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Supply Chain Coordination Under

Channel Rebates with Sales Effort Effects

Terry A. Taylor
Graduate School of Business, Columbia University, New York, New York 10027
tat2002@columbia.edu

Achannel rebate is a payment from a manufacturer to a retailer based on retailer sales to
end consumers. Two common forms of channel rebates are linear rebates, in which the
rebate is paid for each unit sold, and target rebates, in which the rebate is paid for each unit
sold beyond a specified target level. When demand is not influenced by sales effort, a prop-
erly designed target rebate achieves channel coordination and a win-win outcome. Coordi-
nation cannot be achieved by a linear rebate in a way that is implementable. When demand
is influenced by retailer sales effort, a properly designed target rebate and returns contract
achieves coordination and a win—-win outcome. Other contracts, such as linear rebate and
returns or target rebate alone, cannot achieve coordination in a way that is implementable.
Contrary to the view expressed in the literature that accepting returns weakens incentives
for retailer sales effort, we find that the provision of returns strengthens incentives for effort.

(Channel Coordination; Supply Chain Management; Incentives; Rebates; Sales Effort)

1. Introduction

A channel rebate is a payment from a manufac-
turer to a retailer (reseller) based on retailer sales
to end consumers.! Channel rebates are important in
the hardware, software, and auto industries. In the
personal computer industry between mid-1996 and
mid-1997, Compaq, Hewlett-Packard (HP), and IBM
shifted the emphasis of their channel incentive for-
mulas to rebates based on the volume of sales to end
consumers. Channel rebates that, prior to mid-1997,
were less than 3% jumped in some cases to more than
6% (Zarley 1997). “Nearly all” printer vendors offer
channel rebates (Terdoslavich 1998), and rebates are
“rampant” in the network hardware switching indus-
try (Preston 1999). Channel rebates are also significant
in the software industry. Microsoft has used rebates
of 3% and 5.5%, and Novell has employed rebates
of 3.25% and 5% (Kanellos 1996). Software makers

L A channel rebate is distinct from a consumer rebate where the
manufacturer pays the end consumer via a rebate or coupon.
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Lotus and Symantec have also used channel rebates
(Moltzen 1997, Pender 1998).

Given the narrow margins of resellers in the com-
puter industry—median net income as a percentage
of sales is 4.5%—manufacturers and resellers identify
rebates as a powerful channel policy (Roberts 1998).
“Rebates are a key incentive for resellers,” said Gor-
don Ball, IBM Canada’s national channel sales execu-
tive (Bisby 1999). Merisel chairman and CEO, Dwight
Steffensen, said vendor rebates significantly affect
margins (Campbell 1999). In the auto industry, chan-
nel rebates are termed “dealer incentives.” Edmunds
reports that as of February 1999, 13 auto makers—
including Chrysler, Ford, General Motors, Mazda, and
Toyota—offered dealer incentives. At that time, 188
models had dealer incentives, and the median rebate
was $1,000 (Edmunds 1999).

Rebates may be initiated at various points in time
over the product life cycle. Rebates initiated at the
start of the product life cycle are important in prac-
tice. Beginning-of-life channel rebates are common in
the software industry (Caborn 2001) and are also used
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in the computer hardware and automotive indus-
tries. For example, Intel used channel rebates when it
launched its Willamette Pentium 4 processor (Robert-
son 2001). Similarly, in late summer 1999, Nissan paid
its dealers $1,000 for every 2000 model year Frontier
pickup sold (Automotive News 1999).

There are two common forms of channel rebates.
Nissan’s Frontier rebate is an example of a linear
rebate: The manufacturer pays the retailer a fixed
rebate for each unit sold. In the second form of
rebate the size of the rebate is a function of the
retailer’s hitting specified sales volume levels. Intelli-
gent Electronics president, Michael Norris, said much
of reseller profit results from manufacturers’ volume-
based rebates (O’'Heir and Pereira 1997). In a sim-
ple version, which we term a target rebate, the rebate
is paid for each unit sold beyond the target level.
An example of a target rebate is that HP paid its
resellers a 10% rebate for sales of servers on volume
that exceeded a target level (Zarley 1998). Typically,
in order to receive a channel rebate, the retailer is
required to provide evidence of sale to an end user,
such as an invoice. Thus, retailer sales are observable
to and verifiable (via an audit process) by the manu-
facturer.

A rebate is distinct from a reduction in the man-
ufacturer’s wholesale price in that the “reduction in
price” caused by the rebate is only realized if the
item is sold to an end user. The computer hardware
and software industries, where rebates are frequently
used, are characterized by short life cycles and high
demand variability. Hence, there is often a mismatch
between the quantity ordered by the retailer and the
quantity sold to end users. If there is a possibility
that the retailer may order more units than she sells,
then a rebate is distinct from a reduction in wholesale
price. In other contexts, rebates may be offered for
a limited time. For example, Nissan’s Frontier rebate
was offered through September 30, 1999. For longer
life-cycle products, time restrictions tend to create a
distinction between wholesale price reductions and
channel rebates.

Given the short life cycles of many products cov-
ered by channel rebates, we employ a one-period
model to explore the role of rebates. This approach is
consistent with the supply-chain contracting literature
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where one-period models are widely used (see Lariv-
iere 1999). This model may serve as an approximation
for time-restricted rebates for longer life-cycle prod-
ucts. We show that when demand is not influenced by
sales effort, a properly designed target rebate achieves
channel coordination (i.e., maximizes the profitability
of the entire supply chain of both manufacturer and
retailer) and win-win (i.e., both parties are made bet-
ter off). Coordination cannot be achieved by a linear
rebate in a way that is implementable.

In many settings, retailer sales effort is important in
influencing demand. Retailers can influence demand
by merchandising, doing point-of-sale or other adver-
tising, providing attractive shelf space, and guiding
consumer purchases with sales personnel. We employ
a simple model in which a retailer makes quan-
tity and effort decisions and then observes demand.
If retailer sales effort influences demand in a mul-
tiplicative fashion, then a properly designed target
rebate and returns contract achieves coordination and
win-win (shown analytically for uniform demand
and consistent with a range of examples for normal
demand). Other contracts, such as linear rebate and
returns or target rebate alone, cannot achieve coordi-
nation in a way that is implementable. Contrary to the
view expressed in the literature that accepting returns
weakens incentives for retailer sales effort, we find
that the provision of returns strengthens incentives for
effort.

The paper is organized as follows. Section 2 pro-
vides a survey of related research. Section 3 presents a
model for channel rebates when demand is not influ-
enced by sales effort. Section 4 explores the setting
in which sales effort influences demand. It describes
prospects for channel rebates and returns to achieve
coordination and examines the effect of endogenous
and exogenous factors on the behavior and perfor-
mance of the supply chain. Section 5 provides con-
cluding remarks.

2. Literature Survey

One area of related research involves retailer sales-
dependent payments. Consumer rebates and sales
force compensation involve a firm making payments
based on retailer sales to end consumers, but to par-
ties other than a retailer. In a consumer rebate, the
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payment is made by the manufacturer to the end
consumer via a rebate or coupon. Consumer rebates
have been explored in the economics and market-
ing literature (cf. Gerstner et al. 1994, Zhang et al.
2000). In the context of the internal workings of a
firm, sales force compensation involves payments by
a firm to its employees based on sales to consumers.
An extensive body of research has examined a range
of compensation schemes, including linear and quota-
based schemes (cf. Basu et al. 1985, Rao 1990, Raju
and Srinivasan 1996). Porteus and Whang (1991) and
Chen (2000) extend this literature to consider incen-
tive problems that arise within the firm between mar-
keting and manufacturing functions. The literature
on sales force compensation involving stochastic sales
effort—-demand relationships is built on agency the-
ory, an extensive literature in economics regarding the
provision of incentives for managerial effort. Founda-
tional papers include Harris and Raviv (1978, 1979),
Holmstrom (1979), Shavell (1979), and Grossman and
Hart (1983). Coughlan (1993) provides a comprehen-
sive review for sales force compensation, as does
Baiman (1982) for agency theory.

A second area of research regards manufacturer—
retailer contractual relationships. Revenue sharing
contracts are a converse of linear rebates in that under
revenue sharing, the retailer pays the manufacturer a
portion of the retail price for each unit sold to an
end consumer. Pasternack (1999) shows that a prop-
erly designed revenue sharing contract coordinates
the channel in a single-period, stochastic demand (i.e.,
newsvendor) setting. Dana and Spier (2000) obtain
a similar result when the downstream market con-
sists of competing newsvendors under perfect com-
petition. Cachon and Lariviere (2000) extend these
results to the case of price-sensitive end-consumer
demand and oligopolistic retail competition. Gerchak
and Wang (2000) explore revenue sharing in assembly
systems.

Accepting returns is a converse of offering a chan-
nel rebate in that under returns the manufacturer
pays the retailer for each unit not sold. Paster-
nack (1985) shows that a properly chosen whole-
sale price and return rebate coordinate the channel
in a newsvendor setting. Donohue (2000) and Tay-
lor (2001) extend Pasternack by considering a second
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buying opportunity. Kandel (1996), Padmanabhan
and Png (1997), and Emmons and Gilbert (1998)
incorporate price-sensitive end-consumer demand.
Narayanan and Raman (1997) explore returns, vendor
managed inventory, and retailer managed inventory
when manufacturer sales effort influences demand.
Tsay (1999) examines a quantity flexibility contract
which is equivalent to a returns contract in which the
quantity that can be returned is restricted (see Lar-
iviere 1999). Webster and Weng (2000) also consider
quantity-restricted returns.

Quantity discounts are related to volume-based
channel rebates, but differ in that the discount is
based on retailer purchases rather than retailer sales.
One set of literature assumes that demand is deter-
ministic and identifies schemes to increase man-
ufacturer profits (cf. Lee and Rosenblatt 1986) or
to achieve channel coordination (cf. Jueland and
Shugan 1983). In contrast, Jucker and Rosenblatt
(1985) explore the role of quantity discounts in a
newsvendor setting. Comprehensive reviews of the
supply chain contracting literature are provided by
Lariviere (1999) and Tsay et al. (1999).

3. The Quantity-Only Model

3.1. The Integrated Channel

First we introduce notation. Let p be the retail price,
w the wholesale price, c the manufacturing cost, s the
salvage value, T the target level, and u the channel
rebate (i.e., the amount paid by the manufacturer to
the retailer for each unit the retailer sells beyond the
target). Let demand be given by the random variable
& with density ¢(-) and distribution ®(-). Assume that

AssumPTION Al. O<c<w<p,s<c,u>0,T=>0.

ASSUMPTION A2. p,c,s are exogenous; w,u,T are
endogenous.

AssUMPTION A3. No lump sum side payment is
allowed.

AssUMPTION A4. ¢(€) >0 for all ¢ >0.

The retail price is assumed to be exogenous. Others
in the supply chain contracting literature have used
this assumption (cf. Pasternack 1985, Narayanan and

MANAGEMENT ScIENCE/ Vol. 48, No. 8, August 2002



TAYLOR
Supply Chain Coordination Under Channel Rebates with Sales Effort Effects

Raman 1997, Lariviere 1999). This assumption may be
justified if the retail market is sufficiently competitive
that retailers are essentially price takers. Alternately,
the manufacturer may have strong control over the
retail price through, for example, resale price main-
tenance (RPM) or minimum advertised price (MAP)
restrictions. In the computer hardware and software
industries, where rebates are commonly used, man-
ufacturers also employ MAP restrictions (Patterson
1999, Peers and Ramstad 2000). The main results of
the paper, Theorems 1 and 2, extend to the case in
which the retail price is endogenous, provided that
the contract can dictate the retail price (see Taylor
2002); Kandel (1996) provides an analogous result for
returns.

Salvage value may be negative, indicating that the
holding and/or disposal cost may exceed the nominal
salvage value. Assumption A4 can be relaxed to allow
any support [a, 8) where 0 < a < 8 < co. The firms
are risk neutral, and the demand distribution and all
parameters are commonly known. First the terms of
trade (e.g., wholesale price, rebate) are specified, and
then the retailer chooses her order quantity (and in §4
her effort level).

The integrated channel faces a newsvendor prob-
lem where her expected profit is

m(Q) = —cQ+pEmin(Q, é)+sE(Q—¢&)™.

The optimal order quantity for the integrated channel
is Qy = ®((p—c)/(p—5)), and the resulting profit
to the integrated channel is 7 = (p — s)F(QO) where
L(Q) = [y’ £dd(é).

The independent retailer’s problem under a whole-
sale price-only contract is identical to that of the inte-
grated channel, except that w replaces c. Therefore,
the optimal order-up-to quantity is Q, = ®'((p —
w)/(p —s)), and the resulting retailer profit is r = (p —
$)T'(Q,)- Note Q, < Q,- This is a form of quantity
distortion driven by double marginalization (Spengler
1950). Because the retailer sees only a portion of the
integrated channel margin, the retailer underorders
relative to the integrated channel benchmark.
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3.2. The Independent Retailer with Rebate
Under a target rebate, the retailer’s profit function is

r(Q|T) = —wQ+pEmin(Q, &) +sE(Q—&)*
+uE(min(Q, &) —T)".
Let Q; = o Y((p+u—w)/(p+u—s)). Note Q, < Q;.

Define fo(T) =1(Qo|T) —r(Qi|T) on T € [Qy, ], and
define 7, to satisfy f,(7,) =0. Note

Q
(P—W)Q—(P—S)/O (Q—&)dd(é) if Q<T

Q
(p=w)Q—(p—5) [ (Q-Hdb(&)

HQIT) =
Q
wu( [ -
+(Q—T)[1—¢<Q>1) if Q>T.
Thus,
_fp—w—(p—95)®(Q) if Q<T
(a/ag)r(QlT)_{P-H/l—w—(p-}-u—s)q)(Q) if Q>T.

It is easy to verify that r(-|T) is concave on [0, T)
and (T, o0). All functions described as concave, con-
vex, increasing, or decreasing are strictly so. Although
r(-|T) is continuous, limg_ - (3/9Q)r(Q|T) <
limg_ 7+ (9/0Q)r(Q|T).

LemMma 1. (a) 7, exists, is unique, and satisfies T, €
(Qu, Qy). (b) The optimal order quantity for the retailer
under a target rebate, Qf, is given by the following: If T <
7o, then Q5 = Qq; if T > 7, then Qf = Q,; if T =7, then
Q5 =1{Qo, Qi

The proof of Lemma 1, as well as the other main
results, appears in the Appendix. The optimal order
quantity is decreasing stepwise in T. To see the intu-
ition behind the result, first consider extreme values
of T. If T is extremely large, then the probability of
selling units beyond the target level is very small. To
have a shot at the rebate, the retailer must order a
very large quantity (more than T), and the resulting
expected overage cost exceeds the expected revenue
from the rebate. Consequently, the retailer behaves as
if the rebate does not exist; i.e.; she orders the same
quantity as in the no-rebate case. If T =0, then the
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rebate effectively increases the retail price the retailer
faces because the retailer receives p 4 u rather than p
for each unit she sells. Hence, the optimal order quan-
tity is the newsvendor quantity where the retail price
is p+u.

For intermediate values of T, the retailer has to
choose whether she will “go for” the rebate (i.e., order
more than T) or not. In either case, the retailer’s opti-
mal order quantity is a function of her cost and her
marginal revenue from an incremental sale. If the
retailer orders more than T, her marginal revenue is
p+u; if the retailer orders less than T, her marginal
revenue is p. There is a candidate order quantity asso-
ciated with each marginal revenue. As T increases,
the attractiveness of going for the rebate diminishes.
At the threshold 7, the retailer is indifferent between
ordering the larger quantity and ordering the smaller
quantity.

The retailer profit under a target rebate is

r= (p+u—s)I(Q) —u(T(T)+T[1-D(T)]) if T<7,
(p—9)I'(Qo) if T>m,.

Let m* be the manufacturer profit and r* the retailer
profit under a channel-coordinated solution.

ProrosiTioN 1. If T =0, then channel coordination
requires m* < 0.

Proposition 1 indicates that while channel coordina-
tion is achievable under a linear rebate, this leaves
the manufacturer with negative profit. To see why
this may hold, suppose a rebate of w —c is offered.
In this case the retailer’s underage cost is equated
with that of the integrated channel, but the retailer’s
overage cost is greater than the integrated channel’s.
Hence, the retailer still underorders relative to the
integrated channel benchmark. To align the retailer’s
order quantity with that of the integrated channel,
the rebate must exceed the manufacturer’s margin.
Hence, the coordinating rebate has the manufacturer
losing money on each unit the retailer sells. In the
coordinating scheme, in expectation this loss exceeds
the profit the manufacturer earns on units purchased
but unsold by the retailer. It is easy to verify that
the manufacturer profit is positive under a wholesale
price-only contract. Hence, a channel-coordinating
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linear rebate is not implementable, as it requires the
manufacturer to be worse off. Define ii(w) = (w —

)(p—s)/(c—s).

THEOREM 1. For any « € (0, w), consider the target
rebate contract (w*, u*, T*):

(1) w* is set such that r = k — & where € € (0, K);

(2) u* =u(w*); and

(3) T* is set such that

(p+u =s)0(Qe) —u"(D(T)+ T 1~ (T =«. (1)

Then for € sufficiently small,

(@) (w*, u*, T*) exists and is unique; w* € (c, p), u* >
0, T* > 0;

(b) the target rebate contract achieves channel coordina-
tion; and

(c) the resulting profit to the manufacturer and retailer
is m* = o — Kk and r* = K, respectively.

For any wholesale price w € (c, p), there exists a # and
a T which achieve coordination. Thus, there exists a
continuum of coordinating schemes. The target rebate
addresses the quantity distortion by rewarding the
retailer for achieving high sales. The coordinating
rebate is increasing in the wholesale price: The retailer
pays for her chance at a reward for high sales through
her acquisition cost. Higher wholesale prices are asso-
ciated with higher manufacturer profits.

Suppose the manufacturer has monopoly power
over the retailer. The manufacturer offers a set of
terms to the retailer as a take-it-or-leave-it offer,
and the retailer accepts if and only if her expected
profit under those terms is greater than or equal
to her opportunity cost. By setting the terms of the
target rebate properly (ie., setting x equal to the
retailer’s opportunity cost and specifying w*, u*, and
T* accordingly), the manufacturer ensures that the
total chain’s profits are maximized and the retailer
earns only her opportunity cost. Hence, the manu-
facturer maximizes her profit. It is interesting to note
how this profit maximization for the manufacturer is
achieved. Because u* > w — ¢, the manufacturer incurs
a loss on each unit the retailer sells beyond the tar-
get. However, the manufacturer earns profit on units
sold to the retailer to which the rebate is not applied
(i.e., the first T units sold and any overage quantity).

MANAGEMENT ScIENCE/ Vol. 48, No. 8, August 2002
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By setting the rebate at u*, the manufacturer equates
the critical fractile associated with the range where
the marginal revenue is p + u with that of the inte-
grated channel. By setting the wholesale price and
target appropriately, the manufacturer ensures that it
is optimal for the retailer to order in this range and
that the retailer earns only her opportunity cost. (The
retailer earns k if she orders in this range and « — ¢ if
she orders in the range where the marginal revenue
is p.)

Suppose the manufacturer does not have all the
bargaining power, and instead the parties seek to
identify channel rebate terms that will leave each
party better off relative to her profit under a whole-
sale price-only contract. Under a no-rebate regime, the
sum of the manufacturer and retailer profit is less than
that of the integrated channel. Theorem 1 ensures that
by properly specifying the target rebate terms, the
total profit “pie” is enlarged and the pie can be split in
any way. Consequently, the theorem guarantees that
a target rebate can be constructed that results in an
outcome which is both coordinated and a “win-win;”
i.e., it leaves both parties strictly better off vis-a-vis
any allocation of profit under a wholesale price-only
contract.

Several alternatives exist for achieving coordination
and arbitrary profit splitting in a newsvendor set-
ting which involve retailer sales-contingent payments:
paying the retailer to sell units beyond a target (target
rebate), charging the retailer for selling units (revenue
sharing), or paying the retailer not to sell units she
had purchased (returns). Within this last category, the
units eligible for the payment may be unrestricted,
i.e., full returns (Pasternack 1985), limited to a percent-
age of the quantity purchased (Tsay 1999), or limited
to units purchased beyond a target level (Webster and
Weng 2000).

Revenue sharing and full returns are equivalent
instruments (if the retail price is exogenous) in that for
any returns contract a revenue sharing contract can be
devised which leads to the same realization of retailer
profit for any realization of demand (see Cachon and
Lariviere 2000). However, rebates are distinct from
revenue sharing and returns. Consider a revenue
sharing contract (w;, A) and a linear rebate scheme
(w,, u). Under revenue sharing, the retailer receives A

MANAGEMENT ScIENCE/ Vol. 48, No. 8, August 2002

of the revenue where A € [0, 1]. The retailer’s profit
under revenue sharing is Ap — w; when a unit is sold
and —w; when a unit is not sold. The retailer’s profit
under a rebate is p+ u —w, when a unit is sold and
—w, when a unit is not sold. Equating the profit under
these two schemes implies w, = w; and u=—p(1—-A),
which contradicts u > 0. Essentially, revenue sharing
is equivalent to employing a negative channel rebate
(i.e., taxing the retailer every time she makes a sale).
Similarly, a target rebate is distinct from quantity-
restricted returns.

If realized demand (as distinct from sales) is observ-
able and contractible, then coordination can be
achieved by penalizing the retailer for missing sales
(Lariviere 1999). A rebate and a per-unit penalty each
impose an additional cost for missing a sale, and
the coordinating rebate and penalty are identical for
any given wholesale price. Implementing a penalty
scheme is difficult because it depends on the ability
of the manufacturer to verify unsatisfied consumer
demand. The retailer has every reason to report that
demand did not exceed her stock and to frustrate
efforts to verify the existence of lost sales. In contrast,
under a rebate the manufacturer need only audit sales
rather than unsatisfied demand, and the retailer has
an incentive to cooperate because she is rewarded for
sales.

We have assumed that the wholesale price is lin-
ear and have excluded the use of side payments. In
the context of multiple retailers, the use of nonlinear
(i.e., quantity-dependent) pricing or fixed fees might
be curtailed by legal restraints or the prospect of arbi-
trage amongst retailers. If side payments or nonlinear
wholesale prices are allowed, then coordination with
arbitrary profit splitting is achieved without making
the contract dependent on retailer sales. It is well
known that a two-part tariff (i.e., the cost of pur-
chasing is given by a fixed fee plus a linear cost per
unit) in which the linear cost is the manufacturer’s
marginal cost, achieves coordination. By setting the
fixed fee appropriately, arbitrary profit splitting is
ensured. Such a scheme is equivalent to “selling the
firm” for a fixed fee. It is also equivalent to a quan-
tity discount (because the average cost per unit is
decreasing in the order quantity). Hence, when non-
linear pricing is allowed, coordination and win-win
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can be achieved by contracting on retailer purchases
rather than retailer sales.”

Achieving coordination with a specified split in
expected profit requires that the designer of the con-
tractual terms know the demand distribution of the
retailer. However, simply achieving coordination does
not require precise knowledge of the demand distri-
bution. Setting the rebate equal to ii(w) and employ-
ing a sufficiently small target ensures coordination.
The information requirements for returns (Pasternack
1985) and revenue sharing (Cachon and Lariviere
2000) are similar: Achieving coordination does not
require knowledge of the demand distribution, but
achieving coordination and win-win does.

How effective is a target rebate in the presence of
multiple, heterogeneous retailers? Again, a properly
designed target rebate contract achieves coordination:
For any wholesale price and rebate, (w, ii(w)), set
the target sufficiently low that it is optimal for each
retailer to order the integrated channel order quan-
tity. The presence of “small” retailers (i.e., retailers
with demand densities with probability mass concen-
trated toward low levels of demand) may require that
the target be small. A scheme that employs a sin-
gle target for all retailers may tend to favor larger
retailers. Hence, while total system profits are maxi-
mized with a single target rebate contract, it may lead
to an undesirable allocation of profit. In practice, the
target level is often a function of retailer sales in a
previous period—e.g., in HP’s server rebate, the tar-
get was 115% of the retailer’s sales in the previous
quarter (Zarley 1998)—so larger retailers face larger
targets. Employing retailer-specific targets may allow
for a wider range of profit allocations: For any given
(w, ii(w)), employing retailer-specific targets (instead
of a single coordinating cross-retailer target) allows
the manufacturer to capture a larger share of the
profit. Alternately, for at least some problem param-
eters it is possible to offer a menu of (w, u, T) con-
tracts such that different retailers select different coor-
dinating contracts. Such a scheme may support a still
broader allocation of profits.

2If side payments are allowed, then a properly specified linear
rebate plus a side payment achieves coordination and win-win.
However, such a scheme is more complicated than the simple
marginal cost pricing two-part tariff.
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Given that several instruments achieve coordina-
tion, it remains to consider whether additional consid-
erations outside the model—such as a retailer’s role
in exerting sales effort or setting the retail price—
favor one instrument over another. Because a channel
rebate rewards retailer sales, it provides an incentive
for retailer sales effort (see Proposition 3). In con-
trast, because revenue sharing “taxes” retailer sales, it
provides a disincentive for sales effort: The retailer’s
optimal effort decreases as the manufacturer’s share
of the revenue increases (Cachon and Lariviere 2000).
Because returns reward the retailer for having unsold
units, one might conjecture that returns also pro-
vide a disincentive for effort. However, the effect
of returns on the retailer’s optimal effort depends
on how effort affects demand, and returns may
either increase or decrease retailer effort (see §4.4.2).
Nonetheless, it is plausible that in many contexts,
rebates may provide a stronger positive incentive for
sales effort than returns. Hence, if retailer sales effort
is important in determining demand and generat-
ing large sales is deemed attractive, channel rebates
may be an attractive instrument. When the retailer
sets the quantity and the retail price, a properly
designed revenue sharing contract achieves coordi-
nation and win-win (Cachon and Lariviere 2000).
Returns cannot achieve coordination in this environ-
ment (Emmons and Gilbert 1998). The potential for
channel rebates, perhaps in conjunction with other
instruments (besides RPM), to achieve coordination
when the retail price is endogenous is left to future
research.

In the context of multiple retailers, both target
rebates and quantity-restricted returns schemes may
have a potential advantage over revenue sharing and
full returns schemes. Consider a manufacturer sell-
ing to multiple retailers, each with a distinct demand
distribution and a positive opportunity cost. Suppose
for simplicity that the manufacturer has monopoly
power. The manufacturer’s profit is maximized if total
system profit is maximized and each retailer receives
only her opportunity cost. There is at least the pos-
sibility of designing a menu of optimal self-selecting
target rebate contracts: Under such a scheme, each
retailer self-selects a coordinating contract which
yields an expected profit equal to her opportunity
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cost. This is possible because the relative attractive-
ness of the various target rebate contracts depends
on the retailer’s demand distribution. Similar remarks
apply for the potential effectiveness of a menu of
quantity-restricted returns contracts (Lariviere 1999,
Webster and Weng 2000). In contrast, for both rev-
enue sharing and full returns, because the coordinat-
ing contract is independent of the demand distribu-
tion, the relative attractiveness of the distinct coor-
dinating contracts does not depend on the retailer’s
demand distribution (e.g., when faced with a menu of
coordinating revenue sharing contracts, all the retail-
ers will select the contract that offers the greatest rev-
enue share to the retailer). Hence, it is not possible
to construct a menu of either revenue sharing or full
returns contracts such that different retailers select
different coordinating contracts (Lariviere 1999).3

Because the firms are assumed to be risk neutral,
they are concerned with the mean rather than the
variance of their profit. The variability in the firms’
profits is a second-order consequence of the retailer’s
maximizing her expected profit. While returns offers
the retailer insurance, a target rebate essentially offers
the retailer a lottery with “extreme payoffs.” Con-
sequently, the variance of the retailer’s profit under
any coordinating target rebate contract is greater than
under any coordinating full returns (or revenue shar-
ing) contract (see Taylor 2002).

4. The Quantity and Effort Model

4.1. The Integrated Channel

Consider the setting in which demand is stochastic
and a multiplicative function of retailer sales effort.
Specifically, let demand be given by e£, where e is the
level of effort and ¢ is a random variable. The cost to
the retailer of exerting e units of effort is V(e) where
e > 0. Assume:

AssuMPTION A5. V(-) is convex, increasing, and

V(0) = 0.

3 Cachon and Lariviere (2000) demonstrate that in the context of
competing retailers, a single revenue sharing contract can guarantee
coordination but not arbitrary profit splitting.
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Thus, the marginal effectiveness of effort is constant,
and the marginal cost of effort is increasing. Alter-
nately, one can assume that demand is z(e)¢, where
z(+) is a concave, increasing function; i.e., the marginal
effectiveness of effort is decreasing. To accommodate
this, simply employ the change of variable x = z(e)
and adapt the cost of effort accordingly. This type
of effort-demand model is used in Gerchak and Par-
lar (1987) and Rao (1990). This modeling approach
is consistent with the implication of sales response
models having multiplicative error terms used in
empirical studies of the relationship between adver-
tising and sales (cf. Bass 1969, Ryans and Weinberg
1979, Rao et al. 1988). Assumption A5 implies V(') is
continuous.

We assume that quantity and effort decisions are
both made prior to observing the state of market
demand. This is appropriate when the sales cycle
is short, early information about demand is diffi-
cult/costly to obtain early in the life cycle (e.g., poor
information systems) or the information is a poor
indicator of demand later in the life cycle, and/or a
lead time exists with respect to sales effort. The inte-
grated channel’s profit function is

I1(Q, ) = —cQ+pEmin(Q, e€) +sE(Q —ef)™ — V(e).

Although effort is costly, the integrated channel’s rev-
enue is clearly increasing in e. It is straightforward to
show that II(Q, e) is concave in Q and e. The opti-
mal solution, if it exists, satisfies the first-order con-
ditions: The optimal effort level is given by the ¢
satisfying (9/de)V(e)|,; = (p —s)I'(Q,), and the opti-
mal order quantity is Q= E@O where, recall, QO =
O ((p—c)/(p—s)). Assume the cost of effort func-
tion and demand distribution are chosen such that
the existence of an optimal solution is assured. The
resulting integrated channel profit is I = A(e), where
A(y)=v(9/de)V(e)|—y — V(7).

We conclude this section by noting two of the many
possible alternate specifications for how effort could
affect demand. First, effort could influence demand
in an additive fashion; i.e., demand is e+ ¢. In con-
trast to the multiplicative model, where the effect of
effort on demand is stochastic (in that it depends
on £), in the additive model the effect of effort on
demand is deterministic. To the extent that the effect
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of effort on demand is, in fact, not deterministic,
the multiplicative model may be more appealing.
This paper focuses in exposition on the multiplicative
model and discusses related results for the additive
model. Second, the retailer may be able to postpone
her sales effort decision until she sees a signal of mar-
ket demand. This may be plausible when the sales
effort lead time is short relative to the length of the
product’s sales cycle. The resulting model is discussed
in §4.4.2.

4.2. The Independent Retailer with Returns

When the retailer is independent, her effort level gen-
erally is not directly observable or verifiable by the
manufacturer, and hence is not legally contractible.
While effort is not contractible, it is possible to con-
tract on retailer sales. A “good outcome” (high sales)
is a signal of “good performance” for the retailer (high
sales effort), and a rebate creates incentive for that
performance.

In this section we expand our study to include
returns. In the software industry, channel rebates and
returns are commonly used simultaneously (Caborn
2001). Similarly, in the computer hardware industry,
where channel rebates are frequently used, returns
policies are also common (Padmanabhan and Png
1995). The independent retailer’s problem under a
wholesale price-only contract is identical to that of the
integrated channel, except that w replaces c. There-
fore, the retailer’s optimal effort level is given by the
é satisfying (d/de)V (e)|,_; = (p —s)T'(Q,), and the opti-
mal order quantity is Q, = ¢Q, where, recall, Q, =
®~((p—w)/(p—>s)). The resulting retailer profit is R=
A(?). Note that ¢ < é and Q, < Q: The retailer underex-
erts effort and underorders relative to the integrated
channel benchmark.

Let the return credit for each unsold unit be given
by b where b € [s, w). The retailer’s problem under
returns alone is identical to that of the retailer under a
wholesale price-only contract, except that b replaces s.
Define Q = O (p—w)/(p—">)) and Q, = eQ,. The
optimal effort level is given by the e satisfying
(9/9e)V(e)|—, = (p —H)I'(Q ), and the optimal order
quantity is Q,. The resulting independent retailer
profit is R = A(e).
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4.3. The Independent Retailer with Returns

and Rebate
Under a target rebate and returns, the retailer’s profit
function is

R(Q, e|T) = —wQ+pEmin(Q, e£)
+uE(min(Q, e¢) — T)*
+bE(Q—eé)T —V(e).

The analysis of the retailer’s optimal effort and quan-
tity decisions proceeds in two parts. First, we char-
acterize the optimal quantity decision for any given
effort level (Lemma 2). Second, we embed the optimal
quantity decision in the retailer’s objective function
and characterize the optimal effort decision (Lemmas
3 and 4). We begin by considering the order quan-
tity decision for any given level of effort. It is easy
to verify that we can restrict our attention to strictly
positive effort. Note that

(0/0Q)R(Q, e|T)
_ [p-w-p-beQre) Q=T
pru—w—(p+u—b)®d(Q/e) ifQ>T,
and
—(p—b)$(Q/e)/e ifQ<T

(?/0Q)R(Q, e|T) = {

—(p+u—-b)p(Q/e)/e if Q>T.

Thus, R(-,e|T) is concave on [0,T) and (T, o).
Although R(-, e|T) is continuous,

dim (9/0Q)R(Q, eT) < lim (9/9Q)R(Q, e[T).

Define Q =@ '((p+u—w)/(p+u—"b)) and Q=
eQ, . Note Q, < Q. Define 7 to be the quantity anal-
ogous to 7, when b replaces s. (7, is defined at the
beginning of §3.2.)

LemMA 2. For any given e, the optimal order quantity
for the retailer under a target rebate and returns, Q*, is
given by the following: If e < T /7, then Q* = Q,; if e >
T/7, then Q* = Qy; if e=T/7, then Q* ={Q,, Q3}.

Thus, the retailer profit under a target rebate can be
expressed as a function of a single decision variable, e.
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Let A(e|T) = R(Q*(e), e|T), where Q*(e) is the optimal
quantity given effort e. Then

e(p—b)I'(Q,) —V(e) ife<T/T
A(e|T) = ye(p+u-— b)F(Ql) —u(el'(T/e)
+T[1—-®(T/e)])—V(e) ife>T/r.
Thus,
(9/de)A(e|T)
(p—bI(Q)—(9/de)V(e) ife<T/r
=1 (p+u—-bI(Q)—ul(T/e)
—(d/de)V (e) ife>T/T,
and
(0°/9€*)A(e|T)
| —(@/ae*)V(e) ife<T/T

e SuT?p(T/e) — (82/06*)V(e) if e > T/T.
Although A(-|T) is continuous,

lim (d/de)A(e|T Iim (d/de)A(e|T).
lim (9/30)A@IT) < _lim (9/30)A(e|T)

Thus, T/7 cannot be the optimal effort level. A(:|T)
need not be well-behaved.

To obtain managerial insights we begin by assuming
¢ has a uniform distribution to obtain analytic results.
We then show that key results are consistent with a
range of examples for the normal distribution. For
the remainder of this paper, unless otherwise noted,
assume V (e) = ae®/2 where a > 0; a can be interpreted
as the costliness of effort. We now proceed to show that
under the uniform assumption, the retailer’s optimal
policy is similar to that under no effort: There exists
a unique threshold such that if the target exceeds the
threshold, then the retailer behaves as if the rebate does
not exist; i.e., the optimal effort and order levels are the
same as in the no-rebate case. If the target is below the
threshold, then there exists a distinct optimal effort-
order quantity pair; both levels are greater than the lev-
els associated with no rebate. If the target equals the
threshold, then the retailer is indifferent between the
high and low effort-quantity pairs (see Lemma 5).

The analysis of the retailer’s optimal effort level
proceeds in two parts. First, we show in Lemma 3 that
the objective function, A(:|T), is concave on [0, T/T)
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and either convex and then concave or simply con-
cave on (T /1, o). Second, we use this result to spec-
ify the optimal effort level in Lemma 4. Assume
& ~ Uniform(0, 0+ 8). Although for expositional pur-
poses we use 0 =0 and 6 =1, identical or analogous
results hold for all § >0 and 6 > 0.

LemMA 3. Suppose &~ Uniform(0,1). If T < ut®/a,
then A(-|T) is concave on [0, T/7) and ([uT?/a]'?, oo)
and convex on (T/7,[uT?/a]*®); if T > ur®/a, then
A(:|T) is concave on [0, T /1) and (T /T, c0).

A consequence of Lemma 3 and lim,_, ., A(e|T) = —o0
is that A(-|T) has one maximizer on [0, T/7] and at
most one maximizer on (T/7, o). Denote the maxi-
mizer on [0, T/7] by é. Let é be the maximizer on
(T/7,00), if it exists; let ¢ = T/7 if no such max-
imizer exists. Let A(y|T) = A(y|T) for y € [0, T/7]
and A(y|T) = A(y|T) for y € [T/1, ). Note é =
min(e, T /7). Define j(T) = A(é|T) —A(é|T) on [re, %)
and define T to satisfy j(T) =0.

LEmMa 4. Suppose & ~ Uniform(0, 1). (a) T exists and
is unique. (b) If T < T, then e¢* = é and further é > T/T;
if T > 7T, then e* = e and further e < T/7; if T =T, then
e* =1{é, e} and further e < T/T < é.

Lemma 5, which specifies the retailer’s optimal effort
and quantity, follows directly from Lemmas 2 and 4.

LemMma 5. Suppose &€ ~ Uniform(0,1). If T < 7T, then
e*=¢and Q*=Q, if T> T, then e* =¢ and Q* = Q,;
if T="17, then (e*, Q") = {(e, Qo), (é, Q3)}

Having specified the retailer’s optimal behavior, we
now construct a coordinating, win—win target rebate
and returns contract. Define

Y
D)= 0=

and

(p—0)°—(p—95)(T)
(p—0)°—(p—0d(T)’

where {(T) = 4a*(p — s)*T?. Define T, = (p — ¢)*/
[2a(p — s)?]. Define m,(T) = er and m,(T) = et for
T €0, T;], where u = u(T) and b = b(T); hence, ¢ and
T are functions of T. Define T; to be a fixed point of
ml; i.e., T] == ml(T]); i == 1, 2.

b(T)=s+(w—c)

LEMMA 6. Suppose & ~ Uniform(0,1). T; exists and is
unique; i=1,2.0< T, < T, <Tj.
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Under the target rebate and returns contract
(w, u(T), b(T), T), let L(T) be the retailer’s profit when
she exerts effort ¢ where e > T /7, and let L(T, w) be the
retailer’s profit when she exerts effort e wheree < T/7.

THEOREM 2. Suppose & ~ Uniform(0,1). For any k
(0, IT), consider the target rebate and returns contract
(w*, u*, b*, T*): u* = u(T*); b* = b(T*); w* and T* are
set such that T* € (T;, T,), L(T*, w*) = k — & where € €
(0, k), and L(T*) = k. Then for & sufficiently small,

(@) (w*, u*, T*) exists; w* € (c, p), u* >0, b* € (s, w*),
T* > 0;

(b) the target rebate contract achieves channel coordina-
tion; and

(c) the resulting profit to the manufacturer and retailer
is M* =11 —k and R* = k, respectively.

Theorem 2 guarantees that if the terms of the tar-
get rebate and returns contract are properly cho-
sen, then both channel coordination and win-win
are guaranteed. To achieve coordination, the terms
of trade must be designed to induce the retailer to
exert additional effort and increase her order size.
For a fixed wholesale price, a target rebate increases
the retailer profit when sales are high, and a return
credit increases her profit when demand is low. It
is intuitive that a target rebate pushes the retailer’s
effort and quantity decisions in the desired direc-
tion: Exerting additional effort makes the realiza-
tion of higher demand more likely, and converting
demand into sales requires that the retailer order a
sufficiently large quantity. More surprisingly, returns
has the same positive effect on both of the retailer’s
decisions (see Proposition 3). When the two instru-
ments are used together properly, the retailer’s deci-
sions are aligned with those of the integrated chan-
nel. To overcome double marginalization it is intuitive
that as the wholesale price is increased, the manufac-
turer must compensate the retailer with more gener-
ous terms. Hence, the coordinating rebate and return
credit are increasing in the wholesale price. Theorem 2
holds for ¢ ~ Uniform(6, 8+ 8) where § >0 and 6 > 0.
For the additive demand case, i.e., when demand is
given by e+ &, we obtain a result that is similar to
Theorem 2, but weaker: If the costliness of effort is
sufficiently small (i.e., a <max((p—c)/8, (p—c)(p—s)/
[(p —c)6+2(p—5)0]), then a properly specified target
rebate and returns contract guarantees both channel
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coordination and win-win. Because the approach is
similar, we omit the details.

The uniform distribution has the advantage of
being easily understood by managers. However, it
is important to consider other possible distributions.
Perhaps the most natural distribution that may arise
is the normal distribution. Recall that for any demand
distribution, the retailer’s problem can be expressed
as a function of effort alone (by Lemma 2). Suppose
& ~ Normal(u, 02). Using the identity [~ yi(y)dy =
(a), where () is the density of a standard unit nor-
mal, it is straightforward to show that ffoo EdP(§) =
pd(x) — 0?¢(x), and hence numerical analysis can be
performed without numerical integration.

Numerical analysis indicates that under normally
distributed demand, channel coordination with arbi-
trary profit splitting can be achieved. To construct
channel-coordinating contracts the approach is similar
to that specified in Theorem 2. For the normal case,
b(T) =s+[(p—s)(w—c)—u(T)(c—s)]/(p—c), and u(T)
is given implicitly by the u satisfying (1 —w+c)(p —
5) [ £dD(E)/(p—c)—u [1 £dD(&) =0. Call the fol-
lowing set of problems Set A: u =10, o ={2,4, 6},
a=1{1,3,5},p=10,c={2,4,8}, and s = {1, 1}. Con-
sider a base case problem w =10, c =4, a=1, p=
10, ¢ =4, and s = 1. The resulting integrated chan-
nel effort level, order quantity, and profit are ¢ =
46.9104, Q = 549.926, and II = 1100.29. Table 1 spec-
ifies channel-coordinating target rebate and returns
contracts which result in a range of profit splits. Sim-
ilar tables can be constructed for the remaining prob-
lems in Set A. This suggests that target rebate and
returns contracts may be able to achieve channel coor-
dination with arbitrary profit splitting under demand
distributions other than the uniform.

Table 1 Channel-Coordinating Contracts

w u b T R*
4.04 0.045 1.0375 310.020 0.9911
4.45 0.480 1.4350 263.220 0.9011
5.49 1.560 2.4550 239.536 0.701
6.69 2.780 3.6450 218.187 0.5011
8.20 4.290 5.1550 192.557 0.3011
9.60 5.705 6.5475 185.397 0.10m
9.90 6.031 6.8345 194.501 0.011
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Cachon and Lariviere (2000) show that if retailer
sales effort influences demand, then revenue sharing
cannot achieve coordination and allow positive man-
ufacturer profit. Because the retailer bears the full cost
of exerting effort but sees only a portion of the total
chain margin, the retailer underexerts effort relative to
the integrated channel benchmark. In contrast, under
the target rebate and returns contract of Theorem 2,
the retailer’s margin on units sold beyond the target
exceeds that of the total chain. As in the quantity-
only case, a properly specified two-part tariff achieves
coordination and win-win (this is a commonly sug-
gested solution in the principal-agent literature when
the agent (retailer) is risk neutral).

For the remainder of this section we relax the
assumption that ¢(-) and V(-) have specific forms.
What are the prospects for other contracts to achieve
coordination?

ProPosSITION 2. Channel coordination in effort and
quantity cannot be achieved by returns alone, linear rebates
alone, or target rebates alone.

It is easy to verify that coordination under a linear
rebate and returns is achieved only if u = w—c and
b =s+w —c. This amounts to the manufacturer pric-
ing at marginal cost; hence, under such a scheme, the
retailer takes the total chain profit, and the manufac-
turer profit is zero. Because a wholesale price-only
contract yields positive profit to the manufacturer, a
channel coordinating linear rebate and returns con-
tract is not implementable.

4.4. Sensitivity Analysis

4.4.1. Independent Retailer with Returns and
Rebate. This section explores the effect of exogenous
and endogenous parameters on the behavior and per-
formance of the supply chain. Although a properly
designed target rebate and returns contract maximizes
the total chain profit, there may be nontrivial costs
associated with establishing and administering such
a contract. Before pursuing a coordinating contract,
firms should assess the financial benefit that coordina-
tion offers. Analytical and numerical results reported
in Taylor (2002) indicate that the relative loss in system
profit due to decentralized decision making under a
wholesale price-only contract is larger when the coef-
ficient of variation of demand and wholesale price
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are high. Lariviere and Porteus (2001) report a simi-
lar result regarding the effect of demand variability in
the no-effort case. This suggests that the relative profit
increase that is obtained through a properly designed
target rebate and returns contract is particularly large
in industries where demand uncertainty is high and
the manufacturer’s share of the total chain margin is
large. This is consistent with industry practice in that
it suggests that powerful manufacturers (e.g., Cisco,
IBM, Microsoft) facing markets with high demand
uncertainty may be able to increase their profits sub-
stantially by employing target rebate and returns con-
tracts rather than wholesale price-only contracts.

Proposition 3 summarizes the effect of the various
contract parameters on the retailer’s optimal behav-
ior under target rebate and returns. If T =T, then the
optimal effort level and order quantity are not sin-
gle valued; hence, we exclude this case. (T is defined
immediately before Lemma 4.)

ProPoSITION 3. Suppose & ~ Uniform(0,1) and T #
T. Then (a) de*/du >0, and dQ*/du > 0, where the equal-
ity is strict if and only if T <T; (b) de*/db > 0, and
0Q*/db > 0.

Generally speaking, as the manufacturer’s terms
of trade become more generous, the retailer exerts
greater effort and purchases a larger quantity. Either
increasing the rebate—if the target is sufficiently
small—or increasing the return credit increases the
retailer’s effort and order quantity. Call the follow-
ing Set B: u=10, 0 =4, a={1,3,5}, p=10, w =6,
u=1{1,3,5}, b={1,3,5}, and T = {10,200, 400}. The
claims in Proposition 3b hold under normal demand
for Set B, and the claims in Proposition 3a are consis-
tent with the numerical results for Set B.

4.4.2. Independent Retailer with Returns. Under
uniform demand (and numerical evidence suggests
under normal demand as well), the retailer’s effort
level under target rebate and returns is increasing
in the return credit. In fact, under general demand
and general cost of effort, where the effort decision is
made prior to observing demand, the retailer’s effort
level under returns alone is increasing in the return
credit (see Proposition 4). This runs counter to the
view expressed in the literature that returns lessen
incentives for retailer effort (cf. Chu 1992, Padmanab-
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han and Png 1995, Kandel 1996, Lariviere and Pad-
manabhan 1997). Padmanabhan and Png (1995) point
out that retailers stimulate demand by merchandis-
ing, providing attractive shelf space, and doing point-
of-sale advertising. Padmanabhan and Png (1995,
p- 70) state: “By reducing the risk of losses due to
excess inventory, a returns policy lessens some of the
retailer’s incentive to invest in such efforts.” Simi-
larly, Kandel (1996, p. 348) argues that returns under-
cut incentives for retailer effort: “[I]f all the risk is
on the manufacturer’s side, as in a consignment con-
tract, the retailer has less incentive to provide service
or in-store promotions.” Although for other effort—
demand models it may be that effort is decreasing
in the return credit, in the context of our model we
obtain the opposite result.

PROPOSITION 4. Suppose ¢(-) satisfies Assumption A4
and V (-) satisfies Assumption A5. Then

de/db > 0.

The “conventional wisdom” is not correct because
it is based on a faulty logic that ignores the effect
of returns on the order quantity: If one supposes,
incorrectly, that the order quantity is unaffected by
the return credit, then one obtains the result that,
for any fixed quantity, returns decrease effort. How-
ever, when the effect of returns on the order quan-
tity is properly accounted for, the result that returns
increase effort is obtained. The intuition is that returns
make it attractive for the retailer to increase her
order quantity, which makes incremental effort more
likely to convert demand into sales. If effort influ-
ences demand in an additive fashion (i.e., demand is
given by e+ ¢), then returns have no effect on effort.
Although it need not be that returns increase effort for
all effort-demand relationships, these results demon-
strate that for two important effort-demand relation-
ships, returns do not decrease effort.

We conclude this section by considering the effect
of returns on effort when quantity and effort deci-
sions are made in a sequential fashion. The demand-
effort model presented in §4.1 assumes that quan-
tity and effort decisions are made contemporaneously:
The retailer commits to her sales effort level before
observing the state of market demand. However, in
some settings the life cycle may be sufficiently long
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that the retailer is able to postpone her sales effort
decision until she sees a signal of market demand. If
production lead times are sufficiently long and sales
effort lead times are sufficiently short, then a sequen-
tial order—effort model is appropriate. Consider the
following sequence of events. First, the retailer orders
Q. Second, she observes the demand signal ¢£. Third,
she exerts effort e, incurs cost V(e) = ae?/2, and expe-
riences demand e£. Because the optimal effort level
is a function of the demand signal, the effect of
returns on effort depends on the realization of the
demand signal. Taylor (2002) shows that the provi-
sion of returns impacts effort in the following way:
If the demand signal is large, then the effort level is
increasing in the return credit. If the demand signal is
small, then the effort level is decreasing in the return
credit. Loosely speaking, making generous terms (low
wholesale price, high return credit) even more gener-
ous through a larger return credit will tend to be asso-
ciated with decreased retailer effort; making ungen-
erous terms more generous via a larger return credit
will tend to be associated with increased effort. This
observation may provide helpful guidance to a man-
ufacturer that desires to stimulate retailer sales effort
via the terms of trade.

5. Discussion

This paper demonstrates the superiority of a target
rebate over a linear rebate in achieving coordination
in a way that is attractive to the firms involved. Under
a linear rebate, the manufacturer induces the retailer
to exert additional effort and order a larger quantity
by increasing the retailer’s marginal revenue. How-
ever, the manufacturer fully bears the financial bur-
den of increasing the retailer’s marginal revenue. A
target rebate offers an advantage to the manufacturer.
By setting the target properly, the manufacturer can
induce the retailer to behave in a way that reflects
the marginal revenue of the rebate while shielding the
manufacturer from the full cost of doing so.

In our setup we assumed that the manufacturer
offers the rebate at the start of the life cycle. In prac-
tice, rebates are at times initiated during the life cycle.
For example, in March 1996 Apple faced a $2 billion
glut of inventory in its distribution channel and the
prospect of accepting substantial and costly returns
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from distributors. Apple extended channel rebates to
its distributors with the objective of clearing the chan-
nel and reducing its financial exposure to returns
(Kannellos and Zarley 1996). In the auto industry the
use of channel rebates is particularly intense at the
end of the model year, when rebates are used to clear
inventory to make way for new models. Exploring the
role of midlife and/or end-of-life channel rebates may
be a fruitful direction for future research.

An essential element to capture in a model that
examines retailer sales-dependent payments is that
the retailer may be able to influence the demand
she experiences. This paper captures a fundamental
way that the retailer can influence her demand—by
exerting sales effort. However, we have taken the
retail price to be exogenous. Exploring the manufac-
turer’s use of rebates as an instrument that influ-
ences the retailer’s pricing decision (e.g., to stimu-
late demand by driving down retail prices) may be
a promising area for research. Finally, our analysis
suggests that quota or threshold schemes which are
commonly used within organizations in, for example,
salesforce compensation, can be used productively in
cross-organization transactions. This suggests that it
may be fruitful for researchers to explore other target-
type schemes in interfirm relationships that extend
beyond channel rebates and quantity discounts.

Appendix
ProoF ofF LEMMA 1. It is straightforward to show that if T <

Q,, then Q, maximzies r(-|T), and if T > Q,, then Q, maximizes
rCIT). If Qy < T < Q,, then #(Qy|T) = (p—5)I'(Qy) and r(Q,|T) =
(p+u—s)I(Q)) —u(D(T)+ T[1—D(T)]). Because f,(Qy) <0< fo(Q1)
and f;(-) is continuous and increasing, there exists a single-valued
inverse function f;! and a unique 7; further, 7, € (Q,, Q,). If Q, <
T < @, then limy - (3/0Q)r(Q|T) < 0 < limg_,1+(3/3Q)r(QIT).
Because Q, maximizes r(:|T) on [0, T) and Q, maximizes r(-|T) on
(T, ), Q; = arg maxQE(Qonl)r(Q|T). If T <1y, then f,(T) <0 and
7(Qy|T) > 1(Q|T). If T > 7, then fo(T) >0. O

Proor of ProrosiTiON 1. If T =0, then Qj = Q,. Further, Q, =
Q, if and only if u = (w —c)(p—s)/(c —s). Under this rebate, m* =
—(w—=c)(p—9)I(Q)/(c—s)<0. DO

Proor oF THEOREM 1. Because r=m if w=c¢, r=0if w=p,
and 7 is continuous and decreasing in w, there exists a single-
valued inverse function r™' and a unique w* which satisfies r =
k — g; further, w* € (c,p). Under u*, Q, = Q, Let a =I(Q,) —
I(Qu) —&/(p—3) and g(T) = [I(T) + T[1— &(T)] ~ T(Q)][(Qy) —
D(Q)][1 — P(Qy)]". T* satisfies (1) if and only if g(T*) = a. It is
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casy to verify g(Qq) < I'(Qy) ~ [(Qy). Select & < (p—9)[[(Qy) -
Q) —g(QQ]. Hence, g(Q,) < a. Further, g(Q,) :_Qo[tb(QO) —
D(Qo)] > I'(Qo) —I'(Qy) > a. Because g(Qp) < a < g(Qp) and g(")
is continuous and increasing, there exists a single-valued inverse
function ¢~' and a unique T* such that ¢(T*) = a; further, T* €
(Qy, Qp). Because fo(T*) <0 and f,(-) is increasing, T* < 7,, and
thus Qf = Q (by Proposition 1). Because k — & > 0, Q; > 0 and hence
T*>0. O

Proor oF LEmMMa 2. Define f,(T) = R(Q,, ¢|T) — R(Q;, e|T) on
T €[Q,, Q;] and define 7, to satisfy f,(r;) =0. It is straightforward
to show that if T < Q,, then Q; maximizes R(-, ¢|T), and if T > Q,,
then Q, maximizes R(-, ¢|T). If Q, < T < Q,, then R(Q,, e|T) =e(p—
b)F(QO) —V(e) and R(Q;,e|T) =e(p+u— b)F(Ql) —u(el'(T/e) +
T[1—®(T/e)]) — V(e). Because f,(Q,) <0 < f,(Q;) and f;(-) is con-
tinuous and increasing, there exists a single-valued inverse function
fr! and a unique 7y; further, 7, € (Q,, Q,), and 1, =er. If Q, < T <
Q;, then limg - (3/d0Q)R(Q, e|T) < 0 < limgy_, 1+ (3/dQ)R(Q, e|T).
Because Q, maximizes R(-,e|T) on [0,T) and Q, maximizes
R(-, e|T) on (T, ), Q* = arg maxQe(szQS)R(Q, e|T). If T < er, then
f1(T) <0 and R(Q;, e|T) > R(Q,, e|T). If T > er, then f,(T)>0. O

Proor oF LEmmA 3. For e € [0, T/7), (6*/9e*)A(e|T) = —a < 0.
For e € (T/7, ), (0*/9e*)A(e|T) = uT?¢™> —a. If T > ut®/a, then
uT?e 3 —a<ur®/T—a< 0.Suppose T < ur®/a. Note uT?¢>—a >0
if and only if e < (uT?/a)'?. O

ProoF oF LEMMA 4. It is easy to verify A(é|-) is decreasing,
and A(é|-) is weakly increasing. Therefore j(-) is increasing. If
T < e, then 0 < lim,, (/- (d/9e)A(e|T) < lim,_, 7+ (9/de)A(e|T).
Because A(:|T) is concave on [0, T/7) and lim,_, (1,,)- (3/de)A(e|T) >
0, (9/3e)A(e|T)l,epo,r/ry > 0. Because lim,_ (y;,+(d/de)A(e|T) > 0,
A(-|T) has one stationary point on (T/7, o0), and the second-order
condition is satisfied at that point. Therefore, A(é|T) > A(é|T) and
j(te) <0. Clearly, lim_, , A(é|T) =lim_, A(e]T) =R < cc. It is easy
to verify that j(-) is continuous. It is easy to verify lim,_ A(é|T) =
—oo; thus, limy_, , j(T) = +o0. Because j(-) is continuous and increas-
ing, j(te) <0, and lim;_, _ j(T) = +oo, there exists a single-valued
inverse function j~! and a unique T; further T € (e, c0). Recall
e = T/7 cannot be the optimal effort level. Thus, if T < T,
then A(é|T) > A(E|T) and e* = é > T/7; if T > T, then A(|T) <
A@|T) and e* =¢ < T/7; if T =T, then A(¢|T) = A(|T) and
e"={é e} O

Proor orF LEmMma 6. We write 7(T) and e(T) to indicate
the quantities’ dependence on T. It is straightforward to verify
(0/0T)7(T) < 0 and (8/dT)e(T) <0. Thus, (3/dT)m(T) <0;i=1,2.
Because ¢(0) < ¢, e(T) < é for T € [0, T;] and consequently m, strictly
dominates m;, i.e., m,(T) > m,(T) for T € [0, T;]. Because m,(0) < T
and m,(T;) > 0, m; is a mapping from [0, T;] into [0, T3]; i =1, 2.
Because m;(-) is continuous, by Brouwer’s Fixed Point Theorem,
T; exists. Let n;(T) =m;(T)—T; i =1,2. Hence, n, strictly domi-
nates n,. Because n;(-) is continuous, (¢/dT)n;(T) <0, and n;(T;) <
0 < n,;(0), there exists a single-valued inverse function n;?!, T, is
unique, and 0 < T; < T;; i = 1, 2. Because n,(T}) = n,(T;) > ny(T,)
and (/dT)n(T) <0, T, <T,. O

Proor or THEOREM 2. Let L(T) be L(T,w) where the sec-
ond argument is suppressed. Define y(T) = L(T) —L(T)+¢ on
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T € [Ty, T,] and define T* to satisfy y(T*) =0. Recall 0 < T; < T, <
T; (by Lemma 6). Because T < Ty, u(T) >0 and b(T) > s. It is
easy to verify (9/dT)b(T) < 0 and b(0) < w. Therefore, b(T) < w.
It is easy to verify (3/dw)L(T, w) <0,L(T,c) =1I, and L(T,p) =
0. Because L(T, ) is decreasing and continuous, for any T there
exists a single-valued inverse function with respect to w, L7, and a
unique w*(T) such that L(T, w*(T)) = k — ¢; further, w*(T) € (c, p).
For T < T,, we have &> T/7(T), and hence (3/de)A(e|T)|,_, =0
because u* = u(T) and b* = b(T). For T > T;, we have A(é|T) =
L(T). Note lim,_,,+(d/de)A(e|T;) > lim,_, .- (3/de)A(e|T;) = 0. Since
lim,_,,+(d/de)A(e|T;) > 0, A(|T) is convex and then concave or sim-
ply concave, and ¢ > T,/7(T;), therefore A(é|T,) = L(T;) and fur-
ther L(T,) > L(T}). Select & < L(T;) — L(T). Hence, y(T;) < 0. Note
lim,_ - (3/de)A(e|T,) < lim,_ ,+(d/de)A(e|T,) = 0. Thus, A(é|T,) =
L(T,) > L(T,). Hence, y(T,) > 0. Because y(T;) <0 < y(T,) and y(-)
is continuous, by the intermediate value theorem there exists T* €
(T;, T,). Thus, e(T*) < T*/7(T*) < é. Because T* < T,, € is a sta-
tionary point of A(-|T*) on (T*/7(T*), «). Because A(:|T*) may
be convex and then concave, there may a second stationary point
on (T*/7(T*), »); if it exists, call it ¢,. Because this holds only if
(0/9e) A(elT*) o= (r* jr(reyy+ <O, A(ey|T*) < A(E|T*) = A(e|T*). Because
A(e|T*) = L(T*) > L(T*) = A(e|T*) > A(ey|T*), e = arg max A(e|T*).
(Clearly, the conclusion holds if € is the solitary stationary point.)
Because ¢ > T*/7(T*), Q* = Q; (by Lemma 2). Because u* = u(T*)
and b* =b(T*), 91 = éo, and thus Q*=Q. O

ProoF oOF ProrosiTioN 2. Channel coordination requires
Q*/e* = Q/é and e¢* = . Under returns alone, ¢* = ¢ and Q* =
Q,. Note Q*/e* = QJé only if b=s+(w—c)(p—s)/(p—c). How-
ever, this b implies ¢* < é. To see that coordination cannot be
achieved under a target (or linear) rebate alone, consider the mag-
nitude of the retailer’s optimal effort level relative to T/7,. As
argued previously, T/7, cannot be the optimal effort level. Two
possibilities remain. If e¢* < T/7,, then Q* = ¢*Q, (by Lemma 1).
Because Q*/e* < Q/¢, coordination cannot be achieved. If ¢* >
T/7y, then Q* =e*Q,. Again, Q*/e* = Q/é only if u = (w—c)(p—
s)/(c —s). The optimal effort level must satisfy the first-order condi-
tion: (9/de)V(e)|,—ex = (p+u—3s)I'(Q;) —ul'(T/e*). Under the spec-
ified u, e* = ¢ only if e* = T/Q,, which implies e* < T/7), a
contradiction. O

Proor of ProrosiTioN 3. If T > T, then ¢* =¢ and Q* = Q,
(by Lemma 5). Note de/du = dQ,/du =0, de/db = (p — w)*/[2a(p —
b)*] > 0, and 9Q,/db = (p — w)*/[a(p —b)*] > 0. If T < T, then
e* = ¢ (by Lemma 5). By the implicit function theorem dé/du =
—[(3%/9e du) A]/[(9*/9e*) All._;. It is easy to verify (9°/de du)Al._; >
0. Thus, dé/du > 0, and by similar argument dé/db > 0. If T < 7T,
then Q* = Q; (by Lemma 5) where Q; = E*Ql. Because 6Ql/¢9u =
(w="b)/(p+u—"b)*>0and 0Q /b= (p+u—Db)" >0, 9Qs/du >0
and dQ,/du > 0. Because T is continuous in u and b, the result is
immediate. O

PrROOF OF PROPOSITION 4. Let R(e) be the retailer profit under
returns and effort e. Let R;, R,(-), and ¢; be the quantities under
return credit b;;i =1,2. Let b, > b,. Note A(e;) = R, = R,(¢;) >
R, (e,) > R,(e,) =R, = A(e,). Because A(e,) > A(e,) and (9/de)A(e) >
0,e,>e,. O
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