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Collusion can increase the transaction value among supply chain members to obtain higher loans from supply chain finance (SCF)
service provider, which will bring some serious risks for SCF. However, it is difficult to be identified and restrain the SCF service
provider due to its stability and hiddenness. Different SCF transaction structures will affect the profits of supply chain members
from collusion. This paper develops various game models for collusion and not collusion for different SCF transaction structures
and investigates the impact of SCF transaction structures on the boundary conditions of collusion. Through comparative analysis,
the findings of models are as follows: (1) in a two-echelon supply chain, the supplier and retailer are more likely to conduct
collusion under the sequential game than under the simultaneous game; (2) collusion in the two-echelon supply chain can obtain
higher loans than that in the three-echelon supply chain, so it has more serious hidden danger; (3) in the two-echelon supply
chain, collusion is easier to form than in the three-echelon SCF supply chain that has spontaneous endogenous constraints. We
also develop two types of mechanisms to restrain collusion behavior from profit sharing and incomplete information perspectives.
Finally, we summarize the theoretical implications and analyze the management implications through a case study.

1. Introduction

Collusion refers to the behavior that some firms reach a
secret agreement on the price or volume of the products or
services they provided and use the agreed price to replace the
market price, so as to obtain more profits [1, 2]. Once
collusion is implemented, it will inevitably lead to the loss of
the profits of consumers and other firms, that is, they will pay
higher prices for products and services. Although govern-
ments have enacted antitrust laws (such as the antitrust law
of China in 2007) to limit the formation of cartels and other
collusions in determining market price, collusion is still
frequently appeared in the market [1, 3]. One reason is that it
is very difficult to obtain concrete evidence to prove col-
lusion behavior between firms [4]. Another reason is that
firms of collusion can achieve extra profits, such as high
financial loans.

The rapid development of supply chain finance (SCF)
has effectively solved the problem of the capital shortage of
supply chain firms and promoted the development of real

economic and financial services [5]. Although the SCF
system has set up many mechanisms to prevent various
financial risks, collusion brings great risks to SCF service
provider because of its hiddenness. For example, more than
20 steel traders increased the price and amount of trans-
actions through collusion in China to obtain higher financial
loans based on the transaction value and were sued by the
bank to the court (see [6]). The amount of cash and the
number of companies involved are unprecedented. For
another example, on April 2, 2020, Luckin Coffee Inc.
(NASDAQ: LK) announced that the COO and several other
executives engaged in certain misconduct, including fabri-
cating certain transactions amounting to roughly RMB 2.2
billion, resulting in the stock plunging by 80% in one day [7].
Then, SCF service providers, such as banks, funds, and
trusts, generally worry that there is no effective way to
identify and prevent collusion in the financial industry.
Collusion against the real trading bottom line has become a
stumbling block for SCF [8]. As far as we know, there is no
research on collusion in the field of SCF.


mailto:cbai@uestc.edu.cn
https://orcid.org/0000-0002-9432-7041
https://orcid.org/0000-0002-9461-1632
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5554501

The collusion agreement is not always unbreakable and
stable. When the profit of collusion is less than that of
noncollusion, the collusion agreement will be broken. SCF
service providers can effectively control the profit of col-
lusion and noncollusion through the discount factor of
loans. Then, we will investigate the discount factor of loans
to determine the boundary condition of collusion.

Transaction structure plays an important role in all kinds
of supply chain financial loans. Previous research on SCF
focuses on the design of SCF transaction structures to
prevent various risks [9, 10]. However, the impact of SCF
transaction structures on the boundary condition of col-
lusion is unclear. This paper focuses on two types of trade-
based SCF transaction structures. The first is the hierarchical
transaction structures, which are often divided into two-
echelon supply chain and three-echelon supply chain [11].
The second is the relation structures, which are often divided
into master-slave relation and equivalent relation [12]. The
objective of this paper is to investigate the boundary con-
ditions of collusion between the supply chain members in
different trade-based SCF transaction structures. We mainly
address the following issues:

(1) What are the boundary conditions (discount factor)
(according to collusion theory in microeconomics,
the boundary condition is when the discount factor
is greater than a threshold, the collusion can be
conducted and will be stable; otherwise, the collusion
cannot be conducted and will be unstable (similar to
[13]) of price collusion in these different trade-based
SCF transaction structures?

(2) Which trade-based SCF transaction structure has a
spontaneous endogenous constraint on collusion
that is called self-restraint (not easy to collusion)?
Which trade-based SCF transaction structure has
hidden, unidentifiable collusion that is called hidden
vulnerability (easy to collusion)?

(3) How to develop a mechanism to restrain price
collusion in trade-based SCF transaction structure
with hidden vulnerability from the profit sharing and
incomplete information perspectives?

To answer these questions, we develop different game
models for different trade-based SCF transaction structures to
identify the boundary condition of collusion. We then compare
and analyze the results of these boundary conditions to confirm
the advantages and disadvantages of different trade-based SCF
transaction structures on restraining price collusion. We look
forward to providing reference values for the design of trade-
based SCF transaction structure. SCFWG also points out that
financial institutions are risk-averse and lack resources to
evaluate numerous and varied trade-based SCF structures. In
current SCF market conditions where loan quality has become
a key issue, this study can provide new solutions for trade-
based SCF service providers in preventing collusion and
making loan decisions.

This study contributes to the operation management
literature studies in the following respects. First, as far as we
know, this study is the first focus on the impact of trade-
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based SCF transaction structures on collusion in the supply
chain. Few studies have integrated collusion [14] and SCF
[15] to design an effective trade-based SCF transaction
structure to prevent collusion from the perspective of supply
chain financial risk. Second, we also investigate the impact of
the different relation structures on the collusion, such as
master-slave relationship and equivalent relationship. Fi-
nally, we develop two mechanisms to restrain price collusion
from profit sharing and incomplete information
perspectives.

The rest of this paper is organized as follows. Section 2
reviews relevant research streams. Section 3 describes the
problems. Section 4 discusses the collusion in the two-
echelon supply chain, and Section 5 discusses that in the
three-echelon supply chain. Section 6 conducts a compar-
ative analysis, and Section 7 tries to extend the research, for
example, profit sharing and incomplete information. Section
8 further discusses the theoretical and managerial impli-
cations. Finally, Section 9 highlights the main conclusions,
limitations, and future research directions.

2. Literature Review

To provide research background and highlight our contri-
butions, we mainly review two related research fields: (1)
collusion in the field of economy and management and (2)
SCF transaction structure.

2.1. Collusion in Economics and Management. Collusion is a
kind of risk behavior in the economic field, which widely
exists in insurance, financing, and other financial fields [16].
According to existing research, many different types of
collusion exist, and they can be divided into two major
categories, namely, management collusion and business
collusion. Management collusion mainly refers to the col-
lusion between the company’s stakeholders, managers, and
employees [17]. On the contrary, business collusion is
complex and diverse, such as the market collusion, pro-
duction collusion, and price collusion [18].

In recent years, some scholars have paid attention to
collusion research in the field of operation management
[11, 19, 20]. Piccolo and Reisinger. [21] analyze the impact of
exclusive territories on manufacturers’ incentives to sustain
tacit collusion between competing supply chains. Melkon-
yan et al. [22] develop a formal account of virtual bargaining
and demonstrate that it leads to collusion in Bertrand, but
not in Cournot, competition. Zheng et al. [23] establish an
infinitely repeated game to examine the interaction between
the manufacturer’s channel strategy and the downstream
retailers’ collusion behavior. Bian et al. [13] find that up-
stream collusion in a two-echelon supply chain is easier to
sustain under Cournot competition than Bertrand compe-
tition, and it is least likely to be sustained under mixed
Bertrand-Cournot competition. Miklos-Thal and Tucker
[14] build a game-theoretic model to examine how better
demand forecasting resulting from algorithms, machine
learning, and artificial intelligence affects the sustainability
of collusion in an industry. Wang et al. [24] built three two-
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tier game models: Stackelberg-collusion model, Stackelberg-
Nash model, and Stackelberg-Stackelberg model, to consider
the retailers’ potential collusive behavior and the upstream
manufacturer’s interactive decisions.

Collusion price, which differs from false price, is a
collusion agreement that increases the real price consumers
pay for a product and then obtains high loans from SCF
service providers through the increased transaction value.
Collusion also differs from the supply chain integration
which realizes the maximization of supply chain benefits by
positive practices, such as improving production efficiency,
increasing product quality, reducing production costs, or
other means [25, 26]. However, collusion realizes the
maximization of supply chain benefits by negative practices,
such as increasing product price and limiting production.
Then, it not only damages the benefits of consumers but also
reduces the benefits of financial institutions. Supply chain
integration denotes Pareto optimization, whereas collusion
is the opposite [27]. Supply chain members easily make
short-sighted successful decisions in collusion, thus shaking
the development foundation of strategic and stable supply
chain.

Collusion can increase the transaction value among
supply chain members to obtain higher loans from supply
chain finance (SCF) service provider, which will bring some
serious risks for SCF. As collusion is very common in supply
chain transactions, identifying and preventing this kind of
behavior is difficult by means of policy. However, the re-
search of price collusion in supply chain finance has not been
effectively analyzed, especially in order to obtain high loans.

2.2. Supply Chain Finance and Transaction Structure. SCF
has evolved from the original trade finance, which plays an
increasingly important role in solving the financing prob-
lems of SMEs [28]. Therefore, most of the existing literature
mainly studies how to design an SCF solution that can not
only meet the requirements of financial institutions but also
effectively solve the financing problem of SMEs, such as bill
discount business [29], inventory and receivables finance
[30], purchase order finance [9], supply chain inventory
finance [10] and trade credit [31].

Trade finance is a very important form of SCF. Lee and
Rhee [32] explain trade finance from a supplier perspective
and use it as a tool for supply chain coordination. Seifert
et al. [33] summarize the relevant literature of trade finance
from the aspects of motivation, order quantity decision,
credit period decision, and settlement period decision. They
hold that trade finance can increase the number of economic
orders and serve as the coordination mechanism of the
supply chain. Supply chain structure and SCF have a very
close relationship. Lee et al. [34] study how trade finance
responds to various kinds of competition in the supply chain
and the impact of trade finance on firm performance. Peura
et al. [35] study whether trade finance is beneficial to
suppliers in the horizontal supply chain structure.

Only when more than 20 SCF cases were heard [6] that
scholars began to realize the seriousness of the SCF risk.
However, at that time, few studies are about the risk

management of SCF. Zhao et al. [20] use the external big
dataset to establish a forecasting model from the perspective
of risk management, and they predict the failures of SCF
customers aiming to reduce the risk of financial institutions.
They find that cooperation between logistics service pro-
viders and financial service providers seems to be a feasible
method to solve the financing problem through the case
analysis of Swiss Post Logistics in Hofmann’s study. Martin
and Hofmann [36] conduct a survey of 62 companies from
Switzerland and 10 expert interviews to analyze the reasons
financial service providers participate in the integrated
management of the supply chain processes.

The study of SCF has three limitations though. First,
collusion risk in SCF is not well studied. In recent years, the
transition from the traditional rational economic man
hypothesis to the behavioral economic man hypothesis has
become increasingly obvious. Behavioral operation man-
agement (BOM) and behavioral finance have become new
research hotspots. Therefore, SCF risk management re-
search, as a cross-research issue of operation management
and finance (OM-finance), must consider this important
research foundation change. This trend has been exacer-
bated by the outbreak of collusion among steel traders.
Second, the SCF structure has positive significance for fi-
nancial loans, but the impact on collusion risk is unclear.
Particularly important is the research on SCF risk man-
agement based on the behavior of all parties in the SCF
transaction structure. Third, what mechanisms can prevent
collusion has not been studied in detail. Song et al. [37]
indicate that information sharing in supply chain and other
related attributes of SMEs’ supply chain network are the
key factors that affect the credit quality of SMEs and in-
fluence the financing of SMEs.

3. Problem Description

The motivation of collusion among supply chain members is
to obtain higher long profits in this paper. If the profits of
collusion are high enough, supply chain members will
continue to collusion. If the profits of collusion is not higher
than the profits of noncollusion, then one member may form
cheat behavior in collusion to obtain short-term profit of
itself, thus destroying collusion agreement and returning to
normal market price trading. Therefore, we need to compare
the profits of collusion with the profits of cheat behavior and
normal market transaction. When the profits of collusion are
higher, supply chain members will choose price collusion.
When the profits of price collusion are lower, supply chain
members will generate cheat behavior to destroy the current
collusion. As financial loans will span multiple stages of sales
and production, we need to consider the profits of multiple
stages and the discount value of profits. Clearly, the discount
factor is the most important factor affecting the profits of
collusion and noncollusion. We investigate the discount
factor to determine the boundary conditions of collusion.
We solve the model according to this idea.

To systematically reveal the impact of SCF transaction
structures on the boundary conditions of collusion be-
havior, we mainly study two kinds of trade-based SCF



transaction structures: hierarchical and relation transac-
tion structures. The hierarchical transaction structures are
often divided into a two-echelon supply chain with one
supplier and one retailer (see Figure 1) and a three-
echelon supply chain with one supplier, one distributor,
and one retailer (see Figure 2). The relation transaction
structures are often divided into master-slave relation and
equivalent relation.

In the two-echelon supply chain, the retailer signs a
purchase contract (p, gq) with the supplier. p represents the
unit price of the order product, whereas the g represents the
quantity of the order product. First, the retailer signs the
financial loan contract with SCF service provider and re-
leases the purchase order to the supplier according to the
purchase contract, which is the trade flow. Second, the re-
tailer makes a certain proportion 7 of loans to SCF service
provider based on the value of order product between the
supplier and the retailer. Third, the retailer should pay the
percentage (1 —7) of payments to the supplier according to
the financial loan contract (see the cash flow in Figure 1).
Based on the trade flow, the cash flow paid by the retailer,
and confirmation information from the supplier, the SCF
service provider will pay the corresponding payments 7 - pq
to the supplier. Once the supplier receives all the payments
pg, they will arrange to ship the order products to the re-
tailer, which is the logistics (see Figure 1). Obviously, to get
higher finance loans from the SCF service provider, the
supply chain members are prone to collusion, which leads to
the false increase in the transaction value of order product
between the supplier and retailer.

Although only one kind of collusion exists in the two-
echelon supply chain, three different types of collusion
among different members exist in the three-echelon
supply chain (see Figure 2). We develop various game
models to identify the boundary conditions of collusion in
the two-echelon supply chain and three-echelon supply
chain. We also study the different boundary conditions of
collusion among the master-slave relation and equivalent
relation in each hierarchical transaction structure. The
notation and description of various game models are
defined in Table 1.

4. Collusion in the Two-Echelon Supply Chain

In this section, we study collusion in the two-echelon supply
chain with one supplier and one retailer. Following Loch and
Wu [38], we suppose that the market demand is a simple
linear demand function, assuming that g=d - p; — p,,
where p, and p, are the marginal revenue (price) of supplier
and retailer, respectively. The price game of the vertical two-
echelon supply chain is a sequential game process, the
supplier (first mover) firstly determines its marginal price p,
(equivalent to the wholesale price minus the cost w — ¢), and
then the retailer (second mover) decides its marginal price
P, (equivalent to the retail price minus the wholesale price
p — w). Then, the two marginal prices jointly determine the
final market price of the product p = p, + p, (for ease of
calculation, the product cost ¢ is ignored as 0). The profit of
supplier or retailer is given as follows:

Complexity

2
ﬂi:piq:pi(d_Pl_pZ):pi<d_zpj>’ i=12
=

(1)

4.1. Collusion under Sequential Game. According to collu-
sion theory (CT), we first analyze collusion between supplier
and retailer in the two-echelon supply chain under the
sequential game. The sequential game is similar to Stack-
elberg game in which the supplier and retailer quote in turn.

4.1.1. Sequential Stackelberg Model. When the supplier and
retailer play sequential game, the solution of reverse se-
lection is as follows.

First, the maximization profit of the retailer is

”qu = max 7, (p;, py),
P2 (2)

st.p;>0, 5i=1,2

Therefore, the optimal reaction curve of retailer to
supplier’s price quotation is
dm, (P> )

=d-p, —2p, =0,
dpz Pl P2

(3)
1
P2 (p1) = 5 (d-py).

Substituting the above reaction curve p,(p,) into the
supplier decision function to solve the optimal price quo-
tation, we have

T[jleq = II}’?X 7, (p1s P2 (P1))s

st.p; 20, i=12, (4)
dm, (p1> P2 (1))
dp,
Then, we obtain the optimal marginal price of the
supplier pffq* = (1/2)d and the retailer pf;q* = (1/4)d, the
optimal demand q?eq * = (1/4)d, and the maximum profit of
the supplier 79 = (1/8)d?* and retailer 752" = (1/16)d>.

1
zid—plzo.

4.1.2. Sequential Collusion Model. According to CT, when
the supplier and retailer collude price to maximize profits,
their decision objective of collusion becomes
Se 1
Moi = max = [, (p1, p,) + m (1> p2)1;
popr 2 (5)

s.t. piZO’ l = 1,2.

This analysis model is similar to microeconomics [2],
assuming that supplier and retailer equally allocate all profits
come from collusion. This paper also gives a more com-
prehensive analysis in Section 7, considering the random
profit sharing of price collusion.
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FiGure 1: SCF transaction structure of the two-echelon supply chain.
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F1GURE 2: SCF transaction structure of the three-echelon supply chain.
0(1/2)[m, (p1> pa) + 3 (p1> p2)1 1, C(pap) =0 io12 Then, we solve the following:
op; 5 Pt P , > 2. dﬂz(P(S;q* Pz) 5
1 b
(6) 4=Zd—2p2=0. (8)

Through the above solution, we have the optimal
msgr*ginal price of the supplier pif?* = (1/4)d and the retailer
Py = g1/4)d under the price collusion, the optimal de-
mand g,,'" = (1/2)d, and the maximum profit of the
supplier and retailer 71,c4* = (1/8)d? and 153" = (1/8)d2.

ml m2

4.1.3. Sequential Cheat Model. In the sequential game, the
supplier has the first-mover advantage over the retailer.
However, this advantage becomes a disadvantage in collu-
sion. When the supplier and retailer quote price one after
another, the retailer is most likely to cheat in price collusion
to maximize its profits at a given supplier price, thus
damaging the profits of supplier. We analyze the cheat
behavior in collusion as follows.

According to the collusion agreement, the supplier first
quotes pzelq* = (1/4)d based on the goal of maximizing the
profit of collusion. However, owing to the inferiority of the
first mover, the retailer may produce cheat behavior to
maximize its own profits. Therefore, the decision function of
the retailer will become the following form:

Seq _ Seq*
o = maxm,(pn'", ps),
P2 (7)

s.t. pl > 0, i = 2.

dap,

We get the optimal marginal price of retailer when cheat
behavior in collusion pzezq* = (3/8)d, the demand
qzeq * = (3/8)d, and the maximized profit of supplier nZiq* =
(3/32)d? and retailer 7557 = (9/64)d?. That is, for a single-
period game, the profit of cheat behavior is higher than the
profit of collusion for retailer, and there is economic
temptation of cheat behavior. The profit of retailer for cheat

behavior is nZ;q* = (9/64)d>.

4.1.4. Boundary Condition of Sequential Game. Once pro-
ducing cheat behavior, the retailer and supplier will stop
collusion and resume market price cooperation. Therefore,
we compare the profits of collusion and the profits of cheat
behavior and maker cooperation for the retailer to deter-
mine the boundary conditions of price collusion. At this
point, according to CT in microeconomics [2], the decision-
making process of the regulatory measures for the cheat
behavior in collusion is as follows:

S S 28 3.8 S
Tk + 8T + 87T, 0 + O T 4o+ 8 g+
S S 28 38 S

STl +0m, T + 8 el + 8, e+ 8T e,

(9)
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TaBLE 1: Notation and description.

Notation Description

In the two-echelon supply chain, i = 1,2 is supplier and retailer. In the three-echelon supply chain, i = 1,2,3 is supplier,
distributor, and retailer

pi The marginal price (revenue) of i
d Potential demand of the market
q The actual demand of the market
; The profits of i

In the two-echelon supply chain with supplier and retailer

pff 4 The marginal price (revenue) of i under sequential Stackelberg model
qgeq The actual demand of the market under sequential Stackelberg model
ﬂ;q The profits of i under sequential Stackelberg model
Jone The marginal price (revenue) of i under sequential collusion model
q%fq The actual demand of the market under sequential collusion model
oo The profits of i under sequential collusion model
pgiq The marginal price (revenue) of i under sequential cheat model
qgeq The actual demand of the market under sequential cheat model
Tl The profits of i under sequential cheat model
pf}m The marginal price (revenue) of i under simultaneous Cournot model
g@m The actual demand of the market under simultaneous Cournot model
mom The profits of i under simultaneous Cournot model
poim The marginal price (revenue) of i under simultaneous collusion model
gm The actual demand of the market under simultaneous collusion model
mom The profits of i under simultaneous collusion model
pPom The marginal price (revenue) of i under simultaneous cheat model
™ The actual demand of the market under simultaneous cheat model
mm The profits of i under simultaneous cheat model

In the three-echelon supply chain with supplier, distributor, and retailer
Psi The marginal price (revenue) of i under Benchmark_Stackelberg model
4, The actual demand of the market under Benchmark_Stackelberg model
g The profits of i under Benchmark_Stackelberg model
pf’n]? The marginal price (revenue) of i under S_D_Collusion model
qqu The actual demand of the market under S_D_Collusion model
ﬂfn]? The profits of i under S_D_Collusion model
pfi? The marginal price (revenue) of i under S_D_Cheat model
qfiD The actual demand of the market under S_D_Cheat model
P The profits of i under S_D_Cheat model
poR The marginal price (revenue) of i under D_R_Collusion model
quR The actual demand of the market under D_R_Collusion model
R The profits of i under D_R_Collusion model
PER The marginal price (revenue) of i under D_R_Cheat model
q? The actual demand of the market under D_R_Cheat model
ngiR The profits of i under D_R_Cheat model
pf’rﬁ The marginal price (revenue) of i under S_R_Collusion model
qiqR The actual demand of the market under S_R_Collusion model
7125 The profits of i under S_R_Collusion model
pfﬁ The marginal price (revenue) of i under S_R_Cheat model
qfiR The actual demand of the market under S_R_Cheat model
R The profits of i under S_R_Cheat model
Tlimi The profits of i under the simultaneous game
O5eq The critical discount factor under the sequential game

é‘. The critical discount factor under the simultaneous game

%Bn* The critical discount factor under the S_D_Collusion game
6§ R The critical discount factor under the D_R_Collusion game
83R* The critical discount factor under the S_R_Collusion game
(Y1,72) Profit sharing factor between the supplier and retailer
(&1>&) The probability of cheating of the supplier and retailer
y Probability of collusion

*In the two-echelon supply chain, sequential Stackelberg model represents the benchmark model under the sequential game, sequential collusion model
represents the collusion model under the sequential game, sequential cheat model represents the cheat model under the sequential game, simultaneous
Cournot model represents the benchmark model under the simultaneous game, simultaneous collusion model represents the collusion model under the
simultaneous game, and simultaneous cheat model represents the cheat model under the simultaneous game. In the three-echelon supply chain,
Benchmark_Stackelberg model represents the benchmark model (i.e., Stackelberg game), S_D_Collusion model represents the collusion model between the
supplier and distributor, S_D_Cheat model represents the cheat model between the supplier and distributor, D_R_Collusion model represents the collusion
model between the distributor and retailer, D_R_Cheat model represents the cheat model between the distributor and retailer, S_R_Collusion model
represents the collusion model between the supplier and retailer, and S_R_Cheat model represents the cheat model between the supplier and retailer.
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where § € [0, 1] refers the discount factor of the profit.

"N N
Seqs 1. 1-96 s Seqe ;. 0(1—-0
o lim ( ) >+, lim g,
n—oo | — n—s00 1-6
Seq* Seq*
Ty Seqr o, (10)
1-8"742 " 1-6°
Seq* Seq* Seq*
T, >(1=8my," +0n," .
Seei that Seq+ Seqx Seq:x th
eeing that 7,,"" >, " >7;", then

sogt - T - el (9/64)d” — (8/64)d> 1
TS e S T (9/6d)d” - (4/64)d” 5

(11)

According to the hypothesis of punishment strategy,
when the discount factor satisfies the above conditions, the
collusion is stable and cannot be disintegrated.

Proposition 1. In a two-echelon supply chain under the
sequential game, the profits of retailer in collusion, cheating,
and  sequential ame  satisfy ﬂtsfzq* = (9/64)d*
>l = (8/64)d> > m21* = (4/64)d-.

(1) When the discount factor satisfies § > 5;eq = (1/5), the
supplier and retailer are likely to collude to get higher
loans from the SCF service provider in the two-echelon
trade-based SCF transaction structure.

(2) When the discount factor satisfies § < S;eq = (1/5), the
two-echelon trade-based SCF transaction structure
has the ability to actively restrain price collusion, that
is, self-restraint, which can effectively avoid the price
collusion behavior.

Proof. It follows directly from the above analysis and is thus
omitted. O

4.2. Collusion under Simultaneous Game. The simultaneous
game is similar to Cournot game in which the supplier and
retailer quote at the same time.

4.2.1. Simultaneous Cournot Model. When the supplier and
retailer play simultaneous game, they first consider the re-
action curve of each other to their own pricing decision and
then make the optimal pricing decision in the way of reverse
selection. After repeated games, the equilibrium strategy of
the simultaneous game will be fixed at the intersection of the
response curve of supplier and retailer to each other’s pricing
decision. First, the profit maximization of the supplier and
retailer respectively is as follows:

Sim
Ty = n}’ax 1, (P1> P2)s
1

”S;m = n}f"‘”z (P1> P2)s (12)
2
stp;20, i=1,2

Therefore, under the simultaneous game, the optimal
reaction curves of the supplier to retailer’s quoted price and
the retailer to supplier’s quoted price are as follows:

dm, (p1> p2)

TPeP) g gp - p, =0,
dp, P1— D>

dm, (py> P2)

TRPe P g p —2p, =0,
dp, P1— 2Py

(13)
im im 1 im
PEI (P?z ) =5 (d - sz )’

im im 1 im
| sz (pfl ) = E(d_PSI )

Based on the homologous structures of the above two
reaction functions, the optimal pricing for the simultaneous
game equilibrium can be easily found by substituting the first
reaction curve into the second one. Then, we get the optimal
marginal price of the supplier pS"* = (1/3)d and the retailer
pim* = (1/3)d, the optimal demand g™ * = (1/3)d, and the
maximum  profit of the supplier and retailer
mom* = (1/9)d* and ¥ = (1/9)d>.

4.2.2. Simultaneous Collusion Model. According to CT,
when the supplier and retailer collude price to maximize
profits, their price collusion decision objectives are as
follows:

Sim

1
mi = 1511332‘ 5 [7, (p1> p2) + 72 (P> P2) 1

s
(14)

s.t. piZO’ i = 1,2.

This analysis method is similar to microeconomics,
assuming that supplier and retailer equally distribute all
profits of price collusion.

0(1/2)[m, (pr o) + M (P1op)l _ 1, ) -
op; _Zd (pr+p)=0, i=12

(15)

Through the above solution, we have the optimal
marginal price of the supplier p3"* = (1/4)d and the retailer
pSim* = (1/4)d under the price collusion, the optimal de-
mand g>™* = (1/2)d, and the maximum profit of the
supplier and retailer 75™* = (1/8)d? and 5™ = (1/8)d>.

ml m2

4.2.3. Simultaneous Cheat Model. Based on the analysis of
the optimal pricing decision under the price collusion and
simultaneous games, the possible cheat behaviors of the
supplier and retailer are analyzed. As the leader of two-level
supply chain, the original advantages of supplier become
disadvantages when cheat occurs under the sequential game.
Under the premise of the sequential game, it is almost
impossible for the supplier to cheat because its cheating
behavior can be discovered by the retailer in “one time”
game, but the cheat behavior of the retailer can be found at



least twice in the game process. Then, supplier thinks the
retailer may be cheating. When the hypothesis becomes a
simultaneous game, the supplier and retailer may cheat
because there is no sequential relationship between their
pricing behaviors. Next, we analyze the cheat behaviors of
the supplier and retailer.

According to the collusion agreement, the supplier first
quotes pg’l”’* = (1/4)d on the basis of the decision of
maximizing the profit of price collusion. However, the
supplier realizes that the retailer may take cheating to
damage his own interests. After the supplier completes his
own pricing, the decision making of the retailer’s cheat
behavior is based on the new profit function to decide its new
quotation p,.

Sim Sim
T —maX”2(Pd1 >P2)’

(16)
s.t. pl > 0, i = 2.
Then, we solve the following:
d”z(Pgllm*’Pz) 3
o\Par P2) 3, 5, (17)
dpz 4d p2 0

We have the optimal marginal price of retailer when
cheating in price collusion p3i™* = (3/8)d, the demand
qg’m* = (3/8)d, and the maximum profit ns’m* = (3/32)d?
and n5m* = (9/64)d*. The profit of cheatmg for retailer is
hlgher than the profit of price collusion for the single-period
game, and there is the economic temptation of cheat. The
cheat profit of retailer is ﬂgizm* = (9/64)d?.

4.2.4. Boundary Condition of Simultaneous Game.
According to CT, the idea of preventing price collusion
parties from cheat is to make the present value of price
collusion profits higher than the present value of cheat and
simultaneous game profits. Both the supplier and retailer are
likely to cheat under the simultaneous game, so taking the
larger critical discount factor as the constraint condition is
necessary to regulate the occurrence of cheat in price
collusion.

The “threat” of punishment at this time is that if the
supplier or the retailer cheats in the price collusion, they will

enter the simultaneous game forever, sodg, , =
(ﬂs’"‘* - ﬂf:zn*/ﬂggn* - S’m*) which shows that
N T = (9l64)d” - (8/64)d” 9 (18)
Sim_2 — _Simx Simx (9/64)d2 _ (1/9)d2 - 17
2 T

Because the supplier and retailer are homogeneous in the
simultaneous game, the following is easy to know:

OSim_1 = Oim_2- (19)
Therefore, 6> 65, = max{dg,, ;>0 »} = (9/17), and

the critical discount factor in the simultaneous game is
Ogim = (9/17).

Proposition 2. In a two-echelon supply chain under the
simultaneous game, the profits of retailer in price collusion,

Complexity

cheating, and simultaneous game satisfy ma™* = (9/64)d>
> o = (8/64)d* > mey = (1/9)d>.

(1) When the discount factor satisfies 8> &g, = (9/17),
the supplier and retailer are likely to collude price to
get higher loans from the SCF service provider in the
two-echelon trade-based SCF transaction structure.

(2) When the discount factor satisfies 8 < 8, = (9/17),
the two-echelon trade-based SCF transaction struc-
ture has the ability to actively restrain price collusion,
that is, self-restraint, which can effectively avoid the
price collusion behavior.

Proof. 1t follows directly from the above analysis and is thus
omitted. O

5. Price Collusion in the Three-Echelon
Supply Chain

Considering that the three-echelon supply chain is com-
posed of one supplier, one distributor, and one retailer, the
increase of supply chain levels leads to different forms of
price collusion. This section focuses on the following dif-
ferent forms of price collusion under complete information:

(1) Price collusion between the supplier and distributor
(see Figure 3(a))

(2) Price collusion between the distributor and retailer
(see Figure 3(b))

(3) Price collusion between the supplier and retailer (see
Figure 3(c))

The market demand assumption in this section also
refers to Loch and Wu [38]. Therefore, the general linear
demand can be expressed as

3
‘Z(P1>P2’P3):d_Pl_Pz_P3:d_ZPi- (20)
i=1
The profit function of each member in the three-echelon
supply chain can be expressed as follows:

3
7 (P1> P2 P3) = Pid (1> P2 P3) = pi<d - pi>» i=1,23
i=1

(21)

5.1. Price Collusion under Sequential Game. According to
CT, we first analyze price collusion with or without cheat
behavior of the supplier, distributor, and retailer in the
three-echelon supply chain under the sequential game. The
sequential game is similar to Stackelberg game in which the
supplier, distributor, and retailer quote in turn.

5.1.1. Benchmark Model: Stackelberg Game. Stackelberg
game is a benchmark model for the supplier, distributor, and
retailer to quote in turn. According to CT, we first analyze
the Stackelberg game in the three-echelon supply chain and



Complexity

Collusion

Distributor — @—

Collusion

Retailer

(c)

Collusion

Retailer

Distributor

(®)

Distributor

FIGURE 3: (a) Collusion between the supplier and distributor. (b) Collusion between the distributor and retailer. (c) Collusion between the

supplier and retailer.

then the price collusion and cheating in three different forms
of price collusion. When the supplier, distributor, and re-
tailer play Stackelberg game, the solution of reverse selection
is as follows. First, the profit maximization of the retailer is

Mseqs = MaxX 715 (Py, P2y P3)»
Ps (22)

st.p;>0, i=1,23

Therefore, the optimal reaction curve of retailer to the
supplier’s and distributor’s quotations is as follows:

dry (p1> P P3)

=d-p,—p,—2p; =0,
dps P1— P2 2P;

(23)
1
ps(pip2) = 5 (d-py - p2)

Substituting the above reaction curve p; (p;, p,) into the
decision function of the distributor to solve the optimal
quoted price, we have

Tlgeqz = MAXTT, (P1> P2 23 (P1> P2))s
2! (24)
s.t. PiZO’ l= 1,2.
Then, the optimal reaction curve of the distributor to the
supplier’s quotation is

d”z(Pva»Ps(Pl’Pz))_l _ P
dp, —2(d pi1) =P =0,

(25)
1
pa(p1) = 5 (d - py).

Substituting the above reaction curve p,(p;) into the
decision function of the supplier to solve the optimal quoted
price, we get

Tlgeq1 = H};lix m (1> P2 (P1))s

s.t. piZO, i=1, (26)

dny (p1> 2 (p1)) ld _ lpl —o.
dp, 4 2
At last, we obtain the optimal marginal price of the
supplier p}; = (1/2)d, the distributor pJ, = (1/4)d, and the
retailer p7; = (1/8)d, the optimal demand g} = (1/8)d, and
the maximum profit of the supplier, the distributor, and the
retailer
Meq = (1/16)d?, 75, = (1/32)d?, and 75,5 = (1/64)d>.

5.1.2. Price Collusion between the Supplier and Distributor.
(1) S_D_Collusion Model. According to CT, when the
supplier and distributor collude price in order to maximize
profits, the decision objectives of collusion will be

SD

1
Tni = 2113}2( 5 (71 (p1> P2 3 (P15 2)) + 702 (P> P2 3 (P1> 22)]

st.p;=0, i=1,2.

(27)

However, to solve the problem of profit maximization,
the first step is to determine the optimal price reaction curve
of the retailer to the price quotation of the supplier and the
distributor based on the reverse selection strategy. We can
know that the profit maximization of the retailer is

Moy = Max 7ty (p1, o, P3)s
Ps (28)

st.p;>0, i=1,23.



10

We easily get this optimal reaction curve as follows:

dns (py> Py P3)

=d—p,—p,—2p; =0,
dp P1—P>—2p;

(29)
1
p3(p1p2) =5 (d = p1 = pa)

0(1/2)[my (p1> pas P53 (P1> P2)) + 3 (P1> P2 P3 (P1> P2))] _1

Complexity

Substituting the above reaction curve p; (p;, p,) into the
decision function of price collusion, we can solve the optimal
quoted price as follows:

op;

At last, we obtain the optimal marginal price of the
supplier pS0* = (1/4)d, the distributor pSD* = (1/4)d, and

m2
the retailer pSB* = (1/4)d, the optimal demand

g’P* = (1/4)d, and the maximum profit of the supplier, the
distributor, and the retailer
mh* = (1/16)d?, mh* = (1/16)d?, and m35* = (1/16)d>.

(2) S_D_Cheat Model. This model is similar to the
previous analysis of the cheating model because the first-
mover advantage of the supplier becomes a disadvantage.
The distributor is most likely to cheat in the price collusion,
thus damaging the profit of supplier. The profit maximi-
zation and reaction curve of retailer are as follows:

SD
g3 = n}ax 73 (P> P2 P3)>
3

s.t. PiZO’ i= 1)2a 3) (31)

1
P3(p1p2) =5 (d = py = pa).

According to the price collusion agreement, the supplier
shall first quote pg? * = (1/4)d on the basis of the decision of
maximizing the profit of price collusion. After the supplier
completes his own pricing, the decision making of dis-
tributor’s cheating behavior is to decide his new quotation
P, based on the new profit function.

o = H})‘;‘X772(1’51[1)*’1’2’173(1’3?*’1’2))’

(32)

st.p>0, i=2
Through the above objective function, we can have
the  entire  optimal  marginal  price = pSP* =
(1/4)d, pSP* = (3/8)d, and pS0* = (3/16)d, the optimal

demand ¢5P* = (3/16)d, and all the optimal profits
P = (3/64)d?, nSD* = (9/128)d?, and nS0* = (9/256)d>.

According to the punishment mechanism of CT in
microeconomics, the critical discount factor can be solved as
follows:

0(1/2)[m, (py> pos P3) + 715 (P1> P2y P3)] _ 1

2
24Pt p)=0. (30)
505§D _ Mgy — Mop _ (9/128)d° - (1/16)d> 1
2o w2, (9/128)d - (1/32)d”> 5
(33)

Proposition 3. In a three-echelon supply chain, the dis-
tributor’s profits of distributor in price collusion, cheating,
and  Stackelberg  game  satisfy  mo* = (9/128)d?
>mbh* = (1/16)d* > ity = (1/32)d>.

(1) When the discount factor satisfies 8§D > 8§D * = (1/5),
the supplier and distributor are likely to collude price
to get higher loans from the SCF service provider in the
three-echelon trade-based SCF transaction structure.

(2) When the discount factor satisfies 8§D25§D* = (1/5),
the three-echelon trade-based SCF transaction
structure has the ability to actively restrain price
collusion between the supplier and distributor, that is,
self-restraint, which can effectively avoid the price
collusion behavior.

Proof. 1t follows directly from the above analysis and is thus
omitted. O

5.1.3. Price Collusion between the Distributor and Retailer.

(1) D_R_Collusion Model. According to CT, when the dis-

tributor and retailer collude price to maximize profits, their

collusion decision objectives are

Ty = max : [, (1> 2> P3) + 75 (P> P> P3)]s
Paps 2 (34)

st.p;=0, i=2,3

By solving the following partial derivatives, we can get
the optimal reaction curve of the distributor and retailer to
the supplier’ price quotation.

(d-p1)=(ps+ps) =0. (35)

op;

2
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The reaction curve is
1
DR
P2 =7 (d=p1),

1
Py =5 (d=p1), (36)

1
P+ Py =5 (d= ).

Through the reverse selection strategy, we substitute the
above reaction curve into the supplier’s profit maximization,
and the solution is as follows:

Moy = max (1> P (P1)> s (1))

st.p;=20, i=1,

dmy(pr P (P1)- P (P)) 1,
ap, =2d-p1=0.

(37)

At last, we obtain the optimal marginal price of the
supplier pPR* = (1/2)d, the distributor p2X* = (1/8)d, and

m2

the retailer pP%* = (1/8)d, the optimal demand
PR = (1/4)d, and the maximum profit
ab® = (1/8)d?, nb5* = (1/32)d?, and nb5* = (1/32)d>.

(2) D_R_Cheat Model. Similar to the analysis of the
cheating behavior of the distributor under the price collu-
sion between supplier and distributor, when they collude,
the retailer obtains the motivation of cheating in the price
collusion. At this time, the optimal marginal price of the
supplier and distributor will be similar to that in the
D_R_Collusion model, which is
poR = (1/2)dand pf* = (1/8)d. Then, the decision
making of retailer cheating behavior is based on the new

profit function to determine its new quotation ps:
DR DR+ _DR#
Ty = max 773(Pd1 > Paz »P3)’
ps (38)
st.p;=20, i=3.

Through the above objective function, we get the re-
tailer’s optimal marginal price p2** = (3/16)d, the optimal

0(1/2)[m, (pys pas p3) + 73 (P1> Pa> P3)
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demand gY®* = (3/16)d, and all the optimal profits 7} =
(3/32)d?, nlR* = (3/128)d*, and nlf* = (9/256)d>.
According to the punishment mechanism of CT in
microeconomics, the critical discount factor can be solved as
follows:
DR 5 gDR* _ gy~ Ty _ (9/256)d” — (1/32)d” _ 1
2o R _nt (9/256)d” — (1/64)d> 5
(39)

Proposition 4. In a three-echelon supply chain, the profits of
retailer in price collusion, cheating, and Stackelberg game
satisfy

DR = (9/256)d* > mDX* = (1/32)d? > mly = (1/64)d>.

(1) When the discount factor satisfies
SVR > VR* = (1/5), the distributor and retailer are
likely to collude price to get higher loans from the SCF
service provider in the three-echelon trade-based SCF
transaction structure.

(2) When the discount factor satisfies
SVR < 8VR* = (1/5), the three-echelon trade-based
SCF transaction structure has the ability to actively
restrain price collusion, that is, self-restraint, which
can effectively avoid the price collusion behavior.

Proof. 1t follows directly from the above analysis and is thus
omitted. O

5.1.4. Price Collusion between the Supplier and Retailer.
(1) S_R_Collusion Model. According to CT, when the sup-
plier and retailer collude to maximize profits, their collusion
decision objectives are
SR _ 1
i = Max = [, (1, P, p3) + 73 (P1> P> )],
piops 2 (40)

st.p;=0, i=1,23.

By solving the following partial derivatives, we can get
the optimal reaction curve of the supplier and retailer to the
distributor’s price quotation.

op;

1
H=5(d—pz)—(p1+ps)=0- (41)
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The reaction curve is

1
anRl =1 (d-p2)s
1
=), @)

1
Pont * Py =5 (d = p2).

Through the reverse selection strategy, the above reac-
tion curve is put into the profit maximization of distributor,
and the solution is as follows:

Ty = max 75(Pom (P2)> P> Pis (P2))»
s.t.p;20, i=2,

dm, (anRl (P2), P2 P?nR3 (Pz))
dp,

1
= Ed - PZ =0.
(43)

At last, we obtain the optimal marginal price of the
supplier pSR* = (1/8)d, the distributor pSk* = (1/2)d, and
the retailer pﬁﬁ* = (1/8)d, the optimal demand
@R* = (1/4)d, and the maximum profit is
moRe = (1/32)d*, mR* = (1/8)d*, m%r = (1/32)d>.

(2) S_R_Cheat Model. Similar to the analysis of the
cheating behavior of the distributor under the price collu-
sion between supplier and distributor, when they collude,
the retailer obtains the motivation of cheating in the price
collusion. At this time, the optimal marginal price of the
supplier and distributor will be similar to that in the
S_R_Collusion  model,  which is  p§** = (1/8)
d, p35* = (1/2)d. Then, the decision making of the retailer’s
cheating behavior is to decide its new quotation p; based on

the new profit function:

SR _ SR SR
g3 = maxp3ﬂ3(pdl > Pan ’P3)’

i=3.

(44)
s.t. p; =0,

Through the above objective function, we get the optimal
marginal price of retailerp’X* = (3/16)d, the optimal de-
mand  g** = (3/16)d, and all the  optimal
profitmiX* = (3/128)d?, mix* = (3/32)d*, mis* = (9/256)d>.

According to the punishment mechanism of the CT in
the Microeconomics, the critical discount factor can be
solved as follows:

s goRe _Tas ~ My _ (9/2560)d° — (132)d” _ 1

2o Bt (9/256)d - (1/64)d> 5

(45)

Proposition 5. In a three-echelon supply chain, the retailer’s
profits of price collusion, cheating, and Stackelberg game
satisfy mR* = (9/256)d* > mok* = (1/32)d* > mly = (1/64)d>.

(1) When the discount factor satisfiesd5" = 83%* = (1/5),
the supplier and retailer are likely to collude price to

Complexity

get higher loans the SCF service provider in the three-
echelon trade-based SCF transaction structure.

(2) When the discount factor satisfies 8§R < 5§R * = (1/5),
the three-echelon trade-based SCF transaction
structure has the ability to actively restrain price
collusion, that is, self-restraint, which could effectively
avoid the price collusion behavior.

Proof. It follows directly from the above analysis and is thus
omitted. O

5.2.  Price Collusion under Simultaneous Game.
Simultaneous game is similar to Cournot game in which the
supplier, distributor, and retailer quote at the same time.
According to CT, we analyze the simultaneous game, price
collusion, and cheating behaviors of the supplier, distribu-
tor, and retailer in the three-echelon supply chain.

5.21.  Benchmark  Model:  Simultaneous  Game.
Simultaneous game (similar to Cournot game) is a bench-
mark model for the supplier, distributor, and retailer to
quote at the same time. According to CT, we first analyze the
simultaneous game in the three-echelon supply chain and
then the price collusion and cheating in three different forms
of price collusion. When the supplier, distributor, and re-
tailer play simultaneous game, the solution of reverse se-
lection is as follows. First, the profit maximization of the
supplier is

Msimi = Max 71y (Py, Pas P3)s

st.p;=0, =123

Therefore, the optimal reaction curve of supplier to the
distributor and retailer’s quotations is as follows:

dm, (py> P2 P3)

=d-2p, —p,-p; =0,
dp, Pr—DP2—Ps

(47)
1
Pi(p2ps) =5 (d=ps = p3)-

Following the same principle, we could get p, (p;, p3)
and p;(p;, p,). Then, we solve the above three reaction
curves simultaneously, that is,

-

1
Pi(paps) =5 (d = pa=p3),

1
1 P2(p1p3) :E(d_lﬁ - p3)s (48)

1
[ p3(P1-p2) =5 (d = p1 = p2)-

At last, we have pj = p3 = p; = (1/4)d, q* = (1/4)d,
and 7%, = & = M = (1/16)d2.
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5.2.2. All the Collusion and Cheating Scenarios under Si-
multaneous Game. Similar to Sections 5.1.2-5.1.4, we need
to analyze all the price collusion and cheating behaviors
between any two members in the three-echelon supply
chain. To easily compare and analyze all the scenarios, we
summarize the calculation results in all cases in Table 2.

Proposition 6. In a three-echelon supply chain with the
supplier, distributor, and retailer, because anyone’s profit
under price collusion is equal to that under the simultaneous
game, colluding price to get high loans is difficult under the
simultaneous game.

According to the calculation results in Table 2, if the
distributor and retailer or the supplier and retailer conduct
price collusion, we cannot solve any discount factor based on
CT because all the supply chain members’ profit is equal
whether in price collusion or in cheating scenarios. When the
supplier and distributor conduct price collusion, the distrib-
utor’s profit in cheating scenarios is higher than that in price
collusion scenarios, but the profit in price collusion scenarios is
equal to that in the simultaneous game. Therefore, the supplier
and distributor cannot conduct price collusion.

6. Comparative Analysis

In this section, we conduct a comparative analysis of the
optimal solutions among different games (i.e., sequential and
simultaneous games) in different SCF transaction structures
(i.e., two-echelon supply chain and three-echelon supply
chain).

6.1. Sequential vs. Simultaneous Game in Two-Echelon Supply
Chain. We comparatively analyze and summarize all the
optimal marginal prices, demands, and maximum profits of
the supplier and retailer with price collusion and cheating
behavior in sequential game and simultaneous game. The
results are shown in Table 3.

Under the sequential game, when supplier and retailer
collude price, the profits of suppliers remain unchanged, but
the profits of retailer and the actual market demand increase
significantly. The retailer’s profit when cheating from the
price collusion is higher than that when conducting price
collusion, whereas the supplier’s is the opposite. From an-
other perspective, considering the advantages of retailer as
the buyer’s market power, the supplier is likely to be willing
to cooperate with retailer in price collusion without dam-
aging their own profits. Of course, if the supplier’s product is
a best seller and there is no lack of consumer market, the
opposite may be true. Under the simultaneous game, both
the supplier and retailer’s profit when conducting price
collusion is higher than that in the simultaneous base game,
but only the retailer’s profit when cheating from the price
collusion is higher than that in price collusion.

Proposition 7. In a two-echelon supply chain, the discount
factor under the simultaneous game is higher than that under
the sequential (Stackelberg) game, ie.,
Ogim = (9/17) > (1/5) = ;Eq, which means the supplier and
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retailer are more likely to conduct price collusion to get high
loans under the sequential game.

The above proposition shows that the price collusion
stability in the simultaneous game is lower than that in se-
quential game because both the profits of supplier and retailer
in the simultaneous game are higher. Without doubt, the
partners involved in the price collusion under the simulta-
neous game are more likely to cheating. At the same time, the
simultaneous game in two-echelon SCF transaction structure
can more effectively avoid price collusion and control the risk
of SCF than sequential game.

6.2. Two-Echelon vs. Three-Echelon Supply Chain. We
comparatively analyze and summarize all the optimal
marginal prices, demands, and maximum profits of supplier,
distributor, and retailer with price collusion and cheating
behavior in the three-echelon supply chain under the se-
quential game. All the scenarios in the three-echelon supply
chain under the simultaneous game are shown in Table 2,
and those in the two-echelon supply chain are presented in
Table 4. Therefore, we will not repeat them here.

According to the above comparative analysis, we reach
the following detailed conclusions.

Observation 1.

(1) In the two-echelon supply chain, there is a greater
risk of price collusion to obtain higher loans from the
SCF service provider.

(i) Under the sequential game

*

(D) If the discount factor 6Seq > (1/5), it is easy to

conduct price collusion; otherwise, if
O5eq < (1/5), the supply chain can effectively
avoid the price collusion behavior.

(I) As the supplier’s profit (or revenue charged

from the retailer) does not change
Seq* Seq* .
g =7, , the retailer cannot conduct

price collusion to get higher loans.

(I )Under the simultaneous game

*

(I) If the discount factor dg,, > (9/17), it is easy
to conduct price collusion; otherwise, if
O&im < (9/17), the supply chain can effectively
avoid the price collusion behavior.

(II) As the supplier’s profit (or revenue charged
from the retailer) has increased from the
price collusion 75™* < 7%im* the retailer can
get higher loans from the SCF service

provider.

(2) In the three-echelon supply chain, there is a small
risk of price collusion to obtain higher loans from the
SCF service provider.

(i) Under the sequential game

(i) If discount factor
8P, DR* 8% > (1/5), it is easy to
conduct price collusion; otherwise if
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TaBLE 3: Optimal price, demand, and profit of the supplier and retailer in the two-echelon supply chain.

Price Demand Profit 0
Seq Seqx _ _Seqx Seq+ _ _Seqx Seq* Seq * Seq * Seq * Seq* __ _Seqx Seqx _Seqx Seq* Seq x
Seq Psi” >Pmi =Py P2 =Pm <Pg qs <4y <Qqm T =Tt 2T g <Thypy <7, 6Seq - (1/5)

; Sim Simx _ . Sim* . Sim* Sirn Sims Sim Sim
Sim P >Pmi =Py Pmr <P <Pp 9. <4d

1
Sim n,Sim* Sim n,Sim* Simx Sim Simx
<G ml 2T 2Ty T <My <7

8% = (9/17)

Seq represents the sequential game, and Sim represents the simultaneous game.

8§D * S?R * 8§R * < (1/5), the supply chain
can effectively avoid the price collusion
behavior.

(II) As the supplier’s (or distributor’s) profit
(or revenue charged from the distributor or
retailer) does not change ¥, = mL*, 1%, =

ml >

aPR%* in S_D_Collusion and D_R_Collu-

sion, the distributor (or retailer) cannot

conduct price collusion to get higher loans.
(ILi) As the distributor’s profit (or revenue

charged from the retailer) has increased
nt <mR* from the price collusion in
S_R_Collusion, the retailer can get higher
loans from the SCF service provider.
However, at this time, the supplier and the
retailer are in price collusion and need the
cooperation of the distributor to conduct
this kind of price collusion to obtain higher
loans from the SCF service provider. In

most cases, this is impossible.
(IL; )Under the simultaneous game

(I) Seeing that anyone’s profit in price collusion
is equal to that under the simultaneous game,
conducting price collusion to get high loans
is difficult under the simultaneous game (see
Proposition 6).

7. Extension

In Section 4, the analysis is based on the assumption of
complete information and the equal profit allocation be-
tween the supplier and retailer in the two-echelon supply
chain. In this section, we expand the analysis from two
aspects. First, the profits are distributed according to sharing
factors. Second, price collusion behavior is analyzed under
incomplete information.

7.1. Revenue Sharing. Although the average allocation of the
profits may seem fair, such is not always the case because
some people value the relative value and others value the
absolute value. That is, some firms value the profits of each
other. Therefore, we develop the sharing factors to make it
lean toward the general sense [39]. We assume that the two
individuals involved in the price collusion behavior share the
total profits of the price collusion according to a certain
sharing factors (y,,y,) and satisfy y, + y, = 1. We expect to
find a suitable proportionality portfolio (y],y;) to allocate
the profit of price collusion or concentrate decision-making
profit, supplemented by the restrictive constraints of the
critical discount factor §>4¢". In fact, it is equivalent to

finding a coordinated contract combination (y},y;,8>06")
to achieve supply chain coordination and obtain the max-
imum profit of the whole supply chain.

As the whole profit of the price collusion is
m* = (1/4)d?, the retailer shares the collusion profit as 7,, =
(1/4)y,d?,y, € [0,1] and thus

5250 < d = _ (9/64)d22— (8/64))}2(;12 918

g — T (9/64)d” — (4/64)d 5 5
(49)

Because &€ [0,1], 0< (9/5)— (16/5)y,<1, that is,
(4/16) <y, < (9/16). Therefore, the above combination
contract form (y},y;,8>38") can be expressed as follows:

9 16
28* _2_2° *’
5 5)’2

D*=< *

49 (50)
Y2 € [16’ 16]’ g €fo1],

[ Y1+, =1

We refer to the above combination as a combined
contract, which is based on the following considerations. For
the sequential game in the two-echelon supply chain, the
leader can be either a supplier or a retailer. If the supplier is a
leader, it belongs to the category of price leadership. If the
retailer is a leader, it is essentially the category of output
leadership, especially when the supplier, as leader, wants to
establish strategic partnership with retailer and even per-
forms vertical integration, that is, forward integration. To
prevent retailer from collusion in the supply chain, the above
combined contracts can be selected as a necessary regulatory
measure. As described in the book “Intermediate Micro-
economics: A Modern Approach [2],” when the long-term
sequential game could be used as a punishment “threat” for
price collusion, we can prove that the above regulatory
measures are effective.

Proposition 8. In a two-echelon supply chain under the
sequential game with revenue sharing factor (y,,y,), the
profits of supply chain in price collusion, cheating, and se-
quential game, respectively, are
7, = (8/64)y,d* m; = (9/64)d%, and m, = (4/64)d>.

(1) When the revenue sharing factor and the critical
discount factor satisfy (y},ys,8") € R*\D*, the two-
echelon trade-based SCF transaction structure has the
ability to actively restrain price collusion, that is, self-
restraint, which can effectively avoid the price collu-
sion behavior (#° = [0, 1] x [0, 1] x [0, 1]).
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(2) When the revenue sharing factor and the critical
discount factor satisfy (y;,y;,0") € D*, the supplier
and the retailer can easily conduct price collusion to
get higher loans from the SCF service provider. To
control this risk of SCF, we should let the revenue
sharing and critical discount factor combination
strategy belong to #°\D*.

Proof. It follows directly from the above analysis and is thus
omitted. O

7.2. Incomplete Information. The above analysis ignores that
when we assume that one partner cheating, the other partner
may cheat at the same time, which is expanded here. When
considering cheating in the price collusion, the supplier
thinks that the retailer may maintain the quotations of price
collusion or may also cheat in the price collusion. Therefore,
it is ideal to assume that the retailer will be cheating in the
price collusion with a certain probability ¢,. Similarly, the
retailer will also make the above considerations, assuming
that the probability of cheating of the supplier is &;.

According to the previous analysis process, if the sup-
plier and the retailer cheat at the same time, their cheating
quotations satisfy pj = p5 = (3/8)d. At this time, their
profits satisfy 77} = 75 = (6/64)d* (see Figure 4.). Obviously,
the profits of the supplier and retailer who cheat at the same
time are lower than the profits in price collusion, which is
not what they want.

When only one of the suppliers and retailers is cheating
in the price collusion, the critical discount factor is
87 = (9/17). When they are cheating at the same time, the
critical discount factor at this time satisfies §° = 0 because
the profit of cheating does not meet their respective interests
(see Figure 4). Based on the above analysis and the prob-
ability distribution of possible cheating behavior, the fol-
lowing propositions can be obtained.

Proposition 9. In a two-echelon supply chain under the
simultaneous game with the probability of cheating of the
supplier and retailer (g, €,), the profits of price collusion, only
one cheating, both cheating, and simultaneous game, re-
spectively, are ,, = (8/64)d*, n? = (9/64)d*, ;= (6/64)d>,
and 76 = (1/9)d?, i =1,2.

(1) The probability of both the supplier and retailer
cheating together from the price collusion is &, X €,. At
this time, if the critical discount factor satisfies
8>3 =0, in most cases, the supplier and retailer are
likely to conduct price collusion to get higher loans
from the SCF service provider in the trade-based SCF
transaction structure.

(2) The probability of either only the supplier or only the
retailer cheating from the price collusion is
(1-¢)e, + (1 —&y)e;. At this time, if the critical
discount factor satisfies §> 0, = (9/17), the supplier
and retailer are likely to conduct price collusion to get
higher loans from the SCF service provider. However,
if the discount factor satisfies §>6. = (9/17), the
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Supplier cheating .
from the collusion Colsion
i = 9/64d?
m,, = 8/64d?
8" =9/17
Retailer cheating

from the collusion

74 = 9/64d>

8" =9/17

0 & 1

FIGURE 4: Cheating in the price collusion.

trade-based SCF transaction structure has the ability
to actively restrain price collusion, that is, self-re-
straint, which can effectively avoid the price collusion
behavior.

(3) The probability of neither the supplier nor the retailer
cheating from the price collusion is (1 —¢,)(1 —&,).
At this point, no matter what the critical discount
factor is, the supplier and retailer are likely to conduct
price collusion to get higher loans from the SCF service
provider.

Proof. It follows directly from the above analysis and is thus
omitted.

Under the background of the simultaneous game, both the
supplier and retailer may cheat in the price collusion at the
same time because of the simultaneous quotation, so the critical
discount factor depends on the probability of cheating.

Next, we analyze the size of the critical discount factor in
both simultaneous and sequential games.

We construct
O(ep,6) =0; =0, = (7)[(1 —¢&)e, + (1 - &)e;] — (1/5),
where 87 = (9/17)[(1 —¢))e, + (1 — &g, ].

The positive and negative conditions of §(¢,¢,) are
analyzed by numerical simulation with MATLAB. If it is
positive, then the price collusion stability in the simulta-
neous game is lower than the stability in the sequential game,
and vice versa. A negative sign of 0 (¢;, ¢,) indicates that the
collusion stability in the simultaneous game is higher than
that in sequential game.

Looking at the different directions of the following
figure, & (¢, €,) can be positive or negative (see Figure 5). In
two different game situations, the probability assumptions
that the supplier and retailer may be cheating change the
absolute superiority and inferiority of critical discount
factors. The more realistic relationships between the critical
discount factors should be relative to the combination
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probability § (¢, &,) of cheating. In absolute sense, there are
no absolute advantages or disadvantages relationship be-
cause it is almost impossible to achieve complete infor-
mation symmetry in reality.

By observing the above figure, we can summarize the
relationship between the size relation between the two
critical discount factors and the combined probability
(e1,&) as shown  in Figure 6, where
& (&) = (17/45) — ((11/45)/ (1/¢,) — 2). O

Observation 2.

(1) In the probability of both the supplier and retailer
cheating in the price collusion P, € I UIII, the
critical discount factor satisfies §; < J;, and the two-
echelon supply chain under the simultaneous game
is much more likely to conduct price collusion to get
higher loans from the SCF service provider than that
in sequential game.

(2) In the probability of both the supplier and retailer
cheating in the price collusion P, € II, the critical
discount factor satisfies 8" > §;, and the two-echelon
supply chain with one supplier and one retailer

&

5 < o

III

8> 8t

8 < oF

& 1

FIGURE 6: Size relationship.

under the sequential game is much more likely to
conduct price collusion to get higher loans from the
SCF service provider than that in the simultaneous
game.
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8. Theoretical and Managerial Implications

8.1. Theoretical Implications. Theoretically, this study can
provide a new research direction for integrating SCF and
price collusion behavior in microeconomics. Although SCF
can help supply chain solve the capital limitation problem,
price collusion is a very big risk for the customers, whole
supply chain, and financial systems. Studies on the price
collusion behavior in SCF are very limited. We look forward
to providing reference values for the design of SCF trans-
action structure to effectively avoid the price collusion be-
havior. A large amount of related research can be conducted
in the future along such a research direction. As shown in
Figure 7, it constitutes an implementation manual for ef-
fective prevention of the price collusion risks in the SCF
transaction structure.

This paper provides a solution to avoid the price col-
lusion behavior in SCF. We develop various game models to
identify the boundary conditions of price collusion in the
different trade-based SCF transaction structures. Then, the
results of these models are compared and analyzed to
confirm the advantages and disadvantages of different SCF
transaction structures on preventing price collusion
behavior.

From game model results, we identify influence factors
to avoid price collusion. First, SCF transaction structure has
an important influence on price collusion behavior. The
three-echelon supply chain experiences more difficulties to
form price collusion behavior to get higher loans than the
two-echelon supply chain. Second, critical discount factor
can be adopted to prevent price collusion behavior.
Therefore, financial institutions should take corresponding
measures to improve the discount factor. Third, the profit
sharing and incomplete information also affect the price
collusion behavior. This paper develops two types of
mechanism, profit sharing and incomplete information, to
restrain price collusion.

8.2. Managerial Implications. This section illustrates the
managerial implications of this study through two cases,
from two-echelon supply chain to three-echelon SCF
transaction structure, to effectively control the financial risk
of supply chain.

8.2.1. Case Study 1: Xiangyu Co., Ltd vs. ]G Group.
Xiangyu Co., Ltd. (stock code: 600057) is a supply chain
company focusing on bulk commodity procurement, dis-
tribution, terminals, logistics, and park development. The
company’s business philosophy is “create value of the cir-
culation and service for the company’s growth.” It services
an industrial chain, relying on the scientific and advanced
management information system, experienced professional
operation team, and efficient and rigorous risk control
system, with a sound market network, perfect logistics fa-
cilities, and good corporate reputation. It provides cus-
tomers with the full value chain distribution services from
the purchasing and supplying of the raw and auxiliary
materials and semifinished products to the distribution of
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finished products. Xiangyu Co., Ltd. assists customers to
systematically and comprehensively plan, organize, coor-
dinate, and control the business flow, logistics, capital flow,
and information flow throughout the entire process. It also
helps the companies of manufacturing and distribution to
build the core competitiveness of the supply chain in all
directions. In 2018, the company achieved an operating
revenue of 234 billion yuan, which is expected to reach 300
billion yuan in 2019.

Jinguang Group is the only large-scale enterprise group
with complete stainless steel industrial chain in southwest
China and the first private enterprise to complete the entire
stainless steel production chain. Jinguang Group has a
production capacity of 1.5 million tons of stainless steel
smelting and hot rolling and 0.3 million tons of cold-rolled
sheet, with an annual sales revenue of more than 20 billion
yuan (see Figure 8).

Since 2015, due to the state’s macroeconomic policy of
regulating steel production capacity, although stainless steel
does not belong to the category of traditional steel, stainless
steel products are still in short in supply and spot cash
transactions, but Jinguang Group is still unable to escape
from the bank’s loan withdrawal behavior. With its com-
prehensive service capabilities in logistics and supply chain
management, Xiangyu Co., Ltd., has been deeply rooted in
the stainless steel industry for many years, providing many
customers with SCF services, such as raw material pro-
curement, finished product distribution and receivables, and
payable accounts financing. In this context, Xiangyu Co.,
Ltd., chose to cooperate with Jinguang Group to provide raw
material agency procurement, finished product distribution,
and financing services. At the same time, through the
reengineering of business processes, Xiangyu Co., Ltd.,
helped Jinguang Group achieve a substantial reduction of its
inventory-occupying funds from 2 billion yuan to 600
million yuan and provided SCF services with a total credit
line of 600 million yuan. At this time, the two sides’ trading
agency relationship is a typical two-echelon SCF transaction
structure. According to our study on this type of transaction
structure design, there is an invisible loophole in which
fraud collusion occurs. Shortly after the cooperation be-
tween the two parties, the project operators of the two sides
colluded, resulting in the fund repayment risks of tens of
millions (similar to the case of Luckin Coffee Inc. (NAS-
DAQ: LK)). Therefore, the two sides decided to reform the
transaction structure after several rounds of consultations.
Local governments took the lead in establishing the state-
owned platform company. From the perspective of SCF
transaction structure, the platform company is located in the
middle of Xiangyu and Jinguang Group. The platform
company provides agency procurement and distribution
services for the Jinguang Group. Xiangyu shares the plat-
form company’s procurement and distribution services,
which constitutes a typical three-echelon SCF transaction
structure (see Figure 9). According to our research con-
clusions, we can see spontaneous constraints on the collu-
sion behavior in the three-echelon SCF transaction
structure, which can effectively avoid the occurrence of
collusion. At the same time, as the main sponsor of the
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platform company, the government has played the role of
supervision and deterrence, further enhancing the security
and stability of the SCF services.

8.2.2. Case Study 2: Sichuan Logistics and Sichuan Railway
Logistics Co., Ltd. Both the Sichuan Logistics and Sichuan
Railway Logistics Co., Ltd., are typical kind of “supply chain
pallet company,” which provide the trade-based supply

chain finance service. To control the risk of SCF service, they
must change the supply chain transaction structure. For
example, if there is a supplier purchasing coal and supplying
it to the power company, and it is capital constraint. The
supplier wants to get supply chain finance loans from this
kind of “supply chain pallet company,” such as the Sichuan
Logistics Co., LTD, and the supply chain transaction
structure must be changed to as follows. The supplier
purchases the coal, supplies it to the Sichuan Logistics Co.,
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TaBLE 5: Other case companies.

Market value (100
million yuan)

Income (100
million yuan)
3589.22

No. Company (stock code) Main business

Wuchan Zhongda Group Co., Metal materials, chemicals, coal, vehicles, mineral

! Ltd. (600704) products, finance, logistics, etc. (2020,1-12) 2394
) Xéarlzzg g;frilf;o(rg)log;;()ie Supply chain manzf:ar?eeztp l;;t:zzegi ]zfcc.mcial services, real 2262 (2020,1-9) 127.90
S e a0 b platom, gl pecean B0, s g s

Management Cor LA (U0150)  commerce latomm and supply chain fanee, eve. 25423 (Q0201-9) 5580
5 CMST Development Co., Ltd. Commodity circulation, transportation, finance, etc. 332.7 (2020,1-9) 111.53

(600787)

Ltd., and then the Sichuan Logistics Co., Ltd., and supplies it
to the power company. Through this kind of supply chain
transaction structure change, the supply chain finance
service provider, such as the Sichuan Logistics and Sichuan
Railway Logistics Co., LTD, can restrain the collusion be-
tween the supplier and the downstream company. Other
similar listed companies are shown in Table 5.

9. Conclusions, Limitations, and Future
Research

Price collusion, which is different from supply chain inte-
gration, does great harm to SCF to obtain higher financial
loans. We investigate the impact of SCF transaction struc-
tures on price collusion behavior under different game
models in the two-echelon and three-echelon supply chain.
Finally, we develop two types of mechanism, profit sharing
and incomplete information, to restraint the price collusion.
Through this research, we arrive at a series of interesting
conclusions for price collusion in SCF.

In the two-echelon supply chain, the supplier’s original
leader’s preemptive pricing advantage becomes a disad-
vantage when cheating may occur in the price collusion
under the sequential game. In this kind of game, it is almost
impossible for the supplier to cheating because the cheating
behavior of the supplier can be found by the retailer in one
game. The cheating behavior of retailers may be discovered
by supplier at least twice in the game process. When our
hypothesis changes to simultaneous game, suppliers and
retailers may also cheat, and the price collusion stability in

the simultaneous game is lower than that in the sequential
game. When suppliers and retailers perform the simulta-
neous game, the profits of both sides are higher than the
sequential game, so they are more likely to cheat.

In the three-echelon supply chain, there is no interest
basis for any price collusion between any parties, and the
SCF transaction structure has spontaneous endogenous
constraints on price collusion. In the practice of SCF
business, we should give priority to the three-level SCF
transaction structure with self-restraint ability as the service
object. In this transaction structure, we can use relatively
loose revenue sharing and key discount factors. However, for
the supply chain that may have price collusion, the financing
threshold should be raised, such as using constraint
mechanism (a key discount factor) to effectively control the
financing risk of the supply chain.

This paper mainly studies the existence and stability of
price collusion in a two-echelon or three-echelon supply
chain without any supply chain coordination strategy under
the assumption of completely rational economic person. The
research shows a possible domain space for price collusion in
the two-echelon supply chain, and external measures should
be taken to avoid price collusion. There is no feasible price
collusion in the three-echelon supply chain, and the
transaction structure is binding on the price collusion
spontaneously, that is, self-restraint. In the future, in the
context of more extensive supply chain coordination
strategies, such as buyback, quantity discount, revenue
sharing, and risk sharing, the price collusion behavior in
different types of SCF transaction structures should be
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analyzed and distinguished to provide decision support and
in-depth insights into the actual business environment for
SCF practice. At the same time, we need to compare and
analyze the price collusion behavior under different market
demand structures to eliminate the dependence of research
results on specific models as much as possible.
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