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Te revenue of a public-private partnership (PPP) project is infuenced by macroeconomic scenarios such as economic recession
and policy adjustments. But these macrofactors and their dynamic relations with microfactors in PPP projects have not been
thoroughly understood. In this article, system dynamics (SD) and real option (RO) are integrated to develop a novel model to
investigate the impacts of the macro-risk factors on the revenue of PPP projects. Five scenarios were studied through simulation.
Te results indicate that the loan interest rate and tax rate are negatively correlated to the revenue, while the GDP growth rate and
self-owned capital rate are positively correlated. Tis indicates that the government can stimulate the private sector to invest in
PPP projects by providing lower loan interest and increasing the self-owned capital rate. Tis integrated approach has been
proposed for use by decision-makers to evaluate the impact of economics and policies in the future. Tis study provides
a comprehensive review and reliable theoretical analysis regarding the adoption of PPP by China’s local governments, yielding to
main policy implications for further promoting the efciency of PPP development.

1. Introduction

Aquatic ecosystems have been seriously polluted with
population growth and economic development. Statistics
show that 85% of the urban water bodies in China are se-
riously polluted, increasingly restricting the development of
China’s economy and harming the health of residents and
the ecological environment. However, insufcient sewage
treatment facilities lead to a vast proportion of wastewater in
aquatic ecosystems. To close the gap between the high de-
mand for sewage treatment and underinvestment, the
Chinese government has been actively promoting in-
vestment in sewage treatment projects, an important way to
realize the coordinated development of the social economy
and water resources. PPP has become a widely adopted

cooperation scheme between governments and private
sectors for the development and operation of public in-
frastructures. In a typical PPP project, the public sector
shares the risks and rewards with the private partners. PPP
contracts have been proven efective in arranging the fnance
for infrastructure projects, improving the supply efciency
of public services, and defusing local government debt risks.
Tong et al. found that the fnancing capacity was improved,
and the debt risk of local government was eased with the PPP
mode [1]. In summary, it is a mutually benefcial way to
balance the increasing demand and inadequate government
budgets [2, 3]. However, the complex relationship of macro-
and micro-risk factors and dynamic characteristics changes
in these factors of PPP makes it very difcult, if not im-
possible, for all the stakeholders to make decisions with

Hindawi
Advances in Civil Engineering
Volume 2023, Article ID 2351910, 13 pages
https://doi.org/10.1155/2023/2351910

https://orcid.org/0000-0002-7006-7257
https://orcid.org/0000-0003-3207-0591
https://orcid.org/0000-0001-8061-5344
mailto:zliao@ryerson.ca
mailto:guoqi@ctgu.edu.cn
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/2351910


sufcient certainty of success and may have a signifcant
infuence on the performance and sustainability of PPP
projects [4, 5].

For the past decades, researchers have employed dif-
ferent quantitative methods to identify and investigate the
risk factors involved in PPP projects. Malini used Monte
Carlo simulation (MCS) to study the impacts of stochastic
variables, such as toll rate, toll revision schedule, the extent
of a government grant, and the duration of the concession
period, on the economic performance of a PPP toll road
project. Te results showed that the toll rate, government
grant, and concession period have a positive impact on the
revenue of PPP projects [6]. Shen assumed that operation
costs, trafc volumes, and discount rates were random
variables and could be modeled by a normal distribution,
and concession prices can be calculated by discrete distri-
bution in the cash fow forecast. Teir results indicated that
the risk level is determined by the concession period [7].
Zhao et al. adopted a real options method for decision-
making in highway development. Tey assumed that the
trafc volume could be modeled by the Wiener process [8]
and deployed geometric Brown motion (GBM) to model
risks in future trafc demand, optimizing the decision-
making process. Tis is a common practice in most of the
literature on the topic [9]. Nevertheless, the above-
mentioned studies focus on the micro-risk factors and the
infuences of macro-risk factors, such as GDP growth rate,
loan rate, and policies of the sewage treatment PPP project in
China, are scarce.

Since 2015, profound changes have taken place in
China’s economy and policies, which have marked impacts
on the investment in PPP projects. China’s economy grew
sharply to 4.8% in the frst quarter of 2022. A sustained
economic downturn signifcantly impacts the revenue of
PPP projects [10]. Tis is because private sectors have
retained a cautious attitude toward investing in PPP projects
[11, 12]. A series of supporting policies were carried out by
the government from 2013 to 2016, and the implementation
rate of PPP projects experienced a rapid rise to a stable
process. Te implementation rate declined suddenly from
2017 because of the policies such as the compliance review of
the PPP project. Figure 1 shows the change trend of China’s
GDP growth rate and the implementation rate of sewage
treatment PPP projects from 2013 to 2019. Private sector is
encouraged to participate in infrastructure investment by
the government. Some policy interventions have been
implemented including tax reduction, preferential interest
rate, and self-own capital rate.

Investment revenue is sensitive to both macro- and
micro-risk factors, and unstable revenue hinders private
sectors’ participation [13]. Tis harms the environmental
protection industry, quality of public service, and govern-
ment credibility [14–16]. Furthermore, since the methods
applied in these studies, including the traditional discounted
cash fow (DCF) model, the real options model, and Monte
Carlo simulation, do not consider dynamic features of PPP
projects, they cannot reveal the dynamic changes of macro-
risk factors on PPP revenue. Terefore, it is necessary to
identify the relationships between macro- and micro-risk

factors and evaluate the impacts of the macro-risk factors in
the sewage treatment PPP project.

To fll the gap, we take both net present value (NPV) of
the private sector and government subsidy as the proxies of
decision-making. To further analyze the infuencing
mechanism of macro-risk factors on NPV and government
subsidy, we use the SD model to establish the feedback
relationships of macro- and micro-risk factors and simulate
the variation trend of NVP and assistance of sewage
treatment PPP projects under diferent economic and policy
scenarios.

Tis paper contributes to the literature on evaluating
PPPs in four ways. First, the existing scholarship in this feld
tends to overlook the impact of macro-risk factors (like
economics and policy) and the relationships between these
factors in PPP projects. Second, the integrated macro- and
micro-risk factors theoretical analysis framework proposed
is an extension of the existing analysis perspective. In this
article, the authors combined real option, stakeholder, and
system dynamic theories to evaluate the impact of macro-
risk factors on the revenue of PPP projects to better un-
derstand the infuencing mechanism of macro-risk factors
on PPP revenue.Tird, it is also worth noting that this article
comes to diferent conclusions from previous research,
which provides a reference for making correct decisions
during an economic downturn. Fourth, the proposed
method can evaluate the impact of policy interventions on
the revenue of PPP project.

Tis article is organized as follows. Section 2 presents
a literature review. Section 3 describes the method
employed, outlines the formulation of the system dynamics
model, and explains the modeling procedure. Te data and
scenarios for simulation studies are described in Section 4.
Section 5 presents the simulation results and discussion. Te
conclusions and limitations of the present study and future
research are discussed in Section 6.

2. Literature Review

2.1. PPP Risk Factor. Risk identifcation is a hot research
focus for PPP-related studies. Li et al. pointed out that
risks associated with PPP projects could be classifed into
macro-, medium, or microlevels, and each level is related
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Figure 1: Te change trend chart of China’s GDP growth rate and
the implementation rate of sewage treatment PPP projects from
2013 to 2019.
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to several subrisks [17]. Te media classifed the risks in
transport PPP projects into technical, commercial, po-
litical, and fscal risks [18]. Xu et al. stated that the
performance of PPP water projects was infuenced by
contract conditions, legislation, concession prices, in-
accurate market forecasts, fnancing, policies and market
demand changes, the macroeconomy, government
credits, and technical risks [19]. Te research, as men-
tioned above, concludes that successful PPP implication
is signifcantly infuenced by both micro- and macrorisks.
However, they did not conduct deep investigations on
macrorisks.

2.2. Macro-Risk Factors in PPP Projects. Macro-risk factors
are mostly related to exogenous risks, including economic
fuctuation, legal and policy adjustment, and force
majeure. [20]. Ke and Ameyaw investigated macrorisks in
a typical PPP project using questionnaire surveys [21, 22].
Economic fuctuation risks typically include economic
downturn and infation risk. An economic downturn
impacts the external demand of the market to change
enterprises’ sales revenue and fnally afects enterprises’
investment expenditure [23]. A high degree of economic
downturn brings high investment risks, and enterprises
will decide to reduce investment [24, 25]. Most projects in
China are mainly dependent on fnancing from banks.
However, macroeconomic risks will distort the allocation
of bank credit resources, thus afecting the ability of
enterprises to obtain loans and borrow with a low-interest
rate [26, 27]. Mane and Pimplikar studied the fnancing
risk caused by the loan rate fuctuation during the
postconstruction period. Te case study results indicate
that the concession period should be extended, corre-
sponding to the change in loan rate [28].

Moreover, the exchange rate and infation are dy-
namic and unstable for the PPP projects in the long
operation period. Policy adjustment risks refer to the
change in monetary policy (interest rate or exchange
rate), tarif policy, industrial policy (minimum capital
ratio change) [29], price adjustment, etc. Gaiotti et al.
took the data of Italian companies as samples and found
that monetary policy afects corporate investment
through fnancing costs [30]. Tong studied the current
tarif policy comprehensively and concluded that tax
policy plays a signifcant role in regulation during the
contract cooperation in PPP mode [31]. Te above-
mentioned researches focus on the impact of macro-
factors on the investment decision of the manufacturing
industry; however, there are few studies that pay attention
to the quantitative analysis of the impact of economic and
policy interventions on the investment decision of sewage
treatment PPP projects.

Te above researches focus on the infuence of macro-
factors on the investment decision of domestic and foreign
manufacturing industry, and there are few types of research
on the quantitative analysis of economic and policy ad-
justment on the investment decision of water environment
management PPP projects. Te above researches focus on

the infuence of macrofactors on the investment decision of
domestic and foreign manufacturing industry, and there are
few types of research on the quantitative analysis of eco-
nomic and policy adjustment on the investment decision of
water environment management PPP projects. Te present
study focuses on the macro-risk factors which can be
quantitatively measured.

2.3. System Dynamics Model. Previous research has focused
on the quantitative analysis of risks by using analytic hi-
erarchy process (AHP), Monte Carlo simulation [32], real
options method [33], binomial lattice [34], fuzzy set theory
[35], etc. in PPP projects. Tese methods assume that
macrovariables such as interest and tax rates are fxed. Few
focus on the dynamic characteristics of macro-risk factors
and explore the relationship between macro- and micro-risk
factors.

Insight into this issue can be obtained using a system
dynamics model of PPP projects. System dynamics [36] can
incorporate macro- and micro-risk factors into one
framework and present the feedback relationships of factors
impacting PPP projects. It was frst proposed by Forrester
[37] and received increased recognition from a wide range of
felds as an efective method to analyze complex systems. As
a typical long-term, dynamic, and complex system [38–40],
the revenue system of PPP projects can be investigated using
an adopted analyzing tool based on SD. It can recognize the
circular structure of a system and overcome the defect of
linear causal models, which allows researchers to study the
nonlinear interactions among various factors (endogenous
and exogenous) [41]. It provides a possible way to simulate
the behaviour of some key business variables when mac-
roeconomic conditions change and policy measures are
implemented. In this article, an SD-based method is pro-
posed to identify the efect of government policies on the
revenue of a sewage treatment PPP project. Tis approach
intends to obtain an optimized policy scheme through
analysis of macro- and micro-risk factors.

3. Research Methods

Te proposed analytical approach takes a PPP sewage
treatment construction project as a case study. It utilizes SD
to dissect macro- and micro-risk factors that could infuence
the project’s revenue. Tis approach includes three steps, as
explained in the research framework in Figure 2.

(1) Te PPP revenue system is divided into the micro-
private revenue subsystem and the macroeconomic-
policy subsystem

(2) Te SD-based simulation model is established by
analyzing the parameters’ feedback loop, and all
parameters’ equations are constructed to develop
quantitative relationships between factors

(3) Diferent economic and policy scenarios are
designed to identify the impacts of macro-risk fac-
tors on PPP projects and the dynamic infuence
process
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3.1. Research Scope. Te proposed evaluation system con-
sists of two subsystems: a private revenue subsystem and
a macroenvironmental subsystem. Te private revenue
subsystem dominates fnancial feasibility and contains
several elements that constitute cash infows and cash
outfows, according to Xu et al. [42]; while the macro-
environmental, a.k.a., the economic-policy subsystem,
models economic environments by deploying gross do-
mestic product (GDP) growth rate as a critical factor, given
its ability to infuence regulatory policies. Te variables in
each subsystem hold static or dynamic interrelationships.

3.2. System Dynamics Modelling. Te SD model is designed
to identify the infuence of macroeconomic recession and
regulatory policies on a typical sewage treatment PPP
project. Te model is implemented in Vensim P.L.E. soft-
ware, a full-fedged platform that fts continuous simulation
and supports discrete-event analyses and agent-based
modeling.

Previous studies showed that system dynamics could
depict relationships among variables within a system that
comprises multiple subsystems. Hence, it is an ideal tool to
model the interactions within PPP projects. Figure 3 depicts

the SD conceptual visualization of the PPP project for
sewage treatment, where arrows bridge from causes (vari-
ables at the tails of arrows) to efects (variables at the heads of
arrows) [43], and the positive (+) signs represent positive
reinforcement. In contrast, the negative (−) denotes the
opposite.

Fourteen variables and 11 parameters are devised in this
system: one level variable, two fow variables, and 11 aux-
iliary variables (see Table 1). Te level variable is computed
using an integrator. Te rate variable measures the rate at
which an infuencing variable is applied to the level variable.
Tis may include infow and outfow variables.

After describing qualitative conceptualization, SD
modeling needs to compute relationships between variables
quantitatively. In this model, values of some variables are
obtained from previous project experiences and public data,
and the rest are calculated in this article. NPV and gov-
ernment subsidy are used to describe the logical relation-
ships among the variables.

3.2.1. PPP Revenue Subsystem. NPV is the diference be-
tween the present value of cash infows and the present value
of cash outfows over a period of time. A positive NPV
indicates that the project will be proftable. When the value is
negative, it indicates otherwise. Terefore, NPV is the fnal
output of the system, and its calculation involves several
variables that are either cash-infow-related or cash-outfow-
related:

NPV � 􏽘(CI − CO),

CO � Cc + Co + Ci + Ct,

CI � Is + Gs,

(1)

where CI represents the cash infows including income from
the sewage treatment (Is) and the government subsidy for the
project (Gs). Technically, the sewage treatment income is
determined by concession price and sewage treatment
volume [44–46]. Usually, the government sets the sewage
treatment into a value that encourages the private sector to
participate. CO is the cash outfows of the project, including
the construction cost (Cc), the operation cost (Co), the loan
interest (Ci), and the total tax (Ct) [47].Te construction cost
refers to the cost incurred during each year of the con-
struction period [42]. Te operation cost includes mainte-
nance cost, wages, the welfare of the employer, energy cost,
and raw material cost [48]. Te loan cost is the interest
generated from a bank loan.

In this model, the actual volume of the total sewage
treatment Qτ can be modeled through a lognormal sto-
chastic process [49]:

dQτ � μQτdτ + σQτdWQ, (2)

where dQτ is the increment of the sewage treatment volume
during a short period of time dτ . μ is the volume growth rate
during dτ , and σ is the long-term volatility of the annual
growth rate of the volume. μ and σ are constants, and dWQ is
the incremental volume that is independently and identically

Macro environment
subsystem

Private revenue
subsystem

Analyze system structure
and determine feedback

loop

Construct stock-and-fow
diagram and equations

Sensitivity analysis

Dynamic policy simulation
scenarios

Improving the scientifcity and accuracy of
policy making of sewage treatment PPP

project

Determine the research boundary of
decision making system

Figure 2: Te research framework.
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distributed (i.i.d) in a standardized Wiener process. For
convenience, equation (2) is modifed as follows:

dQτ � μ −
1
2
σ2􏼒 􏼓dτ + σdWQ. (3)

Since the actual volumes of the sewage treatment in two
adjacent years are strongly correlated, a stochastic evolution
process can be used to express the process (see equation (4)):

Qτ+1 � Qτe
μ−

1
2
σ2􏼒 􏼓∆τ+σϵ∆τ

.
(4)

Tis suggests that the logarithm of the volumes follows
a normal distribution with a mean of (μ − 1/2σ2)dτ and
a variance of σ2dτ .

Te subsidy for the project Gs(t) is infuenced by the
actual volume of the sewage treatment Qτ , the concession
price P, and the minimum volume of the sewage treatment
Qmin. If Qτ in year τ is below the lower the threshold Qmin,
the government will provide a subsidy to cover the shortfall,
and the subsidy will be (Qmin − Qτ). Tus, the efective in-
come for the private sector in year τ can be described as
follows:

Qτ(τ) � max Qτ , Qmin( 􏼁,

Qmin � θmin × QD,
(5)

where QD is the quantity of sewage treated.

3.2.2. Macroenvironment Subsystem. Macroenvironments
impact the annual income and the cost of the PPP sewage
treatment construction project. Te two main factors that
infuence the macroeconomic environment are the GDP
growth rate and government policies.

In the proposed revenue model, two variables, μ and σ,
are related to the GDP growth rate while monetary, fscal,
and industrial regulatory policies afect the project’s revenue
by infuencing the capital structure and capital cost.

μ � 1 × Rg,

σ � 0.8 × Rg.
(6)

Te loan interest Li is infuenced by two variables: the
amount of loan L and the loan interest rate RI. Te amount
of the loan is determined by the construction cost Cc, the
self-owned capital ratio RS, and the government investment
ratio Ri. Te self-owned capital ratio is a function of the type
of industry. Te tax is determined by the sewage treatment
income and the tax rate.

Li � L × Ri,

L � Cc × 1 − Rs − Ri( 􏼁,

Ct � Is × Rt.

(7)

4. Case Study

Sewage treatment is one of the most important application
felds of the PPP model, and its decision-making is infu-
enced by macro- and microrisks. A proactive policy will be
implemented to resist the economic loss caused by an
economic recession. Te regulatory policies can be divided
into three categories: operating cost reduction policies, tax
policies that ease the tax burden and cut down the loan
interest rate to decrease the capital cost of private sectors,
and policies that improve cash infow.

Te authors applied the proposed SD model to a sewage
treatment construction project to study the infuences of
economic conditions and government policies on the rev-
enue of the PPP project. Te authors designed four scenarios
in addition to the base scenario, as listed in Table 2, to
investigate and compare the function of each policy.

Te simulation period of the model is set at 20 years
starting from 2019, refecting the PPP agreement with a 20-
year concession period, including the construction period.
Te time step is half a year.

4.1. Base Scenario and Data Resource. Te related data were
extracted from a feasibility research report of the project, as
shown in Table 1 [50].Te average GDP growth rate was set at
6.5%, according to the National Bureau of Statistics of China
(NBS). Te authors assumed that the impact coefcients were
equal to one, which implied that the sewage treatment
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demand’s growth rate and volatility rate held positive re-
lationships with the GDP growth rate according to the Notice
on Strengthening Investment and Construction Management
of PPP Projects in Accordance with Laws and Regulations
issued by the National Development and Reform Commission
in 2017. Te minimum capital ratio of PPP water environ-
mental governance projects is 0.3 [51], and enterprise income
tax is exempted from the sewage treatment income according
to the tax regulations released by the State Taxation Admin-
istration of China (STA) [52]. According to the stipulation of
the Administration of Taxation of the Ministry of Finance, the
PPP project that meets the requirements can enjoy the tax
preference of exemption from income taxation for the frst
three years, reduction half for next three years. Te enterprise
income tax rate is 25% of sewage treatment plants. Te en-
terprise income tax rate is the only tax incorporated in this
study because it was based on long-term income. It was set as
25% as the National Development and ReformCommission of
China (NDRC) [53]. According to the stimulation of the
National Development and Reform Commission in 2015, the
minimum sewage treatment price is 0.95 yuan/t which is
0.14 dollar/t in line with the average exchange rate between
China Yuan and US dollars in 2019. By referring to Zhang
et al.’s study, the average discount rate of the sewage treatment
industry was set at 8% [54]. According to the People’s Bank of
China, the benchmark interest rate for long-term loans will be
set at 4.9% in 2019. However, during the implementation of the
project, the actual loan interest rate is higher than the
benchmark interest rate based on the strength of social capital
and the nature of the project. Te authors assumed that the
loan interest rate of long-term PPP projects is 7.5%.

4.2. Economic Recession Scenario. Some studies found that
macroeconomic recession could infuence corporate earn-
ings and cash fows. For example, when most corporations
cut down the expenses on environmental protection, the
demand for sewage treatment would decrease. To clarify the
mechanism behind this infuence, the authors created an
economic recession scenario with a GDP growth rate
dropping from 6.5% to 4.55% for 20 years, according to
Ward K’s prediction, which indicated that China’s economy
would decline in the following decades [55].

4.3. Self-Owned Capital Rate Decrease Scenario.
Self-owned capital rate is one of the most critical regulatory
policies. In the base scenario, the self-owned capital rate was
set at 30%. Te authors referred to the practices in the UK
[29] and set the self-owned capital rate as 10% to reduce the

initial investment of the private sector. A self-owned capital
rate decrease scenario was devised where the self-owned
capital rate ranged from 30% to 10% over 20 years.

4.4. Tax Rate Decrease Scenario. Tax policies in PPP projects
can also refect regulatory policies. Given their essence for
public welfare, PPP projects would be more likely to succeed
if specifc tax policies [56] favor them. Usually, governments
recognize this and enact tax reduction policies to encourage
private sectors to participate, primarily when NPVs cannot
ensure the projects’ feasibility or sustainability. Numerous
tax schemes apply to work on PPP sewage treatment pro-
jects.Terefore, the authors took enterprise income tax as an
example and altered its value from 25% to 15% [57].

4.5. Loan Interest Rate Decrease Scenario. Over the project
period, the interest rate follows random uniform distribu-
tion [58], and directly decreasing the loan interest rate would
lead to infation, even though it cuts down the capital cost of
the private sector. Terefore, the authors presumed the
market as an agent and designed an interest rate decrease
scenario [59, 60] where the bank determines the loan interest
rate by considering the debt ratio of the company: the lower
the debt ratio, the lower the loan interest rate. As a result, the
loan interest rate ranged from 7% to 5.6% [61].

4.6. Sensitivity Analysis. A sensitivity test was conducted to
assess the validity and availability of the developed model.
According to the above analysis, four macrovariables (i.e.,
GDP growth rate, self-owned capital ratio, tax rate, and loan
interest rate) contribute to cash fow. Detailed parameters
for the four variables are shown in Table 3. Simulations were
performed with 200 values for each variable randomly
chosen from its probability distribution to represent realistic
conditions. As forecasted, all the economy and policy var-
iables were assumed to follow a random uniform distri-
bution between the minimum and the maximum values.Te
results shown in Figure 4 indicated that although the value of
NPV changes with the macroeconomic variables, the trend
of VPN change is not altered by these variables. It means that
the SD model developed can model the impacts of these
variables on the VPN of PPP projects with reasonable
sensitivity.

5. Results and Discussion

Te SD model described above has been used to investigate
the infuence of macrorisks and their dynamic relations with

Table 2: Regulatory scenarios.

No. Scenarios Description

1 Base scenario GDP growth rate is 6.5%, self-owned capital rate is 30, and concession price is 0.14
dollars/t

2 GDP growth rate decreases GDP growth rate decreases from 6.5% to 4.55%
3 Self-owned capital rate decreases Self-owned capital rate decreases from 30% to 10%
4 Tax rate decreases Enterprise income tax rate decreases from 25% to 15%
5 Loan interest rate decreases Loan interest rate decreases from 7% to 5.6%
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the microrevenue for a PPP sewage treatment construction
project. Five scenarios were defned according to the most
likely change in macro- and microvariables.

5.1. Impact of GDP Growth Rate. To evaluate the impact of
GDP growth rate decline, we assumed that the GDP growth
rate is decreased to 4.55% in an economic recession scenario.
Figure 5 shows how the GDP growth rate impacts the
performance of the PPP project. Te direct consequence of
the fast GDP decline, from 6.5% to 4.55%, was the decreased
volume of sewage treated. In the frst 3–10 years, the demand
for sewage treatment declined slightly but plunged by 15%–
28% from the 11th to the 20th year (Figure 5(a)). Te sewage
treatment income followed the same trend with a drop from
20% to 30% during the last ten years (Figure 5(b)). Tis can
be explained because the efect of GDP decrease on
manufacturing enterprises is delayed. Te widening gap in
the actual volume of sewage treatment and income indicates

that manufacturing enterprises gradually cut back their
production, and the demand and revenue of survival en-
terprises have stabilized in the last few years.

As the GDP acceleration slowed, the annual government
subsidy increased signifcantly, as depicted in Figure 3(c).
Especially in the 8th and the 11th years, when the gov-
ernment in the basic scenario paid nothing, the government
in this scenario had to provide much more. Tat is because
the government partly compensates the insufcient revenue
according to the concession agreement. Te less the income
is, the more the government pay. Tese results suggest that
a GDP decrease will increase the fnancial burden on the
government.

As shown in Figure 3(d), NPV is the most infuenced
factor, dropping more than 240%, from 1.07Î106 dollars in
the basic scenario to −1.53Î106 dollars. Tat is because NPV
is an accumulative value controlled by the annual income.
Te signifcant drops in income lead to a decrease in NPV.

Table 3: Input parameters of the four variables for the sensitivity test.

Category Variables Distribution Min Max

Macroenvironment

GDP growth rate Uniform 0.04 0.07
Self-owned capital ratio Uniform 0.1 0.3

Tax rate Uniform 0.15 0.25
Loan interest rate Uniform 0.04 0.08
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Figure 4: Te impact of macro-risk variables on NPV: (a) GDP growth rate vs NPV. (b) Self-owned capital ratio vs NPV. (c) Loan interest
rate vs NPV. (d) Tax rate vs NPV.
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When NPV reached negative values, the project became
infeasible.

Te results indicate that decreasing GDP growth rate
leads to reductions in the volume of sewage treatment, the
income of the project, the government subsidy, and the NPV
and ultimately reduces the wiliness to invest in the private
sector, which is consistent with the infuencing path in
Figure 2. Te impact on the revenue of sewage treatment
PPP projects could be manifested in many ways ranging
from reduced investment to bankruptcy [62]. Tis is con-
sistent with Yoon’s research which concluded that macro-
economic fuctuations generally refect the changes in
external demand. Tis will directly afect the enterprise’s
operating income, increasing or decreasing business in-
vestment expenditure [63].Tis demonstrates that the ability
of a PPP project to survive in the presence of a signifcant
economic recession mainly depends on sufcient and ap-
propriate interventions from the government (the public
part of PPP). Tis is further explored in the policy scenario
simulation reported in Section 5.2.

5.2. Impact of Regulatory Policies. Te impact of each
macroregulatory policy on the six outputs, NPV, the actual
sewage treatment volume, the government subsidy, the
sewage treatment income, the tax, and the loan interest, was
simulated. Te results are presented in Figure 6.

5.2.1. Te Impact of a Self-Own Capital Rate Decrease.
When the self-own capital rate decreases from 30% to 10%,
the NPV is dropped to −3.13Î106 dollars from the 3rd to the
20th year, a 105% cut compared to its value in the GDP
decreasing scenario. At the same time, the loan interest is
increased from 7.64Î105 dollars/year in the base scenario to
9.83Î106 dollars/year, and a jump of 151% for the NPV can
be observed.Tese fndings imply that a decrease in self-own
capital rate leads to a higher loan and a higher loan interest
expense, ultimately decreasing the NPV of PPP projects.Tis
fnding concurs with the result obtained by Ban that capital
ratio reduction increased the fnancial burden of real estate
companies [64].

5.2.2. Te Impact of a Tax Rate Decrease. Te total tax
declined by about 50% when the tax rate decreased, while
NPV has risen 69% higher than that in the GDP decrease
scenario. Tese data show that the low tax rate exhibited is
declining tax expenditure. Tat is because the tax decrease
policy reduced the operation cost of the private sector. NPV
is larger than the base scenario from the 4th to 12th year and
then declined for the rest of the simulation period (see
Figures 6(a) and 6(e)). Tax cuts can improve the NPVs of
PPP projects because of the tax expense drops faster than the
income. Te result is consistent with the evidence reported
by Bloom that the government adopts tax policy to adjust the
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Figure 5: Impact of GDP decreases on the actual volume of sewage treatment, sewage treatment income, government subsidy, and NPV.
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demand and supply of capital and sends a message about
a future investment to frms [65].

5.2.3. Impact of Loan Interest Rate Decrease. In the scenario
where the loan interest rate decreases to 5.6%, the NPV value
is −1.05Î105 dollars, a 93% increase when compared to the
value obtained by simulating the GDP decrease scenario.
Specifcally, during the period between the 2nd year to 16th
year, NPV is higher than that in any other scenario; while
from the 17th to the 20th year, it drops to the second po-
sition, lower than that in the base scenario and higher than
that in the tax decrease scenario. Tis can be explained that
the decrease rate of the cash outfow (like loan interest) is

slower than that of cash infow (like sewage treatment in-
come).Tese fndings imply that a loan interest rate decrease
policy can improve the cash fow in an early stage, but from
the long-term perspective, it cannot carry back losses. Tese
results are consistent with the fndings of Taylor and Cheng
that depicted investment as negatively related to the real
interest rate [66].

Overall, macroeconomic downward will lead to a sig-
nifcant reduction of NPV due to low and declining cash
fows.Te growth rate of cash infow and outfow determines
the value of NPV. Te improving efect of the loan rate
decrease is better than the tax rate decrease. However, the
self-own capital rate decrease hurts the revenue of PPP
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Figure 6: Impact of diferent scenarios on the six key outputs: (a) NPV, (b) actual volume of sewage treatment, (c) government subsidy,
(d) sewage treatment income, (e) tax, and (f) loan interest.
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projects. Using the model proposed in this paper, the
infuencing path of diferent macrorisks can be identifed.

Terefore, any decision in PPP projects must consider
the macrorisks and their dynamic relations, as well as
microenterprise revenue. In a nutshell, the central gov-
ernment should improve the tax policy to ease the tax
burden; thus, the private sector can decrease the cash
outfow. Interest rate marketization should be promoted
because it will relieve companies’ fnancing constraints,
reduce the loan interest rate by exacerbating the competition
between banks, and force the private sector to reduce the
debt rate to obtain lower loan interest rates.

5.3. Suggestions. Based on our analysis, the following four
suggestions are proposed:

(1) Te private sector should monitor the macroeco-
nomic situation and government regulation policies.
To make scientifc investment decisions, stake-
holders should conduct extensive statistical analyses
of the macrofactors afecting PPP projects.

(2) Taxes schemes need to be improved by incorporating
tax incentives to motivate the private sector by re-
ducing their tax burden.

(3) Te high fnancing cost puts a restraint on the
participation of the private sector. Te monetary
policies should be designed to create ease for the
potential private stakeholders.

(4) Te self-owned capital reduction can relieve the
initial fnancial pressure; however, it will increase the
operation cost. Terefore, a self-owned capital re-
duction policy should be implemented together with
other complementary measures, such as a loan rate
decrease policy. Tese fndings provide a reference
for private sectors and local governments to im-
plement appropriate policy measures for improving
the sustainability of PPP projects.

6. Conclusions and Limitations

6.1. Conclusions. Research on the macro-risk factors (GDP
growth rate and policy interventions) on the revenue is
essential for the sustainable development of sewage treat-
ment PPP projects. An SD-based policy analytical model was
established to simulate the changing trends and values of
fscal variables. Te following conclusions can be drawn
from the results: (1) macroeconomic recession hurts the
revenue of PPP projects which prevents the investment of
the private sector, and incentive regulatory policies have
diferent infuencing paths; (2) the proposed SD model can
be used to analyze possible changes in PPP projects and
provides references for investment decision or policy
making.Te proposed approach can also be applied to study
PPP projects in other sectors. For instance, subway and
waste-to-energy incineration PPP projects can be in-
vestigated using the proposed method because they are
quasi-operational urban infrastructures where the wild
fuctuation of macrorisks infuences revenue.

Tis paper has the following innovations: frst, it is
among the frst attempts to develop an integrated analytical
framework of macro- and microfactors and establish the
feedback relationship between macro- and microfactors;
second, it integrates real option, stakeholder, and system
dynamics theories, which is an extension of the existing
evaluation theory.

6.2. Limitations. Tis study has some limitations that de-
serve further research. First, more macroeconomic variables
need to be considered. For instance, many studies reported
that the infation rate and exchange rate impact investment;
however, their results are conficting. For example, the work
by Ahmed and Rogers states that the investment rate in-
creases as the infation rate rises [67]. On the other hand,
Fama and Schwert have shown that the infation rate hurts
the investment rate [68]. Te exchange rate should be
considered in the foreign capital importing PPP project. Te
exchange rate fuctuation will lower the expected profts of
enterprises and investment rates, according to George’s
opinion [69]. However, Darby et al. state that whether the
investment rate will be discouraged or encouraged depends
on the conditions of the companies involved [70].Terefore,
the infuences of the infation rate and exchange rate risk are
yet to be universally agreed upon, and the topic is worthy of
further research. Second, more specifc parameter values
should be incorporated into the model to obtain more ac-
curate predicted results. Given the lack of relevant empirical
study data, the parameter values of the impact of GDP on the
growth rate and volatility of the annual growth rate of
sewage treatment volume were assumed based on the in-
dustrial experience. Tird, the SD method provides a novel
perspective to analyze the complicated reality but is still far
away from a fnal solution to macroeconomic infuences,
given the more complex economic conditions in practice.
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