collu-
sion as two horizontal strategic interactions between manufacturers. As a result, we would estimate
six different models. In the following, we first derive margins in the general form before we present
those under specific games.

2.2.1.1. Profit functions. The profit function of the monopolistic retailer and collusive manufactur-
ers are, respectively, defined as

J
Tpt = Z(pjt - ijt)Sth (2)
j=1

and

J

Ty = Z(th — mc,)S;M
j=1

where Sjt, Wy, and mc;, are the market share, the wholesale price, and the marginal cost of brand j at

time t, respectively, and M is the market size. Then the first-order condition (FOC) of the profit

functions® are

[ 0S L [ow
S + (p, —w)— | - —*s.1 =0 3)
AP e P
and

a J 9S, op
S+ Y |w,—mc) Y —£. =0 )
&M 25,

respectively,® with the fixed M removed and the subscript t dropped for convenience.

Stacking (3) vertically for j = 1, ...,J and rearranging them in a matrix form, the retail margins in
the general form are obtained as

05 os, 11 ow ow
L ) wm LW s
Py —w, ap, p, op, ap, 1
: =— : -~ I- : : : (5)
p,—w, S5 wy LW S,
ap, ap, p, p,

assuming the inverse of the first matrix on the right-hand side of Equation (5) exists. Similarly, by
stacking (4) vertically for [ = 1, ...,J and rearranging them, the optimal manufacturer margins in
the general form can be obtained as

ap, ap, as, os, 11!
Wl _ mcl M cee M a—p‘l cee a 51
: =- : : Do H (6)
w, —mc, (‘:ﬂ L. 9% .. %5 S y
W, ow, p, p,

The response curves awk/apj in (5) and dp,, /0w, in (6) will be determined in MS, RS, and VN games,
respectively, below.

2.2.1.2. Margins in the MS game. We briefly review how retailer and manufacturer margins are
derived in the MS game. The game is solved backward and retail margins are derived first. In the
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second stage of the game, since wholesale prices are already determined before retail prices are, it
follows that

awk

7
, 7)
forallk,j = 1,...,J. Substituting (7) for (5) yields the optimal retailer margin as

(p-w)=[®]'S (8)

where (p —w) = (p, —w,,...,p, — J) ® is the matrix whose (j, k) element is ask/apj, and
s$=(,...,S ) ” Note thot S,and dS, /op,,in (8) can be directly observed and calculated.

On the other hand, in deriving manufacturer margins, the matrix of how a retailer optimally reacts
to wholesale price change, dp, /0w, in (6), must be indirectly inferred. Since the change in wholesale
price of a brand would affect retail prices of all brands, the term dp, /0w, needs to be estimated by
totally differentiating the FOC of the retail profit function with respect to the wholesale price as

d<sj + Yia (P~ wk)Z—iJf)

dw,

-0 9)

Solving (9) for dp, /ow, for all k,1=1,...,J, substituting them for (6), and rearranging them as a
matrix yield the optimal manufacturer margins in the MS game as

(w —mc) = —[[®]'G ' ®]"'S (10)
where (W —mc) = (w, —mc,, ..., W, — ch)T and G is the matrix whose (j, h) element is
aS; 0°S,

Py~

0ph 0p, kz « 0p p,’

For the case of Bertrand competition, we have

w-mc) = —[[®]'G '@ Q]S (11)
instead of (10), where “ #” denotes element-by-element multiplication and Q is a J x J ownership

matrix whose (j, k) element, denoted as Q(j, k), is an indicator variable taking 1 if brands j and k are
made by the same manufacturer and 0 otherwise.?

2.2.1.3. Margins in the RS game. Now we derive margins in the RS game. In this game, it follows
thatd(p, —w,)/ow, = Oforallh,l =1, ..., Jin the second stage since the retail margin on brand h
or (p, — W) is set prior to wholesale prices being set. Equivalently, we have

op,/ow, =1
Pl/ | (12)
op,/ow, =0
since ow,/ow, = 1and ow,, /ow, = 0. Then, from (12) and (14), we have
J
0S
S+ Y (W, —mc)— =0. (13)
kz=; apy
Stacking (13) vertically for | = 1, ...,J and rearranging them, we derive the optimal manufacturer

margins in the RS game as
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(W —mc) = [®- = Q]'S. (14)

To derive retail margins in the RS game, the matrix of how manufacturers optimally react to retail
price change dwk/apj in (5) must be inferred. Similar to the MS case, we totally differentiate the FOC
of the manufacturers’ profit function in (13) with respect to p; and solve the resulting equations for
awk/apj, the optimal reaction curve of the manufacturer. We then substitute dwk/dpj for (5) to de-
rive retail margins in the RS game as

(p-w)=[@] ' [I-H[[®]1"S

where His a J x J matrix whose (1, j) element is

2

0°S,

+ ( (15)
0p, kz_: - aP,ap
and

° ... o

ow, ‘ ow, B _

: - =—-[®]'G . (16)

9p, 9p,

J

For the case of Bertrand competition, we have

(p-w)=[®] I -H][®] +Q"IS

where H, is a J X J matrix whose (I, j) element is

2

as, ok S,
0_pj+z A, kyw, - mck)ap e (17)

We present the derivation in detail in Appendix 1.

2.2.1.4. Margins in the VN game. Che et al. (2007) substitute (7) for (5) to derive retail margin (8)
and substitute (12) for (6) to derive the manufacturer margin (14) in the VN game because condi-
tions (7) and (12) simultaneously hold since the retailer and manufacturers move simultaneously in
the game. We note that the margins of the retailer and manufacturers become identical if manufac-
turers collude in this game. Table 1 presents the formulation of margins under each of the three
games.

2.2.1.5. Arriving at VN from two extreme directions. The term H;[[tb]r - Q] Yin retail profit in the
RS-Bertrand game is the matrix whose ([, j) element is dwj/ap,. Notice that these terms are 0 for
L,j=1,...,J when we employ the behavior (7) of manufacturers in the MS game. In other words,
retailer profit in the VN game can be obtained by applying the manufacturer behavior in the MS
game to the retail margin. Similarly, the term [(I>]TG_1 in manufacturer profit in the MS game is (16)
whose (I, h) element is dp, /ow,. Note that the matrix of these terms becomes an identity matrix
when we employ the behavior (12) of the retailer in the RS game. This is the symmetrical relationship
of MS and RS games we refer to in Section 1.

Table 1. The margins under each game

Manufacturer Stackelberg Vertical nash Retailer Stackelberg
Retailer margin [®]7'S [®]7'S [@®171I - H;[[(I)]T - xQ17 1S
Manufacturer margin —[[®]'G'®- +Q]"'S [@-xQ]'S [®- «Q]"'S
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2.2.1.6. Margins in the forward-looking model. Following Che et al. (2007), we also test forward-
looking model. However, because we find that the VN-collusion game best fits the data, we only re-
port the result for that game in the following.

The objective function of the one-period forward-looking retailer is V, = 7, + 67, where 7, and
7y, are the retailer profit functions defined in (2) for periods 1 and 2, respectively, and the term & is
an exogenously given discount rate. Then, the FOC is

07[R1+6z 107rR2'_‘35_j1=0

I =9, g o (18)
gy _

9

forl =1, ...,J where the second subscripts for S and p correspond to the period. The first line in (18)
corresponds to the first-period profit function and the second line corresponds to the second-period
profit function. After calculating unknown terms in the first line, stacking them forl =1, ...,J, and
rearranging them, the retailer margins in the VN-collusion forward-looking model are derived as

(p, —w,) = [@,]7'S, — 5A(p, — W,) (19)

where all the subscripts in the above equation correspond to period 1 or 2 and the term Alisa J x J
diagonal matrix whose jth diagonal is asz/aSjl. The second-period profit is obtained by the proce-
dure already presented. We omit the manufacturer margins in this case as they are identical to (19).

2.2.1.7. Marginal cost. Following Che et al. (2007), we parameterize the marginal cost as
mc;, = y; + input;y (20)
where v € R is the brand-specific intercept term, mput is the vector of observable cost shifters,

andy € R6 is the corresponding vector of parameters. The cost shifters used in this analysis will be
listed in Section 3.

2.2.2. Supply-side estimation
To estimate parameters in (20) and obtain the likelihood of the supply-model, we exploit the follow-
ing relationship:

Pi = MR, — MM, = mc; + ¢,
where

MRt(ﬂsy p? Koy K11750y75|x ij,ijp;pﬁy jt’D)

and

Mth(ﬂs; rp; Ko; K'p ys()l 75|X ijy IkJP’ pjty jt? D )

are estimated margins for the retailer and manufacturers on brand j at time t, respectively,” and
ejt(y/j, wlpﬁ, MRjt, MM. ,mputjt) is the random error term. If we assume that the error terms € fol-
low a normal dlstrlbutlon with mean zero and finite variance to be estimated, the right-hand side of
the equation

5jt(‘I/er|PJt» MR.,MM. mputjt) =Pj - MR - MM 1npu

it i
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is also assumed to follow the normal distribution. Then the supply-side likelihood function is

T
L Supply(u/j: V/ijty MRjt; MMjp inplItjt) = H H Q(Eﬁ)

t=1 j=1 (21)
where g(+)is the density function ofejt. We estimated (21) for all six games and compared the results
by Vuong test statistics to select the best-fitting model.

3. Data

We use daily scanner-panel data on the yogurt category between January 2007 and December 2008
in an anonymous retail chain located in western Tokyo, Japan. This market is suitable for our analy-
sis because it already had two well-established brands with a special feature using newly found
bacilli® and a power shift from manufacturers to retailers was said to already have been observed in
the Japanese food industry (Kim, 2010). Between two types of yogurt—box type and snack type—we
choose the latter for our empirical analysis as the former did not have a brand with a special
feature.

We choose the seven top selling brands for our empirical analysis.!! Table 2 summarizes the data
on the brands. The unit of price is Japanese yen per one gram.

As mentioned, two brands (brand 5 and its low-fat version, brand 6) with a special feature had
existed during the observation period. After choosing households that only purchased the selected
brands at least twice during the period, 183 households who made 15,194 shopping trips and pur-
chased 2,550 units of yogurt remain. The available demographic variables in our data are age and
gender. The average age of the shoppers is 59.4 (with standard deviation of 19.6) and 76.5% of them
are female.

In addition, we collected weekly data of ingredients (domestic raw milk prices, domestic cream
price indexes, and international sugar prices), labor wages for the four prefectures where the seven
selected brands had been produced, and international oil price during the study period for the inde-
pendent variables of marginal cost estimation. We collected domestic raw milk prices and cream
price indexes from Jmilk (2014); labor wage in four prefectures from statistical departments of cor-
responding prefectures; international sugar price from Agriculture & Livestock Industries Corporation
(2014); and international oil price from International Monetary Fund (2014).

Table 2. Product summary of the seven yogurt brands

Average retail | Manufacturer ID Market share Agar usage
price (within the
panel data) (%)
Brand 1 0.451 1 4.0 Yes
Brand 2 0.504 2 10.4 Yes
Brand 3 0.513 3 2.5 Yes
Brand 4 0.480 4 3.7 No
Brand 5 1.127 4 10.9 No
Brand 6 1.128 4 4.8 No
Brand 7 0.859 5 8.2 No
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4. Empirical results

4.1. Demand-side results
We find that the latent class model with four segments is optimal.?? Table 3 presents parameter
estimates of the demand model (with standard errors in parentheses).

In Table 3, “Brand” entries represent the brand-specific intercepts relative to the outside option,
presented under “Demographics” are estimated parameters for SD, and “Agar Usage" entry is the
estimate of importance weight for this attribute in calculating the attribute similarity index.'?
Although the estimates of demographics are generally insignificant, we find some patterns for each
segment. For example, Segment 2 is characterized by variety-seeking behavior regardless of the age
and gender. Specifically in Segment 2, a male aged 94 (the maximum age in the sample) would have
SD of —6.84 + 0.02 + 2.26 x log(94) = —2.36. All the other people in this segment would have SD
lower than —2.36 and thus would be variety seekers. In Segment 1, males of all ages and females
aged more than 48 years have a tendency toward inertia. In Segment 3, males of all ages and

Table 3. Parameter estimates of the demand model

Variables Segment 1 Segment 2 Segment 3 Segment &

Brand 1 -0.64 —-1.30** —3.97** 0.39
(0.591) (0.331) (0.472) (0.595)

Brand 2 0.67 4.00 1.92¢ —1.85**
(1.029) (3.224) (0.868) (0.366)

Brand 3 -0.76 -0.41 1.01 2.68*
(0.505) (0.381) (0.551) (1.200)

Brand 4 0.40 2.03 =8.14** 5.57
(0.937) (2.017) (1.102) (3.754)

Brand 5 8.79** 2.45%* 6.84** 0.94**
(1.683) (0.060) (2.143) (0.011)

Brand 6 7.18** 8.98** =5.63** -0.40**
(0.785) (1.400) (1.493) (0.006)

Brand 7 4.04** 1.92** —1.49** 7.60**
(0.986) (0.327) (0.335) (1.590)

Price coefficient -11.27* =12.59** -10.03* -14.33**
(2.227) (2.391) (3.016) (2.250)

Segment size 76.5 12.4 3.7 7.5

Demographics

Intercept -0.32 —6.84* —9.43** =3.77
(1.333) (2.887) (2.015) (1.999)

Male dummy 0.33 0.02 8.81** 135
(0.769) (1.395) (0.590) (0.994)

Age (logged) 0.19 2.26 5.91 1.59
(5.537) (12.120) (8.285) (8.183)

The attribute similarity index

Agar usage 0.36**

(0.078)

Number of parameters 47

Number of observations 15,194

Log-likelihood =7,324.7

*Significant at 5 level.
**Significant at 1 level.
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Table 4. Estimated margins in the VN-collusion forward-looking model

Brand Brand Brand Brand Brand Brand | Brand
1 2 3 4 5 6 7
Margins 0.053 0.061 0.048 0.056 0.188 0.219 0.135
(0.0014) | (0.0010) | (0.0010) | (0.0017) | (0.0013) | (0.0013) | (0.0015)
Proportion of Average Retail 0.118 0.121 0.094 0.117 0.167 0.194 0.157
Price

females aged more than 39 years have a tendency toward inertia. In Segment 4, females of all ages
and males aged less than 34 years are variety seekers.

4.2. Supply-side results

4.2.1. Margins

Table 4 reports the estimated margins in the best-fitting VN-collusion forward-looking model and
their standard errors (in parentheses).' Since the retailer’s and manufacturers’ margins are identical
in this game, we simply report them as “Margins” in Table 4 rather than reporting them separately.
The standard errors turn out to be very small because the prices of those brands stay fairly constant
during the study period.

We note that brands 5 and 6 yield the two largest margins, and brand 6 in particular yields the
highest margins relative to the average retail prices, implying that brands with the aforementioned
special feature could indeed earn a large amount of margins. The implications of these results are
discussed in Section 5.

4.2.2. Marginal cost

We find that after including the manufacturer dummy variables, all cost variables except for domes-
tic cream price indices and international oil price become insignificant in the marginal cost estima-
tion in the best-fitting model.?> International oil price affects marginal cost as oil is required for
yogurt-making machine, refrigeration, air conditioning in yogurt factories as well as transportation
by refrigerator trucks.

5. Conclusion and discussion

In this paper, we derive the RS game formulation in addition to MS and VN formulations in Che et al.
(2007) and show that MS and RS games stand at opposite extremes whereas the VN game lies in
between these two games. We then empirically analyze pricing behavior of firms in the Japanese
yogurt market under that extended formulation, incorporating heterogeneity among households,
state dependence in brand choice, and firms’ forward-looking behavior while correcting for price
endogeneity.

We find that the brands with the differentiated feature (i.e. enhancing the health effect of yogurt
by newly found bacilli) enable the manufacturer to command larger margins than the other brands,
showing that the manufacturer’s effort in this direction can be interpreted as rewarding. However,
we also find that the power to charge larger margins does not spill over to the other brands of a
manufacturer, as the manufacturer’s margin on brand 4 is in line with those of the others even
though brand 4 is produced by the manufacturer producing brands 5 and 6. We also note that that
the best-fitting model using a VN framework suggests that even the monopolistic retailer could not
have completely controlled prices at least in this category during the study period. The fact that the
retailer only earns the same amount of margins as manufacturers is somewhat counter-intuitive
given the conventional wisdom of the power shift from manufacturers toward retailers. However,
this result is consistent with the findings of Farris and Ailawadi (1992), which questions such conven-
tional wisdom (please see Ailawadi (2001) for a survey of this topic). Nevertheless, that the retailer
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still earns large margins on these brands might indicate such a power shift. Further research in this
area would be necessary.

One of the limitations of this study is the assumption of the monopolistic retailer, as retail compe-
tition is shown to affect the relationship between a retailer and manufacturers (Raju & Zhang, 2005).
In fact, Statistics Bureau of the Ministry of Internal Affairs and Communications (2014) indicates
that the average retail prices of yogurt are slightly higher in stores that have no competitors in their
neighborhood than in stores with competitors nearby. We leave this issue for future research.
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Notes

1.

N

w

~

u

D

~

These factors largely overlap with those listed by Kadi-
yali, Chintagunta, and Vilcassim (2000) as the reasons
of the similar power shift in the US market.

. Choi (1991) introduces an RS formulation but the

model in that paper assumes linear demand function.

. Though our data contained sales information in six

stores of the same chain, there was only one store where
at least of one purchase of the selected brands of yogurt
(for our analysis) was recorded everyday. However, if we
combined all five other stores, there were enough data
for us to be able to calculate the average retail prices of
the seven brands of yogurt we used in this analysis.

. Sudhir (2001) empirically shows that the retailer earns

the maximum profits when it engages in category
profit maximization pricing, which supports the as-
sumption widely adopted in the literature.

. The optimal retail price p, should not be affected by the

price of the other brands; else, p, will no longer be optimal.
Thus, dp, /dp; becomes O if p, is assessed at its optimal level.

. Note that it is assumed omc, /ow, = 0 for all

k,l=1,...,J, as wholesale price would not affect mar-
ginal cost in general.

. For convenience in comparison to Che et al. (2007),

notations and most definitions are the same as those
in that paper.

brand was small. We chose top selling seven brands
because the minor brands had many missing daily
price information.

12. We increased the number of segments to minimize
Akaike Information Criteria (AIC). Although AIC was
lower for the five-segment model than for the four-
segment model, we chose the latter because the size
of fifth segment became 0.7% in the five-segment
model, as targeting a segment size less than 0.7% out
of a sample size of 183 does not make much sense.

13. “Agar Usage” is whether the yogurt contains agar
or not. Agar is used to produce so-called “hard-
type” yogurt. We also tested “Raw Milk Usage”
(i.e. the proportion of raw milk in yogurt; three
levels—none, some, and all) and “Fat Level” (i.e.
the amount of fat in yogurt; three levels—less than
3%, between 3% and 4%, and more than 5%) as
candidates for the attributes, but they were found
to be nonsignificant.

14. We also tested (1) a multinomial logit model without
state dependence and (2) a model with state de-
pendence but without forward-looking behavior, in
addition to the forward-looking model, but the Vuong
test statistics showed that the VN-collusion forward-
looking model fitted the data best.

15. The results are available on request.
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Stacking the total derivatives of the manufacturer profit function in (13) with respect to p; vertically

forl=1,...,J, we have

op; ap,

4, S w95, _ d (5| =
& + X [ ) + (w, —mc,) dp}_( =0

(22)

ds, J dw, 95, d <ask>
— + —+ .=+ w,-mc)—(=)| =0
dp, Zk:l I:dpf ( k k) dp;

ap, ap,

for some j since the marginal cost is not affected by the retail price (i.e. amc,/dp; =0 for all

k,j=1,...,J). Further we have
dS, a5 op, oS, dp, 95
dp; dp; 9p op, op; 9p

since S, /0p; = 9S,/ap|,_, and

dw, ow, odp,

oW, 9p; _
dp; dp; 9p

ow,
op, 9p;  op,

(23)

(24)

since dp,,/op; =0forallh,j=1,...,Jand dp;/dp; = 1for all j=1,...,J. Substituting (23) and (24) for

(22) and rearranging it as a matrix, we have

2
B L5 My ﬁ+ZJ (w, — mc,) 23k
ap, ap, op; op; k=13""k k” ap, op,
: : == (25)
& E % de + ZJ (W mc, ) "Zsk
o, 9p, op; op; k=11"k k7 ap, op;

Stacking (25) horizontally for j = 1,...,J and rearranging them, we have for H whose (|, j) element is

defined in (15)
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cogent--0a

®

ow, owy
P op
: = [®@]'H. (26)
ow, ow,
ao

We obtain retailer margins in the RS-collusion game by transposing both sides of (26) and substitut-
ing it for (5).

Retailer margins in the RS-Bertrand case
In the Bertrand competition case, we totally differentiate the FOC of the manufacturer profit func-
tion in the Bertrand competition 0

J oS,
S+ Y. Qk [(wk - mck)—k] =0 27)
k=1 9P,

instead of (13) with respect to p; Stacking the derivatives of (27) vertically for [ =1, ...,J and rear-
ranging them as a matrix, we have 0

T 95, 95, ow, 95, J 2’S,
BB = =43 QL k)(w, — mc,)—~
op, op, o, op, L QL (W, k)dmpj

) : =— . (28)

95, 95, w, a5, J S,
=43 _ QU kw, —m .
| L op, ap, op; op; + k=1 (J’ )( k Ck) p,0p;

Stacking (28) horizontally for j =1, ...,J and rearranging them, we have 0

op; p,
i i |=[@-«Q1" - H, (29)
| 9P, Ip,

with (I, j) element of H, being (17). We obtain retailer margins in the RS-Bertrand game by transpos-
ing both sides of (29) and substituting it for (5).
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