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Supply Chain Coordination for False Failure Returns
ABSTRACT

False failure returns are products that are returned by consumersto retailers with no functional or
cosmetic defect. The cost of afalse failure return includes the processing actions of testing,
refurbishing if necessary, repackaging, the loss in value during the time the product spendsin the
reverse supply chain (atime that can exceed severa months for many firms), and the lossin
revenue because the product is sold at a discounted price. Thiscost is significant, and isincurred
primarily by manufacturer. Reducing false failure returns, however, requires effort primarily by
theretailer, for example informing consumers about the exact product that best fits their needs.
We address the problem of reducing false failure returns via supply chain coordination methods.
Specifically, we propose a target rebate contract that pays the retailer a specific dollar amount
per each unit of false failure returns below atarget. Thistarget rebate provides an incentive to
the retailer to increase her effort, thus decreasing the number of false failures and (potentially)
increasing net sales. We show that this contract is Pareto—mproving in the majority of cases.
Our results also indicate that the profit improvement to both parties, and the supply chain, is

substantial.

1. Introduction

Product returns represent a growing financial concern for firmsin the United States and
the rest of the world, with recent estimates reaching $100 billion annually for the United States
alone (Stock, Speh and Sheer 2002). Product returns are aresult of two phenomena: consumer
returns of products to the reseller during a 30, 60 or even 90 day return period, and product

overstocks returned to the manufacturer by the reseller. Consumer product returns can occur at



any time during the product life cycle, and are increasingly important to manufacturers. Hewlett-
Packard (HP) recently discovered that the total costs of consumer product returns for North
America exceeds 2% of total outbound revenue (Reiss 2003).

Product overstocks are the subject of alarge body of research, but are not directly related to
the problem of consumer product returns since overstocks are only returned at the end of the
product lifecycle. Consumer product returns are driven by the * consumer isking’ attitude
prevalent in the United States and supported by liberal product returns policies at most major
resellers. Consumer product returns to the reseller are far less common in the European Union
and the rest of the world, but many countries mandate some form of return period for Internet
and catalog sales. The problems and costs of consumer product returns are projected to grow
and many firms are just beginning to form teams to develop strategies and tactics to reduce the
overall costs (Reiss 2003).

Consumer return rates range from 5-9 percent of sales for most resellers and up to 35 percent
for fashion apparel (Toktay 2003). A percentage of these returns occur due to true product
failure, however, alarge percentage of returns have no verifiable functional defect. We refer to
this class of consumer product returns as fal se failure returns; returns that have no functional or
cosmetic defect. Managers cite anumber of reasons why false failure returns occur, including:
installation difficulties, product performance incompatibility with consumer preferences, and
remorse (Kumar, Guide and Van Wassenhove 2002). For HP' sinkjet printer group, false failure
returns can account for up to 80% of their inkjet printer returns (Davey 2001). Since HP stotal
consumer product returns average sightly higher than 6% of sales, false failure returns average
approximately 5% of sales. Asof 1999, HP' sinkjet printer division handled over 50,000 returns
per month in North America (Davey 2001). The problem also persists outside of the high-tech

industry. At Bosch Power Tools North America, false failure returns account for 2% of sales



(Vaenta2002). Inthe United Kingdom, manufacturers are seeing an increasing number of
consumer returns to resellers disguised as ‘ defective’ products (Helbig 2002). Because of the
significant financial impact, manufacturers are interested in reducing false failure returns through
improved relations and contracts with resellers.

When a manufacturer receives afalse failure return, the product is routed through the firm’'s
reverse supply chain involving several testing steps and repackaging before the product can
become available for sale at a secondary market, typically at a price discount (see Figure 1). The
cost of afalse failure return includes the processing actions of testing, refurbishing if necessary,
repackaging, the loss in value during the time the product spends in the reverse supply chain (a
time that can exceed several months for many firms), and the loss in revenue because the product
issold at adiscounted price. Thus, the cost of false failure returnsis significant. The per—unit
cost of afalse failure return for computer manufacturers, including HP, is around 25% of the
product’s price.

Figure 1 - Reverse Supply Chain for Product Returns
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In many settings, the retailer’ s effort isimportant in influencing the amount of false failure
returns. A retailer may spend extratime with customers and listen to their needs before
recommending a particular product. By doing so, customers have a higher probability of
purchasing a product that matches their needs the first time. Retailers may also train their sales
force so that the proper operating procedures of a product are clearly explained to customers
upon purchase. After—sales support by the retailer may also reduce the number of false failure
returns from customers who have trouble configuring the new product so that it performs as
expected. HP, in the late 1990s, investigated the use of computer kiosks located in resellersto
help a customer select the best HP printer for their needsin an effort to reduce false failure
returns (Davey 2001). The project helped HP recognize that, to reduce the total business cost of
returns, it is not sufficient to simply improve the efficiency of processing the returned units.

HP, along with most of their direct competitors, offers a customer returns policy to the retailer
where the retailer receives full credit at the unit wholesale price. While the retailer may incur
minimal processing and loss of goodwill costs, the manufacturer absorbs the mgjority of the false
failure costs. In turn, the manufacturer receives the majority of the benefits from reducing false
failure returns. The cost to reduce the number of false failure returns, however, may be incurred
primarily by the retailer since she serves as the point of contact to the customer. Since the
retailer incurs all effort—related costs but, essentially, no benefit from reducing the number of
false failure returns, there is a need for contracts that coordinate the supply chain such that
interests are aligned.

We address the problem of reducing false failure returns via supply chain coordination
methods. Specifically, we propose atarget rebate contract that pays the retailer $u per each unit
of false faillure returns below atarget T. Thistarget rebate provides an incentive to the retailer to

increase her effort of informing consumers about the exact product that best fits their needs, thus



decreasing the number of false failures and (potentially) increasing net sales. We show that this
contract is Pareto—improving in the majority of cases. Our results also indicate that the profit
improvement to both parties, and the supply chain, is substantial. Additionally, we show that
increased retailer’ s effort produces a magnitude of profit improvement per expected return of
239% and 118% (median values) for the supply chain and manufacturer respectively; where
profit is defined as revenues minus the costs associated with false failures. Thisimprovement, in
the case of the retailer, depends heavily on the amount of uncertainty in the returns process.
This paper is organized asfollows. In 82, we review the relevant literature from closed-loop
supply chains and supply chain coordination. We define our model in 83, present and discuss a
numerical study in 84. We discuss managerial implications of our findings and state our

conclusionsin 85.

2. Literature Review

Our research draws on two separate research streams; closed-loop supply chains and
supply chain coordination contracts. In this section we provide an overview of recent work in

each area and examine the implications for our research.

2.1. Closed-L oop Supply Chains

Thereis agrowing body of literature on closed-loop supply chains, where both the
forward and reverse flows of materials are considered. For example, arecent feature issue of
Interfaces (33(6) 2003) focuses on the practice of closed-loop supply chainsin avariety of
industry settings. Guide and Van Wassenhove (2003) concentrate on the business aspects of
devel oping and managing profitable closed-loop supply chains. They identify the common

processes required by a closed-loop supply chain: product acquisition, reverse logistics,



inspection, testing and disposition, remanufacturing, and selling and distribution. We use their
framework of common processes in a closed—oop supply chain to classify the literature.

Product returns occur for avariety of reasons. end-of-life returns, end-of-use returns,
consumer returns and overstocks. Our research focus is on consumer product returns, an area
where little academic research presently exists; an exception is the recent work by Souza, Guide,
Van Wassenhove and Blackburn (2004). They examine the impact of the value of time on
reverse supply chain design for commercia product returns. They find that returns are often
time sensitive and firms frequently lose much of the value remaining in their returned products
by not making disposition decisions as quickly as possible. Their research, however, isfocused
on the appropriate reverse supply chain design, responsive or efficient, based on the rate of value
decay. Our research is complimentary. Preventing false failure returns increases the revenue
from lost sales while reducing the unnecessary expenses of product return, inspection,
disposition and distribution for reuse.

Table 1 provides an overview of the more recent research addressing the common processes
identified by Guide and Van Wassenhove (2003) to categorize the literature. There are obvious
gaps in the research literature. The areas of testing and disposition, and distribution and selling of
the remanufactured products have not been addressed at all from an academic perspective. The
area of product acquisition has had a very limited amount of research. In particular, the use of
contracts in a closed-loop supply chain context has received scant attention. Market creation has
also been unexplored for recovered products. The operational aspects of remanufacturing have
received the most attention and there are numerous publications dealing with production
planning and control (PP&C), inventory control, and materials planning. Ironically, product
recovery is often viewed as a narrowly focused technical operational problem without visibility

at the corporate level. At the Hewlett Packard Company, customer returns were treated as alow—



level divisional problem until athorough analysis showed that the total cost of product returns
was equivalent to 2 percent of total outbound sales (Davey 2001). Unfortunately, academic
research often tends to reinforce this limited view with its narrow focus on local optimization of
operational issues.

More recent research efforts have started to consider remanufacturing from a more strategic
perspective, examining the strategic interaction among the closed— oop supply chain players.
Heese et a. (2003) consider the potential competitive advantage for a company actively
engaging in product take-back via a game-theoretic model. Maumder and Groenevelt (2001)
present a game-theoretic model of competition in remanufacturing. Their research suggests that
incentives should be given to the original equipment manufacturer to increase the fraction of
remanufacturable products available, or to decrease the costs of remanufacturing. Savaskan,
Bhattacharya and Van Wassenhove (2004) devel op a game-theoretic model that addresses the
issues of channel choice and coordination of the channel. Debo, Toktay and Van Wassenhove
(2003) investigate the joint pricing and production technology problem of a manufacturer that
offers both new and remanufactured products. Ferrer and Ketzenberg (2004) consider the value
of information in improving remanufacturing performance where there are long supplier lead
times. General overviews of product recovery and remanufacturing are presented by Thierry et
al. (1995), Fleischmann (2001), and Guide (2000). We also refer the reader to the book, edited
by Guide and Van Wassenhove (2003), from the First Workshop on Business Aspects of Closed-

Loop Supply Chainsfor areview and discussion of each of the areasin Table 1.



Table 1 - Recent research in closed loop supply chains processes

Product Guide and Van Guideet a.
Acquisition Wassenhove 2003
2001
Reverse Fleischmann Fleischmann  Krikkeet a. Krikke 1998
L ogistics 2001 et a. 2001 1999
Inspection & NA
Disposition
Remanufacturing Overview: PP&C: Inventory: Materials
Nasr et a. 1998  Ketzenberg, Mahadevan et a. planning:
et a. 2003 2003 Ferrer and
Souzaet al. Toktay et al. Whybark 2001
2002 2000 Inderfurth and
Guide 2000 vander Laanet  Jensen 1999
Guide and al. 1999
Srivastava van der Laan
1998 1997
Distribution & NA
Sales
Supply Chain Contracting

The pioneer work of Pasternack (1985) shows that if a manufacturer sells productsto a
retailer under demand uncertainty with a constant wholesale price per unit (higher than the
manufacturer’s cost but lower than the retail price) the retailer usually stocks less than the supply
chain’s optimal quantity. From a marketing perspective, Wood (2001) examines how returns
policies affect consumer purchase probability and return rates. Wood shows that more lenient
policies tend to increase product returns, but that the increase in salesis sufficient to create a
positive net sales effect. Other research focuses on the problem of setting returns policy between
amanufacturer and areseller and the use of incentivesto control the returns flow (Padmanabhan

and Png 1997 1995, Pasternack 1985, Davis, Gerstner and Hagerty 1995, Tsay 2001). Choi, Li




and Y an (2004) study the effect of an e-marketplace on returns policy in which internet auctions
are used to recover value from the stream of product returns.

A considerable amount of research has been devoted to this problem with afocus on
appropriate contracts—a transfer payment from the manufacturer to the retailer, which provides
incentives for retaillers to stock alevel of inventory that is optimal for the entire supply chain.
Cachon (2003) provides a thorough review on contracts. Contracts based on rebates are of
particular importance to our research. Based on agency theory, the provision of incentives for
managerial effort is necessary when effort is not directly observable. Taylor (2002) offers an
application of channel rebates to induce forward supply chain coordination when demand is
dependent on the sales effort of the retailer. We propose a similar type contract to induce the
supply chain optimal amount of effort to reduce the number of false failure returns, we choose a
rebate-type contract because the number of false failures per period is dependent on retailer
effort and random; as aresult retailer effort is unobservable by the manufacturer.

In the next section, we introduce a mathematical model of the false failure returns

coordinating process, and suggest a target rebate contract to coordinate the supply chain.

3. Modd

Consider a supply chain comprised of one manufacturer and one retailer. We present asingle
period model for ease of exposition, although the model can be easily extendable to multiple
periodsin a stationary setting because there is no dynamic linkage (e.g., beginning inventory)
between periods. That is, if all parameters are stationary over an infinite horizon, and the firm
maximizes average profit, then the optimal level of effort—our decision variable—is the same
across periods. A period, in our context, can be thought of asa quarter. The retailer receivesfull
credit for each false failure from the manufacturer, and false failure returns cost the manufacturer

m per unit. Asargued before, the cost mis comprised of the associated reverse logistics,



refurbishing and remarketing costs, and the price difference between the refurbished product and
anew product.

Let p, p>1, denotetheretailer’s effort to reduce false failure returns. Effort may be thought
of asthe time the retailer spends working with the customer to choose the right product and
demonstrating how to useit. Theretailer’sminimum effortis p =1; it representsthe retailer’s
optimal balance between the cost of effort and the goodwill cost (against the retailer) from
customers that must return a product because it does not meet their expectations.

Given an effort p by theretailer, the number of false failurereturnsis X/ p6. Here, gis
the expected number of false failure returns per period when the retailer exerts the minimum
level of effort, X >0 isarandom variable that models the uncertainty in the returns process, and
60 = E{ X} . Therandom variable X may be thought of as the “white noise” in the process. If the
mapping between the retailer’s effort and the reduction of false failures was deterministic, the
manufacturer could simply contract the supply chain optimal effort level. Due to the random
component however, the retailer’ s effort is not directly observable. Let F(x) and f(x) denote the
cumulative distribution function (cdf) and probability density function (pdf) of X respectively.
We assume that F is strictly increasing, and differentiable. In this multiplicative model, the
standard deviation of the number of false failure returnsis proportional to the mean. We later
show that our results do not significantly change if we assume an additive model of uncertainty,
where the standard deviation of the number of false failure returns is independent of the mean.

The relationship between the retailer’ s effort and the reduction in the number of false failures
is based on our conversations with HP. In practice, thereis evidence of diminishing returnsin
the retailer’ s effort, just as there is in the more commonly studied sales effort. In our model, the

reduction of false failure returns, pX(1--)/6, aso hasdiminishing returnsin the level of effort
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p, and the number of false failure returns approaches zero as p — «. The expected value of the
reduction in false failure for any effort level p is p(1-+).

We assume that the retailer’ s cost of exerting effort is convex in her amount of effort, p. A
simpleillustrative caseis ap®/2, wherea/ 2 > 0 can be interpreted as the cost associated with
the minimum level of effort. Further, we assume the interesting case where mg > a/ 2, such that
the total potential savings from reducing false failure returns are greater than the retailer’ s cost of
exerting the minimum effort level.

Theretailer's effort level may impact the overall net sales quantity. Souza, Guide, Van
Wassenhove, and Blackburn (2004) argue that when the retailer spends more time with the
customer to ensure that she gets the right product in the first place, then each return that is
avoided by this effort contributes to one unit increase in net sales (that is, total sales net of
returns). It ispossible, however, that this unit increase in net sales may occur with a competitive
product. There may also be situations where sales are not impacted by the effort. This may
occur when the majority of the false failure returns are caused by the customer not receiving
adeqguate instructions on how to operate the product, either before or after purchase.

We model the impact of effort on net sales by assuming that each false failure avoided by the
retailler’ s effort resultsin a o unitsincrease in net sales for the product under consideration,
where 0 < §< 1. The case where 6 = 1 models the situation where the retailer’ s effort resultsin a
unit increase in net sales for the product under consideration. The case 0 < 6 < 1 modelsthe
situation where the retailer’ s effort may result in a unit increase in net sales for any of the
competing products, including the product under consideration. Finally, if 6= 0, then net sales
are independent of the effort. Denote by p, w, and ¢, the product’ s retail price, wholesale price,
and manufacturing cost, respectively, where we assume p > w > c¢ to focus on realistic and

interesting cases.
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We consider in our analysis only the costs and revenues impacted by the retailer’ s effort to
reduce false failure returns. Specifically, we consider the manufacturer’ s savings from the
reduction in false failure returns due to retailer’ s efforts, the retailer’ s cost of exerting that effort,
and the increase in net sales as aresult of the effort. Asaresult, the coordinated supply chain
profit I1(p) asafunction of theretailer’ s effort is

H(p)=(m+5<p—c))ﬂ[1—1]—1ap2. ®
p) 2

Thefirst termin (1) includes the savings in processing a reduced number of false failure returns
plus the additional sales revenue as aresult of the retailer exerting the effort. Recall that the
expected value of the reduction in false failure for any effort level p is p(1-+). Thesecond
term includes the retailer’ s cost of effort. The additional profit (1) isconcavein p, andis

maximized at

(2)

K :[(mw(p—c»ﬂ}”ﬂ

a
where p° denotes the optimal retailer effort in a coordinated supply chain. Note that (2)
necessarily yields p© >1 (the coordinated supply chain exerts more than the minimum effort)
because mg > a/ 2 by assumption.

In a non-coordinated supply chain, theretailer incurs al of the cost for reducing false failure
returns but is only rewarded with part of the benefit. Thus, it seems unlikely that the optimal
level of effort will be observed in the absence of some form of coordination contract.

Specifically, the retailer’ s expected profit z;(p) is

7e(p) =22 +5<p—w)ﬂ[1—%j. ©

In the absence of an incentive by the manufacturer, the retailer exerts the optimal effort level
p° = max{(é“(p—w)ﬂ/a)m,l}. Clearly, p© > p° becausew > c. It iseasy to seethat the

manufacturer’s profit in this decentralized case, given by (1) — (3), is
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7 (°) =5(w—c)ﬂ[1—p—1[,j. (4

Since the manufacturer enjoys most of the benefits from reducing the number of false failure
returns, the manufacturer must share some of these benefits with the retailer in order to achieve a
coordinated solution. The manufacturer cannot mandate a given level of effort since effort is not
observable due to the uncertainty component in the number of false failure returns. The
manufacturer may contract on the number of false failure returns through the use of atarget
rebate. Thisiswherethe retailer receives areward (a cash rebate) for every reduction in the
number of false failures below a predetermined target level. A low number of false failure
returnsisasignal of good effort on the retailer’ s part to help the customer purchase the correct
product and its operation. A target rebate creates an incentive for the retailer to exert effort in
this respect.

To coordinate the supply chain we use atarget rebate contract that pays the retailer u dollars
for each unit of false failure returns below atarget threshold level T. Salestarget rebates have
been used to coordinate supply chains where end-product demand is dependent on the retailer’s
sales effort (Taylor 2002). Here, the target rebate is used to solve the principle-agent problem
that occursin the reduction of false failure returns. HP has experimented with different forms of
target rebate contracts to reduce the level of false failure returns (Reiss 2003). Littleis known,
however, about the value of these contracts and how they should be structured.

Under atarget rebate contract, the retailer’s profit is

7e(p|T,u) = UE, {T—ﬁ} }—a—pzw(p—W)ﬂ(l—i], )
po 2 p
and the manufacturer’s profit is given by subtracting (5) from (1), or
., (p|T,u)=(m+5(w—c))ﬁ(1—1j—u5x {{T—ﬁ} } (6)
p po

13



We find the values of u and T that coordinate this supply chain by equating to (2) the value of
p that maximizes (5). To do so, we first show that (5) is concave in p through the following
proposition.

Proposition 1: Theretailer’s profit under atarget rebate contract is concave in p.

PX

Proof: By assumption, X >0 and p>1 s0 T——g Is concave in p for any given value of
Yo
. pX ] : BX
X. Thefunction T——e Is constant at zero for any given value of X and p<ﬁ,thusthe
2

entire function is concave in p. Since concavity is maintained under expectation, the first term of
(5) isconcave. Itiseasy to check that the last two terms of (5) are concave in p and the sum of a
set of concave functionsis also concave, therefore (5) is concavein p. [

To calculate the supply chain coordinating contract values, it becomes necessary to assume
specific distributions for X. Since there is no data available, we need to make some reasonable
choicesin selecting specific distributions to use. We demonstrate the uniform and normal
distribution cases below; the uniform distribution, which has a constant coefficient of variation,
allows us to have closed—form solutions; the normal distribution case covers cases with varying

degrees of uncertainty (coefficient of variation) in the returns process.

Uniform Distribution for X
TpH

Consider that X ~ Uniform (0, 26). Then, E, {T o } uf, 7 (T-2)- & dk=T?up/48

Substituting this expression in (5) yields

rolp T,y =102 30" +5(p—W)ﬂ(l—%j- @)

45 2
Thevalue p that maximizes (7) must satisfy the first—order conditions:

T?u(p')* —4ap(p’)’ +45(p-w)p* =0. (8)
Substituting o with (2), we find an expression that relates u and T, so that the supply chain is

coordinated by the contract:
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_ 2p7%a"* (m+5(w- c))ll2 ©
u”z(m+5(p—c))”3 '

For afixed value of u, the corresponding value of T is obtained from (9). The vaue of u (and T)
hasto satisfy T p@/ <26, that is, the upper limit in the integral E, { (T —i—;()*} cannot exceed
the upper limit of the uniform distribution, 26. Substituting T from (9) and p from (2), yields
u>m+d(w-c). Thisisinteresting since it shows that the value of u that coordinates this
contract islarger than the cost of areturn to the manufacturer. Still, the manufacturer can be

better off with atarget rebate contract as Proposition 2 shows below.

Proposition 2: Suppose X is uniformly distributed. A (u, T) contract that coordinates the supply
chain always makes the retailer better off, and makes the manufacturer better off if
p°>2+5(w—-c)/m.

Proof: See Appendix.

Normal Distribution for X
Now, consider X ~ N(6, o), and assume that o is small enough so that negative values of X

can beignored. After some algebra, (5) becomes:

nR<p|T,u)=u{T—ﬁ[1—fL[Tp/ﬁ‘1ﬂ}—a”2+5<p—w>ﬂ(1—ij, (10)
P 0 ol 2 Yo,

where L(-) isthe standard normal loss function. The first—order condition with respect to p

resultsin an implicit equation that can be solved for T, given avalue of u or vice-versa:

q)[Tpc/,B_lJ_g¢[TPC/,B_1]=(m+5(W_C))' 1)
ol 0 ol u

where, as before, p© isgiven by (2), and ¢ (-) and ®(-) are the standard normal pdf and cdf
respectively. Given that ®(-) and ¢ (-) are necessarily less than one, then a necessary condition

for (11) to have a solution is that the right—hand side of (11) is less than one, which implies
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u>m+d(w-c), just likein the uniform distribution case. Further, if we define
z=(Tp° /ﬂ—l)/(a/@), and (arbitrarily) set u =k(m+8(w-c)), wherek > 1 isa congtant, we

can rewrite (11) as
CD(z)—%qﬁ(z) ~k. (12)

Denoting the solution of (12) by Z, then T =£(2Z +1). Notethat Z only depends on the
coefficient of variation < and the constant k, and thus the design of such a contract is relatively
straightforward. Unlike the uniform distribution case, however, the retailer is not always better
off under anormal distribution for X. As (10) indicates, and we will see numerically in Section
4, the retailer’ s profit is very much dependent on the amount of uncertainty < in the returns
process X—under reasonable values for costs and parameter values, the retailer is better off with
a(u, T) contract at moderate to high levels of uncertainty <. In short, a higher degree of
uncertainty implies a higher expected number of returns below the target T, ceteris paribus, and
consequently a higher profit for the retailer.

To illustrate how the target rebate contract works for both the uniform and normal distribution
cases, we provide the following numerical example.

Example 1: Consider m= 10, = 20, a = 10, 6= 0 (salesindependent of effort), and < = 1//3
(so that the uniform and normal distribution cases have the same coefficient of variation, 1/ J3 ).
The optimal level of effort, given by (2), is p°= 2.714. The coordinated supply chain’s profit at
the optimal level of effort (1) is T1(p°) = $89.75. To coordinate the supply chain, different
combinations of uand T are possible. A necessary condition for u, under both uniform and
normal distributions, is u> m+ d(w—-c) =m = 10. We consider five combinationsof uand T,
for both cases; and present the resultsin Table 2. Note that the distribution of profits does not
depend on the contract parameters for the uniform distribution case. Thisis not an obvious

result, and is a consequence of the unique shape of the uniform distribution—the term
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E.{(T —f,—;()+} , the only term dependent of (u, T) in the retailer’ s profit function (7), is alinear
function of p when Xisuniformly distributed. However, a higher value of u (resultingin a
lower T) resultsin increasing profits for the manufacturer and decreasing profits for the retailer

for the normal distribution case.

Table 2: Different combinations of u and T that coordinate the supply chain in Example 1

Uniform Distr. for X Normal Distr. For X
u T R 7o T R o
11 14.05 36.84 52.64 14.79 4554 43.94
12 13.45 36.84 52.64 13.33 36.59 52.89
13 12.92 36.84 52.64 12.43 32.09 57.39
14 12.45 36.84 52.64 11.76 29.36 60.12
15 12.03 36.84 52.64 11.24 27.56 61.92

Additive Uncertainty Case

In the additive uncertainty case, the number of false failurereturnsis (8 + X)/ p , where
E{X} =0 and we now alow X to take negative valuesaslong as X > -/ ; X hasthe same
interpretation—noise in the returns process—as in the multiplicative uncertainty case studied
before. Note that the variance of the number of false failure returnsis now independent of the
mean. The expected supply chain profit and optimal level of effort are still given by (1) and (2).

Theretailer’s expected profit is a slight modification of (5):

7(p|T,U) = UE, {T—/” XH— ap’ +5(p—w)/3(1—1j. (13)
p 2 p

If X~ Uniform (-2, ), theresults are identical to the multiplicative uncertainty case. This
is areasonable comparison since the lower bound of the distribution should be set to — so that
the lower bound on the number of false failure returnsis zero, and the upper bound should be set
to fsothat E{ X} = 0.

If X ~ Normal (0, /), then the retailer’s profit is

17



_uT Bl ([TelA-1 |, | _ap® _ _1
ﬂR(plT,U)—U{T p[l ,BL( o ﬂ+} 5 +o(p W)ﬂ[l pj’ (14)

and the (u, T) contract parameters that coordinate the supply chain satisfy:

(D(Tp*_ﬂj_l¢(-rp*_ﬂj:m+5(W_C)' (15)
y B Y u

We note that (14) isidentical to (10) if y = <. Thus, we conclude that our modeling approach

isrobust to the choice of uncertainty modeling, multiplicative or additive, in the number of false

failure returns.

3.1 I ncentivesto Game Traditional Sales Contracts

Up to this point, we have assumed that all false failure returns are unintentional on the
retailer’s part and are due primarily to the retailer’ slack of effort in helping customers select the
right product and teaching them how to operate it. In this section, we explore whether there are
incentives for the retailer to intentionally encourage false failure returns (a practice we term
“gaming”). For example, HP offers a sales-based coordination contract with its retailers where
any unsold product may be returned to HP for a partial refund at the end of the product’s last
selling season. For our purposes, we define the last selling season as the time when the demand
rate for a particular product decreases to a point where the retailer no longer wishes to replenish
it. This happenswhen an older model is being phased out to make room for its replacement
version. This contract, termed a buy-back contract in the literature, is shown by Pasternack
(1985) to coordinate the channel, provided that appropriate values for wholesale and buy-back
prices are selected, by eliminating the double-marginalization effect.

If the retailer is offered afull refund for afase-failure return (the current practice), then the
retailer has an incentive to push a slow—selling product (during its last selling season) to
consumers, fully knowing that the product does not fully meet the consumer’ s needs and thus has

ahigh probability of being returned. We are, in our example, ignoring the consumer’s |oss of
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goodwill to the retailer for selling the wrong product. Still, the retailer receives a higher payment
from false-failure returns than from returning unsold product under the partial buy-back contract.
This savings may dominate the retailer’ s loss of goodwill cost and cause her to intentionally act
in ways that increase the number of false-failure returns. Thus, arelevant questionis: Does our
proposed target rebate contract encourage or discourage the retailer to game her sales-based
contract?

A large number of manufacturer-retailer sales-based contracts are used in practice and/or
have appeared in the literature. For a detailed review and description of these contracts, the
reader isreferred to Cachon (2003). We examine several of the most popular contracts for the
sole purpose of determining where incentives for gaming exist at the end of the selling season.
We then show how our proposed target rebate contract for false failure returns hel ps mitigate
these gaming incentives. In all of our analysis, we assume the more interesting case of voluntary
compliance. Thisiswhere the manufacturer delivers the amount, not to exceed theretailer’s
order, that maximizes his profit given the terms of the contract. Let g,, represent the loss of
goodwill to the manufacturer and g, represent the loss of goodwill to the retailer if the customer
purchases a product that does not meet their needs. Note that thisis adifferent penalty cost than
the more traditional loss of goodwill due to unsatisfied demand. Let v represent the per unit
salvage value of any unsold product for the retailer at the end of the product’ s last selling season.

We begin with the simplest contract, the wholesale price-only contract, where the
manufacturer charges the supplier afixed wholesale price for each unit purchased. In general,
this contract does not coordinate the supply chain, but it is easy to monitor and still common in
practice. Inthe absence of atarget rebate contract, the incentive to game occurs when the

retailer isleft with unsold inventory at the end of the last selling season and the retailer’ s salvage
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valueis less than the net benefit from afalse failure return (the wholesal e price minus the loss of

goodwill to theretailer), i.e. v<w—g,. Our target rebate contract changes this condition to

v<w-g, -u ifT<ﬁc, (16)
o
which reduces the incentive for gaming.

Now, consider buy—back and revenue sharing contracts. Cachon (2003) shows that the two
are equivalent under most simple settings. We therefore restrict our discussion to the buy—back
contract. In abuy—back contract, the manufacturer sells the product to the retailer at the per unit
wholesale price w, but pays the retailer b, b < w, for each unsold unit at the end of the last selling
season. Without atarget rebate contract, the retailer has an incentiveto game if b+v<w-g, .
Thus, a buy—back contract ensures a smaller risk of gaming than does a wholesale price-only
contract. The effect of the target rebate is similar to (16) but includes the buy—back price on the
left—hand side. Therefore, the target rebate al so reduces the incentive for gaming with a buy-
back contract.

Next, consider the quantity flexibility contract. In this contract, the retailer receives afull
refund from the manufacturer on any leftover inventory at the end of the selling season that is
below a predetermined target level Aqg, where g istheretailer’s order quantity over the product’s
last selling season and A < [0,1] isacontract parameter. Let Y €[0,Q] be arandom variable
representing demand over the last selling season, with pdf f, (y) . The condition for gaming

under a quantity flexibility contract with atarget rebate may be written as
B

ra

Q .
qu fy(y)dysw-g, —u if T<

Since the integral islessthan one by definition, the quantity flexibility contract ensures a smaller
risk to gaming than awholesale price-only contract and the target rebate reduces this risk even

more.
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The forth contract type is the sales rebate contract. This contract is similar to the target rebate
contract discussed in this paper, except that it offers areward for each unit sold above a
predetermined target threshold. We must be careful here in how we define asale: Isthe retailer
rewarded for sales regardless of whether or not the items are eventually returned, or for net—sales
where the number of false failure returns are subtracted out at the end? The exact contractual
definition resultsin very different incentives for gaming. If asaleis defined asthe former, a
clear incentive exists (above even the wholesale price only contract) when the retailer is above
her target threshold and receives an additional bonus for each product sold. If asaleisdefined as
the latter, the use of a sales rebate contract should not add any additional incentive for gaming.
Unfortunately, sales rebate contracts do not coordinate the supply chain in isolation and are thus
often used in combination with other coordination contracts when sales are dependent on the
sales effort of theretailer. Thus, the incentive for gaming may still exist with these contracts but
can be reduced by specifying net—sales in the conditions of the sales rebate contract.

Finaly, consider the quantity discount contract where the wholesale price is adecreasing
function of the order quantity. Since this contract induces the retailer to order more by lowering
the wholesale price instead of repurchasing unsold units, the condition for gaming is the same as
the wholesal e price—only contract except that the single price w is replaced by the average
wholesale price paid, w, in (16). Since coordination requiresthat w< w then a quantity
discount contract ensures a smaller risk for gaming than awholesale price-only contract. A
target rebate contract reduces the probability of gaming here aswell, just asit does for the
wholesale price-only contract.

Summarizing, our analysis reveals that traditional sales-based contracts designed to
coordinate the forward supply chain may induce gaming at the end of a product’slast selling

season. Thisis because, for most contracts, the retailer’ s unsold inventory commands alower
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per unit revenue than the wholesale price, but she receives the full wholesale price credit for each
falsefailurereturn. Therefore, retailers have an incentive to push products during the last selling
season to customers, knowing that these products have a high probability of being returned. We
argue, however, that our target rebate contract, designed to coordinate false failure returnsin the
reverse chain, reduces these gaming incentives when they exist. Further, we believe that the low
volumes typically found during the last selling season combined with the side benefits of our
target rebate contract implies that there is no need to further design or alter existing contracts to

eliminate the gaming incentives.

4. Numerical Analysis

In this section, we perform anumerical analysis that has several objectives:1) to analyze the
influence of the distribution of the uncertainty in the returns process (X) on our results; 2) to
quantify the benefits of coordination (how better off is each party in the supply chain by adopting
our target rebate contract?), and 3) to identify how the benefits of adopting our contract vary
with different parameter values. We use the multiplicative uncertainty case in our analysis, but
our results hold for the additive uncertainty case.

The base numbers are grounded on product prices and returns volume for HP deskjet printers,
and the other model parameters are varied over awide range. We set p = $200 (median price
across different inkjet models), m= 0.25p = $50, and a 50% gross margin, which impliesc =
$100. We vary the remaining parameters according to the full-factorial experimental design
shown in Table 3, which we justify as follows. We use the two distributions (uniform and
normal) for the uncertainty in the returns process studied theoretically. We consider three values
for the coefficient of variation (when X is normally distributed) /8, from 0.15 to 0.45 (we do
not consider valuesfor o /8 higher than 0.45 because then there is a significant probability of

negative values for X). We usefive valuesfor the cost of effort per expected return, a /g, from
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$0.10 to $5. We use six values for the parameter 6, which measures the impact of effort on net
sales, from the theoretical minimum of zero to the theoretical maximum of one. Finally, we
consider five values for the wholesale price as a fraction of the product’s price, w/ p, from 0.55
t0 0.95. The experimental design of Table 3 yields 600 cases, 150 for the uniform distribution
and 450 for the normal distribution.
Table 3: Experimental Design
Parameter Symbol Levels

Distribution of X - Uniform, Normal
Coefficient of variation for X ol 0 0.15, 0.30, 0.45

Cost of effort per expected return alp $0.1,05,1.0,25,5.0
Influence of effort on sales ) 0.0,0.2,04,0.6,0.8,1.0
Wholesale/retail priceratio w/p 0.55, 0.65, 0.75, 0.85, 0.95

Our main performance measure is the profit improvement per expected return (when p = 1)
for each party or the supply chain as aresult of adopting the target rebate contract. For example,
for the retailer thisis defined as A, = (ﬂR(pC |T,u)—7zR(pD))/ﬂ, or, in relative terms,

%A =100%A /‘ﬂ'R (p° )/,B‘ . A similar comparison is done for the manufacturer and the
supply chain. We report relative and absolute values of profit improvement here because both
areimportant in providing a complete picture of the contract benefits, as we argue below. If p°
=1, then 7,(p"°) =0, and consequently %A, isinfinite. Asaresult we do not include the cases
where p° = 1 in our statistics for %A, (they necessarily occur when &= 0; they also occur in a
few cases when 6> 0), although we do for the absolute change A, . Detailed results are
available upon request.

The statistics for relative profit improvement %A for the retailer, manufacturer, and supply
chain are reported in Table 4, tabulated by the distribution of X: uniform, normal over all cases,
and normal for each value of the coefficient of variation of X, o/8. We do not report the
maximum values for %A because they occur in cases where the non-coordinated supply chain

has such a small positive profit that any improvement has a huge relative impact and relative
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numbers can be misleading. A similar phenomenon occurs in Table 4—the extremely small
minimum values of %A, inthe normal distribution case (first row) occurs when z,(p") hasa
small absolute value. Again, this points out to the need for also reporting absolute values of

profit improvement, which we do below.

Table4: Statisticsfor Profit Improvement opa , Across Experimental Design

Distribution of X
Statistic Party Uniform Normal Normal Normal Normal
Overall 6/60=015 o/60=030 o/60=0.45
Retailer 6% -2312% -2312% 3% 5%
Minimum |Manufacturer 33% 52% 77% 72% 52%
Supply chain 53% 53% 53% 53% 53%
Retailer 45% 5% -16% 19% 36%
25" perc.  |Manufacturer 105% 138% 169% 141% 116%
Supply chain 85% 85% 85% 85% 85%
Retailer 118% 28% 2% 46% 94%
Median Manufacturer 179% 258% 296% 263% 216%
Supply chain 139% 139% 139% 139% 139%
Retailer 473% 115% 6% 158% 372%
75" perc.  [Manufacturer 453% 580% 621% 578% 512%
Supply chain 293% 293% 293% 293% 293%

Table 4 reveals that relative profit improvements are substantial, the median valuesfor %aA,,
are 179% and 258%, and median values for %A, are 118% and 28%, for the uniform and
normal distribution cases, respectively. The median value for supply chain profit improvement
IS 239%, which does not depend on the distribution of X. We caution that our analysisis
restricted only to profit per false failure return as impacted by the retailer’ s effort, not total profit
(forward + reverse supply chain) for each party. To illustrate this, false failure returns are about
5% of total sales. Both parties are better off (%A > 0) inall uniform distribution cases. For the
normal distribution case, the manufacturer is always better off and the retailer is better off in the
majority of our test cases, with the exception occurring when the coefficient of variation of X is

low (o/6 =0.15). Theretailer’s (manufacturer’s) improvement increases (decreases) as /60
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increases, for example, the median value of %A is 2%, 46% and 94% (296%, 263%, and 216%)
for /6 =0.15, 0.30, and 0.45, respectively. The higher the level of uncertainty o /8 inthe
returns process, the higher the expected number of returns below the target T, ceteris paribus, as
(10) shows. Because the retailer is not penalized when returns are above the target, but is paid
(by the manufacturer) $u per return below the target, the retailer’ s (manufacturer’s) profit
increases (decreases) as uncertainty in the returns process increases, ceteris paribus.

Because the coefficient of variation for the uniform distribution is 1/+/3 = 0.58, we expect
%A to bethe most similar between the uniform and normal distribution cases when o /6 = 0.45;
thisisindeed observed—compare the “Uniform” column with the three right “Normal” columns
in Table 4. Further the % difference in the value of the contract parameter T between the
uniform and normal distribution cases (not reported in Table 4) is 36%, 23%, and 8% for o /6 =
0.15, 0.30 and 0.45, respectively (regardless of other experimental factors), where across all
cases we select the contract parameter u=1.1(m+5(w—c)). Overall the statisticsin Table 4
show remarkable improvements with the use of atarget rebate contract.

Next we study how absolute profit improvement A isrelated to the factorsin our experimental
design. For each factor, we average A across all experiments for each factor level. We focus on
the normal distribution results and note that the results are similar for the uniform distribution,
except that the magnitude of improvement is higher for the retailer in the uniform case (since we
average across al coefficients of variation). The results are shown in Figure 2 for factors o /6
(left) and a/ g (right), and in Figure 3 for factors o (left) and w /p (right). We note that the
average profit improvement for the supply chain is equal to the sum of improvements across the
retailer and the manufacturer. We have already commented on the effect of o/8 on A, shown in
Figure 2 (left). Figure 2 (right) shows that both the supply chain and the manufacturer’ s profit

improvement decrease with the retailer’ s normalized effort cost a/ g . Thisis because a higher
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effort cost induces alower coordinated optimal effort level p©, making profits closer to the non-
coordinated case for both parties; as a consequence benefits of coordination decreases. In turn,
thisresultsin increasing benefits of coordination for the retailer.

Figure 2: Average Profit Improvement ($) per Expected Return as a Function of the Coefficient of Variation
for X (left) and the Retailer’s Effort Cost per Expected Return (right)
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Figure 3 (left) showsthat all parties’ profit improvement increase with &; thisis expected
because a higheroimplies a higher positive impact of effort on net sales. Finaly, Figure 3 (right)
shows that the retailer’ s profit improvement isfairly insensitive to the wholesale price w /p,
except for very low or very high values. We note that the retailer’s profit is clearly decreasing in
the wholesale price since its profit margin issmaller. This somewhat surprising result can be
explained by the reasoning that most of the retailer’s profit is derived from the contractual
agreements at high values of w /p. For the manufacturer, a higher wholesale price means a
higher profit margin in each additional net sale generated as aresult of the retailer’ s effort. In
sum, our numerical resultsindicate that a target rebate contract resultsin significant

improvements in the reverse supply chain profits.
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Figure 3: Average Profit Improvement ($) per Expected Return asa Function of the 8 (left) and Wholesale
Price (right)
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5. Conclusion

In this paper we propose atarget rebate contract to coordinate false failure returns. This
contract stipulates a payment of $u for each false failure below atarget T. We propose asimple,
but insightful model, which reveals the substantial benefits that can be derived by enticing
retailersto exert ahigher level of effort to decrease the number of false failure returns. This
higher level of effort has two benefits for the supply chain. First, it reduces the overal
processing cost for false failures, which is significant considering observed false failure cost
averaging 25% of the product price. Second, a higher level of effort may result in ahigher level
of net sales (sales that are not returned).

We show that our contract has a number of attractive properties, including Pareto—
improvement under most common circumstances. That is, our numerical study shows that
Pareto— mprovement always occurs for moderate to high levels of uncertainty in the returns
process. Thisis because as uncertainty increases, ceteris paribus, the retailer’s profit increases
due to an increase in the expected number of false failures below the contract target T. In our

numerical study, Pareto improvement occursin all cases where the returns process follows a
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uniform distribution; if the returns process follows a normal distribution, then Pareto
improvement occurs for all cases when the coefficient of variationisat least 0.3. We find that
the magnitude of profit (associated with false failures) improvement per expected return as a
result of the increased retailer’ s effort is very significant, with a median value of 239% and
118% for the supply chain and manufacturer respectively. For theretailer, the profit
improvement per expected return increases with the uncertainty in the returns process.

Our research isafirst step in understanding how atarget rebate contract provides incentives
to the retailer to improve her effort in the sales process targeted at reducing the number of false
failure returns. We use a stylized model that summarizes the retailer’ s effort by asingle variable,
a common approach in the current body of contract research. We also discuss the implications of
using quantity-based coordination contracts on the false failure return problem, and offer
guidance on which ones provide the least incentive to game. One possibility for future research
isto generalize our results to other settings. Another isto monitor the implementation of such a
contract in practice, and compare the improvements against the theory. In any event, our
research indicates that significant savings may be obtained by reducing the number of false

failure returns.

Appendix — Proof of Proposition 2

Proposition 2: Suppose X is uniformly distributed. A (u, T) contract that coordinates the supply
chain always makes the retailer better off, and makes the manufacturer better off if
p°>2+6(w—-c)/m.

Proof: First, consider the manufacturer. The manufacturer is better off with the (u, T)
contract if z,, (p° |T,u)2 7, (p°). Themanufacturer’s profit (6) can be rewritten as

_Tzu,oC
4B

7 (0% IT.0) =(m+5(w—c>)ﬂ(”cc‘ 1j (18)
P
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We can rewrite (8) as T°u(p®)* =4ap(p°)* -45(p—w)£*, and from (2),
(p°)° =(m+5(p-c)) Bla; thus T?u(p°)* = 4(m+S(p-c)) B2 - 45(p—-w) B* =
4/8*(m+5(w—c)). Substituting thisin (18) yields:

7y (p°|T,u)=(m+5(w-c)) S p1 _,B(m+5(w—c))= m+8(w-c)) S pe-2
(e o= £ |- LSO ) 2

Again, we need 7z, (0% |T,u)> 7,(p°), where 7, (p°) isgiven by (4). Weknow that

p° > p®,andthus z,, (p°) >z, (p°) . Consequently, it is enough to show conditions under

which 7, (p° |T,u) >z, (p°). Simple agebrashowsthat thisistrueif p© >2+s(w-c)/m.
Now, we consider the retailer. Define A, = 77, (p° | T,u)— 7 (p°). For theretailer to

be better off, we need Ar> 0. From (8), T?u/ 48 =ap® —5B(p—w)/(p°)?, which can be

substituted into (7), yielding

me(p|T,u) = a(pz ! _§(p/;cW)ﬂ +3(p-W)p =

a(p°)’ —458(p—w) 3
2,° +o(p-w)s (19
Now, from (2), (p°)° =(m+38(p-c))A/a, which can be substituted in (19), yielding

B[m+S(4w—3p-c)]
2p°

me(p|T,u) = +op(p—w). (20)

In the decentralized case, note that (3) can be rewritten as

—a(p”)’ —25B(p-w)
2p°

7r(p°) = +5(p-W)p. (21)

But p° = max{(é(p—w)ﬂ/a)m,l}. First, consider the case where p° > 1; in this case
p° =(8(p—w)p/a)"”, whichimplies a(p°)* = §4(p—w) ; substituting thisin (21) yields

_35p(p-w)

Y +o(p-wW)p. (22)
0

”R(pD):

Taking the difference (20) — (22) yields
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,B[m+ 5(4w—3p—c)] N 35B(p—w) pc;pD

2p° 2p° 23)

plm+s(aw-3p—c)] 354(p-w) _A[m+ow-c)]
2p° 20 2p° o

Ag :”R(pc |T’u)_7[R(pD) =

The other caseto consider isif p° =1; inthiscase 7,(p°)=-a/2. Thus, from (20),

B[m+S(4w—-3p-c)]
2p°

Ag = (0 | T,U) = 7o (p°) = +5ﬂ<p—w>+§. (24)

If the first term on the right—hand side of (24) is positive, then A, >0 because the remainder
two terms of (24) are positive. If, on the other hand, the first term on the right—hand side of (24)

IS negative, then we can write

ps>~21ﬂ[m+ S(4w-3p-0)]

_ B[m+5(4w-3p-0)] ~ a ~ a_
Ag = 2,° +0p(p W)+2 > 5 +0p(p W)+2—
=ﬂ[m+5(p—c)—4§(p—w)]+25,[)’(p_\/\/)+gz,[3[m+5(p—c)]—25ﬂ(p—w)+a:

2 2 2 2

a|p|m+o(p-c) oB(p—w) aj, cy\3 oB(p—w) Qa Ch\3 _

:E{ [ S ]+1—2 3 }:E{(p ) +1—ZT}ZE{(p ) +1—2} =

2{(p°)°~1} = 0, wherein (*) we have used the fact thet if o° =max{(5(p—w)ﬁ/a)”3,1},

and p° =1, then necessarily 5(p-w)B3/a<1. Thiscompletes the proof. [

References

Cachon, G. P. 2003. “ Supply Chain Coordination with Contracts,” Chapter 6 of “Handbooks in
Operations Research & Management Science,” Vol. 11, A. G. de Kok and S. C. Graves
(eds.), Elsevier B. V.

Choi, T., D. Li, H. Yan, 2004. Optimal Return Policy for Supply Chain with e-marketplace. Int.

J. Production Economics 88, 205-227.

30



Davey, S. 2001. Personal communication with the authors. World wide product returns manager,
Inkjet Products Group, Hewlett-Packard Company.

Davis, S, E. Gerstner, M. Hagerty. 1995. Money back guaranteesin retailing: Matching products
to consumer tastes. Journal of Retailing 71 7-22.

Debo, L., B. Toktay, L.N. Van Wassenhove. 2001. Market segmentation and technology
selection for remanufacturable products. INSEAD Working Paper, 2001/47/TM/CIMSO
18.

Ferrer, G., M. Ketzenberg. 2004. Value of information in remanufacturing complex products. |1 E
Transactions 36 265-277.

Ferrer, G., C. Whybark. 2001. Material planning for a remanufacturing facility. Production and
Operations Management 10 112-124.

Fleischmann, M. 2001. Quantitative models for reverse logistics. Lecture Notes in Economics
and Mathematical Systems, Volume 501, Springer-Verlag, Berlin.

Fleischmann, M., P. Beullens, J. Bloemhof-Ruwaard, L.N. Van Wassenhove. 2001. The impact
of product recovery on logistics network design. Production and Operations
Management 10 156-173.

Guide, J. V.D.R. 2000. Production planning and control for remanufacturing. Journal of
Operations Management 18 467-483.

Guide, J. V.D.R., R. Teunter, L.N. Van Wassenhove. 2003. Matching supply and demand to
maximize profits in remanufacturing. Manufacturing & Service Operations Management
5 303-316.

Guide, J., V.D.R., and R. Srivastava, 1998. Inventory buffers in recoverable manufacturing.

Journal of Operations Management 16 551-568.

31



Guide, Jr., V.D.R,, L.N. Van Wassenhove, 2001. Managing product returns for remanufacturing.
Production and Operations Management 10(2): 142-155.

Guide, Jr. V.D.R., L.N. Van Wassenhove. 2003. Closed-loop supply chains. In Business Aspects
of Closed-Loop Supply Chains (V.D.R. Guide, Jr., L.N. Van Wassenhove, eds.). Carnegie
Mellon University Press, Pittsburgh PA USA.

Helbig, Barbara. 2002. Personal communication with the authors. Solution and services manager,
Equipment Management and Remarketing, Hewlett-Packard GmbH.

Heese, H., K. Cattani, G. Ferrer, W. Gilland, A. Roth. 2004. Competitive advantage through
take-back of used products. European Journal of Operational Research in-press.

Inderfurth, K., T. Jensen. 1999. Analysis of MRP policies with recovery options. U. Leopold-
Wildburger et a., eds. Modeling and Decisions in Economics. Physica, Heidelberg, 189-
228.

Ketzenberg, M., G. Souza, V.D.R. Guide, Jr., 2003. Mixed assembly and disassembly operations
for remanufacturing. Production and Operations Management 12(3), 320-335.

Krikke, H. 1998. Recovery Strategies and Reverse Logistics Network Design. Enschede, The
Netherlands: University of Twente, Ph.D. Thesis.

Krikke, H., A. Van Harten, P. Schuur. 1999. Business case Océ: Reverse logistic network re-
design for copiers. OR Spektrum 21 381-409.

Kumar, N., V.D.R. Guide, Jr., L.N. Van Wassenhove. 2002. Managing Product Returns at

Hewlett Packard, Teaching Case 05/2002-4940, INSEAD.
Mahadevan, B., D. Pyke, M. Fleischmann. 2003. Periodic review, push inventory policies for

remanufacturing. European Journal of Operational Research 151, 536-551.

32



Magumder, P., H. Groenevelt. 2001. Competition in remanufacturing. Production and
Operations Management 10 125-141.

Nasr, N., C. Hughson, E. Varel, R. Bauer. 1998. State of the art assessment of remanufacturing.
National Center for Remanufacturing and Resource Recovery, Rochester Institute of
Technology, Rochester, NY.

Padmanabhan, V., |. Png. 1997. Manufacturer’s returns policies and retail competition.
Marketing Science 17 81-94.

Padmanabhan, V. |. Png. 1995. Returns policies. Make money by making good. Soan
Management Review 37(1) 65-72.

Pasternack, B. A. 1985. “Optimal Pricing and Return Policies for Perishable Commodities.”
Marketing Science, 4(2), 166-176.

Reiss, H.. 2003. Personal communication with the authors. Vice-President & General Manager,
Equipment Manufacturing & Remarketing, Hewlett-Packard Co.

Savaskan R.C., S. Bhattacharya, L.N. Van Wassenhove. 2004. Channel choice and coordination
in a remanufacturing environment. Management Science 50, 239-252.

Souza, G., V. D. R. Guide, Jr., L. N. Van Wassenhove, and J. Blackburn (2004), “Time Value of
Commercial Product Returns,” Working paper, INSEAD.

Souza, G., M. Ketzenberg, V.D.R. Guide, Jr. 2002. Capacitated remanufacturing with service
level constraints. Production and Operations Management 11, 231-248.

Stock, J., T. Speh, H. Shear. 2002. Many happy (product) returns. Harvard Business Review
80(7) 16-17.

Taylor, T. 2002, “ Supply Chain Coordination Under Channel Rebates with Sales Effort Effects.”

Management Science, 48(8), 992-1007.

33



Thierry, M., M. Salomon, J. van Nunen and L.N. Van Wassenhove. 1995. Strategic issuesin
product recovery management. California Management Review 37, 114-135

Toktay, B., L. Wein, Z. Stefanos. 2000. Inventory management of remanufacturable products.
Management Science 46, 1412-1426.

Toktay, B. 2003. Forecasting product returns. In: Business Aspects of Closed-Loop Supply
Chains (V.D.R. Guide, Jr., L.N. Van Wassenhove, eds). Carnegie Mellon University Press,
Pittsburgh, PA USA.

Tsay, A. 2001. Managing retail channel overstock: Markdown money and return policies.
Journal of Retailing 77 457-492.

Valenta, R. 2002. Personal communication with the authors. Director, Product Service, Robert
Bosch Tool Corporation.

van der Laan, E. 1997. The effects of remanufacturing on inventory control. Ph.D. Seriesin
General Management 28, Rotterdam School of Management, Erasmus University Rotterdam,
The Netherlands.

van der Laan, E., M. Salomon, R. Dekker, L.N. Van Wassenhove. 1999. Inventory control in
hybrid systems with remanufacturing. Management Science 45 733-747.

Wood, S. 2001. Remote purchase environments. The influence of return policy leniency on two-

stage decision processes. Journal of Marketing Research XXXVI11 157-1609.



	Introduction
	Literature Review
	Closed-Loop Supply Chains

	Model
	
	Uniform Distribution for X
	Normal Distribution for X
	Additive Uncertainty Case

	Incentives to Game Traditional Sales Contracts

	Numerical Analysis
	Conclusion
	Appendix – Proof of Proposition 2
	References



