Food Marketing Policy Center

Incorporating Flexible Demand Systems
In Empirical Models of Market Power

By Everett B. Peterson
Ronald W. Caotterill

Food Marketing Policy Center
Research Report No. 43

December 1998

Research Report Series

4

|——

e T

University of Connecticut
Department of Agricultural and Resource Economics



Incorporating Flexible Demand Systems
In Empirical Models of Market Power

by Everett Peterson and
Ronald W. Cotterill

Food Marketing Policy Center
Research Report No. 43
December 1998

Department of Agricultural and Resource Economics

University of Connecticut



Table of Content

ACKNOWIEOGEIMENTS ...ttt sttt et e e et e e e sat e e e sabe e e aabeeeamseeeaaseeeaabeeeensteeeneeeannteeeansenennneeenn iii
N 0= o PPN iii
IO g (0o (8 o1 oo PRSPPSO 1
2. Measuring Brand—Level Price COOrdiNaLiON ............ooueiiiieiiiieesiee ettt ssae e s e snaeeesnseeesnneas 1
2.1 General ThEOTetiCal MOEL ..........ccuiieieieee ettt e et e e e ssa e e snae e e s nreeesnneeens 1
G = ol o T g o= 1Y, oo L= SRR 3
3.1 AIMOst 1deal DEmMaNT SYSEEM ........eeiiiiiieeiii ettt e st e e s te e e s be e e s beeeesseeeesnneeeanseeesnneeens 3
3.2 Liner Approximate Almost Ideal Demand SYSIEM..........cooiiiiiieiiie e 4
3.3 Rotterdam Demand SYSIEIM........ooi ettt e e st e e be e e e bt e e e nb e e nnn e e e anreeennneeeas 6
VAN ool [Tor= (o] g 1F= 0 o I D - - PR OPROPSR 8
ST (=S U | PRSP 9
5.1 ROEIAAM MOUE ...ttt e e e st e e st e e e s be e e e bt e e e seeeenseeeeanneeeanneeeanneeens 9
5.2 Linear Approximation of Price Reaction FUNCLIONS...........cuuiiiiiiiiiie et 11
6. SUMMEANY N0 CONCIUSIONS. ....ccoitiiiiiieeiiieeeiee ettt et e s saeee e stee e e ssae e e ssseeessseeesaseeeanseeeaseeeaseeeeseeeesnseeeanseeeanseas 12
REFEIEINCES. ...ttt ettt e e a e e e st e e e eat e e e aab e e e e ab e e e e abe e e e be e e e Rae e e Reeeenabeeeanreeennneeeanreeeas 12
Table 1 Ketchup Brand PriCing MOGEL ............oo ittt e e nne e e nnseeeenes 14
Table 2 Demand and Expenditure Equation Parameter EStIMAaLES...........ccuveiieieiiieieiiiie e 16
Table 3 Estimated Brand Price and Expenditure Demand ElastiCItieS..........cocuveiiieeiiiie e 17
Table 4 Estimated Brand MerchandisSing ElaStiCITIES..........coouiiiiiiiiiiiiecieeceee e 18
Table 5 Parameter Estimates for Profit Maximization First-Order Conditions............cccoevveriiieeinieeesiee e 19
Table 6 Ketchup Brand Pricing Model with Approximated Price Reaction FUNCLIONS............cccoeiveeeniieeiieenne 20
Table 7 Demand and Expenditure Equation Parameter Estimates for Brand Pricing Model with
Approximated Price REACHION FUNCHIONS .........coiiiiiiiie e e e 22
Table 8 Parameter Estimates for Profit Maximization First-Order Conditions for Brand Pricing Model with
Approximated Price REACHION FUNCHIONS .........coiiiiiiiiie ettt e e 23
Table 9 Estimated Brand Price and Expenditure Demand Elasticities for Model with Approximated Price
REACHTON FUNCHIONS ...ttt ettt et e st e e s st e e st e e e e abe e e e abe e e e ne e e e seeeesseeennseeeanneeeansenennns 24
Table 10 Predicted Price Responses BEtWEEN Brands ............c.cooiiiiiiiieiiiiiesieee s e st eee s e seee e 24
Table Al Regional Markets INCluded iN SEUAY ........cc.ueiiiiiiiie e 25
TaDIE A2 DESCIPLIVE SEAISHICS. ...eeeuveeeiteeeetieeeteee ettt e sttt e st e e ste e e ssbeeessteeesbeeeaseeeaseeeaseeeeasseeeanseeeanseeeanneeennes 26



Acknowledgements

Everett Peterson is Associate Professor, Department of Agricultural Applied Economics at Virginia Tech. Ronald W.
Cotterill is Director of the Food Marketing Policy Center, Department of Agricultural and Resource Economics at the
University of Connecticut.

The authors would like to thank Dr. Larry Haller at USDA and Andrew W. Franklin of the Food Marketing Policy Center,
University of Connecticut, for their programming and data manipulation assistance.

Abstract

Measuring the degree of price coordination between firms in a differentiated products industry is particularly challenging
because it is necessary to utilize a demand system that is sufficiently flexible, allows the imposition of theoretical
restrictions, and alow for the derivation of the functional form of the corresponding price reaction functions. Previous
research has relied on restrictive demand systems in order to maintain the tractability of the price reaction functions. The
purpose of this paper is determine whether using more flexible demand systems can yield a set of first-order profit
maximization conditions that are mathematically tractable and amendable to estimation. The demand systems considered
are the Almost Ideal Demand System (AIDS), the Linear Approximate Almost Ideal Demand System (LAIDS), and the
Rotterdam demand system. This paper adso expands prior work on estimating brand level demand elasticities by
endogenizing category level expenditures in the context of a weakly separable demand system. This yields some new and
interesting insights for the measurement of market power in differentiated product industries. We show that while it is not
possible to derive explicit price reaction functions for any of these demand systems, given certain assumptions, the
Rotterdam demand system does yield an explicit set of profit maximization first-order conditions that can be estimated.
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1. Introduction

In applied industrial organization research, one
common research objective is to measure the degree of
price coordination between firms in a differentiated
products industry. To estimate the price reaction
elagticities (or price conjectures) is particularly
challenging because it is necessary to utilize a demand
system that is sufficiently flexible, allows the imposition
of theoretical restrictions, and allow for the derivation of
the functional form of the corresponding price reaction
functions (Cotterill, Franklin, and Ma, 1996). Previous
research has relied on restrictive demand systems [e.g.
Liang (1987) uses a linear demand system] in order to
derive an explicit expression for the price reaction
functions. The purpose of this paper is determine
whether using more flexible demand systems can yield a
set of first-order profit maximization conditions that are
mathematically tractable and amendable to estimation.
The demand systems considered are the Almost Ided
Demand System (AIDS, see Deaton and Muellbauer),
the Linear Approximate Almost Ideal Demand System
(LAIDS), and the Rotterdam demand system. This
paper also expands prior work on estimating brand level
demand elasticities by endogenizing category level
expenditures in the context of a weakly separable
demand system. This yields some new and interesting
insghts for the measurement of market power in
differentiated product industries. We will show that
while it is not possible to derive explicit price reaction
functions for any of these demand systems, given certain
assumptions, the Rotterdam demand system does yield
an explicit set of profit maximization first-order
conditions that can be estimated. Finally, because of the
complexity of these profit maximizing first-order
conditions, we aso estimate a first-order approximation
of a general price reaction function following Cotterill
(1998), Cotterill and Putsis (1999) and Cotterill, Putsis,
and Dhar 1999, and Putsis (1998). Both models are
applied to the ketchup industry. These two approaches
are comparable only when firm conjectures are
consistent because the former estimates brand level price
conjectural elasticities while the latter estimates price
reaction elasticities. Liang (1987) has shown that for a
linear demand system that brand level models for most,
but not all, breakfast cereals do not yield consistent
conjectures.  In other words, the estimated price
conjectures are not equa to the estimate price reaction
elagticities.
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2. Measuring Brand-Level Price Coordination

This section develops a theoretical model of profit
maximization for firms selling a single differentiated
brand in an industry with Bertrand price competition
(i.e., price is the firm's choice variable). In such as
industry, the ability of a firm to price above marginal
cost depends on its partial own-price unilateral demand
elasticity, how rivals respond to its price change, and the
cross-price demand elasticities (Cotterill, 1994). If firms
recognize that changes in prices may also induce
changes in the level of expenditures on al brands, then
this too will affect a single firm’s ability to price above
marginal cost. This section concludes by specifying an
empirical model to measure price coordination between
brands.

2.1 General Theoretical Model

Consider the static profit maximization problem
facing the ith firm, selling a single brand, where price is
the firm’s choice variable:

max p; = pigi(pr.r . pn. X) - il r)- FC 1)

where p; isthe price of brand i, g; is the quantity of brand
i sold, X is total expenditures on all brands, ¢; is the cost
function for the ith firm, r; is a vector of factor prices
facing the ith firm, and FC is the level of fixed or sunk
costs.

Note that because the demand function posited is a
function of brand prices and total brand expenditures, it
is assumed that consumer demand for all brands in the
industry are weskly separable from all other goods.*
This assumption is empirically necessary in order to
estimate the demand for any good or brand (it's
impossible to include the prices of all goods when
estimating a demand system). The assumption of weak
separability implies a multi-stage budgeting process by
consumers where expenditures are allocated to various
separable groups based on consumer preferences,
relative prices among separable groups, and the level of
income. Relative price changes among the separable
groups may lead to the reallocation of expenditures
among the groups (i.e., the cross-price effect between
two goods in different separable groups is shown to be
proportional to the income effects for those goods).
Thus, changes in price by the ith brand may not only
illicit a price response by rivals in the industry, it may

! Demographic variables may also be included in the brand demand
functions. Because demographic variables are generally assumed to
be exogenous in demand models, we do not include them in deriving
the theoretical and empirical models.
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also change the amount of expenditures being spent on
al brands. In other words, expenditure in a weakly
separable demand system may be endogenous (Brown,
et al., Capps, et al., LaFrance).

Allowing firms to take into account changes in total
brand expenditures, the first-order condition for profit
maximization for the ith firm/brand can be expressed as
follows.

Tpi

=q D ﬂCl @o ﬂql ﬂp] ﬂq, 3 ﬂX ﬂp] =0, (2)
fpi g' fic ,zg,_lﬂp, i X = 1p; ﬂp.g

With some manipulation, equation (2) may be expressed
in terms of demand and conjecture elasticities:

4lp X+ - m&omgmmq mxéﬁﬁ@mq
P R gy a0 O XTRp ag

® ép 0 -
+§pa-—iea -+qiarquig:0.(3)
fai g pi gj=1 i=1 H

Where g; is the uncompensated cross-price elasticity of
demand between brands i and j, holding total brand
expenditures constant; f; is the conjectured price
reaction elasticity between brands j and i; q; is the
expenditure elasticity for brand i; and m is the group
expenditure elagticity for a change in the price of the jth
brand. (Note: f j is equal to 1) We can define the
conjectured price elasticity for brand i as:

a% +qamh. @

Using equation (4), we can solve for price in equation
3):

_ meih’ (5)
" 1+h{

where mc; is the margina cost for firm i. Equation (5)
can also be restated as the Lerner index:

2 This conjectured price elasticity depends upon managers price
conjectures, and as such, is different then the observed price elasticity
of Cotterill (1994) and Cotterill et a. (1996), Cotterill, Putsis and
Dhar (1999). The observed dlasticities aso called the residual (Baker
and Breshnahan) or total elasticities [Tomek and Robinson, Cotterill,
Putsis and Dhar (1999)] depends on the estimated price reaction
elasticities rather than the estimated conjectural elasticities. As such,
it measures the observed changes in prices, not the managers
conjectured price changes. The conjectured and observed price
elasticities are identica if the managers price conjectures are
consistent.
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Pi - mc

i_ 1 (6)

pi h{

which the familiar first-order condition for profit
maximization.

A brand's conjectured price easticity can be
decomposed into two main components. The first
component is the brand’s unilateral market power. If
rivals do not respond to a change in brand price by firm
i, then the conjectured price elasticity in equation (4)
equals the partial own-price demand elasticity plus the
expenditure elasticity for brand i times the group
expenditure elagticity. Note that if brand i is a normal
good, implying a positive expenditure elasticity, and if
an increase in the price of brand i leads to an increase in
group expenditures on all brands, implying an inelastic
aggregate price elasticity, the income effect enhances the
firm's unilateral market power. Because previous
empirica studies have found inelastic demand for many
food products categories, the income effect may play an
important role in enhancing the unilateral market power
of food manufacturers.

The second component of a brand’s conjectured
price elasticity measures the affect of price coordination
between brands. The first term in equation (4), when i is
not equal to j, looks at the effect of rival reactions on the
conjectured price elasticity, holding total group
expenditures constant. In a Bertrand pricing game, firms
follow each other’'s price changes, implying that the
price reaction elasticities are positive (Deneckere and
Davidson). If al brands are substitutes in demand,
implying al of the cross-price demand elasticities are
positive, then the observed price elasticity is smaller in
absolute terms than the own-price demand elasticity.
The second term in equation (4) measures the effect of
the firm’s and rivals' price changes on the level of group
expenditures. This term is positive if the brand is a
normal good and if total brand expenditures increase as
brand prices increase, and the price reaction elasticities
are positive. Thus, price coordination may have two
distinct ways of enhancing firms potentia market
power.

To estimate the coefficients in the price reaction
equations given in equation (4), we need to supplement
this equation with a set of demand equations, to estimate
the own-price, cross-price, and expenditure elasticities of
demand, and an equation for group expenditures to
estimated the group expenditure elasticities® In general

3 An aternative approach to treating group expenditure as

endogenous is to estimate a multi-stage demand system (Hausman
1994; Cotterill and Haller 1997).
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notation, the formal model to estimate the price reaction

elasticities may be expressed as:
g =q; (P.X), " i=12,..n, (7)
. _C
pFM, "i=12,..,n,and (8)
1+hf
x = x (P,D). 9

The vector D in the expenditure equation represents
some vector of exogenous variables, such as per-capita
income, income distributions, prices of substitute or
complementary goods, and demographic factors that
may affect total brand expenditures.

3. Empirical Models

To implement the empirical model given in
equations (7) through (9), specific functional forms must
be given to the demand equations and the total
expenditure equation. The functional forms chosen
should be sufficiently flexible to capture a wide variety
of consumer behaviors by the model and allow the
imposition the theoretical restrictions of homogeneity
and symmetry. We consider three commonly used
flexible functiona forms in applied demand anaysis.
Namely, the Almost Ideal Demand System (AIDS), the
Linear Approximate Almost Ideal Demand System
(LA/AIDS), and the Rotterdam demand system.

3.1 Almost Ideal Demand System
The AIDS demand system is specified as:

n & n
S =4, +édijlnpj +b;Anx- a,- éajlnpJ —aadjklnpjlnpk (20
= 8 =1 j—lk =1 g

"i=12--n-1

Because the AIDS model is derived from a logarithmic
expenditure function, the dependent variable is budget
share rather than quantity. Equation (10) is used to
represent equation (7) in the previous section.

Turning to the supply side of the theoretical model,
we next derive the price reaction equations by
substituting the AIDS demand system in equation (10)
into equation (1):

map; =X§ - G(r.(p.X))- FC o (1D

—X% +an|an+bG|nx ay- aa Inp; - aadjklnpjlnpK
e = 8 j= J—Jkl I

G(ra(p.x))- FC
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Differentiating equation (11) with respect to p; yields the
first-order condition for profit maximization:

i - ngn +ad.k filn py baen finxfTp; a ¢ k'"'“ k
p R -tk YR T (12)
g Inpj 22 finp & & 91X Tp;
oy — - iInp;—— < Uts; I
,-a_l Yo gﬁ S = Rt TR 1

ﬂCl 3 Ta ﬂpJ_'_ﬂql 2 ﬂX ﬂpJ
ﬂq| @J—lﬂpj ﬂp| ﬂx —1ﬂpj ﬂp,g

Note that the symmetric conditions of d; = d; have been
imposed in equation (12). Multiplying both sides of
equation (12) by (pi/X) yields:

mwi Pi _ Tln pk &0 qinx Tinp; 3 ‘ﬂlnpk (13)
—Ll=0=d;; +qd; +b9 -a;- aQayg
p X a  qin ‘e 11]In p; Tinp; Ei finp

pk i, 3 TIX pjﬂpj Pi

3 Tin
adiinp;- aad Inp; i
e kljlk] J‘ﬂnp,a LR X Tpipy

ﬂce qul pJTIpJ p,q,+‘|]q,Xo‘|]X pJTIpJ plql'

ﬂq|gJ1ﬂpJ q|ﬂp| pJX ﬂXq|J1ﬂpJXﬂp| pjxg

.fInX _ 91X p; _ . . . .
L e e X m;,group expenditure elasticity with
respect to price of brand j,
Mg P _, partial demand elaticity between brands i
Toj o
and j,
finpe _ o pi =ty . conjectured price reaction elasticity
fin Pi 1 Pi Pk
for brand k by firm i, and
19X o expenditure elasticity of demand for brand i.
xqg
Now, we may rewrite equation (13) as:

&
adu J|+bi§a (n}'aj)(jl adljlnpj aadkjlnpfkl +San‘5f1| (14)
j=1 ktij=1 g

1TCI ql

n
7*eaeu ji +qia n‘ﬁf jiL:FO-
Tl X R

Notice that from equation (4), the last term in equation
(14) may be expressed as T¢i G Yipe. Rearranging termsin
Tai X
equation (14) to get p; on the left-hand side of the
expression (remember, this is the choice variable for

firmi) giveS'

aen 0
bgadu ji .|”P.-adu J|+bigé (mj'aj)j aako Jllnpk:+ (15)
81 =1 ] =1 8'- kiij=1 @
3 Tci g
s;a mf 'hC
Ijazl Wi g X

Simplifying equation (15) yields:
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2(m-a); 16 Gye
1 am-ajf; samf- 19 Xh aadk, NP (16)
Inp, i = 4= ) k1|J—1 -

I _édijfji b; adu ji adu ji

Taking a closer look at the term g, o in equation

flai X
(16), by multiplying by ¢i g yields:
Ci G
Teig _T6GGGG% . S (17)

o X Tgicoag X X

where h,. is the tota variable cost easticity. If
margina costs are assumed to be constant with respect
to output, then h,.=1. Using this assumption and
multiplying equation (16) by pigi/pig; yields:

GGG I WP (18)
plql X plql

where vc; may be interpreted as total variable costs as a
percent of sales for brand i. Substituting equation (18)
into equation (16) gives:

O non
&lm-a), sga -vents & Adyf g (19)
Inp; = b+Jln + g_Ki= .
I édijf ji b adu ji éduf ji
j=1 j=1 j=1

However, equation (19) is not yet a reaction function

for firm i because m;, si, Vi, and hiC are, in general,

functions of al brand prices. If alog-linear functiona
form is chosen to represent group expenditures in

equation (9), then we may treat m; as a constant.

However, substituting for s; and h{ in equation (19)
makes it impossible to solve for the reaction functions
because the share equations are quadratic in logarithm of
prices.

If one retreats from explicitly deriving the price
reaction function, it still may be possible to estimate the
conjectural elasticities. Since, equation (19) represents
the first-order condition for profit maximization for the
ith firm facing an AIDS demand function, one
alternative may be to estimate equation (19) directly and
obtain the estimates of the conjectured price reaction

eladticities (f ji)- From an econometric perspective,

because the share of brand i is an endogenous variable in
the AIDS demand system, one may be able to avoid
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subgtituting for s; in equation (19). However, this
approach is not likely to be successful for several
reasons. First, information is required on firm variable
costs as a percent of sales, which is generally not

available, and the conjectured price elasticity (hiC) is
itself a function of prices. Second, given the non-linear

nature of the equation (19), one may not be able to
identify and thus estimate all of the conjectured price

reaction elasticities (f j;).

3.2 Linear Approximate Almost Ideal Demand System

Because of the complex form of the firm price
reaction functions derived from the nonlinear AIDS
demand system, the Linear Almost Idea Demand
System (LA/AIDS) may be more mathematically
tractable than the original AIDS specification. The
LA/AIDS model is specified as:

n o) n 0 20
si=a; + djinp; +b;sInX - & s%Inp; %, " i=1..,n-1 (20)
=1 € i 5

Note that the term a',stinp, is alog-linear analogue of

the Laspeyres index that uses base shares (s° and prices
(p;) that are scaled by their means.*

Substituting equation (20) into the objective
function given in equation (1) gives:

(21)

X@a +ad”|np]+b§|nx as Ian - 6(r.g (P, X))- FC

e =t =t 2%

with respect to p;. The first-order condition for profit
maximization is:

ﬂp'_X “+ad|kﬂ|npk+b g fIn X 'ﬂpJ bﬁi*—gl o'ﬂlnpk +(22)
Tpi &P kri Tp; i=1 Tp;  Tp; Pi ai pi fﬂ

Qa +ad,JIan+bQInX aslan :éﬁ&

g j=1 8 j=1 BEJ 11“)] Tpi

foi €4 Tai TPy, fa £ X Tyl

i gj=2 TP pi X 52, Tp; Tpi g

Multiply both sides of equation (22) by (pi/X) yields:

* Moschini has shown that the Stone index is not invariant to units of
measurement for the prices. The log-linear analogue to the Laspreyes
index is one of the indices Moschini suggests to solve the invariance
problem.
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Toi by _ a kﬂlnpk b & Tinx Tinp; ) _ae_0+8 OMQ+

n X d; a i Tinp J__11]Inpj Tinp; 'g Tinp; (23)
2o X P Tp Pi

Qa +ad Inp; +bQInX asolnp a_ﬂ——J—J L-

e ot i F] 8 it ij_lﬂpj X Tp

168 g PiTPipg , TaX 31X PTpipg U
Mo g Tp; o Teipy X TXq ;570 X TR pj X g

Let:
finX _ 1X Pj
finp; Tp; X
with respect to price of brand j,

Slai Pj —q, partidl  demand elagticity between
pj ai

=m, 9roup expenditure elasticity

brandsi and j,
TN py :mﬂ:fk_ conjectured price reaction
Tinp Tppe

elasticity between brandsk and i, and
Yo X _q,, expenditure elasticity of demand for
X q

brand i.

Now, equation (23) may be written as:

(24)

n
adu J|+bia(n]'5)f1| +$a"]f1. ﬂC, ql
j=1

@.%fu"'qlan]fjlu 0.

X =1 ¢!
At the point of normalization (e.g., where all prices

are normalized to unity) and when ag in the AIDS

functional form in equation (10) is set equa to
expenditure in a base period (or if expenditures are

normalized to equal one) such that the a; equal the

predicted budget shares, then Asche and Wessells show
that the uncompensated demand elasticity for the AIDS
model can be expressed as:

dij - bisj
S; ’

&jj =- Dij + (25)

where D = 1 for al i = j, and zero otherwise. This
expression is identica to the formulas used by Chalfant
and Buse at the point of normalization. In addition, the
expenditure elasticity for the AIDS model is defined as:

qi:ﬁ-‘—l' (26)

Si

Asche and Wessells also show that this expression is
appropriate for the LA/AIDS a the point of
normalization.
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Substituting equations (25) and (26) into equation
(24) yields:

J J 0 s
_adijfji+bi_a(mj' Sj)’ji *sia mf i - (27)
j=1 j=1 j=1
é n n n u
é- s+ é dijf ji + bl é (mj - S?)+ Slé mjf jiu
cig e j=1 j=1 j=1 a_
Ta X 8 ; a=”
i é ! u
[ G|

Using equations (17) and (18), we may rewrite equation
(27) as:

D

An
o

(1- VQ)ea if i+ a(rr}

>

)fj, +5; a rqf JIu+vc,s =o. (28)
¢

@

Now, one can solve for s; in equation (28):

(VCi )

@ rD> D
Q,Jo::

, (d +bym - s E (29)

n
(1- ve))& myf i +vg;
j=1

But, from equation (20), s; is a function of all prices. So
substituting equation (20) into equation (29) and solving
for the logarithm of p; gives the price reaction equation
for brand i:

(v 1)% (dij + bi(mj - S?))f ji u

a
ai+§dijlnpj+biglanx-éns?lnpjgz gi=1 - 8
j=1 § =1 2 (a- ve)@ mjf j; +ve;
j=1
Collecting terms yields:
a(d b;s; )Ian
Inpy =A% I biInX_ " (30)

di; - bysy dj; - bysy dii - bys?
where:

(ve; - 1)g§n1 @ij + by (mj - 5?))‘ ji d
A= &i=1 :

i n
@- vei)a myf i + e,
j=1

Strictly speaking, equation (30) is only a reaction
function if vc; and X are not functions of brand prices.
Even if one wishes to directly estimate equation (30) as
part of a system of equations [including equations (9)
and (20)], it may not be possible to obtain information
on vc;. Without this information, it would be impossible
to identify the conjectural easticities in the term A; in
equation (30).
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3.3 Rotterdam Demand System

The last demand system considered is the Rotterdam
model. But because the Rotterdam model is specified as
changes in prices, quantities, and expenditure, we will
need to re-specify equations (7) through (9) in
differential logarithmic form, rather than in levels.

. & 0 6 3 (31)
5dIng =a;%dInX - asjdlnpj;adijdlnpj, i=12...,n-1,
= g =

dinp;=dInmc; +dInt;,"i=1..,n,and (32)
n m S

dinX =4 mydInp;+4 b, dinpf+r dinl +§ g,dInD,, (33)

j=1 k=1 h=1

Sit *Sit-1
2

t, =i, pd isthe price of other substitute goods, I is
1+h{

per-capita income, and Dy is a vector of demographic

variables . All differentials are implemented as first-

difference approximations.

The term d Int; in equation (32) requires some
additional attention, because as seen from equation (4),

where Si = is the average budget share,

hiC may be a function of prices. Using the definitions of

the price and expenditure elasticities for the Rotterdam
model,
dij - Sjai

§i

ej = cand

equation (4) can be rewritten as:

n
o

hy :éa oy +a (my - 5] 5.
i j=1

(34)

Using equation (34), we can define t; in equation (32)
as:

FA & Loy vaifm- s
=

1+%i él[dij +ai(mj - Sj)]f i St él[di,— +ai(mj - Sj)]f ji

jéil[dij +ay(my- s (35)

t

Taking the logarithm of equation (35) yields:

Int; :'”}g[dij +ay(m - s jig' '”.JI[.Si +<'§1[dij +aylm - s jiy- (36)
Ti= b 1t = b

Because dl s;'s are a function of price, take the first-
order differential of equation (36) with respect to al s; in
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equation (36). (Note, the conjectured price reaction
elagticities are treated as parameters that we can
hopefully identify.)

n n
a;afds; ds;-a; @ fjids;
_ i=1 i=1
dint; = 7 J - 7 J (37)
Al +ailm - sl s+ &l vailm - sl
j=1 j=1

n n
a;af;ds; ds-a;af;jds;

j=1 . i1
shf si(\1+hi°)

Combining terms in equation (37) and noting that fj;
equals 1yields:

e 2 e 1 6 ds U
@;afjdsjkr- — T+ —
g j=1 hi 1+hi g 1+hi'g (38)

1 g 3 u
:-—h—)‘ c+hflds +a; qQf ;ds:u.
Slhlc +hlc é 1 I) 1 I]a1I Ji ]g

However, since the price terms in the Rotterdam demand
equations and the group expenditure equation are in
terms of dinp;, one would like to get equation (38) in
terms of dins;. This can be accomplished using the chain
rule of differentiation:

1915, _16,
ﬂSj T“nSj ﬂSJ P

dlnti:'

Thus, one can rewrite equation (38) as:

dint; =- — éa.+h-°)s-o||ns-+a-§s-f--c||ns-3.(39)
i mé i i )i i |j1i jji jé

Next, to derive the expression for dins;, take the

logarithm of the budget share:
Ins;=Inpj+Ing;-Inx. (40)
Taking the first-order differential of equation (40) yields:
dinsj=dInp;+dIngj-dInx. (41)

Substituting equation (41) into equation (39) yields:

dint; =- W(llJr_hf)[@' +hi0)5i(d Inp; +dIng; - dInx)+ 2

2 u
a;a sjf ji(dln p;+ding; - dlnx)@.
¢

ji
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Using the following definitions:

C
|”=-;';‘(1+Lic), (43)
hefL+h,

I =- b ST (44)

' shfl+he
Substituting equations (43) and (44) into equation (42)
yields:

On On
dint;=8 ty(dinp;+ding;)-dinxg 1.
=1 =1

(45)

Now one can substitute equation (45) into equation (32)
and solve for dinp;:

' (46)
I II)

'I_‘TQJO::

&
dInpiz(l_lI )9 nmc,+aI,JdIan+aI,JdIan -dinx——

i 8 jri =1 ) (

To finish this specification, one needs to determine

an expresson for dlnmc;i. Begin with a genera
logarithmic expression for marginal cost:

In mc¢; = me; (Inr, Inq), 47

wherer isavector of input prices. Taking the first-order
differential of equation (47) yields:

t .
dinme; = § flnme; 4 Inr, L IINMe ) ng. (49
=1 TInr, TInq;
Let: 1Inmei _  _marginal cost elasticity with respect
Tinr,

to the zth input price and
finme _, i _margina cost elasticity with respect
fing; ™
to output.
Now equation (47) may be rewritten as:

1 &
dinpg =—=¢candinr, +h;.+;;)dIn —+
B (1_ Iii)ﬁl iz (mc ||)d qﬂ Jal; i

(dlnpJ +d|nqj)(49)

n
o

-a dinx.
= i

Note that equation (49) is not a true price reaction
function because it contains the changes in quantities,
dIng;, and total brand expenditures, dinx, which are both
functions of brand prices. However, as stated above, if
the primary goal is to estimate the conjecturd
elasticities, substituting in expressions for ding;, and dinx
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would only increase the complexity of the model
specification.

The brand price coordination model using the
Rotterdam demand system includes equations (31), (33),
and (49). However, note there are 2n equations [(n-1)
demand equations from (31), n first-order conditions
from equation (49) and 1 equation from (33)] in 2n+1
unknowns (n ding;, n dinp;, and dinx). The problem
arises because one can only estimate (n-1) of the
Rotterdam demand equations due to the adding-up
condition, but the first-order profit maximization
conditions in equation (49) includes al n ding; variables.
Thus, one of the ding; needs to be eliminated from
equation (49). To do so, rewrite equation (49) using
equation (40):

N i 0
dinp —méa:_lnizdlnrZ +‘1mc+l ii)dlnq g+a+ (50)
|

"__(dlnpj +dIng; - dlnx)- 1_'|'__d|nx
1l

|
ndine +h! +5)dIn % i dlns; - —i-dInx.
l |“ éa 1Z ‘1mc II) Qg Jal; |i| ] 1'|ii

Because the budget shares must sum to one, one can
specify the budget share of the jth good as:

n
Sj =1- é_ Sk (51)
k1 j
Taking the logarithm of equation (51) yields:
Ins; —In91 an_ skg (52)
k'j g

Next, take the first-order differential of equation (52):

n n
é_ sid In s é_ sid In s (53)
dlnsj=-li = K
J SJ'
1-a s
ktj

Substituting equation (53) into equation (40) yields:
2 sdl
e (54)

5j

dinp;+ding;- dinx=-

5
a %
=- k;%(dlnpK +dIng, - dInx).
j

Solving for ding; in equation (54) gives:
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n
ding;=- 8% (dInp, - ding,)- dinp; +=dinx. (55)
ktjSi ]

Now, the expression for ding; may be substituted
into the first-order profit maximization condition for
each firm. Substituting equation (55) into equation (49)
for firm i:

din din, + ding—+ dlnp, +dl
"= gniz et mgkﬁ.ll--( n-+dim) (56)

. :
A g ga % dinpy +dlirg) - dinp; + ~ding
]'11 |" 1- |" Kj j Sj ﬂ

Because there is a dInp; term on both sides of equation
(56), solving for dinp; yields:

1
dinp m:sjzaln,zdlnr +[ (hmc+|,,) IJs,]dlnq+ (57)

8 ®
a(sjlik-sklij)(dlng(+dlnq(+ i sal,m—dIan itj.
ke jui

Notice that in addition to eliminating the variable ding;
from equation (57), the change in the logarithm of the
price of the jth brand (dInp;) has also been eliminated.

Using equation (57), dIng; is eliminated from the
first (n-1) profit maximization conditions in equation
(49). However, one must also eliminate ding; from the
first-order condition of the jth firm:

1 &4 i
dlnpj=(1_T)gé_njzdlnrz+(hr{]c+l“8 ka J(dlng<+dlnqk) dinp; + (58)
7 5
[o)] 5 |
—dlnx‘u+a I (dinp +dIng)- § "
S @ el m=al™ 1

dlInx.

Again, because dinp; appears on both sides of equation
(58), one can rewrite this equation as:

dinp; = +:]j énjzdlnrz+ ?a(sl,k Sk(1mc )) (59)

me)z=1 L+Nme S T j
& l
dlnpk+dlnqk +§1 me +1ji salj,—dlnx%

The fina empirical model specification using the
Rotterdam demand system is given by equations (31),
(33), (57), and (59). Assuming that it is possible to
identify all of the model parameters in equations (57)
and (59), one is able to retrieve estimates of h ¢ and f j;

from estimates of dl | ;. Using equation (43), if one
knows the value of | ;; and a; (which is identified in the
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Rotterdam demand equations), then one may solve for
h¢. Once the value of h¢ has been determined, then
one may solve for f ; using equation (44) using estimated
values of a; and observed market shares (s;). The main
drawback of this identification procedure is that | is

estimated as a constant parameter, implying that hiC is
also constant across al time periods and regional
markets. Since hiC is a function of the price,

expenditure, and conjectural elasticities, all of which
may take on different values as prices and expenditure
change, this implies that these elasticities change in such

amanner to ensure h ¢ remains constant. A very strong

assumption to make. However, given the non-linear
nature of equations (57) and (59) as well as a limited
number of data points, it may not be possible to allow | j;
to vary across time and regional markets.

4. Application and Data

In this section, we use the Rotterdam demand system
derived above to anadyze ketchup brand price
coordination. The ketchup industry was chosen because
the top three brands, Heinz, Hunts, and Del Monte
accounted for approximately 85 percent of all ketchup
sales in 42 regional markets in the U.S. between the
years 1988 and 1992. The small number of brands helps
to reduce the dimensionality of this anaysis. In
addition, Haller and Cotterill have found evidence of
market power in the ketchup industries using traditional
brand share-brand price and residual demand measures.

Quarterly data from 1988 to 1992 on dollar value of
retail brand sales, average retail unit price of branded
products, dollar value of retail private label sdes,
average retail unit price of private label products for 42
regional markets were obtained from the Information
Resources Incorporated (IRI) Info Scan data base. In
addition, the IRI data includes information on units per
volume (U/VOL), and the magnitude and intensity of
merchandising performed by retailers for each brand and
all private label products.

The base unit for ketchup in the IRl data is one
pound (16 ounces). Because ketchup comesin a variety
of sizes, and the average price per unit typically varies
with the size of the container, the variable U/VOL is
used to control for change in average price due to a
change in the mix of container size sold during the
quarter. For example, if relatively more 64-ounce
bottles of Heinz ketchup are sold from one quarter to the
next, the variable U/VOL will increase. Since it likely
cost less per ounce to produce a 64-ounce bottle of



Incorporating Flexible Demand Systems

ketchup than a 16-ounce bottle, the change in U/VOL
should be negatively related to the change in brand price.

Because the IRI price data is obtained at the retail
level, we need to control for any retailer merchandising
activities that may affect the average retail product
price.> We control for the size of any promotional price
reductions and the volume of the product sold during
promotional campaigns, because they will likely have
differential effects on the average retaill price. The
retailer merchandising activities are measured by the
average price reduction of products merchandised
(PRED) and the percent of volume sold with
merchandising (YoMER). An increase in either or both
of these will lead to a lower average retail price, al else
constant. Also, the amount of merchandising may aso
affect the level of ketchup expenditures and relative
market shares among ketchup brands.

The IRl data does not contain any demographic
information (e.g., median household income, age, ethnic
background, etc.) for the regional markets. It is likely
that changes in demographic profiles across regiona
markets may yield differences in demand for ketchup
brands and the level of expenditures allocated to
ketchup. For example, do ketchup expenditures increase
or decrease as median household income increases? Do
regions with relatively growing Hispanic or other ethnic
groups exhibit changes in ketchup expenditures and/or
the mix of ketchup brands purchased? To supplement
the IRI data set, we include data on median household
income (INC), percent of households with less than
$10,000 in income (IU10K), percentage of households
with over $50,000 in income (IO50K), percentage of
population that is Hispanic (PHSP), median family age
(AGE), median family size (SIZE), and the four firm
concentration ratio of al grocery stores in each regional
market (CR4).° The last variable is included to account
for possible price enhancement from high retall
concentration in local markets.

Earlier, we stated that relative price changes among
separable groups may lead to the redlocation of
expenditures among them. To control for possibility, we
identify five IRI product categories that may be close
substitutes or complements with ketchup: mustard,
mayonnaise and other sandwich spreads, barbecue
sauces, hot sauces, and steak and Worcestershire sauce.

5 Often, the manufacturers coordinate the merchandising activities of
retaillers.  For example, the manufacturer may wish to have the
retailer feature their product and give the retailer a discount on all
product sold during a given time period.

® These data were obtained from Progressive Grocery, Market Scope,
various years. Unfortunately, these data are available on an annual
basis only.
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We utilize the average prices of al products in these IRI
categories in our mode.

Finally, equations (57) and (59) identifies that
changes in input prices affect brand price changes.
However, obtaining a complete list of input prices for
ketchup manufacturers is not possible. To attempt to
control for changes in input costs, we include the prices
of two main ingredients in ketchup, tomato paste (TP)
and sweeteners (high fructose corn syrup) (SWT). These
data were obtained from industry and U.S. Department
of Agriculture publications.

5. Results

5.1 Conjectures Model using Rotterdam Demand
System

Table 1 provides the specification for each equation
in the ketchup brand-pricing model. An iterative three-
stage least sguares procedure is used to estimate this
system of equations.

Table 2 provides the parameter estimates for the
demand and expenditure equations of the model. In the
demand equations, all of the estimated real expenditure
and price parameters are significantly different than zero
and have the correct sign. The resulting expenditure and
partial price elagticities for each brand are given in the
top half of table 3. The term partial is used for the price
elagticities because they are computed holding total
ketchup expenditures constant. In absolute value, Heinz
and Hunts have the smallest partial own-price
elagticities, -1.43 and -1.32 respectively, followed
private label ketchup, (-1.84) and then Del Monte (-
2.07). Thisis not surprising since Heinz has the largest
market share and Del Monte has the lowest market share
and, all else equal, the absolute value of the own-price
elasticities decrease as share increases. It is interesting
to note that the absolute value of the private label own-
price elagticity is similar to that of Hunts. Private label
products have been characterized in previous research
(Connor and Peterson) as being more competitive than
their national brand counterparts. This would suggest
that the absolute value of the own-price demand
elagticities facing private label producers would be much
higher than for the national brands. At least for ketchup,
this does not seem to be the case.

Because ketchup is assumed to be part of a weakly
separable demand system, changes in brand prices may
also affect the amount of total expenditures allocated to
ketchup by consumers. Indeed, the estimates from the
expenditure equation show that a one percent increase in
the price of Heinz decreases total ketchup expenditures
by 0.43 percent. Price changes by Hunts, Del Monte,
and private label ketchup did not have significant effects

9
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on ketchup expenditures. This is likely a reflection of
Heinz s relatively large market share in most of the local
markets in our sample. Thus, consumers react to a price
increase by the market leader by reducing expenditures
on ketchup while they seem to ignore price changes by
brands with smaller market shares. Using this
information, one may compute the “total” brand price
elasticities of demand, or as stated earlier, a brand’'s
unilateral market power, as follows:

T _
eij —eij +qi mJ ,

where el is the total price elasticity between brands i

and j, g;, is the partial uncompensated price elasticity, g;,
is the expenditure elasticity for the ith brand, and m is
the group expenditure elasticity with respect to a change
in the jth brand price. The bottom half of table 3
contains the computed total elasticities. Because of its
negative impact on total ketchup expenditure, Heinz's
unilateral market power is virtualy the same as De
Monte and private label ketchup. Thus, in this case, the
income effect does not enhance Heinz's unilateral
market power, relative to the other ketchup brands.

The parameter estimates in the expenditure equation
also provide information on the impacts of price changes
of related goods and household income on ketchup
expenditures. Mustard and mayonnaise are found to be
complements to ketchup, with increases in their average
prices decreasing ketchup expenditures. Conversely,
barbecue and steak sauces are subgtitutes to ketchup,
with steak sauce being a very strong substitute (a one
percent increase in the price of steak sauce increases
ketchup expenditures by 1.5 percent). While all of the
brand expenditure elasticities are positive, increases in
median household income reduce ketchup expenditures.
Thus, not surprisingly, consumers view ketchup as an
inferior good.

Retailer promotional activities for ketchup affect
both the relative brand market shares and the level of
ketchup expenditures. Table 4 lists the own and cross
merchandising elasticities for all brands, holding total
expenditures constant and allowing for merchandising to
change the level of expenditures. When ketchup
expenditures are held constant, increases in intensity of
promotiona activities for a given brand increases sales
of that brand, while increases in promotional activities of
that brand’ s rivals, in general, decrease brand sales. The
exceptions to the latter is that Hunts is not affected by
changes in D&l Monte promotions, an increase in private
label promotional activity increases the demand for
Heinz, and the demand for private label ketchup is not
affected by the promotional activities of the national
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brands. Because of its dominant market share in most
local markets, retailer promotions of Heinz increases the
level of total ketchup expenditures. Thus, the promoting
of Heinz by retailers makes the size of the pie bigger for
al and as well as changing its distribution. This serves
to increase the merchandising elasticities for Heinz,
relative to the other brands.

Table 5 presents the parameter estimates of the
firm's first-order profit maximization conditions. As
discussed earlier, using the estimated values of |, a;,
and mean share values, it is possible to identify the
conjectured price elasticity (i ¢ ) for each brand as well

as the conjectural price reaction elasticities (f i ). If the

absolute value of the conjectured price elasticity for
brand i is greater than one (e.g., firm's operate on the
elastic portion of their perceived demand surface), then
the vaue of |°, will be positive if 4] < Fic , assuming

normal goods. This is the case for Hunts and private
label ketchup, yielding conjectured price elasticities of
-5.51 and —10.72 respectively.” However, the value of

N

|;; for Heinz is not significantly different than zero,
implying that _ ¢ = &, . From the expenditure elasticity
formula, a, is equa to sig;, which must sum to one

(Engel Aggregation). Therefore, it is likely that each a;
will be less than one, implying that |hAi°| will be less

than one when IA“ is equal to zero. Also, because the
vaue of IA“ is negative for Del Monte, |g,|> |h]°|,
implying that |hAi°| will again take on a value of less than

one. The estimated conjectured price elasticities for
Heinz and Del Monte are —0.68 and 4.32 respectively.

It is interesting to note that the estimated values of
the own-price demand elagticities for Hunts and private
label ketchup in table 3 are much smaller in absolute
terms than the estimated conjectured price elasticities.
Since al of the cross-price demand elasticities for Hunts
and private label ketchup in table 3 are non-negative,
and the group expenditure elasticities with respect to
Hunts and private label ketchup prices are non-
significant (see table 2), implying that the second term in
equation (4) is zero, then the conjectured price reaction
elasticities must be negative for the conjectured price
elagticity to be less than the partial own-price demand

" Because equation (43) is quadratic in hic , there exist two different

roots. Thevaluesof h ic reported are the roots that are economically
feasible, i.e. greater than -1 in value.

10
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eladticities. Also, from equation (44), if h ¢ > -1 and the
brand is normal (i.e., a; > 0), then " 0 implies that
f”ji < 0. All of the estimated |”ij are positive for both
Hunts and private label ketchup. Thus, both Hunts and
private label ketchup have “competitive” reactions
towards their rivals price increases. Conversely, if one
ignores the fact that the estimated conjectured price
elasticities for Heinz and Del Monte are infeasible, then
Heinz and Del Monte have different reactions to their
rivals. The implied conjectured price reaction
elagticities for Heinz are postive (see table 10),
implying cooperative behavior. Because the estimated
|Aij coefficients between Del Monte and Heinz and Del

Monte and Hunts in table 5 are not significantly different
than zero, implying zero conjectured price reaction
elagticities, Del Monte does not respond to price changes
by Heinz and Hunts. However, the implied conjectured
price reaction elasticity between Del Monte and private
label ketchup is negative, implying a competitive
reaction to changesin private label price.

Focusing on the non-behavior parameters in the firm
first-order conditions, most of the estimates have the
expected sign (see table 5). Increases in units per
volume (U/VOL), the intensity of retailer merchandising
(WMER), and the average price reduction of
merchandised products (%PRED) all lead to lower brand
prices. Increases in the price of tomato paste (TP) lead
to higher brand prices, except for having no significant
effect on the price of Del Monte. The one variable that
had an unexpected sign, was the price of sweeteners
(SWT). The brand price of both Hunts and Del Monte
decreases as the sweetener prices increases. There was
no significant effect of sweetener price on the price of
Heinz and private label ketchup. The degree of grocery
store concentration had no significant effect on brand
prices. Thus, at least for ketchup, retailers in more
highly concentrated local markets did not charge
relatively higher prices for ketchup. Finaly, the
marginal cost eladticities for Hunts, Del Monte, and
private label ketchup were not significantly different
from zero, implying that these brands are produced
under (at least locally) constant returns to scale.
Interestingly, the estimated margina cost elasticity for
Heinz is positive, suggesting that Heinz is operating in
the range of decreasing returnsto scale.

5.2 Linear Approximation of Price Reaction
Functions

Due of the complexity of the derivation of the non-
linear empirical model used above, one can question
whether a model that approximates the price reaction
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elasticities would fit the data just as well. Because the
price reaction function can not be explicitly derived
using a flexible functional form for consumer demand,
an aternative approach would be to take a first-order
approximations of the unknown reaction functions (see
Cotterill, et al., 1999). Using genera notation, the price
reaction function for brand/firm j is a function of the
prices of al rival brands/firms and cost and demand
shifters. Because the Rotterdam demand system is
specified as afirst-order logarithmic approximation of an
unknown demand system, the price reaction functions
should also be specified as a first-order logarithmic
approximation:

(60)

n t M
dinp; =4 ! ,dinp +&n dinr,+i, dinX +3s ;,dInD,,
ktj z=1 m=1

where py, is the price of the kth brand, r, is the zth input
price, X istotal ketchup expenditures, and D, is a vector
that includes the demographic variables included in the
demand equations and other variables, such as
units/volume (U/VOL), percent merchandised (%MER),
percent price reduction (%PRED) to control for changes
in the price of brand j not associated with changes in
rivals prices.  The forma specification of this
alternative model is given in table 6.

Tables 7 and 8 give the parameter estimates for this
aternative model. Using the first-order logarithmic
approximations to the underlying unknown price
reaction functions has very little effect on the parameter
estimates in the demand and expenditure equations. The
compensated and uncompensated price elasticities, and
expenditure elagticities given in table 9 are amost
identical to those from the original model given in table
3.

The major difference between the two models is the
difference between the estimated observed price reaction
elagticities and the estimated conjectured price reaction
elagticities. Table 10 summarizes the predicted signs of
the responses for each of the ketchup brands for the two
models. In the conjectures model, Heinz responds
positively to changes in al rivals prices. The same is
generally true in the price reaction model, except that
Heinz does not respond to a change in the price of Hunts
ketchup. For al other brands, the differences between
the two models are more noticeable. Hunts is arival to
all other brands in the conjectures model, while the price
reaction model predicts that Hunts does not respond to
price changes by Heinz and Del Monte and responds
cooperatively (positively) to private label price changes.
Del Monte is predicted not to respond to price changes
by Heinz and Hunts, and to respond competitively to

11
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private label price changes in the conjectures model.
However, in the price reaction model, Del Monte
responds cooperatively with Heinz but does not respond
to changes in the price of private label ketchup. Findly,
private label ketchup producers are predicted to be a
riva to all three national brands of ketchup in the
conjectures model. However, in the price reaction
model, private label ketchup producers respond
cooperatively to price changes by Heinz and Hunts and
do not respond to price changes by Del Monte. Thus,
each model paints a very different picture about the
nature of price coordination between ketchup brands.
This result is consistent with Liang who found that
estimated conjectured price reaction elasticities are not
aways consistent with observed price reaction
elasticities.

6. Summary and Conclusions

This paper has shown that it is possible to
incorporate “flexible’” demand systems into empirical
models of market power. Using a Rotterdam demand
system, a set of first-order conditions for firm profit
maximization is derived that are mathematically
tractable. However, there are severa limitations to this
approach. First, the derived first-order conditions are
non-linear in the parameters. Without utilizing some
simplifying assumptions, these non-linearities make the
empirical model difficult to solve.  The second
limitation, one that is shared with most attempts to
estimate firm conduct parameters, is that the estimated
conjectural price elasticity and price reaction elasticities
are treated as constant. It is likely that these elasticities,
and therefore firm conduct, will vary over time and
potentially across local markets as well. One reason
why firm conduct is treated as a constant over time and
local markets is that the number of unknown firm
conduct parameters likely exceeds the number of
observations in the data

For this research on estimating conjectural
elagticities to realy bear fruit, more work is needed
estimating conduct parameters that vary across time and
markets and to incorporate al available information in
the estimation process (e.g., that parameter | j; is really a
non-linear function of a; and h;, which is itself a
function of the estimated price and expenditure
elagticities, and the firm's conjectural elasticities.) One
promising avenue to deal with these issues may be to
utilize a maximum entropy approach (see Golan, et al.).
One of the strengths of maximum entropy is the case of
ill-posed problems, such as when the number of
parameters to be estimated exceeds the number of
observations in the data set. In addition, because it is
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implemented as a mathematical program, it may be
possible to include al | ; model parameter definitions as
model constraints.
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Table 1. Ketchup Brand Pricing Model

Ketchup Demand Equations

Sz dINdyz =ay(dINX - Sz dInpyz - Sy dIN Py - Spw d 1N ppy - SpLd I pp )+
dy(dInprz - dInpp)+dip(dInpyy - dinpp)+dis(dInppy - dinpp )+
wyd INPHSP +Kk,d In AGE +t 1,d IN%MER ;; +t 1,d IN%MER , +
t 130 IN%MER oy +t 1,d IN%MER p, +e;

Sy dInguy =a,(dINX - sz dInpyz - Sy dINpyy - Spy d Inppy - SpLd In pp )+
do (@ 1N prz - dinpp )+ dp(dInpry - dinppy)+dos(dinppy - dinpp )+
wod INnPHSP +k,dIn AGE +t 5d In%MER 7 +t »»d INn%MER y, +
t 3d IN%MER py +t 4d IN%MER p +e5

Som dIndpy =agz(dInX - 5z dinpyy - Sy dInpuy - Spw dInppy - SpL dInpp )+
dy (dInppz - dinpp )+dg(dInpyy - dinpp )+dg(dinppy - dinpp )+
wyd INPHSP +kad In AGE +t 5;d IN%MER j; +t 5d IN%MER ; +
+t 53d IN%MER )y, +t3,d IN%MER p +e5

Manufacturer Profit Maximization First-Order Conditions

dinpyz = !

(L- T11)spL *+Spzl 14
[SPL (hrﬁcz +1 11)' Shz | 14]d INapz +(spLl 12 - Shul1a)(d Inpy +dinguy )+
(SpLl 13- Som 1 1a)(dInpom +dIndpy )+ [l s - sp (i +112 #1145 +15)Jd Inx}+
ydInU/VOLy, +c4dINPRED ; +J,d IN%MER ,;; +Xx,d INCR4+¢e,

1

AP = (L- 12 )spL * Spul 24

[SPL@HCU +1 22)' Sy | 24]d INQuy +(Spl 21 - Szl 22)(d N Pz +dIngyz )+

(SpLl 23 Som ! 22)(d I poy +d Indpy )+ [l 24 - Sp (11 +1 20 +1 23 +1 54)Jd Inx}+

y od InU /VOL yy +c»d INPRED y +J,d IN%MER y +x5d INCR4 +eg
1

(- T )seL +Spm |
[SPL (hn'?cM +|33)' Spwm | 34]d Indpm + (spLl a1 - Shz! s )dIn ppz +dIngyz )+
(spLl a2 - syl aa)dInpuy +dingpy )+ [la - spL (o +1 g +1 g +1a)ld Inx}+
y 3d InU /VOL pyy +c3d INPRED pyy +J3d In%MER py +Xx3d INCR 4 + eg

1 1
dlnpp :m(mud INTP +n4d In SWT )+W{(SPL| s Suz O +14))
mc mc
(@Inprz +dinauz )+ (el a - spu OB +12))@In puy +dingyy )+
(pitas- som OB +144))dInpow +dIngou )+
[hmPcLJf|44'SPL(|41+|42+|43+|44)]d|”>(}Jr
y 4dInU /VOL p +Cc4d InPRED p +J,4dIn%MER p +x,4d INCR 4 +ey

{spL 120 INTP +n,d In SWT )+

{sp. (2,0 INTP +nd INSWT )+

dIn ppy

{sp. 5,d INTP +ngd InSWT )+

Ketchup Expenditure Equation
dinX =mdInpy; +mdInpy, +mdInppy +mdIinpp +b.dInps +bydinps +
badInpi+bydinp; +bgdinps +r,dININC +r1,d InIULI0K +r 5d INIO50K +

0,d INPHSP +g,d INnAGE +g4d IN%MERy; +9,d IN%MERy, +05d INYOMERp), +
ged INYMERp, +eg

(Continues)

Food Marketing Policy Center Research Report #43 14



Incorporating Flexible Demand Systems

Table 1 Continued

Variable Definitions:

HZ
HU
DM
PL
5

gj

X

P
PHSP
AGE
TP
SWT
UNOL
PRED
%MER
CR4

P
INC
IU10K
I050K

Heinz

Hunts

Del Monte

Private Label

market share of jth brand

quantity of jth brand

total ketchup expenditures

price of jth brand

percentage of regional population that is Hispanic
median age in region

price of tomato paste

price of sweetener

units per volume

average price reduction of products merchandised
percentage of sales with retailer merchandising
four firm concentration ratio of local grocery stores

average price of kth substitute or complement for ketchup

median household income
percent of households with income under $10,000
percent of households with income over $50,000

Food Marketing Policy Center Research Report #43
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Table 2. Demand and Expenditure Equation Parameter Estimates

Dependent Variables®
Quantity
Independent Variables® Heinz Hunts Del Monte Expenditure
Brand Prices
Heinz -0.43 -0.43
(0.032) (0.12)"
Hunts 0.18 -0.25 0.063
(0.026)° (0.029)° (0.092)
Del Monte 0.10 0.042 -0.18 0.033
(0.016)° (0.015)° (0.016)° (0.077)
Private Label -0.21
(0.16)
Real Expenditure” 0.68 0.14 0.010
(0.019)° (0.018)° (0.011)°
Percent Hispanic Population -0.076 0.059 0.013 0.021
(0.050) (0.051) (0.030) (0.15)
Median Age of Household Head -0.24 0.10 0.0005 0.80
(0.28) (0.29) (0.17) (0.82)
Other Group Prices’
Mayonnaise -0.35
(0.11)"
Mustard -0.38
(0.082)
Barbecue Sauce 0.35
(0.065)°
Hot Sauce -0.044
(0.067)
Steak Sauce 152
(0.11)"
Median Household Income -0.20
(0.092)”
% Households < $10,000 0.27
(0.22)
% Households > $50,000 -0.090
(0.18)
Percent Sales Merchandised
Heinz 0.015 -0.012 -0.0077 0.050
(0.0049)" (0.0045)" (0.0028)" (0.013)°
Hunts -0.025 0.037 -0.0043 0.014
(0.0045)" (0.0047)" (0.0026)"" (0.013)
Del Monte -0.0093 -0.00013 0.013 0.0049
(0.0038)" (0.0037) (0.0029)" (0.013)
Private Label -0.0033 0.0021 0.00038 -0.0045
(0.0024) (0.0023) (0.0014) (0.0095)
Equation Adjusted R? 901 596 509 423

Significant at 1% level

Significant at 5% level

All variables are measured in logarithmic differences.

Logarithmic change in real ketchup expenditures.

Aggregate price of complementary or substitute commodity groups.

*k

a
b

C
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Table 3. Estimated Brand Price and Expenditure Demand Elasticities

Price Expenditure
Heinz Hunts Del Monte Private Label
Expenditure Constant®
Heinz -1.43 0.058 0.072 0.12 1.19
(0.057)° (0.046) (0.029)° (0.028)° (0.033)°
Hunts 0.46 -1.32 0.14 0.069 0.65
(0.12)" (0.14)" (0.069)” (0.054) (0.082)°
Del Monte 0.48 0.22 -2.07 0.22 1.15
(0.18)" (0.17) (0.18)" (0.10)” (0.13)"
Private Label 0.87 0.13 0.21 -1.84 0.63
(0.13)" (0.094) (0.076)° (0.13)" (0.072)
Uncompensated” Income®
Heinz -1.94 0.13 0.11 -0.14 -0.23
(0.16)" (0.12) (0.095) (0.18) (0.11)”
Hunts 0.18 -1.27 0.16 -0.071 -0.13
(0.16) (0.15)" (0.086)" (0.12) (0.062)”
Del Monte -0.016 0.29 -2.03 -0.027 -0.23
(0.24) (0.19) (0.20)" (0.21) (0.11)”
Private Label 0.60 0.17 0.23 -1.98 -0.13
(0.16)" (0.12) (0.095)” (0.18)" (0.060)”

Food Marketing Policy Center Research Report #43

Significant at 1% level

Significant at 5% level

Significant at 10% level

Price elasticities are computed holding total ketchup expenditures constant.

Price elasticities taken into account the estimated effect of brand price changes on total ketchup expenditures. The
uncompensated price elasticities are computed as the compensated (or expenditure constant) price elasticity plusthe
expenditure elasticity times the group expenditure elasticity with respect to a brand price change. In other words:
el =ej +qim;,

where m is coefficient on brand price j in the expenditure equation.

The income elasticity is computed as the expenditure elasticity times the elasticity of ketchup expenditures with respect to
median income (i.e., the coefficient on median income in the expenditure equation).
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Table 4. Estimated Brand Merchandising Elasticities

Peterson and Cotterill

Heinz Hunts Del Monte Private Label
Expenditure Constant®
Heinz 0.026 -0.044 -0.016 -0.0058
(0.085)° (0.0078)" (0.0067)" (0.0042)
Hunts -0.054 0.17 -0.0006 0.0099
(0.021)° (0.022) (0.017) (0.011)
Del Monte -0.086 -0.048 0.14 0.0043
(0.031)° (0.029) (0.033)° (0.016)
Private Label 0.039 -0.060 -0.027 0.0066
(0.018)” (0.014) (0.014)” (0.0087)
Total Effects
Heinz 0.085 -0.027 -0.010 -0.011
(0.017)° (0.017)™ (0.017) (0.012)
Hunts -0.021 0.18 0.0026 -0.007
(0.021) (0.023)" (0.019) (0.012)
Del Monte -0.028 -0.031 0.15 -0.0009
(0.031) (0.032) (0.035)" (0.019)
Private Label 0.071 -0.051 -0.024 0.0037
(0.019)° (0.017)° (0.017) (0.011)

Significant at 1% level

Significant at 5% level

Significant at 10% level

Elasticities are computed holding total ketchup expenditures constant (t;/s;)

definitions.)

Food Marketing Policy Center Research Report #43

Total elasticities take into account the effect of merchandising on total ketchup expenditures: (t;; + a; g)/si. (Seetable 1 for
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Table 5. Parameter Estimates for Profit Maximization First-Order Conditions

Price Dependent Variables
Independent Variables or Parameters Heinz Hunts Del Monte Private L abel
'
' Heinz -0.048 0.77 -0.27 0.30
(0.15) (0.26)" (0.27) (0.14)”
Hunts 0.17 0.22 -0.065 0.11
(0.058)° (0.096)” (0.10) (0.054)”
Del Monte 0.057 0.092 -0.19 0.031
(0.023)” (0.029)° (0.065)° (0.017)™
Private Label 0.39 0.34 0.10 0.11
(0.055)° (0.072) (0.061) (0.040)°
Margina Cost Elagticity (hpc) 0.13 -0.043 -0.031 o
(0.041) (0.033) (0.045)
Input Prices
Tomato Paste 0.11 0.16 0.073 0.094
(0.049)” (0.067)” (0.073) (0.043)”
Sweeteners 0.0049 -0.034 -0.087 -0.0021
(0.013) (0.015)” (0.019)° (0.011)
Units/Volume -0.094 -0.44 -0.36 -0.59
(0.028)° (0.071)° (0.061)° (0.059)°
Percent Merchandised -0.017 -0.035 0.0004 -0.029
(0.0036)" (0.0092)" (0.014) (0.0033)"
Percent Price Reduction -0.023 -0.063 -0.042 -0.038
(0.0032)" (0.0092)" (0.0073)" (0.0042)"
Grocery Store CR4 0.0011 -0.019 0.053 0.016
(0.025) (0.074) (0.087) (0.067)
Equation Adjusted R? 0.878 0.620 0.593 0.359

Significant at 1% level
Significant at 5% level
Significant at 10% level

*k

Initial attempts to estimate the marginal cost elasticity for private label products lead to unstable parameters estimates for the
entire equation. Because theinitial estimates indicated the marginal cost elasticity for private label ketchup not to be
significantly different than zero, (e.g., private label ketchup is produced at a point of constant returns to scale technology) this

parameter is set equal to zero and the model re-estimated. This choice had little or no effects on parameter estimates in other
equations.
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Table 6. Ketchup Brand Pricing Model with Approximated Price Reaction Functions
Ketchup Demand Equations

Sz dIndyz =ay(dInX - 57 dInpz - Sy d Ny - Spm dINpPpy - SpLdInppy ) +
dyq(dIn prz - dInpp ) +dyo(d In py - dInpp ) +dia(dInppy - dnpe )+
wid INPHSP +kd In AGE +t 1,d IN%MER,;; +t 1,d IN%MER,, +
t 150 IN%MERpy, +t 14d IN%MERp, +e;

Shu dInGuy =az(dINX - Spz dIn Pz - Sy d 1N Py - Som d 1N Py - Sprd 1N Pp )+
d2(dIn Pz - dInppp )+ d(d N Py - d 1IN ppy ) +ds(d N oy - d 1IN ppy )+
W.d INPHSP +K 50 In AGE +t 5d IN%MER,; +t 5,d IN%MERy, +
t ,5d IN%MERpy, +t 240 IN%MERp, +é,

spw dIndpy =a3(dIn X - Sz dInpyz - Sy dIN Py - Spw dIn Py - SpLdIn e )+
day(d 1N ppz - dInppy)+dzy(d INpry - dInppy ) +dgs(dIn poy - dinppy )+
Wsd INPHSP +k 5d In AGE +t 5,d IN%MERy;; +t 5,d IN%MER,,, +
+t 550 IN%MER gy +t 340 IN%MERp, +e5

First-Order Approximations of Manufacturer Price Reaction Functions

dinpyz =1 p0Inpyy +113d 1IN ppy +114d I pp +n11d INTP +n45d INSWT +i,d In X +
y 1dInU /VOLy7 +c4d INPREDyz +J1d IN%MER}7z +X4d INCR4+p-d INPHSP +
S yzd INAGE +¢4

dinpyy =1 dInpyz +1 250 INppy +1 24d INppp +N51d INTP +n505d INSWT +iydIn X +
y »,d InU /VOLy, +cod INPREDy, +J,d IN%MER, +X,d INCR4+p,dINnPHSP +
S qud INAGE +e4

dinppy =13dInpyz +13dInpyy +1 340 N pp. +N31d INTP +n5,d INSWT +ipydIn X +
y 3dInU /VOLpy +c3d INPREDpy +J3d IN%MERp)y +X3d INCR4+ppyd INPHSP +
S pmd INAGE +eg

dinpp. =1 4dInpyz +1 .d INpyy +1 430 IN Py +N41d INTP +n4od INSWT +ip dInX +
y 4d1InU /VOLp, +c,4dINPREDp; +J,4d IN%MERp +x,d INCR4+pp dINPHSP +
Sp dINAGE +e;

Ketchup Expenditure Equation

dinX =mdInpyz +mdInpyy +mydInppy +mydIn pp +byd Inpf +bydinps +
badInps+bydinpi +bsdInps +r,dInINC +r,dInlU10K +1 5d InIO50K +
0:,d InPHSP +g,d In AGE +g3d IN%MERy; +94d IN%MERy, +95d IN%MERpy, +
ged IN%MERp, +eg

(continues)
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Table 6. (continued)

Variable Definitions:

HZ
HU
DM
PL

5

gj

X

P
PHSP
AGE
TP
SWT
UNOL
PRED
%MER
CR4

Pk
INC
IU10K
I050K

Heinz

Hunts

Del Monte

Private Label

market share of jth brand

quantity of jth brand

total ketchup expenditures

price of jth brand

percentage of regional population that is Hispanic
median age in region

price of tomato paste

price of sweetener

units per volume

average price reduction of products merchandised
percentage of sales with merchandising

four firm concentration ratio of local grocery stores

average price of kth substitute or complement for ketchup

median household income
percent of households with income under $10,000
percent of households with income over $50,000

Food Marketing Policy Center Research Report #43
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Table 7. Demand and Expenditure Equation Parameter Estimates for Brand Pricing Model with Approximated Price Reaction
Functions

Dependent Variables®
Quantity
Independent Variables® Heinz Hunts Del Monte Expenditure
Brand Prices
Heinz -0.40 --P --P -0.45
(0.035)° (0.12)"
Hunts 0.16 -0.24 --P 0.036
(0.027) (0.030)° (0.091)
Del Monte 0.10 0.043 -0.18 0.031
(0.018)° (0.016)° (0.017) (0.078)
Private Label -0.18
(0.15)
Real Expenditure® 0.68 0.12 0.010
(0.019)° (0.018)° (0.012)°
Percent Hispanic Population -0.10 0.068 0.012 0.017
(0.055)" (0.053) (0.034) (0.15)
Median Age of Household Head -0.55 0.14 0.17 0.76
(0.31)™ (0.30) (0.19) (0.83)
Other Group Prices’
Mayonnaise -0.29
(0.10)"
Mustard -0.35
(0.081)°
Barbecue Sauce 0.44
(0.064)°
Hot Sauce -0.013
(0.066)
Steak Sauce 1.50
(0.11)"
Median Household Income -0.20
(0.090)”
% Households < $10,000 0.20
(0.22)
% Households > $50,000 -0.010
(0.18)
Percent Sales Merchandised
Heinz 0.016 -0.0063 -0.0071 0.062
(0.0050)" (0.0045) (0.0030) (0.013)°
Hunts -0.025 0.038 -0.0034 0.017
(0.0048)" (0.0048)" (0.0028) (0.013)
Del Monte -0.0093 0.00078 0.013 0.0095
(0.0041)" (0.0037) (0.0030)" (0.013)
Private Label -0.0075 0.0018 -0.0033 -0.0045
(0.0025)" (0.0023) (0.0016)" (0.0092)
Equation Adjusted R? 901 583 514 428

Significant at 1% level

Significant at 5% level

All variables are measured in logarithmic differences.

Parameter estimates are determined via symmetry conditions.
Logarithmic change in real ketchup expenditures.

Aggregate price of complementary or substitute commodity groups.

*k

o o T o
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Table 8. Parameter Estimates for Profit Maximization First-Order Conditions for Brand Pricing Model with Approximated Price
Reaction Functions

Price Dependent Variables
Independent Variables or Parameters Heinz Hunts Del Monte Private L abel
'
' Heinz 0.056 0.23 0.094
(0.045) (0.067)° (0.036)
Hunts 0.024 0.031 0.049
(0.031) (0.049) (0.026)"
Del Monte 0.062 0.031 0.011
(0.024) (0.026) (0.002)
Private Label 0.14 0.11 -0.073
(0.048)° (0.052)” (0.076)
Input Prices
Tomato Paste 0.020 0.11 0.038 0.091
(0.049) (0.051)” (0.076) (0.041)”
Sweeteners 0.025 -0.030 -0.053 0.0051
(0.013)™ (0.012)” (0.018)° (0.010)
Units/Volume -0.40 -0.53 -0.66 -0.64
(0.079)° (0.044) (0.061)° (0.057)°
Percent Merchandised -0.067 -0.072 -0.093 -0.032
(0.0057)" (0.0052)" (0.0068)" (0.0028)"
Percent Price Reduction -0.088 -0.10 -0.086 -0.042
(0.0054)" (0.0058)" (0.0067)" (0.0042)"
Grocery Store CR4 0.026 0.027 0.11 0.048
(0.071) (0.075) (0.12) (0.061)
Ketchup Expenditures 0.038 0.0060 0.14 0.056
(0.031) (0.027) (0.040)° (0.022)
Percent Hispanic Population 0.062 0.079 -0.053 0.078
(0.066) (0.074) (0.12) (0.057)
Median Age of Household Head 0.43 1.16 0.38 0.076
(0.38) (0.43)" (0.62) (0.33)
Equation Adjusted R? 0.529 0.607 0.471 0.474

3

Significant at 1% level
Significant at 5% level
Significant at 10% level

*k

*kKk

Food Marketing Policy Center Research Report #43

23



Incorporating Flexible Demand Systems Peterson and Cotterill

Table 9. Estimated Brand Price and Expenditure Demand Elasticities for Model with Approximated Price Reaction Functions

Price Expenditure
Heinz Hunts Del Monte Private Label
Expenditure Constant®
Heinz -1.39 0.024 0.063 0.11 1.19
(0.060)° (0.048) (0.032)” (0.032) (0.033)°
Hunts 0.43 -1.24 0.15 0.12 0.54
(0.13)" (0.14)" (0.073)” (0.067)" (0.083)°
Del Monte 0.44 0.23 -2.15 0.36 1.12
(0.20)" (0.18) (0.19)" (0.13)" (0.13)"
Private Label 0.72 0.15 0.29 -1.99 0.84
(0.14)" (0.12) (0.092)° (0.16)" (0.072)
Uncompensated” Income®
Heinz -1.91 0.067 0.10 -0.10 -0.24
(0.16)" (0.12) (0.097) (0.19) (0.11)”
Hunts 0.19 -1.22 0.16 0.022 -0.11
(0.16) (0.15)" (0.087)" (0.11) (0.052)”
Del Monte -0.059 0.27 -2.12 0.16 -0.22
(0.26) (0.20) (0.20)" (0.22) (0.10)”
Private Label 0.35 0.18 0.32 -2.14 -0.16
(0.18)” (0.14) (0.11)" (0.21)" (0.077)”

Significant at 1% level

Significant at 5% level

Significant at 10% level

Price elasticities are computed holding total ketchup expenditures constant.

Price elasticities taken into account the estimated effect of brand price changes on total ketchup expenditures. The
uncompensated price elasticities are computed as the compensated (or expenditure constant) price elasticity plusthe
expenditure elasticity times the group expenditure elasticity with respect to a brand price change. In other words:
el =ej +qim;,

where m is coefficient on brand price j in the expenditure equation.

The income elasticity is computed as the expenditure elasticity times the elasticity of ketchup expenditures with respect to
median income (i.e., the coefficient on median income in the expenditure equation).

Table 10. Predicted Price Responses Between Brands®

Model with Derived Firm FOC

Heinz Hunts Del Monte Private Label
Heinz (+) (+) (+)
Hunts ) ¢ )
Del Monte 0 0 )
Private Label ) ) )
Model with Approximated Price Reaction Functions

Heinz 0 (+) (+)
Hunts 0 0 (+)
Del Monte (+) 0 0
Private L abel (+) (+) 0

a

This table presents the predicted direction of price responsivenessto achangein arival’s price. A (+) indicates that the firm
follows the rivals price change, (-) indicates that the firm takes the opposite action of arival, and 0 indicates that the firm
does not respond to arival’s price change.

Food Marketing Policy Center Research Report #43 24



Incorporating Flexible Demand Systems Peterson and Cotterill
Appendix

Table A1l. Regional Markets Included in Study

Region

Atlanta
Baltimore/Washington D.C.
Birmingham
Chicago
Cincinnati/Dayton
Columbus, OH
Dallag/Ft. Worth
Denver

Detroit

Grand Rapids
Hartford/Springfield
Houston
Indianapolis
Jacksonville

Kansas City

Little Rock

Los Angeles
Louisville

Memphis

Miami/Ft. Lauderdale
Milwaukee
Minneapolis/St. Paul
Nashville

New Orleans/Mobile
New York
Oklahoma City
Omaha

Orlando
Philadelphia
Phoenix/Tucson
Portland, OR
Raleigh/Greensboro
Sacramento

Salt Lake City

San Antonio

San Diego

San Francisco/Oakland
Seattle/Tacoma

St. Louis

Tampa/St. Petersburg
Wichita
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Table A2. Descriptive Statistics

Peterson and Cotterill

Name Mean Standard Minimum Maximum
Deviation
Budget Shares (s;)
Heinz 0.572 0.121 0.288 0.910
Hunts 0.217 0.109 0.036 0.515
Del Monte 0.090 0.065 0.003 0.307
Private Label 0.121 0.049 0.014 0.292
Ketchup Brand Prices (p;) $/b.
Heinz 0.797 0.080 0.564 1.073
Hunts 0.712 0.102 0.478 1.022
Del Monte 0.631 0.097 0.427 0.937
Private Label 0.564 0.079 0.412 0.842
Units per Volume (U/VOL)
Heinz 1.89 0.08 164 2.13
Hunts 1.87 0.16 1.48 231
Del Monte 1.87 0.13 1.07 2.35
Private Label 1.80 0.10 151 222
Percent of Volume Merchandised (%MER)
Heinz 38.3 14.7 0.5 86.6
Hunts 47.7 16.4 5.7 89.0
Del Monte 56.6 17.7 3.8 98.3
Private Label 354 16.7 2.2 92.3
Average Price Reduction of Products Merchandised
(PRED)
Heinz 214 75 7.4 49.8
Hunts 21.3 75 6.6 45.1
Del Monte 220 7.7 6.7 52.5
Private Label 19.0 6.6 6.0 46.1
Tota Ketchup Expenditures (X) 1232730.4 1183249.9 181208.1 8050906.2
Hispanic Percent of Population (HISP) 7.8 10.0 0.1 48.7
Median age (AGE) 33.0 24 24.1 41.8
Median Household Income (INC) 32359.9 7047.7 20729.0 53429.0
Percent of Households with Income < $10,000 15.0 3.2 79 24.2
(IU10K)
Percent of Households with Income > $50,000 24.3 6.4 124 449
(IU10K)
Price of Tomato Paste (TP) 0.423 0.098 0.278 0.58
Price of Sweetener (SWT) 21.7 3.0 14.4 27.0
Local Grocery 4-Firm Concentration (CR4) 64.9 125 30.2 88.1
Average Price of Substitutes ( pls( ) ¥lb.
Mayonnaise 0.969 0.123 0.639 1.272
Mustard 1.222 0.219 0.736 1.838
Barbecue Sauce 1.201 0.173 0.844 1.794
Hot Sauce 2.063 0.658 1.145 5.155
Steak/Worcestershire Sauce 3.500 0.415 2.332 4.611
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