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Abstract
Purpose – The purpose of this paper is to provide a method that can better evaluate the credit risk (CR)
under PPP project finance.
Design/methodology/approach – The principle to evaluate the CR of PPP projects is to calculate three
critical indicators: the default probability (DP), the recovery rate (RR) and the exposure at default (EAD). The
RR is determined by qualitative analysis according to Standard & Poor’s Recovery Scale, and the EAD is
estimated by NPV analysis. The estimation of the DP is the focus of CR assessment because the future cash
flow is not certain, and there are no trading records and market data that can be used to evaluate the credit
condition of PPP projects before financial close. The modified CreditMetrics model and Monte Carlo
simulation are applied to evaluate the DP, and the application is illustrated by a PPP project finance case.
Findings – First, the proposed method can evaluate the influence of the project’s cash flow uncertainty on
the potential loss of the bank. Second, instead of outputting a certain default loss value, the method can derive
an interval of the potential loss for the bank. Third, the method can effectively analyze how different
repayment schedules and risk preference of banks influence the evaluating result.
Originality/value – The proposed method offers an approach for the bank to value the CR under PPP
project finance. The method took into consideration of the uncertainty and other characteristics of
PPP project finance, adopted and improved the CreditMetrics model, and provided a possible loss range under
different project cash flow volatilities through interval estimation under certain confident level. In addition,
the bank’s risk preference is considered in the CR evaluating method proposed in this study where the bank’s
risk preference is first investigated in the CR evaluating process of PPP project finance.
Keywords Optimization, Engineering, Risk management, Simulation, Estimating
Paper type Research paper

Introduction
Numerous public infrastructure projects have been carried out by PPP model worldwide,
where responsibilities, risks, rewards are substantially reallocated between public and
private sectors (Zhang, 2005; Akintoye and Ezekiel, 2005). Under PPP model, a project
company is usually set up by the private party, namely, special purpose vehicle (SPV) to
finance, construct and operate the PPP project (Akintoye et al., 1998; Bing, Akintoye and
Hardcastle, 2005; Wang, Zhang, Wang and Feng, 2018; Yescombe, 2014). The maturity for
substantial debt in PPP projects is usually longer than ten years, and the sponsors expect to
separate their existing assets outside of the project from the repayment risk during the debt
repayment period (Bing, Akintoye, Edwards and Hardcastle, 2005; Cheung and Chan, 2011;
Wang et al., 2007). The long maturity and limited recourse or non-recourse demand in PPP
projects make conventional corporate finance seem rather limited, hence resulting in the
preference for project finance (Sorge, 2004).

Project finance is the main financing model for PPP projects, under which the lending
bank has no or limited recourse to the sponsors of the PPP project, and debt repayment
mainly depends on cash flow during project operation period (World Bank, 2014). However,
the cash flow of the PPP project is hard to predict, due to numerous project risk factors and
long maturity (Beidleman et al., 1990; Wang et al., 2000, 2004; Zayed and Chang, 2002; Zhang
et al., 2016). Grimsey and Lewis (2002) argued that the uncertainty of predicted revenues
does great harm to project viability, and the party providing the financing will bear the
consequence because cash flow from the project is the source to service their loans
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(Finnerty, 2007). The lending banks do need to properly evaluate the credit risk (CR) of PPP
projects under project finance.

Many CR evaluation models have been developed by financial institutions and agencies,
which are mainly used in the corporate finance. However, project finance is vastly different
from traditional corporate finance (complete recourse), which leads to the fact that the
traditional CR assessment methods are not entirely applicable to PPP project finance due to
the unique characteristics of PPP project finance. In addition, the newly established SPV has
no historical credit data including financial data and credit records, which makes the
traditional CR evaluation methods no longer applicable. Therefore, for banks, how to
scientifically invest in PPP projects and how to comprehensively evaluate the CRs under
PPP project finance is rather significant. It is undoubtedly necessary and urgent to develop
a quantitative CR evaluation model for banks to decide whether or not to lend money to PPP
projects under project finance.

The aim of this research is to provide a method that can better evaluate the CR under
PPP project finance. Since the evaluation model is developed to serve the banks on loan
decision making, it is obvious heterogeneity in the banks (risk tolerance and preference)
should never be ignored so as to make the model developed more conditional on banks with
different CR consideration.

This paper begins with literature review about traditional CR evaluation models. Next,
detailed introduction on the advanced method under PPP project finance with the
CreditMetrics model and Monte Carlo simulation (MCS) is provided. Then, an extension
model based on the evaluation method has been developed which can be applied to explore
the relationship between default probability (DP) and repayment schedule. Finally, a real
case analysis with MCS technique is conducted to illustrate how to put this method into
practice and some managerial insights for the banks to fund PPP projects are provided.

Literature review
Some researchers have studied bank lending under PPP project finance, and it was found
that guarantees and political risks critically impacted on loan spreads (Blanc Brude and
Strange, 2007; Girardone and Snaith, 2011; Bouzguenda, 2014; Buscaino et al., 2012). They
also pointed out the lenders relied on risk allocation in a contract’s network and cash flow
predictions to make lending decisions (Corielli and Steffanoni, 2010). This demonstrates that
guarantees, political risks and the abundance of cash flow are all vital factors when it comes
to making lending decisions, particularly with regard to evaluating CRs. Besides, Sorge
(2004) also argued that the timing and the uncertainty of cash flow in the future also have a
great influence on the CR. The cash flow in the future always represents the profitability of
the PPP projects which will affect the probability of default (Lehlou et al., 2014). For this
reason, the uncertainty is vital for lenders to evaluate the CR (Donkor and Duffey, 2013).

The value of several project revenue configurations under the government guarantee
and revenue-sharing strategies have been priced as real options in literature (Wibowo, 2004;
Brandão and Saraiva, 2008; Ashuri et al., 2011; Wang, Cui and Liu, 2018). Wibowo (2004)
argued that while the government guarantee can help to attract the private investor, the
contingent liabilities of government are increased when issuing guarantees. Brandão and
Saraiva (2008) studied the option value of the minimum traffic guarantee in infrastructure
projects. Ashuri et al. (2011) proposed a risk-neutral pricing approach to evaluate the value
of the minimum revenue guarantee in BOT highway projects. Brandão et al. (2012)
investigated the minimum demand guarantee in Metro Line 4 of the São Paulo subway
system. Wibowo et al. (2012) set up a contingent liability model to evaluate the value of land
cost guarantee and political risk guarantee. Li et al. (2017) studied the credit default swap
(CDS) option, and proposed a risk-neutral valuation method to price the CDS. From the
perspective of risk sharing, Wang, Cui and Liu (2018) argued that the minimum revenue
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guarantee value should be shared between the government and the private sector and
derived the optimal distribution ratio which can satisfy both parties. It can be seen that
those previous studies mainly focus on evaluating the option value of government
guarantee from the perspective of the private sector and the government. Though banks can
also have a better knowledge about the value of the project revenue configuration, the
question how to evaluate the CR of PPP projects is still unresolved, which is the main
concern for the bank to make lending decision.

Existing methods to evaluate the CR are mainly used in the corporate financing, e.g.
KMV model, CreditRisk+ model, Credit Portfolio View model (McKinsey model). A neural
net approach is also used to assess the CR of company (Tam and Kiang, 1992; Mcleod et al.,
1993). The basic idea of the KMV model is the option pricing model and risk neutrality,
which is a CR assessment method based on analysis of stock market data. The CreditRisk+
model assumes that the default process is a Poisson distribution and estimates the portfolio
default risk. The Credit Portfolio View model (McKinsey model) emphasizes the impact of
economic conditions on CR, which is mainly used to estimate defaults and credit changes in
a country or an industry. To use those above methods, the company’s trading records or
market data are necessary. While for PPP projects, the newly established company (SPV)
has no trading records and market data before financial close (implementing the source of
project construction funds) (Bing et al., 2005; Yescombe, 2014). Therefore, the above credit
evaluating methods which mainly rely on a company’s previous trading data are no longer
appropriate to evaluate the CR of PPP project finance (Kong et al., 2008; Iyer and
Purkayastha, 2017).

The real options analysis method can be used to price risk in infrastructure, in which the
value of the project is assumed to follow a continuous diffusion process. Based on the seminal
work of Leland and Toft (1996) and Leland (2012), the DP of the project can be mathematically
derived. However, the real options analysis method partly ignores the characteristics of PPP
project finance, and because it is a risk-neutral pricing method (Leland and Toft, 1996; Leland,
2012), the risk preference of the lending banks is not considered.

As another classical method, the CreditMetrics model takes into consideration dynamic
credit rating changes, which is very much in line with the characteristics of project finance
projects with large uncertainties. Besides, the credit rating transition matrix in this model
can achieve probability calculation of credit rating changes in every year rather than just
the beginning and the end of the loan period. In this way, the CreditMetrics model is more
effective for process control of long-term PPP project finance. What is more, many
institutions will publish the credit rating transition matrix, which makes up for the lack of
historical data in PPP projects. At the same time, project information can be used as a
correction factor to modify the basic credit rating transition matrix to be consistent with
specific PPP projects. Therefore, we can see that the credit transfer matrix is especially
suitable for PPP projects.

Although previous studies identified several factors that influence the CR of PPP projects,
how to systematically evaluate the CR in PPP project finance has not been investigated,
except the preliminary work of Kong et al. (2008), which analyzed the CR by calculating
default exposure and DP according to potential credit rating change. However, the recovery
rate (RR), which is also an important factor to assess the CR (Altman et al., 2004; Scannella,
2012), was not taken into consideration. Standard & Poor (2014) also provided advice on these
three elements, which demonstrates the importance of RR. In addition, the uncertainty of the
project cash flow is not considered in the preliminary work of Kong et al. (2008).

Besides, Kong et al. (2008) judged the CR with the quantitative model only from the
perspective of the specific project, neglecting the differences among the lending banks. It is
necessary for a complete and scientific CR assessment model to take into account the
uniqueness of the lending bank itself, e.g. the fact that the banks have different risk preferences.
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Improved in this way, each lending bank can make lending decision under PPP project finance
according to calculated CR range. Advance in this direction will be conducted to propose a
method to better evaluate the CR of PPP project finance.

There are several prominent contributions in this research to advance the previous
studies. First, taking into consideration of the uncertainty and risks of long-term and
non-recourse or limited recourse under PPP project finance, MCS technique is adopted to
predict the future cash flow and simulate the probability distribution of CR based on the
input project financial variables, after which a possible loss range under different project
cash flow volatilities can be provided through interval estimation under a certain confident
level. Second, the bank’s risk preference is also taken into consideration, so that the bank
can make lending decision under PPP project finance according to its own preference.
Besides, an extended model based on the evaluation method has been developed which can
be applied to explore the relationship between DP and repayment schedule, providing
suggestions for banks to optimize the repayment schedule.

CR evaluation model
As the lender in PPP project finance, the bank should pay more attention to the CR
assessment due to the characteristics of long-term and no recourse or limited recourse.
According to previous research, three key indicators to evaluate the CR of PPP projects are
the DP, the RR in the event of default and the exposure at default (EAD) (Altman et al., 2004;
Scannella, 2012). The DP refers to the probability that the borrower fails to repay according
to the contract, and it can be estimated with CreditMetrics model. The RR represents the
portion of loss that can be recovered with insurance or asset liquidation in the event of
default. The EAD can be interpreted as the debt that borrowers cannot repay according to
repayment schedule, and it can be calculated by net present value (NPV) analysis with cash
flow estimation.

In general, the DP is a variable directly related to the specific transaction parties, which is
mainly determined by the credit rating of the debtor as the transaction party. Instead, the
EAD and RR have the characteristics associated with a specific transaction rather than the
parties, which is to say, they can be determined by the specific design and specific contract
terms, such as the mortgage, guarantee and so on, rather than merely influenced by the
debtor’s credit rating.

The relationship between the CR and these three indicators can be expressed in Equation (1),
and the process to evaluate the CR of PPP projects has been provided in Figure 1:

CR ¼ EAD � DP � 1�RRð Þ: (1)

As is shown in Figure 1, the complete CR assessment model can be divided into three
sub models for calculation of three indicators, respectively. The input of the model is
the financial indices and project information of specific projects and the output will be the
probability distribution of CR.

The estimation of PPP project finance DP is the focus of CR assessment, and it is also the
focus of this research. This paper will estimate the probability distribution of PPP project
financing DP through CreditMetrics model and MCS based on the input distribution of
project financial variables. EAD can be quantified by NPV analysis based on the loan
repayment schedule. As for the default RR, many institutions such as Standard & Poor’s
have made suggestions for the estimation under project finance. Recommendations on
the estimation of default RR will be provided based on the input project information with the
help of existing project finance studies. Once these three important parameters are
determined, the CR of project financing can be estimated.
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Determining the EAD
As for the sub-model 3 in Figure 1, the EAD represents the maximum loss at default, and it
is estimated by calculating how much money is still not repaid when the default occurs. In
detail, assume that the repayment period is n years, and the repayment is dj at jth year. If the
borrowers cannot afford to repay at ith year, the default loss can be calculated by the
following equation:

EADi ¼ NPVi ¼
Xn
j¼i

dj

1þrj
� �j for j ¼ 1; 2; . . .; n; (2)

where EADi is the present value of the money after default occurs in year i; rj is the discount
rate at jth year.

Determining the RR
As for the sub-model 2 in Figure 1, RR needs to be estimated. Standard & Poor has
suggested that the RR of project should be considered from asset terms and condition,
liquidation value, availability of collateral and capital structure (Standard and Poor, 2014).
The term and conditions of assets play an important role in assessing the value of the
project assets, which also affects the liquidating value of the assets at the time of default.
The liquidation value considers whether the assets can be converted into liquidity in time to
meet the needs of the debt repayment. The availability of collateral is very common for PPP
project finance, which is an important measure to protect interests of creditors such as
banks when default occurs. The effect of capital structure on the RR of default is mainly in
the debt level, namely, the higher priority debt will bring up less risk and the corresponding
RR will be higher.

Inputs

Financial variables, project information

Submodel 1

Distribution of financial
variables

Credit quality index

Distribution of
default probability

The loan repayment
plan

Exposure at default

Net
present

value (NPV)Conditional
credit rating

transition
matrix (CCRTM)

Project information

Recovery rating

Recovery expectations

Submodel 2 Submodel 3

Outputs

Distribution of credit (default) risk

Figure 1.
The process

of the credit risk
evaluation model
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Besides, credit enhancement is also essential to estimate the RR of PPP project finance. In
the project finance loans, guarantees and commitment are important aspects for banks to
evaluate the risk (Kleimeier and Megginson, 2000). Compared with conventional company
finance, credit enhancement is more common in PPP project finance (Bouzguenda, 2014).
Chowdhury et al. (2015) conducted a research on the credit enhancement factors and pointed
out that the shareholders’ credit enhancement and host government’s credit enhancement are
two of the most important factors. These credit enhancements always affect the compensation
for banks at the default (Kleimeier and Megginson, 2000; Chowdhury et al., 2015).

In sub-model 2, after the project information discussed above is obtained, the recovery
rating can be determined by qualitative analysis according to Standard & Poor’s Recovery
Scale in Table I. and RR can be estimated consequently.

Determining the DP
The CreditMetrics model
The CreditMetrics model is developed by some large international banks, e.g. JP Morgan. It
has been widely used to assess the CR of a company by considering its credit rating
changes. The basic idea of CreditMetrics model is that the operating state of a company
follows a Markov process, namely, for a discrete random sequence {Xn}, the value of Xn + 1
is mainly related to the previous state Xn. Besides, the CR depends on the borrower’s credit
status, and the credit status of the company is determined by the assessed credit rating,
which means CR comes directly from changes in company credit ratings. What is more,
credit evaluation system is effective, which means the impact of credit events on their
repayment performance capabilities can be reflected in changes in credit ratings. Therefore,
the basic method of the model is the analysis of changes in credit ratings.

Assume the credit rating sequence is R ¼ {r1, r2,…, rm}. r1 is the lowest rating, namely,
default, and rm is the highest rating (e.g., by Moody’s convention, this would be “Aaa”). Rt is
the credit rating at time t. The probability that the grade of project company is rj at time t+1
(i.e. Rt + 1 ¼ rj), on the condition that the grade is ri at time t, (i.e. Rt ¼ ri) is labeled as lti;j:

lti;j ¼ P Rtþ 1 ¼ rj Rt ¼ rij� �
: (3)

Thus, the credit rating transition matrix at time t can be seen as λt:

lt ¼

p1;1 p1;2 UUU p1;m
p2;1 p2;2 UUU p2;m
U

pm;1 pm;2 UUU pm;m

0
BBBB@

1
CCCCA: (4)

As for PPP projects, since its cash flow is hard to predict, some studies had assumed that it
follows the Geometric Brown motion which is a special Markov process (Kong et al., 2008).
Therefore, it is suitable to use the CreditMetrics model to estimate the CR of PPP projects.

Net loss risk Expected recovery rate (%) Recovery rating

Extremely low risk 100 1
lower risk 75–100 2
Medium risk 50–75 3
higher risk 25–50 4
Extremely high risk 0–25 5

Table I.
Standard & poor’s
recovery scale

488

ECAM
27,2



www.manaraa.com

In the theoretical study of credit rating transition matrix, it is pointed out that the general
credit rating transition matrix published regularly by the institution (Moody) does not
necessarily conform to the specific PPP project. Therefore, the credit rating transition
matrix should be improved by taking the information of the project into consideration.
Therefore, the credit quality index is introduced to measure the future credit transition of a
specific PPP project.

Credit quality index
The credit quality index is a combination of the PPP project’s key financial indicators, i.e.
the earnings before interest, tax, depreciation and amortization (EBITDA), the debt service
coverage ratio (DSCR), the debt ratio and the total asset turnover. The relationship
between the credit quality index in year t (Z t) and the four key financial indicators is
assumed to be as follows:

Z t ¼ a R=A
� �

tþb EBITDA=A
� �

tþc DSCRð Þtþd D=A
� �

tþe; (5)

where the parameters a, b, c, d, e are constant, and their value can be estimated by the banks’
experienced data in previous PPP projects or expert interview.

In order to simplify the input parameters and avoid loss of any information, annual
revenue can be divided into two categories, namely, operating revenue and incidental
revenue. Annual cost can also be simplified to comprise two items, namely, maintenance
cost and wages. It is assumed that the operational revenue in year i is ORi, and incidental
revenue is IRi and, therefore, the total revenue in year i is Ri ¼ ORi + IRi. The maintenance
cost is OMi, and wages and other expenses is ICi. The asset value of finished project is A. dj
represents the money that should be repaid according to the repayment schedule in year j.
The four financial indicators can be estimated as follows:

(1) The total asset turnover in year i is (Ri/A), for i ¼ 1, 2,…, n.

(2) The EBITDA in year I can be calculated as follows:

EBITDAi ¼ ORiþ IRi�OMi�ICi. . .for i ¼ 1; 2; . . .; n: (6)

(3) The DSCR in year i is calculated as follows:

DSCRi ¼
EBITDAi�TAXi

di
for i ¼ 1; 2; . . .; n; (7)

where TAXi means the taxes in year i.

(4) The debt ratio in year i is (Di/A), and Di could be calculated as follows:

Di ¼ NPVi ¼
Xn
j¼i

dj

1þrj
� �j for i ¼ 1; 2; . . .; n: (8)

Because of the considerable uncertainty of the cash flow, it is necessary to adopt probability
distribution for revenue and cost, which will be discussed later in the following part.

Estimation of the four financial indicators. Because of the considerable uncertainty of the
cash flow, it is necessary to adopt probability distribution for revenue and cost. Following
the studies of Jung and Kim (2001) andWibowo and Kochendörfer (2005), it is supposed that
the annual revenue and maintenance cost follow normal distribution, and the incidental
revenue and wages and other expenses follow uniform distribution.

489

PPP project
finance



www.manaraa.com

Among above distributions, the mean value of operating revenue and maintenance cost
can be determined from the financial model and the standard deviation can be estimated by
experts’ experience. The mean value of incidental revenue and wages cost can be given from
the financial model, and their maximum and minimum value can be estimated by experts.
Once the above essentially distributional variables are determined, annual revenue and
annual cost can be estimated with the use of MCS technique. After that, the four key
indicators, namely, the total asset turnover, the EBITDA, the DSCR and the debt ratio, can
be estimated.

Credit change indicator
In order to reflect the credit rating transition, underlying, continuous credit change
indicator, Yt, is defined (Belkin et al., 1998a, b). As in Belkin et al. (1998a, b), Yt can be
decomposed into two parts: a (scaled) idiosyncratic component Zt, unique to a borrower, and
a (scaled) systematic component εt, shared by all borrowers. It is assumed there is a linear
relationship between credit change indicator and credit quality index. The linear relation is
expressed as the following equation:

Yt ¼ gZ tþ
ffiffiffiffiffiffiffiffiffiffi
1�g2

p
et ; (9)

where Zt is credit quality index at time t; g is a correlation coefficient, and its value can be
estimated according to the study of Belkin et al. (1998a, b); and εt is a standard random error
term which follows a standard normal distribution.

The credit quality index is obtained through the specific financial data of the project. The
credit change indicator calculated from the credit quality index can embody the improvement
on the general credit rating transition matrix by the specific project information. Under the
influence of project uncertainty, credit change indicator follows a probability distribution
rather than a fixed value.

Credit change indicator is usually considered to follow normal distribution (Belkin et al.,
1998a, b). Then, conditional on an initial credit rating ri at the beginning of a year, we
partition the Yt values into a set of disjoint bins ( yj, yj+ 1). The credit rating at the end rj
will be:

rj ¼

r1; if Ytpy1
r2; if y1o Ytpy2
UUU

rm�1; if ym�2o Ytpym�1

rm; if ym�1o Ytpym

8>>>>>>><
>>>>>>>:

; (10)

where r1 is the lowest rating, namely, default, and rm is the highest rating.
The bins are defined such that the probability of Yt falling within a given interval equals

the corresponding historical average transition rate. According to the historical credit rating
transition matrix, the interval of credit quality index can be obtained, and the transition
probability and interval relation can be expressed as follows:

pti;j ¼ F ytjþ 1

� �
�F ytj
� �

; (11)

where pti;jdenotes the historical average transition probability and Φ(⋅)represents the
standard normal cumulative distribution function. The default bin has a lower threshold
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of −∞. The highest bin has an upper threshold of +∞. The remaining thresholds are fit to
the observed transition probabilities.

According to the relationship between credit change indicator and credit quality index in
Equation (9), the credit transition probability is as follows:

lti;j ¼ P yj�1oYtpyj
� �

¼ P yj�1ogZ tþ
ffiffiffiffiffiffiffiffiffiffi
1�g2

p
pyj

n o

¼ P
yj�1�gZ tffiffiffiffiffiffiffiffiffiffi

1�g2
p oetp

yj�gZ tffiffiffiffiffiffiffiffiffiffi
1�g2

p
( )

: (12)

Since εt is a standard random error term which follows a standard normal distribution, the
formulas can be changed as follows:

lti;j ¼

F yj�gZ tffiffiffiffiffiffiffiffi
1�g2

p
	 


; j ¼ 1

F yj�gZ tffiffiffiffiffiffiffiffi
1�g2

p
	 


�F
yj�1�gZ tffiffiffiffiffiffiffiffi

1�g2
p

	 

; 1o jpm�1

1�F yj�1�gZ tffiffiffiffiffiffiffiffi
1�g2

p
	 


; j ¼ m

8>>>>>>>><
>>>>>>>>:

: (13)

Since this paper is concerned with the DP, the focus is on the situation when the credit rating
changes to default, r1, namely, Yt, is less than or equal to the y1. Then, Equation (12) can be
transformed into:

lti;1 ¼ P Ytpy1
� �

¼ P gZ tþ
ffiffiffiffiffiffiffiffiffiffi
1�g2

p
py1

n o

¼ P etpy 1�gZ tffiffiffiffiffiffiffiffiffiffi
1�g2

p
( )

: (14)

According to Equation (13), the DP can be calculated as follows:

DP ¼ F y 1�gZ tffiffiffiffiffiffiffiffiffiffi
1�g2

p
 !

: (15)

We can see from the above formula that DP has a certain relationship with credit quality
index which is determined by the key indicators of the project. Therefore, the DP of specific
projects can be obtained through the improvement on general credit rating transition matrix
with the credit quality index. Based on Equation (15), the banks and sponsors of PPP project
can estimate the DP of project in future based on the current project’s operating condition.

Monte Carlo simulation (MCS)
MCS is a classical method used to deal with uncertainty and is widely used in PPP project
research (Wibowo and Kochendörfer, 2005; Chang and Ko, 2014; Moore and Weatherford,
2001). Chang and Ko (2014) applied the MCS to the risk analysis of build-operate-transfer
projects, proving the broader use of MCS compared with the NPV approach in improving
project appraisals. Taking the uncertainties in PPP project finance into consideration, cash
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flow estimation simply based on financial model might deviate from the reality, resulting in
great loss to lenders. Therefore, MCS is adopted in this research to simulate the distribution
of key indicators.

Compared with fixed result of traditional methods without consideration of uncertainty
and probability distribution, the interval estimation under certain confident level through
Monte Carlo can bring more comprehensive CR evaluation basis for banks. Improved in
this way, banks can choose the data within the estimated interval as the basis of CR
evaluation according to their own risk tolerance and risk preference. For banks with
higher risk preference or higher risk tolerance, the lower value of the CR interval may be
used as the evaluation data, and the bank is optimistic about the future operation of the
project. On the contrary, banks with risk aversion or low risk tolerance tend to take higher
value of the CR interval as the basis of loan decision, and tend to be pessimistic for the
future operation of the project and make more prudent lending decisions. Different banks
have different pursuit of risk and revenue, development and business strategy. MCS can
help banks to make lending decisions according to their own preference and make more
comprehensive analysis.

Oracle Crystal Ball is an advanced application based on spreadsheet for predicting
modeling, forecasting, simulation and optimization. Crystal Ball can perform MCS to
analyze the risks and uncertainties associated with Microsoft Excel spreadsheet models.
The study was conducted based on Oracle Crystal Ball 11.1.2.4 version. By identifying the
probability distribution of the input variables and the financial model, a simulation will be
performed as identified and probability distribution of the output indices will be
automatically provided. Result through MCS by Crystal Ball can provide in-depth
understanding of CR distribution since it takes into consideration of the great uncertain
cash flow prediction.

Influence of repayment schedule and risk preference of banks
The loan repayment schedule is one of the vital elements in a bank’s loan decision and
greatly influences the DP of project. The model discussed above can deal with the problem
of CR estimation under certain and fixed repayment schedule, which is to say, the
repayment in every year is predetermined. Banks can calculate the estimated CR interval
they are exposed in the project to be invested in the future and make lending decisions
according to their risk tolerance and risk preference. However, there can be various
repayment schedules for one specific PPP project based on the mutual understanding
between banks and borrowers. The method proposed in this extended research can be used
to analyze how different loan repayment schedules influence the DP of PPP projects with the
use of MCS technique.

Consideration on bank heterogeneity
Generally speaking, there is heterogeneity in the banks, e.g. different risk preference.
Therefore, they tend to have different attitudes for the same repayment period. which is to
say, the importance of DP in every year may vary for different banks with different demand
in the CR evaluation.

Since there will be a long maturity for substantial debt in PPP projects, banks are more
involved in the project finance than other financing modes. Banks has to bear considerable
losses in the event of contract default. Therefore, it is also the goal of the banks to prevent
the project from excessive negative impact on the operation due to excessive debt
repayment pressure in the earlier period, thus avoiding defaults. Banks with this
consideration may choose to reduce the loan repayment amount from the borrowers in
early years.
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However, there is another consideration for other banks, namely, financial liquidity. As a
financial institution, banks have to take into account the financial liquidity problem in its
business activities. The lack of liquidity will result in severe consequence such as cash
cannot satisfy the use of the depositors, which will lead to confidence decline in the bank
and will further aggravate the reduction of deposits, deteriorate the lack of liquidity and
form a vicious spiral. As a way of capital outflow, loans will lead to a decline in financial
liquidity. Therefore, some banks will recover loans as soon as possible to protect financial
liquidity and avoid the liquidity gap.

In addition, there is a certain trade-off between liquidity and profitability. Generally
speaking, in order to ensure liquidity, more capital resources are needed, thus reducing
profitability, while the pursuit of profitability often results in liquidity risk.

According to the discussion above, it is obvious that heterogeneity in the banks (risk
preference) should never be ignored, thus making the model in this paper more conditional
on banks with different CR consideration. Banks can make lending decisions according to
their conditional risk preference. This consideration can be reflected by the weight of DP in
different years. The weighted DP is used to get the comprehensive DP.

Comprehensive DP
To capture this heterogeneity in the banks, the vector Q ¼ (q1, q2,…, qn) is set to represent
the risk preference of the bank to the repayment period D ¼ (d1, d2,…, dn), where qi means
the risk aversion level of bank to the repayment di in the year i. In the whole repayment
schedule, the bank may have different risk aversion level in different years. Since the model
aims to satisfy different banks with different risk preferences, to make it comparable among
different banks, the normalized total degree of risk aversion level of bank is supposed to be
1, which is to say

Pn
i¼1 qi ¼ 1. The weight has been distributed in the repayment period and

the risk preference of banks can be reflected through the various weights in different years.
Setting the probability of default in year i is DPi, and DP is the weighted mean DP

combining the risk preference of banks. Then, based on the multiplication rule, the DP under
different repayment schedules can be estimated by the following equation:

min DP ¼ DPq1
1 � DPq2

2 � � � � � DPqn
n ; (16)

subjected to conditions:

Z i ¼ eþa R
A

� �
iþb EBITDA

A

� �
iþc EBITDA�TAX

d

� �
iþd D

A

� �
i

DPi ¼ F y1�gZ iffiffiffiffiffiffiffiffi
1�g2

p
	 


Xn
i¼1

qi ¼ 1:

8>>>>>>><
>>>>>>>:

(17)

The first and the second constrain condition are used to calculate the DP every year.
The third constrain condition means the normalized total degree of risk aversion level of
bank is 1. Through the model set above, the influence of different repayment schedules and
different risk preference can be revealed. Banks can make repayment schedule considering
their risk preference.

Case analysis
Estimation of CR
The case analyzed here is a Chinese PPP highway project located in Hebei province and the
real data are disguised. In this PPP project, the tax rate was 25 percent. This highway
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project’s asset value is evaluated with the method of present return value in which net cash
flow in the whole concession period is discounted at 8 percent as the basic discount rate. The
total value of the highway project is estimated at about CNY 799,193,700. The mean revenue
and cost are determined according to the financial model. The deviation is given by experts’
comprehensive analyses. The information is shown as Table II.

The total debt is CNY 508,490,500. The loan term is 14 years. The construction period is
two years and the repayment will start in the first year of the operation period. We mainly
focus on evaluating the CR in the operation period. The cash flow was estimated according
to the financial model and is shown in Table III.

The EAD is calculated according to the repayment moneyAj in year jwith the use of NPV:

EAD ¼ NPVi ¼
Xn
j¼i

Aj

1þrj
� �j;

Operating
revenue Incidental revenue

Operating and maintenance
costs

Wages and other
expenses

Year Mean SD Mean Min. Max. Mean SD Mean Min. Max.

1 – – – – – – – – – –
2 – – – – – – – – – –
3 60,580 15,150 45,470 44,670 46,270 7,050 650 4,050 3,550 4,550
4 73,050 17,680 44,600 43,800 45,400 6,810 640 4,500 4,000 5,000
5 85,210 16,350 45,320 44,520 46,120 7,150 680 4,370 3,870 4,870
6 90,320 19,450 45,610 44,810 46,410 7,120 640 4,720 4,220 5,220
7 97,290 20,650 44,260 43,460 45,060 7,430 720 4,630 4,130 5,130
8 10,2140 31,250 4,5270 44,470 46,070 7,340 710 4,950 4,450 5,450
9 109,150 30,450 44,360 43,560 45,160 7,680 730 4,830 4,330 5,330
10 115,330 21,430 44,530 43,730 45,330 7,720 740 5,030 4,530 5,530
11 11,7910 21,050 45,370 44,570 46,170 8,050 760 5,060 4,560 5,560
12 121,650 21,350 45,130 44,330 45,930 8,680 820 4,670 4,170 5,170
13 125,090 24,050 45,270 44,470 46,070 8,870 830 4,730 4,230 5,230
14 128,450 22,350 45,560 44,760 46,360 9,040 870 4,820 4,320 5,320

Table II.
Estimation of four
financial variables
(thousands of CNY)

Revenue Cost

Year
Operating
revenue

Incidental
revenue

Wages
and other
expenses

Operating and
maintenance

cost Tax EBITDA

Money to
repay the

loan
Repayment
schedule EAD

1
2
3 60,580 45,470 4,050 7,050 23,737.5 94,950 71,212.5 55,500 508,490.50
4 73,050 44,600 4,500 6,810 26,585 106,340 79,755 35,150 493,669.70
5 85,210 45,320 4,370 7,150 29,752.5 119,010 89,257.5 47,500 498,013.30
6 90,320 45,610 4,720 7,120 31,022.5 124,090 93,067.5 61,820 490,354.40
7 97,290 44,260 4,630 7,430 32,372.5 129,490 97,117.5 77,800 467,762.70
8 102,140 45,270 4,950 7,340 33,780 135,120 101,340 86,750 427,383.80
9 109,150 44,360 4,830 7,680 35,250 141,000 105,750 32,600 374,824.50

10 115,330 44,530 5,030 7,720 36,777.5 147,110 110,332.5 104,400 372,210.40
11 117,910 45,370 5,060 8,050 37,542.5 150,170 112,627.5 115,500 297,587.30
12 121,650 45,130 4,670 8,680 38,357.5 153,430 115,072.5 122,350 205,894.20
13 125,090 45,270 4,730 8,870 39,190 156,760 117,570 75,980 100,015.80
14 128,450 45,560 4,820 9,040 40,037.5 160,150 120,112.5 34,600 32,037.00

Table III.
Financial prediction
(thousands of CNY)
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where r ¼ 8 percent. The repayment in the operation period and the EAD results can be seen
in Table III.

This project is located in China where the government promotes PPP projects. This
project has collateral from sponsors according to Standard & Poor’s Recovery Scale, as
shown in Table I. The recovery rating can be determined as 4, which is the average recovery
considering the comprehensive project information. The recovery expectations, which
represent the RR, can be given as 30 percent according to Standard & Poor’s Recovery Scale.

The probability of default will be estimated according to the method established above.
The relationship between credit quality index and a project’s key indicators can be
estimated by the banks’ experienced data in previous PPP projects or expert interview. In
this case, the formula which represents the relationship between credit quality index and a
project’s key indicators is given according to Kong et al.’s (2008) research:

Z t ¼ �0:157þ3:41 R=A
� �

tþ1:70 EBITDA=A
� �

tþ0:383 DSCRð Þt�2:16 D=A
� �

t :

In this case, the correlation coefficient of linear regression in Equation (9) is 0.0244. The
basic matrix uses the smoothed version of the 1981–1997 historical average transition
matrix tabulated by Standard & Poor’s. The corresponding bins threshold values of
different credit grades can be obtained by Equations (10) and (11). Based on the basic
matrix, this study modifies and adjusts the matrix suitable for the specific PPP project.
Because the probability distribution of key indicators is easy to obtain, the probability
distribution of DP based on key indicators can be obtained. The associated bins can then be
calculated. The probability of default can be estimated with the use of MCS technique. The
probability of default in the first year varies from 1.597 to 1.635 percent under 80 percent
probability. The variation under 80 percent probability of the DP in other years is shown
in Table IV.

The RR is 30 percent (as discussed above) and EAD is shown in Table III. According to
the relationship between RR, EAD and RR:

CR ¼ EAD � DP � 1�RRð Þ:
As an example, the simulation result of CR under 80 percent probability in the third year can
be seen in Figure 2. The simulation result shows that if default occurs in the project, the
bank’s loss varies from CNY 569,100 to CNY 588,100, and the variation is about CNY 19,000
because of the uncertainty. Compared with the CNY 553,327 calculated without

DP (‰) Credit risk (thousands of CNY)
Year Min. Max. Min. Max.

1 – – – –
2 – – – –
3 1.520 1.590 569.10 588.10
4 1.456 1.534 499.60 533.90
5 1.473 1.536 510.60 538.50
6 1.483 1.549 505.80 534.50
7 1.483 1.547 482.80 509.60
8 1.455 1.548 435.30 463.30
9 1.323 1.455 347.40 382.40
10 1.450 1.508 377.80 393.20
11 1.431 1.485 297.80 309.40
12 1.401 1.455 201.90 209.80
13 1.334 1.402 93.40 98.10
14 1.226 1.312 27.50 29.40

Table IV.
Simulation result of
DP and credit risk
under 80 percent
confident level
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consideration of the uncertainty, the uncertainty would increase at least amount of CNY
157,73 default loss for the bank, the increased ratio is nearly 2.9 percent. The variation under
80 percent probability of other years is shown in Table IV.

Based on the above result, it can be seen that uncertainty is one of the main considerations
to take when making a loan decision for the bank, and the CR evaluating method can help
banks to evaluate the influence of the project’s cash flow uncertainty on their potential loss
quantitatively. Besides, instead of outputting a certain default loss value, the CR evaluating
method proposed in this study can derive an interval of the potential loss for the bank, which
can provide a reference for the bank to make a lending decision. Which is to say, if the loss-
bearing value of the bank is within the interval, the bank can consider to lend money for the
project; otherwise, the bank should not lend money for the project.

Influence of repayment schedules and risk preference of banks
The calculation above provides the CR interval range, given that the repayment schedule in
every year is predetermined. Further discussion with MCS technique is to be provided in
this section to analyze how different repayment schedules and risk preference affect the DP.

Assume the total repayment is CNY 90,650,000. The variation of repayment in the first
half of the repayment period is from CNY 45,500,000 to CNY 65,500,000. The variation of the
second half of the repayment period year is from CNY 25,150,000 to CNY 45,150,000.

Assume the risk preference of bank to each repayment of the first half and second half of
the repayment period is 0.3 and 0.7, respectively, which means banks aim to protect from
excessive negative impact on the operation due to excessive debt repayment pressure in the
earlier period and thus avoiding defaults. Then, the DP can be calculated as follows:
DP ¼ DP0:3

1 � DP0:7
2 . The DP can be estimated on the basis of different repayments made in

each year using MCS technique. The variation is shown in Figure 3, with the horizontal axis
indicating the repayment in the second half of the repayment period. Banks could choose the
minimum probability according to their acceptable range of repayment. In Figure 3, the
minimum probability occurs when the repayment of the first half is CNY 25,150,000 and
CNY 65,500,000 in the second half. Banks intending to protect the project and avoid defaults
may make repayment schedule according to this result.
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The measured DP is certainly affected by the bank’s risk preference. Assume the weight of
each of first half and second half of the repayment is 0.8 and 0.2, respectively, which means
banks aim to protect financial liquidity and avoid the liquidity gap. Then, the DP of project
can be estimated as follows: DP ¼ DP0:08

1 � DP0:2
2 . The variation is shown in Figure 4. The

change in weight creates a different variation relationship. The minimum DP occurs when
the repayment of the first half is CNY 45,500,000 and CNY 45,150,000 in the second half.
Banks intending to recover the loan in early years can arrange the repayment schedule
based on this.

Based on the above result, it can be seen that the CR evaluating method can effectively
analyze how different repayment schedules and risk preference of banks influence the DP of
the project. Therefore, banks can evaluate the CR of the project based on their own risk
preference and make lending decision correspondingly. Default under project finance is very
destructive to the PPP project. The reasonable determination of loan repayment schedule
can not only reduce the DP as much as possible, but also play an important role in ensuring
the smooth operation of the PPP project. Through the above methods, some reference can be
provided for banks to reduce DP.
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Conclusion
This research aims to pursue the solution for banks to better evaluate the CRs to serve the
lending decision. A quantitative analysis method based on CreditMetrics model and MCS
technique has been developed and the interval estimation of CR under a certain confident
level can bring more comprehensive CR evaluation basis for banks. The extended model of
evaluation method proposed in this study analyzed how different loan repayment
schedules and risk preference influence the DP of PPP projects with the use of MCS
technique. It can help the banks to optimize their loan repayment schedule according to
their risk preference and play more active role in PPP projects. Many insights can be
provided through case analysis on the PPP project in Hebei Province in China. First,
the CR evaluating method can help banks to quantitatively evaluate the influence of the
project’s cash flow uncertainty on their potential loss in the project. Second, instead of
outputting a certain default loss value, the CR evaluating method proposed in this study
can derive an interval of the potential loss for the bank, which can provide a reference for
the bank to make a lending decision. Thirdly, the CR evaluating method can effectively
analyze how different repayment schedules and risk preference of banks influence the DP
of the project. Therefore, banks can correctly value the CR of the project based on their
own risk preference and make lending decision correspondingly.

However, there are still some limitations for this method. First, different PPP projects
vary in the relationship between the key indicators of the project and the credit quality
index, which can be further explored with increased implementation of the PPP projects and
disclosure of relevant information. Besides, some indicators used in this method are based
on expert’s evaluation, which is subjective and constrained to the experience and knowledge
of experts. Some objective methods can be used in the future to improve the accuracy of
these indicators’ calculation.
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