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By treating the distribution servicts provided by retailers as fixed inputs into the household'sproduction activities, we obtain a number of new results with respect to the own and cross-priceelasticities of demand for items in a retail assortment as well as with respect to a new concept -the distribution services elasticity of demand for items in,a retail assortment. This treatment ofthe household production model shows that there are pervasive tendencies toward grosscomplementarity among items in any given retailer's assonment as well as between the items in any given retailer's assortment and the distribution services offered by the retailer. Thesetendencies are instrumental in understanding the nature of competition among retailers and the
creation of retail agglomerations. 

1. Introduction 
Retail firms provide consumers with a variety of distribution services, such 

as accessibility of location, product assortment, ambiance, assurance of 
product delivery at the desired time and in the desired form, and information 
[cf. Betancourt and Gautschi (1988)]. Hicher levels of these services cost the
firms more but reduce costs of their customers. The potential shifting of thesedistribution costs between consumers and retailers is one of the essential 
characteristics of retail markets and it has important economic consequences. 

*The ideas in this paper at various stages of elaboration were presented in seminars at
Georgetown University and the University of Maryland. An earlier version of the paper wasalso presented at the INSEAD Telecommunications Conference (Fontainebleau. June 1987) andat the meetings ol the Eastern Economic Association (Boston, March 1988). We thank theparticipants in these seminars, the discussants of the paper, M. Perry and J.Anderson, as well asIra Horowitz for their comments without incriminating them for the results. The final version ofthe paper has benefited from R. Day's editorial suggestions. Both authors also gratefully
acknowledge INSEAD's financial support for this research project. 
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For instance. Hotelling's (1929) finding that competition on location i, 
always dctrimental to consumers (when prices are fixed), Sharkey (1982 topic clost 
ch. 4), is invalidated if this shifting in distribution costs is allowed to take demand si 
place [Betancourt and Gautschi (1989)]. More generally, these distributio on the (san 
services are an important source of product differentiation in retail markets store'., loca 
Indeed. the present contribution is a detailed reformulation of demand and Matut, 
partially inspired by recent work on product differentiation, e.g., Perry and there is a 
Groff (1985). and by Chamberlin's (1962) seminal analysis of monopolistic combinatioi 
competition. velops the c 

In this paper we postulate a household production model in which the The hous 
retailer's distribution services act as fixed inputs into the household's (1966), Bec, 
production activities. We then derive the effects of changes in prices and time in co: 
distribution services. The focus of our investigation is on the implications of especially to 
this formulation for demand analysis. We analyze first the own (uncompen- (1937)]. Mu 
sated) price elasticity of demand for retail products. A two-stage formulation econoi.ic to 
of the model leads to ",natural decomposition of a price change into a to produce c 
production effect and a consumption effect, which can be analyzed separately assumptions 
and are reminiscent of the Slutsky decomposition of standard consumer their applica 
theory. Subsequeatly, by analyzing the (uncompensated) cross-price elasticity model in the 
of demand for retail items, we are able to explain why the majority of items topics in the 
in th. assortment of a retailer will be gross complements from the point of of the Becke, 
view of the household production model. We then analyze the distribution in a contrib 
services elasticity of demand in a manner that generates results perfectly exchan 3e (19 
comparable to those obtained with respect to price changes.' An important provide a clc 
finding is the pervasive tendency for the distribution services of a retailer to stage procedu 
be gross complements with the items in his or her assortment. These gross The approx. 
complementarities provide powerful incentives on the demand side for the tion of the de 
creation of retail agglomerations including, for exarrple, shopping centers work. If inte 
and shopping malls. McConnell (1, 

Contributions to the marketing literature have often made the point that 
the role of distribution is more than just providing market goods. For 
instance, Bucklin (1966) views the 'product' of distribution .'as a mix of 
market goods in conjunction with an array of services...' More specifically, We develop 
in the context of retailing, Ingene (1984) notes the possibility of a shifting of by Deaton at 
distribution costs between consumers and retailers. Nevertheless, until very described as fo 
recently, these ideas were put forth in an informal manner which limited their 
applicability and further development. Several recent papers have moved the Min p( 

Q 
'Our analysis generalizes to any other determinant of con.umption behavior that can be 

viewed as a fixed input into the houschold .,production activities. Incidentally, Barten (1977, pp. where Q is a v,
36-37) notes a related feature in the standard approach to the analysis of consumer behavior in production, 
and Dreze and Hagen (1978, Appendix) provide a similar formalization with respect to the retailers as we 
!nput-output coefficient in Lancaster's linear technology model. Neither one of these contribu
tions, however, exploits the economic implications of the result. actoit e p i 

:ost of the hou 
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topic closer to formal analysis. For instance, Bliss (1988) postulates ademand side for a retail market in which an indirect utility function dependson the (sa-ne) wholesale prices plus a mark-up, which varies according to thestore's loca n. and an income net of transport cost. On the other hand, Laland Matutes (1989) postulates a demand side for a retail market in whichthere is a uniform distribution of consumers with torespect variouscombinations of distribution services offered by stores. Neither paper de
velops the demand side of the analysis in any detail. 

The household production model was introduced in the 1960's by Muth 
(1966), Becker (1965) and Lancaster (1966). Becker's emphasis on the role of 
time in consumption activities spurred a large number of applications, 
especially to non-standard topics such as the economics of the family [Willis 
(1987)]. Muth and Lancaster were concerned with applications to standard 
economic topics, for example the use of specific market goods or retail items 
to produce commodities such as food or nutrition, but the use of restrictive 
assumptions on the specifications of the household's technology has limited 
their applicability. The analysis in this paper follows the specifications of the 
model in the Becker tradition but applies this specification to the ana'ysis of 
topics in the Muth and Lancaster tradition. Many of the technical properties 
of the Becker formulation of the household production model were claified
in a contribution by Pollak and Wachter (1975) and in a subsequentexchange (1977) with Barnett (1977). Finally, Deaton and Muellbauer (1980) 

provide a clear and concise presentation of the model, including the two
stage procedure that provides the point of departure for our own analysis.

The approach presented here should serve as a useful formal characterization of the demand side of retail markets in future thcoretical and empirical 
work. If integrated with the welfare analysis provided in Bockstael and 
McConnell (1983, section 3), it should also prove useful for policy evaluation. 

2. The model 

We develop the household production model in the two-stage form used 
by Deaton and Muellbauer (1980, pp. 245-254). The first stage can be 
described as follows: 

MinpQ s.t. h(Q,D,Z)=O, (1)
Q 

where Q is a vector of all the goods and services employed by the household 

in production, including the goods and services purchased from different
retailers as well as the time employed by the household in production
activities. p is a corresponding vector of prices, including the opportunity 
cost of the household's time. D is a vector of distribution services provided 

IL.E11O.C 
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by the retailers which the household patronizes in its purchase activities. Z isthe vector of commodities produced by the household, which are the onesthat yield satisfaction or utility directly. h(.) is a quasi-convex transformation 
function. 

The result of this optimization procedure is the cost function below 

C(p, D, Z). (2) 
This function has the following properties: Non-decreasing concave andlinear homogeneous in prices, increasing in outputs (the elements of Z) andnonincreasing in distribution services (the elements of D). The last propertyfollows from assuming that the distribution services provided by a retaileract as fixed inputs into the household's 

manner that production activities. It is inthe shifting of distribution this 
retailers can be captured .rmally 

costs between consumers and 
Lemma that the 

in the model. It follows from Shephard'sconditional or Hicksian demand function forpurchased fi'om a particular retailer will be given by 
a good 

Qk=Ck =C/Opk=gk(p,D,Z), k= l,...,K. (3) 
In the second stageoptimal the household maximizeslevels of the commodities utility, by choosing thethat yield satisfaction, subjectconstraint that the household's full income (W) 

to the 
be sufficient to cover thecosts of producing the commodities, i.e., 

Max U(Z) s.t. W-_C(p,D,Z), 

where U(Z) is an 
 increasing, strictly quasi-concave utility fuuction.first-order conditions for an Theinterior solution are given by 

Ui(Z)=;Ci(p,D,Z), i=....j 
(4) 

W ~ ,A Z ,(5) 

where Ui=aU/6Zi, Ci=aC/8Ztand A is the usual Lagrange multiplier. Thesolution of (4) and (5) yields the demand functions for the commodities, i.e., 
Zi= fj(p,D, W), i1,.... 

(6)
Finally, substitution of (6) into (3) yields the Marshallian or uncompensateddemand functions for any item purchased from a retailer, 

Qk=gk[p,D,f(p,D,W)], k= 1,...,K. 
(7) 
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3. The own-price elasticity of demand for retail items 

The two-stage formulation of the model leads to a natural decomposition 
,of the effects of a price change analogous to the Slutsky decomposition of 
standard consumer theory. That is. the own price elasticity of demand for a 
retail item obtained from (7) can be written as 

r.., = + , (8) 

where 

tkke=QA/Opk)(pkQO) 

CA =(PQ /Oph IZ)(pkl'Qk), 

wki=(z QA/cZi)(Z,/Qk) and / 

The fist term on the RHS of (8) is the production effect of a price change. 
li represents the percentage change in the quantity demanded of the kth item 
or input given the levels of production of the commodities that yield 
satisfaction. From (3), it must always be nonpositive by the concavity of the 
cost function. 

The second ierm in (8) is the consumption effect of a price change. It 
captures the percentage change in the demand for the kth item as a result of 
the changes in the demand for commodities induced by the change in the 
costs of producing these commodities. Wki represents the percentage change 
in the usage of input Qk as a result of a percentage change in the output of 

Z,. Throughout we will assume that there are no regressive inputs in 
production [Hicks (1946)]; consequently, w T>0, is the elasticityqik of 
demand of the ith commodity with respect to a change in the price of the kth 
i1.cm or input. 

Just as in the analysis of the income effect of standard consumer theory, it 
is useful to derive sufficient conditions for the consumption effect to be 
negative. In contrast to that case. however, there are two sets of sufficient 
conditions for the consumption effect to be negative which are of interest. 

conditions are stated in the following theorems.2 

Thcorem 1. When an item in a retailer's assortment is used by the householdin the production of ever)' commodity, the consumption effect of a change in the 

price of that item will always be negative. Moreover, the demand for this itemmust be elastic. 

2The proofs for these two theorems as well as the proofs for all ,ubsequent ones are provided 
in the Appendix. 
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A second set of sulicient conditions for the consumption effect to benegative provides a result analogous to the standard case. Nawmely, full 
Theorem 2. clas,When an item in a retailer's assortment is used exclusively in the circtproduction of a single commodity, the consumption effect will be negative if thecommodity is a normal commodity 	 sugain the sense of having a positive incomeeffect. 	 ar% 

relc% 
These two theorems identify two forces 	 then,basic leadingconsumption effect. First, each 	

to a negative
product price elasticity of demandcommodity (rqik) 	 for a Txecwill tend to be negative for the same reasonstandard consumer 	 as in the case of exch,theory. Secondly, even if some of them are noi aweighted average 	 indefof these elasticities must lead to a negative number byCournot aggregation. Given that the production effect is always negative,one concludes that the own uncompensated price elasticity of demand for 

Tu 
kctail iteras 	 a nu:(rkk) is negative. Less transparently, Theorem I suggestsretail items which 	 that consi,are used by the household in the production of many previ,different commodities will have more eiastic demands than those which areused by the household in the production of a single community, other thingsequal. An important input that 	 Theoifalls into this category is the household's the p,time. 

Theo. 
produ 

4. The cross-price elasticity of demand for retail items	 the co 
From the uuncompensated demand function in (7), we obtain the cross- negatiprice elasticity of demand for any items in a retail assortment, compi 

consui,(9) towart 
where wherethe 	 is furt 

a-= (aQk/P,)(p,/Qj) and e*-=(eQk/apij Z)(p,/Qk)" comm,Eq. (9)suggests the following definitions. 
Theori 

)efinition 1. 	 househTwo items in an assortment are net substitutes, independent oromplements as the production effect (Et) 	 joint p)is positive, zero, negative,orespectively. 	 are (nf 
goods, 

lefinition 2. Two items in an assortment are gross substitutes, independentr complements as the sum (ckx)of the production effect and the consump-
The 

purchaon effect is positive, zero, or negative, respectively. To s 
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.,.,, --R.R. BelancoUrt ana L. UumatH , 

When two items are used in the production of the same commodity, the 
I is available and the 

full range of possibilities encompassed by Definition 
specificanother must depend on

classification of items into one category or 

circumstances. For example the classifications of roffee and tea or coffee and 

sugar as substitutes or complements are well defined only when these items 

are viewed as inputs into the production of the same commodity, and the 
1. This interpretation is streng

relevant definition being used is Definition 

thened by the following theorem. 

If there is no joint production of commodities, any two items used 
Theorem 3. 

production of dijfcrent commodities will be NET 
exclusively in the 
independents. 

Turnirng to the consumption effect, i.e., the second term on the 	RHS of (9), 
to start by 

a number of possibilities must be considered. It is convenient 
the theorems of the 

considering two possibilities that correspond to two 

previous section. 

Theorem 1'. If two items in the retailassortment are used by the household in 
the production of every commodity, the consumption effect will be negative. 

If two items in the retail assortment are used exclusively in theThecrem 2'. 
production of the same commodity, (n), the consumption effect will be negative if 

the commodity has a pcsitive income effect. 

An implication of these two results is that the consumption effect, by being 

a force driving all items in the assortment toward grossnegative, is 
complementarity. Indeed, a similar force exists in the standard analysis of the 

that goods are normal. This tendencyconsumer under the assumption 
toward gross complementarity, which has not been stressed in the literature, 

is further illustrated by considering the consumption effect wher. two items in 

the assortment are used exclusively in the production of different 

commodities. 

a retail assortment are used exclusively by theTheorem 4. If two items in 
house hold in the production of different commodities (n,m), in the absence of 

even if the commoditieswill be gross comp:ements
joint production, these item.s normal(net) substitutes in consumption, provided hat the commodities arm 

goods and that the income effect is 'sufficiently strong.' 

is that most items
The main economic implication of the foregoing 

purchasedby the household from a retailerwill be gross complements. 
used by the household either in the

To see this, consider items that are 
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production of ever), commodity or exclusively in tile production of the samecommodity, as discussed in Theorems V and If these2'. itemsindependent or complements in production, they will 
are net with 

also be ross complements. Moreover, even if these items are substitutes in production they willstill be gross complements if the consumption effect dominates the prodiic
tion effect.

Next consider items used by the household exclusively in the production ofdifferent commodities, as discussed in 
wher 

Theorem 4. If these items are used inthe production of commodities that are net independent or complements inconsumption, the items will be gross complements. Even if these items areused in the production of commodities that are nct substitutes in consumption, the items will still be gross complements if the income effect dominatesthe substitution effect. While situations in which two items purchased from a 
Eq 

retailer are gross substitutes can in principle be constructed, the analysis in Defin;this section suggests that such situations are far less common than situmions assorwhere gross complementarity prevails.' 
comp 

positi5.The services elasticity of demand for retail items Wh 
In this section we turn to consider the most novel and important feature of indeptthe model for the analysis of retail markets, namely, the services elasticity of the h,demand. Retail firms offer consumers a set of explicit products or services for assunepurcnase together with various levels of distribution services such as acces- tutabisibility of location, information, etc. In the present model the levels of thesedistribution services Ontappear as inputs thefixed in households productionactivities, i.e., as inputelements of the D vector. Hence, if a retailer increases the distriblevels of these services the costs to the household of producingof commodities a given level with Imust not increase and will usually decrease.Distribution services partictwill be classified as common or specific in the assura
subsequent discussion. A common distribution service, such as accessibility oflocation, is one that is a' ailable to all the explicit products offered 

of the: 

reailer. If two stores instead of a single store are 
by a its owl 

located in a given market Eq. iarea, the increased accessibility of location is provided for all items that the
household may purchase fromn each 
store. By contrast a specific distributionservice, example Definit,for information on the price of an item, is one tnat is retaileravailable to one particular item that the household may purchase.From the uicompcnsated demand function in (7), we can also obtain the
 
'Parenthetically, the identification of items 
 that are gross complements and have high for the c(absolute) values of the cross-price elasticity of demand underlies the rationale for market basketpricing and for what the retailing literature calls quantity

[Albion (1983)]. In a related 
one way cross-price elasticities of demand' services
paper addressed to the marketing literature, BetancourtGautschi (90), we derive the implications of and decreasinour analysis ior thisregardless of the type of usage of an 

issue and show that, ifQ,an,item in household production, the items most useful as consisten:traffic builders are those that constitute a large share of the consumer's budget. concptu 

fb
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services elasticity of demand for an), item in a particular retailer's assortmentwith respect to the jit distribution service. Namely
 

Ckj + Wkil1ij, k K, j .J, 
 (10) 

where 
Lkj=(iJQk/0/ j)(Dj/Qj) 'j =(aQ/lDJIZ)DJ/Qk, 

(okt=(Qk/?Zj)tZi/Q) and qj=(0ZjDj)D,/Zi. 

Eq. (10) suggests the following definition. 

EDefinition 3. A distribution service of a retailer and an item in this retailer'sassortment that may be purchased by the household, i.e., k= 1....K, are net 
complements, independent or substitutes as the production effect (Ek'j) is
positive, zero or negative. ' 

While one would expect the distribution services of a retailer to be netindependent or complements with the items in the retailer's assortment thatthe household may purchase, it is difficult to rulk out in general, except byassumption, special sets of circumstances in which a relation of net substi
tutability may ari- .

One important relation of net substitutability arises with respect to theinput of the household's time in the production of commodities. Severaldistribution services, by their very nature, are net substitutes in productionwith the household's own time in purchase activities. We are referring inparticular to accessibility of location, extent of product assortment, degree ofassurance of product delivery and level of information services. Higher levelsof these distribution services diminish the need for the household to employits own time in travel and search activities at any given level of Zj's.

Eq. (10) 
 also suggests the following definition. 

Definition 4. A distribution service of a retailer and any item in thisretailer's assortment that may b- purchased by the household are gross 

'Incidentally, this definition is perfectly consistent with Definitionfor the difference in sign is that the elasticity is being defined I of section 4. The reasonwith respect to a change in a 
quantity rather than a price. For instance, in a conceptual experiment where the distributionservices werr offered by a retailer at an explicit price (p). wedecreasing Dj by the concavity of the cos. function), which in turn 

would 
would

have: 
imply

an 
a decrease in Q& 

increase in Pj 
if Q, ani Dj are complements. Since the behavior of the restricted cost functionconsistent with the behavior of the must beunrestricted one, Definition 3 is consistent with this
conceptual experiment. 

(
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complements, independent or substitutes as the sum (Ekj) of the production dr 
effect and the consumption effect is positive, zero or negative. 

Given this definition, it is of interest to explore the circumstances in 
generating positive consumption effects. These circumstances are summarized 
in the following theorems: fo 

suTheorem 5. If an item in an assortment is used in the production of every

commodity bj' the household, the consumption effect of a change in distribution
 
services will always be positive.
 

Theorem 6. If a:a item is used exclusively in the production of a Cosingle as 
commodity (n), the consumption effect q] a change in a specific distribution tht 
service will always be positive if the commodity has a positive income effect. pri 

Theorem 6'. If an item is used exclusively in the production of a single 
commodity (n), the consumption effect of a change in a common distribution
 
service, which affects all marginal costs in the same proportion, will always be
 
positive if the commodity has a positive income effect. 
 bu 

The most direct economic implication of these results is that the distribu- de,
va 

tion services provided by a retailer will tend to be gross complements with every a 
item in this retailer's assortment that may be purchased by the household. It is ite 
useful to examine some of the conditions under which the results will be 
strongest, in the sense of leading to the iargest (positive) values of the tht 
distribution services elasticity of demand. First, the percentage reduction in f r 
the costs to the household of an increase in a distribution service (Sj) by the ch;
retailer is likely to be much higher for distribution services that are common ha 
inputs and affect many of the household activities than for those that are 
specific inputs and only affect the costs of purchasing a particular item. & 
Second, the same common input, for example accessibility of location, may
be a greater source of gross complementarity in an area where the" 
opportunity cost of time is high than in an area where it is low, because an ho 
increase in this service generates a larger reduction in costs for a household th 
with a high opportunity cost of time than for one with a low valuation of 
time. Finally, specialty retailers who provide items that are a small share of dis 
the consumer budget may be able to increase demand for these items res 
considerably by providing a distribution service that is a net complement on 
with these items and that contributes to a substantial reduction in costs. tht 

tht
 

6. Implications 

The above analysis suggests that the consumption effect is a powerful force pro 



267 
product.% 

,)of the productio 

the circumstance 
ices arc summarize( 

prodw-i-fn of everi 
hange inin distributio lrodn,.e
difreberot 

,duction of a single 
specic distribution 
te income effect. 

duction of a single 
common distriburion 
rtion, will always be 

is that the distribu-
thehosen w it.ei's 
the household. It is 
the results will be 

tire) values of the 
-ntage reduction in 

service (S) by the 
s that are common 
for those that are 
a particular item, 

y of location, may 
I area where the' 
is low, because an 
ts for a household 

a low valuation of 
re a small share of 
d for these items 
a net complement 
"tion in costs, 

is a powerful force 

R.R. Betancourt and D. Gautschi. The demandfor retail products 

driving the demand for the items in a retailer's assortment toward gross 
complementarity. With respect to price changes, gross substitutability is 
indeed possible. but it requires the net substitution effect in production to be 
stronger than the consumption effect for items used in the production of the 
same commodity or the net consumption effect to dominate the income effect 
for items used in the production of different commodities that are net 
substitutes in consumption. In the case of disribution services, since the net 
productions f effect is almost always likely to be positive, gross substitutabilityr le s F e y
is far less Ikely. 

Thesc re.ults raise the question of how competition takes place in the 
context of our model. Consider a change in the price of an item in the 
assortment of retailer B. It will have an efluct on the demand for an item in 
the assortment of retailer A described by eq. (9) in Section 4. A rise in B's 
price of brand X of coffee is likely t. generate a larger positive net 
production effect on brand X of coffee in A's assortment than on brand Y of 
coffee in B's assortment. Therefore, it is more likely to dominate the 
consumption effect and thus lead to gross substitutabiiity.

Indeed, it is entirely possible for retailer B to drive an item out of thebundle that the household purchases from A's assortment through price 

decreases. because the size of the consumption effect is directly related to the
value of the usage term for A, coki, which will be driven to zero as a result ofa series of price decreases when there is gross substit'tability between the 
item in the two assortments. 

With respect to changes in distribution services, one cin similarly analyze 
the effect of a change in a distribution service by retailer B on the demand 
for an item in the assortment of retailer A through the use of eq. (10). A 
change in a distribution service in the assortment of retailer B will usually
have two types of net production effects on the items in B's assortment, 
Ek'(B,B)>O, as the items are net complements or independents with the jth
distribution service, respectively.' This means that in the case of net 
independence, there will be no net production effect on the item in A's 
assortment, i.e. ck'j(A, B)=0. Becausc the consumption effect will be positive, 
however, the demand for items in A's assortment will increase as a result of 
the increase in B's jth distribution ervice. 

Those items in B's assortment that are net complements with the jth
distribution service will generate a more complex pattern of changes as a 
result of an increase in B's jth distribution services. The net production effect 
on the item in A's assortment, 'Aj(A,B), will be positive, zero or negative as 
these items are net production substitutes, independent or complements with 
the items in B's assortment, r'*(A,B) ;0, that are net complements with the 

Our notation is such that the order of identification of the retailer inside the parentheses is 
ilways coupled with the order of the subscripts. Thus, t,(A,B) would mean the directroduction effect of B's jth distribution service on the kth item in A's assortment. 
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jth distribution service, rtj(B, B)>0. Moreover, the demand for those items in
 
A's assortment will tend to increase, since the consumption effect is positive,

unless the net production effect for those items that are substitutes,
 
ckj(A,B)< O, is sufficiently strong to dominate the consumption effect. Hence,
 
allowing for the role of different retailers generates opportunities for a
 
distribution service of one retailcr to exhibit gross substitutability with items
 
in another retailer's assortment, if these items are net substitutes in produc
tion with items in the assortment of the retailer that alters the level of the
 
distribution service.
 

I, 

7. Conclusions 

Our characterization of the demand for retail products suggests three main r 
general insights into the interactions between retailers in a market. First,
 
distribution services provide retailers with tools for nonprice competition but
 
these tools have iimits on their usefulness. They must work through the same
 
channels as price competition, because net substitutability in production
 
between items in different assortments is a necessary condition for the
 
nonprice competition to take place. Furthermore, common distribution S 
services are not precise instruments becau.-e if gross complementarity prcvails 
they may affect the demand for many different items in the different 
assortments in the wrong direction. Second, the effects of both price and 
nonprice competition between ?,:tailers are asymmetric, especially when the 
assortment and the mix of distribution services offered by any two retailers ti 
are very different in the initial situation. Third, the tendency toward gross 
complementarity between retailers through the provision of distribution 
services is one of the most important forces leading to the creation of retail 
agglomerations. 

The model also helps explain why two department stores with very broad 
but similar assortments might agree to locate in the same mall but two 
specialty stores with very narrow and similar assortments might be reluctant T 
to do so. This is because net substitution in production between all the items 
in the narrow assortment of the specialty stores is far more prevalent than m 
between all the items in the broad assortments of the department stores. C( 
Therefore, gross substitutability and intense price and nonprice competition is 
are more likely to arise for the specialty stores than for the department 
stores. 

Since most distribution services are net substitutes in production with the 
household's use of its own time in consumption activities, a significant part 
of the 'competitive effect' of increases in most distribution services by any 
one retailer is likely to be borne by the household through its time 
allocation. If prices are fixed such chatges always enhance welfare, because 
the household can maintain the same pattern of consumption as before the ho 
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increase in distribution services. Alternatively, increases in the opportunity 
cost of time. through rising wage rates, provide an incentive for retail 
institutions to offer higher leveh of distribution services that economize on 
this household resource directly o"indirectly, i.e., by allowing a relaxation on 
the constraints that may limit the timing of its employment. 

Appendix 
The proofs of Theorem 1,1' and 5 are all based on a condition analogous 

to Cournot aggregation in the standard model and we take them up first. 

Proof of theorem 1. Differentiating (5) with respect to the price of the kth 
product and manipulation of the results leads to the following condition:6 

(A. 1)Of1k= -Sk, 

where 0i=CZj/C and is the marginal budget share of the ith commodity. 

5=pkQ,/C is the budget share of the kth input or item in an assortment. 

If the weights in the consumption effect, Co, are proportional to the 
r 
 ith commodity, the consumption effect will bemarginal budget shares o 'he 

negative by (A.1). This is indeed the case. These weights will either be zero, if 

the kth product is not used in the production of the ith commodity, or 

proportional to the marginal budget shares. For 

to=( Qk/az)Zi/Qk=(eQk/IZi)(PhICi)CtZt/pkQk, 

/)(PA/CI)]O/Sk. (A.2)= [(QU/N 

The term in square brackets will either be zero or unity, because (eQA/OZI)pk 

is the marginal cost of input k in the production of the ith commodity and it 

must, therefore, equal C1, or the marginal cost of producing the ith 

commodity, if it is used in the production of the ith commodity or zero if it 
is not used. 

Substitution of (A.2) in (8) and use of (A.1) yields 

(A.3)k,= E-k1 

Proof of theorem 2'. Under the hypothesis of the theorem, cok= 01/S for all 

t;hence, the second term in (9)becomes 
"Incidentally, eq. (A.I) is simply the Cournot aggregation or adding up condition in the 

houehold production model. 
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O /Sk = - SI/Sk < 0. (A.4 
hot 

where the equality follows from Cournot aggregation, (A.1). E reti 

Proof of theorem 5. Under the hypothesis of the theorem, the second tern 	 yiel 
in (10) becomes 

Z (O/Sk)J=(l1/S,)EOi iJ=-Sj/Sk>O, 	 (A.5 
i 	 i 

where Sj =(OC/aDj)Dj/C.Si represents the percentage reduction in costs as 
result of percentage increases in the levels of the jth distribution service 
hence it will be negative; indeed, (aC/DDj) may be viewed as the negative o 
the shadow price of thv, jth distribution service. The second equality in (A.5 
follows from differentiating (5) with respect to the jth distribution service an( 
some manipulation. It is exactly analogous to the Cournot aggregatior 
condition that arises in the household production model as a result of a prict 
change. Since Sj is negative, the consumption effect will be positive. 0 

The proof of Theorem 3 is unrelated to the previous ones as well as to tht Thi 
subsequent ones and is taken up next. 

Proof of theorem 3. In the absence of joint pcoduction, the total costs o 
producing two commodities, say, Z, Z2, can be specified as and 

C(pk, pt, p, ZI, ,, D) = C'(pk, ,, Z,, D) + C2(p, , Z 2, D), 

where fi is a vector of prices other than Pk and Pt. The conditional demand 
for item k will be given by Ck=Qk= Ct/ap, since aC2Iapk=0 because there 
is no joint production.' Hence, 

(Nk/apt Z) = 0 = (t/apk Iz), 
and 	 Sint 

excl 
Ek*=O=e0ktJstlSk). r' con,
 

to a
 
Finally, the proofs of theorems 2, 2', 4, 6, and 6' are based on a con:
 

comparative statics analysis of the second stage of the optimization problem 
of section 2 and we will take them up iii the course of presenting this 
analysis. For simplicity of exposition, let us consider the case in which there 
are two commodities (Zt,Z 2), but we allow s=l,...,K items used by the 	 whi 

'Actually, all we need for the result in the theorem is that both inputs k and I be net 
independents with the inputs that are the source of jointness in production. 
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,rem, the second 

(A.4) 

term 

household and j= I. J distribution services provided by a particular 

retailer. 
Total differentiation of the first-order conditions, (4) and (5) in the text. 

yields after rearrangement 

(A.5) 
(U] -AC, )dZ, +(Ut2 -. C12 )dZ 2 -CdG 

=A C1, dp, + ;.y Cj dDj, (A.6) 

reduction in costs as a 
.h distribution service. 
wed as the negative of 
econd equality in (A.5) 
listribution service and 

Cournot aggregation 
el as a result of a price 
I be positive. [] 

(U2 1-;C 21 ) dZ, +(U 2 2 + ;C 2 2 )dZ 2 - C 2 dA 

=,.ZC 2,dp,+AZ C2j dD, 
, J 

-C, dZI-C 2 dZ 2 +O.dA=ZQsdp.,+y.CjdDj-d, 
I 

(A.7) 

(A.8) 

ones as well as to the This system can be written more compactly as 

ion, the total costs 

ied as 

of nHdZ=dx, 

and its solution will be given by 

(A.9) 

Z 2, D), dZ= H dx. (A.1O) 

ie conditional demand 
2/'lap=obecause there If only the price of the kth product is allowed to change, (A.1O) yields 

aZ,/Iapk=h'.Clk+h' 2 .C 2k+h 13Qk (A. I1) 

d 6' are based on a 
optimization problem 

.jrse of presenting this 

the case in which there 
IK items used by the 

Since by the assumptions of Theorem 2 and 2', the kth product is used 
exclusively in the production of the first commodity, we have, given the 
continuity of the cost function, C2k=Ck2 =OQk/tZ 2 =0. Thus, (A.11) reduces 

to an expression analogous to the income and substitution effects of standard 
consumer theory, i.e., 

aZ1/OPk=(aZt1Opk1U-Qk(aZIlaW), (A.12) 

which expressed in elasticity terms yields 

both inputs k anduction. I be net - *(A. 13) 

/ 



272 R.R. Betancourt and D.Gautschi. The demand for retail products 

1.The substitu- Th
where qris the income elasticity of demand of commodity 

tion effect, q/Tk, can also be expressed as 

(A.14) 
I % 

• In terms of interpre- oni 
where p*,,=(0Z,/DC, U)C1/Z1 and njk=C&Pk/C,
 

tation P*1t is simply the compensated own (shadow) price elasticity of (P
 
corI and ntik is the percentage change in the shadow

demand of commodity in 
price of commodity I (CI) as a result of a percentage change in the price of 


I is a normal good tics
 
product k. Under the assumption that commodity 

the 
(nI>0), (A.13) must be negative. ma, 

Under the hypothesis of the theorem, the consumption Pr(,Proofof theorem 2. 
effect can be written in general as net 

tari
(A.A1 ) t r 
OWkn"k,
ctkithi;= 

because Wjki =0 for io#n. By the same argument as with respect to (A.13), The 

however, it follows that a positive inccme effect (,, >0) insures 

(A.16) whe 
n/,= R*- SAll, < 0, n w 

where l',=(OZ,/aPIU)(pj/Z,) and n.,=(aZ,,/dW)WIZ,. Since ok, >0, the the 
perc

consumption effect will be negative. El 
two 

Since wC,=0 for i#n, the second terni n (9) becomes con!
Proofof theorem 2'. bein 

(A.17) If 
(.. = o~jnqn. 

corn 

must be negative if the 
But, by the same argument as in Theorem 2, , 


is positive. El
income effect (r/,) If 
the item 

If only the price of the Ith product, which is used exclusively in 
C,1we have from 

production of, let us say, the second commodity (Z2), changes 

(A.11) 

AC21 + h1 3Q, 
This 

8 2aZ t/aP = h 1 

or 
(A.18) Sinct 

aZ11ap 1=aZ1/p1 IU-Q Zt/W. 



273 ujnd for retail products 

of commodity 1. The substitu-

(A.14) 

kPk/C1. In terms of interpre-
(shadow) price elasticity of 

centage change in the shadow 
rcentage change in the price of 
i1modity I is a normal good 

the theorem, the consumption 

(A.15) 

ient as with respect to (A.13), 
t (r.>O) insures 

(A.16) 

'cW)W/Z,. Since wk.>O, the 

second term in (9) becomes 

(A.17) 

2, i must be negative if the 

ch is used exclusively in the 
ty (Z2), changes we have from 

(A.18) 

R.R. Betancourt and D.Gautschi, The demand for retail products 

This expression can be rewritten in elasticity terms as 
qjsj=qr/?t- S1ll =P*127n11- Si, (A.19) 

where P*2 is the compensated cross price elasticity of demand of commodity 
price of commodity 2. Since weI with respect to a change in the shadow 

only have two commodities, they must be net substitutes in consumption 
{p?2 >0) although in the general case they can also be net independent or 
complements. In any event, even though the commodities are net substitutes 
in consumption, the consumption effect can still be negative if the commodi
ties are normal goods (q'I >0) and thc income effect is 'sufficiently strong,' i.e., 

exceeds in absolute value thethe magnitude of the second term in (A.19) 

magnitude of the first term.
 
Proof of theorem 4. Under the hypothesis of the theorem, the two items are
 

net independents (by Theorem 3). Hence, by Definition 2, gross complemen

tarity will be determined by the consumption effect which is given by
 

)(A.20) 

The previous argument with respect to (A.19) implies that 

Cotkn t , -(okn(p*Mf,.mt - S11.) < 0, (A.21) 

where p* is the compensated cross price elasticity of demand of ;.ommodity 

n with respect to a change in the shadow price of commodity m and ,.tis 
the percentage change in the shadow price of commodity m as a result of a 

percentage change in the price of item I in the assortment. Incidentally, if the 

two commodities are net or Hicksian independent or complements in 
consumption (p*-'>0), follows solely from the commoditiesthe sign of (A.21) 
being normal goods. 0 

If there is only a change in a distribution service, the effect on the first 
commodity, let us say, is given from (A.10) as 

aZ/Dj=h";2C,j+h"2 )C 2 +h 13Cj. (A.22) 

If the distribution service is a specific one in that it affects only the kth 
item used exclusively in the production of the first commodity, we then have 
C21=0 and (A.22) becomes 

aZI/ODj =OZ /Dj I U -(OZ/aW)C j . (A.23) 

This result can be expressed in elasticity terms as 

qlj =11*1j - Sjq/ = P1'17TI -Sjql. (A.24) 

Since Sj <0, n1j <0 and P*I <0, (A.24) must be positive if qt >0. 

http:okn(p*Mf,.mt
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ARc,

Proof of Theorem 6. Under the hypothesis of the theorem, the second term 

JA

in(10) becomes 

(A.25)(6./Sk)hii =(O/Sk)(P*.t7.j - Sjq.) >00.uri 

of nthmarginal costs the 
where 7,T,is the proportionate change in the 

jth Bela 
as a result of a proportionate change in the level of the Icommodity from an argumentin (A.25) follows B

distribution service. The equality ;~ <0, 
leading to (A.24). Note that p*<0, S1 <0, and 

one Beta
analogous to the 
the consumption

hence, if the nth commodity has a positive income effect, 
I,


effect will be positive. H!ocl 

one and it affects the marginal I 
If the distribution service is a commonj I 

costs of producing the second commodity, then (A.22) implies 

DcaI 
C2 l U)C 2j -(aZ 1 t/ aW)C j (A.26)

U)Ctj +(az t /
8Z/Dj=(8z1 /Clc 

Dry" 

or in elasticity terms 

Hnic(A.27) Hic 

n~=*1rj+ PT27T2j -Sjnl. 

Proof of Theorem 6'. Under the hypothesis of the theorem, the second term Lal 

Lai 
in (10) becomes 

(A.28: PC[-i-S . ,I(O,/S1)nij!= (O,/S) Y-43 

is the proportionate decrease in the marginal costs of commodity s Po 
where ;,, 

in the level of common distribution PC
result of a proportionate increase If foras a to (A.27).from the analysis leading

service j.The equality follows w
the common distribution service affects the 

assume 

marginal costs of producing all commodities and in the 


Hence (A.28) becomes
 

simplicity, we that 
same proportion we 

have 1 t,j = 7ELP, Rt 0 = 0.' 

(A.29) 
- O.Sjn./Sk >0, 

for the 
follows from assuming a positive income effect 

where the inequality 

commodity. 0l
 

proportion, there will be a tendency for 
'Even if all marginal costs do not change in the same 

to change in the same proportionwereto zero since if the marginal costs 
this term to be close to be outweighed by the 

be satisfied. Therefore, this term is likely 
the condition would have to 

income effect in almost every instance. 
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