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Abstract. A fair distribution of benefits and risks is not only one of the key factors in deciding concession period but
also an important prerequisite for good cooperation between the government and the private sector in a Build-Operate-
Transfer (BOT) road project. Considering the psychological characteristic of decision makers fairness preference, this
study innovatively introduces the inequity aversion theory into the concession model, which provides a novel perspective
to investigate the distribution of benefits and risks. In the improved model, the decision makers’ investment utility involves
their economic benefits as well as their disutility due to inequity. Furthermore, the equilibrium principle of benefits and
risks in this model has changed to minimize the gap between the investment utility-risk ratios of the government and the
private sector. Based on Monte Carlo simulation, this study verifies the application of the model to a BOT road project
in China. The results show that the concession period with fairness preference can effectively narrow the gap between the
investment utility-risk ratios of the government and the private sector, thus guaranteeing the fair distribution of benefits
and risks in the BOT road project.

Keywords: concession period, fairness preferences, inequity aversion theory, investment utility-risk ratio, Monte Carlo

simulation.

Introduction

The Build-Operate-Transfer (BOT) scheme has been used
effectively to alleviate the government’s financial burden
by attracting the private sector to participate in public
facilities (Shahrara, AElik, & Gandomi, 2017). As an im-
portant content of BOT contract, concession period de-
fines the time span in which the private sector has the
right to commercially operate the BOT project before it
is transferred back to the government (Y. Zhang, Feng, &
S. Zhang, 2018; Shen, Bao, Wu, & Lu, 2007). During the
concession period, the private sector receives the operat-
ing income and undertakes the risks of construction and
operation. If the concession period is longer than a fair
value, the private sector can receive extra benefits, while
the government will think that the public interests is dam-
aged (Shen, H. Li, & Q. Li, 2002). In contrast, if the con-
cession period is shorter than a fair value, the government
will operate the BOT road for a longer time, while the pri-
vate sector will bear the losses and eventually stop cooper-
ating with the government (Yu & Lam, 2013). Therefore,
an equitable distribution of the two parties’ benefits and

risks is crucial in deciding a fair concession period (Feng,
Wang, Li, Chunlin, & Xiong, 2018).

In deciding the fair concession period, some studies
assume that the players are rational and fully concerned
about their own benefits. Among existing studies, game
models are the most common approaches to balance the
net present value (NPV) and risks of two sides, such as
the incomplete information bargaining model (Bao, Peng,
Ablanedo-Rosas, & Gao, 2015), Stackelberg game model
(Wu, Jing, & Wei, 2011), and Nash bargaining game model
(Zhang, Xu, & Liu, 2011). Other studies establish a win-
win model, which means that fair concession period is
calculated to maximize the NPV of two sides (Shen et al.,
2002; Zhang & AbouRizk, 2006; Ng, Xie, Cheung, & Jet-
feries, 2007a) and to allow for a fair risk sharing (Carbon-
ara, Costantino, & Pellegrino, 2014). It is easy to find that
most models in the literature consider economic benefits
of a project as an important factor for determining the fair
concession period. Besides NPV, the internal rate of return
(IRR) (Ng et al., 2007a) as well as the least-present-value
of revenue (LPVR) (Engel, Fischer, & Galetovic, 2001) are
considered as the evaluation criteria of economic benefits.

*Corresponding author. E-mail: gianli@nju.edu.cn

Copyright © 2019 The Author(s). Published by VGTU Press

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


http://creativecommons.org/licenses/by/4.0/

266 X. Yan et al. Concession model for fair distribution of benefits and risks in Build-Operate-Transfer road projects

However, psychology and behavioral science stud-
ies found that people in real life were bounded rational-
ity (Sen, 1995). Only considering the economic benefits
in deciding the concession period will result in ignoring
the effects of individual irrational behavior under risks
(Wibowo & Alfen, 2013), such as the unfairness aversion
behavior (Fehr & Schmidt, 1999). Therefore, decision mak-
ers are concerned about the benefits of others and whether
the distribution of material interests or risks is fair-minded
(Samuelson, 1993; Tang & Wang, 2013). For example, in
determining the concession period, the private sector has
a fairness preference, which means it cares about whether
the concession period has a reasonable value and if the
government acquires excess benefits (Wang & Liu, 2015).
Once the private sector feels that the concession period is
unfair, it will take many measures to improve the distribu-
tion of fairness, even at the cost of its own benefits (Fehr
& Schmidt, 1999, 2006), such as slacking or exerting mini-
mal effort to punish an unfair result (Wang, Cui, & Liu,
2018). The inequity aversion theory, proposed by Fehr and
Schmidt (1999) reveal the influence of the fairness pref-
erence on investment utility. Today, the inequity aversion
theory has become the most common research method of
studying fair benefit distribution (Luebker, 2014).

By introducing the inequity aversion theory, the gov-
ernment and the private sector will follow the principle of
bounded rationality to decide the concession period. First,
the government and the private sector not only focus on
their own benefits, but also compare them with those of
others (Fehr & Schmidt, 1999). Second, investment ben-
efits are replaced by investment utility, which includes
economic benefits and the disutility brought about by the
sense of inequity (Fehr & Schmidt, 1999, 2006). Third,
maximizing the economic benefits of both sides will be
transformed into minimizing the gap between the invest-
ment utility-risk ratios of the government and the private
sector. In addition, this study also measures the two deci-
sion makers’ investment risks from the perspective of their
respective funding sources. To improve the fair distribu-
tion of benefits and risks in a BOT project, this study aims
to develop a fair decision model to calculate the conces-
sion period.

This paper is organized as follows. Section 1 reviews the
research foundation for determining the fair concession
period. Section 2 thoroughly describes the decision-mak-
ing model of concession period based on inequity aversion
theory. Section 3 presents a case study of a BOT highway
project in China to verify the application of the Monte
Carlo simulation model. Section 4 provides theoretical
and practical implications, and the last section concludes.

1. Literature review
1.1. Risks and uncertainties affecting decision making

Many risks influence the calculation of the concession pe-
riod, and thus risks and uncertainties have been widely
researched. Tiong (1990) expresses that BOT road projects

have a high level of risks due to high initial capital, long
construction cycle, and long payback period. Therefore,
the government and the private sector must be fully aware
of all possible risks involved in BOT projects. Li (2003)
believes that risks can be classified into three levels: mac-
ro-level risks; meso-level risks, and micro-level risks. Ng
and Loosemore (2007) divide risks into technical risks,
construction risks, operating risks, revenue risks, and fi-
nancial risks. More recently, Hanaoka and Palapus (2012)
have considered the effect of risks on uncertain conces-
sion items in project evaluation to calculate the reason-
able concession period. Generally, previous studies have
investigated risks and concession period from different
perspectives, such as construction time, construction cost,
traffic volume, and maintenance cost (Cruz & Marques,
2013; Saha & Ksaibati, 2015). Lv, Ye, Liu, Shen, and Wang
(2014) consider the uncertainty of future traffic demands
in determining the optimal concession period. Ng et al.
(2007a) regard cost, operation revenue, and income as
uncertain parameters.

Risks should be considered and quantified and when
deciding the appropriate length of a concession period
(Bing, Akintoye, Edwards, & Hardcastle, 2005). Monte
Carlo simulations have been used in calculating the con-
cession period (Ng et al., 2007a; Shen & Wu, 2005; Zhang
& AbouRizk, 2006), where the focus of the simulations is
to establish the distribution function of uncertain variables
(Liou & Huang, 2008; Wang, Chang, & El-Sheikh, 2012).
Considering the relative risks and uncertainties, this study
proposes a decision model to determine a proper conces-
sion period using Monte Carlo simulation.

1.2. Fairness in BOT project

Using a case study approach, Jamali (2004) indicates that
“fairness” is one of the basic foundational underpinnings
of successful BOTs. This has raised concerns on the related
issues of fairness in the supposed partnership between the
government and the private sector. For example, Villame-
jor-Mendoza (2011) defines fairness in Build-Operate-
Transfer/Public Private Partnership (BOT/PPP) is a ques-
tion not only of economic benefits, but more importantly,
of goodwill generated by the partnership. Zhang and Jia
(2010) investigate the relationship between the procedural
fairness and cooperation effects in BOT/PPPs. Consid-
ering the fairness preference of the private sector, Wu,
Peng, Liu, and Zhou (2018) research the governmental
compensation mechanism under the income uncertainty,
and they emphasize that the fairness preference is very
significant for government compensation strategies. Cao,
Sheng, Zhou, Liu, and Li (2014) study the incentive and
supervisory mechanism when the deputy construction en-
terprises have fairness preference.

With the in-depth research on fairness, some schol-
ars have focused more on the fair sharing of benefits and
risks generated from a BOT project. From a more com-
prehensive consideration of the fairness psychology of the
government and the private sector, Wang et al. (2018)
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obtain a more reasonable risk allocation ratio in PPP pro-
ject with the application of reciprocity preference theory.
Based on the fairness preference theory, Wang and Liu
(2015) determine the excess revenue-sharing ratio for PPP
projects, while they only consider the private sector’s fair
psychology. Carbonara et al. (2014), who focus on shar-
ing risks in a fair manner, proposed a “win-win” model
to determine the concession period and apply it to a BOT
project in Italy. However, the introduction of the fairness
preference into the decision of concession period is still
rare at present. Moreover, although the aforementioned
studies mainly follow the principle of fair reciprocity, they
ignore the disutility brought about by the sense of inequity.

1.3. Calculation of investment utility

Various models have been developed to calculate invest-
ment utility, and NPV is used as an analytical foundation.
Most studies focus on setting economic objectives to satis-
ty decision makers’ requirements (Carbonara et al., 2014).
With this in mind, Shen et al. (2002) construct the BOT
concession model (BOTCcM) for determining the conces-
sion period by using the NPV method. Using the NPV-at-
risk method as one of the available criteria, Ye and Tiong
(2000) incorporate the weighted average cost of capital
and dual risk-return methods. Ng, Xie, Skitmore, and
Cheung (2007b) consider the IRR as criterion for project
evaluation and satisfy the model with three decision ob-
jectives (max IRR, min tariff regime, and min concession
period). Engel et al. (2001) conduct preliminary studies by
adopting the LPVR to clarify the revenue in BOT projects.
However, EPEC (2011) highlights the importance of
incorporating non-financial benefits into the value for
money analysis. Bao et al. (2015) consider that the invest-
ment utility is determined not only by the NPV, but also
by an investor’s opportunity cost. Bao and Wang (2010)
propose a theoretical model to extend the NPV approach
to include the social benefit factor in the concession ne-
gotiation. Scharle (2002) regards BOT as a social game, so
the psychological outcome need to be considered. Based
on the above studies, this study separates investment util-
ity into two parts: economic benefits and equitable utility.

1.4. Inequity aversion theory

In reality, decision makers have both behavioral and psy-
chological characters of fairness, reciprocity, and altruism
(Fehr & Schmidt, 1999), which have been discovered and
demonstrated repeatedly by behavioral and experimental
economics (Samuelson, 1993). Fehr and Schmidt (1999)
develop a social utility function that captured concerns
about fairness in the sense of inequity aversion. This form
of inequity aversion is divided into two: advantageous
inequality aversion and disadvantageous inequality aver-
sion. Advantageous inequality aversion is the loss caused
by guilt because others have worse outcomes than they
do, while disadvantageous inequality aversion is the loss
caused by envy because others have better outcomes than
they do. Therefore, the value of this social utility func-

tion lies in its exceptionally good balance between advan-
tageous and disadvantageous inequality (Rohde, 2010).
Further, Davidson, Matusz, and Nelson (2006) argue that
inequality aversion is important in business. Lii, Scheve,
and Slaughter (2012) provide a new methodology for ana-
lyzing the role of inequity aversion in decision making.

From the above discussion, when making concession
period decisions, the government and the private sector
not only focus on maximizing their personal interest, but
also show preference for fairness (Carbonara et al., 2014;
Wang & Liu, 2015). Therefore, this study will examine how
the private sector’s and the government’s concerns about
fairness affect the computation of the concession period,
namely the distribution of risks and benefits.

2. Model development

2.1. Model assumptions

Under a BOT scheme for a toll highway, decision makers
need to decide the concession period before the construc-
tion. It is assumed that the government allows the private
sector to charge public price P . Denote 0, as the traffic
volume in year t, and construction cost, C, is shared
equally in the construction period T, ,. .

By considering decision makers’ irrational behaviors
under risks, the assumptions in this study are as follows:

1) Both sides (the government and the private sector)
are bounded with rationality, and they have differ-
ent fairness preferences (Simon, 2013). Furthermore,
they are concerned about not only their own benefits
(i.e,, NPV), but also about others. Specifically, if one
side’s benefit is more or less than that of the other,
that party will be in an inequity aversion (Fehr &
Schmidt, 1999). Thus, the bounded rationality con-
sists of two aspects: each side’s minimum expectation
of benefits should be satisfied, and both sides being
allowed to pursue the relative fairness of benefits.
Moreover, this study assumes that the principle of
distributive fairness is the same investment utility-
risk ratios for decision makers. The ratio is defined as
U, /CT,(i=1,2), where U, is the investment utility,
and CT; is the total investment cost.

2) Traffic volume Q, is a risk variable which is influ-
enced by many factors, such as social economic,
population environment, consumption habits, and
force majeure (Jun, 2010). Based on existing stud-
ies, this study assumes that the traffic volume varies
stochastically in time following a geometric Brown-
ian motion (GBM) (Garvin & Cheah, 2004; Iyer &
Sagheer, 2011):

dQ, =pQ,dt +GQt8\/E . (1)

For the GBM, the recursive form of the traffic volume
(Q;) in the discrete time can be written as

QHl — Qte(u—c2 /2)At+0£\/E R (2)

where p is the average annual growth rate of the
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traffic volume, o is the traffic volume fluctuation rate
(both p and o are constants), and €€ N(O,l) is the
random fluctuation term.

3) The operation cost of a BOT project includes the
fixed and the variable costs (Mills, 1995), which
can be distinguished if it is affected by every year’s
traffic volume. The operating cost ¢, in yeart is
equal to fixed cost m, and variable cost v,. Thus,
it can be expressed as ¢, =m, +v,. Fixed cost m,
is independent of the traffic volume, which includes
employee wage, administrative cost, and other re-
lated costs. Therefore, fixed cost m, can be writ-
ten as m, =my, x(1+¢,,)", where m, is the initial
fixed cost, and ¢,, is the growth rate per annum of
the fixed cost. Variable cost v, in year t increas-
es with the increase in traffic volume and the pas-
sage of time (Song, 2011), so it can be written as
v, =bxQ, x(1+¢9,)", where the marginal variable
cost bis a constant, and ¢, is the growth rate per
annum of the variable cost.

4) The government’s investment funds are mainly con-
sidered as debt funds (Ke, Wang, & Chan, 2012),
while the private sector’s investment funds can be
both equity funds and debt funds (Roumboutsos &
Anagnostopoulos, 2008).

For the government, discount rate r only needs to
consider the loan interest for bank and inflation rate of the
debt funds. Based on the “Fisher effect” (Fisher, 1930), r
would be expressed as r =11+L;—1, where i is the bank
loan interest, and I is the inflation rate.

For the private sector, the discount rate not only con-
siders the bank loan interest and inflation rate of debt
funds, but also the opportunity cost and risk premium of
share capital funds. This study combines the method of
the capital assets pricing model (CAPM) and the weighted
average cost of capital (WACC) to calculate the private
sector’s risk-adjusted discount rate (RDR) (Stritof, Gelo, &
Krajcar, 2009). The RDR (k) can be obtained by the fol-
lowing formula:

k=WACC;
WACC =Wg xRy + Wy xRy, x(1—-tax), (3)

where E, D, and tax denote the equity capital, the debt
capital, the tax rate, respectively; Wy is the percentage of
equity capital in the capital structure, which can be written
as Wy =E/E+D; Wy, is the percentage of debt capital,
which can be written as Wy, =D/(E+D); R}, is the cost
of debt; and Rj is the cost of equity, which can be deter-
mined by the CAPM formula:

R =Rp +B4(Ry; —Rp), (4)

where Rp is the risk-free return rate, B, is the risk coef-
ficient, and (R;; —Rp) is the market risk premijum.

2.2. Calculating effective concession period interval

Subsequently, Ty is the economic life and T is defined as
the value of the concession period. NPV}, the net present
value generated during the concession period, represents
the private sector’s interest. NPV, is the government’s net
present value generated during the post-transfer operation
within the interval TC,Tf (Shen et al., 2002).

Based on existing studies (Shen & Wu, 2005), the deci-
sion object can be defined as

NPV, >CT,; *R,.. 5 (5)
NPV, 20, (6)

where CT] is the private sector’s total capital investment,
and R, is the private sector’s expected minimum return
rate from the capital investment CT; .

According to the calculation equation of net present
value, NPV, and NPV, can be written as:

I _
NPV, = M , (7)
o A+k)
Ty _
NPV, = Z M (8)

=T +1 A+r)

where I, is the income in year t which is given by
I, =P*Q;; C, isthe costin year t; k is the private sec-
tor’s ROI calculated by WACC; and r is the government’s
discounted rate, which is described in assumption (4).

Eqns (5) and (6) express the principle that the private
sector’s economic benefits ( NPV; ) should be no less than
the expected minimum return. Moreover, the govern-
ment’s economic benefits ( NPV, ) during the post-transfer
operation period should be no less than zero (Carbonara
et al., 2014; Shen et al., 2002).

Eqn (5) calculates the minimum value of the conces-
sion period (f,;,) before which the private sector can-
not receive the expected minimum return on investment.
Solving Eqn (6) gives the maximum value of the conces-
sion period (¢, ), after which the public interest will be
lost.

If £ 0 > Emax > it 18 impossible to find a concession pe-
riod to satisfy the decision subjects Eqns (5) and (6) simul-
taneously.

If t,in <t the concession period can be any value
within the interval [t ¢, ] This paper mainly discuss-
es this situation in the following context.

max

2.3. Determining fair and reasonable concession
period

Based on assumption (5), both the private sector and the
government will consider fairness. In particular, they will
pay more attention to their own total investment utility,
which is influenced by their benefits and inequity aversion.

Under the principle of distributive fairness, this de-
cision model should make the difference of investment
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utility-risk ratios for decision makers as small as possible.
Therefore, the decision model is proposed as follows:

minN
s.t.y CI, CT, ’

N>0,U,>0,U, >0,CT; >0,CT, >0

where N is a constant; U, is the equitable utility of the

private sector; U, is the government’s equitable utility,

CT, is the private sector’s capital investment under risks,

which includes the construction cost and the operating

cost during the concession period, and can be expressed
TC

as CT; =ZCt; and C7, is the government’s operating
t=1

cost during the post-j‘gransfer operation, which can be

f
expressed as CT, = z C,. Moreover, the total utility
) t=T,+1
can be written as
U; =NPV, + f,(i=12), (10)

where f; is denoted as the disutility due to inequity,
which can be calculated by the inequity aversion model
(Fehr & Schmidt, 1999).

This model assumes that the one side’s equita-
ble benefit is y times the other side’s benefit, namely
yiNPVj (i=12; j=3—1i). In the existing research, y>0
represents the profit distribution rule (Frazier, 1983; Mac-
neil, 1980). In Eqn (9), the principle of distributive fair-
ness provides the evidence for decision making, and the
fair distribution rule can be expressed by

CT;
=i (=12, j=3—10).
Yi CT_( j )

Specifically, if a decision maker’s benefit is lower than
his equitable benefit, a disadvantageous inequality occurs,
which will result in the decision maker’s disutility in the
amount of o per unit difference in the total utility. In par-
ticular, a is the disadvantageous inequality aversion co-
efficient. If his benefit is more than the equitable one, an
advantageous inequality occurs in the amount of B per
unit difference in the total utility. Then, B is named as
the advantageous inequality aversion coefficient (Fehr &
Schmidt, 1999). Algebraically,

fi=—q; max{yiNPVj —NPV; -0} -

1
11
B; max{NPV, —y,NPV; -0} (i=1,2; j=3—i), (1)

where a; and B; are the inequality aversion coefficients
of decision maker i . The assumption B; <o, (i =1,2) cap-
tures the idea that a decision maker suffers more from
inequality, which is to his disadvantage. We also assume
0<B;<1l(i=12); 0<PB;(i=12) rules out the existence
of subjects who like to be better off than others and
B; <1(i=1,2) means that decision maker i is prepared
to sacrifice partial excess benefit in order to reduce his
advantage relative to decision maker j.

3. Model application: Case study

Rong-Yu Expressway is selected as the case study, which is
a BOT toll highway project in Chongging, China. The pro-
ject started in 2010 and took four years for construction,
with a total investment of about USD 1.262 billion. The
length of the highway is approximately 79.880 kilometers.
The project life span is approximately 50 years.

3.1. Data sources

While predicting the revenue and cost, there would be
many certain and uncertain variables in the decision-
making process. The main certain variable in the case
study is price P, which is equal to USD 5.64 per car
(converted into miniature vehicles). The minimal return
rate proposed by the private sector is equivalent to 15%.
In assumption 4, the weight of debt in the capital structure
is considered 65%; therefore, the weight of equity is 35%.
The risk-free return rate is the average yield over ten-year
Treasury bonds, or equivalent to 3.86%. The asset beta for
this type of infrastructure is 0.6118 (Alexander, Estache,
& Oliveri, 2000). The Chinese market risk premium was
7.10% (Damodaran, 2009). The cost of debt was 5.94%,
which was benchmark lending rate for five years or above
as set by the Bank of China in 2009, while the corporate
tax was 25%. With these assumptions, the private sector’s
discount rate is equivalent to 6.9%. In calculating the gov-
ernment’s discount rate, the loan interest for the bank is
5.94%; the inflation rate is approximately 3% in times of
economic stability within the next four years, and there-
fore the government’s discount rate is 2.9%.

The main uncertain variables in this case study are
revenue and cost in the operation period. In assumption
2, the traffic volume will never be negative and is closely
related to initial value Q,. Based on the Original Desti-
nation Survey of existing roads, a four-stage method is
used for forecasting initial value Q, , which is 1.09 million
veh/d (converted into the miniature vehicles). Using the
same method, the average annual growth rate of the traf-
fic volume is 6%. According to the maximum likelihood
estimation of historical data of related projects, the trafhic
volume fluctuation rate is 0.1. According to assumption 3,
the traffic volume is important, because the variable cost is
changing with the change in traffic volume. In calculating
the operating cost, the initial fixed cost is equal to USD
32.3 million.

After establishing the input data modeling, the Monte
Carlo simulation approach has been used for calculating
NPV. Based on the central limit theorem, the standard de-
viation of the simulation results is inversely proportional
to the number of simulations. In other words, the preci-
sion of the Monte Carlo simulation is closely related to the
number of simulations. Each simulation consists of 1,000
computer runs.

3.2. Model validation

The model can have the minimum value of the concession

period (t.;,) and the maximum value of the concession
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period (£, ) by solving Eqns (5) and (6). If T, <t ,
the private sector will not receive its expected minimum
return, and if T, >t the government’s benefit will be
damaged.

In Figure 1, ¢, ranges over the interval [14,16] years
with a probability of 81.7%, a mean of 15.12 years, a mode
of 15 years, and a median of 15 years. In Figure 2, t_
ranges over the interval [25,32] years with a probability
of 89.3%, a mean of 27.87 years, a mode of 28 years, and a
median of 28 years.

The preliminary results (Figures 1 and 2) indicate that
T ranges over the interval [14,32] years. This means that
it has a higher likelihood to satisfy the private sector’s and
the government’s benefits. Specifically, the value of 0 repre-
sents that it is impossible to satisfy the private sector’s and
the government’s benefits simultaneously.

After running the program 1,000 times, the probability
distribution of effective values of T, is depicted in Fig-
ure 3, where T ranges over the interval [15,29] years with
a probability of 91.5%, a mean of 21.57 years, a mode of 17
years, and a median of 21 years.

Simulating each concession period in the interval
[15,29] years, and each simulation consists of 1,000 com-

max °

0.1 T T T T

X. Yan et al. Concession model for fair distribution of benefits and risks in Build-Operate-Transfer road projects

T T T T T T T T T
018} 1180
Run tmax/
1000
Minimum
0151 16.00 1150
Maximum
35.00
Mean 28.51
2012 Median 29.00 1208
B Mode 29.00 g
[o] Std Dev 2.56 3
8 o
[
4 0.09- 490 (T
0.06 -60
0.03} -30
0 L L L 0
0 5 10 15 20 25 30 35 40 45 50

Figure 2. Probability distribution of the maximum value of

concession period (£, )

puter runs. Table 1 shows the simulation results of the pri-
vate sector’s NPV as well as the cumulative probability of
satistying the two sides’ benefit with respect to each con-
cession period. The table shows that the longer the conces-
sion period, the more the private sector’s benefits. More-
over, each concession period in the interval [15,29] has an
extremely high probability of satisfying the government’s
benefit.

From the government’s perspective, promoting coop-
eration with the private sector is more important in sat-
isfying its benefits. For the private sector, maximizing its
own benefits is the most important (Ng et al., 2007a). Fur-
thermore, the concession period of the toll road should
not exceed 30 years, according to China’s “Toll Road Ad-
ministration Ordinance” regulations. Therefore, if we do
not consider decision makers’ fairness preference, the rea-
sonable concession period is T, =29.

By synthetically analyzing Figures 1, 2, and 3, T, in
the interval [15,29] is used to calculate the private sector’s
utility U, and the governments utility U, .

By calculation, each concession period in the interval
[15,29] satisty U; >0 and U, >0. However, only one
concession period can minimize constant N . Specifical-
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Figure 3. Probability distribution of the value of concession period (T, )
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Table 1. Simulation results of the private sector’s NPV and cumulative probability of satisfying benefits of the
government and the private sector

Concession Mean of the private sector’s | Std Dev of the private sector’s | The private | The government
period (years) NPV (million USD) NPV (million USD) sector (%) (%)
15 2.504 0.933 92.8 100
16 3.358 1.001 98.5 100
17 4.279 1.101 99.9 100
18 4.960 1.107 100 100
19 5.840 1.220 100 100
20 6.474 1.246 100 100
21 7.261 1.254 100 100
22 8.042 1.354 100 100
23 8.763 1.436 100 100
24 9.425 1.408 100 100
25 10.011 1.504 100 100
26 10.740 1.508 100 100
27 11.430 1.569 100 100
28 11.998 1.526 100 100
29 12.666 1.637 100 100
ly, the fair concession period can make the difference of 0.35 s
investment utility-risk of the government and the private 0al T mes ]
sector minimum. From Eqn (9), we have 1,000 fair values o atmes
of T, after 1,000 simulations; then, we calculate the prob- . oy
ability of every reasonable value of T, (see Figure 4). In = o2r
Figure 4, the probability of T, =25 has the highest fre- g 015k
quency. Therefore, T, =25 is the value of the fair conces- o
sion period. “r
The disutility due to inequity is an important part of 0.05-
total utility. In Eqn (11), we find that decision makers’ 0 e
18 20 22 24 26 28 30 32 34

inequality aversion coeflicients are hard to measure ac-
curately in the cases of both disadvantageous and advan-
tageous inequalities. Therefore, we have to explore the pos-
sible impact of fluctuating inequality aversion coeflicients
on the above reasonable concession period.

Figure 5 shows that when the two sides’ inequality
aversion coeflicients reduce by 1/2, expand 4 times, or 18
times simultaneously, the value of 25 years has the highest
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Figure 4. The probability of constant N corresponding to the
minimum T,

Value of Tc

Figure 5. The probability of the value of T, based on the
fluctuant inequality aversion coeflicients

probability. Until the coefficients expand 32 times, the rea-
sonable concession period becomes 24 years. Therefore,
we can see that the result based on the fairness preference
is stable within the certain error range of equality aversion
coeflicients.

Without the fairness preference, the concession period
is equal to 29. Figure 6(a) shows that when T, =29, the
private sector’s investment utility-risk ratio is apparently
higher than that of the government. This means that the
private sector gains much exceptional profit. This is a phe-
nomenon of unfair profit distribution and another form of
the loss of state assets.

With the fairness preference, the concession period
is equal to 25. Figure 6(b) shows that when T, =25, the
difference is not obvious anymore. It means that inducing
the fairness preference in calculating the concession pe-
riod can narrow the gap between the two sides’ investment
utility-risk ratios. Consequently, the fairness of the profit
distribution can be better guaranteed.
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Figure 7. Sensitivity analysis of the discount rate changes

3.3. Sensitivity analysis

To explore the likely influence on the outcome of Monte
Carlo simulation, sensitivity analysis of private sector’s
discount rate £ and government’s discount rate r was
conducted, considering the result in Figure 7.

Figure 7 indicates that the value of T, increases with
the change in discount rates. When the change rate is over
80%, the growth rate of the value of T, becomes higher. In
this text, a change rate of 10% is equivalent to the numeri-
cal change of 0.004-0.006. When the change rate is over
100%, the concession period cannot be found in the proj-
ect life cycle. Hence, the result of the sensitivity analysis
shows that the discount rate has an important influence on
the concession period decision.

Conclusions

This study develops a concession model for a fair distri-
bution of benefits and risks in a BOT road project. The
model in this study creatively introduces the inequity
aversion theory to describe decision makers’ irrational be-
havior under risks. To ensure a fair distribution of benefits
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and risks, this study sets the principle of fairness to exist-
ing investment utility-risk ratios. Based on Monte Carlo
simulation, this study verifies the application of the model
using a case study of a BOT road in China.

By introducing the inequity aversion theory into
the concession model, this study provides a novel perspec-
tive to explore the distribution of benefits and risks in a
BOT project. This research has theoretical and practical
significance in promoting the cooperation between the
government and the private sector. The following theoreti-
cal implications can be drawn from this study: (1) the con-
cession period with the fairness preference can effectively
narrow the gap between the investment utility-risk ratios
of the government and the private sector, thus guarantee-
ing the distribution fairness of benefits and risks in a BOT
project. Therefore, when making a BOT contract, the gov-
ernment will need to identify the strength of the private
sector’s fairness preference, using personality and other
psychological tests (Wang et al., 2018). (2) The investors’
investment utility is affected by their emotions (Wang &
Liu, 2015). Thus, decision makers’ investment utility con-
tains not only economic benefits, but also the disutility
brought about by the sense of inequity. (3) The risk dis-
count rate has an important influence on determining the
concession period (Carbonara et al., 2014). Therefore, the
investments risks of decision makers from the government
and the private sector should be measured respectively
from the perspective of their own funding sources.

The practical implication of the study is that it can as-
sist decision makers in making the BOT contract more fair
and efficient. Because of the fairness preference, if conces-
sion period is lower than the fair value, the private sector’s
degree of effort and his desire to invest will be reduced.
However, if the concession period is too long, it is diffi-
cult to guarantee benefits to the public (Zhang & Jia, 2010).
Therefore, considering the fairness preference of both sides
in decision making has a strong practical value in ensuring
the satisfaction and investment enthusiasm of the private
sector and in maximizing public utility.

Finally, one of the limitations of this study is that the
use of Monte Carlo simulation may pose difficulties for de-
cision makers in predicting all uncertain variables. Future
study needs to identify key variables by collecting more in-
formation on the decision-making process, and to assign
the probability distribution of uncertain variables more
accurately.

Acknowledgements
We would like to thank the anonymous referees very
much for their valuable comments and suggestions.

Funding

This work was supported by National Natural Science
Foundation of China (71571098, 71471077, 71501102, and
71671088) and by the program B for Outstanding PhD
candidate of Nanjing University.

Author contributions

Xue Yan and Qian Li conceived the study and were re-
sponsible for the Introduction, Model development and
Conclusions. Heap-Yih Chong were responsible for Model
application. Jing Zhou were in charge of the literature re-
view and the coordination of the article.

Conflict of interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

Alexander, I, Estache, A., & Oliveri, A. (2000). A few things
transport regulators should know about risk and the cost of
capital. Utilities Policy, 9, 1-13.
https://doi.org/10.1016/S0957-1787(00)00006-0

Bao, H., Peng, Y., Ablanedo-Rosas, J. H., & Gao, H. (2015). An
alternative incomplete information bargaining model for
identifying the reasonable concession period of a BOT pro-
ject. International Journal of Project Management, 33, 1151-
1159. https://doi.org/10.1016/j.ijproman.2014.12.004

Bao, H., & Wang, H. (2010). A determining model on total in-
vestment, project life, and concession period interval for BOT
projects. In IEEE 5th International Conference on Computer
Sciences and Convergence Information Technology (ICCIT)
(pp- 781-785). Seoul, Korea.

Bing, L., Akintoye, A., Edwards, P. J., & Hardcastle, C. (2005).
The allocation of risk in PPP/PFI construction projects in the
UK. International Journal of Project Management, 23, 25-35.
https://doi.org/10.1016/j.ijproman.2004.04.006

Carbonara, N., Costantino, N., & Pellegrino, R. (2014). Conces-
sion period for PPPs: A win-win model for a fair risk sharing.
International Journal of Project Management, 32, 1223-1232.
https://doi.org/10.1016/j.ijproman.2014.01.007

Cao, Q, Sheng, Z., Zhou, J., Liu, H., & Li, Q. (2014). Motivation
and supervision mechanism of agent construction system for
government investment projects based on fairness theory.
China Soft Science, 10, 144-153 (in Chinese).

Cruz, C. O, & Marques, R. C. (2013). Flexible contracts to cope
with uncertainty in public-private partnerships. International
Journal of Project Management, 31, 473-483.
https://doi.org/10.1016/j.ijproman.2012.09.006

Davidson, C., Matusz, S., & Nelson, D. (2006). Fairness and the
political economy of trade. The World Economy, 29, 989-1004.
https://doi.org/10.1111/j.1467-9701.2006.00832.x

Damodaran, A. (2009). Equity Risk Premiums (ERP): Deter-
minants, estimation and implications — A post crisis update.
Financial Markets, Institutions & Instruments, 18(5), 289-370.
https://doi.org/10.1111/j.1468-0416.2009.00151.x

Engel, E. M., Fischer, R. D., & Galetovic, A. (2001). Least-pre-
sent-value-of-revenue auctions and highway franchising.
Journal of Political Economy, 109, 993-1020.
https://doi.org/10.1086/322832

EPEC. (2011). The non-financial benefits of PPPs — A review of
concepts and methodology. European PPP Expertise Centre.

Fehr, E., & Schmidt, K. M. (1999). A theory of fairness, compe-
tition, and cooperation. The Quarterly Journal of Economics,
114, 817-868. https://doi.org/10.1162/003355399556151

Fehr, E., & Schmidt, K. M. (2006). The economics of fairness,
reciprocity and altruism - experimental evidence and new


https://doi.org/10.1016/S0957-1787(00)00006-0
https://doi.org/10.1016/j.ijproman.2014.12.004
https://doi.org/10.1016/j.ijproman.2004.04.006
https://doi.org/10.1016/j.ijproman.2014.01.007
https://doi.org/10.1016/j.ijproman.2012.09.006
https://doi.org/10.1111/j.1467-9701.2006.00832.x
https://doi.org/10.1111/j.1468-0416.2009.00151.x
https://doi.org/10.1086/322832
https://doi.org/10.1162/003355399556151

274 X. Yan et al. Concession model for fair distribution of benefits and risks in Build-Operate-Transfer road projects

theories. In Handbook of the economics of giving, altruism and
reciprocity (Vol. 1, pp. 615-691).
https://doi.org/10.1016/S1574-0714(06)01008-6

Feng, K., Wang, S., Li, N., Chunlin, W. U., & Xiong, W. (2018).
Balancing public and private interests through optimization
of concession agreement design for user-pay PPP projects.
Journal of Civil Engineering & Management, 24(2), 116-129.
https://doi.org/10.3846/jcem.2018.455

Fisher, I. (1930). The theory of interest as determined by impa-
tience to spend income and opportunity to invest it. New York:
A. M. Kelley.

Frazier, G. L. (1983). Interorganizational exchange behavior in
marketing channels: A broadened perspective. Journal of
Marketing, 47, 68-78.
https://doi.org/10.1177/002224298304700408

Garvin, M. J., & Cheah, C. Y. J. (2004). Valuation techniques for
infrastructure investment decisions. Construction Manage-
ment & Economics, 22, 373-383.
https://doi.org/10.1080/01446190310001649010

Hanaoka, S., & Palapus, H. P. (2012). Reasonable concession
period for build-operate-transfer road projects in the Philip-
pines. International Journal of Project Management, 30, 938-
949. https://doi.org/10.1016/j.ijproman.2012.02.001

Iyer, K. C., & Sagheer, M. (2011). A real options based traffic risk
mitigation model for build-operate-transfer highway projects
in India. Construction Management & Economics, 29, 771-
779. https://doi.org/10.1080/01446193.2011.597412

Jamali, D. (2004). Success and failure mechanisms of public pri-
vate partnerships (PPPs) in developing countries: Insights
from the Lebanese context. International Journal of Public
Sector Management, 17(5), 414-430.
https://doi.org/10.1108/09513550410546598

Jun, J. (2010). Appraisal of combined agreements in BOT project
finance: focused on minimum revenue guarantee and revenue
cap agreements. International Journal of Strategic Property
Management, 14(2), 139-155.
https://doi.org/10.3846/ijspm.2010.11

Ke, Y., Wang, S., & Chan, A. P. C. (2012). Risk management prac-
tice in China’s Public-Private Partnership projects. Journal of
Civil Engineering and Management, 18(5), 675-684.
https://doi.org/10.3846/13923730.2012.723380

Li, X., Scheve, K., & Slaughter, M. J. (2012). Inequity aversion
and the international distribution of trade protection. Ameri-
can Journal of Political Science, 56, 638-654.
https://doi.org/10.1111/j.1540-5907.2012.00589.x

Li, B. (2003). Risk management of construction public private
partnership projects. Glasgow: Glasgow Caledonian Univer-
sity.

Liou, E-M., & Huang, C.-P. (2008). Automated approach to ne-
gotiations of BOT contracts with the consideration of project
risk. Journal of Construction Engineering and Management,
134, 18-24.
https://doi.org/10.1061/(ASCE)0733-9364(2008)134:1(18)

Luebker, M. (2014). Income inequality, redistribution, and pov-
erty: Contrasting rational choice and behavioral perspectives.
Review of Income and Wealth, 60, 133-154.
https://doi.org/10.1111/roiw.12100

Ly, J., Ye, G., Liu, W,, Shen, L., & Wang, H. (2014). Alternative
model for determining the optimal concession period in
Managing BOT transportation projects. Journal of Manage-
ment in Engineering, 31, 04014066.
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000291

Macneil, 1. R. (1980). The new social contract: An inquiry into
modern contractual relations. Yale University Press.

Mills, G. (1995). Welfare and profit divergence for a tolled link
in a road network. Journal of Transport Economics & Policy,
29, 137-146.

Ng, A., & Loosemore, M. (2007). Risk allocation in the private
provision of public infrastructure. International Journal of
Project Management, 25, 66-76.
https://doi.org/10.1016/j.ijproman.2006.06.005

Ng, S. T, Xie, J., Cheung, Y. K., & Jefferies, M. (2007a). A simula-
tion model for optimizing the concession period of public-
private partnerships schemes. International Journal of Project
Management, 25, 791-798.
https://doi.org/10.1016/j.ijproman.2007.05.004

Ng, S. T, Xie, J., Skitmore, M., & Cheung, Y. K. (2007b). A fuzzy
simulation model for evaluating the concession items of pub-
lic—private partnership schemes. Automation in Construction,
17, 22-29. https://doi.org/10.1016/j.autcon.2007.02.010

Rohde, K. I. (2010). A preference foundation for Fehr and
Schmidt’s model of inequity aversion. Social Choice and Wel-
fare, 34, 537-547. https://doi.org/10.1007/s00355-009-0413-5

Roumboutsos, A., & Anagnostopoulos, K. P. (2008). Public-
private partnership projects in Greece: risk ranking and pre-
ferred risk allocation. Construction Management and Econom-
ics, 26, 751-763. https://doi.org/10.1080/01446190802140086

Saha, P, & Ksaibati, K. (2015). A risk-based optimization meth-
odology for managing county paved roads. In The 94 Trans-
portation Research Board Annual Meeting. Retrieved from
https://scholar.google.com/citations?user=5NqKu-
cAAAAJ&hl=en

Samuelson, L. (1993). Recent advances in evolutionary econom-
ics: comments. Economics Letters, 42, 313-319.
https://doi.org/10.1016/0165-1765(93)90078-Q

Scharle, P. (2002). Public-private partnership (PPP) as a social
game. Innovation: The European Journal of Social Science
Research, 15(3), 227-252.
https://doi.org/10.1080/1351161022000027630

Sen, A. (1995). Rationality and social choice. The American Eco-
nomic Review, 85(1), 1-24.

Shahrara, N., AElik, T,, & Gandomi, A. H. (2017). Risk analysis
of BOT contracts using soft computing. Journal of Civil Engi-
neering and Management, 23(2), 232-240.
https://doi.org/10.3846/13923730.2015.1068844

Shen, L., Li, H., & Li, Q. (2002). Alternative concession model for
build operate transfer contract projects. Journal of Construc-
tion Engineering and Management, 128, 326-330.
https://doi.org/10.1061/(ASCE)0733-9364(2002)128:4(326)

Shen, L., & Wu, Y. (2005). Risk concession model for build/op-
erate/transfer contract projects. Journal of Construction Engi-
neering and Management, 131, 211-220.
https://doi.org/10.1061/(ASCE)0733-9364(2005)131:2(211)

Shen, L., Bao, H., Wu, Y., & Lu, W. (2007). Using bargaining-
game theory for negotiating concession period for BOT-type
contract. Journal of Construction Engineering and Manage-
ment, 133, 385-392.
https://doi.org/10.1061/(ASCE)0733-9364(2007)133:5(385)

Simon, H. A. (2013). Administrative behavior. Simon and Schuster.

Song, B. (2011). Analysis on the pricing mechanism of public-
private partnership project with different market demand
level. Journal of Management Sciences in China.

Stritof, L., Gelo, T, & Krajcar, S. (2009). Possible impact of global
financial crisis on prices in Croatian electricity sector. WSEAS
Transactions on Power Systems, 4(7), 242-251.

Tang, J., & Wang, Y. (2013). Analysis of psychological game
model based on reciprocal behavior. Systems Engineer-
ing, 31(5), 83-88.


https://doi.org/10.1016/S1574-0714(06)01008-6
https://doi.org/10.3846/jcem.2018.455
https://doi.org/10.1177/002224298304700408
https://doi.org/10.1080/01446190310001649010
https://doi.org/10.1016/j.ijproman.2012.02.001
https://doi.org/10.1080/01446193.2011.597412
https://doi.org/10.1108/09513550410546598
https://doi.org/10.3846/ijspm.2010.11
https://doi.org/10.3846/13923730.2012.723380
https://doi.org/10.1111/j.1540-5907.2012.00589.x
https://doi.org/10.1061/(ASCE)0733-9364(2008)134:1(18)
https://doi.org/10.1111/roiw.12100
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000291
https://doi.org/10.1016/j.ijproman.2006.06.005
https://doi.org/10.1016/j.ijproman.2007.05.004
https://doi.org/10.1016/j.autcon.2007.02.010
https://doi.org/10.1007/s00355-009-0413-5
https://doi.org/10.1080/01446190802140086
https://doi.org/10.1016/0165-1765(93)90078-Q
https://doi.org/10.1080/1351161022000027630
https://doi.org/10.3846/13923730.2015.1068844
https://doi.org/10.1061/(ASCE)0733-9364(2002)128:4(326)
https://doi.org/10.1061/(ASCE)0733-9364(2005)131:2(211)
https://doi.org/10.1061/(ASCE)0733-9364(2007)133:5(385)

Journal of Civil Engineering and Management, 2019, 25(3): 265-275 275

Tiong, R. L. (1990). BOT projects: Risks and securities. Construc-
tion Management and Economics, 8, 315-328.
https://doi.org/10.1080/01446199000000026

Villamejor-Mendoza, M. (2011). Equity and fairness in public-
private partnerships: the case of airport infrastructure develop-
ment in the Philippines. Retrieved from http://ncpag.upd.edu.
ph/wp-content/uploads/2014/03/kapsfairness.pdf

Wang, N., Chang, Y.-C., & El-Sheikh, A. A. (2012). Monte Carlo
simulation approach to life cycle cost management. Structure
and Infrastructure Engineering, 8, 739-746.
https://doi.org/10.1080/15732479.2010.481304

Wang, Y., Cui, P, & Liu, J. (2018). Analysis of the risk-sharing
ratio in PPP projects based on government minimum rev-
enue guarantees. International Journal of Project Manage-
ment, 36(6), 899-909.
https://doi.org/10.1016/j.ijproman.2018.01.007

Wang, Y., & Liu, J. (2015). Evaluation of the excess revenue shar-
ing ratio in PPP projects using principal-agent models. Inter-
national Journal of Project Management, 33, 1317-1324.
https://doi.org/10.1016/j.ijjproman.2015.03.002

Wibowo, A., & Alfen, H. W. (2013). Fine-tuning the value and
cost of capital of risky PPP infrastructure projects. Engineer-
ing, Construction and Architectural Management, 20, 406-419.
https://doi.org/10.1108/ECAM-11-2011-0097

Wu, X,, Jing, Z., & Wei, H. (2011). Decision-making model on
BOT project’s concession period based on an efficient opera-
tional period. Journal of Systems Engineering, 26, 373-378.

Wu, X., Peng, Y., Liu, X., & Zhou, J. (2018). Validity of gener-
alized compensation contract for PPP project with consid-
eration of private fair reference depending on concession
profit. China Finance Review International, 8(1), 43-68.
https://doi.org/10.1108/CFRI-06-2016-0071

Ye, S., & Tiong, R. L. (2000). NPV-at-risk method in infrastruc-
ture project investment evaluation. Journal of Construction
Engineering and Management, 126, 227-233.
https://doi.org/10.1061/(ASCE)0733-9364(2000)126:3(227)

Yu, C., & Lam, K. C. (2013). A decision support system for the
determination of concession period length in transportation
project under BOT contract. Automation in Construction, 31,
114-127. https://doi.org/10.1016/j.autcon.2012.11.012

Zhang, X., & AbouRizk, S. M. (2006). Determining a reasonable
concession period for private sector provision of public works
and service. Canadian Journal of Civil Engineering, 33, 622-
631. https://doi.org/10.1139/106-010

Zhang, Y., Feng, Z., & Zhang, S. (2018). The effects of conces-
sion period structures on BOT road contracts. Transportation
Research Part A: Policy and Practice, 107, 106-125. https://doi.
org/10.1016/j.tra.2017.11.018

Zhang, Z., & Jia, M. (2010). Procedural fairness and cooperation
in public-private partnerships in China. Journal of Managerial
Psychology, 25(5), 513-538.
https://doi.org/10.1108/02683941011048409

Zhang, J., Xu, J., & Liu, J. (2011). Game analysis on fairness of
concession period of Build Operate Transfer contract project.
Urban Studies, 6, 017.


https://doi.org/10.1080/01446199000000026
https://doi.org/10.1080/15732479.2010.481304
https://doi.org/10.1016/j.ijproman.2018.01.007
https://doi.org/10.1016/j.ijproman.2015.03.002
https://doi.org/10.1108/ECAM-11-2011-0097
https://doi.org/10.1108/CFRI-06-2016-0071
https://doi.org/10.1061/(ASCE)0733-9364(2000)126:3(227)
https://doi.org/10.1016/j.autcon.2012.11.012
https://doi.org/10.1139/l06-010
https://doi.org/10.1016/j.tra.2017.11.018
https://doi.org/10.1016/j.tra.2017.11.018
https://doi.org/10.1108/02683941011048409

