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Abstract

020 supply chain has been a hot issue worldwide in recent years. This paper
studies a two-period marketing problem in an O20 supply chain consisting
of a manufacturer and an offline retailer. Besides the offline channel, the
manufacturer owns an online channel which markets to the online customers
and directs potential customers to the offline retailer. The retailer provides
service for both the offline customers and the directed customers from online
channel. The centralized and decentralized settings are both analyzed. The
sales effort level of the retailer is higher than that of the manufacturer under
centralized setting. The service levels of both retailer and manufacturer and
supply chain profit under the decentralized setting are lower than that of the
centralized setting. This paper finds that a two-way subsidy contract can fully
coordinate the supply chain.

Keywords

020, Supply Chain, Sales Effort, Coordination, Contract, Two-Period
Marketing

1. Introduction

020 (online-to-offline) has changed many traditional industries. Many 020
platforms provide information, product and service to online customers and
then direct them to offline business partners. For example, many sellers sell
products or services on App Meituan, one of the biggest O20 platform in China.
The online customer can place the order online and then visit the brick-and-mortar
store (Li et al., 2017). At the same time, the offline customer can place order at
the store. This kind of business is commonly seen in practice and has been stu-
died a lot in literature. However, there is another kind of O20 business model.

This research is motivated by the practice in furniture industry. Nowadays,
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more and more people choose customized furniture which can utilize the space
effectively. Many customized furniture brands arise, such as Suofeiya, Oppein,
and Shangpin Home Collection etc. Different customers have different require-
ments of designs. They need to communicate with the designer for many times.
Thus, most of them have offline channels. Some of them operate in a centralized
model and some of them operate in a decentralized model. In the era of mobile
Internet, more and more manufacturers try to exploit the benefit of Internet. For
instance, Shangpin Home Collection is one of the make-to-order furniture man-
ufacturers in China who operates in an O20 environment. This company sells
products mainly through offline franchisees. Besides offline channel, it owns an
online channel. The online channel can provide the price and style information
to customers. However, customers usually do not place orders online directly
because they need the help of the designer to give the specific design. That is to
say, there is two-period of marketing for the online customer. At the first period,
the online customers can get information from the online channel of the manu-
facturer. Then the potential customer is directed to the nearest offline franchisee.
The designer of the offline franchisee then measures the size of the customer’s
home and presents suitable designs for them. Then the customer decides wheth-
er to place the order.

During the two-period of marketing, the sales effort of the manufacturer such
as advertisement and the service provided by the franchisee is critical to en-
hance the demand of online channel. The retailer’s service effort can influence
the customer directed by the manufacturer. That is, the sales effort of the re-
tailer is performed after the sales effort of the manufacturer. Besides, the sales
effort of the offline retailer also impacts the demand of the offline channel. This
two-period of marketing in O20 channel has not been studied as so far. The in-
teraction between the manufacturer and the offline retailer is an interesting is-
sue. What is the optimal service level of the manufacturer and the offline retail-
er? How to stimulate each other to maximize the overall profit of the supply
chain?

Usually, the profit of the decentralized supply chain is lower than the centra-
lized setting (Dellarocas, 2012). In order to maximize the profit of the whole
supply chain, many coordination contracts are studied in literature, such as buy
back contract, wholesale price contract, revenue sharing contract etc. (Cachon &
Lariviere, 2005). In this study, these questions will be explored: Whether the
profit of the centralized setting is higher than that of the decentralized setting?
What is the optimal contract to coordinate the supply chain to maximize the
overall profit?

This paper studies a supply chain consisting of one manufacturer and one re-
tailer. The manufacturer sells product through the retailer to offline customers.
Besides, the manufacturer owns an online channel which provides the informa-
tion about price and designs to online customers. At the same time, the manu-

facturer advertises on many platforms such as WeChat. The online customers
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cannot place orders directly and they are directed to the offline retailer. The re-
tailer provides services for them, such as designs of furniture. Then the customer
decides whether to place the order.

The reminder of this paper is organized as follows. Section 2 presents a litera-
ture review. Section 3 describes the basic model. In Section 4, the equilibriums
under centralized setting and decentralized setting are analyzed and numerical
examples are used to illustrate the results. A two-way coordination mechanism is
given in Section 5. This paper concludes in Section 6 with a discussion of impli-

cations and research directions.

2. Literature Review

This study relates to O20 channel, sales effort and supply chain coordination.

Related literature is reviewed as follows.

2.1. 020 Channel

Many studies on O20 channel focus on dual channel who sells identical prod-
ucts or services and customers can place orders in either channel. Li et al. (2017)
studies the cooperative advertising strategies in an O20 supply chain consisting
of a seller and an online platform agent. The offline seller sells directly through
brick and mortar stores and sells online through a platform agent. The customer
can buy the product or service online or offline because the product or service is
identical in both channels. The online demand is dependent on the advertising
level of the seller and the platform simultaneously. Yan & Pei (2018) studies the
return policies under the manufacturer-traditional retailer supply chain where
the manufacturer opens an online channel to compete with the traditional re-
tailer. Chen (2015) studies a two-echelon supply chain consisting of an offline
retailer and a manufacturer. The retailer determines the retail price and the level
of local advertising, and the manufacturer promotes the product’s national
brand. The manufacturer decides to sell online. The price schemes and coopera-
tive advertising mechanisms on dual-channel supply chain competition are in-
vestigated.

Some studies consider the interaction between online channel and offline
channel operations. Gao & Su (2017) studies the impact of the BOPS (Buy online
and pick up in store) initiative on a retailer’s operations. They find that not all
products are well suited for in-store pickup. They develop a theoretical model to
study the impact of self-order technologies on customer demand, employment
levels and profits of restaurants who sells orders through online and offline
channels. David et al. (2018) studies the impact of introduction of showrooms
(physical locations where customers can view and try products) in combination
with online fulfillment on demand generation and operational efficiency. They
find that showrooms increase demand overall and in the online channel as well.
Showrooms improve overall operational efficiency by increasing conversion in a

sampling channel and by decreasing returns. Santiago et al. (2017) investigates
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the cross-channel functionalities which allows customers to ship products to
their local store free of charge when those products are not available in their lo-
cal store. They study the effects of the introduction of cross-channel functionali-
ties on the overall sales dispersion of retailers and the implication of these effects

for inventory management.

2.2. Sales Effort

Sales effort is very important in attracting customers not only in online but also
in offline. For online sellers, the advertising effort is crucial. For offline retailers,
physical store assistance has a positive impact on customer satisfactory (Parasu-
raman et al., 1988; Heskett et al., 2008) and can influence demand (Taylor, 2002).
Ofek et al. (2011) considers the impact of physical store assistance on product
returns and demand.

Many studies about sales effort in dual-channel assume that the demand is in-
fluenced by the service level of the manufacturer and the retailer simultaneously.
For example, Li et al. (2017) studies the cooperative advertising problem in 020
supply chains where the demand of both channels is simultaneously influenced
by the advertising levels of the seller and the O20 platform. Xie et al. (2017)
considers the manufacturer and the retailer advertise together and share the cost
of advertising.

Some research studies the free riding problem in dual-channels, in which
pre-sales services can be conducted separately from the actual sale of the prod-
ucts (Shin, 2007; Kucuk & Maddux, 2010). The pre-sales services can be con-
ducted separately from the actual sale of the products, such as clothes, shoes,
toys and furniture, etc. Zhou et al. (2018) considers a supply chain sells products
through both online channel and a traditional retailer. The manufacturer’s on-
line channel free-rides the retailer’s presales services. In this paper, free-riding
does not exist because the customer cannot place order online directly. However,
the manufacturer charges a portion of the revenue generated from the customers
attracted through online channel, which may decrease the incentive of the re-

tailer to provide higher sales effort.

2.3. Supply Chain Coordination

To avoid double marginalization effect, various contracts are designed to coordinate
the supply chain. There are some classical contracts, such as buy-back/markdown
contracts (Chen & Bell, 2011), target rebate contract (Taylor, 2002; Ferguson et
al., 2006), quantity discount contract (Raju & Zhang, 2005), revenue-sharing
contract (Cachon & Lariviere, 2005), quantity-flexibility contract (Tsay & Agrawal,
2000), two-part tariffs (Lau et al., 2008) and subsidy contract (Xiao et al., 2009).
Readers can refer to Cachon & Lariviere (2005) for a review of supply chain
contracts.

This paper relates to revenue sharing mechanism and subsidy mechanism.

Cachon & Lariviere (2005) find that revenue-sharing contracts can coordinate
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the supply chain. Xu et al. (2014) establish a dual-channel supply chain coordi-
nating contract, which consists of a two-way revenue sharing contract. Manu-
facturer gets a fraction of the revenue generated by retailer’s channel in the tra-
ditional revenue sharing contract, while retailer gets a fraction of the revenue
generated by manufacturer’s direct channel in the reverse revenue sharing con-
tract.

Sales effort can enhance the demand. However, investment in sales effort in-
curs cost. The retailer makes a trade-off between the benefit and the cost. In or-
der to encourage the retailer to provide higher sales effort, the manufacturer may
provide subsidy to the retailer to share the cost of sales effort. Wang & Gerchak
(2001) study the coordination problem of a supply chain when demand is
shelf-space dependent. The manufacturer provides a subsidy to the retailer to
share the inventory cost of displayed products. Xiao et al. (2005) design a
price-subsidy rate contract to coordinate the promotion investments of the

competing retailers under demand disruptions.

2.4. Research Gap

In the above studies, the customers can place the order online directly. However,
none of them has studied the two-period marketing phenomenon in O20 chan-
nel where customers do not place orders online directly. They need the service of
offline stores. For example, in the make-to-order furniture industry, online cus-
tomers can get information online and then be directed to the offline stores.
Customers decide whether to place the order after the brick-and-mortar store
shows the designs. This paper fills this gap by exploring the interaction between
a manufacturer and an offline retailer who provides service in brick-and-mortar
store. Besides, the manufacturer operates an online channel which attracts cus-
tomers and directs them to the offline retailer. Then, the retailer provides sales
service to the potential customers. That is, there exists two-period of marketing.
However, none of them has considered the two-period setting where the re-
tailer’s effort can only influence the portion of online customers directed by the
manufacturer. That is, the sales effort of the retailer is performed after the sales

effort of the manufacturer.

3. Basic Model

This paper studies a supply chain consisting of one manufacturer and one retail-
er. The manufacturer owns an offline channel which sells product through in-
dependent retailer and an online channel which tries to attract online customers
and direct them to the offline retailer. The number of attracted online customers
depends on the marketing sales effort of the manufacturer which is denoted by
Sy €(0,1) . How many of them will finally buy depends on the sales service level
of the offline retailer which is denoted by s; € (0,1) . The offline demand also
depends on the sales effort of the retailer. The supply chain operates in a

make-to-order environment. The retailer acts as an intermediary between cus-
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tomers and the manufacturer. The retailer provides services for customers, such
as design services. After the customer places the order, the retailer transforms
the order to the manufacturer. The service effort of the retailer is very important
to attract the customer to place the order. The supply chain structure is shown in
Figure 1.

There are two periods of marketing for the manufacturer’s online channel. At
the first period, some online customers are attracted by the manufacturer, and
then are directed to the offline retailer by the manufacturer. At the second pe-
riod, the customer visits the nearest retail store to get the details of the product
and the retailer provides services for them such as design services. Some cus-
tomers may place orders at the retail store and some may just leave. At the
second period, the final demand depends solely on the service effort of the of-
fline retailer. Thus, the manufacturer has an incentive to encourage the retailer
to provide higher sales effort. The manufacturer charges the retailer a portion of
profit generated from the customers who are directed to the retailer. This action
may have a negative effect on the retailer’s incentive to provide higher sales ef-
fort.

Similar to Taylor (2002), a multiplicative demand function of sales effort is
adopted. Assume that the basic demand of offline channel and online channel
are a and a,, respectively. Thus, the demand of offline channel is D, =as;,
the potential demand attracted by the manufacturer is D, =a,S,, . The final
demand of online channel then is determined by the offline retailer’s sales effort.
The best situation is that all the customers attracted by the manufacturer’s on-
line channel place orders. The worst case is that none of them place orders at the
offline retailer. For the offline retailer, the potential demand from online is
Dy = 8,8y, , thus, the final demand of the retailer is D, - Sy =a,S,,S;.

The total demand will be

D =as, +a,5 Sk (1)

Assume that the profit margin of each product is m. The retailer takes a frac-

tion mee(0,1) of the marginal profit and the manufacturer takes a fraction

. Online _
Sk Retailer customer Dy = agsy
D. = as Offline
0 R customer

Total customer demand ]

Sm

F . |

D=D0+SR'Dd

Figure 1. Supply chain structure.
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(1-¢). The profit margin and revenue sharing rate are assumed exogenously
given since the main focus of this study is sales effort of both members. For the
marginal profit generated through online channel, the manufacturer charges a
proportion of & . The manufacturer and the offline retailer need to decide the
online sales effort and the offline service effort, respectively. Following Ofek et
al. (2011), the cost to provide the sales effort Sy is ms2 /2 and the cost to pro-
vide the sales effort is s, / 2, where m is the sales effort cost factor.

The profit of the manufacturer is
Tty =(1-¢)mD -ns;, /2+oms, D, (2)
The profit of the retailer is
g = emD —ns? /2 —oms, D, (3)

In this game, the manufacturer and the retailer decide sales effort simulta-
neously. Note that in this paper, price is not considered since the major focus of
this paper is the interaction between the sales effort of the supply chain mem-
bers. This kind of assumption is not uncommon in literature, such as Li et al.
(2017). The competition in furniture industry is very fierce in China. The prod-
ucts have little differentiation and the prices are relatively similar. Thus, the
price of the product can be viewed as exogenously given. One of the furniture
companies in china, Shangpin Home Collection, states that the price of the
product is almost equal to cost plus profit margin. The cost is decided by market.
As a result, it is reasonable to assume that the profit margin is exogenously giv-
en. In the market, it is the sales effort that determines the demand of the prod-

uct.

4. Equilibrium
4.1. Centralized Setting

As a benchmark, the centralized setting is explored. In the centralized setting,
the integrated supply chain decides the online and offline sales effort simulta-

neously. The profit of the whole supply chain is
ne =mD-ns3/2-ns% /2 (4)
Proposition 1 shows the optimal online and offline sales effort of the manu-

facturer and the retailer, respectively.
Proposition 1. When n>aym and

a< min{[n2 —(adm)z]/(mzad ),[nz —(adm)zJ/(mn)} , under centralized set-

ting, the optimal sales effort for the retailer and the manufacturer are
S amn/[n2 —(adm)z] and s = amzad/[nz —(a m)z} , respectively. The
profit of the whole supply chain is 7 = azmzn/[an - 2(ad m)z} .

Proof: Since 6°n. /0s2 =—n<0, 8°n./ésy =-n and &% /ds.ds,, =a,m.
Only when n’ —(adm)z >0, m. is a concave function over (SR,SM). Thus,

n>a,;m must be satisfied since >0.
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The first-order conditions are on, /0s; =m(a+ays,, )-szn=0 and
ong [0Sy, =ayms; —s,m =0, respectively. By solving the first-order conditions

together, the optimal sales effort of online and offline are
S amn/[n2 —(adm)z] and s = amzad/[nz —(a m)z] , respectively. From
sy €(0,1) and s{"e(0,1), the conditions s3° = amn/[n2 —(adm)z] <1 and
o = amzad/[n2 —(ad m)z} <1 must be satisfied. That is

a<min {[nz —(ay m)2 ]/(mzad ),[nz —(agm)’ J/(mn)} . Then the maximum
profit of the centralized supply chain is derived as
me = azmzn/[zn2 —2(adm)1 .0

From Proposition 1, n>a,m, then corollary 1 is derived as follows.

Corollary 1. s5" >sf.

Corollary 1 shows that the sales effort level of the retailer is higher than that of
the manufacturer under centralized setting. The reason may be that the retailer’s
sales effort influences the potential demand from both online and offline. The
manufacturer’s sales effort can only influence online customers. The retailer has

more incentive to provide higher sales effort.

4.2. Decentralized Setting

In this section, a decentralized setting is analyzed. The manufacturer and the re-
tailer are independent entities and optimize their profits simultaneously. The
equilibriums are derived as following.

Proposition 2. When M >0 and
a < min {M/( mne), M/[mzad(p(l— o+ 6):|} , under the decentralized setting, the
equilibrium sales effort for the retailer and the manufacturer are s; =amne/M
and s;, =am’a,¢(1+c—-¢)/M , respectively, where
M=n+ ajmz [G +o° - ZG(p—(l—(p) (p] . The profit of the retailer is

7, = a’m’n°p? /G . The profit of the manufacturer is

T, = azmzn(p{an (l—(p)+(adm)2 (1—(p+c)[0(2—(p)—(p+(p2}}/6. The profit
of the total supply chain is

T = azmznq){n2 (2—(p)+(adm)2 (1—(p+c)[c5(2—(p)—(p+(p2]}/G

where G =2[n’ +(a,m)’ (o-0)(1-¢+o0)| .
Proof: Since 6°r,, /sy =-n<0, 0°my/dst =—m, both m,, and m, are

concave functions. The first-order conditions are
Omg /05y =—sgn+m[ag+a,s, (p—oc)]|=0
and
omy [0y =—Syn+a;msy (1+5-¢)=0.

By solving the first-order conditions together, the optimal sales effort online
and offline are sy = amn(p/{n2 +am? |:G+ o’ —20¢—(1-9) (p}} and
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sy =am’a,o(l-o+ 6)/{112 +a’m? [G +0° —260—(1- (p)(p]} , respectively. Let
M =n’+a’m? [G+62 —ZG(p—(l—(p)(p] . Note that sy, €(0,1) and s; €(0,1)
must be satisfied. Thatis M >0 and

a<min {M/(mn(p), M/[mzad(p(l—(p+0):|}. Then the profits of the manufac-
turer and the retailer can be derived. [

Numerical examples are showed below to illustrate the results in centralized
setting and in decentralized setting. The default values of the parameters are
used as follows: a=280;a; =100;m =5;¢ =0.6;0 =0.4. The values of these pa-
rameters ensure that the equilibrium exists and the service levels are in the in-
terval (O,l).

Figure 2 shows the service level of the retailer versus the sales effort cost fac-
tor in centralized and decentralized settings. The thin curve denotes the service
level of the retailer under centralized setting, whereas the thick curve denotes
service level of the retailer under decentralized setting. It shows that the service
level of the retailer under decentralized setting is lower than that of the centra-
lized setting. The service level of the retailer under both settings decreases with
the sales effort cost factor. Figure 3 shows the service level of the manufacturer
versus the sales effort cost factor under centralized and decentralized settings.
The results are similar with that of the retailer. Figure 2 and Figure 3 demon-
strate that the decentralization of the supply chain lowers the service levels of
both members. Figure 4 illustrates the profit of the supply chain under centra-

lized and decentralized setting. It shows that the profit of the supply chain under

Service level of the retailer

n
850 900 950 1000

0.4
03

0.2

Figure 2. The service level of the retailer versus the sales effort cost factor.

Service level of the manufacturer

850 900 950 1000
0.2

0.1

Figure 3. The service level of the manufacturer versus the sales effort cost factor.
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Total profit of the supply chain

850 900 950 1000

80

60

Figure 4. The total profit of the supply chain versus the sales effort cost factor.

decentralized setting is lower than that of the centralized setting. As a result, the
supply chain needs coordination to maximize the profit of the whole supply
chain. In next section, a coordination mechanism is explored to coordinate the

supply chain.

5. Coordination Mechanism

In Section 4, the numerical illustration shows that the profit of the whole supply
chain under decentralized setting is lower than that under centralized setting. In
order to enhance the profit of the supply chain, supply chain coordination me-
chanism can be implemented. Similar to Song et al. (2017), the supply chain
needs to coordinate the sales effort of the manufacturer and the retailer. Thus, a
two-way subsidy contract is designed to coordinate the supply chain. Assume
that the manufacturer undertakes ¢ proportion of the retailer’s service effort cost
tnsz/2 and the retailer undertakes (1-t)nsg/2. At the same time, the retailer
provides a subsidy for the manufacturer’s sales effort. The retailer undertakes &
proportion of the manufacturer’s sales effort cost which is knsZ /2 and the
manufacturer undertakes (1—k)ns / 2.
Under two-way subsidy policy, the profit of the manufacturer is

fty =(1-@)mD —(1-k)ns}, /2+omszays, —tns? /2 (5)
The profit of the retailer is
ftp = emD —(1-t)ns; /2 - oms,a,s, —knsy, /2 (6)

Proposition 3. A two-way subsidy contract can fully coordinate the supply
chain. The manufacturer undertakes ¢ proportion of retailer’s sales effort cost,
and the retailer undertakes & proportion of the manufacturer’s sales effort cost,

2 2
where K=¢—-0c and t :1—(p+(adm) G/T] .

Proof: Because 0°f,/ds?=-(1-t)n<0 and d’, /dsj =—(1-k)n<0,

Ty and T, are both concave functions. The first-order conditions are as fol-

lows.

dr,, /ds,, =—(1-k)syn+a;ms; (1+c—¢)=0

ditg /ds, = s, (1-t)n+m[ag+a,s, (¢-0c)]=0
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By solving the first-order conditions together, the equilibrium results are
§, =a(1-K)mne/{(1-K)(a-)n" +(a;m)* [0+ " - 200-(L-0)0 |
and
Sy =am’a,o(l-o+ c)/{(l— K)(1-t)n? +(a,m)’ [6-1-02 - ZG(p—(l—(p)(p]} .

In order to coordinate the supply chain, the sales effort under the contract
must be equal to that under centralized setting. Thus, let s5* =3§5,sy, =§,, , the
conditions can be derived as t = 1—(p+(adm)2 G/T]Z and k=¢p-c.0

Proposition 3 shows that the decentralized supply chain can be fully coordi-
nated by a two-way subsidy contract. In coordinated setting, the decentralized

supply chain can achieve the profit under the centralized setting.

6. Conclusion

This paper studies a two-period marketing problem in an O20 supply chain
consisting of a manufacturer and an offline retailer. The manufacturer owns an
online channel which markets to the online customers and directs potential cus-
tomers to the offline retailer. Then the retailer provides services for the potential
online customers. Besides, the retailer also provides services for offline custom-
ers. The service effort of the retailer influences both the demand of online and
offline.

This paper firstly analyzed the centralized setting where the manufacturer and
the retailer aim to maximize the overall profit of the supply chain. Then the de-
centralized setting is investigated. The results show that the service level of the
retailer is higher than that of the manufacturer under centralized setting. Nu-
merical examples illustrate that the service levels of both retailer and manufac-
turer under decentralized setting is lower than that of the centralized setting.
The profit of the whole supply chain under decentralized setting is lower than
that under centralized setting. That is, the decentralization of the supply chain
decreases the service levels and profit of the supply chain. Then, a two-way sub-
sidy contract is designed to coordinate the supply chain. The result shows that a
two-way subsidy contract can fully coordinate the supply chain. The sales effort
of two members can reach the levels under the centralized setting. This paper
contributes to the literature as follows. Firstly, this paper studies a novel 020
supply chain which has two-period marketing problem, where the manufacturer
builds an online channel which directs potential customer to the offline retailer.
The sales effort of the manufacturer influences the demand of potential custom-
er online. Then the potential customers are directed to the offline retailer who
influences the purchases of these customers. The final demand coming from on-
line channel depends on both parties’ sales effort. Secondly, this paper builds
game models to describe the optimization problems of the supply chain under
centralized and decentralized settings. Thirdly, this paper designs a useful coor-
dination mechanism to maximize the profit of the whole supply chain which can
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be used in practice.

There are some interesting issues to study in the future. Firstly, this paper stu-
dies a supply chain consisting of a manufacturer and a retailer. The manufactur-
er sells to the retailer and at the same time operates an online website which di-
rects potential customers to the offline retailer. The competition between supply
chains hasn’t studied in this paper. In the future, we can add another supply
chain which competes with this supply chain. It would be interesting to study
the decisions of supply chain members under supply chain competition. Se-
condly, this paper only considers the case that the potential online customer can
be directed to the offline retailer. However, more and more people are using
mobile phones. If you use mobile phone, it’s inevitable to avoid advertisement.
For example, WeChat is a very popular App in China. WeChat promotes adver-
tisements. Thus, if the manufacturer advertises on WeChat, some offline poten-
tial customers may transfer to online website and then can be directed to the of-

fline retailer. This phenomenon can complicate the model.
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