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COORDINATING A DECENTRALIZED SUPPLY CHAIN WITH CAPACITY
COST COMPENSATION

FEIFEI SHAN', X1A0PEI DAI? , JINQI MEN! AND FENG YANGY*

Abstract. Capacity planning, as a vital asset, is a challenge problem for firms in various industries,
such as organic agriculture, apparels and high-tech industry. However, many manufacturers are con-
servative about their capacity investment for a variety of reasons. As a result, many retailers have
the motivation to stimulate manufacturers to enhance the capacity level. In this paper, we propose a
revenue sharing and capacity cost compensation contract to help the retailer stimulate her manufac-
turer to increase the capacity level. In the contract, the retailer keeps a portion of sales revenue and
compensates for the manufacturer’s capacity cost. They face a stochastic demand and play a Stackel-
berg game where the retailer acts as a leader and the manufacturer acts as a follower. We prove that
the channel can be perfectly coordinated through our proposed contract. Moreover, we give a feasible
range of profit distribution, in which both channel members can earn no less profit than that in non-
cooperation. Meanwhile, comparing with centralized channel with multiplicative demand, we find that
capacity in decentralized channel tends to be lower.
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1. INTRODUCTION

Capacity investment, as an important competitive tool, is a challenge faced by firms in many industries such
as high-tech industry, organic agriculture, fashion goods and apparels. For example, in the past years, the global
component with electronics is shortage and the shortage is expected to last until 2018 [19]. Due to rapid devel-
opment of consumer electronic industry, especially for the smartphone market, the demand for semiconductors
is booming in recent years. However, its production capacity has not kept pace with the increase in demand.
One reason is that the semiconductor is a high-tech industry and it needs a lot of Research and Development
investments in the early stage, which keeps most firms out. The other reason is technology breakthrough occurs
frequently and thus there is limited historical data to precisely predict the market demand of a new product
[12]. The demand uncertainty is high in high-tech and innovative industries [6]. Furthermore, the semiconduc-
tor supplier is concerned that demand is growing too fast and it will cause overcapacity once demand shrinks
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[19]. Therefore, the entry barriers coupled with demand uncertainty creates the shortage. To reduce the risk
of capacity investment, sometimes a manufacturer tends to provide relatively low capacity. For instance, the
iPhone produced by Apple Inc. is updated once a year, which needs frequent upgrades and replacement of
production line. And in view of this, Foxconn, as the production agent of Apple’s mobile, is very cautious in
improving production or service capacity, which often leads to supply shortage after each replacement.

With the development of the society, consumers’ demand for organic products are increasing. In the apparel
industry, consumers are willing to pay more for the organic cotton and they expect products to be more
environmental friendly. That is the motivation for the manufacturers in apparel industry like H&M to source
from organic supplier. According to H&M, the share of organic cotton rose from 7.8% in 2012 to 10.8% in 2013
[14]. However, it is hard for farmers to grow organic cotton. One reason is the lack of effective training, and
H&M also finds it is a tough task to train farmers to produce organic cotton [14]. The other reason is that the
organic cotton seed is difficult to access’.

As the examples illustrated above, the upstream suppliers may not be able to provide sufficient production
capacity for various reasons. As a result, downstream buyers have the motivation to take some effective measures
to stimulate upstream suppliers to offer a higher capacity. Erkoc and Wu [9] show that a buyer can incentivize
its supplier to expand capacity more aggressively by paying a deductible fee in the high-tech industry. In the
organic agriculture industry, the downstream buyer also takes measures to help its suppliers to grow organic
cotton. For example, in order to strengthen the cotton producers’ self-confidence to grow organic cotton, the
German brand Cotonea provides them with financial security and supports them in capacity building?.

We attempt to find a win—win contract for both the buyer and its supplier, and also enable the channel to
create additional surpluses. Previous literatures also try to propose a proper contract to coordinate the decen-
tralized supply chain. Among those, the revenue sharing contract is widely used in supply chain coordination
[2,5]. In the contract, a retailer shares sales revenue with a manufacturer. In order to stimulate the manufac-
turer’s desire for production, some retailers introduce production cost sharing in revenue sharing contract [7,25].
In our paper, we propose a revenue sharing and capacity cost sharing mechanism to help a downstream buyer
incentive its supplier to build more capacity. In this contract, a retailer shares a fraction of capacity cost.

The following channel settings support us to perform our investigation. We introduce a supply chain with an
upstream manufacturer (referred to as “he”) and a downstream retailer (referred to as “she”). The manufacturer
sells his product through a single retailer in the market. Capacity building needs a long lead time that the
manufacturer should invest capacity far in advance of sales season [11,22]. At this point, the demand information
is not revealed and thus the manufacturer’s capacity investment depends on the retailer’s forecast of demand. It
was not until the sales season that the manufacturer made production and the demand uncertainty is resolved
at this point.

In a decentralized channel, both supply chain partners make decisions based on their own profits, which often
results in a loss of the whole channel profit. Maximizing the overall channel profit requires the execution of a
precise set of actions. In such a circumstance, we propose a cooperative mechanism to coordinate the partner
of the channel to achieve the optimal channel profit. The purpose of this paper is to find a feasible mechanism
to coordinate the supply chain members to achieve optimal supply chain profit and lessen the bad effect of
uncertain demand on capacity building. This article mainly addresses the following key questions:

(1) Does the contract we proposed stimulate the manufacturer to provide a higher capacity?

(2) Can the decentralized supply chain be coordinated under our proposed contract?

(3) If the decentralized supply chain can be coordinated, how is the supply chain profit allocated between the
channel members?

1 New Report Confirms Challenges of Sourcing Seed For Organic Cotton Cultivation (http://www.greencotton.org/
wp-content/uploads/Press-release-Seed-Report-May-2015.pdf)

2 Organic Cotton Market Report 2016 (http://textileexchange.org/wp-content/uploads/2017/02/TE-Organic-Cotton-
Market-Report-0ct2016.pdf)


http://www.greencotton.org/wp-content/uploads/Press-release-Seed-Report-May-2015.pdf
http://www.greencotton.org/wp-content/uploads/Press-release-Seed-Report-May-2015.pdf
http://textileexchange.org/wp-content/uploads/2017/02/TE-Organic-Cotton-Market-Report-Oct2016.pdf
http://textileexchange.org/wp-content/uploads/2017/02/TE-Organic-Cotton-Market-Report-Oct2016.pdf

CAPACITY INVESTMENT UNDER DEMAND UNCERTAIN S1791

We introduce Stackelberg game to model the decision making of the two firms. In Stackelberg game, the
downstream retailer, acting as a leader, offers the manufacturer a take-it-or-leave-it contract in advance of a sales
season. The contract specifies the fraction of the capacity cost and sales revenue. The upstream manufacturer,
acting as a follower, decides the capacity level, retail price upon seeing the capacity cost sharing contract
provided by the retailer. The manufacturer will accept the contract if it can bring a positive expected profit for
him.

Our analysis leads to some significant conclusions. First, we prove that the optimal capacity in centralized
channel is higher than that in the decentralized channel under multiplicative stochastic demand. Second, the
revenue sharing contract cannot coordinate the supply chain, while the decentralized supply chain can achieve
coordination perfectly with the revenue sharing and capacity cost compensation contract. The research also
gives a feasible range of profit distribution, in which both the manufacturer and the retailer acquire no less
profit than that in non-cooperation. Then members can bargain over the revenue sharing and the proportion of
the capacity cost depending on their bargaining power.

The remainder of the paper is organized as follows: in Section 2, we review the relevant literature. Model
notations and centralized channel are presented in Section 3. In Section 4, we discuss the mechanism with revenue
sharing. In Section 5, we analyze the contract with capacity cost compensation. And we give multiplicative
demand analysis and numerical study in Section 6. Finally, we summarize our findings in Section 7.

2. LITERATURE REVIEW

The model setting considered in this paper has two distinctive features: (1) supply chain coordination contract,
(2) capacity management. We discuss each in the following section.

In this paper, we set up a contract to coordinate a supply chain with capacity investment. Contract is
an effective tool to allocate the channel profit [15,26]. Many researchers tried to build some mechanisms to
improve overall chain performance under the condition that allowing channel members to achieve their individual
objectives [1,23]. One stream of this area is to introduce a contract to coordinate the channel members’ behavior
to benefit both sides of the channel Jin et al. [13] analyze the effective of wholesale price contract and consignment
the contract with revenue sharing in supply chain management with a capital constrained retailer.

Plenty of researchers have tried to find how to manage capacity investment. Some of them turn to the study
of capacity investment strategy [4,22]. Swinney et al. [22] analyze the impacts of capacity investment timing
(early investment versus late investment) between a start-up firm and an established firm with different degrees
of demand uncertainty over time. They show the equilibrium solutions of the capacity investment timing game.
Chod and Zhou [4] study the optimal capacity technology choice (flexible versus nonflexible) under financial
leverage. Another stream of the related literature tries to find a way to utilize the capacity more effectively
[3,27,28]. Xie et al. [28] examine the capacity allocation policies between the service provider and the direct
selling market. They find the channel performance is improved when introducing the direct selling market.
Wu and Chao [28] consider a stochastic production system with limited production capacity under stochastic
demand. They show insights on the structure of the optimal control policies.

Numerous studies try to solve the capacity investment problems through using supply chain contracts or
mechanism [8,10,20]. Plambeck and Taylor [20] show the influences of renegotiation on capacity investment and
innovation, members’ resulting profits and so on. They demonstrate that if the contracts are designed correctly,
renegotiation can greatly enhance the firms’ investments and profits. Oh and Ozer [17] study the forecast demand
information sharing under uncertainty and dynamic environment. The supplier makes his capacity investment
decision according to the demand information he obtained. They promote a Martingale Model of Asymmetric
Forecast Evolutions framework to model the firms’ forecasting processes. They introduce a mechanism that
tries to realize reliable forecast information sharing. And they prove that, through the use of the contract,
capacity investment decisions can almost coordinate the supply chain. Roels and Tang [21] try to find a win—
win mechanism between two bidirectional alliances firms. In the alliances, one firm shares its manufacturing
capacity with another while the other firm shares its distribution capacity. Roels and Tang [21] propose two
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FIGURE 1. Sequence of events.

types of bidirectional contracts (ex-post transfer payment contract and ex-ante capacity reservation contract)
to coordinate the alliances. They show that, through using the contracts, the alliance’s total profit is improved
in equilibrium.

In this paper, we set up a capacity cost sharing contract, in which a retailer shares the capacity cost with her
manufacturer, to encourage manufacturer to invest more on capacity building. We prove that the decentralized
supply chain can be coordinated under our proposed contract.

3. MODEL DESCRIPTION AND CENTRALIZED CHANNEL

Before studying the effect of capacity cost sharing contract on coordinating the supply chain, we first give
the model descriptions, notations and assumptions.

3.1. Model description

We consider a supply chain consisting of a retailer and a manufacturer who expect to maximize their expected
profits. The consumer demand is stochastic and price-sensitive. In order to stimulate the manufacturer to offer
a higher capacity level, the retailer offers a contract, which specifies the fraction of capacity cost she would like
to share. Upon seeing the contract, the manufacturer makes decision on capacity investment.

The manufacturer’s production capacity, K, has to be established far in advance of the sales season considering
the lead time of capacity building. At this time, there is little information about the consumer demand and the
demand uncertainty is not resolved. As time passes, more information about consumer demand is revealed and
the demand uncertainty is resolved. The manufacturer makes production decision after observing the demand
information. The product quantity that the manufacturer decides to release to the market is ¢ and it obeys to
the constraint i.e., ¢ < K. The manufacturer does not produce up to his capacity. When the actual demand
exceeds the manufacturer’s capacity i.e., D(p,£) > K, he will produce up to his capacity i.e., ¢ = K. While,
when the actual demand is less than the manufacturer’s capacity i.e., D(p,§) < K, he will produces up to the
demand, ¢ = D(p, ). The sequence of events is shown in Figure 1. Notations are summarized in Table 1.

We add superscript “*” to the relative variables to represent their corresponding optimal values. And subscript
“c “dY, “s* respectively represent the relative variables in centralized channel, decentralized channel and
decentralized channel with capacity cost sharing.

3.2. Centralized channel

To analyze the effect of capacity cost sharing contract on coordinating the supply chain, we begin by intro-
ducing the centralized channel.
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TABLE 1. Notation.

Symbol Definition

P The product’s retail price

D(p,¢) Price-dependent demand and ¢ is random variable

F(-) Cumulative distribution function of demand

fQ) Probability density function of demand

Cm The manufacturer’s marginal production cost

Cr The retailer’s marginal sales cost

Gm The manufacturer’s per unit loss because of short supply

Gr The retailer’s per unit loss because of short supply

0 The retailer’s shared revenue for each unit of product sold

T The expected profit function

" The retailer’s expected profit function in revenue sharing contract
Decision Definition

variable

q The manufacturer’s production quantity

K The manufacturer’s production capacity

0 The fraction of capacity cost that the retailer shared with the manufacturer

Now, we introduce our demand function. Prior to the sales season, the demand information is not revealed
and we assume the demand is stochastic and price-sensitive denoted by D(p,¢). In the demand function, ¢ is a
random variable supported on [d1, d2] and 0 < d; < d5 [16,25]. The expected order quantity of the downstream
retailer is

q(K,p) = Emin{D(p,§), K'}

K
= K[l — F(K|p)] + /yf(ylp) dy
0

K
=K — [ F(ylp)dy
/

where min{D(p, £), K} is the retailer’s order quantity (notice that the retailer decides the order quantity based
on actual demand) and F(K|p) is the distribution function of consumer demand and strictly increases in K.
Meanwhile F(-) is differentiable on [d7, d2]. We assume the demand function decreases stochastically in price,
i.€., w < 0. This assumption is widely used in coordination research [1].

When the manufacturer’s optimal capacity is insufficient to meet the demand, some consumers will not be
able to obtain products and short supply will happen. The manufacturer and the retailer have an opportunity
loss, respectively denoted by g,, and g,, caused by the short supply. The excepted lost sales of the supply chain

is,

L(K,p) = E[D(p,€) — K]*

K K
(y— K)f(ylp) dy + [ yf(ylp)dy — [ yf(ylp)dy
[oromar- |

Ry Ay

K (e’ K
yf(ylp) dy+/yf(y|p) dy—K/f(y\p) dy—/yf(ylp) dy
0 K 0
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oo

K
- /yf(y|p) dy — K[1 — F(K|p)] — /yf(ylp) dy
0 0

I K

- / yflp) dy — | K - / Flylp) dy
0 0
=h—q(K,p),

where h = [* yf(ylp) dy.

In the decentralized supply chain, the manufacturer and the retailer make interactive actions only to benefit
themselves. If channel members make decisions based on their own profits, the supply chain cannot achieve
maximum profits in most cases. On the contrary, in the centralized supply chain, the system makes decisions
from the perspective of the entire channel profit, which maximizes supply chain profit. In the centralized game,
the expected profit function is

Te = (p — ¢m — ¢r)q(K,p) = (gm + g-) L(K, p) — cK
= (p_cm _Cr+gm+g7’)Q(K’p) - (gm+gr)h_CK~ (31)

Equation (3.1) needs not be concave nor unimodal [18]. The expected profit of the centralized game has a
maximum value on capacity level (K). The first-order condition of the whole system on capacity level K is

O — (b g + 90)[1 ~ F(KIp)] ~ c. (3:2)

And the first-order condition of the whole channel on retailer price (p)

ore
dp

. (K7,
=q(KC,p)+(p—cm—cr+gm+gr)w. (3.3)

Letting equation (3.2) equals to zero, we can acquire the best respond of capacity. The optimal capacity is

K;:F—l<p_cm_cr+gm+gr_c|p>. (34)

D—Cn —Cp + 9m + 9r

Similarly, letting equation (3.3) equals to zero, we obtain the optimal retailer price. However, it is hard to
acquire the explicit expression of the optimal retailer price. We show the implicit expression of the optimal
retailer price (pf):

o,
dp

This first-order condition is necessary for coordination.

dq(K, p)
dp

= Q(Ka p) + (p —Cm — Cr T 9m + gr) =0. (35)

4. DECENTRALIZED WITH REVENUE SHARING

Then we will consider a supply chain that consists of a single manufacturer, who selling her products through
a single retailer with stochastic demand. And in this section, we discuss that the manufacturer and the retailer
try to increase their respective profit through a revenue sharing contract. The retailer offers a revenue sharing
contract, which identifying the percentage of revenue that she is willing to pay to the manufacturer. Then the
manufacturer decides his capacity level. After observing the contract, the manufacturer decides his capacity
level and retail price. All of the above decisions are made before the selling season for a long lead time of
capacity building. Demand information has not been revealed yet and they can only make decisions depending
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on the demand forecast. After the selling season comes, the retailer decides her order quantity according to
actual demand.

Each channel member makes decisions based on their own profits and they play a Stackelberg game. In the
game, the retailer, acting as a leader specifies sales revenue’s percentage allocation. The manufacturer, acting
as a follower, chooses his capacity level and retail price. The manufacturer’s expected profit is given by

mq = [(1 = 0a)p — cmla(K,p) — g L(K, p) — cK
= [(1 = 0a)p — cm + gmla(K,p) — gmh — cK. (4.1)

The manufacturer first decides his capacity level. The first-order condition of the manufacturer’s expected
profit on capacity level is:

on™m
—L =[(1=04)p — cm + gm][l — F(K|p)] —c. (4.2)
0K
And the first-order condition of the manufacturer on parameter p} is
—& =q(K 1-— — m|——" 4.3

Letting equation (4.2) equals to zero and solving it, we can acquire the optimal capacity level of the manu-
facturer. The best response of the capacity level in the decentralized supply chain is

x _ p—1 (1_®d)p_cm+gm_c>
Ra=F ( T 0p—cm+gm P): (44

Letting equation (4.3) equals to zero, the optimal retailer price (p};) is determined by the following equation:

onl Jdq(K,p)
dp dp

A supply chain achieves coordination when the optimal decisions in the decentralized supply chain are the
same with that in the centralized supply chain. If a revenue sharing contract can coordinate this supply chain, the
optimal capacity level and retailer price in decentralized channel (respectively K3, pj;) have to be equal to that
in centralized channel (K}, p}), i.e., K = K} and p}; = p}. Comparing equation (4.4) with (3.4) and equation
(4.5) with (3.5), we find that only when the revenue sharing (4 satisfies the condition #; = (¢, — g,-)/p, can
the equations K = K} and p}; = p} are always true. It means that the retailer’s optimal revenue sharing (0%)
has to satisty 0% = 0q = (¢, — g,-)/p- However, the retailer will choose this revenue sharing only when it could
bring no less benefit than the optimal revenue sharing in the decentralized channel. In fact, the optimal revenue
sharing in the decentralized channel (0%) can bring no less profit than the revenue sharing 04 = (¢ — gr)/p,
considering that the (% is determined by maximizing the retailer’s expected profit.

In the numerical study (see Sect. 7), we find that revenue sharing condition cannot ensure both members
gain more profit than that in decentralized channel. Therefore, we need to seek new ways to coordinate the
supply chain.

= Q(Kp) + [(1 - [Z)d)p —Cm T+ gm] =0. (45)

5. DECENTRALIZED WITH CAPACITY COMPENSATION AND REVENUE SHARING

As we have discussed before, the manufacturer may provide a lower capacity level to prevent sluggish demand.
In order to stimulate manufacturer to provide a higher capacity level and then increase channel profit, the retailer
offers the manufacturer a revenue sharing with a capacity compensation contract. In the contract, the retailer
shares a portion of revenue with the manufacturer and also pays a certain compensation for per unit capacity
the manufacturer built. In this section, we examine the coordination effect of the contract in the decentralized
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channel. The channel members also play a Stackelberg game. The retailer acts as a leader and the manufacturer
acts as a follower. The expected profit of the manufacturer is given by

7' = [(1=0)p — cmla(K,p) = gm L(K,p) — (1 = 0)cK
= [( @)p —Cm + gm}Q(Kap) - gmh - (1 - G)CK (51)
where 6 is the portion of the capacity cost shared by the retailer and 1 — 6 is the portion of the capacity cost

shared by the manufacturer. The first-order condition for the manufacturer’s expected profit on capacity level
in a revenue sharing with capacity compensation contract is:

on
0K

Letting equation (5.2) equals to zero, we can easily find that the supplier’s best response of capacity level is
K: = Jat. ((1 —0s)p—cm +gm — (1 - 0)c|p) .
(1—=05)p—cm + gm
Similarly, letting the first-order condition of the manufacturer’s expected profit on retailer price equals to
zero, we can acquire the implicit expression of the optimal retailer price (p¥)
dp dp

1—
1—

=[(1=0)p —cm + gml[l — F(K|p)] — (1 - 0)c. (5.2)

(5.3)

= q(K,p) +[(1=0s)p — cm + gm) =0. (5.4)

If a revenue sharing with capacity compensation contract can coordinate this supply chain, the optimal
capacity level and retailer price in this decentralized channel (respectively K, p¥) have to be equal to that in
centralized channel (K7, p}), i.e., K = K} and p} = p}. Comparing equation (5.3) with (3.4) and equation
(5.4) with (3.5), we find that, when the revenue sharing ()5 satisfies the condition

Cm_gm_/\(cm+cr_gm_gr)

hs=1-—X— 5.5
’ (5.5)
and capacity cost compensation 6 satisfies the condition
0=1-) (5.6)
the equations K} = K} and p¥ = p’ always hold, where A can be any non-zero value (A # 0).
Substituting equations (5.5) and (5.6) into (5.1), we find
70 = Ao + h[A(Gm + 9r) — gm]- (5.7)
Meanwhile, it is easy to get
T = (1= Nme — h[A(gm + 9r) — gm]- (5.8)

Notice that parameters h = fooo yf(ylp) dy, gm and g, are independent of decision variables retailer price (p),
capacity level (K'), revenue sharing ((}) and capacity cost compensation (). As a results, the equations (5.7) and
(5.8) indicate that the optimal decisions of both the manufacturer and the retailer are consistent with the whole
system. Therefore, under the conditions of equations (5.5) and (5.6), the decentralized channel in a revenue
sharing with a capacity compensation contract can achieve coordination. We have the following proposition:

Proposition 5.1. In a decentralized supply chain with a stochastic demand, a revenue sharing with a

capacity cost compensation contract can coordinate the supply chain under the conditions 0y = 1 — \ —

m—9m —A(Cm+Cr—gm—gr
Cm—9 (CPJFC 9n=9r) and § =1 — \ where

e+ hA(Gm + 9r) = gm] = 7

O<Asl and {(1_)‘)7"0_}1[)‘(9771 +9r) — gm| = 75"
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The above proposition shows that, using the contract we proposed, we can coordinate the whole supply
chain. And both the manufacturer and the retailer can obtain a satisfactory profit (no less than that in the
decentralized supply chain, see Sect. 4) by adjusting the parameter X\. Am. + A[A(gm + gr) — gm] > 77" and
(1 = N me—h[A(gm + gr) — gm] > 7" are the effective allocation conditions of the profit. These conditions ensure
that each channel member acquires no less profit in the cooperative context than that in the uncooperative
context. Equations (5.7) and (5.8) indicate that the system can adjust the allocation of profit by adjusting the
parameter .

This proposition indicates that the decentralized channel can be coordinated by our proposed revenue sharing
and capacity cost compensation contract. And the retailer can adjust the channel profit allocation by choosing
a proper value of . Proposition 5.1 suggests that a downstream retailer had better to offer a revenue sharing
and capacity cost compensation contract to the upstream manufacturer and both channel members can benefit
from the contract.

In our contract, the retailer gives compensation for capacity cost based on the manufacturer’s capacity level.
The main purpose of this measure is to stimulate the upstream manufacturer to provide a higher capacity level
and reduce the possibility of short supply. Next, we examine whether the revenue sharing and capacity cost
compensation contract can improve the manufacturer’s capacity level. Notice that F'(-) is strictly increasing,
and then F(-) is strictly increasing, too. Comparing the equation (5.3) with (4.4), we can acquire the condition
where the manufacturer provide a higher capacity level in the decentralized channel with revenue sharing and
capacity cost compensation.

Proposition 5.2. The manufacturer will provide a higher capacity level in a decentralized supply chain with
revenue sharing and capacity cost compensation contract when his shared portion of revenue (1 — () satisfies

1-0s> Hem _g"‘)—i_(pl:g)(l_@:‘)p;. Otherwise, he will provide a lower capacity level.

It is easy to find that e(c’”79"")“;:0)(17@2)1’; increases in the retailer’s capacity cost compensation (0), which

indicates that the retailer can stimulate his manufacturer to offer a higher capacity through raising the manu-
facturer’s revenue sharing or increasing the capacity cost compensation.

6. MULTIPLICATIVE DEMAND ANALYSIS

There exist two classical forms of demand function D(p, £): a multiplicative functional demand D(p, &) = y(p)&
and an additive demand function D(p,&) = y(p) + &. y(p) denotes a price-sensitive demand and takes the form
of y(p) = ap(a > 0-b > 1) in the multiplicative case. And in the additive demand function, y(p) takes the
form of y(p) = a —bp(a > 0-b > 1). In this section, we discuss the effect of the multiplicative demand. In the
multiplicative formulation, the parameter b is the price-elasticity index of demand. The larger the value of b,
the more sensitive the demand for price changes. If the price-elasticity index of demand is greater than 1, a
product is defined as price elastic. On the contrary, if the price-elasticity index is no more than 1, a product is
defined as price inelastic. We focus on price-elastic products by assuming b > 1.

6.1. Multiplicative demand

In central channel the decision maker has to choose the proper retail price and capacity to maximize the profit.
The expected channel profit is shown in equation (3.1). Following [18], we define an inventory factor z = K/y(p).
This transformation of variables provides an alternative interpretation of the inventory decision: if z > £, then
leftovers occur; if z < &, then shortages occur. By substituting K = zy(p) and D(p, &) = y(p)é = ap~ ¢ into
equation (3.1), the objective profit function can be rewritten as

Te={D— Cm— ¢+ gm + g,«)apfb[z —A(2)] = (gm + 9-)h — czap™?, (6.1)

where A(2) = [5 (z — 2)f(x) dz.
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TABLE 2. The optimal decisions with multiplicative demand.

Central Decentralized with no compensation
b(c7n+¢'r*97n797‘) bacz: ba.cz:; b(c'm*97n>

p b1 T o DEz-AGH)] G-D—05)=3-AGD] T o-1T-65)
Foosy ac(b—1)[zX —A(zF)] s ac(b—1)[z4—A(z%)]

z F(z) = baczs +(em+cr—gm—gr)lzs —A(z2)] F(zq) = baczh +(cm —gm)[zg —A(z)]

6 - aczl+lem —gm +(b—1)(cr—gr)][z5 —A(z5)]
baczs +[b(cm —gm)+(b—1)(cr—gr)l (25 —A(z5)]

The above transformation of variables will help us write the optimality conditions more conveniently. Similarly
with the above solution, we can rewrite the excepted profit in decentralized supply chain. The expected profit
in the decentralized channel with revenue sharing is equivalent to

7y =[(1 = 0a)pa — cm + gm]ap;b[zd — A(za)] = gmh — czdap;b.

Below, we analyze the character of the decentralized supply chain with uncertain multiplicative demand. We
follow a sequential procedure to find the optimal solution that maximizes the channel profit. The retailer decides
the revenue sharing ¢. After observing the retailer’s decision, the manufacturer decides the retail price at first
and then decides the inventory factor (z). The optimal decisions in both centralized and decentralized channels
are presented in Table 2. In Table 2, F(-) =1 — F(-).

Comparing the second column of Table 2 (the optimal decisions in centralized channel) with the third column
of Table 2 (the optimal decisions in decentralized channel), we have the following proposition.

Proposition 6.1. In decentralized supply chain with multiplicative demand, the revenue sharing contract cannot
coordinate the supply chain.

Similar to Section 4, Proposition 6.1 shows that the decentralized channel with revenue sharing cannot
coordinate the supply chain. This finding suggests that the channel members had better to find some other
contract which can coordinate the supply chain.

Comparing the optimal decision of inventory factor in Table 2, we have F(z3) > F(z}). Notice that F(-) =
1 — F(-), and thus we have the following corollary.

Corollary 6.2. With multiplicative demand, we have z} > z}.

Corollary 6.2 indicates that under multiplicative demand, the inventory factor in centralized channel is higher
than that in decentralized channel. And the higher the inventory factor, the higher the capacity level. As a result,
under multiplicative demand, the capacity in centralized channel is higher than that in the decentralized channel.
This corollary suggests that the retailer has the motivation to help the manufacturer to establish their capacity
and stimulate the manufacturer to provide a higher capacity level. Based on this, we propose a contract with
capacity cost sharing.

Next, we examine whether the revenue sharing and capacity cost compensation contract can coordinate the
supply chain. The excepted profit of the manufacturer in decentralized channel under multiplicative demand
with capacity cost compensation can be defined as

7y = [(1=0s)pa — cm + gm]aps_b[zs = A(25)] — gmh — Czsaps_b. (6.2)

Substituting the coordination conditions in Proposition 5.1 into equation (6.2), we find 7" = Am. +
hA(gm + 9r) — gm) and 77 = (1 — N)7e — h[A(gm + gr) — gm]. That means the decentralized channel with mul-
tiplicative demand can achieve coordination by using the capacity cost compensation contract we proposed. As
a result, we have Proposition 6.3.
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TABLE 3. The optimal solutions at cooperation and non-cooperation with b = 1.

P K; T K A " % oy Effective value range of \
40 3222 1477.8 251.0 0.2 1295.1  0.025 0.672 0.004, 0.193
50 278.3 1711.7 214.6 65.1 1459.4  0.02 0.706 0.041, 0.149

70 1849 1585.2 136.3 1299 12999 0.014 0.733 [0.085, 0.182

[ ]
[ ]
60 2322 17479 176.0 109.2 1461.8 0.017 0.725 [0.065, 0.166]
[ ]
80 136.8 1223.2 96.9 124.4  977.2 0.013  0.727 [0.105, 0.204]

TABLE 4. The optimal solutions at cooperation and non-cooperation with b = 1.5.

p K; s K R fe=dr  py Effective value range of \

35 255.2 919.8 190.3 5.8 783.1 0.029 0.620 [0.012, 0.152]
40 2222 957.8 1629 41.3 789.8 0.025 0.638 [0.048, 0.179]
45 188.1 9219 134.7 65.7 739.4 0.022 0.647 [0.076, 0.201]
50 153.3 811.7 106.4 78.0 632.7 0.02 0.648  [0.100, 0.218]
55 1179 627.1 785 75.5 4724 0.018 0.637 [0.126, 0.251]
60 82.1 367.9 52.1 51.7 265.6 0.017 0.602 [0.150, 0.284]

Proposition 6.3. In the decentralized supply chain with multiplicative demand, the revenue sharing and capac-
ity cost compensation contract can coordinate the supply chain.

This proposition further demonstrates that using the revenue sharing and capacity cost compensation contract,
the decentralized channel can be coordinated. In the next subsection, we discuss channel coordination with additive
demand through numerical study.

6.2. Numerical study

A numerical example will illustrate the effects of additive demand on supply chain. We use the Stackelberg
equilibrium to describe the decentralized supply chain with no capacity cost compensation. The manufacturer
makes decision on the capacity level and the retailer makes decision on the revenue sharing. Assume that demand
is given by D(p,&) = y(p) + & = a — bp + £, where £ is a uniformly distribution random variable defined over
[—10,10]. Let a = 100, ¢, = 4, ¢ = 2, gm = gr = 1, ¢ = 10. The numerical results in Tables 3 and 4 summarize
how the parameter b and retail price p affect the channel’s decision in both centralized and decentralized supply
chain. Figure 2 shows the impact of retail price (p) and price coefficient (b) on the optimal expected profit in
centralized channel.

As illustrated in Figure 2, there has an optimal retail price to achieve maximum expect profit in the coop-
eration channel. Then, the decision makers need to choose a proper retail price to acquire more profit. At the
same time, we can see as the parameter b increases, the system’s profit will decreases and the decision maker
tend to cut the retail price to mitigate the negative impact on the channel’s profit. This phenomenon is also
illustrated in Tables 3 and 4.

We can find that there always exists a proper value range for the parameter A, in which both the manufacturer
and the retailer can acquire more profit under the revenue sharing and capacity cost compensation contract
than it is under the decentralized channel. The last column of Tables 3 and 4 shows the effective range of A to
achieve supply chain coordination. We can see that the range is not too large. However, it does not imply that
the range of win—win is narrow. This is mainly because that the retailer splits most of the channel profit (note
that the retailer is the leader) and the manufacturer splits a very small part of the profit. Therefore, the value
of A cannot too high, otherwise the manufacturer’s profit share is too high. Even if the value of X\ is small, by
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FIGURE 2. The impacts of p, b on the expected profit in centralized channel.

TABLE 5. Comparison of optimal solutions between cooperation and non-cooperation.

K:7K; Wz*fﬂ'g* 71':"*77\';1”*
5 K3 mh* I A
10 0323  [0,0.082] [0, 1.189] [0.034, 0.105]
20 0360  [0,0.090] [0,1.107] [0.043, 0.121]
30 0.373  [0,0.094] [0, 1.087] [0.047, 0.126]
40 0380  [0,0.096] [0,1.079]  [0.049, 0.130]
50 0.384  [0,0.097] [0, 1.075] [0.050, 0.132]

using the contract, both the manufacturer and the retailer can enhance their profit significantly. We will discuss
this issue further in Table 5.

Both Tables 3 and 4 indicate the capacity level offered by the manufacturer tends to decrease with the
increasing of retail price. This finding is intuitive because as the retailer price increases, the number of consumers
who buy this product will decrease. As a result, the manufacturer will reduce his capacity level.

The result further illustrates our conclusion that the decentralized channel can be coordinated with the
revenue sharing and capacity cost compensation contract. The distribution of profit between the manufacturer
and the retailer depends on their bargaining power. In our channel settings, the retailer’s market power is high
acting as a Stackelberg leader. The numerical results also reflect that phenomenon. In Tables 3 and 4, we can
find that the retailer shares most of the channel profit.

In the decentralized channel (see Sect. 4), we find that only when the retailer’s revenue sharing portion
(¢q) satisfies ¢pg = %, can the decentralized channel with revenue sharing achieve coordination. However,
comparing the seventh and eighth column of Tables 3 and 4, we will find ¢ # C’";%. Therefore, the contract
with revenue sharing cannot coordinate the supply chain.

In order to verify the effect of the contract we proposed, we also tested a lot of data and find the contract can
increase the profit of both manufacturer and retailer significantly. Table 5 (where a = 50, ¢, = ¢ = gm = gr = 1,
¢ =3, b =1) shows some of the numerical results. In Table 5, the first column shows the parameter value of
& and the higher the parameter value, the higher the uncertainty of the demand. The second, third and fourth
columns respectively show the proportion of increase in capacity, retailer profit and manufacturer profit after
using the contract we proposed. We can find from the table that, by using the contract, manufacturer can
obtain double or more profit and retailer can obtain an additional around 10% profit. These profit increases
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are substantial for a company. It means that either the manufacturer or the retailer has the motivation to take
part in the contract and the win—win range is large. In addition, comparing the first and second columns, we
find that the higher the demand uncertainty of the demand, the effective the contract is in increasing capacity
investment.

7. CONCLUSION

We have illustrated that in some organic agriculture, apparels and high-tech industries, a manufacturer is
very conservative in making decision on capacity. In order to enhance the profit of both the retailer and her
manufacturer, the retailer has the incentive to stimulate her manufacturer to build a higher capacity. In this
paper, we investigate a decentralized supply chain with stochastic demand. The channel consists of an upstream
manufacturer and a downstream retailer, in which a single-period product is produced and sold in the retail
market. In order to stimulate the manufacturer to provide a higher capacity, we present a revenue sharing and
capacity cost compensation mechanism to constraint the behavior of both sides.

The findings of the research give us a clear picture about the decentralized channel coordination wvia revenue
sharing and capacity cost compensation strategy between the channel members. First, we find that the optimal
capacity in centralized channel is higher than that in the decentralized channel. Second, the revenue sharing
contract cannot coordinate the supply chain. However, the supply chain can achieve coordination perfectly
with the revenue sharing and capacity cost compensation contract. The research also provides a feasible profit
distribution range, in which both the manufacturer and the retailer can acquire no less profit than that in
non-cooperation. Then members can bargain over the proportion of revenue sharing and capacity cost based on
their bargaining power.
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