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a b s t r a c t

On the background of an online/offline dual channel, this paper studies contract coordination of cen-
tralized and decentralized dual-channel closed-loop supply chains. With the feature of recycle rate
fluctuation, we develop a revenue-sharing mechanism by taking the relationship between the recycle
rate and the recycle revenue sharing ratio into consideration. After comparing of centralized decision and
the manufacturing led decentralized decision, the optimal online/offline price, wholesale price and ad-
vertising investment are derived. The influence of revenue sharing ratio in forward and reverse channels
on the online/offline prices and wholesale prices is discussed. The numeric example is used for observing
the relationship between variables, and between the optimal profit and variables through analysis of
changing parameter valuations.

& 2016 Elsevier B.V. All rights reserved.

1. Introduction

In the era of E-commerce, many enterprises choose to develop
an online channel for direct sales with the traditional retail
channel being maintained to establish an online/offline dual-
channel distribution system. In the dual-channel of supply chains
(SCs), manufacturers not only work as the upstream suppliers, but
also as the peer competitors on the same level. On one hand,
manufacturers control the scale of traditional retail channels by
establishing online routes to restrict the retailers’ bargaining
power. On the other hand, traditional retail channels continue to
play an irreplaceable role: the brand effect is cultivated by pro-
viding offline service support, customer experience and product
maintenance, and the customers’ post-market service demands
are therefore created and satisfied.

By comparing the prices and profits under three modes—on-
line, offline and mixed channels—and discussing the effect of cost
structure and elasticity of demand in pricing, Park and Keh (2003)
believe that manufacturers adopting a mixed channel strategy can
reduce retail price, boost demand and increase the total profit of
both the manufacturer and the SC. These days, manufacturers
constantly devote themselves to improving the shopping experi-
ence and aftermarket service of physical retail stores, with

focusing on service competition strategy rather than price com-
petition strategy. For the purpose of reducing the negative effects
of the online channel for direct sales on the offline retail channel,
some manufacturers seek cooperation relating to market service
support, such as part exchange and product repair, so that retailers
will be able to gain service benefits from E-channels. Dan et al.
(2012) study the dual-channel of a conventional SC where retailer
provides service and decides the pricing and service strategy. They
conclude that retailers should increase the retail price as a result of
improved service and the manufacturer's pricing strategy depends
on consumer loyalty.

On the other hand, an enterprise's environmental responsibility
has become an inescapable practical problem. Remanufacturing
saves costs and the recycling of used products contributes to in-
creased profits, so manufacturing enterprises tend to recycle used
products in a more active way and implement closed-loop supply
chains (CLSC). Savaskan et al. (2004) discuss three different re-
cycling scenarios where manufacturers, retailers and third parties
playing a leading role respectively. By comparing the impact of
wholesale price, retail price and recycle rate on the total profit of
CLSC under these three scenarios, the study shows that manu-
factures’ profit is maximized when recycling led by the retailer.
Jing and Bell (2012) discuss whether the recycling channel and
recycling price would affect retailers’ pricing and order decisions,
with return rate, return cost and consumers’ return preferences as
parameters in the study. They conclude that the recycling me-
chanism could improve profits for retailers.

For advertising investment decisions, Yue et al. (2006) and Xie
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and Wei (2009) analyze the optimal price and advertising deci-
sions in a conventional forward SC of the offline channel when
market demand is affected by price and advertising investment;
while Szmerekovsky and Zhang (2009) look for the optimal deci-
sion when both the manufacturer and retailer invested in adver-
tising. Pietro (2014) claims green advertising investment helps
establish commercial goodwill for both manufacturer and retailer.
So it can stimulate investment for green advertising if reverse
revenue sharing contract is adopted in reverse supply-chain of
closed-loop supply chain. Yi and Xiao (2012) construct a CLSC
game theory model of certain demands under the influence of
advertising, and discuss optimal pricing, advertising investment
and recycle rate decisions as well as the coordination method.
However, most scholars discuss the optimal pricing decision and
cooperation advertising strategies in a dual-channel forward SC
based on the assumption that demand is only affected by adver-
tising; the influence of the competitive channel price on the
channel price itself is not covered in the demand function. In fact,
advertising investment will not increase product demand, but
change the distribution of product demand in different channels.

“Double marginalization” decided by channel members exist in
dual-channel closed-loop networks. After comparison and analysis
of revenue-sharing contracts, buyback contracts and wholesale
price contracts, Cachon and Lariviere (2005) conclude that rev-
enue-sharing contracts can coordinate the SC channel and de-
termine the retail price and the retailers’ pricing, which is better
than the coordination of buyback and discount contracts in a
single case; besides, in revenue-sharing contracts, SC profits can be
divided arbitrarily instead of depending on the retailers’ order
quantity and price option. Yan and Pei (2011) show that although
retailers and manufacturers could share the information about
consumer demand, only manufacturers could benefit from the
information sharing, while the retailer unaffected. Altug (2016)
discusses the impaction of revenue sharing contract in contract
design from the perspective of cost. He regards cost as added value
for contractor. Different types of revenue sharing brings different
cost in the process of executing contract. Xu et al. (2014) establish
a dual-channel supply chain coordinating contract, which consists
of a two-way revenue sharing contract. Manufacturer gets a frac-
tion of the revenue generated by retailer's channel in the tradi-
tional revenue sharing contract, while retailer gets a fraction of the
revenue generated by manufacturer's direct channel in the reverse
revenue sharing contract. However they do not consider recycling
and remanufacturing, as well as sharing for remanufacturing cost
savings. Yi and Yuan (2012) research on the influence of channel

conflict on CLSC coordination in mixed sales channels. Therefore,
for node enterprises in dual-channel closed-loop distribution
networks, eliminating channel conflict and double marginalization
has been a new eminent task.

Some manufacturers have already adopted a differential price
strategy and service strategy in order to relieve the competition
conflict between manufacturers and retailers. The mode has re-
lieved channel conflict to a certain degree, but will it resolve dual
marginalization altogether? How much do centralized versus de-
centralized decisions differentiate? And how are the profits of all
members of the SC reallocated and reach a better recycle rate by
determining a reasonable revenue sharing ratio in the CLSC? These
are the questions studied and answered in this paper.

The remainder of this paper is organized as follows. Section 2
introduces the problem description and model. In Section 3,
channel conflict coordination model of cooperative advertising in
centralized CLSC is discussed, followed by the numerical analysis.
Section 4 presents discussion of channel conflict coordination
model of cooperation advertising in decentralized CLSC, as well as
comparing with the performance in centralized CLSC. Section 5
summarizes the findings.

2. Problem description and model

2.1. Problem description

Fig. 1 shows a dual-channel CLSC consisting of single manu-
facturer/single retailer. The sales channel of this kind is about the
simultaneous online and offline sales of certain products produced
by the manufacturer at unit cost c. The manufacturer wholesales
the product to the retailer in the wholesale price w through the
offline channel, the retailer sells the product to consumers at the
offline price Pt and the manufacturer sells the product to con-
sumers at the direct sale price Pe through the online channel. Total

Nomenclature

Q Total market demand when the dual-channel product
price and advertising investment levels are zero

A Recycling channel input
c Unit manufacturing cost
s Unit cost saving by remanufacturing
β Intrinsic price elastic coefficient
δ Cross-price elastic coefficient, δ β< <0
k Advertising effect, the influence factor of advertising

investment on total market demand, >k 0
i Recycle rate for used products
ρ Consumers’ preference for the offline channel,

ρ≤ ≤0 1
ρ−1 Consumers’ preference for the online channel

α The advertising expense proportion assumed by the
manufacturer, α≤ ≤0 1

α−1 The advertising expense proportion assumed by the
retailer

Variables

Pt 1 Offline price
Pe Online price, >P Pt e

w Wholesale price
b Total advertising investment of the dual-channel SC
Φ1 Revenue sharing ratio in forward channel—RSR-FC,

the ratio of manufacturer shares sales revenue from an
offline channel of the retailer, ≤ Φ ≤0 11

Φ2 Revenue sharing ratio in reverse channel—RSR-RC, the
ratio of retailer shares remanufacturing cost savings
from recycling, ≤ Φ ≤0 12

Fig. 1. Revenue-sharing decision model of cooperation advertising in a dual-
channel CLSC.
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