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allocation, and risk allocation. In particular, we obtain the following results: (a) as long as one of the com-
ponent contracts is able to coordinate the supply chain, so is the CP contract. Moreover, when contract
Keywords: parameters are constrained, we find situations where the CP contract coordinates the supply chain when
izi lsrlzcil:ja;;;anagemem neither of the component contracts coordinates. (b) When contract parameters are constrained, the CP
Coordination contract is more flexible in terms of profit allocation among supply chain members than the component

contracts. (c) The CP contract is more flexible in terms of risk allocation than the component contracts.

Profit allocation R .
Risk allocation © 2010 Elsevier B.V. All rights reserved.

1. Introduction

It's well known that double marginalization is a prevailing phenomenon in supply chain management (Spengler, 1950). For example, in
a two-stage supply chain consisting of a manufacturer and a retailer, the retailer typically orders fewer products than the optimal order
quantity for the integrated system, which negatively affects the supply chain performance. To resolve this problem, various contracts have
been proposed to coordinate the supply chain by aligning objectives of the supply chain members. Majority of supply chain literature
focuses on a few popular contracts such as buy back (e.g. Pasternack, 1985), quantity flexibility (e.g. Tsay, 1999), revenue sharing (e.g.
Cachon and Lariviere, 2005), quantity discount (e.g. Tomlin, 2003), sales rebate (e.g. Taylor, 2002). To evaluate effectiveness of a supply
chain contract, Cachon (2003) suggests three criteria: (1) Is the contract capable of coordinating the supply chain? “A contract is said
to coordinate the supply chain if the set of supply chain optimal actions is a Nash equilibrium i.e., no firm has a profitable unilateral devi-
ation from the set of supply chain optimal actions.” (Cachon, 2003); (2) Is the contract flexible enough to allow for any division of the
supply chain’s profit among supply chain members? (3) Can the contract be implemented economically and conveniently in practice?
A natural question is: can we identify other supply chain contracts that have advantages over the popular contracts mentioned above
based on the three criteria?

To answer this question, we consider a classical two-stage supply chain with a manufacturer and a newsvendor retailer. We propose a
composite (CP) contract by organically combining two popular contracts: a buy back (BB) contract and a quantity flexibility (QF) contract.
In the remaining paper, we call these two contracts component contracts of the CP contract. In comparison with the component contracts,
the proposed CP contract is capable of coordinating the supply chain whenever the component contracts coordinate. It can also be conve-
niently and economically implemented.

More importantly, we show that the CP contract has several advantages over the two popular component contracts when contract
parameters are restricted to certain ranges. Although contract parameters are not restricted in most supply chain contract literature, they
are often time constrained in reality. For example, in a competitive market, the supplier has very limited flexibility in determining its
wholesale price. It is in general set exogenously (e.g., Wang and Webster, 2007). In publishing industry, it has also been reported that even
though booksellers are allowed to return unsold books to their publishers, the percentage of return is usually capped at 35% (Cachon and
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Terwiesch, 2006; Chopra and Meindl, 2007). With these restrictions on contract parameters, many “coordinating” contracts, such as BB and
QF contracts, may no longer be able to coordinate the supply chain or allocate the supply chain’s profit arbitrarily among the supply chain
members (e.g., if the first inequality of (17) in Section 4 holds, neither BB nor QF coordinates the supply chain). Under these situations, the
proposed CP contract exhibits at least two advantages over its component contracts: (1) There exist cases where the CP contract coordi-
nates the supply chain while neither component contract does. (2) The CP contract is more flexible in terms of profit allocation among sup-
ply chain members than both component contracts.

Finally, the CP contract is also shown to be more flexible in allocating risk among supply chain members, an issue seldom addressed in
contract design literature.

The rest of the paper is organized as follow. We review literature related to supply chain contract design in Section 2. In Section 3, we
introduce the CP contract in detail as well as its basic properties. The advantages of the CP contract are discussed in Section 4. Section 5
summarizes the paper and identifies areas for future research.

2. Literature review

According to Lariviere (1999), supply chain contract literature can be classified into two main categories. The first focuses on replen-
ishment policies and detailed contract parameters for a given type of contract. Examples include Anupindi and Bassok (1999), Huang and
Graves (2006), Martinez-de-Albéniz and Simchi-Levi (2005, 2006), Spinler and Huchzermeier (2002), Wu et al. (2002) and Yazlali and
Erhun (2006). In particular, Martinez-de-Albéniz and Simchi-Levi (2005) propose a portfolio contract based on option contracts within
a general multi-period framework. Optimal portfolios are obtained in terms of buyer’s expected profit. Martinez-de-Albéniz and Sim-
chi-Levi (2006) extend the results of Martinez-de-Albéniz and Simchi-Levi (2005) and introduce risk as one of the objectives in designing
effective portfolios. Typically, literature in the first category mainly stands at the point of buyers; more specifically, optimizes the buyer’s
procurement strategy, however, with very little regard to objectives of sellers. The second category concentrates on choosing the terms of
the contract so as to achieve supply chain coordination. Examples include Barnes-Schuster et al. (2002), Cachon and Lariviere (2005),
Pasternack (1985), Taylor (2002), Tomlin (2003) and Tsay (1999). Unlike literature in the first category, the objective of literature in this
category is to choose contracts and their parameters so as to allow each party’s optimal decisions (for itself) to lead to the whole supply
chain’s optimal performance. Our paper falls into the second category. Next we will review related literature in details in the second
category.

Pasternack (1985) is the first to analyze BB and QF contracts. He shows that neither full returns with full buy back credit nor no returns
is system optimal. But the supply chain can be coordinated by an intermediate buy back contract policy (e.g., partial returns with full buy
back credit or full returns with partial buy back credit). Since then, numerous papers on BB and QF contracts have appeared. Padmanabhan
and Png (1995) investigate advantages and disadvantages of some return policies as well as the motivations why the return policies are
carried out. Tsay (1999) studies a QF contract in a more complicated model, which incorporates the issues of capacity planning, information
updating, and supply chain coordination. For a comprehensive survey on BB and QF contracts, see Cachon (2003).

Literature on composite contracts is sparse. Taylor (2002) studies a supply chain where demand is influenced by retailer’s sales effort. In
this case, popular contracts, such as linear rebate and returns or target rebate alone, could not achieve coordination in a implementable
way. He designs a contract by combining a target rebate contract and a returns contract to achieve supply chain coordination and a
win-win outcome. Wang and Webster (2007) consider a supply chain with a risk-neutral manufacturer and a loss-averse retailer. They
identify a class of distribution free coordinating contracts by combining gain/loss-sharing and BB contracts. Gan et al. (2005) propose a risk
sharing contract to coordinate a supply chain with a downside-risk-averse retailer. Interestingly, the contract they propose is also a com-
posite contract based on a BB contract and a QF contract. However, their contract design is quite different from ours (please refer to Sec-
tion 5 for details). While none of the three papers mentioned above investigates the issue of risk allocation as an advantage of the
composite contract, we explicitly explore this issue in addition to supply coordination and profit allocation.

Our paper is also related to the literature on supply chain risk management. Currently, risk consideration is often incorporated into
objective functions for both newsvendor models (see Eeckhoudt et al., 1995; Schweitzer and Cachon, 2000 and Chen and Federgruen,
2000 for example) and supply chain contract models (Agrawal and Seshadri, 2000; Buzacott et al., 2001; Tsay, 2002; Gan et al., 2004; Xiao
and Yang, 2009 and Wei and Choi, 2010). Our paper, however, focuses on comparing risk allocation among supply chain members for sev-
eral coordinating contracts.

3. The composite contract

Consider a two-stage supply chain with an upstream manufacturer and a downstream retailer. The retailer is a newsvendor who faces
an uncertain customer demand D, which is a non-negative random variable with PDF f(x) and corresponding CDF F(x). We assume that F(x)
is a differentiable and strictly increasing function on its support. The retailer orders q units of products from the manufacturer before the
selling season at a wholesale price w and sells the products to its customers at a fixed retail price p during the selling season. The manu-
facturer adopts a make-to-order policy and produces the products at a cost c. Without loss of generality, we assume that the salvage value
for the unsold product is 0. To avoid trivial cases, we assume p > ¢ > 0. It is well known that the optimal production (order) quantity for the
integrated system is g* = F"!((p — ¢)/p) and we denote the corresponding system optimal expected profit as 7*.

We now describe in details the contracts considered in this paper. A BB contract, specified by contract parameters (w,b), allows the
retailer to return the unsold products to the manufacturer at the buy back price b (clearly, to coordinate the supply chain, the buy back
price b should be less than the wholesale price w, since the retailer will order as much as possible when b > w). A QF contract, specified
by contract parameters (w,o), allows the retailer to return up to «q units of unsold products with full credit w. The CP contract we pro-
pose is specified by three contract parameters (w,b, o). It allows the retailer to return up to aq units of unsold products to the manufac-
turer with full credit w and the remaining unsold products, if any, at the buy back price b. Clearly, both BB and QF contracts are special
cases of the CP contract. When « =0, the CP contract reduces to the BB contract and when b =0, the CP contract reduces to the QF
contract.
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Under the CP contract, it is easy to verify that the retailer’s and the manufacturer’s profits are, respectively,

pD —w(1 —a)q
+b[(1 —a)g - D] if D<(1-0a)q,
II b, = 1
(W, b, o, q) pD —wD if (1-a)g<D<q, v
pq —wq if D> q,
w(l —o)q —cq
—b[(1-a)g—D] if D<(1-0w)q,
i b,a.q) = i :
amu(w, b, o, q) wD —cq if (1-wg<D<q, °
wq —cq if D>q.

Here, IT;; represents the profit (a random variable) of member j under contract i, where i = B, Q, C denotes the BB, QF and CP contracts, respec-
tively and j =R, M denotes the retailer and the manufacturer, respectively. By definition, we have:

HBR(Wvbvq) = HCR(Wv bv 07 q)7 HQR(W7 OC7q) = HCR(W7 07 o, q)v HBM(W7 b7 q) = HCM(Wv b707 q)1

and Hom(w, o, q) = Hep(w, 0,0, q).

Before providing a condition for the CP contract to coordinate the supply chain, we make the following technical assumption: For the
trivial case w = p, where the retailer gains 0 profit regardless of its order quantity, while the manufacturer extracts all the profit of the sup-
ply chain, we assume that the retailer will order g* units of products. This assumption is made for the ease of mathematical representations
and the managerial implications of this paper will not change without this assumption. Denote:

pc — bc
c+p(1 —a)F((1-o)q]’

wg(b,0) =b+ (3)

It can be verified that c < wg(b,a) < p for all 0 < b < p and 0 < « < 1. Therefore, it is a valid wholesale price. In fact, as stated in the next
result, for any given b and o, w; (b, o) is the unique wholesale price that leads to the supply chain coordination.

Proposition 1. Suppose 0 < b < p and 0 < o < 1. The CP contract (w,b, o) coordinates the supply chain if and only if w = wg(b, o).

Proof. Given a CP contract (w,b,«), the retailer will choose an order quantity g to maximize its expected profit
(1-0)q q
BolTan(w.b,2.0)) = (p~b) [ a0~ wb)(1 ~o0aF[(1 ~o] +(p—w) [ e+ (b~ wial1 ~Fig)] 4)
—a)g
Taking the first and second derivatives of Ep[I1cr(W,b,a,q)] with respect to g, one has,

g =—(w-Db)(1 - )F[(1 - o)q] + (p — w)[1 - F(q)], (5)

O*Ep[IIr(w, b, o,
olfler 5% — —w— b)(1 ~ 2)((1 - 2)q] - (p - W)(a) <O. )
Thus, Ep[ITcr(w, b, o, q)] is a concave function of g and the first order condition coincides the optimality condition of the profit maximization:
(p—w)[1 = F(q)] — (w—b)(1 - )F[(1 — a)q] = 0. (7)

Since the supply chain is coordinated if and only if the retailer chooses the system optimal production (order) quantity q*, we only need to
prove that g* is the unique solution of (7) if and only if w = wi (b, a).

Only if: Suppose q* satisfies Eq. (7). By substituting F(q*) = (p — ¢)/p into Eq. (7) and solving for w, we obtain w = w{ (b, «).

If: If w = wi(b, ), then it is straightforward to verify that g* is a solution of Eq. (7). Notice that the solution is also unique if w < p. This is
because F(x) is strictly increasing, which implies that the left hand side of Eq. (7) is a strictly decreasing function of q. In case w = p, the
solution is also g* by our technical assumption just before Eq. (3). Therefore, q* is the unique solution of Eq. (7). O

Remark 1. If o = 0, the BB contract coordinates the supply chain if and only if w = wj(b) = wg (b, 0). Similarly, if b = 0, the QF contract coor-
dinates the supply chain if and only if w = wj (o) = wg(0, o).
We now provide a characterization of the coordinating wholesale price wg(b, &) for the CP contract.

Proposition 2. If 0 < b < p, 0 < a < 1, then wi(b, o) is differentiable and strictly increasing in b and o. In addition, we have:

wi (b, %) > max {w;(b),w*q(oc)}. (8)

Proof. Since F(x) is differentiable and strictly increasing, in view of Eq. (3), wg(b, o) is also differentiable and strictly increasing in b and «.
Since w¢ (b, 0) = wi(b) and w¢(0, ) = wy (o), inequality (8) follows immediately. [

Remark 2. Inequality (8) states that for the CP contract to coordinate the supply chain, it has to charge a higher wholesale price than its
component contracts.
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We next investigate the expected profits of supply chain members for a coordinated supply chain under the CP contract and its com-
ponent contracts: their relationships with each other as well as their dependence on corresponding contract parameters. Denote 7;; the
expected profit of IT;; for member j under coordinating contract i, where i =B, Q, C, and j =R, M. For example,

TEZ’R(b’ "X) = ED [HCR(WE(bv OC): b) a, q*)}
(1-w)q q
=pb) [ A0t [welb, ) (1~ g FI(1 =)+ [p-welb.o] [ ek [pwilb. o0l 1 ~F(@)
—a)g*
9)
Apparently, we have 7(b) = T (D, 0), Top(at) = 7er(0, o). In addition, since K(x) is differentiable, 7t;(-) is differentiable for all i =B, Q, C, and
j=R M.

Proposition 3. If0< b <p, 0<a <1, then

(b)) p—b
() P2 P2 (10)
dmgp(or) } .
(b) =3 = < 0,mu(0) = ', Miy(1) =0, (11)
(C) Tcz‘R(b’ (Z) _ nER(b) . TE&R(OC) (12)
TT* TT* TT* ’
() 8n*CRa(;), o) <0 871&8(01;,05) .y (13)

Proof. Part (a) is implied by a more general result stated in Cachon (2003). Part (b) has been proven by Tsay (1999). We now prove Part (c).
According to expression (9),

(1-e)q* q
To(%) = g0, ) = p / xf(x)dx — (1 = 2)g' Wy ()F[(1 - 0)g'] + [p - Wy (%)) /( Wt [p-wo@al - F@)l. (14)
J(1-0)q*

Based on definition (3) and direct calculations, we obtain:

p—we(b,®) p—we(bo) p—b wetb,o) b _we(b,o) —b _p—b

= = and = = 15
powo@) p-w0.0) P wo® w0 P (1)
Comparing Egs. (9) and (14), we have:
TR (%) p

which, together with Part (a), leads to Part (c).
Finally, we prove Part (d). From Part (a), mj,(b) is a decreasing function of b. Then based on Part (c), for any fixed o, g (b, o) is also a
decreasing function of b. The second portion of Part (d) can be proved similarly. O

Remark 3. Parts (a) and (b) of Proposition 3 assure that both BB and QF contracts can allocate profits arbitrarily among supply chain mem-
bers when the supply chain is coordinated.

Remark 4. Part (c) implies that for any given (b,o), the CP contract allocates less profit to the retailer than its component contracts when
the supply chain is coordinated.

Remark 5. Intuitively, one may think that the retailer should prefer a higher b and a larger «. This is certainly true for a fixed wholesale
price. However, Part (d) of Proposition 3 reveals that the opposite is true when the wholesale price is simultaneously adjusted to coordinate
the supply chain. In fact, the manufacturer gains more of the supply chain’s profit by providing a higher b and a larger «.

4. The advantage of the composite contract

In this section, we evaluate the performance of the CP contract based on the criteria proposed by Cachon (2003). In particular, we show
that when the contract parameters are restricted to certain ranges, the CP contract has some advantages over its corresponding component
contracts in terms of supply chain coordination (in Section 4.1) and profit allocation among supply chain members (in Section 4.2). Fur-
thermore, in Section 4.3 we show that the CP contract is also more flexible than its corresponding component contracts in terms of risk
allocation among supply chain members, even if the contract parameters are not restricted.

4.1. Supply chain coordination

Suppose now that supply chain contract parameters w, b, o are restricted to ranges [w, W], [0, b], [0, &], respectively. A contract is called a
feasible contract if its parameters are within the respective ranges. If, in addition, the contract coordinates the supply chain, we call it a
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feasible coordinating contract. Since BB and QF contracts are special cases of the CP contract, if there exists a feasible coordinating BB or QF
contract, there also exists a feasible coordinating CP contract. A more interesting question is if there exists a feasible coordinating CP con-
tract when neither feasible coordinating BB nor QF contract exists. The following theorem provides a positive answer to this question.

Theorem 1. If
max {WE(B),W&(&)} <w < wi(b, ), (17)

then neither feasible coordinating BB nor QF contract exists. But there exists a feasible coordinating CP contract.

Proof. In order for a CP contract (w,b,«) to be a feasible coordinating contract, its contract parameters need to satisfy the following
conditions:

w=wg(b,a) e w,w], bel0,b],ac]0,d. (18)

Since w (b, «) is continuous and strictly increasing in b and o by Proposition 2, the existence of a feasible coordinating CP contract follows
from the second inequality of (17). Based on the same logic, the first inequality of (17) implies that neither feasible coordinating BB nor QF
contract exists. O

Remark 6. It turns out that condition (17) is also a necessary condition for the existence of a feasible coordinating CP contract and the non-
existence of feasible coordinating BB and QF contracts. In fact, the first inequality of condition (17) is equivalent to the non-existence of
feasible coordinating BB and QF contracts, while the second inequality is equivalent to the existence of a feasible coordinating CP contract.

Theorem 1 clearly shows that when contract parameters are restricted, one has more opportunities to coordinate the supply chain by
choosing the CP contract instead of its component contracts.

4.2. Profit allocation

According to Cachon (2003), a contract is more desirable if it allows more flexibility in allocating supply chain profit among the supply
chain members. In this section, we investigate the profit allocation flexibility for the CP contract. In particular, when the contract param-
eters w, b, o are restricted to certain ranges [w, w], [0, b], [0, &], we show that the CP contract is more flexible in allocating supply chain profit
than its component contracts.

To measure profit allocation flexibility for a type of contract, we introduce the concept of Percentage Profit Allocation Range (PPAR): a set
of retailer’s shares of supply chain profit resulting from all feasible coordinating contracts within this type of contract. For example, more
precise definitions of PPAR for BB, QF and CP contracts are given as follows, respectively:

Iy = {%ﬁm\w;(b) € w, Wb € [0, B]}, (19)
lo = {”%‘;EOQ W (%) € [w, W, o € [0, a]}, (20)
ICE{%IZ’O%WZ(&O()e[v_v,v’v],be[O.,B},oce[O,&}}. (21)

By definition, PPAR is a subset of [0,1]. Since the manufacturer’s and the retailer’s profit shares add up to 1 (e.g., under the coordinating CP
contracts, mg(b, )/ + 1y, (b, o)/ = 1), it suffices to use only retailer’s profit shares to characterize the profit allocation flexibility for a
given type of contract. In addition, since the retailer’s expected profit is a continuous function of contract parameters, it can be shown that
all PPARs I, I and I¢ are closed intervals. Furthermore, since BB and QF contracts are special cases of the CP contract, it is always true that
IgU Iq C I i.e., the CP contract is at least as flexible as its component contracts in allocating supply chain profit among the supply chain
members. A more challenging question is if we can identify situations where the CP contract is more flexible for profit allocation. Theorem 2

answers this question affirmatively.

Theorem 2. If the CP contract parameter ranges w, w,b,a meet the following conditions:c < w < max {WE(BLW*Q(&)} <w<p and
min{b,a} > 0, then IgU Iy C Ic.

Proof. Since w < max {wg(E),wa(&)} < w, then there exist three cases:

1. w<wi(b) <wand w < wy(a) < w;
2. w, <w < wi(b) <w;
3. wi(b) <w < wy(a) <w.

For simplicity, we only prove the theorem under (more complicated) Case 1. The proofs for the other two cases are similar.

Based on the similar arguments used in the proof of Theorem 1, there exist feasible coordinating BB, QF, and CP contracts respectively
for the supply chain under Case 1. Denote I = [x1,x2] and I = [y1,y2]. Since both 7 (b) and 7, (o) are decreasing functions by Proposition 3,
x1 = Tpg(b) /T, y1 = Te(2)/7*. Without loss of generality, we assume x; < y;. Now consider a CP contract (w¢(b, ¢), b, &) with &> 0. Since
o > 0and w < wg(b,0) = wj(b) < w, we may choose ¢ sufficiently small such that ¢ € (0,&] and w < w§ (b, 0) < wg(b, €) < w. By definition,
the CP contract (wx(b, €), b, &) is a feasible coordinating contract. Thus, 7 (b, £)/7* belongs to Ic. In addition, from Part (d) of Proposition 3,
we have:
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(b, &) < ngr(b, 0) _ e (b)
T T T
Hence, n;R(B, ¢)/m* does not belong to Iz U Iq and interval I contains Ig U I properly. O

=X1 <Yi- (22)

We next quantify the extra flexibility gained from the CP contract. To this end, let m(I) stand for the length of interval I. Clearly,
m[Ic\(Is U Ig)] represents the extra flexibility gained from the CP contract over its component contracts.

Theorem 3. If the CP contract parameter ranges w, w, b, & meet the following conditions: b = p/2, Tor(®) = T°/2,¢ < W < max {wg(f)), w’é(&)},
and wi(b, @) < w < p, then m[I\(Is U Ip)] = 1/4.

Proof. Since max {WB(E),W&(&)} < wi(b, @), there are three cases:

1. w< wy(b) <wg(b,a) <wand w < wy (@) < wg(b, &) < w;
2. wy(b) <w < wy(®) < wp(b, &) < w;
3. wy(a) < w < wy(b) <wg(b,a) <w;

Based on similar arguments used in the proof of Theorem 1 and Remark 6, feasible coordinating BB, QF, and CP contracts exist
respectively for the supply chain under Case 1. Let Ig = [x1,X2].Ig = [V1,¥2]Ic = [z1,22] be the respective PPARs for these contracts. Since
w < wi(b) <w and b =p/2, then (wj(b),b) is a feasible coordinating BB contract. By Part (a) of Proposition 3, 7j,(b)/m* = 1/2 € Ip.
Furthermore, x; = 1/2 since mj;(b) is a strictly decreasing function of b. Following the similar argument, we also have y; = 1/2. By Part (c) of

Proposition 3,

Tig(b,2) (b)) Top(®) 1
o w4

(23)

which, together with condition w < w (b, &) < W, implies that 1/4 € I In fact, z; = 1/4 by Part (d) of Proposition 3. Finally, we have z, > max
(x2,¥2), since both BB and QF contracts are special cases of the CP contract. Therefore, m[Ic\(Iz Ulg)] > 1/4.

Under Case 2, based on similar arguments used in the proof of Theorem 1 and Remark 6, feasible coordinating QF and CP contracts exist
for the supply chain while feasible coordinating BB contract does not exist. Let Iq = [y1,Y2], Ic = [21,22] be the respective PPARs for QF and CP
contracts. Since w < wj(&) < w, then (wj (), &) is a feasible coordinating QF contract, which indicates 7y, (%)/7* = 1/2 € Io. Furthermore,
Y1=1/2 since mie(a) is a strictly decreasing function of a. By Part (c) of Proposition 3,

an(B’ o) nER(E) ) (@) 1
T w4’

(24)

which, together with condition w < w; (b, &) < W, implies that 1/4 € I In fact, z; = 1/4 by Part (d) of Proposition 3. Finally, we have z, > y»,
since the QF contract is the special case of the CP contract. Therefore, m[Ic\(Is U lg)] = m[Ic\Ig] = 1/4.

Under Case 3, based on similar arguments used in the proof of Theorem 1 and Remark 6, feasible coordinating BB, CP contracts exist
while feasible coordinating QF contract does not exist. Let Iz = [x1,X2], Ic = [21,22] be the respective PPARs for BB and CP contracts. Since
w < wi(b) <w and b =p/2, then (wj(b),b) is a feasible coordinating BB contract. By Part (a) of Proposition 3, 7j,(b)/m* = 1/2 € I.
Furthermore, x; = 1/2 since 7j;;(b) is a strictly decreasing function of b. By Part (c) of Proposition 3,

(b, %) _ mig(b) Mgr(®) 1
T w4’

(25)

which, together with condition w < wg(b, &) < w, implies that 1/4 € I¢. In fact, z; = 1/4 by Part (d) of Proposition 3. Finally, we have z; > x,

since the BB contract is the special case of the CP contract. Therefore, m[Ic\(Ig UIg)] = m[Ic\Ig] > 1/4. O

Remark 7. As long as the CDF F(x) is differentiable and strictly increasing on its support, there always exist contract parameter ranges
w,w, b, & that satisfy the conditions of Theorem 3. Notice that the existence of a is guaranteed by the arbitrary profit allocation property
of the QF contract. The existence of w, w are ensured by the following inequalities:

¢ = wy(0) < max {w}(p/2), Wy (%) } < We(p/2,%) < We(p, @) = p. (26)

We next present a numerical example to demonstrate Theorem 3.

Example 1. Let the customer demand follow a truncated Normal distribution over [0,00) with mean 100 and variance 1600, p=8, c=3,
w=55w=8,b=4,and o = 0.3422. It is easy to verify that the above parameters meet the conditions of Theorem 3. Through numerical
calculation, we have Iz =[0.5,0.5], Io = [0.5,0.5045], I =[0.25,0.5049], and thus m[Ic\(Is U I)] = 0.2504 > 0.25.

4.3. Risk allocation

Most supply chain contract design literature focuses on profit allocation among supply chain members. However, risk allocation is also
an important issue. In this section, we show that for any given profit allocation, while BB and QF contracts result in fixed risk allocation, the
CP contract still allows for some flexibility in risk allocation, even if the contract parameters are not restricted. Following conventional lit-
erature (Chen and Federgruen, 2000; Markowitz, 1959 and Gan et al., 2004), we use variance of profit as a measurement of risk. We restrict
our discussions to the flexibility of retailer’s risk allocation. Similar results also hold for the manufacturer.
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Let rj; represent the risk of supply chain member j under coordinating contract i withj =R, M, i = B, Q, C. For example, the retailer’s risks
are precisely defined below for the three contracts under consideration:

rsr(b) = Vo {IIer(Wy(b),b,q") }, (27)
rer(o) = VD{HQR (wa(cx), rx,q*) }, (28)
reg(b, o) = Vp{HIr(we(b, o), b, o, q*) }. (29)

For any retailer’s (expected) profit allocation 7 € [0,7*], if BB contract is applied to coordinate the supply chain, there is a unique contract
parameter pair (wWj(bz), br) such that mj,(b,) = 7. Similarly, if QF contract is applied to coordinate the supply chain, there is also a unique
contract parameter pair (W (o), %) such that 7y, (o;) = 7. The retailer’s risks corresponding to profit allocation 7 are r, (b)), rop(%x), respec-
tively. Clearly, for BB and QF contracts, once the profit allocation is fixed, so is the risk allocation. The next result shows that the CP contract
allows for some risk allocation flexibility even when the profit allocation is determined.

Theorem 4. Let 7 < [0, n*]. For any r € |min ( 73z (br), rog(otn) ), max <r§R(bn)7 raR(ocn)ﬂ, there exists a coordinating CP contract (w¢(b, o), b, o)
with b € [0,br] and o € [0, o] such that Tge(b, o) = 7w and rig(b, o) =1

Proof. Based on Parts (a) and (c) of Proposition 3, we have:

Teg(b, o) _ mip(b) Tor(%) _p—b Tge(%)
o™ ™ P ™

. (30)

Therefore, in order for the retailer to obtain any fixed profit allocation x € [0, 7*] under the coordinating CP contract, its buy back price b has
to satisfy the following functional relationship with respect to o:

i
b(oc):p[lw} (31)

It can be verified that function b(«) is a differentiable and strictly decreasing function of o defined on [0, «,] with b(0) = b, and b(o) = 0.
Denote r(o) = rgg(b(a), o). Clearly, (o) is also a differentiable function of «. In addition, we have r(0) = ri(b(0),0) = rjs(br), 1(0tr) =
rer(b(0tn), otr) = Tor(0tz). Therefore, by Intermediate Value Theorem, for any

re [min (rjg(bs). re(2x) ). max (vig(ba), rog (o) )| = [min (1(0), (o)), max (r(0), (@), (32)
there exist o/ €[0,0,] and b’ =b(o’) € [0,by] such that rg(b(ow), o) =1 and mg(b(ov), ar) = . Obviously, the coordinating CP contract

(we(b', o), b', o) meets the requirements of this theorem. This completes the proof. O

Remark 8. Theorem 4 indicates that if the BB or the QF contract is used to coordinate the supply chain, the retailer’s risk is uniquely deter-
mined once the profit allocation is fixed. However, if the CP contract is chosen to coordinate the same supply chain, the retailer’s risk can be

Manufacturer under BB

the retailer’'s and the manufacturer’s risks
()]
T

Manufacturer under QF
1 1

0 20 40 60 80 100 120 140 160
the retailer’s profit allocations

Fig. 1. Risk vs. profit allocations for the retailer and the manufacturer in a coordinated supply chain.
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anywhere between the risks under the BB and QF contracts by properly adjusting the CP contract parameters. This implies that the CP con-
tract is more flexible in terms of risk allocation than its corresponding component contracts.

We now provide a numerical example to demonstrate the risk allocations for the three contracts under consideration. The customer
demand is uniformly distributed on [0,100] and p=8,c=3,w = c,w = p,b = p, & = 1. Fig. 1 reveals the relationship between the profit allo-
cation versus risk allocation for the three contracts. We have the following observations based on Fig. 1. First, high profit comes at the cost
of high risk, which is consistent with our intuition Next, for the same profit allocation, the BB contract and the QF contract lead to different
risk allocations. This is because the BB and QF contracts don’t always generate the same outcome for the same realized demand, which
results from interaction of several factors, such as demand distribution, cost parameters etc. Finally, for this example, the retailer prefers
the BB contract, while the manufacturer prefers the QF contract. This is because for the same profit allocation, these contracts lead to lower
risks for respective supply chain members. Under this situation, it will be difficult for the supply chain members to come up with a con-
sensus on which contract to use. Clearly, the CP contract can serve as a compromise solution.

5. Conclusion and future research

In this paper, we propose a composite contract based on a BB contract and a QF contract. We discuss its advantages over the BB and QF
contracts in terms of coordination, profit allocation and risk allocation. We show that: (a) as long as one of the BB and QF contracts can
coordinate the supply chain, so can the CP contract. Moreover, when some contract parameters are constrained, we find situations where
the composite contract coordinates the supply chain even if the two component contracts cannot. (b) When contract parameters are con-
strained, the CP contract is more flexible for profit allocation among supply chain members than the BB and QF contracts. In addition, we
introduce a measurement to quantify the advantage of the CP contract over the BB and QF contracts in terms of profit allocation flexibility
and the flexibility advantage can be more than 25% based on the measurement. (c) The CP contract is more flexible for risk allocation.

To strengthen the positioning of our paper in the contract literature, we next compare our composite idea with the existing ones. The
composite contracts proposed by Taylor (2002) and Wang and Webster (2007) assume that the terms of a composite contract are the union
of the terms in its component contracts. For example, in Wang and Webster (2007), the composite contract, which is based on a gain/loss-
sharing contract and a buy back contract, assigns the sharing percentages corresponding to gains and losses respectively (which are the
terms of the component gain/loss-sharing contract), as well as the wholesale price and the buy back price (which are the terms of the com-
ponent buy back contract). However, this composite idea doesn’t apply in our model, since it may lead to contradictions by putting them
together. For example, a buy back contract (w,b), b < w, designates that the retailer can return all unsold products with a refund of b per
unit. On the other hand, a quantity flexibility contract (w,a), o < 1, specifies that the retailer can return up to «q units of products with full
refund (w per unit), where q is the order quantity. If a composite contract is constructed by collecting the terms of the above two contracts,
then the contradiction arises for the first returned oq units of unsold products (b per unit and w per unit conflict with each other). The
composite method proposed by this paper, however, can eliminate this contradiction. From this point of view, the composite idea proposed
in this paper seems more natural than those proposed in Taylor (2002) and Wang and Webster (2007) when the component contracts are
both returns contracts (buy back contract or quantity flexibility contract).

The composite contract in Gan et al. (2005) is characterized by five parameters (w,b,w’,q*, q), where (w,b) specify a buy back contract,
w' is another wholesale price not necessarily equal to w, and ¢*, § are two thresholds of the order quantity. This contract can be described as
follows:

(i) If the retailer’s order quantity g is less than or equal to g*, the initial buy back contract (w,b) is executed.
(ii) If q is greater than g* but not greater than g, then in addition to the initial buy back contract with an order quantity g*, the retailer
pays the wholesale price w' for each unit in excess of g*, and he receives a full refund of w' for each unsold unit.
(iii) If q is greater than g, the terms of the contract are the same as those in (ii) except that the number of unsold items that are fully
refundable cannot exceed q — q*.

Obviously, the composite idea in Gan et al. (2005) is totally different from ours. The composite contract in Gan et al. (2005), however, is
more difficult to work out and implement than ours for two more contract parameters. Therefore, from the implementation perspective,
the composite contract proposed in our paper seems to be more convenient than that in Gan et al. (2005).

The CP contract proposed in this paper is a combination of the BB and the QF contracts. Can we use the similar approach to generate new
composite contracts based on other simple contracts? It does not seem to be an easy extension based on our early trials. Can we obtain
results similar to those in this paper for other types of composite contracts? Can we identify more complicated applications where no sin-
gle contract coordinates the system, while certain composite contract does? We intend to answer some of these questions in our future
research.

Acknowledgements
This work was supported by NSFC Projects 70971072 and 71031005.

References

Agrawal, V., Seshadri, S., 2000. Risk intermediation in supply chains. IIE Transactions 32, 819-831.

Anupindi, R., Bassok, Y., 1999. Supply contracts with quantity commitments and stochastic demand. In: Tayur, S., Ganeshan, R., Magazine, M. (Eds.), Quantitative Models for
Supply Chain Management. Kluwer, Academic Publisher, Boston, pp. 197-232.

Barnes-Schuster, D., Bassok, Y., Anupindi, R., 2002. Coordination and flexibility in supply contracts with options. Manufacturing and Service Operations Management 4, 171-207.

Buzacott, J., Yan, H., Zhang, H. 2001. Optimality criteria and risk analysis in inventory models with demand forecast updating. The Chinese University of Hong Kong working
paper.

Cachon, G., 2003. Supply chain coordination with contracts. In: Kok de, A.G., Graves, S.C. (Eds.), Handbooks in operations research and management science, Supply Chain
Management: Design, Coordination and Operation, vol. 11. Elsevier, Amsterdam, pp. 229-339.



H. Xiong et al./European Journal of Operational Research 210 (2011) 559-567 567

Cachon, G., Lariviere, M., 2005. Supply chain coordination with revenue sharing: Strengths and limitations. Management Science 51, 30-44.

Cachon, G., Terwiesch, C., 2006. Matching Supply with Demand: An Introduction to Operations Management. McGraw-Hill, New York.

Chen, F., Federgruen, A. 2000. Mean-variance analysis of basic inventory models. Columbia University working paper.

Chopra, S., Meindl, P., 2007. Supply chain management: Strategy, planning, and operation, third ed. Pearson Prentice Hall, Upper Saddle River.

Eeckhoudt, L., Gollier, C., Schlesinger, H., 1995. The risk-averse (and prudent) newsboy. Management Science 41, 786-794.

Gan, X, Sethi, S., Yan, H., 2004. Coordination of supply chains with risk-averse agents. Production and Operations Management 13, 135-149.

Gan, X,, Sethi, S., Yan, H., 2005. Channel coordination with a risk-neutral supplier and a downside-risk-averse retailer. Production and Operations Management 14, 80-89.

Huang, X., Graves, S.C. 2006. Capacity planning in a general supply chain with multiple contract types. Massachusetts Institute of Technology working paper.

Lariviere, M., 1999. Supply chain contracting and coordination with stochastic demand. In: Tayur, S., Ganeshan, R., Magazine, M. (Eds.), Quantitative Models for Supply Chain
Management. Kluwer, Academic Publisher, Boston.

Martinez-de-Albéniz, V., Simchi-Levi, D., 2005. A portfolio approach to procurement contracts. Production and Operations Management 14, 90-114.

Martinez-de-Albéniz, V., Simchi-Levi, D., 2006. Mean-Variance trade-offs in supply contracts. Naval Research Logistics 53, 603-616.

Markowitz, H., 1959. Portfolio selection: Efficient diversification of investment. Cowles Foundation Monograph, vol. 16. Yale University Press, New Haven.

Padmanabhan, V., Png, L.P.L., 1995. Returns policies: Make money by making good. Sloan Management Review Fall, 65-72.

Pasternack, B., 1985. Optimal pricing and returns policies for perishable commodities. Marketing Science 4, 166-176.

Schweitzer, M., Cachon, G., 2000. Decision bias in the newsvendor problem: Experimental evidence. Management Science 46, 404-420.

Spengler, ].J., 1950. Vertical integration and antitrust policy. Journal of Political Economy 58, 347-352.

Spinler, S., Huchzermeier, A., 2002. The valuation of options on capacity with cost and demand uncertainty. European Journal of Operational Research 171, 915-934.

Taylor, T., 2002. Supply chain coordination under channel rebates with sales effort effect. Marketing Science 48, 992-1007.

Tomlin, B., 2003. Capacity investments in supply chains: Sharing the gain rather than sharing the pain. Manufacturing and Service Operations Management 5, 317-333.

Tsay, A., 1999. Quantity-Flexibility contract and supplier-customer incentives. Management Science 45, 1339-1358.

Tsay, A., 2002. Risk sensitivity in distribution channel partnerships: Implications for manufacturer return policies. Journal of Retailing 78, 147-160.

Wang, C., Webster, S., 2007. Channel coordination for a supply chain with a risk-neutral manufacturer and a loss-averse retailer. Decision Science 38, 361-389.

Wei, Y., Choi, T., 2010. Mean-variance analysis of supply chains under wholesale pricing and profit sharing schemes. European Journal of Operational Research 204, 255-262.

Wu, D.J., Kleindorfer, P.R., Zhang, ].E., 2002. Optimal bidding and contracting strategies for capital-intensive goods. European Journal of Operational Research 137, 657-676.

Xiao, T., Yang, D., 2009. Risk sharing and information revelation mechanism of a one-manufacturer and one-retailer supply chain facing an integrated competitor. European
Journal of Operational Research 196, 1076-1085.

Yazlali, O., Erhun, F. 2006, Managing demand uncertainty with dual supply contracts on capacity and inventory: A heuristic approach. Stanford University working paper.



