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Abstract: In recent years, China’s government has encouraged the adoption of the TOT (Transfer-
Operate-Transfer) model to realize the marketization of China’s public service stock projects. The TOT
model is a cooperation mechanism through sharing investment, revenue and risks between the
government and private partner. Therefore, a fair and reasonable revenue sharing method (RSM) is
the key to the success of the TOT project. This paper aims to provide a fair and reasonable RSM based
on a modified Shapley value with a triangular symmetric fuzzy structure element, which has better
motivation, flexibility, forecasting function and dynamic precise distribution function. According to
the factors that affect revenue sharing, the Shapley value is improved with initial correction coefficient
composed of investment ratio, risk-sharing ratio, execution degree, and fuzzy payment to achieve
fairness and reasonableness. The methodology is illustrated by a case study of a TOT project selected
from Laohekou city of Hubei province, China. The results testify that the revenue-sharing ratios of
participants is positively correlated with the initial correction coefficient, which make the RSM more
motivating; and the Shapley value with fuzzy payment by using triangular symmetric fuzzy element
function make the RSM more flexible, and it has both forecasting function and precise dynamic
distribution function under project revenue uncertainty.

Keywords: shapley value; fuzzy payment; investment ratio; risk-sharing ratio; revenue sharing

1. Introduction

The Chinese government encourages the transformation of China’s public service stock through
TOT (transfer operation transfer) or ROT (reconstruction operation transfer) to reduce government
debt and improve service quality. The financing platform companies participate in the transformation
and operation of the cooperation projects between the government and private partners by introducing
private partners, ROT is a project operation mode in which the government adds reconstruction and
expansion contents on the basis of the TOT model. In this paper, the TOT model is mainly studied.
The TOT project is a common model in stock PPP (public-private-partnership) projects [1]. A private
partner usually pays a franchise fee to the government one-time at the beginning of a franchise.
It can be seen that TOT project generally has a large investment and a long contract term, so flexible
investment and revenue allocation are needed to reduce the risks of both parties. To encourage the
active participation of private partner, the TOT project can achieve a win-win cooperation mechanism
through sharing investment, revenue and risk between government and private partner. With this
cooperation model, the benefits generated by cooperation were the focus of competition between the
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two parties in revenue allocation [2,3]. Therefore, the key to the success of TOT project is to realize fair
and reasonable revenue sharing through a more flexible revenue allocation method [4–6].

At present, the research on the revenue allocation of PPP project has gained wide attention
from scholars both at home and abroad. The revenue allocation methods of dynamic alliances in
cooperative games mainly include the simplified Minimum Costs-Remaining Savings (MCRS) method,
the Nash negotiation bargaining model, the core method, and the Shapley value method. Among
them, the Nash negotiation bargaining model and the Shapley value method are the main way to
study the revenue allocation between cooperative game alliances. The application of negotiation
bargaining model in revenue allocation of PPP projects was mainly to achieve a revenue allocation
scheme between the government and the private partner through bargaining about the franchise
period or the franchise cost in the concession contract [7–12]. There were also scholars who determined
the balance of interests between government and the private partner by means of agency mechanism
and net cash flow financial model [1,13]. The above methods pay more attention to the static revenue
allocation. The Shapley value method is one of the commonly used solution concepts in cooperative
games. It takes the marginal contribution of alliance members as the basis of profit allocation, and gives
a strict axiomatic description to subjective concepts such as “fairness” or “reasonableness”, providing
a unique and fair solution [14,15].

However, the classic Shapley value method assumes that all parties in the game have equal
capital investment and risk sharing in the project, what is inconsistent with the actual situation of
the TOT project [16]. Therefore, it is necessary to improve the Shapley value in combination with
the characteristics of the TOT project invested by the government and private partners in this paper.
At present, the optimization and improvement of Shapley value method are mainly embodied in two
aspects. First, in the theoretical research of the influence of uncertainty of the revenue function of
the alliance on Shapley value, more literature used fuzzy geometry theory to extend the applicable
conditions and scope of Shapley value in fuzzy payment, and proved its uniqueness [17,18]. On the
other hand, it is mainly applied at the practical level. Many scholars have applied the theoretical
research results of Shapley value and improved the specific characteristics of PPP projects [19,20].
From literature research, fewer scholars comprehensively modified the Shapley value from the fuzzy
payment of the total revenue of the TOT project and the related factors affecting the revenue-sharing
ratio (RSR), and systematically studied the problem of revenue sharing of the TOT project.

To sum up, this paper will use the modified Shapley value method for the TOT project revenue
allocation, and modify the Shapley value from the perspectives of the uncertainty of the TOT project
revenue and the factors affecting the RSR to build the TOT project RSM. The model will achieve fair and
reasonable revenue allocation, make the interests of both parties balanced dynamically, and increase
the flexibility of revenue allocation to reduce risks.

2. Shapley Value Approach and TOT Project Overview and Application Research

2.1. Shapley Value

Shapley value was a method proposed by Shapley L.S. in 1953 to solve the cost-sharing revenue
allocation of alliance members in classical games. Because it had certain versatility and could guarantee
a unique solution, it was a major way to study the fair revenue allocation within the alliance [10,21].
The fuzzy payment Shapley value was the revenue allocation problem among the alliance members of
the cooperative game under the uncertainty of the payment function, which was one of the development
directions of Shapley value in theoretical research. Chen et al. [17] used fuzzy set theory to extend the
axioms of classical Shapley values to Shapley values with fuzzy payments. Chen et al. [17] made a fuzzy
extension of Mares method in her doctoral dissertation, and proposed Shapley value with interval
fuzzy payment and type-two fuzzy payment. In order to overcome the shortcomings, namely that
Shapley values with interval value fuzzy payment cooperative game and fuzzy payment of type-two
fuzzy value did not satisfy the validity axioms, the Shapley value of triangular fuzzy number fuzzy
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payment was proposed. Meng et al. [18] proposed that the participation rate of coalition members was
real number [0~1], and the payment function was the general expression of Shapley value of fuzzy
game with fuzzy numbers, and studied its characteristics and properties. Gao et al. [10] proposed
two variables of Shapley value as the solution of fuzzy payment cooperative game, and proved the
uniqueness of uncertain Shapley value. Basallote et al. [22] introduced an average-integral Shapley
value for fuzzy games based on the crisp Shapley value. The above theoretical study of the fuzzy
payment Shapley value provided a more mature method for the revenue sharing among the members
of the cooperative game alliance under the uncertainty of the payment function. The research results
in this aspect provided theoretical support for the analysis of the impact of TOT project revenue
uncertainty on revenue sharing.

2.2. Research on TOT Project Revenue Allocation

TOT project revenue allocation refers to the revenue obtained by each participant in accordance
with the method or mechanism stipulated in the contract under the established contract. At present,
many scholars have studied the revenue allocation between government and private partner of PPP
projects, while the research on revenue sharing of TOT projects is relatively rare. For the former,
the bargaining model is mostly used to adjust the revenue allocation of both parties by using the
franchise period or the franchise fee. For example, Li [23] reached a revenue sharing scheme between
the government and the private sector through bargaining on concession contracts, but the subjectivity
of learning efficiency in this method was determined to have a certain impact on its objectivity.
Kumar et al. [24] used the bargaining model to simulate the bargaining problem between the private
partner and the government on the operating period under the condition of information asymmetry.
Battiston et al. [25] established a bargaining model for energy-saving profit allocation based on revenue
sharing of energy performance contract (EPC), and determined the allocation time and proportion of
energy-saving benefit. However, the bargaining results of both parties are in the form of intervals,
failing to produce a precise allocation proportion. Wu [26] focused on the revenue allocation of
PPP projects, and built a revenue allocation model with the help of NASH negotiation model based
on the impact factors such as investment ratio, risk-sharing coefficient, contract execution degree,
and contribution to the project. In the process of using the Nash negotiation model in the above
literature, the non-uniqueness and uncertainty of the solution is a limitation of this method.

In addition, in other methodological studies, Wang [13] used agency mechanism to analyze the
excess RSR in PPP projects, and considered that the excess RSR was related to investors’ fairness
preference and effort cost coefficient. However, the method only carried out the revenue allocation on
the excess revenue and did not extend to all revenues. Carbonara et al. [6] proposed a net revenue
model for evaluating and measuring different EPC structures. The net present value difference was
minimized to balance the profit demand of the private sector and the economic interests of the public
sector. However, there were insufficient considerations about how much the participants contribute.
Wang and Wang [27] constructed a revenue allocation model based on risk metrics according to
the risk-benefit equilibrium principle, and determined the solution of benefit allocation quota and
allocation time. It was obviously flawed to allocate energy saving benefits only according to the risk
sharing ratio between energy service companies and customers. Cubukcu [28] used Shapley value
for a fair division of surplus development rights in redevelopment of urban areas, the result showed
that landowners can benefit from the highest possible development rights and share the surplus fairly.
The above research shows that factors such as the proportion of investment, the proportion of risk
sharing and the degree of effort have a great impact on revenue allocation. Risk allocation of demand
between government and contractors was a key aspect of any PPP contract [29], and risk allocation was
seen as a way to balance the benefits between partners in a PPP project [30,31]. Therefore, this paper
will choose investment ratio and risk-sharing ratio to modify the Shapley value.
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2.3. Application of Shapley Value Method in TOT Project

Improving Shapley value and applying it to revenue sharing among stakeholders in PPP projects
are mainly reflected in two aspects: One hand, multi-weight improvements are made according to the
influencing factors; on the other hand, the Shapley value is corrected by using fuzzy payment.

At present, more scholars use multi-weight to improve Shapley value. For example, Hu et al. [32]
synthetically considered the proportion of investment, risk-sharing ratio, contract execution degree
and contribution degree, and established a revenue allocation model of PPP project based on modified
Shapely value, which made the model more objective, fair and reasonable. Li et al. [23] proposed
a Shapley value model based on risk factors, investment contributions, and contribution factors of
innovation capabilities in wastewater treatment projects and concluded that the Shapley value model
can guarantee the fairness of revenue allocation of wastewater treatment PPP projects. In the above
method of multi-weight correction Shapley value, most of the literature assumed that the total income
of PPP projects remained unchanged. The revised value of this factor of the participants was subtracted
from the original value of 1/n and the revenue sharing of the participants was adjusted according to
the product of coefficient difference and total revenue of TOT project. The calculation method was
relatively cumbersome. At the same time, the multi-weight correction Shapley value did not consider
the effect of fuzzy payment on the Shapley value of the PPP project.

Yu and Li [33] introduced uncertainty into the interval revenue allocation model and proposed
the interval Shapley value method based on the consideration of investment ratio, risk-sharing ratio,
and execution degree on the improvement of Shapley value. The introduction of uncertainty in the
literature only provided the fuzzy revenue sharing interval of the participants. However, this paper
does not consider the impact of revenue uncertainty on the RSR and the precise matching between the
total fuzzy revenue and the participants’ fuzzy revenue value. Xu and Liu [34] considered the indexes
affecting the revenue distribution, such as the investment ratio, risk sharing ratio and contribution
degree of the participants, and proposed the RSM for hydropower PPP projects based on the modified
Shapley value method. This paper increased the fit of the model to the actual problems for a more
comprehensive analysis of the influencing factors, and predicts the revenue sharing interval of the
participants according to the project income interval, so as to make the income distribution more
reasonable. However, it fails to realize the one-to-one correspondence between the project revenue
interval and the revenue sharing interval of the participants.

From the literature study, it shows that many scholars have applied Shapley value modified by
multiple weights, such as investment ratio, risk-sharing ratio, contract execution and contribution, to
revenue allocation of PPP projects, or improved Shapley value from the perspective of fuzzy payment
and applied it to revenue allocation of PPP projects. However, in the perspective of comprehensive
correction of investment ratio, risk-sharing ratio and fuzzy payment Shapley value, the study of the
revenue allocation of operational TOT projects was less, and it failed to achieve the exact correspondence
between fuzzy payment, fuzzy RSR and fuzzy revenue sharing. Therefore, this paper constructed an
RSM of a TOT project based on initial correction coefficient and fuzzy payment Shapley value and
solved the above problems, and it is more motivating and fair to participants with initial correction
coefficient. In addition, it can realize forecasting function and precise dynamic distribution function
under project revenue uncertainty, and improve the flexibility of revenue allocation.

3. Basic Definition and Revenue Sharing Model Construction of TOT Project

3.1. Basic Definition

3.1.1. Definition 1

The characteristic function of the TOT project alliance
According to the Shapley value theory, the cooperation between the government department and

private partner of the TOT project can be regarded as a cooperative game (N, v). All alliances in N is
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P(N). Alliance refers to the complete alliance of the government and private partner in the classic
cooperative strategy. All alliances in P(N) are S, and their cardinal numbers are |S|.

The different subsets in N represent different cooperation modes, and also represent different
eigenfunctions. The eigenfunction analysis of non-empty subsets in the TOT project cooperation
alliance is as follows.

Subset S =
{
g
}

represents that government completes public infrastructure projects alone, which
is the traditional mode of infrastructure projects. The revenue of government in this mode is v(

{
g
}
),

which is simply written as vg.
Subset S = {c} represents that private partner completes public infrastructure projects alone.

At present, China’s infrastructure projects are not open to private partners, but this paper combines the
experience of private partner in similar projects, assuming that private partner takes full responsibility
for the public project, and its revenue is v({c}), simply recorded as vc.

Subset S =
{
g, c

}
represents the cooperation of alliances between government department and

private partner, namely the TOT model. The revenue of the TOT project is v(
{
g, c

}
), simply recorded

as vTOT.
Therefore, the Shapley value expression of the TOT project is as follows:

ϕi(v) =
∑
i∈S

(|S| − 1)!(2− |S|)!
2!

(v(S) − v(S\i)) (1)

where, I represents the government department and the private partner.
ϕi(v) represents the revenue of member i.
v(S) − v(S\i) reflects the marginal contribution of government or private partner to alliance S.
(|S|−1)!(2−|S|)!

2! indicates the probability of occurrence of each subset S.

3.1.2. Definition 2

Initial correction coefficient of investment ratio and risk-sharing ratio and execution degree of
TOT project Shapley value

According to the literature review, this paper chooses investment ratio, risk-sharing ratioand
execution degree to modify their impact on RSR at first [32–35]. It was also assumed that the investment
ratio and risk-sharing ratio were linearly related to the RSR, and that the business model of the project
did not change with the change of investment ratio, risk-sharing ratio andexecution degree.

Note the actual investment ratio and risk sharing ratio and execution degree of the government
and private partner in the TOT project as ηfi (i = g, c), and ηri (i = g, c) and ηei (i = g, c), respectively.
On the basis of references [32–34], this paper put forward the initial correction coefficient of Shapley
value, which is expressed as follows:

ηi =
∑

w fη f i+wrηri + weηei(i = g, c) (2)

In the Formula, wf, wr and we respectively represent the weights of the investment ratio and the
risk-sharing ratio on the RSR, and satisfy w f +wr +we= 1. η f i, ηri and ηei represent the investment ratio,
risk-sharing ratio and execution degree of participant i respectively, and satisfy

∑
η f i = 1,

∑
ηri = 1.

ηi revises the RSR according to the relative proportion, and changes the way in which the absolute
value of the RSR of the participants is directly revised in the original literature. Therefore, ηi can better
reflect the rationality of the RSR.

For the cooperative game vη : P(N)→ R modified by ηi, and vη(φ) = 0, if the function
ϕ
η
i : P(N)→ Rn is:

ϕ
η
i = 2ηiϕi(v) (3)
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The function is called the Shapley value of the alliance cooperative game vηi based on ηi. However,
this Shapley value is not the actual revenue sharing of the participants, but only reflects the RSR of the
participants. The RSR and the revenue sharing of participants based on ηi are:

β
η
i =

ϕ
η
i∑
ϕ
η
i

(4)

φ
η
i = β

η
i vTOT (5)

3.1.3. Definition 3

TOT project fuzzy payment function and the Shapley value of participants
According to the references [16,33,36,37], (N, v) is called the fuzzy cooperation game in the set

N = (g, c). ṽ is a fuzzy payment function defined in the power set P(N) of defined N and the interval
number set R̃ of values, i.e. ṽ : P(N)→ R̃ and ṽ(φ) = 0. ṽ is called the cooperative game with fuzzy
payment in P(N), and its whole is recorded as G(N). The fuzzy function ϕ̃i : G(N)→ R̃n is:

ϕ̃i(ṽ) =
∑
i∈S

(|S| − 1)!(2− |S|)!
2!

(ṽ(S) − ṽ(S\i)) (6)

This function is called Shapley value of TOT project based on fuzzy payment.
Combining with the meaning of RSR, this paper puts forward the participants’ RSR based on

fuzzy payment, which is:

β̃i =
ϕ̃i(ṽ)∑
ϕ̃i(ṽ)

(7)

According to Equation (6) and Equation (7), β̃i varies with ṽ(S).
According to the relationship between RSR and revenue sharing, the revenue sharing of participants

based on fuzzy payment is proposed. The expression is:

φ̃i =
ϕ̃i(ṽ)∑
ϕ̃i(ṽ)

ṽTOT (8)

Similarly, φ̃i will also change with ṽ(S).

3.1.4. Definition 4

Shapley value and RSR of TOT project based on ηi and fuzzy payment function.
On the basis of Definitions 1, 2 and 3, for the fuzzy cooperative game ṽη : P(N)→ R̃ and ṽη(φ) = 0,

ṽη is called the cooperative game with fuzzy payment in P(N), and its total is recorded as Gη(N). If the
fuzzy payment of TOT project fuzzy cooperative game ṽη based on the revision of investment ratio can
be expressed as ṽη(

{
g, c

}
) = ṽTOT, then the fuzzy cooperative game is called fuzzy cooperative game

based on ηi and fuzzy payment.
The fuzzy function ϕ̃

η
i : Gη(N)→ R̃n is:

ϕ̃
η
i (ṽ) = 2ηi

∑
i∈S

(|S| − 1)!× (|S| − 1)!
2!

(ṽ(S) − ṽ(S\i)) (9)

This function is called Shapley value of TOT project based on ηi and fuzzy payment.
The RSR of participants and the revenue sharing based on ηi and fuzzy payment are:

β̃
η
i =

ϕ̃
η
i (ṽ)∑
ϕ̃
η
i (ṽ)

=
2ηiϕ̃i(ṽ)∑

2ηiϕ̃i(ṽ)
(10)
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φ̃
η
i = β̃

η
i ṽTOT (11)

According to Equations (9)−(11), it can be seen that β̃ηi and φ̃ηi are functions of ṽ, which change
with the value of the fuzzy payment function.

3.2. Construction of Revenue Sharing Model for TOT Projects

Fuzzy payment not only affects the revenue of TOT projects, but also affects the RSR. Therefore,
it is necessary to first consider the improvement of the Shapley value by revenue uncertainty, which is
the Shapley value of the TOT project based on fuzzy payment. Then it needs to consider the initial
correction coefficient of factors such as the RSR, and the Shapley value and its membership function of
the TOT project based on the initial correction coefficient and fuzzy payment according to the relevant
definitions and formulas in 3.1 are constructed.

3.2.1. Fuzzy Payment Value and Shapley Value of TOT Project based on Triangular Fuzzy
Structure Element

Let E be a triangular symmetric fuzzy structure element [16,38].

E(x) =


1 + x,−1 ≤ x ≤ 0
1− x, 0 < x ≤ 1
0, else

The fuzzy number generated linearly by the fuzzytriangular symmetric structure element is
ṽ = a + bE.

Let fv(x) = a + bE, we have:
ṽ = fv(E) (12)

The above formula satisfies ṽ1 + ṽ2 = fv1(E) + fv2(E), and ṽ1 − ṽ2 = fv1(E) − fv2(−E).

3.2.2. Construction of TOT Project RSM Based on Initial Correction Coefficient and Fuzzy Payment

According to Definition 3 and Equation (12), TOT project fuzzy payment and its membership
function based on the fuzzy structure element are:

ṽTOT = fṽTOT
(E) (13)

µṽTOT
(x) = E

[(
fṽTOT

)−1
(x)

]
(14)

According to Definition 4 and Equation (12), the RSR of participants and their membership
functions under the modified Shapley value based on fuzzy structure elements are:

β̃ηi = fβηi
(E) (15)

µ
β̃
η
i
(x) = E

[(
fβηi

)−1
(x)

]
(16)

Similarly, the revenue sharing of participants and their membership functions based on the
modified Shapley value are:

φ̃ηi = f
φ̃
η
i
(E) = fβηi

(E) × fv(E) (17)

µ
φ̃
η
i
(x) = E

[(
fβηi

(E) × fv(E)
)−1

(x)
]

(18)



Symmetry 2020, 12, 882 8 of 19

In summary, Equations (13)−(18) constitute the basic content of the TOT project RSM based on the
modified Shapley value. Previous literature hypothesis implies that the participants’ RSR remains
unchanged within the fuzzy revenue interval.

However, Equation (10) shows that there is a non-linear proportional relationship between the
fuzzy RSR and the fuzzy payment function. The RSR varies according to fuzzy payment function.
Therefore, the β̃ηi proposed in this paper clarifies the functional relationship between the RSR and the
fuzzy payment function, and corrects the deficiencies of the previous literature, so it makes the RSM is
more fair and reasonable.

3.3. Execution Degree

The execution degree refers to the degree of performance of the contract by all participants in
the process of project implementation, as well as the positive actions taken to ensure the overall
benefits of the project, such as active cooperation in the coordination work andactive response to
emergencies [39,40]. Accordingly, the indicators of execution degreeare the degree of performance of
the contract and the degree of coordination satisfaction and the degree of response to emergencies.
As the influencing factors of revenue sharing, it can fully mobilize the enthusiasm of project participants
and help to maximize the overall interest of the project. The indicators of coordination satisfaction
and emergency response are obtained through the subjective evaluation of the assessors which are
ambiguous. On the basis of the theory of intuitionistic fuzzy set, the index weight and expert evaluation
information are expressed by intuitionistic fuzzy number, and the correction coefficient is determined
by calculating the closeness between each participant and the ideal solution.

The first step is to construct the decision matrix of intuitionistic fuzzy set.
There are Z kinds of evaluation indexes for setting the degree of implementation. Intuitionistic

fuzzy evaluation value of the expert for the t index of the participant i. X̃it ≤ µit, i = 1, 2, . . . , n;
t = 1, 2, . . . , z. µit indicates the degree to which the participant i meets the evaluation index [41,42].
Get the evaluation matrix of intuitionistic fuzzy set about the degree of execution.

X̃ =


X̃11 X̃12 . . . X̃1z

X̃21 X̃22 . . . X̃2z
...

...
...

X̃n1 X̃n2 . . . X̃nz


(19)

In the second step, the positive and negative ideal solutions of intuitionistic fuzzy are determined.
Intuitionistic fuzzy positive ideal solution is A+ =

(̃
r+1 , r̃+2 , . . . r̃+z

)
, it represents the best degree of

implementation of the participants; The negative ideal solution is A− =
(̃
r−1 , r̃−2 , . . . r̃−z

)
, it indicates the

least satisfactory degree of implementation of the participant.
In the third step, we calculate the closeness between each participant and the ideal solution.

Hausdorff distance is used to measure the distance between intuitionistic fuzzy sets [43]. The distance
between participant i and positive and negative ideal solutions are respectively

D+
i =

√√ z∑
i=1

(∣∣∣a(̃rit) − a(̃r+t)
∣∣∣+ ∣∣∣b(̃rit) − b(̃r+t)

∣∣∣)2
(20)

D−i =

√√ z∑
i=1

(∣∣∣a(̃rit) − a(̃r−t)
∣∣∣+ ∣∣∣b(̃rit) − b(̃r−t)

∣∣∣)2
(21)
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4. Case Analysis of TOT Project

4.1. Basic Situation of the Case

The Laohekou City Funeral Service Center in Hubei Province adopts a TOT approach to an existing
project due to a decision of a city people’s government. A Cemetery Management Office in the city
acted as a government authorized investment representative (hereinafter referred to as the government)
jointly establishes a project company with private partner. The project company will purchase the
existing project assets with 115.9 million yuan, invest 3 million yuan as the project liquidity, and finally
invest 118.9 million yuan to start the project. The capital of the project company accounts for 30% of
the total investment, about 35.7 million yuan; the government contributes about 7.1 million yuan,
accounting for 20% of the capital; the private partner contributes about 28.6 million yuan, accounting for
80% of the capital; and the remaining about 83.2 million yuan is financed by bank loans. The TOT project
has a franchise period of 15 years, and the investment return mechanism adopts a “user pays” approach.

Regardless of the time value of funds, if the project adopts the traditional method, the total net
profit of the project during the franchise period is 28.3422 million yuan. If the project adopts TOT
model, the total net profit of the project during the franchise period is 46.0585 million yuan. If the
project is implemented by the private partner, the total net profit of the project during the franchise
period is 45.5931 million yuan. The investment ratios of government and private partner are 0.8 and
0.2 respectively. The risk-sharing ratios are 0.24 and 0.76, respectively.

4.2. Revenue Sharing of TOT Projects Based on Modified Shapley Value

4.2.1. Revenue Sharing of TOT Projects Based on Classical Shapley Value

Without considering ηi.
According to Definition 1, we have vTOT = 46.06.
According to Formula (1), the revenue sharing of the government is:

ϕg =
1!× 0!

2!

(
vg − vφ

)
+

0!× 1!
2!

(vTOT − vc) =
1
2
(28.34− 0) +

1
2
(46.06− 44.59) = 14.91

Similarly, the revenue sharing of the private partner is:

ϕc =
1
2
(44.59− 0) +

1
2
(46.06− 28.34) = 31.16.

Considering ηi, Revenue sharing based on Shapley value improved by initial correction coefficient
are as follow.

In this case, there are η f g = 0.2, η f c = 0.8, ηrg = 0.24, ηrc = 0.76, ηeg = 0.196, ηec = 0.743,
w f= 0.37, and wr= 0.3 and we = 0.33. According to definition 2 and Equations (2)−(5), we have:

ηg =
∑

w fη f g+wrηrg + weηeg = (0.4× 0.2 + 0.3× 0.25 + 0.3× 0.17) = 0.21

ηc = 0.4× 0.8 + 0.3× 0.75 + 0.3× 0.76 = 0.77

ϕ
η
g = 0.43

[1
2
(28.34− 0) +

1
2
(46.06− 44.59)

]
= 6.28

ϕ
η
c = 1.54×

[1
2
(44.59− 0) +

1
2
(46.06− 28.34)

]
= 47.93.

β
η
g =

ϕg(vη)
ϕg(vη)+ϕc(vη)

= 6.28
6.28+47.93 = 11.59%, βηc = 47.89

6.28+47.93 = 88.41% φ
η
g = β

η
gvTOT = 11.59% ×

46.06 = 5.34, φηc = 88.41%× 46.06 = 40.72.
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4.2.2. Revenue Sharing of Government and Private Partner Based on Fuzzy Payment

Suppose EMBED Equation. DSMT4 and vTOT. fluctuate by ±10%. According to definition 4 and
Equations (12) and (14), it can be obtained that the fuzzy payment of the project undertaken by the
government alone is ṽg = fvg(E) = 28.34 + 2.83E. The fuzzy payment of the project undertaken by
the private partner alone is ṽc = fvc(E) = 44.59 + 4.46E. The fuzzy payment for the TOT project is
ṽTOT = fvTOT (E) = 46.06 + 4.61E.

According to Equation (6), the fuzzy Shapley value of government and private partner based on

the fuzzy payment are:
ϕg(ṽ) = 1!×0!

2!

(
ṽg − ṽφ

)
+ 0!×1!

2! (ṽTOT − ṽc) =
1
2 (28.34 + 2.83E)+

1
2 [46.06 + 4.61E− (44.59− 4.46E)] = 14.91 + 5.95E

, and ϕc(ṽ) =

1
2 (44.59 + 4.46E) + 1

2 [46.06 + 4.61E− (28.34− 2.83E)] = 31.16 + 5.95E.
According to Equation (7), the fuzzy RSR of government and private partner based on the fuzzy

payment are β̃g = 14.91+5.95E
46.06+11.90E , and β̃c = 31.16+5.95E

46.06+11.90E . Therefore, β̃g = [26.23%, 35.99%], and β̃c =

[64.02%, 73.80%].
According to Equation (8), the fuzzy revenue sharing of government and private partner based

on the fuzzy payment are φ̃g = 14.91+5.95E
46.06+11.90E (46.06 + 4.61E), and φ̃c = 31.16+5.95E

46.06+11.90E (46.06 + 4.61E).
Therefore, φ̃g = [10.87, 18.24], and φ̃c = [30.59, 32.44].

4.2.3. Revenue Sharing and Membership Functions of Government and Private Partner Based on
Modified Shapley Value

Fuzzy payment function and membership function of TOT project based on modified Shapley
value with triangular symmetric fuzzy element E.

According to Equation (14), the fuzzy payment function of TOT project based on the modified
Shapley value is fṽTOT

(E) = 46.06 + 4.61E.
The interval value of the TOT project payment function based on modified Shapley value is[

41.35, 50.67
]
. According to Equation (15), its membership function is

µϕ̃ηvTOT
(x) =


1 + x−46.06

4.61 , 41.35 ≤ x ≤ 46.06
1− x−46.06

4.61 , 46.06 < x ≤ 50.67

0, else

Revenue sharing and membership functions of government and private partner of TOT project
based on modified Shapley value with triangular symmetric fuzzy element E.

According to Equation (9), we have ϕ̃ηg= 2ηgϕ̃g = 0.42 × (14.91 + 5.95E) = 6.28 + 2.51E and
ϕ̃
η
c= 2ηcϕ̃c = 1.54× (31.16 + 5.95E) = 47.93 + 9.15E.

According to Equations (10) and (15), we have β̃ηg = fβηg =
ϕ̃
η
g

ϕ̃
η
g+ϕ̃

η
c
= 6.28+2.51E

54.21+11.66E , and β̃
η
c =

47.93+9.15E
54.21+11.66E .

Therefore, the interval value of β̃ηg is [8.86% , 13.34%]. According to Equation (16), its membership
function is

µ
β̃
η
g
(x) =


1 + 54.21x−6.28

2.51−11.66x , 8.86% ≤ x ≤ 11.59%
1− 54.21x−6.28

2.51−11.66x , 11.59% < x ≤ 13.34%

0, else

.

Similarly, the interval value of β̃ηc is [86.66% , 91.14%] and its membership function is

µ
β̃
η
c
(x) =


1 + 54.21x−47.93

9.15−11.66x , 86.66% ≤ x ≤ 88.41%
1− 54.21x−47.93

9.15−11.66x , 88.41% < x ≤ 91.14%

0, else

.
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According to Equations (11) and (17), the revenue sharing of the government and private
partner based on the modified Shapley value is φ̃ηg = f

φ̃
η
g
= f

β̃
η
g
× fvTOT = 6.28+2.51E

54.21+11.66E (46.06 + 4.61E),

and φ̃ηc = 47.93+9.15E
54.21+11.66E (46.06 + 4.61E).

Therefore, the interval value of φ̃ηg is [3.67 , 6.67]. According to Equation (18), its membership
function is

µ
φ̃
η
g
(x) =


1 +

11.66x−144.46+
√
(144.46−11.66x)2

−46.24×(289.33−54.21x)
23.12 , 3.67 ≤ x ≤ 5.34

1−
11.66x−144.46+

√
(144.46−11.66x)2

−46.24×(289.33−54.21x)
23.12 , 5.34 < x ≤ 6.76

0, else

Similarly, the interval value of φ̃ηc is
[

37.78, 43.91
]

and its membership function is:

µ
φ̃
η
c
(x) =


1 +

11.66x−624.55+
√
(624.55−11.66x)2

−4×42.20(2207.56−54.21x)
84.39 , 37.78 ≤ x ≤ 40.72

1−
11.66x−624.55+

√
(624.55−11.66x)2

−4×42.20(2207.56−54.21x)
84.39 , 40.72 < x ≤ 43.91

0, else

5. Result Discussion

5.1. Project Overview and Parameter Determination

In this paper, 60 questionnaires were distributed to tot financing model research experts, practical
workers, teachers and students studying tot in school, a total of 48 valid questionnaires were recovered.
Among them, there are 8 tot financing mode experts, 9 enterprise management, 12 on-site management
personnel, 8 university supervisors, 11 postgraduate students, all of whom have long-term experience
in TOT related work or research. The questionnaire scores the weight of each factor and collates the
data Table 1. The empirical evidence is consistent with the consistency test. By analyzing the case data
and the objective conditions of each participant, we can get the scores of each participant on different
influencing factors under different secondary indicators. See Table 2 for details.

Table 1. Index weight value of risk-sharing influencing factors.

Influence Factor Weighting All Factors Include Indicators Proportion

Risk control capability 0.42
Soundness of risk management system 0.32

Effectiveness of risk measures 0.41
Control experience of similar risks 0.27

Risk tolerance 0.28
Risk Reserve Ratio 0.28

Profitability 0.42
Asset liability ratio 0.30

Willingness to take risks 0.30

Risk preference 0.21
Expected return / risk management cost of risk 0.37

Control awareness 0.20
Investment proportion 0.22
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Table 2. Scoring of force majeure risk.

Influence Factor All Factors Include Indicators Government Side Private Party

Risk control capability
Soundness of risk management system 35 65

Effectiveness of risk measures 40 60
Control experience of similar risks 30 70

Risk tolerance
Risk Reserve Ratio 30 70

Profitability 20 80
Asset liability ratio 30 70

Willingness to take risks

Risk preference 50 50
Expected return / risk management cost of risk 30 70

Control awareness 50 50
Investment proportion 48 52

5.2. The Effect of the Initial Correction Coefficient on the Revenue Sharing of Both Parties

5.2.1. Results Comparison of Classical Shapley Value and Shapley Value Improved by Initial
Correction Coefficient

Based on classical Shapley value, there are vTOT = 46.06, βg =
ϕg

vTOT
= 14.91

46.06 = 32.36%, βc =
ϕc

vTOT
=

31.16
46.06= 67.64%, ϕg = 14.91 and ϕc = 31.16.

Based on Shapley value of ηi, there are vTOT = 46.06, βηg = 11.59%, βηc = 88.41%, φηg = 5.34,
and ϕηc = 40.72.

In Figure 1, (1) Because of βg =
ϕg(v)
vTOT

= 14.91
46.06 = 32.36% < 1

2 , the contribution of government
departments in the TOT project is relatively low; (2) Because both η f g = 0.2 and ηrg = 0.25 are smaller
than the hypothetical value of the classic Shapley value of 0.5, βηg = 11.59% < βg = 32.36%. That is,
when the investment ratio and RSR of the government are reduced, the government’s revenue sharing
and RSR will be greatly reduced, and vice versa. It suggests that the RSR and revenue sharing are
positively correlated with the initial correction coefficient.
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Figure 1. Comparison of the revenue of the Transfer-Operate-Transfer (TOT) project and the revenue
sharing of the government and private partner considering the initial correction coefficient and without
considering the initial correction coefficient Unit: million yuan.

5.2.2. Results Comparison of Shapley Value with Fuzzy Payment and Modified Shapley Value

Based on the Shapley value of fuzzy payment, we have ṽTOT = [41.35, 50.67], ϕ̃g = [11.31, 17.92],
ϕ̃c = [30.59, 32.44];β̃g = [26.23%, 35.99%] and β̃c = [64.01%, 73.77%].

Based on the improved Shapley value of ηi and fuzzy payment, we have ṽTOT = [41.35, 50.67],
ϕ̃
η
g = [3.67, 6.76], ϕ̃ηc = [37.78, 43.91], β̃g = [8.86%, 13.34%], and β̃c = [86.66%, 91.14%].
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Through comparative analysis, it is found that ηi changes the fuzzy revenue sharing and RSR of
the government and private partner. In this case, the government’s investment ratio and risk-sharing
ratio are both less than the original assumption of the Shapley value which is 0.5. Therefore, the revenue
sharing and RSR of the government are reduced with the decrease of the proportion of this factor,
that is, when the investment of the participant and the risk-sharing ratio are small, the revenue sharing
and the RSR are also small, and vice versa. That is to say, the value of ηi is proportional to its RSR.

The analysis in this Sections 5.2.1 and 5.2.2 shows that ηi changes the RSRs and revenue sharing
of the participants andthe RSR and revenue sharing of the private partner is positively correlated with
ηi. That is to say the higher ηi, the more revenue sharing. Thus, the RSM based on modified Shapley
value is fairer and more motivating to the participants.

5.3. The Effect of Fuzzy Payment on the Expected Revenue of TOT Projects and the Shapley Value of
Both Parties

5.3.1. Results Comparison of Classical Shapley Value and Shapley Value with Fuzzy Payment

Based on classic Shapley value, we have vTOT = 46.06, ϕg(v)= 14.91, ϕc(v) = 31.16, βg = 32.36%,
and βc = 67.64%.

Based on fuzzy payment Shapley value, we have ṽTOT = [41.35, 50.67], β̃g = [26.23%, 35.99%],
β̃c = [64.01%, 73.77%], φ̃g = [10.87, 18.24], and φ̃c = [30.59, 32.44].

The comparison shows that under the fuzzy payment function, the payment function changes
from the exact value to the fuzzy interval value, and β̃g, β̃c, φ̃g, φ̃c respectively change from the exact
value to the fuzzy interval value. The exact value is a special value in the fuzzy interval value.

5.3.2. Results Comparison of Shapley Value Improved by Initial Correction Coefficient and Modified
Shapley Value

Under the condition of Shapley value based on ηi, we have vTOT = 46.06, βηg = 11.59%,
β
η
c = 88.41%, ϕηg = 5.34, and ϕηc = 40.72.

Under the condition of Shapley value based on ηi and fuzzy payment, we have ṽTOT =

[41.35, 50.67], β̃ηg = [8.86%, 13.34%], β̃ηc = [86.66%, 91.14%], φ̃ηg = [3.67, 6.76], and φ̃ηc = [37.78, 43.91].
The comparison shows that the payment function changes from the exact value to the fuzzy

interval value, and β̃ηg, β̃ηc , φ̃ηg , φ̃ηc respectively changes from the exact value to the fuzzy interval value.
The exact value is a special value in the fuzzy interval value.

In this section of Sections 5.3.1 and 5.3.2, the analysis shows that the RSR and revenue sharing of
the participants change with the project revenue uncertainty. At the same time, the revenue sharing
and RSR of the participants also form a corresponding fuzzy interval under project revenue uncertainty.
Thus the RSM based on modified Shapley value can forecast the intervals of the RSR and revenue
sharing of participants according to interval of the project revenue.

5.4. Potential Application of the RSM Based on Modified Shapley Value

According to the results of the case calculation, we have ṽTOT = [41.35, 50.67], β̃ηg =

[8.86%, 13.34%], β̃ηc = [86.66%, 91.14%
]
, φ̃ηg = [3.67, 6.76], and φ̃

η
c = [37.78, 43.91]. In the fuzzy

payment function and the fuzzy revenue sharing interval of the participants, each specific value
corresponds to its membership degree. For example, when the membership degree is 1, the TOT
project’s payment function value is 46.06 million yuan, the government’s revenue sharing and RSR are
5.34 million yuan and 11.59%, respectively, and the private partner’s revenue sharing and RSR are
40.72 million yuan and 88.41%, respectively. They are shown in points CTOT, Cg, Cβg , Cc and Cβc in
Figures 2–6, respectively.
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Therefore, according to the membership degree of the specific payment function value of TOT
project based on triangular symmetric fuzzy structure element, the RSR and revenue sharing value of
each participant corresponding to the same membership degree can be calculated. As shown in the
BTOT point in Figure 2, the payment value of the corresponding TOT project is 45.14 million yuan,
the corresponding fuzzy element is EvTOT = −0.2, and the membership degree is µṽTOT

= 0.8,
which points ATOT. According to the corresponding relationship of the above membership degree,
the fuzzy element value of each participant should be E

φ̃
η
g
= E

φ̃
η
c
= −0.2 and the membership degree

should be µ
φ̃
η
g
= µ

φ̃
η
c
= 0.8. The points corresponding to this membership degree are the points Ag,

Ac, Aβg and Aβc in Figures 3–6. That is to say, the payment value of TOT project is 45.14 million yuan,
the corresponding government revenue sharing and its RSR are 5.03 million yuan and 11.14%,
respectively, and the revenue sharing and its RSR of private partner are 40.11 million yuan and
88.86%, respectively.

In summary, the membership degree of the TOT project payment function, the participant’s RSR
function and the participant’s revenue sharing function accurately determine the relationship of the
three functions. Then, according to the actual value of the TOT project revenue and its corresponding
membership degree during the contract execution period, the precise revenue sharing value of the
participants can be determined. That is to say, the RSM based on the modified Shapley value can
achieve theprecise dynamic distribution function under the project revenue uncertainty. Thus, it is
more flexible under theproject revenue uncertainty.

5.5. Comparison of RSMs Based the Modified Shapley Value with Methods of References

(1) Comparison with the method of references [23,32]
In references [23,32], the revenue sharing of the government and private partneris respectively:

Yg(V)′ = Yg(V) +
(
α1 −

1
n

)
×V(g, c) (22)

Yg(V)′ = Yc(V) +
(
α2 −

1
n

)
×V(g, c) (23)

α1, α2 indicates the comprehensive influence degree of each income distribution influencing factor
on the interest distribution of two core stakeholders in the TOT project cooperation alliance.

The results of this method are:

Yg(V)′= 14.91 +
(
0.215−

1
2

)
× 46.06 = 1.78, Yc(V)′ = 44.28

In this paper, φηg= 5.34, φηg= 40.72.
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The result reveals that the change ofrevenue sharing of participants based on Shapley value
improved by ηi in this paper is more moderate.

In this paper, the revenue sharing of participants varies with the relative value of contribution
capacity and ηi. It better reflects comprehensive contributions of the participants. However, the revenue
sharing of participants just varies with the absolute value of α1 in the references [23,32]. Hence the
Shapley value improved by ηi of this paper is fair in line with the contribution ratio of participant.

(2) Comparison of RSMs based the modified Shapley value with RSM of references [39,40]
The methods of references [33,34] and this paper are all improved with fuzzy payment and ηi.

Thus, they both have the forecasting function for giving the intervals of the revenue sharing.
In addition, the RSM in this paper is improved with fuzzy payment by using triangular fuzzy

element function. It enables the method of this paper has precise dynamic distribution function rather
than the methods of references [33,34].

(3) Comparison of the modifying forms and features of RSMs
In addition to the "fairness", the following features highlight the improved performance of

the method. (1) Flexibility, where revenue sharing changes with income uncertainty. (2) Incentive,
where RSR is positively correlated with investment ratio, risk-sharing ratio, and execution degree.
(3) Forecasting, where the revenue sharing interval is forecast in line with the change of revenue.
(4) Exactness, where the participant’s revenue sharing is an exact value rather than an interval value.
The method of Reference

As shown in Table 3 each method has flexibility. Methods in references [23,32] are incentive
and exact for the Shapley value is improved by are only improved by initial coefficient, but they
cannot forecast the revenue-sharing interval and is lack of flexibility. References [33,34] are predictive
and incentive and flexible, however they cannot achieve the precise dynamic distribution function.
The RSM of this paper have all the features as shown in Table 3, particularly, it has the function of
dynamic precise allocation because of using triangular symmetric fuzzy structural elements. Therefore,
it is more flexible than the methods in references [33,34].

Table 3. Comparison of modifying forms and features of revenue sharing methods(RSMs).

Factors This Paper Reference [23] Reference [32] Reference [33] Reference [34]

Modifying forms
Fuzzy payment

√ √ √

Investment ratio
√ √ √ √ √

Risk sharing ratio
√ √ √ √ √

Execution degree
√ √ √ √ √

Features
Flexibility

√ √ √

Incentive
√ √ √ √ √

Forecasting
√ √ √

Exactness
√ √ √

6. Conclusions

In this paper, an RSR of the TOT project based on modified Shapley value is proposed. Specific
research results are as follows.

(1) The main research results of this paper are as follows: the initial correction coefficient based on
investment rate and risk sharing rate and execution degree is established to simplify the calculation of
relevant correction value; the results of case states clearly that the RSRs of participants is positively
correlated with the initial correction coefficient. In addition, the RSR and revenue sharing of the
participants change with the relative value rather than absolute value of each participant initial
correction coefficient, so the RSM based on modified Shapley value can better reflect comprehensive
contributions of the participants to TOT project revenue. Therefore, RSM based on the modified Shapley
value is fair and motivating to the participants.
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(2) The Shapley value of TOT project based on fuzzy payment and the RSM of TOT project based
on modified Shapley value are constructed by using triangular symmetric fuzzy element function.
The result of case demonstrates that the RSR and revenue sharing of participants become the interval
values that correspond to the project revenue uncertainty. Therefore, the RSM either based on the
modified Shapley value or based on the payment has forecasting function.

(3) The fuzzy payment function affects the total revenue, RSR and revenue sharing at the same
time. The results of case suggest that there is a one-to-one correspondence among the intervals of RSR
and revenue sharing and project revenue for the membership functions of RSR based on triangular
symmetric fuzzy element. As a result, the RSM based on the modified Shapley value can achieve
the precise dynamic distribution function under the project revenue uncertainty, what makes it more
flexible under the project revenue uncertainty.

This paper modifies the Shapley value by considering the investment ratio, the risk-sharing
ratio, execution degree and the uncertainty of the payment function, so that the modified Shapley
value is more in line with the actual situation of the operational TOT project. In addition to the above
main factors, there may be other influencing factors. Subsequent research will further identify other
influencing factors through questionnaires, and further improve Shapley value in order to improve
the consistency between the modified Shapley value and the actual situation of the operational TOT
project, and improve the fairness, impartiality, accuracy and applicability of the RSM.
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