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Abstract

This research studies the dual-channel supply chain under decentralized setting
where there are two competing firms offering customers the same products. One
firm sells through a traditional retailer store while the other firm sells through the
Internet. The objective of this paper is to analyze how to improve the total supply
chain profit with the competing traditional retail channel and online retail channel.
Generally these two channels will compete against each other to get the sales. To
study the effects, we have developed the decentralized model where customers
will make purchasing decision with the channel that gives them the highest utility.
However, the customers buying online are exposed to the risk that the products
are not as expected due to lack of the opportunity to try or inspect the products. In
this model, each channel tries to maximize the total supply chain profits by
adjusting the price on each channel. The analytical expressions for the optimal
prices and Nash equilibrium are found. The numerical result shows the analytical
expressions toward the price, demand, and profit of each channel. Additionally,
we found that in the case when the product has high penalty cost, there is a great
difference in the price and profit between the two channels. On the other hand,
there is a great difference between demands of the two channels when the product
has low penalty cost.

Keywords: Supply chain, Online, Retail, Online Risk, Nash equilibrium, Game
theory

1. MOTIVATION AND LITERATURE REVIEW

With more Internet users everyday, many firms have realized that selling through the
Internet is another way to do the business and create more profits besides selling through a
traditional physical store. In 2011, U.S. online retail sales increased 16.1% from 2010 and
e-commerce was accounted for 8.6% of total retail sales, increasing from 7.6% in 2010
(Enright, 2012). We can see that the importance of e-commerce has got a significant portion
of overall retail sales in the United States over time.

The benefits of shopping online are such as convenience, time and effort savings,
accessibility, search capabilities, and lack of lines, salespeople and crowds (Wolfinbarger and

Gilly, 2001). According to the research, 78% of Internet users agree that shopping online is



convenient (Horrigan, 2008). However, the drawbacks of shopping online are unreliability,
lack of the opportunity to inspect the products at the point of purchase, and delivery lags
(Lieber and Syverson, 2011). While having direct interpersonal communication and the
ability to examine the products are the upside of shopping from traditional retail stores. The
downsides are such as expensive price due to higher cost, having exact operating hours, more
time and effort used, and sometimes shortage of merchandise.

In reality, consumers may use the two channels differently. Some may prefer buying
from physical stores and some may prefer the online stores. Consequently, when the two
channels, offline and online, compete against each other, some total supply chain profits will
be lost.

This paper provides the understandings of how to solve such problem when the
traditional retail firm and online retail firm compete with each other and still get the
maximized total supply chain profit. To accomplish this study, we have established the
decentralized model based on the customers purchasing decision. Then, we have developed
the optimal solution expression and done the numerical experiment to see the model response.
Finally, we concluded the key findings of this study and provided some managerial insights
for retail marketers and future researchers.

Most of the researches related to this area have studied about the two channels’
consumer response and pricing strategies/competition. One research has found that the
different Internet users based on income earnings, education, age, and race have a significant
impact on the number of Internet usage while gender does not (Lieber and Syverson, 2011).
Another research points out that high-share brands enjoy greater brand loyalty in the online
store than small-share brands (Danaher, Wilson, and Davis, 2003). Also, one study has found
that online customers are less price sensitive because customers place more importance on
convenience, and prefer buying products in larger sizes to reduce the number of orders
(Andrews and Currim, 2004). One research has indicated that the increased in competition
would result in the lower pricing and less price dispersion (Gruber, 2008). Moreover, another
research suggested that online retailers charge lower prices than offline retailers. Offline
retailers will find it increasingly difficult to compete on price. Also, online retailers make
price changes in smaller increments than offline retailers because the competition in the
online market is higher (Bynjolfsson and Smith, 2000).

Purchasing online often comes with risks according to previous papers. Perceived risks
from shopping online are suggested to have 6 dimensions: performance, financial,
opportunity/time, safety risk, social risk and psychological risks (Cunningham, 1967). For
example, performance risk refers to the probability that the purchased product does not meet
the buyer expectation due to its function failure.

The main contribution of our research is that while most related papers discussed on
consumer behavior, brand competition, pricing strategies or the risk of purchasing from online

channel, our research would rather focus on how to obtain the optimal solution on the



conflicts between offline and online channels with online purchasing risk.

After this section, the remaining part of this paper is divided as follows. Section 2
introduces the assumptions and model of the problem we discuss. Section 3 represents the
outcomes of the numerical experiment. And conclusion and guidance for future researches are

included in section 4.

2. MODEL

In this section, we will discuss the decentralized model where the offline and online
channels focus on maximizing its own profits. First, we present the model and explain the
relationship between each party. After that, we declare the related variables used in the
functions. Finally we develop the optimal price function that gives the highest total supply
chain profit.

2.1 Decentralized Supply Chain Model

The decentralized model presents two firms, retailer and online, offering the same
products from the same suppliers. Each channel tries to maximize the profit individually.
Customers can purchase either from the retailer or online channel. The decentralized supply

chain consists of suppliers, retailer channel, online channel, and customers.

Suppliers
Retailer Firm Online Firm
Customers

Figure 1: The relationship of supply in decentralized model

2.2 Member in the Model
There are mainly 4 members in the decentralized model. They are suppliers, retailer firm,

online firm, and customers. The description of each member is expressed below.

2.2.1 Supplier
The suppliers are the party that provides the products in a supply chain. The suppliers
sell it to the next link in the chain, which are the retailer firm and the online firm. There is no

decision variable at the supplier.

2.2.2 Retailer Firm

The retailer firm purchases the products from suppliers in wholesale price, then sell to



customers in the retailer price (P ). The retailer price refers to the amount of money

customers have to give up to acquire the products in the retailer channel. The retailer channel

is a direct competitor with the online channel. The cost of the retailer channel is notated as C,

while the profit of the retailer channel is notated as 7, .

2.2.3 Online Firm

Similar to the retailer firm, the online firm purchases products from suppliers in the

wholesale price and sell to customers in online price (P,). The online price refers to the

amount of money customers have to give up to acquire a product in the online channel. The

online channel is a direct competitor with the retailer channel. The cost of the online channel

is notated as C, while the profit of the online channel is notated as z, .

2.2.4 Customers

Customers decide which channel to purchase the products by comparing the utility

gained between the retailer (U, ) and online (U,) firms. When customers decide to buy a

product, they will set the value of that particular product in their minds (v ). If customers are

not fully satisfied with that product after buying from online channel, the v value will be
decreased by the proportion f3.

2.3 Function
2.3.1 Notation

r = Retailer channel

d = Online channel

v = The customer’s valuation of the product

o = Probability of bad incident happened (0 < ar<1)

B = The proportion of v the customer receives after mishap happens (0< f<1)
P = Retailer price

P, = Online price

U. = Utility gained from purchasing the retailer channel



U, = A utility gained from purchasing the online channel

D, = Demand in the retailer channel
D, = Demand in the online channel
T, = Retailer profit

T, = Online profit

C, = Retailer cost

C, = Online cost

2.3.2 Utility Function
Utility function is used to calculate the utility that customers will gain from their selected
channel. The utility function is developed based on the customers purchasing decisions. The

customer can decide either to purchase from the retailer channel or the online channel.

Utility function of retailer channel

U=v-P (1)

r

From (1), the utility gained from purchasing in the retailer channel comes from the

difference between the customer’s valuation of the product and the retailer price. We assume

that P must be less thanv because if the retailer sets the price of their products more than

what customers have thought in their minds, then customers will not purchase that products.
Since purchasing from the online channel is considered to have some perceived risks (i.e.
financial risk, safety risk,), & and S are used to represent these risks. A customer has a
self-estimate probability of bad incident, «, and when the bad incident happened, the value
of product reduces from perceived value v to only Bv where 0< f<1. For example, the
quality or product characteristics might not be as expected because the customer cannot
examine the product before buying. The customers differ in value of self-estimate probability
of bad incident ¢« . We assume that self-estimate probability of bad incident ¢« is uniformly

distributed between 0 and 1. If the bad incident happens, the customer will perceive the

gained utility of (8xv—P,) with probability « . If the bad incident does not happen, the



customer will perceive the gained utility of (v—P,) with probability 1—c¢ . The expected

utility gained is then U, =a(Bxv—P)+(1-a)(v—P,). The utility when purchasing from

the online channel is shown in (2).

Utility function of online channel

U,=a(Bxv-P)+(1-a)v-P) @

Customers will always buy from the channel that gives them the highest utility.

Therefore, if U >U,, customers will buy from the retailer channel. But if U,>U,,

customers will buy from the online channel.
In order to illustrate the situation when customers will choose the retailer channel, we

have to set up the equation as following:

U >U,

v=P > a(fxv-P)+(1-a)v-P) 3)

After solving (3), we will get (4).

>v(’1—_ﬂ):a* 4)

In (4), we set o *as if the probability of the mishap that customers can take is more than

o*, customers will purchase from the retailer channel. Similarly, to illustrate the situation

when customers will choose the online channel, we have to set up the equation as following:

Uu,>U,

a(fxv—P,)+(1-a)(v—P,)>v—P 5)

Also, as « increases, U decreases. To ensure that all customers buying from online

channel gets positive utility, we add another condition that U, >0 and that is equivalent to



v—P ,
—L >sa=q (6)

v(1-p)

Using (4), we can split the online and retailer demands at «" where all customers with
o <o buying from online channel and all customers with o> buying from retailer

channel. Please note that from (4) and (6), o'>a, as a result, all customer buying from

online channel has positive utility and enforcing U, >0 does not change the demand

function.
U,>U, U >U,
Population =1 Tlie Retailer
0 a*o !

Figure 2: The utility between online and retailer channels

2.3.3 Demand Function
Demand function is elaborated from the customer buying behavior. According to Figure

2, demand functions of the retailer and online channels are as follows:

D =1x(1-a*
=l-a*
= *_
D, =1x(a*-0) )
= *
Proposition 1: Demand function of retailer and online channels
p=1- 1k (9)
SRR
p =tk (10)
" ov(1-p)

When substituting the value of a* from (4) into the demand function (7) and (8),

the result of the demand function is as in (9) and (10).

2.3.4 Profit Function
The profit of retailer and online channels are as shown in (11) and (12). Please note

that C > C, due to setup cost and cost of hiring employees.



7, = (B = C)XD,

(11)
=(F,-C)x(1-a)
7, =(F, —C,)XD, (12)
=(F, —C)xa*
Proposition 2: Profit function of retailer and online channels
m=d%%nx@—453&— (13)
v=(1-75)
P-P
7w, =P —C)x| ——~ (14)
v—(1-5)

The supply chain profit function gives the maximum profit for each channel. After
we substitute (9) into (11), we can get (13). After we substitute (10) into (12), we can get (14).

2.3.5 Retailer Price and Online Price Development

We can find the candidates of optimal retailer and online prices by applying the first

o7, _ 0and o,

r P,

order condition,

=0, we can solve for the optimal price function as follows:

Proposition 3: Optimal price of retailer and online channels

Rz%@ﬂﬁ+@+@) (15)

P =5 (C,+P) (16)

The first derivative function of the retailer and online profits are as in (15) and (16).

Then, we determine the second order condition of profit with respect to the price function and
get the following:

2
om, _ 2 (17)
oP. v—vf3
oz, 2

= — 1
oP, v—vf3 (18)



2 2
From (17) and (18), it can be concluded that aa % <0and o7,

r d

<0 because 0<fB<I1.

As a result, the profit function is strictly concave in the two prices. The second order
conditions of global maximum point for both retail and online profits are satisfied and (15)
and (16) leads to the unique maximum profit in each channel given the decision of the other
player. (15) and (16) can be called the best response function for retail channel and online
channel respectively. By solving (15) and (16) simultaneously, we get:

P =3 (C,+20-vf+C) (19)

P, =%(V—V,B+2Cd+C,) (20)

The function (19) and (20) determines the outcome of the retailer and online prices
that can attain the maximum profit given that both players try to maximize their profit. Using
only the parameters of model, function (19) and (20) provides the predicted outcome of the
game or Nash equilibrium.

3. NUMERICAL EXPERIMENT

In this section, we use the functions obtained from the previous section to analyze the
model response. We use the data in the following table to illustrate the graph of the price
competition between the retailer and online channels. Also, the Nash equilibrium and the

impacts toward each channel’s price, demand, and profit are analytically proved.

Table 1: The input data for the numerical experiment

v C, C,

1 0.2 0.3 0.2

3.1 Price Competition

From Figure 3, the best response of the retailer channel depends upon the online channel
while the best response of the online channel depends upon the retailer channel according to
the optimal price function obtained from the previous section. Therefore, if one channel
adjusts the price, the other channel will have to adjust the price linearly. In game theory, the
concept of Nash equilibrium can describe the method of predicting the outcome of the price
setting interaction between these two channels. The online channel is making the best
decision it can, taking into account the retailer channel’s decision, and vice versa. In this case,
we can predict the outcome of the competition from both channels when the two function
lines intersect at a certain point (0.4, 0.3).
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Figure 3: Price competition between retailer and online channels

3.2 The Effects When Changing 3

In Figure 4, when [ is low (the product has high penalty cost; ex. fashion apparels or
shoes (unpredictable actual size), the difference in price between the two channels is high.
This is because the value of the product will remain very low after the mishap happens. But
with high B (the product has low penalty cost; ex. books etc.), both channels cannot set the
price so differently. The demand from Figure 5 is resulted from the price in Figure 4. When f
is low, the demand in the retailer channel is higher than the online channel. But with high 3,
the demand of in the online channel will be higher than the retailer channel. In Figure 6 the
profit is resulted from the demand in Figure 5. The profit of the retailer channel is higher than
the online channel when B is low. As B increases, the profit of the online channel will get

higher, and ultimately beat the retailer channel.

0.8 \\
0.6
\\ ===Retailer price
0.4
- \\ «===Online price

Price

0 0.2 0.4 0.6 0.8 1 1.2
Beta

Figure 4: Price (when the B value is changed)
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Figure 5: Demand (when the B value is changed)
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Figure 6: Profit (when the 3 value is changed)

4. CONCLUSION

In this paper, we study the dual-channel supply chain under decentralized setting.
The objective of the research is to find the optimal pricing decisions on both channels to
maximize the total supply chain profit and to gain managerial insights from the model. In this
model, the retailer firm and online firm offer customers the same product. A customer decides
to buy the product from the channel giving them the highest utility. The two firms try to
maximize the total supply chain profits by adjusting the price on each channel. By the
research, we found the optimal price of retailer channel and online channel in the
decentralized model. The Nash equilibrium is also found. The analytical expressions for the
optimal prices are proved analytically. The numerical result shows the effects in price,
demand, and profit of the retailer and online channels. We found that when the product has
high penalty cost, the retailer and online channels can set the price very differently and there
is a great difference between the retailer and online profit. But when the product has low

penalty cost, the demand in retailer and online channels will be very different.




REFERENCES

Andrews, R. L., and 1. S. Currim (2004). Behavioral Differences between Consumers
Attracted to Shopping Online vs. Traditional Supermarkets: Implications for Enterprise
Design and Strategy, International Journal of Marketing and Advertising, 1(1), 3861,
working paper.

Brynjolfsson, Erik, Michael D. Smith. 2000. Frictionless commerce? A comparison of
Internet and conventional retailers. Management Science 46(4) 563-585.

Cunningham, Scott M. (1967), "The Major Dimensions of Perceived Risk," In Donald F. Cox
(eds.), Risk Taking and Information Handling in Consumer Behavior, Boston, MA:
Harvard University Press, pp. 82-108.

Danabher, P. J., Wilson, I. W., & Davis, R. A. (2003). A comparison of online and offline
consumer brand loyalty. Marketing Science Fall, 22(2003), 461-476.

Druehl, C. and E.L. Porteus. 2005. Online versus Offline Price Competition: Market
Outcomes and the Effect of Internet Shopping Penetration. Working Paper, Smith
School of Business, University of Maryland.

Enright, A. (2012). E-commerce sales jump 16% in 20122. Retrieved from
http://www.Internetretailer.com/2012/02/16/e-commerce-sales-jump-16-2011

Gruber, G. (2008). Pricing strategies in online & offline retailing. Retrieved from
http://epub.wu.ac.at/1872/1/document.pdf

Hoffman, D., Novak, T., & Peralta, M. (1999). Building con trust online.
COMMUNICATIONS OF THE ACM, 42(4), 80-85.

Horrigan, J. B. (2008, February 13). Online shopping. PEW INTERNET&AMERICAN LIFE
PROJECT, Retrieved from http://www.pewInternet.org

Lieber, E., and C. Syverson (2011): “Online vs. Offline Competition,” in Oxford Hand- book
of the Digital Economy, ed. by M. Peitz, and J. Waldfogel. Oxford University Press,
forthcoming.

Wolfinbarger, M. and M.C. Gilly (2001). Shopping Online for Freedom, Control, and Fun.
California Management Review. Vol. 43, No. 2, 34-55.



	EPPM2013 Proceedings 1127
	EPPM2013 Proceedings 1128
	EPPM2013 Proceedings 1129
	EPPM2013 Proceedings 1130
	EPPM2013 Proceedings 1131
	EPPM2013 Proceedings 1132
	EPPM2013 Proceedings 1133
	EPPM2013 Proceedings 1134
	EPPM2013 Proceedings 1135
	EPPM2013 Proceedings 1136
	EPPM2013 Proceedings 1137
	EPPM2013 Proceedings 1138



