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uick Response (QR) 1s a movement in the apparel industry to shorten lead ime Under QR,

the retailer has the ability to adjust orders based on better demand information. We study how
a manufacturer-retailer channel impacts chorces of production and marketing variables under QR
in the apparel mdustry. Specifically, we build formal models of the inventory decisions of manu-
facturers and retailers both before and after QR. Our models allow us to address who wins and
who loses under QR, and suggest actions such as service level, wholesale price and volume com-
mitments that can be used to make QR profitable for both members of the channel, ie, Pareto
mproving. Detailed discussions with a major retailer, and information from industry sources pro-
vide supporting evidence for the structure and conclusions of the model.
(Inventory; Channels, Lead Time, Service Level, Bayesian Models)

1. Introduction
Traditionally, ordering fashion merchandise in the ap-
parel industry has been characterized by long lead times
between order placement by the retailer and dehvery by
the manufacturer. Specific lead times faced by retailers
are reported to be seven months for Oxford shirts or-
dered by J C. Penney (Skinner 1992), eight months for
Jaymar Ruby slacks (Hammond 1991), five months for
Liz Claiborne apparel (Dalby and Flaherty 1990) and
five months for Benetton apparel (Signorelli and Hes-
kett 1984). With long lead times, retailers have to place
orders with manufacturers regarding individual items
long before demand 1s actually realized. As a result, the
retailer can have either: (1) too little inventory, which
results in product stockouts and low service levels, or
(ii) too much mnventory, resulting in forced markdowns,
disposal costs, or expediting costs. The magnitude of the
industry wide impact of these costs 1s estimated to be
around 25 percent of sales (Frazier 1986)

An industry response to this problem 1s Quick Re-
sponse (QR), a strategy focusing on providing shorter
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lead times QR enables orders to be placed closer to the
start of the selling season. We focus on QR for fashion
products—products with a short selling season for
which only one order 1s placed before the start of the
season with no opportunuty for reorder. Typically, for
fashion products, QR lowers lead time by one to four
months (Skinner 1992). The essential benefit from QR
for fashion products 1s that information gathered re-
garding sales of related items can be used to decrease
forecast error. The magmitude of this reduction in fore-
cast error can be substantial. For example, reducing lead
time for ordering from eight months to four months was
estimated to decrease forecast error from 65% to 35%
(Crafted With Pride, Inc 1990) ' Similarly, Blackburn

' These studies were done by the Boston Consulting Group and Kurt
Salmon and Associates The products examined included fashion
ttems such as men’s sport shirts, women's blouses and women’s skarts
These studies were based on nterviews with buyers from over 50
companies including Mercantile Stores, Macy’s, Lord & Taylor, Mar-
shall Fields, etc
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(1991) reports forecast error reductions from 40% to
20% as lead time 1s decreased from six months to four
months.

Inspection of the apparel industry indicates that 1t is
extremely fragmented, with more than 15,000 apparel
manufacturers and an even larger number of apparel
retailers. Manufacturers and retailers are often separate
companies, with individual goals and incentives. The
literature on channels of distribution suggests that the
individual incentives of manufacturers and retailers can
have large effects on wholesale prices, service levels,
contractual terms, etc. required to coordinate the chan-
nels members (Bergen et al. 1992; Stern and El-Ansary
1988). To understand the impact of this channel on QR,
we build formal models of the inventory decisions and
profits of manufacturers and retailers both before and
after QR. An extensive bibliography of the inventory
literature for style goods 1s provided in Eppen and Iyer
(1995).

We show that QR may not always make both manu-
facturers and retailers better off. In particular, we show
that manufacturers may not be better off under QR.
Thus, manufacturers and retailers may be required to
undertake actions to make QR Pareto improving. An
action makes QR Pareto improving if both parties are at
least as well off, and one party 1s better off than before
QR. We study a wide variety of actions that can make
QR Pareto improving, ranging from commitments to
higher service levels or higher wholesale prices for sin-
gle products to volume commitments across products

We use three sources of information to provide sup-
porting evidence for the structure and conclusions of
the model. Our best source of primary data 1s derived
from extensive discussions with retailer A, a national
retailer We talked to people at all levels of the company,
from the senior vice president of apparel to QR coor-
dinators to buyers of individual products Second, we
contacted QR managers from 10 other apparel retailers
and discussed our models and their conclusions. Third,
we used a variety of secondary data sources including
industry reports, the proceedings of the Conferences on
QR from 1992 through 1995, and academic sources

2. Model Structure

In the old system, orders are placed at time 0 by the
retailer These orders are delivered L units of time later
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to the retailer for sale in the season beginning at time L
In the QR system, at time O the retailer starts collecting
information regarding sales of related products. At
L;(=L) the retailer places an order with the manufac-
turer. The manufacturer produces the order for delivery
L, = L — L, units of time later for sale during the season
beginning at time L The values of L are reported to
range from five to eight months. The values of L; range
from two to five months.

2.1. Demand Uncertainty Structure

In our model we have two levels of demand uncer-
tainty. The first source of uncertainty concerns inherent
demand uncertainty about the product i.e., even if we
know the mean demand 6, the demand during the sea-
son is normally distributed with mean # and variance
o, ie, f(x|8) ~ N(8, o). This model captures uncer-
tainty regarding the number of people who come to the
store, their propensity to buy, etc. The second source of
uncertainty models uncertainty regarding # at time 0
Information regarding # at time 0 1s modeled as a Nor-
mal distribution with mean u and variance 72, 1.e., g(6)
~ N(u, 7%). Thus, at ttme 0, our model of demand 1s a
Normal distribution with mean x4 and variance ¢* + 77
(Berger 1985), i.e, m(x) ~ N(u, o® + 79)

The lower lead time under QR enables data collected
during L, regarding sales of related items to be used to
decrease forecast error for the item being ordered. Con-
sider the practices of retailer A in forecasting demand
for women’s blouses for the Spring 1996 season. Retailer
A stores extensive Point of Sale data that can be ana-
lyzed along any one of over 1,000 possible attributes,
such as color, silhouette, pattern, fabric, buttons or zip-
pers to name a few. Thus, during the summer and fall
seasons in 1995, a fashion buyer can access information
along any particular attribute under consideration, for
instance the color red The buyer examines data regard-
ing sales of other items that share the same color red
over the last one to two months and can compare that
to recent sales 1n the previous few months, or compare
them to sales in the previous year. These comparisons
enable the buyer to assess whether the color red exhibits
a fashion trend for the upcoming Spring 1996 season
Similar analyses are undertaken for other attributes, in-
cluding patterns, silhouettes, and styles The buyers at
retailer A stressed that this capability to learn about
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trends from related items was a key component to de-
riving the benefit of QR for fashion items This example
is representative of buying for fashion 1tems across re-
tailers. All ten QR managers we contacted agreed that
mformation gathered from related items closer to the
start of the season reduced forecast error In fact, the
standard training for fashion buyers requires that his-
torical data be supplemented with current trend anal-
ysis at the style, color, fabric and styling level including
dress styles as well as fashion magazine trend procla-
mations, etc. (Drew 1992).2
Data collected during L; is converted by the buyer
into an estimate of the demand for the 1tem under con-
sideration, 1.e., d, We note, that because the data is gen-
erated from similar (but not the same) 1tems the re-
mainng uncertainty, o°, reflects uncertainty both due
to inherent demand uncertainty as well as due to the
use of similar but not the same 1tems for error reduction
before the start of the season. This d, can be used to
generate a postenior distribution for demand. Thus,
given d,, the conditional distributton of demand during
the season is g(8|d,) ~ N(u(d,), 1/ p), where
1

= — +
paz 2

1 oy d,
— and pd)) = e

a 2
o~ + 77

This implies that m(x|d,) ~ N(u(d,), o* + (1/p)) (Ber-
ger 1985).

2.2. Costs and Revenue Parameters
The retailer faces the following costs: a cost of ¢ per unit
to purchase the product from the manufacturer, a good-

2 Further, this learning may occur from general market mformation
For example, a catalog company that sold products with a crested
design had forecasted hugh sales based on their data from the previous
year This company faced long lead times and thus had to commt
approximately eight months 1n advance of the selling scason Unfor-
tunately the royal family around whom the crest had been designed
received negative publicity approximately two month« atter the orders
were placed, and poor sales of items in an early catalog that shared
the crested design provided strong support for a revised belief of poor
sales tor the crested design during that year For that catalog company,
the buyer did not have a QR manufacturer and thus could not use this
information to adjust mventory The mmpact on the system was re-
ported to be substantial This example shows that estimates generated
closer to the start of the season reflect the current trends i the market
and 1mply a lower forecast error
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will cost of m per unit of demand not satisfied during
the season, a holding cost of & per unit of product left
over at the end of the season The manufacturer expe-
riences a cost per unit of w to produce a unit of product.
Each unit of product sold by the retailer to customers
generates a revenue of r per unit

3. QR and the Channel

Wenow generate the inventory levels and expected prof-
tts of both the manufacturer and the retailer under the
old system without QR We then show the mmventory
levels and expected profits for both parties under a QR
system

3.1. The Old System

In the old system, the inventory level has to be chosen
at time (0 The retailer chooses an inventory level, Q, to
maximize the following expected profit which 1s

Q - Q
f rxm(x)dx + f rQmix)dx — h J. (Q — x)m(x)dx
— \) r

- 7rf (x — Qim(x)dx ~ cQ
O

Since this is the standard Newsboy model, it can be
verified that this function 1s concave m Q and the opti-
mum initial mventory is

Igs = p + Z(sWo? + 7 1

where the optimal service level (s) 1s defined as (r + =«
—c)/{r + 7« + h) and Z(s) is the Z value of a standard
Normal distribution that generates a cumulative prob-
abihty of s. The associated maximum expected profitin
the Old System is

EPUldfrut = (r - (‘),U - {(C + h)Z(S)

+(r+h+ mb(ZENWNe2 + 72 (2)

where b,(Z(s)) 15 the right linear loss function of a stan-
dard Normal distribution at Z(s). The expected quantity
sold during the season 1n the old system (I,4...4) 18

Ly 4
Logeold = f xm(x)dx + f Laam(x)dx
4 fota

which simplfies to
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Iuld =u - br(Z(S))VUZ + TZ-

The expected quantity left over at the end of the season
in the old system 1s

{old
Iold-left = f (Iold - x)m(x)dx

= (Z(s) + bZ(sHWo” + 7.

3.2. The QR System
In the QR System, the retailer’s inventory choice n-
volves two steps:

1. Observe the demand for related items during L,
and use it to generate an estimate for the item under
consideration, i.e., d,. Use that demand to generate the
posterior distribution.

2 Choose the optimal inventory to maximize ex-
pected profits given the posterior distribution This
would imply different inventory levels depending on
d,. Intuitively, if the retailer estimates a low d; then he
would be more likely to choose low inventory levels
because he expects a low probabulity of high demand 1n
the season.

It can be venfied (details in the Appendix) that the
expected quantity ordered by the retailer under QR, the
corresponding expected profit, the expected quantity
sold and the expected quantity left over are as follows:

EIQRZ[_L‘FZ(S)"O'Z-F%, 3)

EPor = (r — oOp — Hc + B)Z(s) + (r + h + mb,(Z(s)}

% oz 41 @)

f 1
EIQR-sold il b, (Z(5)) o’ + ;,
1
Elgrien = (Z(s) + br(Z(S))}‘fa2 + ;

With QR, we note that EIQR—bold = Elold—sold and EIQR_]Bﬂ
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= El,qier Thus QR enables the retailer to decrease left
over inventory and yet increase the customer fill rate.

The manufacturer-expected profit under the old sys-
tem is obtained using Equation (1) as

EPnld-mfr = (C - w){,UJ + Z(S)VO'Z + 7—2}. (5)

The expected profit for the manufacturer under QR 1s
obtained using Equation (3) as

EPqrome = (€ — w){u + Z(s), faz + %} ; 6)

3.3. When Is QR Pareto Improving?

A channel view requires that we compare the expected
profits of manufacturers and retailers both before and
after Quick Response Our goal is to study if QR is in
each individual channel member’s self-interest. We op-
erationalize this concept with the Pareto criterion, which
says that a new situation is Pareto improving if both par-
ties are at least as well off, and one party is better off,
after adopting QR. We begin by studying when QR will,
and will not, be Pareto improving by itself.

LEMMA 1. Ifs =< § then under QR we have an mcrease
m manufacturer and retailer expected profits, 1 e., EPoroms:
= EPnld_mfr and EPQR = EPold-

PROOF. Observe that yo? + (1/p) = Vo2 + 72 and
that when s = %, Z(s) = 0. Hence the result using Equa-
tions (5} and (6) O

In Lemma 1 we show that under low service levels
QR improves both manufacturer and retailer profits and
is therefore Pareto improving. We would not expect to
observe such low service levels in practice. Yet, our dis-
cussions with QR managers revealed two preexisting
channel arrangements, consignment inventory and
markdown money, that provide conditions which make
QR Pareto improving. With consignment inventory,
manufacturers are held responsible for product left over
at the end of the season at the retailer. In this case, re-
tailers pay holding costs through the season, but now
have a salvage value for the product equal to its whole-
sale price ¢ In the presence of this system, the
manufacturer’s expected profit in the old system 1s
(c — wip — WZ, + cb,(Z)We* + 72 Under QR, this
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expected profit changes to (¢ — wuy — (WZ,

+ cb(Z)Wo® + (1/p) which is clearly larger than the
expected profit in the old system Markdown money 1s
an amount the manufacturer pays to the retailer per
item left over at the end of the season, and is used by
the retailer to subsidize markdowns. It is usually set at
a value below c. If markdown money 1s high enough,
then the savings for the manufacturer from reduced re-
tailer end of season mnventory may be large enough to
make QR Pareto improving.

LEMMA 2. Ifs = 3, then QR results in a decrease n
expected manufacturer profif but an increase in expected re-
tailer proﬁts, i.e., EPQRAmfr = EPold-mfr and EPQR = EPold

PROOF. Ifs = 3 then Z(s) = 0. Venfy from Equations

(5) and (6) that EPopr iy = EPoigomie. O

In Lemma 2, we show that when the service level for
products is higher than 3, then QR will not be Pareto
improving without some additional action. Specifically,
QR is not profitable for the manufacturer. Retailer A as
well the other QR managers we contacted stated that
they exphcitly considered manufacturer revenues un-
der QR. Industry observers have also noticed manufac-
turer concerns with QR, stating that “(QR) activity in
the (apparel) retail sector. . has not sparked the same
breadth of participation among apparel manufacturers”
{Hammond 1990)

Simuilarly, the hiterature on fashion products suggests
that the benefits of QR should be greatest for higher
fashion 1tems (Irastorza 1992), yet it is exactly those
higher fashion products where manufacturers have
been least interested in QR (Fisher and Raman 1992,
Hammond 1990). This can be better understood 1n the
context of our model. Pashigian (1988) defines fashion
items as having greater uncertainty about the popular-
ity of colors, patterns, and fabrics. In our model, because
7 reflects the ability to learn about customer demand,
this implies that high fashion items would have a lower
o /7 ratio than items with a lower fashion content Note
that as o /71 decreases, the total channel (i e.,, sum of
manufacturer and retailer) profits increase, which is
consistent with the benefits being greatest for higher
fashion products. Yet, as o /7 decreases the manufac-
turer expected profits decrease at an increasing rate.
Thus higher fashion items pose the greatest potential
loss on the manufacturer under QR.
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The response of retailer A under QR was to undertake
actions, often times commitments at time 0, in order to
make QR Pareto improving. In the rest of the paper we
focus on various commitments at time 0 that can be
made by manufacturers and retailers to make Quick Re-
sponse Pareto improving

4. Commitments Using Service

Level

We begin with a discussion of the role of service level
commitments 1 making Quick Response Pareto im-
proving A service level commitment at time 0 implies
that a higher service level (s', with s’ = s) is offered by
the retailer, with the actual quantities ordered condi-
tional on the estimated demand d,. These commitments
are common in the apparel industry. A classic example
is a commitment by Dayton Hudson to a planned 100%
service level for vendors on a QR partnership (Dayton
1995) This 1s in contrast to the usual planned 90% ser-
vice level for most other products.

A commutment 15 not considered credible unless it
will be in the mcentives of the retailer to take those ac-
tions at a later time. We thus model the change in ser-
vice level by changing the goodwill cost 7 ° Commit-
ments to variables that change goodwill costs to the re-
tailer make the commitment to a higher service level
credible from the manufacturer’s perspective. Although
negotiated changes in goodwill costs are not traditional
in the production literature, 1t is often possible to influ-
ence the goodwill cost component 7y either contractu-
ally, or by making the 1n stock position of the product
more salient to the consumer (see §4 1) Formally, we

* We will consider 7 used by the retailer as made up of a combination
of two factors, one exogenous (r,) and one negotiated between the
manufacturer and the retailer (7,) The exogenous portion of goodwill
costs () cannot be negotiated or influenced by the manufacturer and
includes industry standards, customer expectations from previous
buymg experiences and general customer buying characteristics i
that areca Negotiations between manufacturer and retailer generates
7 (We present specific examples in §4 1) These components of 7 are
combined 1n a nondecreasing function (y) of m and a,, The simplest
form of this function 1s as the sum of these two terms, 1¢, # = y{(m,,
wy) = my + my Our analysis would extend to more complicated forms
of the goodwll cost
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show that there always exists a service level arrangement
that makes QR Pareto improving.

THEOREM 1. If

2T i e 1+ 1/ +d%)
AT Y= 1+ (/D)

§ =

PN =

then mcreasing 7 to w’, where 7' = (s'"(r + h) + c — 1)/ (1
— §") and s’ such that Z(s') = Z(s)/y makes QR Pareto
1mproving.

PROOF. See Appendix.

Note, however, that the effect of this service level ar-
rangement 1s to make the retailer place the same ex-
pected order size as in the old system. The following
lemma shows that under QR, even though the expected
order size is the same as 1n the old system, the expected
quantity sold to the customer increases and the ex-
pected quantity left over decreases, making the retailer
better off.

LEMMA 3. If

2
sz%, d=g and yz\/l+(1/(1+d))

T 1+ (/4%

then mcreasing « to ', where n* = (s'(r + h) + ¢ — 1) /(1
— §') and s" such that Z(s") = Z(s)/y, results m
EIQR—:,nld(S,) = Lyg-sola and EIQRJeﬂ(S') = Liguen.

PROOF. See Appendix.

4.1. Discussion of Industry Evidence

Apparel industry studies suggest service level increases
from 80 to 95 percent associated with QR (Muller 1990)
QR Pilot studies at Saks Fifth Avenue stores (a retailer
of fashion merchandise) indicate service level improve-
ments from 80 to 97 percent (Millson-Whitney 1993). In
addition, discussions with managers at retailer A and
QR managers at other retailers verified that service level
improves under QR We interpret these observed ser-
vice level improvements as support for Theorem 1, 1.e.,
the existence of service level commitments between
manufacturers and retailers. This is because if the re-
tailer could place orders under QR without having to
worry about the channel then Equation 3 shows that 1t
is optimal for the retailer to maintain the original service
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level (s). Thus any observed increases in service level
do not automatically arise from QR, but must be the
result of deliberate actions by the manufacturers and
retailers

Industry practice suggests a varlety of ways to com-
mut credibly to these higher service levels. One ap-
proach 1s a contractual commitment between the man-
ufacturer and the retailer to provide a higher service
level. Recall that Dayton Hudson’s QR contract with
manufacturers states a planned service level of 100% for
products supplied by vendors under a QR program. In
other cases, the contracts provide additional discounts
to the retailer for increasing service level *

Another approach is the use of cooperative advertis-
ing that uses service level guarantees. For example,
Marshall Field’s (Chicago Tribune 1993) advertisements
for Liberty shoes and Levis Dockers pants guarantee
that the store will have every size and advertised color
in stock, and 1if they do not they will get a pair for the
customer at no charge. Carson Pirie Scott (Chicago Tri-
bune 1995) ran similar advertisements for men’s blazers.
Such advertisements increase the goodwill costs asso-
aated with a stockout and thus increase the retailer’s
incentives to provide a higher service level. Managers
at retailer A as well as all the QR managers we contacted
found this scheme to be the most interesting, and
stressed that these service level commitments could
only be done profitably in situations with QR °

A third approach is to increase the salience of a stock-
out to consumers. This increased salience should in-
crease the goodwill costs associated with a stockout and
thereby increase the retailer’s incentives to provide a
hugher service level.” For example, Mercantile Stores

* A specific provision might read as follows, “Value added discounts
will be awarded upon fleld venfication for services as follows
Maintain an inventory of our products that represents no less than
sixty (60) days of estimated or historical annual sales—discount of
5%" (Stern and El-Ansary 1988)

* If advertising and promotion increase demand, this only increases
manufacturer’s revenues and thus directly makes Quick Response Pa-
reto improving

® Increased attention to an rtem leads to increased memory of whether
that item was stocked out, and therefore mcreased importance on the

customers perception of that store’s service level (Dreze 1993, Kelly et
al 1991)
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provided their QR partner Warren Featherbone with a
renewed emphasis on children’s dresses by giving their
items more prominent shelf locations and display space
(Heinsen 1992). A second example is provided by the
Norwalk furniture company, where Norwalk guaran-
tees quicker response (in this case 30 days delivery) in
return for the dealers displaying Norwalk furniture
(Stern and El-Ansary 1988). This kind of negotiation
was echoed by a buyer at retailer A who stated categor-
ically that location 1n the store, attention and display
were parameters negotiated with the manufacturer un-
der QR.

5. Commitments Regarding the
Wholesale Price

We now discuss the role of price commitments in mak-
ing QR Pareto improving. Price commitments have of-
ten been suggested as ways of achieving channel coor-
dination (Jeuland and Shugan 1983, Bergen et al. 1992,
Kouvelis and Gutierriz 1992). We formally show how
nonlinear price commitments can make QR Pareto im-
proving in Lemma 4. We also show the limitations of
simple price commitments under QR 1in Lemma 5.
Quantity discount schemes, a general form of nonlin-
ear pricing, have been studied by Kouvelis and Gutier-
riz (1992) and Jeuland and Shugan (1983) as mecha-
nisms to achieve channel coordination. We therefore ex-
amine the role of a Quantity discount scheme to make
QR Pareto improving. The Quantity discount scheme
we consider is an all units quantity discount that re-
quires the retailer to pay a price of ¢; = ¢ if quantity
purchased is < 1,4 and a price of c if quantity purchased
is = I,4. Under QR, the manufacturer essentially in-
creases the wholesale price for quantities purchased be-
low I,4 to such a level that the retailer would prefer to
buy [,q units at the price of c rather than purchase the
optimal quantity (given the estimate d,) at a price of c;.

LEMMA 4. There exists a quantity discount scheme that
makes QR Pareto improving.

PROOF. See Appendix.

We note, however, that simple linear wholesale price
commitments may not be sufficient to guarantee a Pa-
reto improvement under QR. This 1s because as the
wholesale price c increases to ¢’ and all other parame-
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ters remain the same, the optimal service level offered
to the customer by the retailer decreases. Lemma 5
shows that there exist sets of parameters for which in-
creasing ¢ wil not increase manufacturer expected
profit.”

LEMMA 5. There exists a wholesale price c* that depends
on system parameters such that if c = c*, then there exists
no flat wholesale price commmitments that can make QR Pareto
improving.

PROOF. See Appendix

These results are consistent with previous findings in
the marketing literature. For example, previous research
has shown that simple wholesale price changes are not
sufficient to overcome traditional channel coordination
problems, more complicated solutions such as nonlin-
ear pricing are required (Bergen et al. 1992, and Jeuland
and Shugan 1983)

5.1. Discussion of Industry Evidence

In our discussions with retailers, price commitments
have played a limited role in QR. Most of the buyers
contacted claimed no change mn wholesale prices paid
to QR manufacturers. Further, it 1s rare to find discus-
sions of direct wholesale price increases for QR manu-
facturers 1n the literature.

About the only mdustry evidence we found support-
g price negotiations was a quote by Bravman (1992)
which states that under QR, potential “relief in manu-
facturer prices can be expected ”” QR managers also re-
ported schemes whereby manufacturers now did more
of the tasks such as tagging items, etc. and were paid
for these tasks. This payment to the manufacturer to
perform additional tasks may be considered a way to
effectively pay manufacturers for QR. Industry reports
confirm that many QR manufacturers are routinely per-
forming these tasks (Stumhofer 1993) and claim that
manufacturers were expected to be more efficient at
these tasks than the retailer (Nannery 1995)

Our conclusion from the available industry evidence
1s that among the possible actions that can be used to

"In this analysis, we assume that the retailer cannot increase the retail
price r paid by the customer to offset the increase in wholesale price
We note that the result in Lemma 5 also works 1n the presence of a
retall demand curve model as in Thowsen (1976)
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make QR Pareto improving, price adjustments are less
likely to be used in the apparel industry. Discussions
with managers at retailer A suggested that manufactur-
ers often chose to negotiate on other dimensions, such
as those discussed in the section on service level com-
mitments or the section on volume commitments fol-
lowing, rather than negotiate on price ®

6. Volume Commitments Across

Products

We now discuss the role of volume commitments in
making QR Pareto improving. Retailer A, as well as
most of the QR managers we talked to, emphasized the
use of volume commitments. Until this point in the pa-
per the models have focused on one product. In order
to model how volume commitments make QR Pareto
immproving we will need to incorporate additional prod-
ucts into the model.

Consider M products, each of which has the same cost
structure, the same values of 1, ¢ and 7 and indepen-
dent product demands. Under a volume commitment,
the retailer at time 0 commuts to buy I(M) units across
M products For the next L, periods, data is collected
that allows the retailer to better assess demand by color,
style, line, etc. Data estimated during L, (d,, for item ¢
=1,2,..., M)is used to choose the number of units of
each item i that will be purchased by the retailer Attime
L;, the retailer has to specify the exact quantities of each
of the M items such that the total number of units pur-
chased is equal to I(M).

To keep the supplier as well off as 1n the old system,
the buyer offers commitments that are at least as large
as in the old system.” In the old system, the retailer
would have purchased the same quantity for each item,

* Managers at retailer A did suggest that another pricing aspect of QR
was that 1t permitted manufacturers to offer value added service m
lieu of price concessions to the retailer In that case, QR enables the
manufacturer to mamntain wholesale prices

? An additional manufacturer benefit from a volume commitment un-
der QR 1s the ability to order matertal which may have long lead times
and which may be shared by the different SKUs In some cases these
commitments enabled the manufacturer to use the order as collateral
to proceed with purchase of matenal, capacity etc 1n advance of the
season
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re., p + Zyo® + 7°. Suppose the retailer commits to
buying the same quantity across M items at time 0 (i e.,
commits M{g + Zyo® + 7°}). Formally, we will de-
scribe how the retailer can use this flexibility to order
items to improve expected profit under QR, thereby
making volume commitments Pareto improving

LEMMA 6  The impact of a volume commitment of I(M)
on expected profit for the retailer 1s given by

EPqr(I(M)) = (r + )Mpu — (¢ + BHI(M)

—(r+h+ 7T)M‘ )02 + lf & (2)b(2)dz
oY =

where ¢ ,(z) 1s Normally distributed with mean ., equal to
(I(M) — Mp)/MVo” + (1/p)) and a variance o2 equal to
Tt/ M(o? + ) (0? + (1/p)). Thus a volume commutment
of Mip + Zyo? + 72} across M products makes QR Pareto
improving.

PROOF. See Appendix.

We will show that these volume commitments sug-
gest observed service level increases and are therefore
consistent with industry practice reported 1n §4 1. Vol-
ume commitments maintain the manufacturer’s profits
but generate an expected service level which 1s below
that required for a service level commitment. As M 1n-
creases, however, the volume commitment generates a
service level improvement that tends to the service level
under a service level commitment

LEMMA 7. The expected service level s{M) under a vol-
ume commutment of Ml (as in Lemma 6) across M prod-
ucts, s(M), 1s s = s(M) = s', where s' 15 defined as n
Theorem 1.

PROOF. See Appendix

It should be clear that without the constraint on the
retailer to mamtain manufacturer revenues under QR,
it 1s optimal for the retailer to commit to an order that
is lower than the old order quantity. This is intuitive
because the volume commitment across products en-
ables the retailer to get the benefit of demand pooling

LEMMA 8. The slope of

dEPor(])
dl LM

Thus the optimal value of (M) 15 = Ml 4.

= 0.
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PROOE. See Appendix

6.1. Discussion of Industry Evidence

All of the buyers we contacted emphasized the use of
explicit volume commitments to the manufacturer un-
der QR. For example, at retailer A these commitments
were made using purchase orders at time 0 specitying
total volume but allowing specific attributes of the order
such as color, silhouette or size, to be deaided at L.
Other QR managers confirmed that they too explicitly
considered the manufacturer’'s revenues under QR
when setting volume commitments at time 0. For ex-
ample, at Boscov department stores, under QR they
commit the same dollar volume to Philips Van Heusen
as 1n the old system (Barrett 1993).

Further, all buyers we contacted agreed that the order
commitment under QR was at least as large as the order
commitment in the old system. Thuis is particularly in-
teresting given Lemma 8 shown earher. Without the
need to generate a Pareto scheme, the retailer might pre-
fer to order a smaller quantity of the manufacturer’s
products. This may explain why 1n some cases, the buy-
ers added additional SKUs that were not formerly sold
by the retailer so as to generate the same volume com-
mitment (Foster 1993) For example, retailer A claimed
to increase the number of SKUs carried from manufac-
turers 1n exchange for becoming QR providers n order
to keep the total order commitment the same as i the
old system.

7. Conclusions and Future Research
We have examined the impact of a channel view on
Quick Response for the fashion apparel industry. Using
formal inventory models that separate the effects of QR
on each participant in the channel, we show that man-
ufacturers may not be better off under QR. We discuss
the use of service level commitments, wholesale price
commitments, and volume commitments to make QR
Pareto improving,.

For a QR manager, we 1llustrate the impact of a chan-
nel view on the specific actions that have to be taken to
mmplement QR. This view suggests channel constraints
that must be explicitly considered. Often, these con-
straints lead to actions that are different from a system
m which the channel does not play a significant role.
We aid managers by modeling the role of three specific

MANAGEMENT SCIENCE/ Vol 43, No 4, April 1997

actions—service level, price, and volume commitments
as tools for making QR Pareto improving. Further, our
model allows an estimate of the extent of changes re-
quired under QR by hinking them to specific data stored
by the retailer. For example, the changes required to
make QR Pareto improving get larger as the fashion
content increases

This 1s a first step in understanding the impact of QR
on a manufacturer-retailer channel. Future research 1s-
sues include the impact of competition between manu-
facturers and retailers, the impact of multiple selling
seasons and the role of relationships between manufac-
turers and retailers under QR "
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McCulloch and Jranming Ye at the Untversity of Chicago and Professor
Dean Foster at the Unmiversity of Pennsylvania We thank participants
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University, University of Chicago, and the University of Minnesota for
useful comments We acknowledge feedback provided by Professor
Marshall Fisher as well as three anonymous reviewers that greatly
improved the presentation of the paper The authors were provided
research support by the GSB, University of Chicago

Appendix

The QR System

Under QR, given estimate d,, the retailer would choose the inventory
level to maximize expected profits (denoted as I(d))) by setting
Iop(dy) = pldy) + Z(sWo? + (1 /p) The expected profit reahzed by the
retailer given d, (denoted by EP.(d,)) 15

EP(d)) = (r + Mutd,)) — (c + Mwtd))

(B DBZE), o
P

The corresponding retailer expected order quantity (Ely) 1s
Elow = [, lo{d)m(d))dd, This simphfies to Elgy = g
+ ZeNol + (1 ,7;5 Simularly the expected profits under QR (EPqz)
are obtamed as EPy,; = f EPgr(dyym(d )dd, This simplifies to

EPp =0 —Qu = {c + MZ(S) + (r+ h + 77)17,(2(5))}‘/02 + 1
P

The expected quantity sold m the season given the estimate d, dur-

g L, and order I:(d)) 15

Howtds ! B
Lor-wonaldy) = f ym(y|d)dy + f

1 aptdy)

1
= uld) — b,(Z(s))\F2 + -
p

Ior(dymiy|d)dy
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Unconditioning on d;, we get the expected quantity sold during the
season as

7 f 1
Elgr = f Ioroa{dmdddy = p — b(Z(s)) ot + ;

Following a similar analysis, we get the expected quantity left over as

Elgr e = (Z(5) + b,(Z(S))}‘/Uz_-F%

THEOREM 1 If

I R N (V)
=30 477 YT a/a

then increasing w to ©', where 7' = (s'"(r + h) + ¢ — r)/{1 — s')and s’
such that Z(s') = Z(s)/y makes QR Pareto umproving

PrROOF To mamntain manufacturer expected profits, we requure that
EPigmer = EPqromee We guarantee this relation by changing the service
level from s to s’ under QR such that Z(s') = Z(s)/y, where s’
= ®(Z(s")), B(Z(s")) 15 the cumulative density function of a standard
Normal distribution,

1+ /A +dY) 4G
TN T a7
(note that y =< 1)

We will implement this new service level at the retailer by changing
7 to 7’ such that s’ = (r + 7' — ¢)/(r + =’ + h) We have to venfy
whether the retailer expected profits under this service level s’ and
QR are greater than n the old system Venfy that from Equations (2)
and (4), we have to show that

b,(Z(s)) - (r+h+x')y
b(Z_(S_))_ r+h+w
vy

which sumplifies to showing that

¢(Z)

Z(s)
v(Z(s)) = v(7> where v(Z) = o022

where ¢(Z) 1s the probability density function of a standard normal
distnibution

Note that 1t 1s sufficient to show that dv(Z)/dZ = O forall Z = 0
(because y = 1) Venfy that

dv(Z)
az

2
- Z‘U(Z)(U(Z) WL >

Also, from Chung (1968), we known that

ZH(Z)

T 22 forallZ >0

1-®2Z) =

Thus we have

568

1+ Z2 dv(Z)
and

Z) =
o) = =7 iz

=0

for all Z = 0 The retailer expected profits under QR and the service
level s” are greater than or equal to the retailer profits under the old
system Hence QR 1s Pareto improving with this change in service level
fromstos’ O

LEMMA 3 If

U N (W V)
=R AT M YN A

then increasing w to n', where ©’ = (s'"(r + Wy + ¢~ /(1 —s)and s’
such that Z(s') = Z(s)/y, results mn Elgr..01a(s") = Loigoia a1d Elog 10n(s")

= lold-ket

ProoOr  To show that Elgr wuia(s’) = I.sa, we have to show that

u— h(é;ﬁ) o? + 1 =y — b{Z(s)Wo? + 12
V o

This imphes that b,(Z(s)) /b,{Z(s)/ y) = y This 1s clearly true from The-
orem 1 (note that 7" = 1) Hence Elgr sia(s") = Lg-os Since we know
that Elr(s’) = 1,4, we see that Elgrien(s) = Ligaee O

LEMMA 4 There exists a quantity discount scheme that makes QR Pareto
mmproving

PrROOF
conditional mean of u(0) = o4/ (c® + 7%) and standard deviation o’
=vo? + (1/ p) Identify the wholesale price ¢} such that 1t 1s better for
the retailer to buy Iy = p + Z(s)Wo? + 77 at ¢, rather than buy u(0)
+ Z(s")o', where s” = (r + © — ¢*)/(r + w + h) Ths value ¢} 15 the
mimumum value of ¢; such that

Consider the estimated demand d, = 0 and the associated

(r —¢)) X w0y ~ ey + h) X Z(s") + (r + m + h) X b(Z(s"N}lo’

Log — M(0)>

s+ Xu®)—(c+h XLig—+n+ h)U'b,(
o

Observe that 1f the manufacturer were to set the wholesale price as

¢} for orders = I;4 and ¢ for orders greater than I, 1t 1s optimal for
the retailer to always order at least 1,4 for any observed d, Hence this
quantity discount scheme makes QR Pareto improving O]

LEMMA 5  There exists a wholesale price c* that depends on system pa-
rameters such that if ¢ = c*, then there exists no flat wholesale price com-
mutments that can make QR Pareto improving

PrOOF  Note that given that the retailer adjusts service level in
response to the wholesale price ¢’, the manufacturer expected profit is

(r+m - (@Z)X{r+ 7+ h)) —w) X{u+(ZxXoc')),

where

MANAGEMENT SCIENCE/Vol. 43, No 4, April 1997

Copyright © 2001 All Rights Reserved



IYER AND BERGEN
Quick Response m Manufacturer-Retaler Channels

To 1dentify the optimum value Z* that maximizes this manufacturer
profit, differentiate the above term wath respect to Z and set it equal
to zero which yields
BULNa" + HZ) X (u 4 (ZF X g = T g,
r+7 +h
then solve for Z*

If the cost ¢ 1n the old system 15 greater than ¢*, where ¢* = (r + )
= (®(Z*) X (r + m + h)), then increasing the wholesale price ¢ will
not increase manufacturer revenues and thus not make QR Pareto
mproving [

LEMMA 6  The impact of a volume comnutment of IIM) on expected
profit for the retatler ts given by

EPor(I{M)) = (r + )My - (¢ + DIM)

—(r+h+ T()M‘ [o° + lf &, (2)b,(z)dz
pv .

where ¢,(2) 15 normally distributed with mean u, equal to (I{M)
= Mp)/(Mia® + (1/p)) and a variance o3 equal to 7°/M(a” + 7)(a?
+ (1/p)) Thus a volume commitment of Miy + ZNo® + 7°) across M
products makes QR Pareto tmproving

PrROOF  Given that we observed,,, 1= 1,2, , M, and a constraint
that the total order should be I(M), the optunal purchase quantity 1s
that which generates the same service level for every 1, 1e, (I(M)
-z p(dl,))/M\"az + (1/p), where u(d),) 15 as defined in §21 Given
the distribution of £,d,, ~ N(Myu, M(c* + 7°)), we see that the distri-
bution of the Z value, 1e, ®,(2) 15 N(u,, ) as defined n the lemma
Hence the expected profit 15 as in the statement of this lemma If we
set (M) = Mlu + ZJo? + 7°}, this can be verified to make QR Pareto
mproving by checking that [ ¢,(2)b,(z)dz 15 nonincreasing 1n
M O

LEMMA 7
of ML, (as in Lemma 6) across M products, s(M), 1s s =< s(M) = s', where
s’ 15 defined as 1n Theorem 1

The expected service level s(M) under a volume commtment

PrOOF  Given the distribution of the Z, 1¢e, ¢,(z) as in Lemma 6,
the associated average service level is f‘, $,(z)p(z)dz where $(z) 15
the probability density function of a standard Normal distribution and
®,(z) 1s the cumulative density tunction of a Normal distribution with
mean g, and varance o3 It 1s clear that this value 15 equal to s when
M =1 and 15 equal to s" when M — = It can be venfied after some
calculus that the mequalities hold OJ

LEMMA 8  The slope of

dEP g (1)

=0
dI

TouM

Thus the optumal value of M) 1s = Ml 4

PROOF  The slope with respect to I evaluated at M x 1,4 1s equal

to

MANAGEMENT SCIENCE/ Vol 43, No. 4, Apnl 1997

-+ —(r+n1+ho’ f ad(z)/dD y ., H(2)dz

Since we know that when M = 1, this value 15 0, we have to show that
this value 1s < 0 for M = 1 This requires that we venfy (after some
calculus) that M f (@P () /dD |, wd(z)dz decreases with M O3

References

Barrett, G, “Changing Measures of Performance,” Proc Quick Re-
sponse Conf, Atlanta, GA, March 22-24, 1993, 245-259

Bergen, Mark, Shantanu Dutta, and Orville C Walker, “’Agency Re-
lationships in Marketing A Review of the Implications and Ap-
plications of Agency and Related Theonies,” | Marketing, 56, 3
(July 1992), 1-24

Berger, James O, Statistical Deci~ion Theory and Bayesian Analysis, sec-
ond Ed, Springer-Verlag, New York, 1985

Blackburn, ] D, Time Based Competition 1he Next Battleground in Amer-
ican Manufacturing, Business One Irwin, Homewood, I, 1991

Bravman, Richard, “Quick Response—An Introduction,”” Proc Quick
Response Conf , Chicago, 1L, March 17-18, 1992, 1-8

Chicago Tribune, Advertisement for Liberty Shoes, Marshall Field’s,
Aprl 16, 1993

——, Advertisement for men’s blazers, Carson Pine Scott, June 4, 1995

Chung, K L, A First Cour~e in Probability Theory, Harcourt, Brace and
World, New York, 1968

Crafted With Pride, Inc, “Technological Requirements for and Eco-
nomic Benefits of Quick Response,” 1045 Avenue of the Americas,
NY, 1985

Dalby, hllS and M Therese Flaherty, "Liz Claiborne, Inc and Ruentex
Industries, Ltd ,” Harvard Business School, Case # 9-690-048,
Cambnidge, MA, 1990

Dayton Hudson Corporation, “EDI/UPC Guidelines,” 700 on the
Mall, Minneapolis, MN, March 1995

Drew, L, The Busmess of Fashion, Cambndge University Press, London,
1992

Dreze, X, “Shelf Management and Space Elasticaty,” Working Paper,
Graduate School ot Business, The University of Chicago, Chicago,
IL, 1993

Eppen, G DD and A V lyer, “Improved Fashion Buying with Bayesian
Updates,” Oper Res (forthcomung)

Foster, T B, ““Short Cycle Manufacturing,” Proc Quick Response Conf,
Atlanta, GA, March 22-24, 1993

Frsher, M and A Raman, ““The Value of Quick Response for Supplying
Fashion Products Analysis and Application,” Working Paper,
Department of Decision Sciences, The Wharton School, Philadel-
phia, PA, 1992

Frazier, Robert, “Quick Response,” The KSA Perspective, September
1986

Hammond, Janice H , “’Coordination in Textile and Apparel Channels
A Case for ‘Virtual’ Integration,” in Proc Twentieth Annual Trans-
portation and Logistics Educators Conf, New Orleans, LA, 1991,
113-141

——, “Quick Response 1n the Apparel Industry,” Harvard Business
School, N9-690-038, Cambridge, MA, 1990

569

Copyright © 2001 All Rights Reserved



IYER AND BERGEN
Quick Response m Manufacturer-Retailer Channels

Heinsen, Bob, ““The Role of the Merchant—Implementing Quick
Response,”” Proc Quick Response Conf , Chicago, IL, 1992, 9-58

Irastorza, Joseph, “Quick Response Fits Fashion,”” Proc Quick Response
Conf , Clucago, IL, March 17-18, 1992, 82-89

Jeuland, Abel and Steven Shugan, “Managing Channel Profits,” Mar-
keting Scr, 2 (Summer 1983), 239-272

Kelly, ] Patrick, Hugh M Cannon, and H Keith Hunt, | Retailing, 67,
2 (Summer 1991)

Kouvelis, P and G ] Gutierrez, “The Newsvendor Problem in a
Global Context,” paper presented at ORSA/TIMS Conf, San
Franaisco, CA, 1992

Millson-Whitney, Gay, “Why QR Won't Work—Retaitling 1993-A
Turning Point,” Proc Quick Response Conf, Atlanta, GA, March
22-24, 1993, 245-259

Muller, E ], “Quick Response Picks Up Pace,” Distribution, June,
1990

Nannery, Matt, “Distribution Center Shows Fred Meyer’s QR Com-
mitment,” DNR, March 15, 1995

Pashigian, B Peter, “Demand Uncertainty and Sales A Study of Fash-
1on and Markdown Pricing,”” American Econ Rev, 78, 5 (1988),
936-953

Signorell, Sergio and James L Heskett, “Benetton (A),” Harvard Busi-
ness School, Case # 9-685-014, Cambrnidge, MA, 1984

Skinner, Robert C, “Fashion Forecasting at Oxford Shirtings,” Proc
Quick Response Conf , Chicago, IL, March 17-18 (1992), 90-107

Stern, L W and A [ El-Ansary, Marketing Channels, Prentice Hall,
Englewood Clffs, NJ, 1988

Stumbhofer, D, “Educating the Merchant on Quick Response,” Proc
Quick Response Conf , Atlanta, GA, March 22-24, 1993

Thowsen, G, “A Dynamic, Nonstationary Inventory Problem for a
Price /Quantity Setting Firm,” Naval Research Logistics Quarterly,
22 (1975), 461-476

Accepted by Marshall Fisher, recerved February 2, 1994 This paper has been with the authors 5 months for 2 revisions

570

MANAGEMENT SCIENCE/Vol. 43, No 4, April 1997

Copyright © 2001 All Rights Reserved



