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Abstract

With the cancellation of the policy of “approval of third-party drug logistics
business”, a large number of powerful enterprises that meet the conditions of
modern pharmaceutical logistics have entered the pharmaceutical logistics. In
this context, the introduction of third-party logistics service providers into
the pharmaceutical supply chain system makes the problem study more prac-
tical. A three-level pharmaceutical supply chain operation mode was con-
structed, which was composed of pharmaceutical manufacturers, pharmaceut-
ical distributors, third-party logistics service providers and retail pharmacies/
hospitals. By using game model, the relevant indicators under independent
decision-making and cooperative decision-making can be compared and ana-
lyzed. The results show that in a certain range of cooperative cost, the per-
formance index of pharmaceutical supply chain cooperative decision is sig-
nificantly higher than that of independent decision. On this basis, considering
two conditions that every supply chain member can obtain more benefits
than that of independent decisions and the relative leadership of supply chain
members, the cooperation benefits of pharmaceutical supply chain are rea-
sonably distributed by three-distribution method based on profit distribution
factors. Combined with the results, the elements affecting the profit distribu-
tion factor are explored, and the value range of the profit distribution factor is
continuously reduced until the final result is determined and applied in prac-
tice, so as to ensure the stable cooperative operation of the pharmaceutical
supply chain system.
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1. Introduction

With the in-depth promotion of national medical reform, two-invoice system,
pharmaceutical e-commerce and other related policies, the pharmaceutical logis-
tics market will continue to grow at a rate of no less than 10% in the next few
years (Deng & Wen, 2019). From the perspective of the operation in pharma-
ceutical logistics, traditional pharmaceutical wholesale enterprises have mono-
polized the pharmaceutical logistics field in China for a long time. However,
with the cancellation of the policy of “approval of third-party drug logistics busi-
ness”, the signal of deregulatory supervision of pharmaceutical logistics was con-
veyed in the market, which further released good news for the pharmaceutical
third-party logistics market and boosted the market demand for pharmaceutical
third-party logistics. Powerful logistics enterprises take advantage of the situa-
tion to build pharmaceutical logistics system, and meet the requirements of GSP
management, with their own distribution advantages, to share a slice of the
pharmaceutical logistics market. S. F. Express, J. D., DHL and other enterprises
that meet the requirements of modern pharmaceutical logistics have entered into
pharmaceutical logistics and developed into social third-party pharmaceutical
logistics. In the context of social encouragement and development of pharma-
ceutical third-party logistics, it is necessary to introduce third-party logistics ser-
vice providers into the pharmaceutical supply chain. Therefore, the research ob-
ject of this paper is “pharmaceutical supply chain with the participation of third-
party logistics”, taking the third-party logistics service provider as one of the
stakeholders of pharmaceutical supply chain, studying various performance in-
dicators under independent decision-making and cooperative decision-making of
pharmaceutical supply chain members, and studying the reasonable value range
of cooperation cost under cooperative decision-making. On this basis, in view of
the unreasonable distribution of benefits is often one of the reasons for the fail-
ure of cooperation, so, in order to ensure the stable cooperative operation of
pharmaceutical supply chain, this paper further studies the mechanism of coop-
erative benefit distribution among supply chain members, so as to have a certain

guiding role in practice.

2. Literature Review

With the growing trend of outsourcing, many organizations have outsourced lo-
gistics activities to third-party logistics providers to focus on their core competi-
tiveness, thus reducing operating costs, improving service levels and increasing
corporate profits. By using empirical analysis, Shi, Zhang, Arthanari, Liu, &

Cheng (2016) verified that the participation of third-party logistics providers in
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the supply chain can bring a mutual benefit situation for themselves and third-
party logistics users by the means of providing value-added services. Chen, Cai,
& Song (2019) proved that the whole supply chain can benefit from third-party
logistics as a supply chain intermediary. Giri & Sarker (2017) found that third-
party logistics service has a significant impact on supply chain performance
through numerical research. This paper believed that the performance of supply
chain composed of monopoly manufacturer, third-party logistics service pro-
vider (TPLSP) and multiple independent retailers can be improved through buy-
back and income sharing contract coordination. Liu, Wu, Lu, & Pang (2011) ap-
plied two-part fee contract to the coordination of the two-level supply chain with
the participation of third-party logistics service provider, and finally concluded
that pareto improvement of the supply chain system could be realized because
the coordination contract had certain flexibility and robustness. Gong, Li, & Liu
(2008) studied the pricing of supply chain system with the participation of third-
party logistics service providers. Thus, scholars in the domestic and abroad have
begun to pay attention to the positive impact of the third-party logistics partici-
pation in supply chain and the role that it plays in supply chain management,
and have carried out research on the coordination and pricing of supply chain
system under the participation of third-party logistics.

In the field of pharmaceutical supply chain, Volland, Fiigener, & Schoenfelder
(2017) discussed the importance of logistics distribution capability in pharma-
ceutical supply chain, saying that it could improve the profit of supply chain mem-
bers without affecting the quality of patients’ medication. Chen, Zhang, & Gu
(2020) proved that improving logistics distribution capacity within a certain range
can improve the profits of pharmaceutical distribution enterprises, as well as the
order quantity and the profits of supply chain members through algorithm anal-
ysis. However, these two literatures do not emphasize the fact that logistics dis-
tribution is provided by the third-party logistics service providers.

To the distribution of supply chain cooperation benefits, Sha & Zheng (2021)
insisted that it not only determines the coordination of supply chain, but also
determines the development of supply chain. At present, there is little research
on the distribution of cooperative benefits among members of pharmaceutical
supply chain by domestic and foreign scholars. However, many scholars have
paid attention to and studied other industries. The differences lie in different
methods of profit distribution and different influencing factors when consider-
ing the distribution. Among them, Shapley proposed the Shapley value method
model in 1953, which was widely adopted by scholars due to its simplicity of
calculation and uniqueness (Hafezalkotob, Khodabakhsh, Saghaei, & Eshghi-
pour, 2018; Zhou, Cui, Huang, Kang, & Zhang, 2021; Gao, Yang, & Liu, 2017;
Liang & Li, 2013). Huang, Mi, & Kang (2021) further verified the superiority and
effectiveness of this method through two application examples of target recogni-
tion and fault diagnosis. However, the traditional Shapley value takes marginal

contribution as the only factor affecting the distribution of benefits, ignoring the
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impact of investment, risk and other factors. Therefore, many scholars have im-
proved it in practical application and applied the revised Shapley value to realize
the reasonable distribution of benefits in supply chain partners (Zheng, Zhang,
Chen, & Liu, 2011; Yang, Sun, Liu, & Hao, 2017; Xu, Peng, Yang, & Chen, 2018;
Yang, Liu, & Li, 2017; Zhou, 2017). In the field of pharmaceutical supply chain,
Di, Zhao, & Yu (2017) optimized the supply chain management of pharmaceut-
ical distribution enterprises by adopting the modified Shapley value benefit dis-
tribution method on the basis of considering the input and risk factors. Lyu &
Liu (2010) also used the profit distribution method based on profit distribution
factors to distribute the cooperation benefits of pharmaceutical supply chain.

To sum up, at present, few domestic and abroad scholars have introduced the
third-party logistics into the pharmaceutical supply chain for research, which is
obviously inconsistent with the current situation of pharmaceutical circulation.
The pharmaceutical supply chain members studied in this paper include third-
party logistics service providers. As for the distribution of cooperative benefits in
pharmaceutical supply chain, no matter how Shapley valued distribution me-
thod, modified Shapley value distribution method or distribution method based
on profit distribution factor is adopted in the existing literature, the dominant
position of stakeholders in the supply chain is not taken into account, nor the
occurrence of cooperation costs in cooperative decision-making. Therefore, In
this paper, on the one hand, in view of information asymmetry and egoism, the
occurrence of cooperation cost in cooperative decision-making is considered.
On the other hand, considering the position of individual’s interest subject in the
supply chain, the third distribution method based on profit distribution factor is
used to study the problem of supply chain cooperation profit distribution.

3. Modeling and Analysis

Since the implementation of the “Two-invoice system” policy, the original phar-
maceutical ecosystem has been reconstructed, greatly simplifying the interme-
diate circulation links of drugs and medical devices, and making the whole cir-
culation process relatively flat (Deng & Wen, 2018; Zheng, Song, Wu, Zhang, &
Gao, 2018). Under this circumstance, the pharmaceutical supply chain model in
this study is shown as Figure 1. In Figure 1, the supply chain members operate
as follows. Above all, pharmaceutical manufacturers sell their drugs or medical
devices to pharmaceutical distributors at the ex-factory price of the enterprise,
Pharmaceutical distributors then sell them to retail pharmacies and hospitals
at the wholesale price, and retail pharmacies and hospitals finally sell to pa-
tients at the retail price. Third-party logistics service providers are in charge of
the whole circulation and distribution of drugs or medical device. The solid line
in Figure 1 represents medical entity flow and the dotted line represents infor-
mation flow.

In this mode of operation, it is assumed that a three-level pharmaceutical
supply chain system consists of a pharmaceutical manufacturer, a pharmaceuti-

cal distributor, a third-party logistics service provider and a retail pharmacy or
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Figure 1. Operation mode of pharmaceutical supply chain.

hospital. Every stakeholder in this chain pursues the their own maximum inter-
ests as the ultimate goal. For this reason, parameters are set as follows.

C,, : Unit production cost incurred by pharmaceutical manufacturers

P, : Unit ex-factory price made by the pharmaceutical manufacturer on the
basis of the production cost and national policies

C, : Unit management cost incurred by pharmaceutical distributors

P, : Unit wholesale price by pharmaceutical distributors

C, : Unit distribution and service costs incurred by third-party logistics service
providers

B : Unit distribution and service price determined by third-party logistics ser-
vice providers

C, : Unit selling cost incurred by retail pharmacies or hospitals

P. : Unit selling price incurred by retail pharmacies or hospitals

Q Patients’ market demand for drugs and medical devices

w,, : Expected profit of pharmaceutical manufacturers

7, : Expected profit of pharmaceutical distributors

, : Expected profit of third-party logistics service providers

n, : Expected profit of retail pharmacies or hospitals

m, : Overall expected profit of pharmaceutical supply chain system.

3.1. Modeling

The Pharmaceutical market demand involves many factors, such as market price,
medical insurance policy, service level, consumer payment ability, consumer’s
utility, brand loyalty and so on (Hou & Yang, 2019; Guan & Huang, 2021; Yang
& Hou, 2019; Lai & Nie, 2021; Li, Dan, Zhou, & Wang, 2019). In this paper, we
assume that the market demand is sensitive to the sales price of pharmaceutical
market and it is affected by the logistics distribution and service level provided
by the third party logistics. So the following linear demand function is constructed
in reference (Xu, Yu, & Zhang, 2006).

Q(R..S)=Q,—aP, +AS (1)
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In this function, P

) is the pharmaceutical retail price sold by retail pharma-

cies or hospitals. Sis logistics distribution and service level provided by third-party
logistics service providers. They are regarded as endogenous variables affecting
market demand. Q,, aand A are constants greater than 0. Q, indicates the
basic market demand of patients. a refers to the sensitivity of market demand to
retail price, that is, the increase or decrease of market demand when the unit re-
tail price descends or rises under certain cases of logistics distribution and ser-
vice level. A refers to the sensitivity of market demand to the logistics distribu-
tion and service level provided by third-party logistics service provider. That is
to say, the increase or decrease of market demand when the logistics distribution
and service level provided by third-party logistics service provider increases or
decreases by one unit in the case that the retail price remains unchanged.

For third-party logistics service providers, with the improvement of logis-
tics distribution and service level, the logistics cost naturally increases. In view
of this, according to the research of Xu, Yu, & Zhang (2006), the unit logistics

1
cost was expressed as a quadratic expense function C, (S):Ensz. n is a

constant greater than 0, indicating the elastic coefficient of logistics cost chang-
ing with logistics distribution and service level.

In order to closely follow the research objectives of this paper and make the
model easy to analyze, the main assumptions of this paper are as follows:

Assumption 1: the order quantity of retail terminal is equal to the market de-
mand of drugs, regardless of drug inventory, drug out of stock.

Assumption 2: the same third-party logistics service provider is responsible
for transportation and distribution and provides logistics services from the phar-
maceutical manufacturer to the pharmaceutical distributor to the retail pharmacy
or the hospital, and the expenses are paid by the pharmaceutical distributor.

Assumption 3: in the supply chain, only the pricing and demand of a single
drug are considered, and the market conditions of other drugs that can replace
this variety are not considered.

Assumption 4: the market is in a state of complete competition, and the rele-
vant parameters such as ex-factory price, wholesale price, logistics distribution
price, retail price and relevant pharmaceutical cost meet P. >P, >P,, P, >C,
P,>P,+BR+C,, B>C,, B >P +C,.

Based on the above assumptions, the profit function of each enterprise in the
pharmaceutical supply chain studied in this paper when making independent de-
cisions is expressed as follows:

1) Profit of the pharmaceutical manufacturer: m,, =(P, -C,)xQ

2) Profit of the pharmaceutical distributor: m, =(P, —Cy —P, =B )xQ

3) Profit of the third party logistics service provider: m = (R —C,)xQ

4) Profit of the retail pharmacy or hospital: n, =(P, —~C, —P,)xQ

The overall profit of the supply chain is expressed as follows when coopera-
tion decisions are made and cooperation costs are not considered:

n, =(P.-C,-Cy-C,-C,)xQ.
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3.2. Modeling Solution and Analysis

In this part, through the game model constructed in 3.1, the performance indi-
cators of pharmaceutical supply chain members under independent decision-
making and cooperative decision-making are calculated respectively, and the in-
dicators under the two decision-making are compared and analyzed. On this ba-
sis, the cooperative cost under cooperative decision is set, and according to the
condition that the net benefit brought by cooperative decision is greater than 0
compared with independent decision, the range of cooperative cost is obtained.
In other words, as long as the cooperation cost is within this value range, the to-
tal benefit of the supply chain under cooperative decision will always exceed that

under independent decision.

3.2.1. Independent Decision Model
Under the case of independent decision-making, the members of the pharma-
ceutical supply chain have inconsistent goals, and strive to maximize their own
interests, regardless of cooperation and coordination of the overall supply chain.
According to the Stackelberg’s game idea, the reverse derivation method is taken
to solve the interest equilibrium model of pharmaceutical supply chain, and then
the following results are obtained.

The optimized sales quantity in the pharmaceutical supply chain under inde-

pendent decision-making is:

. -a(C, +C, +C 2
Q :QO a( r+ d + m)+ 7\' (2)
16 32an

The optimized ex-factory price of the pharmaceutical manufacturer is:

Q-a(C +C, -C,) 3’
2a 4a’n

P = (3)
The optimized logistics distribution and service price of the third-party logis-

tics service provider is:

-a(C, +C, +C 2
F)l*:QO ( r+ d+ m)+57\; (4)
4a 8a'n

The optimized logistics distribution and service level provided by the third-

party logistics service provider is:

S' = 2 (5)
an
The optimized wholesale price of the pharmaceutical distributor is:
7Q, +a(Cy+C,)-7aC, 15x2
= +

) (6)
‘ 8a 16an
The optimized retail price of the retail pharmacy or hospital is:
15Q, +a(C,,+C, +C 2
Pr* — QO ( m d r ) + 317\’2 (7)
16a 32an
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Thus, the optimized profit of the pharmaceutical manufacturer when making

independent decisions is:

2 2
{Qo -a(C, +C, +Cm)+x}
. 2an
T = 2 (8)
a

The optimized profit of the third-party logistics service provider when making

independent decisions is:

a T
* {Qo—a(Cr+Cd+Cm)+2an}
9

=

64a

The optimized profit of the pharmaceutical distributor when making inde-

pendent decisions is:

o= 10
¢ 128a (10)

The optimized profit of the retail terminal when making independent decision

is:

T, = 11
r 256a (1)

Conclusion is that the overall profit contributed by every member of the
pharmaceutical supply chain when making independent decisions with the par-

ticipation of third party logistics service provider is:

2 2
lS{QO -a(C, +Cy +Cm)+}”}

12
256a (12)

*_ * * * *_
T =T, +7 + Ty +T, =

3.2.2. Cooperative Decision Model

Under cooperative decision model, pharmaceutical manufacturers, distributors,
retail pharmacies or hospitals and third-party logistics service providers share
the same supply chain system in order to maximize the overall benefits of the
supply chain. In order to make the assure of the cooperation among certain co-
operation members of the supply chain, cooperative cost must occur among
members, such as communication cost, information cost, time cost, operation
cost, etc. It is assumed that the unit cooperation cost is ; when cooperation de-
cisions are made, without discussing who should share the cost. Thus, overall
profit function of pharmaceutical supply chain system is written as:

7 =(P -C,-C,-C, —C, -C,)xQ.

_Q+AS-Q

Substitute P, into the above formula to achieve the overall pro-
a

fit function of the pharmaceutical supply chain is:
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az(w—cm—cd—q—cr—co)x(p (13)

a

The second-order partial derivative of the sales quantity Qin Equation (13) is
,~ —~

T

obtained: 5

<0. So, when % =0, it can be solved:

6\* =Q0+k8—a(Cm+Cd +C, +C,+C))
2

(14)

At this time, the overall profit of the pharmaceutical supply chain system is

maximized.

At the same time, Substitute C, (s)= %nSZ into Formula (13) and get:

t

;:(M_cm_cd_%nsz—cr—cojxq. (15)
a

The second-order partial derivative of Sin Formula (15) is obtained:
o’n,

0S?

~

on
<0. So, when 6_St =0, there exists the optimized logistics distribution

and service level, and the solution is as follows: S* = L .
an

. oA . -
Substitute S* =— into Formula (14), it is solved the optimized sales quan-
an
tity under cooperative decision is:

~ Q-a(C,+C, +Cr+Co)+k_2

"t = 16
Q 2 4an (16)
At this point, the retail price of the retail pharmacy or hospital is:
~ +a(C,+C,+C, +C 2
Pr* — QO ( m d r 0) + 3)\'2 (17)
2a 4a’n
The optimized profit of the overall supply chain is:
% ’
{QO -a(C, +Cy +Cm)+§—ac0
= il (18)

3.2.3. Comparison Analysis between Independent Decision Making and
Cooperative Decision Making

Through the method of model solution under independent decision-making and
cooperative decision-making, some indicators are obtained as shown in Table 1.

It is easy to find that the optimized logistics distribution and service level pro-
vided by the third-party logistics under the two decisions-making are equal, and
the more sensitive the market demand is to this index (that is to say A is great-
er), the higher the logistics distribution and service level provided by the third-

party logistics. At this time, whether the pharmaceutical sales quantity, retail
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Table 1. Comparison of some indicators under cooperative decision and independent

decision.
Independent decision Cooperative decision
A A
S —_ —_
an an
0 Qo—a(Cr+Cd+Cm)+ A Qo—a(Cm+Cd+Cr+CO)Jr A
16 32an 2 4an
» 15Q0+a(Cm+Cd+Cr)Jr 3102 Q0+a(Cm+Cd+Cr+C0)+ 32
! 16a 32a’n 2a 4a™n
22T 22 ’
15/ Q, -a(C, +C, +C, )+ -a(C, +C,+C )+ —-aC
TE[ |:Q0 ( r d m) 2an:| |:Q0 ( r d m) ZaT] 0:|
256a 4a

price or the total profit of the pharmaceutical supply chain will all increase. The
sensitivity of market demand to the third-party logistics distribution has positive
relation with logistics distribution service level, sales quantity, retail price and
the total profit of supply chain.

It can also be seen from the table that when the cooperation cost C, =0, the
sales quantity under the cooperation decision is 8 times of that under the inde-
pendent decision. The price under the cooperation decision is less than that un-
der the independent decision. But the overall profit of the supply chain under
the cooperation decision is 4.267 times of that under the independent decision.
Obviously, the performance indicators under cooperative decision-making are
significantly higher than those under independent decision-making. Mutual bene-
fit is the future main-stream road of pharmaceutical supply chain. However, in
fact, due to information asymmetry and the egoism (that is, to meet the max-
imization of their own interests rather than the overall interests), it is difficult to
achieve the situation that members of the supply chain can consciously coope-
rate without any cost. In other words, for members of the pharmaceutical supply
chain, if they want to achieve cooperation with each other, one condition is that
the cooperation cost will occur. Second, after cooperation, the benefits of each
supply chain member are greater than those earned when independent decisions
are made. With the rising cooperation cost, the retail price continues to rise un-
der the cooperation decision and the sales quantity continues to decline , but the
overall profit of the supply chain is getting lower and lower (see Table 1 availa-
ble under the cooperation decision). With the increase of & leading to total
profit of the supply chain under cooperative decision-making lower than that
under independent decision-making, cooperation is meaningless and inefficient,
thus cooperation will not occur at this time.

So, when the supply chain members make cooperative decisions, & has a cer-
tain value range, which should be the interval value that the net income brought

by cooperative decision-making should be greater than 0 compared with inde-
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pendent decision-making, that is, the value when fcf —m; >0 is satisfied.
According to the total profit formula of supply chain under independent deci-

2
sion and cooperative decision in Table 1, we set B=Q,-a(C, +C, +C_ )+ ;— ,
an
Bis a constant greater than 0.
Then the total profit of supply chain under independent decision-making can

2
be simplified as =, = 158 .
256a
The total profit of supply chain under cooperative decision-making can be
.. (B-aC, )2
simplified as 7} = ~——".
4a
A B-aC. ) 2 2 _ 22
Let Am =7 -7 :( o) _15B° _49B° -128BaC, +64a’C, G oas a
4a 256a 256a
1 1 49
variable, sort it out as: Am, =—-aC?-=BC, +——B?.
4 2 256a

The parabola of net income changing with C; is shown in Figure 2.

When Arm, =0, Cé:@, C(f:@.

As shown in Figure 2, combined with the solutions obtained, it can be known
that:
(8-+15)B

1) When C, € 0,8— , Am, >0 (the shaded area in Figure 2), this
a

interval value is the value range satisfying the overall benefit under cooperative
decision is greater than that under independent decision.
(8-V15)B (8+15)B

2) When C; e ,
8a 8a

, Am, <0 (Gu, Go, parabola and

the horizontal axis of the part in Figure 2), members of the pharmaceutical supply
chain do not choose to make cooperative decisions.

AT

Lacy-Lpc,+ 2 p
4 a

//////1

Figure 2. Parabolic curve of net income as Co change.

Co Co
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(8+JE)B

3) When C, e
8a

,o0 |, not in line with the actual situation, unde-
sirable.

From the above analysis, it can be vividly seen that when the unit cooperation
cost Gy meets case (1), supply-chain members are incentive to choose coopera-
tive decision as the result of the total income of the supply chain in this case ex-
ceeding the total income of independent decision. In order to make permanent
cooperation among supply chain members, it is also essential to make every
supply chain member achieve greater benefit than that of independent decision.
So, it is necessary to reasonably allocate the total income of the supply chain.
The fourth part of this paper will focus on the distribution of total profit of
pharmaceutical supply chain under cooperative decision-making. Through a cer-
tain benefit distribution mechanism, the total profit is distributed to the phar-
maceutical manufacturer, the pharmaceutical distributor, the third-party logis-
tics service provider and the pharmaceutical retailer, so that each pharmaceutical
supply chain member can obtain higher benefit than that under independent de-
cision-making, so as to ensure the stable cooperation operation of pharmaceuti-

cal supply chain.

4. Allocation of Total Income in Pharmaceutical Supply
Chain under Cooperative Decision-Making

This part mainly discusses the distribution of the total income of the pharma-
ceutical supply chain under the cooperative decision-making at that time on the
basis of C; € (O,Cé). It mainly adopts the cubic distribution method based on
the profit distribution factor to distribute. For the pharmaceutical supply chain
in this paper, pharmaceutical manufacturers are in the leading position, followed
by distributors and third-party logistics service providers, and retail pharmacies
or hospitals are the last. Firstly, the total income is distributed between drug
manufacturers and non-drug manufacturers for the first time. The second dis-
tribution is conducted among non-drug manufacturers, taking drug distributors
and third-party logistics service providers as a whole. The second distribution is
conducted between the whole and retail pharmacies or hospitals. Eventually, the
last distribution is made between pharmaceutical distributors and third-party
logistics service providers. The core principle of distribution is to always ensure
that the allocated cooperative income exceeds the income under the independent
decision-making of supply chain members while considering the position of
members in the supply chain.

In the first distribution, considering the relative dominant position of pharma-
ceutical manufacturers, the income factor of distribution is higher than that of
non-drug manufacturers. In the second round, considering the relative dominant
position of pharmaceutical distributors and third-party logistics service providers,
the income factor of distribution is higher than that of retail pharmacies or hospit-

als. In the third round, as the relative dominant position of pharmaceutical dis-
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tributors, the income factor of distribution is higher than that of third-party lo-
gistics service providers. So far, three allocations have been completed. This al-
location method not only makes the assure of the reasonable income of supply
chain members, but also considers the relative leadership of supply chain mem-
bers in order to contribute to the permanent stable operation of supply chain

system, which is conducive to the cooperation among supply chain members.

4.1. The First Allocation of the Overall Income

We assume that the distribution factor of the overall income of the supply chain
is e (where x = 1, 2 and 3 represent the distribution factors of the first, second
and third distribution respectively, and 0 < & < 1). In the first round, the profit
distribution factor allocated to pharmaceutical manufacturers is e, thus the
profit which is allocated to non-pharmaceutical manufacturers is 1 — e. In view
of the leading position of the pharmaceutical manufacturer, ¢ > 1 — e, so ¢ >
1/2. Other conditions are as follows:

e XT; > T,

(1-e)x@ >m) +my +7; (19)

1<el<1
2

As for (19), taking e as a variable, the value of e, is:

B’ 7B 1
A= ﬂ(—,l) (20)
8(B-aC,)’  64(B-aC,)’ ) \2

The pharmaceutical manufacturer obtained the profit e x7; through the
first distribution. The value ¢ is shown in the Formula (20). The pharmaceutical
manufacturer will use its leading position in the supply chain to make e; move to
the right as much as possible to obtain more income. However, in order to sta-

bilize the whole supply chain, attention should be paid to certain degree.

4.2. The Second Allocation of the Overall Income

The income of e share is distributed to the pharmaceutical manufacturer by
means of the first distribution. As for pharmaceutical non-manufacturers, the
remaining undistributed total income is (1—e )x#;. The second distribution
occurs among the pharmaceutical distributor, the third-party logistics service pro-
vider and the retail pharmacy or hospital. The distributor and the third-party lo-
gistics service provider are regarded as a whole. It is assumed that the profit dis-
tribution factor allocated to the whole is &, thus the profit allocated to the retail
pharmacy or hospital is 1 — e. In the light of the relative dominance of the whole,

it is required to satisfy & > 1 — &, so & > 1/2. Other conditions are as follows:
e, x(1-e)x7; >m +m,
(1—62)X(1—81)Xf5: >TC¢ (21)

%<e2 <1
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As for Formula (21), at this time, the first allocation has been completed. ¢ is

a known number, and taking e, as a variable, the value of e, is expressed as:

3B’ B’ 1
32(B-aC, )’ (1-¢,) T sa(eac,y (l—el)]ﬂ(?lj 22

It can be seen that by means of the second distribution, the pharmaceutical
distributor and the third-party logistics service provider obtain the profits
e, x(1—e )x T, the retail pharmacy or hospital obtain the profits
(1—e,)x(1—¢)xa; . The value e is shown in Equation (22) above. Similarly,
the pharmaceutical distributor and the third-party logistics service provider will
use their leading position in the supply chain to make e, move to the right as

much as possible to obtain more income.

4.3. The Third Allocation of the Overall Income

The last distribution occurs between the pharmaceutical distributor and the
third-party logistics service provider to allocate the remaining profit of

e,x(1—e )x@;. We assume that the profit distribution factor allocated to the
pharmaceutical distributor is e;, so the profit allocated to the third-party logistics
service provider is 1 — es. In view of the relative dominant position of the dis-

tributor, e; > 1 — &, so & > 1/2. Other conditions are listed as follows:
ey xe, x(1—-e )x 7 >my
(1-e;)xe, x(1—e )@ >m (23)
% <g <1

For Formula (23), at this time, the second allocation has finished, ¢ and e, are

known parameters, and taking e; as a variable, the value of e is solved as follows:

B - i m[i,lj (24)
32(B-aC,)’(1-e)e, 16(B-aC,)’(L-e)e, | \2

Through three distributions of the overall profit, the pharmaceutical manu-
facturer earned the profit e x 7, , the pharmaceutical distributor earned the profit
e, xe, x(1—e )x @y, the third-party logistics service provider earned the profit
(1—e5)xe, x(1—e )x 7, , the retail pharmacy or hospital earned the profit
(1—e,)x(1—¢ )x7; . The profits earned by all types of supply chain members
exceed the profits under independent decision-making, making the assure of the
basic premise of cooperative operation of the supply chain. The calculated e, e
and e allocation factors have a value range, and their specific values will be af-
fected by some elements, such as the bargaining power of supply chain mem-
bers. For the pharmaceutical supply chain, if it is a scarce drug, pharmaceutical
manufacturers monopolize the market or the manufacturers are extremely li-
mited, then the pharmaceutical manufacturers are in an absolutely dominant

position. As a result, they have strong bargaining ability, and obtain the distribu-
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tion factor will naturally be higher. If it is a common drug produced by many
manufacturers at the same time and curative effect is the same, the distributors
and retailers will have stronger bargaining power, so the distribution of interests

tend to incline to distributors and retailers.

5. Research Findings with Analysis

This paper studies the cooperative benefit distribution mechanism of pharma-
ceutical three-level supply chain with the participation of third-party logistics
service providers. By means of constructing the game model and solving the
model, research findings indicate that the optimized logistics distribution and
service level offered by the two decisions is the same. To the third-party logistics
service provider, the sensitivity of market demand to logistics distribution and
service level is positive related to the amount of sales, retail price and the overall
profit of the supply chain. So, when the market demand is more sensitive to lo-
gistics distribution and service level, it is more necessary to provide higher logis-
tics distribution and service level, in order to make the whole supply chain can
obtain higher sales and more profits. Besides, without considering the coopera-
tion cost , it is evident to see that the sales quantity and profit of pharmaceutical
supply chain under cooperative decision-making are much higher than those
under independent decision-making. This conclusion vividly indicates that win-
win cooperation is the future main-strain road of pharmaceutical supply chain.
However, as a result of the asymmetry of information and the egoism, the exis-
tence of cooperation cost will always be. Exactly on the basis of this fact, this pa-
per sets the unit cooperation cost &, and conforms to the fact that the total in-
come of the supply chain under the cooperative decision is greater than that un-
der the independent decision. So that & is obtained a value range. Eventually,
within this range, consider two conditions. The one is that every supply chain
member obtains greater benefits allocated by the pharmaceutical supply chain
under cooperative decision than when they make independent decisions. The
other is that considering the relative leadership of supply chain members. Then
cooperative benefits of pharmaceutical supply chain are reasonably distributed

by means of the cubic distribution method based on profit distribution factor.

6. Conclusion

By the cubic distribution method based on profit distribution factors, the total
cooperative income can be reasonably distributed by pharmaceutical manufac-
turers, pharmaceutical distributors, third-party logistics service providers and
pharmaceutical retailers. The distributed income of each member is higher than
that of independent decision, so as to ensure the basis of pharmaceutical supply
chain cooperation. According to the calculation results in the paper, the alloca-
tion factors e, e; and e; are in a clear value range. They are in require of further
research in order to explore how to gradually narrow this value range until the

final result is determined. At the same time, because the cooperation income will
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gradually decrease with the increase of cooperation cost, so we should make full
use of information technology to reduce information asymmetry, strengthen the
communication, coordination and cooperation mechanism between upstream
and downstream of the supply chain, and continuously reduce the cooperation
cost, so as to improve the total income of supply chain cooperation. Once the
total income of cooperation increases, supply chain members will have more in-
itiative to cooperate.

At last, when dealing with the expense of the third-party logistics service pro-
vider in the research process, this paper merely considers the situation borne by
the pharmaceutical distributor. If the pharmaceutical manufacturer and the phar-
maceutical distributor pay a certain proportion of the logistics expense, how much
this proportion will be can motivate the pharmaceutical manufacturer, the phar-
maceutical distributor and the third-party logistics service provider to cooperate
fully, which will be a topic worthy of research. In modeling, it is assumed that
the market demand is the order quantity of retail terminals, but in practice, the
demand is actually uncertain. It is a very meaningful research direction to study
the cooperative benefit distribution of pharmaceutical supply chain under un-
certain demand. In addition, the competitive relationship among pharmaceutical
manufacturers, distributors, retailers and third-party logistics service providers
has not been considered in the model in this paper. If there are multiple phar-
maceutical manufacturers, distributors, retailers or third-party logistics service
providers, there is a competitive relationship among them. Then how the supply
chain should cooperate and how to distribute the benefits of cooperation need to

be further discussed.
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