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Abstract
Based on multi-objective programming method, this paper reviews the previous research on the problem of government guarantees in the project financing, and puts forward the importance of the research on project selection
of government guarantee in Build-Operate-Transfer (BOT) or Public Private
Partnership (PPP) project finance. Through the analysis of the selection criteria of guarantee project, we find that the selection problem of government
guarantee of BOT/PPP infrastructure projects is essentially a multi-objective
decision problem. Moreover, we establish a chance-constrained objective
programming model for the government to make the decision to guarantee
project selection.

Keywords
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1. Introduction
Infrastructure, as the foundation of urban survival, is the guarantee of the national economy and the sustainable development of society. In order to satisfy
the requirement of rapid economic development in China, the scale of infrastructure construction has been increasing continually. But the funds needed for
large-scale construction and maintenance of infrastructure have far exceeded the
government’s financial capacity, and the government is facing a huge funding
gap for infrastructure construction. In order to improve this unfavorable situation, project financing comes into being. Project financing develops rapidly with
its strong advantages such as strong financing ability and flexible financing method, so it also attracts the attention of scholars. Project financing is a specific
financing method with no recourse or limited recourse, which is based on the
DOI: 10.4236/ajibm.2020.106073
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future income and assets of the project. The research and practice of project financing of infrastructure construction began in the U.K. and quickly extended
to other western countries. With the continuous deepening of its theoretical research and the accumulation of practical experience, it has gradually formed
various project financing models of private capital participating in infrastructure
projects. Project financing was introduced into China in the 1990s, and then
there was an upsurge of research on project financing. Based on the research and
practice from western countries, Chinese scholars have studied the financing of
infrastructure projects considering the specific situation in China. The main issues of the research include project financing model (Zhao & Wang, 2010), investment and financing structure (Lin, Chen, & Ma, 2005; Yu, Zhou, & Wu,
2012), investment and financing institutional mechanism construction (Huang
& Liu, 2008), project financing risk management (Ye & Zhou, 2010), and incentive and supervision of project financing (Zhang & Guo, 2009). The risk of the
project is shared by its participants (Dai, 2012). One of the biggest characteristics
of project financing is that it can realize project risk diversification and risk isolation, and improve the possibility of success for a project and government
guarantee is one of the main tools of project risk sharing. In terms of the
projects, government guarantee can reduce political risk and economic policy
risk, which enhances the investment confidence for investors and ensures the
smooth implementation of the projects; in terms of the government, government
guarantee can obtain more infrastructure construction financing with fewer
funds and credit, which relieves the financial pressure. Therefore, government
guarantee plays an important role in project financing.
Scholars have studied the problem of government guarantee from different
perspectives, roughly in the following aspects. The first is the research on the influencing factors of government guarantee. Sun, Guo, Gao et al. (2007) suggested
that the guarantee provided by the government is mainly reflected in the promise of franchise, investment return, investment environment and investment
conditions. Gong, Guo, & Gao (2011) showed that the level of government
guarantee depends on the project attributes, and it also has a significant impact
on the enthusiasm of investors. The second is the study of the concession period
under government guarantee. Based on the assumption that project income obeys the geometric Brownian motion, Gong, Guo, & Zhang (2008) use game
theory and real option method to establish the quantitative decision model of
concession period in the condition of government guarantee. The third is the
study of the value of government guarantee. Gao, Zhang, & Du et al. (2005) applied the real option theory to calculate the value of full guarantee and non-full
guarantee in the guarantee of government economic policy, and obtain a guarantee value which is relatively close to the actual value. Gao, Guo, & Zhao (2007)
suggested that government guarantee has the characteristic of obstacle option,
and they put forward the pricing model of “down-and-in put option” and
“up-and-out put option” of government guarantee value, and then analyze the
influence of two key factors, obstacle value and minimum guarantee income deDOI: 10.4236/ajibm.2020.106073
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termined by guarantee level, on government guarantee value respectively.
Zhang, Guo, & Zhao (2009) and Wang, Guo, & Sun (2009) have constructed the
measurement model for government guarantee value of infrastructure project by
discussing the option characteristics of floating return on investment government guarantee. They also establish the government guarantee pricing model
based on jump-diffusion process by introducing Poisson distribution to depict
the influence of unexpected events on government guarantee value, which is a
further generalization on the original government guarantee pricing research.
Wang, Guo, & Sun (2008) have constructed the government guarantee value
model based on the idea of contingent liabilities and real options, and also
measure the effect of the change rate of the basic project, the expected rate of
return and the degree of guarantee on the government guarantee value. Gong,
Guo, & Zhao (2009) established the value model of the multi-execution period of
the minimum income government guarantee, and use the dynamic programming method to analyze the influence of the mean regression process on the
government guarantee value. Wang, Guo, & Gao (2008) also studied the hidden
information problem of government guarantee in infrastructure project financing and the role of financial support of government guarantee in the PPP financing mode. As we can see, the previous studies above are almost rarely involved in the study of the selection on guarantee projects for government. For
the government, there is always more than one project to choose. When the
government faces a number of infrastructure projects to be guaranteed, how to
choose the guarantee projects and choosing which projects to guarantee are realistic problems for the government.
Multi-objective programming is a branch of mathematical programming,
which is gradually developed on the base of linear programming. At present, the
multi-objective programming method has been widely used in the evaluation
and decision-making of urban, economic and social development, and it has become a basic mathematical method to study the choice of multiple objects, the
decision-making of investment schemes, the location of projects (Gong & Wang,
2014) and regional development programming. So multi-objective programming
is one of the effective tools to solve the multi-objective decision-making problems. Therefore, this paper intends to use the multi-objective programming method to help the government choose guarantee projects in infrastructure project
financing, which is a multi-objective decision-making problem.
The paper is organized as follows. In Section 2, we briefly introduce the
chance constrained programming method by reviewing the previous research. In
Section 3, we put forward the main research problems to be solved. In Section 4,
we build a chance constrained programming model. In Section 5, we conclude
the main contributions of this study and look forward to future research.

2. Chance Constrained Programming
Multi-objective programming was first proposed by mathematicians (Charnes &
Cooper, 1961). A few years later, Ijiri (1965) introduced the concept of priority
DOI: 10.4236/ajibm.2020.106073
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level and priority factor of goal in multi-objective programming and gave the
improved multi-objective programming algorithm, which promoted the development of multi-objective programming. Lee (1972) published the first monograph on multi-objective programming, which summarized the concepts, algorithms and applications of multi-objective programming. After that, the multi-objective programming method has developed rapidly, constantly forming a
variety of types of multi-objective programming and algorithms, and was gradually applied to various subject areas (Chen, 1986).
Multi-objective programming has the following characteristics. First, the method is flexible enough to deal with the situation of inconsistent units of measurement and mutual contradiction of multi-objects. Second, the use of “soft
constraint” which can reflect whether the degree of resource value can be satisfied through positive and negative deviation variables. Third, the method has the
expected target value as a clear goal, since the goal of decision-makers is to make
the decision-making result as close as possible to the expected target value under
the constraints of limited resources. In other words, the goal of decision-makers
is to make the total deviation variable of the decision-making result and the expected target value smallest. Fourth, the method can provide a number of
non-inferior solutions from which decision-makers can make appropriate
choices under the actual situation (Xuan, 1993). Furthermore, multi-objective
programming can also facilitate computerization and is therefore generally recognized by management decision makers.
In multi-objective programming, because of the existence of risk factors and
various uncertainty factors, if the decision makers are not fully sure about the
realization of a certain goal, but the goal is still regarded as a deterministic goal,
then the goal will be difficult to achieve, that is, the goal programming will have
no solution. However, if the decision maker releases the goal requirement to “the
expected goal can be achieved with a certain probability”, that is, the goal pursued by the decision maker is achieved with a certain feasibility, then the new
goal constraint can be obtained by using the probability representation. This
constraint, which represents the probability of expected goal realization, is called
chance constraint. The objective programming with opportunity constraint is
called multi-objective chance constrained programming (CCP) (Chen, 1987).

3. Problem Statement
Government guarantee for infrastructure projects means that government takes
the risks that investors cannot control during the implementation of the project
through consulting with investors. These risks include political risk, legal risk,
regulatory risk, interest rate and exchange rate risk, etc., which are reflected in
the relevant government guarantee clause of the franchise agreement. Political
risk refers to the possible loss caused by government approval delays, suspension
of concession contracts and non-payment of fees. Legal and regulation risk refers to the possible loss caused by the imperfect law in the process of signing,
executing and supervising the project contract. Interest rate risk refers to the
DOI: 10.4236/ajibm.2020.106073
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possible loss to the project when the uncertain market interest rate changes lead
to the increase in the cost of raw materials and the depreciation of private capital. Exchange rate risk refers to the risk that the repayment cost of foreign exchange purchase will increase due to the devaluation of the currency in the
country where the borrower is located. When the risks in the guarantee clause
actually occur and affect the project income, the government will give certain
investment compensation. So at the beginning of providing the guarantee, the
government will not produce the cost immediately, but must bear the contingent
liability, that is, the government has the potential guarantee payment obligation.
At the same time, the financial budget is limited, excessive guarantee will increase the financial burden (Wang, Guo, & Sun, 2009), so it is impossible for the
government to guarantee all projects. The government will choose the appropriate BOT/PPP infrastructure project to guarantee.
The project guarantee clause of BOT/PPP project finance is set mainly from
the negotiation results of private investors and government departments based
on the project. And the fundamental purpose of the guarantee is to reduce the
total cost of risk borne by the project participants. The guarantee provided by
the government is mainly reflected in the commitment to the investment return
of the project, the investment environment and conditions, and the franchise
(Sun, Guo, Gao et al., 2007). This paper focuses on the government guarantee of
the minimum income in the project.
The government’s criteria for the selection of guarantee items are generally as
following: 1) select the items that can obtain the maximum investment income;
2) select the items that can provide the minimum guarantee cost; 3) select the
items that can produce the maximum change of income after the guarantee; 4)
select the items with the least probability of excess payment (exceeding the annual financial budget). According to these criteria, the analysis indexes selected
in this paper are as following: 1) the investment income of the project; 2) the
guarantee amount of the project; 3) the change of the income after the project
guarantee and the income before the guarantee; 4) the annual financial budget of
the government. The investment income of the project is identified as net current value of the project. The guarantee amount of the project refers to the repayment guarantee made by the borrower or third party to the loan or leasing
institution with its own credit or assets. The change of the income after the
project guarantee and the income before the guarantee in this study is defined as
the difference in investment income of the project before and after the adoption
of the guarantee. The annual financial budget of the government refers to the
government’s annual financial revenue and expenditure plan approved by the
legal procedure.
From the above analysis, we can see that the choice of BOT/PPP infrastructure
guarantee project is essentially a multi-objective decision-making problem. The
goal that the government should achieve when selecting the guarantee project is
to select several optimal guarantee project combinations which can meet the
above four selection criteria under the premise of ensuring the minimum inDOI: 10.4236/ajibm.2020.106073
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come level of the project, which is also the problem to be solved in this paper. In
the following analysis, we try to use the multi-objective chance constrained programming to construct a government model for the selection of guaranteed
projects.

4. Building a Chance Constrained Programming Model
Because of the additive characteristic of net present value (NPV), the model selects net present value as the feasibility index of the project (Crundwell, 2008).
NPV means that the sum of the net cash flow of each year discounts to the
present value at the beginning of the project according to a certain discount rate
during the life period of the project. It is a widely used evaluation index in the
economic feasibility assessment of the current investment project and can reflect
the profitability of the project investment. The NPV method is a way to evaluate
the advantages and disadvantages of the scheme according to the size of the
NPV. If the NPV is greater than zero, then the scheme is feasible. The larger the
NPV is, the better the scheme and the investment benefit is. In this model, the
economic feasibility of the project is measured by the economic net present value (ENPV); the financial feasibility of the project is measured by the financial
net present value (FNPV). Therefore, this requires the government should analyze both the economic and financial ability of the project according to the method of this paper. Analysis of the economic ability is to assess the overall impact
of a project on improving the economic welfare of citizens in the country (Economic and Development Resource Center, 1997) while the analysis of the financial ability of a project can assess whether the implementation of the project will
bring commercial profits to investors (Perkins, 1994).

4.1. Economic Constraints
Economic net present value (ENPV) is selected as the feasibility index of the
project under economic constraints. The NPV of the economy is the absolute
index reflecting the net contribution of the construction project to the national
economy. In any project investment decision analysis, the government only accepts economically viable projects. The primary objective of the government is
to maximize the NPV of the total economy from guaranteed projects. In this
paper, a variable with a wave line symbol (~) indicates that the variable is random. For simplicity, assume that the project ENPV is clearly known or at least
can be assumed. Note that the method of calculating ENPV here is not within
the scope of this paper. The objective constraints under economic constraints
are:
m

m

∑ X i ENPVi − δ+ENPV + δ−ENPV = ∑ ENPVi ,

=i 1 =i 1

(1)

where if the project i is secured, then Xi = 1, otherwise Xi = 0; m is the number of
eligible projects (i.e. the number of projects to be selected), ENPVi is the eco-

nomic net present value of project i; δ+ENPV is the positive deviation variable of
DOI: 10.4236/ajibm.2020.106073
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the economic net present value target of the economy (exceeding the expected
target); δ−ENPV is the negative deviation variable of the economic net present
value target (below the expected target). In the framework of goal programming,
the deviation variable is an auxiliary variable, which is used to describe the difference between the decision value and the target value. The positive deviation
variable represents the number of the decision value exceeding the target value,
and the negative deviation variable represents the number of the decision value
that does not reach the target value. Both are non-negative and their product is
zero. The negative deviation variable below the expected goal will reduce the expected total economic net present value, so the negative deviation variable in
Equation (1) should be minimized.

4.2. Cost Constraints
When all other conditions are the same, it is generally believed that governments
prefer projects that generate less guarantee costs. We translate this traditional
view into a minimized expected guarantee amount. Assume C is the total
amount of security payments expected at present value. The objective of minimizing expected total secured payments can be expressed as following:
m

∑ X i E ( G i ) − δC+ + δC− = C ,
i=1

(2)

( )

in which E G i is the expected guarantee payment of the project i at present
value; δC+ is the positive deviation variable of the total expected guarantee
payment; δC− is the negative deviation variable of the total expected guarantee
payment. The positive bias variable in Equation (2) should be minimized because it will increase the government’s guarantee cost.

4.3. Financial Impact Constraints
Another important measure of whether a project can obtain government guarantees is its profitability. The goal we set is to maximize the total net change in
the financial net present value before and after the project guarantee. We choose
the financial net present value (FNPV) as the feasibility index of the project under the financial impact constraint. Financial net present value (FNPV) is the
main dynamic evaluation index to investigate the profitability of the project
during its calculation period. Although the previous goal was to minimize the
expected total payment of the government-guaranteed project portfolio, the
current goal is to maximize the expected benefits. This approach is similar to the
traditional concept of cost-benefit ratio (BCR) assessment, which deals with
them separately instead of aggregating the benefit and cost information into a
single indicator. The goals of this paper are expressed in mathematical formulas
as following:
m

m

+
−
 * ) − E ( FNPV
 )=
 * ) − E ( FNPV
 )  , (3)

∑  E ( FNPV
∑  E ( FNPV
i
i  X i − δB + δB
i
i 

=i 1 =i 1
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(

*
in which E FNPV
i

)

is the expected financial net present value of project i af is the expected financial net present
ter obtaining the guarantee; E FNPV
i

(

)

value of project i before obtaining the guarantee; δ+B is positive deviation varia-

ble net change in financial net present value; δ−B is negative deviation variable

for total change in financial net present value. The negative deviation variable
below the expected target should be minimized in Equation (3) because it will
reduce the benefit of the project.

4.4. Annual Financial Risk Constraints
The guaranteed payment budget has always been an effective measure to control
government fiscal expenditure. But the worst case that governments still need to
consider is that guaranteed payments can theoretically go from zero to infinity.
Therefore, the government must limit the possibility that the total annual guaranteed payment will exceed the annual budget allocation. This concept is called
“excess payment probability” (Irwin, 2007). Under the framework of multi-objective chance constrained programming, the goal of reducing government
financial risk can be modeled as following:

 m

P  ∑ X i G it > At  ≤ α , t = 1, 2, , K
 i =1


(4)

in which P is the probability; G it is the guarantee for the project i during the
period t; At is the annual financial risk budget allocated to the period t; α is the
probability of allowing overpayment; and K is the duration of the guarantee plan.
Defining an annual financial risk budget is a portion of the funds that the government must allocate at a specific confidence level of (1 − α), which represents
the probability that the actual amount of guaranteed payment will not exceed the
risk budget. If the α is set to 0.05, then there are 95% confidence intervals where
the actual payment is lower than the risk budget. Here it is worth noting that the
risk budget or overpayment should not be confused with the expected payment,
the former usually represents the worst payment situation, and the latter reflects
the possible expected payment by the government.
The “safety first” principle (Roy, 1952) is adopted in the financial risk model,
which means that investors are more willing to make investments which are less
likely than “disaster levels” or target returns. Gaussian inequality states that if
there is a random variable S and mode ms , mean µ s , and standard deviation σ s , then for any positive value k, we have (Sellke, 1996):

(

)

P S − ms > k ≤ α ,

(5)

 2τ 2
2τ
  , k ≥
 3k 
3
α =
,
1 − k , 0 ≤ k ≤ 2τ

3τ
3

(6)

where
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and

τ2 = ( µ s − ms ) + σ2s .
2

(7)

The inequality above is random distribution, as long as the information and
mode of the first two moments are obtained. Mean and variance of the guaranteed portfolio for each period t can be calculated as following:

( )

m

( )

E G t = ∑ X i E G it , t = 1, 2, , K
m

( ) ∑X

σ2 G t =

=i 1

2
i

i =1

( )

m

m

(8)

( ) ( )

σ2 G it + 2∑∑ X it X jt ρGit ,G jt σ G it σ G jt , t = 1, 2, , K (9)
=i 1 =j 1
i≠ j

( )

in which E G t

( )

is the expected guaranteed payment for the period t; E G it
is the expected secured payment of the project i for period t; σ G t is the

( )

standard deviation of the expected guaranteed payment for the period t; and
ρGit ,G jt is the correlation coefficient between the government’s guaranteed pay-

ments for project i and j for each period t.
Based on the single exponential model in financial theory (Edwin & Martin,
2010), this study assumes that the linkage effect between two items is caused by a
common factor directly correlating the operation of a single item with market
changes, then the second term on the right of Equation (9) can be deleted; otherwise, the resulting correlation can be calculated again. This idea can simplify
the calculation process.
Another question is how to obtain a clear representation for the mode. Here,
the guarantee payment can assume mode as zero; if not, the government guarantee will no longer contain contingent liabilities, and will shift to a fixed liability, like a direct subsidy, which may occur when the threshold setting is far below
(or above) the predicted value. For example, the government may be willing to
guarantee 300 percent of the minimum predicted income in a project. But in fact,
if the government is rational, there will be no such guarantee. In addition, the
security payment distribution is truncated at zero. The validity of this hypothesis
that the mode is zero can be easily verified by simulation. Substituting Equation
(8) and Equation (9) into Equation (4)-(7), we can obtain:
2
m
 4   m


2 2


  ∑ X i E Git  + ∑ X i σ G it  , At > λ
=
 9 At   i 1 =
 i1

 m
 

At
P  ∑ X i Git > At  ≤ 
(10)
, 0 ≤ At ≤ λ
 i =1
 1 −
2
m
  m


  + ∑ X 2 σ 2 G 
3
X
E
G

∑
i
it
i
it



=
 i1
  i 1 =



( )

( )

( )

( )

in which
2

m
m
2 2
 

 ∑ X i E Git  + ∑ X i σ Git
=
i 1=
i 1


.
λ =2
3

( )

( )

(11)

Under the principle of “safety first”, we minimize the right part of inequality
DOI: 10.4236/ajibm.2020.106073
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(10) rather than reduce the left of inequality (10). The following is the formula of
multi-objective chance constrained programming model:
2
m
 +
4   m

2 2
−
  ∑ X i E G it  + ∑ X i σ G it  − δGt + δGt = α, At > λ
9 At   i 1 =
=
 i1


( )

( )

At

1−


 

3   ∑ X i E G it  + ∑ X i2 σ2 G it 
=
 i1

  i 1 =
m

( )

2

m

( )

− δG+ t + δG− t = α, 0 ≤ At ≤ λ

(12)
(13)

The goal under the financial risk constraint is to minimize the positive deviation variable because it increases the financial risk. One more complicated situation that may arise in reality is that the annual risk budget is random. In this
case, the model can be constructed with unilateral Chebyshev inequality (Benzi
et al., 2007), rather than Gaussian inequality.

4.5. Objective Function and Model
The ultimate goal of government is to reduce unnecessary deviation variables.

(

)

min Z δ−ENPV , δC+ , δ−B , δG+1 , δG+ 2 , , δG+ K ,

(14)

The multi-objective programming model can be divided into two subsets:
weighted goal programming (WGP) and priority goal programming (PGP). In
the WGP method, the decision maker can assign different weights to the deviation variables according to the relative importance of each goal, so that the
weighted sum of the deviation variables can be minimized; in the PGP method,
the decision maker sets the goal to many priority levels, and according to the
priority order, the deviation variables that maintain the goal with higher priority
reach the minimum in turn (Tamiz, Jones, & Romero, 1998). Here WGP is chosen in this case, so formula (14) can be rewritten as following:
K

min Z = ωENPV δ−ENPV + ωC δC+ + ωB δ−B + ∑ ωGt δG+ t ,
t =1

(15)

where ωENPV is the relative weight which is lower than the expected economic
net present value target; ωC is the relative weight which is higher than the expected total payment target; ωB is the relative weight which is lower than the

expected financial net present value change target; ωGt is the relative weight

which is higher than the expected excess payment probability target for each period t.
Another problem in this multi-objective programming is that the units of
measurement are not uniform, that is, the deviation variable is measured with
different units but added directly, which may lead to the deviation of the results
(Tamiz, Jones, & Romero, 1998). This problem can be solved by normalizing the
left-hand terms of all corresponding objective constraints. The left side of the
Equation (12) and Equation (13) are divided by the corresponding goal value,
and the optimization model can be rewritten as following:
DOI: 10.4236/ajibm.2020.106073
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−
min Z = ωENPV d ENPV
+ ωC dC+ + ωB d B− + ∑ ωGt dG+t ,
t =1

+
−
FENPV − d ENPV
+ d ENPV
=
1,

(16)
(17)

FC − dC+ + dC− =
1,

(18)

1,
FB − d B+ + d B− =

(19)

FGt − dG+t + dG−t =
1,

(20)

−
, dC+ , d B− , dG+1 , dG+2 , , dG+K ≥ 0 , X 1 , X 2 , , X m = 0
when At > λ , we have d ENPV
or 1. Here we have
m

FENPV =

∑ X i ENPVi
i =1
m

∑ ENPVi

,

(21)

i =1

m

FC =

∑ X i E ( G i )
i =1

C

,

(22)

m

FB =

 * ) − E ( FNPV
 ) X
∑  E ( FNPV
i
i 
i
i =1
m

(

) (

)

 * − E FNPV
 
∑  E FNPV
i
i 
i =1

,

(23)

2
m
 4   m


2 2


X
E
G
G it  , At > λ
∑ i
it  + ∑ X i σ
=
 9 At α   i 1 =
 i1


At
1
FGt =
, t 1, 2, , K ,(24)
−
, 0 ≤ At ≤ λ
α
2
m
  m



α 3   ∑ X i E G it  + ∑ X i2 σ2 G it 

=
 i1
  i 1 =



( )

( )

( )

( )

The multi-objective chance constrained programming model can help the
government choose the appropriate guarantee projects which can obtain the
maximum investment income, provide the minimum guarantee cost, produce
the maximum amount of income change before and after the guarantee and
make the annual financial risk budget least.

5. Conclusion and Future Research
Government guarantee is one of the main means for projects to share risk and
plays a vital role in BOT/PPP project financing. Based on reviewing and summarizing the previous research on government guarantee factors, guarantee concession period and guarantee value, this paper puts forward the importance of research on the government choice of guarantee project. Based on the theory of
multi-objective programming, this paper analyzes the criteria of government
guarantee project selection. We find out that the choice of government for
BOT/PPP infrastructure guarantee project is essentially a multi-objective decision-making problem. Therefore, we try to establish a multi-objective chance
DOI: 10.4236/ajibm.2020.106073
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constrained programming to solve this problem, and provide method for the
government to make the decision on the choice of guarantee project.
This study has two main contributions to the previous research.
• The present study contributes to the project finance literature based on government guarantees by involving in the issue of selection of government
guarantee projects. For governments, they often guarantee more than one
project, and it is an outstanding question as to how to choose the guarantee
project and which projects to guarantee when the government faces several
infrastructure projects to be secured.
• This paper also contributes to the project selection research by addressing the
situations in which decision makers are not sufficiently sure of the achievement of a given objective due to risk factors and uncertainties. By adopting
chance constrained programming, we set the decision maker’s target constraint to the expectation expressed by a probability.
This study has the following practical significance for the development of
government guarantee in BOT/PPP project financing:
• Make the guarantee project clear and avoid the blind guarantee and excessive
guarantee. Because of the different attributes of infrastructure project construction and the limitation of government budget, it is impossible for the
government to guarantee all BOT/PPP infrastructure projects. The multi-objective chance constrained programming model proposed in this paper
can clearly screen out the projects that meet the selection criteria and can
achieve the expected goals of the government. In this way, the government
can avoid the waste of financial funds and the increase of financial burden
caused by the blind guarantee and excessive guarantee.
• Select the optimal guarantee projects and maximize the economic and social
value of government financial funds. Considering that government generally
provides guarantees for multiple projects at the same time, we define the objective function constructed in this paper to minimize the weighted sum of
unnecessary bias variables. Through this way, the government can get a set of
combinations of guarantee projects which are optimal relative to the expected goal and meanwhile produce the maximum economic and social benefits.
The limitation of this study is that we do not consider the annual financial risk
budget of idle funds. The idle funds may represent the loss of time value, and
some idle financial funds can be used to generate income to reduce the financial
burden. For the future research, we plan using Monte Carlo simulation and
crystal ball risk management software to solve this model so that improving its
practical value. By using crystal ball risk management software to iterate through
Monte Carlo simulation, future study will obtain the data of investment income
e and guarantee payment needed in models. The simulation is helpful for the researchers to analyze and verify the validity of the model and to illustrate the advantages of the opportunity-constrained target planning method.
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