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Abstract. In this paper, we use Cournot-Stackerberg game model discussing the equi-
librium sales, price and profits of different types of logistics distribution mode for B2C
enterprise; the results show that: At a certain level of the service efforts, the purchasing
cost and monitoring cost of logistics outsourcing satisfy a certain range, and there is
an equilibrium outcome between B2C enterprise with self-operational logistics mode and
outsourcing logistics mode. With the increase of monitoring cost of outsourcing, B2C
enterprise with self-operational logistics will get more competitive advantages than out-
sourcing logistics. When B2C enterprise with self-operational logistics and outsourcing
logistics both improve their logistics service level, B2C enterprise with self-operational
logistics will lose competitive advantages.
Keywords: B2C Enterprises, Logistics mode, Game analysis

1. Introduction. In recent years, with the rapid development of network economy, B2C
e-commerce has emerged as a burgconing economic phenomenon. According to the data
of China e-Business Research Centre [1], China’s e-commerce market size reached 18.3
trillion yuan in 2015, and the B2C online retail market size reached 3.8 trillion yuan,
which is accounted for 20.8% of the whole e-commerce market share. In recent years,
the bottlenecks of logistics and distribution greatly restrict people’s enthusiasm for online
shopping, and poor logistics services make the e-business enterprise brand severely dam-
aged. At present, B2C enterprises in the market such as Jingdong, Taobao, Dangdang,
Joyo Amazon, mainly use two kinds of logistics modes – self-operational logistics, out-
sourcing logistics or their combination. Correct logistics mode not only makes consumers
satisfaction, but also makes the better development of B2C enterprises. How to determine
the appropriate logistics mode has become an urgent problem for developing e-commerce.

X. Xiao et al. [2] and Y. Lv et al. [3] separately use analytical hierarchy process (AHP)
and fuzzy analytical hierarchy process (FAHP) approach to select the logistics mode of
B2C enterprise. S. D. Yang [4] use Hotelling model finding that when B2C enterprises
are willing to pay extra for consumer safety costs, consumers are willing to choose self-
built logistics distribution mode for safety, and the flexibility of outsourcing logistics is
still attractive for many consumers. X. P. Guo [5] uses Hotelling model finding that self-
operational logistics mode has more extra levels than outsourcing of logistics services, and
when achieving a certain degree, self-operational logistics may gain greater market share
and profits than outsourcing logistics. In this paper, we mainly discuss the influence
of monitoring cost and logistics service level for logistics mode selection, the dynamic
competition process of different types of distribution models were analyzed based on
Cournot-Stackerberg game model, and the general logistics mode selection rules of e-
commerce B2C enterprise were given.
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The rest of the study is organized as follows. Section 2 elucidates the key technology-
driven parameters and describes the basic analytical model of competition. Section 3
builds on the basic model in Section 2 to analyze the impact of differential parameters on
the equilibrium outcomes in the two B2C enterprises. We perform an empirical analysis of
parameters in Section 4. And we conclude the management inspiration and the prospects
of the future research in Section 5.

2. Problem Description and Model Assumptions. (I) Its hypothesis is that in a
certain market, there are quite few powerful competitive B2C enterprises, which we regard
as a typical duopoly competition (such as Jingdong and Tianmao), and then the game
players are: B2C enterprise with self-operational logistics mode, B2C enterprise with
outsourcing logistics mode, the third party logistics (3PL) enterprise, and consumers. (II)
Under the complete information environment, we suppose all the game players are rational
persons, and the action order is: first, the B2C enterprises determine their logistics service
level; second, the B2C enterprises determine their logistics mode: if they select outsourcing
mode, 3PL enterprise determines the outsourcing price; otherwise, B2C enterprises with
self-operational logistics digest their logistics cost themselves; third, the B2C enterprises
decide their equilibrium sales, prices and profits; fourth, consumers decide whether to
accept the price or not. (III) Suppose that the customers’ demand is in a unit market,
and the two B2C enterprises sell the same products; the only difference between the two
enterprises is the type of logistics mode – self-operational or outsourcing; people choose
which B2C enterprises is determined by price and level of logistics service satisfaction.
The model is as follows.

The price of enterprise 1 (with self-operational logistics) is

P1 = 1 − q1 − q2 + S1 (1)

The price of enterprise 2 (with outsourcing logistics) is

P2 = 1 − q1 − q2 + S2 (2)

(q1 and q2 are the customers’ demand from B2C enterprises; S1 and S2 are the logistics
service level of B2C enterprises). Usually the cost of the product purchasing from network
contains two parts: purchasing cost and logistics cost; we suppose W is the unit purchasing
cost from 3PL enterprise, and the unit distribution cost in different kinds of logistics mode
is equal, it is negligible to 0, and then the logistics cost is made of service cost of self-
operational logistics and monitoring cost of outsourcing logistics; suppose Ct is the unit
monitoring cost of outsourcing logistics, and according to [6,7], the logistics service cost
can be represented by quadratic function of logistics service level, which is denoted as
k
2
S2

i , (k is the units service costs), and then:
The profits of enterprise 1 are

π1 = (1 − q1 − q2 + S1)q1 −
k

2
S2

1 (3)

The profits of enterprise 2 are

π2 = (1 − q1 − q2 + S2)q2 − Wq2 − Ctq2 (4)

The profits of 3PL enterprises are

γ = Wq2 −
k

2
S2

2 (5)
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3. Game Analysis. Use backward induction to solve this problem. First, the B2C
enterprises compete to maximize their own profits, and they get equilibrium sales and
equilibrium prices. According to Equations (3) and (4), we get ∂2π1

∂q2
1

= −2 < 0 and
∂2π2

∂q2
2

= −2 < 0, so π1 and π2 have the maximum value. The Nash equilibrium sales exist

where (6) is satisfied: 
∂π1

∂q1

= 1 − 2q1 − q2 + S1 = 0

∂π2

∂q2

= 1 − q1 − 2q2 + S2 − W − Ct = 0

(6)

From Equation (6), we get the equilibrium sales for the B2C enterprises as follows:

q∗1 =
2S1 − S2 + Ct + W + 1

3
(7)

q∗2 =
2S2 − S1 − 2W + 1 − 2Ct

3
(8)

Plug (7) and (8) into Equations (1) and (2), and we get the equilibrium prices as follows:

P ∗
1 =

2S1 − S2 + Ct + W + 1

3
(9)

P ∗
2 =

2S2 − S1 + Ct + W + 1

3
(10)

Plug (7) and (8) into Equations (3)-(5), and we get the equilibrium profits as follows:

π∗
1 =

(2S1 − S2 + Ct + W + 1)2

9
− k

2
S2

1 (11)

π∗
2 =

(2S2 − S1 − 2W + 1 − 2Ct)
2

9
(12)

γ∗ =
W (2S2 − S1 − 2W + 1 − 2Ct)

3
− k

2
S2

2 (13)

Second, the B2C enterprise with self-operational logistics and 3PL enterprise compete to
maximize their own profit, and they get the equilibrium logistics service level. According

to (11) and (13), we get
∂2π∗

1

∂S2
1

= 8
9
− k and ∂2γ∗

∂S2
2

= −k, so when k ≥ 8
9
, π∗

1 and γ∗ have the

maximum value. The Nash equilibrium sales exist where (14) is satisfied:
∂π∗

1

∂S1

=
4(2S1 − S2 + Ct + W + 1)

9
− kS1 = 0

∂γ∗

∂S2

=
2W

3
− kS2 = 0

(14)

From Equation (14), we get the equilibrium logistics service level for the B2C enterprises
as follows:

S∗
1 =

4[3k(Ct + W + 1) − 2W ]

3k(9k − 8)
(15)

S∗
2 =

2W

3k
(16)
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Plug (15) and (16) into Equations (7)-(13), and we get the equilibrium sales, equilibrium
prices, and equilibrium profits as follows:

q∗1 =
3k(Ct + W + 1) − 2W

9k − 8
(17)

q∗2 =
9k2(1 − 2W − 2Ct) + 12k(2W + Ct − 1) − 8W

3k(9k − 8)
(18)

P ∗
1 =

3k(Ct + W + 1) − 2W

9k − 8
(19)

P ∗
2 =

9k2(Ct + W + 1) − 12k(Ct + 1) − 8W

3k(9k − 8)
(20)

π∗
1 =

[3k(Ct + W + 1) − 2W ]2

9k(9k − 8)
(21)

π∗
2 =

[9k2(1 − 2W − 2Ct) + 12k(2W + Ct − 1) − 8W ]
2

9k2(9k − 8)2
(22)

γ∗ =
W [27k2(1 + 2W + 2Ct) + 4k(16W − 9 + 9Ct) − 8W ]

9k(9k − 8)
(23)

(W ≥ 0, Ct ≥ 0, and k ≥ 8/9). For q∗2 ≥ 0, 9k2(1−2W−2Ct)+12k(Ct+2W−1)−8W ≥ 0,
and this is a one-variable quadratic inequality about k; with the help of Vieta theorem, if
W + Ct > 1

2
, when the roots of the equation are less than zero, it is obviously false; and

when the roots of the equation are greater than zero, f(8
9
) = −8

9
W − 32

9
Ct − 32

9
< 0 is also

false, so we get W + Ct < 1
2
. With the help of Vieta theorem, k is greater than or equal

to the positive roots of the equation, so k ≥ −12(2W+Ct−1)+
√

144(2W+Ct−1)+218W (1−2W−2Ct)

18(1−2W−2Ct)
;

we simplify it as k ≥ 2
3
× −(2W+Ct−1)+

√
(Ct−1)2−2W

(1−2W−2Ct)
; suppose ι = 1− 2W − 2Ct, then ι ≤ 1

and 1√
ι
≥ 1, so k ≥ 2

3
× ι+Ct+

√
C2

t +ι

ι
≥ 2

3
× ι+

√
ι

ι
= 2

3
+

(
1 + 1√

ι

)
≥ 4

3
.

Proposition 3.1. With the increase of the unit monitoring cost of outsourcing logistics,
the game equilibrium price for B2C enterprise with self-operational logistics and outsourc-
ing logistics will both increase, the game equilibrium sales and profits for B2C enterprise
with self-operational logistics will increase, and will decrease for B2C enterprise with out-
sourcing logistics.

Proof: For k ≥ 8
9
,

∂q∗1
∂Ct

= 3k
9k−8

> 0,
∂P ∗

1

∂Ct
= 3k

9k−8
> 0. For S∗

1 = 4[3k(Ct+W+1)−2W ]
3k(9k−8)

≥ 0,
∂π∗

1

∂Ct
= 2[3k(Ct+W+1)−2W ]

3(9k−8)
≥ 0; it shows that with the increase of the unit monitoring

cost of outsourcing, the game equilibrium sales, price, and profits for self-operational

logistics will increase; for k ≥ 4
3
,

∂q∗2
∂Ct

= 2(2−3k)
9k−8

< 0, and
∂P ∗

2

∂Ct
= 3k−4

9k−8
> 0. For q∗2 =

9k2(1−2W−2Ct)+12k(2W+Ct−1)−8W
3k(9k−8)

≤ 0,
∂π∗

2

∂Ct
=

4(2−3k)[9k2(1−2Ct−2W )+12k(2W+Ct−1)−8W ]
3k(9k−8)2

≤ 0; it

shows that with the increase of the unit monitoring cost of outsourcing, the game equi-
librium price for outsourcing logistics will increase, and the game equilibrium sales and
profits for outsourcing logistics will decrease.

Proposition 3.1 shows that with the increase of monitoring cost of outsourcing, B2C
enterprise with self-operational logistics has more competitive advantages than outsourc-
ing logistics. At present, 3PL enterprises in China are still in preliminary stage, market
system and related laws are not perfect, and this leads to poor service quality, information
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disclosure, information asymmetry and other dishonest behaviors; it brings us very great
difficulty in logistics monitoring. So to control the transaction cost that will determine the
final market power, we should establish stable relations of cooperation to make trading
conditions improve.

Proposition 3.2. With the increase of the unit logistics service level, the game equilibrium
sales, price and profits for B2C enterprise with self-operational logistics will decrease, and
will increase for B2C enterprise with outsourcing logistics.

Proof: For W ≥ 0 and Ct ≥ 0,
∂q∗1
∂k

= −6(4Ct+W+4)
(9k−8)2

< 0,
∂P ∗

1

∂k
= −6(4Ct+W+4)

(9k−8)2
< 0;

for q∗1 = 3k(Ct+W+1)−2W
9k−8

≥ 0,
∂π∗

1

∂k
= −4[3k(Ct+W+1)−2W ][9k(6Ct+5W+6)+4W ]

[9k(9k−8)]2
≤ 0; it shows

that with the increase of the unit logistics service cost, the game equilibrium sales, price
and profits for B2C enterprise with self-operational logistics will decrease; for k ≥ 4

3
,

W ≥ 0, Ct ≥ 0, and W + Ct < 1
2
, 1 − 2Ct − 2W > 0 and 2 − Ct − W > 0, and

then
∂q∗2
∂k

= 147(1−2W−2Ct)k3+72k2(2−W−Ct)+144kW−64W
3k2(9k−8)2

> (144k−64)W
3k2(9k−8)2

≥ 0; for k ≥ 4
3

and

W +Ct < 1
2
, 9k−4 > 0 and Ct +1−2W > 0, and then

∂P ∗
2

∂k
= 36k2(Ct+1−2W )+16W (9k−4)

3k2(9k−8)2
> 0,

∂π∗
2

∂k
= 2q∗2 ×

147(1−2W−2Ct)k3+72k2(2−W−Ct)+144kW−64W
3k2(9k−8)2

> 0; it shows that with the increase

of the unit logistics service costs, the game equilibrium sales, price and profits for B2C
enterprise with outsourcing logistics will increase.

Proposition 3.2 shows that when B2C enterprises with self-operational logistics and with
outsourcing logistics both improve their service level at the same time, the advantage of
B2C enterprise with outsourcing logistics is more than B2C enterprise with self-operational
logistics. The main reason that consumers tend to self-operational logistics is that the
service level of self-operational logistics is usually higher than 3PL logistics; when B2C
enterprises with self-operational logistics and with outsourcing logistics both improve their
service level, the advantage of B2C enterprise with self-operational logistics is reduced,
and the possibility of B2C enterprise choosing logistics outsourcing will increase greatly.

4. Numerical Example. To examine if the analytic results hold, we perform an em-
pirical analysis of parameters at a B2C enterprise with self-operational logistics and a
B2C enterprise with outsourcing logistics. Using the settings W = 0.25 and k = 4, then
0 < Ct < 0.25. Figure 1 presents the tendency of equilibrium price increasing with Ct

(0 < Ct < 0.25). It shows that with the increase of monitoring cost, two enterprises both
improve their sale price, and the growth of B2C enterprise with self-operational logistics
is slightly faster than outsourcing logistics.

Figure 1. Sensitivity analysis of the unit monitoring cost for equilibrium price
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Figure 2. Sensitivity analysis of the unit service level for equilibrium price

Using the settings W = 0.1, Ct = 0.2, Figure 2 presents the tendency of equilibrium
price increasing with k (k ≥ 4

3
). It shows that with the increase of service level, the equi-

librium price for B2C enterprises with self-operational logistics and outsourcing logistics
tends to be uniform. In real life, when B2C enterprises with outsourcing logistics choose
3PL enterprise with good service, they usually pay a higher purchasing cost, so they will
increase the sale price.

5. Conclusions. In this paper, we studied the selection of logistics distribution mode for
B2C e-commerce enterprises based on the Cournot-Stackerberg game theory; we found
that the monitoring cost of logistics outsourcing and the efforts of logistics service level
both affect the selection of logistics mode, and reducing monitoring cost and improving
service level are good for outsourcing logistics. There are several limitations in this paper,
as for the future research direction: firstly, we regard the unit logistics distribution cost is
equal, which can be widespread differently in different kinds of logistics mode; secondly,
this study considers the same unit logistics service level, but in fact B2C enterprise with
self-operational logistics and 3PL enterprise usually have different service efforts; thirdly,
we only consider the influence of monitoring cost and logistics service level of the B2C
enterprise, and with the development of the real life, we should incorporate new factors
into the model.
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