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Commodity housing is the most important product in the development of modern civil engineering, and it is also the frontier
problem of modern engineering project management research. *e progress of civil engineering in China can be seen to a great
extent through the development of commercial housing. In order to solve the severe problem of rapid growth of commodity
housing price in China, considering the advantages of system dynamics theory, a system dynamics model of commodity housing
price is constructed. Eight subsystems, namely, housing demand, housing supply, housing price, urban population, urban
economy, housing land, housing tenancy, and macro-control, are studied. Taking the relevant data of Wuhan as an example, the
Vensim DSS is used for simulations. In addition, a validity test and sensitivity test are used to verify the validity and feasibility of
the model, respectively. Based on the model, it is successfully predicted that the price of commercial housing in Wuhan will reach
18,207.9 yuan/m2 in 2030, which provides amore systematicmethod of prediction for synthesis simulation of commercial housing
markets. From the perspective of the developer loan interest rate, real estate tax rate, purchase restriction, and other policies, we
show that the developer loan interest rate regulation policy has the strongest effect on guiding the change in commercial housing
prices in Wuhan. Generally, this study provides insight into the responses that the national government could use to control
housing prices.

1. Introduction

Commercial housing price is a major livelihood issue that
has attracted much public attention, and it is also a hot issue
in the field of engineering projects. *e daily lives of resi-
dents are highly dependent on housing. Because of the
special national conditions in China, houses are generally
purchased with savings. Hence, discussion of the funda-
mental causes of changes in housing prices and effective
control over their rapid increase are key to the sustainable
and healthy development of the housing industry as well as
the maintenance of social stability.

Predictions on housing prices not only provide refer-
ences for house purchasers to make decisions, but they also
provide references for relevant departments to formulate
further policies. Selecting appropriate methods for

predicting commercial housing prices and future trends of
prices is critically important. *is paper summarizes several
models of housing price prediction by reviewing the results
of previous research conducted both inside and outside of
China, including regression analysis [1], time sequence
model [2], gray prediction model [3], BP neural network
model [4], and system dynamics model.

Various features of commercial residential buildings,
such as immobility, high value, value preservation, and
growth, and the interaction of these features can affect
prices, and these relationships are difficult to explain using
the traditional methods of mathematical studies. For ex-
ample, the regression analysis model is only suitable for
medium-term predictions; the time sequence model does
not consider the influence of external factors; the gray
predictionmodel is less accurate for medium- and long-term
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predictions; and the BP neural network model may lead to
overfitting. *e system dynamics modeling principle can
resolve this complex issue, as it does not have the short-
comings of other models.

Here, the method of system dynamics is used to build a
model for urban commercial housing prices. With system
simulation, the model predicts fluctuations in urban com-
mercial housing prices. More generally, this paper provides a
theoretical foundation through which the government could
regulate commercial housing prices based on policy regu-
lation and testing.

2. Model Introduction

In 1956, Professor J. W. Forrester of Massachusetts Institute
of Technology first proposed the concept of system dy-
namics. In his book Industrial Dynamics (1961), he intro-
duced the system dynamics model of famous electronic parts
enterprises, which became the embryonic form of the system
dynamics model and represented the early achievements of
system dynamics. Since then, the research and practical
application of system dynamics have developed rapidly; its
theory, methods, and tools have been continuously im-
proved; and its application direction has been expanding day
by day, which has played an important role in dealing with
many complex problems.

System dynamics model is a mathematical model
established according to system dynamics theory, which uses
special language and mathematical computer to simulate
and analyze the problems of complex systems whose be-
haviors change with time. System dynamics model can
analyze and study the system qualitatively and quantita-
tively. Contrary to the past functional simulation, it starts
with the internal structure of the system, constructs the basic
structure of the system, and then simulates and analyzes the
dynamic behavior of the system.

Almost all the systems studied by system dynamics are
multivariable systems. For multivariable systems, only by
using the description method of state variables can the
dynamic properties of the system be fully expressed, and it is
precisely on the basis of the description of state variables that
the internal laws and feedback mechanism of the system are
further revealed.

System dynamics model has been developed for many
years. With the continuous expansion of its application field
and the development of its research depth, it has gradually
become a core system discipline.

Based on the research purpose of this paper and the
relevance of selected topics, this paper mainly discusses the
research and development of system dynamics model in
commodity housing price.

Foreign research on system dynamics model in com-
modity housing price mainly includes the system dynamics
model constructed by Hendershott and Charlotte [5] con-
sisting of five subsystems: economy, population variables,
information transmission supply factors, location differ-
ences, and transaction frequency. *rough simulation, it is
concluded that economic information cost, supply cost, and
expectation will affect commodity housing price. Balazs and

Mihaljek [6] studied the price of commercial housing based
on the relevant data in Eastern Europe and established a
system dynamics model including per capita GDP, real
interest rate, housing credit, and population. *e simulation
results show that the housing market development system
and housing finance quality have great influence on the price
of commercial housing. Markus discussed the relationship
between the urban population structure and the demand for
commercial housing through the system dynamics model.
Hwang et al. [7] established a system dynamics model to
analyze the relationship between supply and demand,
housing price, and mortgage loan policy. *e research re-
sults show that when the housing demand is too large,
adjusting the loan policy can limit the price increase of
commercial housing to a certain extent.

Based on China’s national conditions, the price of
commercial housing is closely related to the national
economy, and it is also a major livelihood issue. Compared
with foreign countries, the system dynamics research on the
price of commercial housing in China is more mature,
mainly including the following: Ji [8] sought themain factors
affecting the price of commercial housing from the aspects of
price composition, supply and demand, macro-economy,
and policy; defined three subsystems of land supply, housing
supply, and housing price according to the historical data of
Nanjing commercial housing market; and established a
system dynamics simulation model to predict the trend of
housing price. Wang and Wang [9] divided the housing
market system into four subsystems: housing demand,
housing supply, housing price, and land supply and simu-
lated and predicted the housing market system in Xi’an from
2001 to 2015. *e results show that the model can closely
reflect the historical development and reality of Xi’an
housing industry. Tu and Huang [10] took Nanchang real
estate housing market as the research object; systematically
analyzed the mutual influence between the price and the
relationship between supply and demand of commercial
housing market; built a commercial housing market model
from the five subsystems of urban population, economic
development, housing demand, housing supply, and
housing price for simulation experiments; and predicted and
analyzed the future housing price and demand trend. Chen
and Liao [11], aiming at the actual situation of Wuhan
commercial housing market, comprehensively considered
various factors affecting its price; established corresponding
models by using system dynamics; and simulated, analyzed,
and obtained the changing trend of Wuhan commercial
housing price and its related influencing factors. Chen [12]
established a system dynamics model including housing
supply and demand, national income, population, housing
security scale, and land stock to study the development trend
of commercial housing prices in Xiangtan City. It is con-
sidered that controlling land price and adjusting the
structure of supply and demand of real estate and the interest
rate of deposit and loan are effective means to control house
price. Shen and Ma [13] divided the housing market into
four subsystems: population, demand, supply, and price, and
conducted a system dynamics simulation study on the
housing price in Shanghai. It was found that the most
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important factor that led to the continuous increase of
housing price in Shanghai in recent years was the excessive
investment demand, which led to a serious imbalance be-
tween supply and demand. Ma [14] divided the commercial
housing market in Hangzhou into three subsystems: price,
supply, and demand; established a system dynamics simu-
lation model; and found that system dynamics can simulate
the house price well.

Compared with other research methods, system dy-
namics has the following advantages: (1) It can conveniently
simulate complicated systems (e.g., it can analyze and verify
factors that cannot be easily quantified by the social econ-
omy). (2) It does not have strict requirements for data (e.g.,
systems lacking historical data can still be analyzed). (3) It
can clearly demonstrate the implicit and explicit feedback
circuits within the system. (4) It can be used to conduct
dynamic simulation experiments with different parameters
and examine the varying statuses and variation trends of the
system.

*e commercial housing market involves multiple
stakeholders and various factors, such as governments,
property developers, house purchasers, and financial insti-
tutions, which make up a highly complicated socioeconomic
system. System dynamics can be used to resolve such
complexity.

*e establishment of a reasonable and valid system
dynamics model can facilitate analysis of the relationship
between the factors that influence commercial housing
prices and their degree of impact on the system. *e system
dynamics model vividly demonstrates the systematic issues
both in terms of data and structure.

*rough literature review, it can be concluded that the
system dynamics model is very mature in the study of
commodity housing price forecasting, and scholars at home
and abroad mostly choose the subsystems of housing supply,
housing demand, population, economy, and land use to
build the dynamic model and have achieved corresponding
research results. However, in the process of literature re-
search, some problems have also been found: most scholars
only selected several mainstream subsystems, such as urban
population, economic development, housing demand,
housing supply, and housing price. *is choice is not
comprehensive.

In recent years, with the influx of migrants into cities and
the soaring prices of commercial housing, some people have
no choice but to “sublet from purchase,” which makes the
housing rental market develop significantly and has now
become an indispensable component of housing supply [15].
*e level of rent will force renters to compare their rela-
tionship with house price. When the ratio of rent to house
price is too high, it is not cost-effective to rent a house, and
renters prefer to buy their own houses. At the end of 2017,
the Central Economic Work Conference proposed to “speed
up the establishment of a housing system with multisubject
supply, multichannel security and rent-and-purchase si-
multaneously.” It is necessary to develop the housing leasing
market, especially long-term leasing, protect the legitimate
rights and interests of leasing stakeholders, and support the
development of specialized and institutionalized housing

leasing enterprises [16]. It can be seen that the status of the
residential rental market is getting higher and higher, and it
has gradually become an effective supplement to the primary
residential market. *erefore, when studying the price
fluctuation of commercial housing, it is necessary to study
the housing leasing subsystem.

*e macro-control policy in the commodity housing
market is an important means for the government to reg-
ulate and manage the commodity housing market and keep
the commodity housing price fluctuating within a reason-
able range. By studying and combining the regulation and
control policies of commercial housing for more than ten
years, we can find that China has formed a policy regulation
and control system with tax policy, monetary and financial
policy, house purchase policy, and land policy as the main
means of regulation and control. Various policies restrict
different participants in the transaction process of com-
mercial housing and adjust the price of commercial housing
by fundamentally adjusting the ratio of supply and demand
of commercial housing. *erefore, when studying the price
fluctuation of commercial housing, the research on macro-
control subsystem is also an essential part.

*erefore, taking advantage of system dynamics, this
paper improves and supplements the existing research and
puts forward the research model.

3. Materials and Methods

3.1. Main Steps of System Dynamics Model. *e basic
mechanism in the system dynamics model is the first-order
feedback loop. A complex system is composed of these
interactive feedback loops.

It can be divided into the following steps to solve the
problem with system dynamics model [17].

3.1.1. Analysis of Research Objects. *e main tasks of this
step are as follows: use the theory of system dynamics to
systematically and comprehensively understand and analyze
the studied object; clarify the problems to be solved; de-
lineate the boundaries of the system preliminary; and de-
termine each variable.

3.1.2. Analysis of System Structure. *e main tasks of this
step are as follows: analyze the structure of the system; divide
the hierarchy and subsystem of the system; and determine
the overall and local feedback mechanism.

3.1.3. Construction of System Dynamics Model and Drawing
of System Flow Chart. *e main tasks of this step are as
follows: use the related software of system dynamics to
model and draw system flow chart; establish the mathe-
matical function relationship between the main variables;
determine and estimate various parameters; and assign
values to table functions.

In the process of modeling with Vensim software, it is
necessary to establish correct equations among variables to
calculate the values of each variable. Besides general curve
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function, commonly used functions include conditional
function, delay function, pulse function, and lookup
function.

*e following will introduce and explain the principles
of these functions [17].

(1) Conditional function.
Conditional function is a kind of logical function.
*e conditional function provided in software
Vensim is

IF ELSETHEN(cond, ontrue, onfalse). (1)

*is function is usually called conditional function.
When the condition “cond” is true, it returns
“ontrue” value. Otherwise, “onfalse” value is
returned. *e “cond” is usually an expression, and
“ontrue” or “onfalse” can also be an expression.

IF ELSE THEN (cond, ontrue, onfalse)� ontrue,
when “cond” is true.
IF ELSE THEN (cond, ontrue, onfalse)� onfalse,
when “cond” is false.

(2) Delay function.
*e system dynamics model contains the main
material and information flow in the feedback sys-
tem, and sometimes there is delay between the
material and information flow. For example, the
investment in production cannot be immediately
profitable; when people get sick, they usually have to
go through the latent period before they show
symptoms of illness.
Delay plays an important role in the structure of
information feedback system. *e delay function
provided in software Vensim is

DELAY1(input, delaytime, initial value). (2)

(3) Pulse function.

Pulse function provides a method of instantaneous
impact, which describes the independent change of
variables in real life; that is, the variables return to
their original values after each change.
*e pulse function provided in software Vensim is

PULSE(start,width). (3)

(4) Lookup function.
It is often necessary to describe the nonlinear rela-
tionship between some variables in the model, which
is difficult to realize by simple combination of op-
erations between variables. However, it is convenient
to give this nonlinear relationship graphically.
Software Vensim can realize this function through
lookup function.
*e general steps to establish a lookup function are
as follows:

(1) Determine independent variables and dependent
variables in lookup function.

(2) Define the range of variable values, which is
usually determined by historical data and pre-
dicted data.

(3) Select appropriate curve endpoints, stagnation
points, inflection points, etc. For example, if the
dependent variable is an influence factor in a
[0,1] interval, the point where the dependent
variable is equal to 0 or 1 is obviously to be
marked.

(4) Make graphics, usually using X axis to represent
independent variables and Y axis to represent
dependent variables.

Note. Lookup function curve is not a smooth curve;
it is also realized by discretization. *e mathematical
description of lookup functions in Vensim is as
follows:

WITHLOOKUP([(Xmin , Xmax) − (Ymin , Ymax)], (X1, Y1), (X2, Y2), . . . , (Xn, Yn)). (4)

3.1.4. Inspection and Evaluation of the Model. *e key to
judge the advantages and disadvantages of the system dy-
namics model is to test whether the model can truly and
effectively reflect the history, as well as analyze and predict
the development trend of future events as accurately as
possible. *e main task of this step is to test the validity and
sensitivity of the model. Only after passing the tested model
can the next model simulation be carried out.

3.1.5. Simulation and Policy Analysis with the Help of Model
Software. *e main tasks of this step are as follows: model
simulation and policy analysis are carried out under the
guidance of the theory of system dynamics, and then the

problems of the system are deeply analyzed; find the decision
to solve the problem.

3.2. Model Building

3.2.1. Analysis of Research Objects. Fluctuations in com-
mercial housing prices are fundamentally determined by the
supply-demand relationship, which is also the reason of
multiple factors and participants involved in the commercial
housing market. Analysis of the commercial housing price
system leads to the selection of some primary factors that
impact commercial housing prices for relation analysis of
the system model.
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Profit rate of development, bank support, and vacancy
rate are the main factors affecting the supply of commercial
housing.

Residential demand mainly includes rigid demand and
investment demand. *e factors that affect these two de-
mands mainly include the following: per capita living space,
number of marriages, number of families, ratio of house
price to income, scale of affordable housing construction,
number of households relocated, number of high-income
families, and total newly added population.

*e price of commercial housing mainly consists of land
cost, construction and installation expenses, period cost, tax,
and profit. Land cost and construction cost are important
components, and their changes will directly lead to changes
in housing prices. *ese factors have an impact on housing
prices in terms of cost composition.

*e change of urban population is determined by four
indicators: birth population, death population, immigrant
population, and emigration population.

Macro-economy and commodity housing price interact
with and influence each other.

*e main influencing factors of residential land are land
price and land supply. As an important part of commodity
housing price, the rise of residential land price will inevitably
lead to the rise of house price. Moreover, in China, because
land ownership belongs to the state, the supply of land
determines the supply of commercial housing. At present,
the land price is constantly rising, and the land acquisition
cost of developers is also increasing. *e scarcity of devel-
opment land directly affects the development and operation
ability of residential development enterprises, which leads to
limited housing supply. However, with the increasing de-
mand, the demand is in short supply, which will inevitably
lead to an increase in the price of commercial housing.

*e main influencing factor of housing lease is rent.
China’s commercial housing market can be directly

intervened by the government. *erefore, various policies
formulated by the government can limit and regulate the
fluctuation of commercial housing prices from taxation,
finance, land, and other aspects.

*e commercial housing market of Wuhan is the focal
market of study. *e sample data used range from 2003 to
2017. *e data were obtained from the Wuhan Statistical
Yearbook and the National Bureau of Statistics. *e rela-
tionships between the variables are mostly expressed by a
logic function, condition function, delay function, table
function, and impulse function in the system dynamics
model.

3.2.2. Division of Subsystems. *e existing subsystems about
commodity housing price research are not comprehensive.
On this basis, this paper makes supplements and innova-
tions, adding the housing leasing subsystem and the macro-
control policy subsystem, and explains the reasons for
choosing these two subsystems. *e related contents have
been explained in Section 2.

Eight subsystems, namely, housing demand, housing
supply, housing price, urban population, urban economy,

housing land, housing tenancy, and macro-control, are
studied and built, with Vensim DSS software simulation, to
obtain the cause-and-effect feedback diagram of the system.

(1) Residential Supply Subsystem. Figure 1 shows the causal
feedback relationship between the indicators of the resi-
dential supply subsystem. *ere are 6 feedback loops about
the total supply of housing, and the main feedback loop is
negative feedback. It can be seen from this loop that the
increase of total housing supply will increase the ratio of
housing supply and demand, while the oversupply will lead
to a decrease in the price of commercial housing, which will
reduce the development profit rate, thus reducing the de-
veloper’s willingness to develop housing, resulting in a
decrease in the transaction area of residential land, resulting
in a decrease in the newly started residential area, the unsold
construction area, and the completed residential area, which
will eventually lead to a decrease in total housing supply.

(2) Housing Demand Subsystem. Figure 2 shows the causal
feedback relationship between the indicators of the resi-
dential demand subsystem. *ere are 15 feedback loops
related to the residential demand subsystem. Take one
feedback loop as an example to illustrate the influence
mechanism: the increase of total housing demand will re-
duce the ratio of housing supply and demand, and the
shortage of supply will lead to the rise of commodity housing
prices, which will prompt the state to strengthen macro-
policy control and promote the implementation of monetary
and financial policies, increase the mortgage interest rates of
one suite, and reduce the rigid demand of consumers’
housing, thus reducing the total housing demand.

(3) Housing Price Subsystem. Figure 3 shows the causal
feedback relationship between the indicators of the housing
price subsystem. *ere are 8 feedback loops about housing
price, and themain feedback loop is negative feedback. It can
be seen from this loop that the higher the price of com-
mercial housing, the greater the development profit, thus
increasing the developer’s willingness to develop housing,
which will expand the investment scale of commercial
housing. *erefore, in the land acquisition stage, the
transaction area of residential land will increase, resulting in
an increase in the newly started residential area, an increase
in the construction area without presale, and an increase in
the completed residential area, resulting in an increase in the
total residential supply and an increase in the ratio of res-
idential supply and demand.

(4) Urban Population Subsystem. Figure 4 shows the causal
feedback relationship between the indicators of the urban
population subsystem. *ere are two feedback loops about
the total population, and the main feedback loop is positive
feedback. From this loop, we can see that, in the case of a
fixed family population, the larger the total population, the
more the households, the greater the rigid demand for
housing, and the greater the total demand for housing.
When the demand increases, the price of commercial
housing rises, the transaction volume of housing increases,
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Figure 1: Causality diagram of residential supply subsystem.
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Figure 2: Causality diagram of housing demand subsystem.
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the value of real estate industry increases, the urban GDP
increases, and the per capita GDP also increases. Urban
economic growth and high-income level of residents will
attract migrants to work, the number of migrants will in-
crease, and eventually the total population will increase.

(5) Urban Economic Subsystem. Figure 5 shows the causal
feedback relationship between the indicators of the urban
economic subsystem. *ere are two feedback loops about
urban GDP, and the main feedback loop is positive feedback.

It can be seen from this loop that the higher the urban GDP,
the higher the per capita GDP, and the higher the per capita
disposable income, the lower the ratio of house price to
income, which leads to the increase of rigid demand and
total demand of housing. *e increase in demand leads to a
decrease in the ratio of housing supply and demand, while
the price of commercial housing rises when supply is less
than demand, thus increasing the transaction volume of
housing, the value of real estate industry, and the growth of
urban economy.
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Figure 3: Causality diagram of housing price subsystem.
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(6) Residential Land Subsystem. Figure 6 shows the causal
feedback relationship between the indicators of the resi-
dential land subsystem. *ere are two feedback loops about
residential land price, and the main feedback loop is negative
feedback. It can be seen from this loop that the land price
leads to higher cost for developers to purchase land, higher
comprehensive cost of commercial housing development,
and higher housing price. *e rising price of commercial
housing will prompt the country to strengthen macro-policy
control, promote the implementation of land policy, and
directly control the decline of land price.

(7) Residential Leasing Subsystem. Figure 7 shows the causal
feedback relationship between the indicators of the resi-
dential leasing subsystem. *ere are two feedback loops
about the ratio of rent to house price; these two loops are
negative feedback loops.

(8) Macro-Control Policy Subsystem. Figure 8 shows the
causal feedback relationship between the indicators of the
macro-control policy subsystem.*e macro-control policies
that will have an impact on the price of commercial housing
mainly include the following aspects: tax policy, purchase
policy, land policy, and other regulatory policies, such as
population control policy and talent introduction policy.

In addition, in the face of the advancement of urbani-
zation in China, the rigid demand for housing brought about

by the renovation of large-scale shanty towns has increased,
and the construction of affordable housing has shared a part
of the rigid demand. All these behaviors need to be re-
strained and regulated by policies. *e state has also made
relevant policy constraints on housing loans with provident
fund. Since this paper studies general commercial loans, it
will not be repeated here.

3.2.3. Construction of Causal Feedback Diagram of Model.
*rough the analysis of subsystems in Section 3.2.2, we
integrate eight subsystems and get the system dynamics
causal feedback diagram of commodity housing price
(Figure 9).

3.2.4. Setting of Relevant Parameters and Construction of
Relational Equations

(1) Vacancy Rate� 0.1. Vacancy rate refers to the ratio
of vacant housing area to total housing area at a
certain moment. According to the international
common practice, the vacancy rate of commercial
housing is 5%–10% as a reasonable area, and the
vacancy rate is 10%–20% as a vacant dangerous
area. In this paper, the critical value of 0.1 is taken as
a constant value and brought into the software
operation calculation.
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Figure 5: Causality diagram of urban economic subsystem.
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(2) Plot Ratio� 2.5. *e floor area ratio refers to the
ratio of the total floor area to the land area. For
developers, the floor area ratio determines the
proportion of land price cost in the house, while for
residents, the floor area ratio directly relates to the
comfort of living. *e floor area ratio is an im-
portant index to measure the use intensity of
construction land. When the land is graded, the
floor area ratio of Wuhan is assumed to be 2.5.

(3) Rental tax rate: before 2018, the value is 0.015; From
2018, the rental tax rate� 0.015∗ the rental tax rate
control policy. In addition to paying value-added
tax, surtax, and property tax, individuals also pay
personal income tax when renting houses. Value-
added tax accounts for themain part. For individual
rental housing, the value-added tax rate is 5%,
reduced by 1.5%. *erefore, the rental tax rate is
1.5%.

Base land price
Land price

Land cost

Comprehensive
cost

Housing price

Housing
supply-demand ratio

Total housing
supply

Residential
completed area

Construction area
not pre-sold

Newly-built
residential area

Residential
pre-sale area

Plot ratio

Residential land
transaction area

Residential land
transfer area

Land policy

+
+

–

+

+

++

++

+

+
+ +

–

+

+

+

Profit rate of development

Developers' willingness to develop

+

+

+

Total residential
demand

–

Figure 6: Causality diagram of residential land subsystem.

Housing price

Rental housing
price ratio

Rental taxes

Housing
supply-demand ratio

Total residential
demand

Residential rigid
demand

Residential
investment demand

–

– ++

–

+

+

Housing rent

–

+

Figure 7: Causality diagram of residential leasing subsystem.

Advances in Civil Engineering 9



Tax rate

Land policy

Land transfer area

Land price

Land value in
terms of per unit

floor age

Comprehensive
cost

Housing price

Tax policy

Macro-control
policy

+

+

–

+

+

+

+

Rental rate

Rental housing
price ratio

+

–

Purchase policy

Down payment
ratio for a suite

�e down payment ratio
for the second suite

Housing
supply-demand ratio

Total residential
demand

Residential
investment demand

Residential rigid
demand

+

+

–

–

+

+

Total housing
supply

+

Investment in residential
development

Loan amount of
developers

Developer loan
interest rate

Monetary and
financial policies

–
–

+

+

Deposit interest
rate

Loan interest rate for
second apartment

Interest rate for a
suite loan

+

+

–

Tax rate for the
purchase of second

suites

Property tax rate
+

+

Tax rate for
purchasing a suite

–

Other regulatory
policies

+

Number of
households relocated

�e scale of affordable housing construction

–

–

–

–

–

+
+

–

– +

Construction and installation expenses
+

<Rental housing
price ratio>

<Purchase policy>

<Tax rate for
purchasing a suite>

–

+–

<Other regulatory
policies>

+

+

Figure 8: Causality diagram of macro-control policy subsystem.

Residential
turnover

Real estate value

GDP

Per capita GDP

Total
population

Birth rate

Mortality

emigration rate

Immigration rate

Capital construction
investment

Investment in real
estate development

Investment in
residential development

Per capita
disposable income

Ratio of house price
to income

Per capita living
space

Number of
households

Average family
size

Loan amount of
developers

Developer loan
interest rate

Monetary and
financial policies

A suite of mortgage
interest rates

Residential rigid
demand

Number of
marriages

Comprehensive
cost

Construction and
installation expensesLand price

Base land price

Residential land
transfer area

Residential land
transaction area

Newly-built
residential area

Residential
completed area

Residential
pre-sale area

Plot ratio

Profit rate of
development

Tax rate
Tax policy

Housing
price

<Housing price>

Purchase policy

Psychological
expectation

Rental price index

Expected sales area of
residential buildings

Developers'
willingness to develop

Factors affecting
bank supportVacancy rate

Housing
supply-demand ratio

<Investment in
residential development>

Total
housing
supply

Total
residential
demand

<Purchase policy>

�e down payment ratio
for the second suite

<Tax policy>

Property tax rate

Rental rate

<Tax policy>

Tax rate for the
purchase of second

suites

Residential investment
demand

Deposit interest
rate

Second suite
mortgage interest rates

Proportion of
high-income families

Stock market yield

Tax rate for
purchasing a suite

�e scale of affordable
housing construction

Number of
households relocated Down payment ratio

for a suite

<Purchase policy>

<Monetary and
financial policies>

Birth population

Immigrant
population

Dead population

Emigration
population

Economic growth

Proportion of real estate
output value to GDP growth

Population control
policy

Increase in
residential demand

New residential
investment demand

New residential
rigid demand

<New residential
rigid demand>

Realization of
residential demand

Accomplishment of
housing supply

New supply area

<Housing price>

Housing price
growth

Talent introduction
policy

Price influencing factor of
supply-demand ratio

Residential investment
demand increases

Factors affecting the
proportion of high-income

families
Housing price

growth rate

<Housing price
growth rate>

Factors affecting real
estate tax rate

Factors affecting
deposit interest rate

Factors affecting mortgage
interest rates of Second Suite

Factors affecting stock
market returns

Factors affecting tax rate
of second suite purchase

Residential rigidity
demand increases

Factors affecting mortgage
interest rates in one suite

Factors affecting
housing price-income

ratio

Factors affecting tax rate
of one suite purchase

Influencing factors of
housing rent on investment

demand

Factors affecting down
payment ratio of one suite

Coefficient of disposable
income of residents

Supply-demand ratio
development impact factor

<Housing
supply-demand ratio>

Interest on
developer loans

<Time>

Land price per
floor

<Plot ratio>

Land policy

<Time>

Pre-sale ratio

<Time>

Construction area
not pre-sold

Comprehensive
cost growth

<Time>

Total new
population

Proportion of residential
investment demandFactors affecting down

payment ratio of second
suite

<Time>

<Time>

<Time>

Rental price
conversion factor

<Time>

Proportion of rigid
demand for improved

housing

Macro-control
policy

<land policy>

Other regulatory
policies

<Other regulatory
policies>

Sales to supply
ratio

Sales to demand
ratio

Actual residential
sales area

Bank support

<Actual residential
sales area>

<Other regulatory
policies>

Housing rent

Rental housing
price ratio

Influencing factors of
housing rent on rigid

demand

Proportion of residential rigid demand

Figure 9: Flow chart of residential price system.

10 Advances in Civil Engineering



(4) Residential presale area� presale ratio× newly built
residential area. Among them, the presale ratio is
0.8. *e most important way of selling commercial
housing in China is the presale system. According
to the relevant data of the National Bureau of
Statistics, the proportion of the sales area (presale)
of commercial housing in the total sales area has
gradually increased from 63% in 2005, and the
presale proportion of 40 large and medium-sized
cities has always remained above 80%. *erefore,
the presale ratio is 0.8.

(5) Construction area not presold� newly built resi-
dential area× (1- presale ratio).

(6) New residential rigid demand� residential rigidity
demand increases.

(7) Land price per floor� land price/plot ratio.
(8) Rent-house price ratio� housing rent/housing

price.
*e rent-to-house price ratio index is introduced to
link the rental subsystem with the housing price.

(9) Housing rent� rental price index× rental price
conversion factor.
According to the Analysis Report of Wuhan Real
Estate Market in 2003, the housing rent in Wuhan
in 2003 was 380 yuan per square meter. However,
data for other years cannot be obtained. However,
from 2012 to 2018, the annual values of Wuhan
commercial housing rental price index are 1054.40,
1139.42, 1255.33, 1266.25, 1376.08, 1433.17, and
1434.42, respectively. *erefore, the rental price
index in 2003 is calculated to be 488 by using the
numerical values of these years to make a time
series function. As the rent value in 2003 is known,
the corresponding relationship between commer-
cial housing rent and rental price index in 2003 can
be used to calculate the rent over the years. *e
coefficient in the functional relation is recorded as
the rental price conversion coefficient, which can be
known as 0.795 through the functional equation.

(10) Rental price conversion factor� 0.795× rental in-
terest rate influence factor.
*e rental interest rate impact factor is 1 in 2017
and before.

(11) Comprehensive cost� (land price per floor-
+ construction and installation expenses)×

0.7× 2× developer loan interest rate + (land price
per floor + construction and installation
expenses)× (1 + tax rate).
According to the empirical data of real estate de-
velopment, except land cost, construction and

installation cost accounts for 65% of the develop-
ment cost, 70% of the direct cost in the whole
project development process needs to be sup-
ported by medium- and long-term loans from
banks, and the average loan life is 2 years [18].
*erefore, the comprehensive cost formula can be
defined from the above relationship. *is formula
is based on the definition and composition of
comprehensive cost.

(12) New supply area� (residential presale area-
+ residential completed area)/0.45. *eoretically,
the “new supply area” is equal to“(residential
presale area + residential completed area),” but
there is a certain deviation between the actual
calculated data and the historical data. *e main
reason for this error is that the statistical caliber of
each index data source is different. *erefore,
through calculation and simulation, it can be di-
vided by a correction coefficient of 0.45, which can
make the functional relationship equation hold.

(13) Residential land transaction area� residential land
transfer area× developers’ willingness to develop
housing× 0.83. *eoretically, the “residential land
transaction area” is equal to the residential land
transfer area× developers’ willingness to develop
housing, but there is a certain deviation between the
actual calculated data and the historical data. *e
main reason for this error is that the statistical
caliber of each index data source is different, so it
can be multiplied by a correction coefficient of 0.83
to make the functional relationship equation hold.

(14) Residential rigidity demand increases� per capita
living space× (number of households× proportion
of rigid demand for improved housing× average
family size + (number of marriages× 2× 0.8 +
number of households relocated× average family
size× 0.5)/10,000 + total new population× pro-
portion of residential rigid demand)× factors af-
fecting mortgage interest rates of one suite× factors
affecting tax rate of one suite purchase × factors
affecting down payment ratio of one suite × fac-
tors affecting housing price-income ratio× influ-
encing factors of housing rent on rigid demand −

the scale of affordable housing construction.
According to Wuhan Statistical Yearbook, the av-
erage household population of urban residents in
Wuhan from 2003 to 2017 was 3.03, 2.99, 2.87, 2.85,
2.88, 2.92, 2.92, 2.90, 2.89, 2.88, 2.71, 2.64, and 2.66
It can be seen that the average household pop-
ulation of urban residents in Wuhan has fluctuated
around over the years. *e “average family size” is 3
persons/household.
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Before 2018, the “number of households relocated”
is 20,000. Beginning in 2018, the “number of
households relocated”� 20,000× demolition policy.
According to the survey, the total number of
households involved in demolition in Wuhan in
2006 was 25,561, and the total number of house-
holds involved in demolition in 2007 was 16,960.
Referring to the data processing methods of rele-
vant literature, the average value of the data in these
two years is taken as the number of relocated
households in the past years, and 20,000 households
are taken.
Specific data of per capita living area, number of
households, marriage logarithm, and other indi-
cators can be found in Wuhan Statistical Yearbook
over the years. *e introduction of a series of
influencing factors is mainly for the convenience of
the value test in the later test regulation. Before
2017, the value is 1.
According to the calculation of urban housing
demand, approximately 50% of the newly added
population is estimated to have a demand for
housing: 20% of the urban population is within
the high-income and highest-income groups;
50% of the urban population has a demand for
improved housing; 80% of the married pop-
ulation needs to buy a house; and 50% of the
relocated population has a demand for housing
[18].

(15) Land price� ((0.055719× residential land transfer
area + 1.22197× base land price − 259.521)× land
price policy + 1200×PULSE (2004,1) + 2400×

PULSE (2005,1) + 900×PULSE (2007, 1)− 2500×

PULSE (2008, 1)− 2550×PULSE (2009, 1)).
*e formula “(0.055719× residential land transfer
area + 1.22197× benchmark land price − 259.521)×

land policy” is obtained by data regression fitting,
and the residual error is 0.92. However, there are
errors between the calculated results of 2004, 2005,
2007, 2008, and 2009 and the real data of the
corresponding years. *erefore, it is corrected by
pulse function. “(1200×PULSE (1, 2004)” means
that there was a pulse in 2004, which was 1 in 2004
and 0 in other years. 1200 is the difference from the
real land price data in 2004.
Specific values are as follows:

For 2003, 2006, 2010–2017, the “land price” for-
mula is “(0.055719× residential land transfer area
+ 1.22197× base land price − 259.521)× land price
policy.”
*e “land price” in 2004 was “(0.055719× resid
ential land transfer area + 1.22197× base land
price − 259.521)× land price policy + 1200×1.”
*e “land price” in 2005 was
“(0.055719× residential land transfer
area + 1.22197× base land price − 259.521)× land
price policy + 2400×1.”

*e “land price” in 2007 was “(0.055719
× residential land transfer area + 1.22197× base
land price − 259.521)× land price policy +
900×1.”
*e “land price” in 2008 was “(0.055719
× residential land transfer area + 1.22197× base
land price − 259.521)× land price policy
− 2500×1.”
*e “land price” in 2009 was “(0.055719
× residential land transfer area + 1.22197× base
land price − 259.521)× land price policy −

2550×1.”

(16) Investment in residential development
� 0.5529× investment in real estate
development − 66.477 + loan amount of
developers + 90×PULSE (2003, 3) − 100×PULSE
(2008, 4).
*e construction principle of this pulse equation is
the same as that of the previous pulse function.

(17) Comprehensive cost growth�DELAY1I ((com-
prehensive cost − DELAY1 (comprehensive cost,
1)), 1,100)× 2 + 300×PULSE (2003,1) − 600×

PULSE (2005,1) + 500×PULSE (2006,1) − 300×

PULSE (2007,1) + 750×PULSE (2008,1) + 1350×

PULSE (2009,1) + 600×PULSE (2010,1) −

800×PULSE (2011,1) − 400×PULSE (2013, 1) −

1300×PULSE (2016,1).
*e equation is a logical equation. By default, the
comprehensive cost increment is the comprehen-
sive cost of this year minus the comprehensive cost
of last year. “1” indicates a delay of 1 year, and “100”
indicates the initial value of the comprehensive cost
increase.

(18) Profit rate of development � IF THEN ELSE
((housing price − comprehensive cost)/compre-
hensive cost ≤ 0, 0.2, (housing pri-
ce − comprehensive cost)/comprehensive cost)
[19].
(Housing price − comprehensive cost)/compre-
hensive cost� development profit rate. It is found
that the historical data of housing price in some
year is less than the comprehensive cost value of
that year; that is, the development profit rate is less
than 0, which shows that the developer is at a loss,
which should not happen in theory, because the
ultimate goal of developers who develop com-
mercial housing is to make profits. *e possible
reasons are as follows: the statistical caliber of
residential price, floor price, and other indicators is
inconsistent, or there is a problem with the average
value of floor price and construction and installa-
tion cost. *erefore, when the calculated value of
development profit rate is less than 0, learn from the
experience of existing research and take 20% uni-
formly; when the calculated value of the develop-
ment profit rate is greater than 0, the calculated
value is taken.
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(19) Developer loan interest rate� (0.0594 + STEP
(0.0024, 2008) − STEP (0.0074, 2013))× regulation
policy of developer loan interest rate.
By looking up relevant data, it can be concluded
that the annual weighted average interest rates of
developers from 2003 to 2017 are 5.49%, 5.54%,
5.76%, 6.04%, 6.89%, 7.26%, 5.40%, 5.61%, 6.25%,
6.39%, 6.15%. In order to reduce the error and
facilitate the calculation, the average value is taken
every five years. As a result, the annual “developer
loan interest rate” was 5.94% from 2003 to 2007.
From 2008 to 2012, the annual “developer loan
interest rate” was 6.18%. From 2013 to 2017, the
annual “developer loan interest rate” was 5.44%.
*erefore, it can be known that the meaning of the
above relational equation is as follows:

From 2003 to 2007, developer loan interest
rate� 0.0594� 5.94%.
From 2008 to 2012, developer loan interest
rate� 0.0594 + 0.0024� 0.0618� 6.18%.
From 2013 to 2017, developer loan interest
rate� 0.0594 + 0.0024 – 0.0074� 0.0544� 5.44%.

(20) Price influencing factor of supply-demand
ratio�WITH LOOKUP (housing supply-demand
ratio, ([(0,0)− (10,10)], (0,1.3), (0.2,1.2), (0.4,1.15),
(0.6,1.1), (0.8,1.05), (1,1), (1.2,0.95), (1.4,0.9),
(1.6,0.85), (1.8,0.8), (2,0.75), (2.2,0.7), (2.4,0.65),
(3.5,0.5))).
*is is a lookup function. According to the actual data
values of various indicators of commercial housing
market in Wuhan over the years and referring to
relevant literature, when the value of housing supply-
demand ratio is different, the corresponding value is
taken as the value of price influencing factor of
supply-demand ratio. In the formula, (1.4,0.9) means
that when the ratio of housing supply and demand is
1.4, the value of the price influencing factor of the
ratio of supply and demand is 0.9.
For convenience of understanding, it can be shown
in table form (Table 1).

(21) Psychological expectation�WITH LOOKUP
(housing price growth ratio, ([(− 0.6,0)− (10,10)],
(− 0.6,0.3), (− 0.5,0.4), (− 0.4,0.5), (− 0.3,0.6),
(− 0.2,0.7), (− 0.1,0.8), (0,0.9), (0.1,1), (0.15,1.02),
(0.2,1.04), (0.3,1.06), (0.4,1.08), (0.5,1.1))).
*is is a lookup function. According to the actual
data values of various indicators of commercial
housing market in Wuhan over the years and re-
ferring to relevant literature, when the housing
price growth rate is different, the corresponding
value is taken as the value of consumers’ expected
influence factor (psychological expectation). In the
formula, (− 0.6,0.3) means that when the growth
rate of housing price is − 0.6, the value of consumer
expectation influencing factor (psychological ex-
pectation) is 0.3.

For convenience of understanding, it can be shown
in table form (Table 2).

(22) Expected residential sales area�WITH LOOKUP
(time, ([(2003,0)− (2030,8000)], (2003,512.1),
(2004,613.91), (2005,834.18), (2006,908.92),
(2007,1069.89), (2008,683.24), (2009,1041.39),
(2010,1095.22), (2011,1182.21), (2012,1390.47),
(2013,1750.43), (2014,1978.96), (2015,2413.77),
(2016,2931.06), (2017,3085.78), (2018,3269.61),
(2019,3453.45), (2020,3637.28), (2021,3821.12),
(2022,4004.95), (2023,4188.79), (2024,4372.62),
(2025,4556.45), (2026,4740.29), (2027,4924.12),
(2028,5107.96), (2029,5291.79), (2030,5475.63)))

*is is a lookup function about time.
For convenience of understanding, it can be shown in

table form (Table 3).
Among them, the data from 2003 to 2017 is equal to the

actual residential sales area, and the data from 2018 to 2030 is
the expected residential sales area.

For the lookup functions of time in the model, most of
them choose the time series prediction method to get the
predicted value. Choose the famous ARIMA model when
building the model. *e ARIMA model is called autore-
gressive integrated moving average (ARIMA)model.*e so-
called ARIMA model refers to a model established by
transforming a nonstationary time series into a stationary
time series and then regressing only its lag value as well as
the present value and lag value of the random error term.

When ARIMA model is used for forecasting, the most
important step is to test the variance, trend, and seasonal
variation rule of time series with ADF unit root according to
scatter diagram, autocorrelation function, and partial au-
tocorrelation function diagram and to identify the statio-
narity of time series. Generally speaking, the time series of
economic operation is not a stationary series.

When using time series models, such as ARMA and
ARIMA, the time series is required to be stable. *erefore,
when studying a period of time series, the first step is to carry
out the stationarity test. Besides the naked eye test method,
the more commonly used strict statistical test method is
ADF test, which is also called unit root test. *e full name of
ADF test is Augmented Dickey–Fuller test. When the se-
quence has high-order lag correlation, ADF test can be used.
Its principle is to judge whether the sequence has unit root: if
the sequence is stable, there is no unit root; otherwise, there
will be a unit root. *erefore, the H0 hypothesis of ADF test
is that there is a unit root. If the statistics of significance test
result are less than three confidence levels (10%, 5%, 1%), the
original hypothesis should be rejected with the assurance of
(90%, 95, 99%) [20].

Take the table function of expected residential sales area
as an example. *e historical value of expected sales area in
Wuhan from 2003 to 2017 is known fromWuhan Statistical
Yearbook over the years. (Note. *ere is an assumption
here, assuming that the expected sales area of commercial
housing is fully realized from 2003 to 2017 and the expected
value is the actual sales area.) Table 4 shows the relevant
data.
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*e sales area of commercial housing is recorded as
“area.” Bring the relevant data in Table 1 into EViews
software for model simulation.

(1) Area Stationarity Test. In Table 5, the first row is the
obtained t value and P value, and the following three rows
are the critical values of t. P value is the probability value
corresponding to t-statistic, so it is enough to look at P. P

value should be less than the given significance level, gen-
erally 0.05, 0.01, etc. *e closer P to 0, the better. However,
from the test results, the P value is 0.9524, which rejects the
original assumption that there is no unit root, and the
variable has unit root, which is a nonstationary sequence.

*erefore, it is necessary to make first-order difference to
the variables. *e stability test results of the first-order
difference of variables are as follows.

From the test results in Table 6, the P value is
0.0328< − 3.11991, and at the critical level of 5%, the original
assumption that there is no unit root is accepted; that is, the
first-order difference of variables is divided into stationary
sequences.

(2) Autocorrelation and Partial Autocorrelation Test. Au-
tocorrelation coefficient (AC) and partial autocorrelation
coefficient (PAC) are the concepts defined in statistics,
which are the statistical indicators to reflect the correlation

degree between variables, but the relationship between
specific variables expressed by them is different.

When studying the influence of one variable on another,
if the influence of other variables is considered at the same
time, the degree of the relationship between variables is

Table 1: Table function of price influencing factor of supply-demand ratio.
Supply-demand ratio 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2.0 2.2 2.4 3.5
Degree of influence on price 1.3 1.2 1.15 1.1 1.05 1 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.5

Table 2: Table function of psychological expectation influencing factors.
Psychological expectation coefficient − 0.6 − 0.5 − 0.4 − 0.3 − 0.2 − 0.1 0 0.1 0.15 0.2 0.3 0.4 0.5
degree of influence on price 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.02 1.04 1.06 1.08 1.1

Table 3: Table function of expected residential sales area.

year 2003 2004 2005 2006 2007 2008 2009
Expected residential sales area 512.1 613.91 834.18 908.92 1069.89 683.24 1041.39
Year 2010 2011 2012 2013 2014 2015 2016
Expected residential sales area 1095.22 1182.21 1390.47 1750.43 1978.96 2413.77 2931.06
Year 2017 2018 2019 2020 2021 2022 2023
Expected residential sales area 3085.78 3269.61 3453.45 3637.28 3821.12 4004.95 4188.79
Year 2024 2025 2026 2027 2028 2029 2030
Expected residential sales area 4372.62 4556.45 4740.29 4924.12 5107.96 5291.79 5475.63

Table 4: Residential sales area in Wuhan over the years.

Year 2003 2004 2005 2006 2007 2008 2009 2010
Expected residential sales area 512.10 613.91 834.18 908.92 1069.89 683.24 1041.39

1095.22Year 2011 2012 2013 2014 2015 2016 2017
Expected residential sales area 1182.21 1390.47 1750.43 1978.96 2413.77 2931.06 3085.78
*e unit of expected residential sales area is 10,000 square meters.

Table 5: ADF test of expected residential sales area.

t-Statistic Prob.
Augmented Dickey–Fuller test
statistic − 0.687638

0.9524
Test critical values

1% level − 4.80008
5% level − 3.791172
10%
level − 3.342253

Table 6: ADF test of first-order difference of residential expected
sales area.

t-Statistic Prob.
Augmented Dickey–Fuller test
statistic − 3.367558

0.0328
Test critical values

1% level − 4.05791
5% level − 3.11991
10%
level − 2.701103
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called autocorrelation coefficient. If one variable is influ-
enced by another, the other influencing variables are
regarded as constants; that is, the influence of other factors is
not considered for the time being, and the relationship
between these two variables is considered separately. At this
time, the partial correlation coefficient is used to analyze the
relationship between variables.

Autocorrelation and partial autocorrelation are used to
measure the correlation between current series values and
past series values and indicate the most useful past series
values when predicting future values. By understanding this
content, we can determine the sequence of processes in
ARIMA model.

Figure 10 shows the autocorrelation and partial autocor-
relation of the first-order difference sequence of variable area.

It can be seen from Figure 10 that there is no auto-
correlation or partial autocorrelation in the first-order
difference sequence of variable area. *erefore, the P value
and q value in ARIMA (p,d,q) model are both 0.

(3) ARIMA Model Construction. According to the test results
of autocorrelation and partial autocorrelation, ARIMA (0,1,0)
model is constructed, and the results are as shown in Table 7.

(4) Carrying Out Residual Autocorrelation and Heterosex-
uality Test on the Fitting Results.*e Results are as shown in
Table 8. From the test results in Table 8, the P values of the
two statistical variables are greater than 0.05 (one is 0.6273,
and the other is 0.5661). *is means that, at the critical level
of 5%, the residual sequence does not have autocorrelation.

From the test results in Table 9, the P values of the two
statistical variables are both greater than 0.05 (one is 0.7277,
and the other is 0.6994). *is means that, at the critical level
of 5%, there is no ARCH effect in the residual sequence; that
is, there is no heteroscedasticity in the variables.

According to the test results, the constructed model is
effective and robust and can be used for prediction.

(5) Model Prediction Using the Constructed Model. *e area
data from 2018 to 2030 is predicted, and the results are
shown in Table 10.

3.2.5. Simulation Results and Model Test

(1) Effectiveness Test. Vensim DSS software is used to sim-
ulate and calculate the residential data from 2003 to 2017 and
predict the specific values of the main indicators from 2018
to 2030 [21].

*e simulation effect of the model can be verified by the
relative error between the historical value and the simulation
value.

Relative errors are less than (Table 11). Only three years
show errors greater than 5%. *us, the system dynamics
model of commercial housing prices is robust.

(2) Sensibility Test. In the system dynamics model, the re-
lationship between the factors is complicated, but the re-
lationships between parameters are simple by comparison.

Gathering historical data and utilizing certain mathematical
methods are necessary for obtaining the relationship
equation between variables. When determining the coeffi-
cients of the equation, the range of parametric variation can
first be determined. Next, the parameters can be constantly
revised within this range so that the output results match the
historical data and the parameters can be determined. *e
sensibility test is used for parameter revision [22].

*e sensibility test of the model is conducted using
disposable household income as the coefficient: the coeffi-
cient of disposable household income is set at 0.32985. *e
rigid demand increase index for housing was estimated
when the coefficient of disposable household income ranged
between 0.22985 and 0.42985, and the simulated results are
shown in Figure 11.

*e data are simulated 200 times. *e coefficient of
disposable household income in the 200 simulations is the
average deviation in the range [0.22985, 0.42985], and 200
results of rigid demand increase for housing are obtained.
Based on Figure 11, the blue curves in the center of the band
chart represent the rigid demand increase for housing when
the coefficient of disposable household income is 0.32985.
For different coefficients of disposable household income,
50% of rigid demand increases for housing fall in the region
between the two yellow belts (i.e., 100 lines in the yellow
region) and 75% fall in the region between the two green
belts (i.e., 150 lines). After subtracting 100 lines in the yellow
region, 50 lines remain in the green region. A total of 95% of
rigid demand increases fall in the region between the two
blue belts (i.e., 190 lines). After subtracting 150 lines, 40 lines
remain in the blue region. A total of 100% of rigid demand
increases fall in the region between the two gray belts (i.e.,
200 lines). After subtracting 190 lines, 10 lines remain in the
gray region.

According to the distribution patterns in the band chart
of Figure 3, the coefficient of disposable household income
has a small impact on rigid demand increase for housing
when it fluctuates. Hence, it is reasonable to set a value for
the coefficient of disposable household income, as it does not
affect the model prediction trend.

4. Results and Discussion

4.1. Result Analysis. Inspection of the commodity housing
price system dynamics model in the previous section reveals
that themodel is robust, which permits the prediction results
to be analyzed.

Since 2003, the price of commercial residential buildings
in Wuhan has continually increased (Figure 12). *e in-
crement was slow from 2011 to 2015, and the degree of
increase continued to increase until 2021. After 2021, the
growth in commercial housing prices flattens and is ex-
pected to reach 1,8207.9 yuan/m2 by 2030 [21].

4.2. Policy Regulation. *e model simulation shows that the
house price in Wuhan is expected to increase in the future.
*e effectiveness of the proposed policy can be observed
through the policy regulation experiment, and themodel can
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provide theoretical decision-making guidance for the gov-
ernment to regulate housing prices. *e regulatory exper-
iment is performed with respect to three aspects: developer
loan interest rate, real estate tax rate, and purchase
restriction.

(1) Policies of Regulating Loan Interest Rates for Developers.
Regulatory policy 1 of developers’ loan interest rate: *e
influence of regulatory policy for developer loan interest rate
changed from 1 to 1 + STEP (0.2,2018), meaning that
original policies were maintained before 2018. Since 2018,
the policy influence level has increased by 0.2. According to
the previous relation equation of developer loan interest
rate, the developer loan interest rate has increased by 20%
since 2018 (from 5.43% in 2017 to 6.52%).

Regulatory policy 2 of developers’ loan interest rate: *e
influence of regulatory policy for developer loan interest rate
changed from 1 to 1 − STEP (0.2,2018), meaning that
original policies were maintained before 2018. Since 2018,
the policy influence level decreased by 0.2. According to the
previous relation equation of developers’ loan interest rate,
essentially, the developers’ loan interest rate has decreased
by 20% since 2018 (from 5.43% in 2017 to 4.34%).

*e experimental results on the regulation and control of
developer loan interest rate policy using Vensim DSS
software are as follows.

According to the above simulation results, if developer
loan interest rate is low, the commercial housing price is low
as well. If developer loan interest rate declines by 20%, the
commercial housing price also decreases by a maximum of
1.42% (Figure 13, Table 12).

According to the flow chart of the system dynamics
model, if developer loan interest rate increases, compre-
hensive residence cost also increases, thus increasing the
housing price. *e massive amount of capital for developers
to construct commercial residential buildings mainly stems
from bank loans. Hence, if loan interest rate increases, the
cost of capital for companies and construction also increases.
*e primary goal of residential development companies is to
gain profits. To gain more profits, developers may transfer
the increased cost to house purchasers. Consequently,
commercial housing prices continually increase. From the
perspective of house purchasers, loan interest rise also in-
creases the cost of purchasing houses.With the fixed amount
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Figure 10: Autocorrelation and partial correlation diagram of first-order difference series of residential expected sales area.

Table 7: Estimated results of ARIMA model for expected residential sales area.

Variable Coefficient Std. error t-Statistic Prob.
C 183.8343 57.95232 3.172164 0.0074
R-squared 0 Mean dependent var 183.8343
Adjusted R-squared 0 SD dependent var 216.8377
SE of regression 216.8377 Akaike info criterion 13.66492
Sum squared resid 611241.9 Schwarz criterion 13.71057
Log likelihood − 94.65447 Hannan–Quinn criterion 13.6607
Durbin–Watson stat 2.007024

Table 8: Autocorrelation test results of residual sequence.

Breusch–Godfrey serial correlation LM test
F-statistic 0.486671 Prob. F (2,11) 0.6273
Obs R-squared 1.138093 Prob. Chi-Square (2) 0.5661

Table 9: Heteroscedasticity test results of residual sequence.

Heteroskedasticity test: ARCH
F-statistic 0.127598 Prob. F (1,11) 0.7277
Obs R-squared 0.149068 Prob. Chi-Square (1) 0.6994
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Table 10: Forecast value of expected residential sales area in Wuhan.

Year 2018 2019 2020 2021 2022 2023 2024
Expected residential sales area 3269.61 3453.45 3637.28 3821.12 4004.95 4188.79

4372.62Year 2025 2026 2027 2028 2029 2030
Expected residential sales area 4556.45 4740.29 4924.12 5107.96 5291.79 5475.63
According to the above simulation, the table function of the expected residential sales area can be obtained.

Table 11: Comparison between simulation and actual data.

Inspection of historical data of housing price
Year True value (ten thousand people) Simulation value (ten thousand people) Relative error (%)
2003 2023.00 2023 0
2004 2462.73 2499.38 1.49
2005 2986.20 3074.79 2.97
2006 3535.26 3531.32 − 1.18
2007 4515.76 4467.98 − 1.06
2008 4681.00 4533.65 − 3.15
2009 5199.00 4928.45 − 5.20
2010 5550.00 5663.21 2.04
2011 6675.99 6565.13 − 1.66
2012 6895.35 6561.01 − 4.85
2013 7238.00 7084.88 − 2.12
2014 7399.00 7225.17 − 2.35
2015 8404.00 7890.65 − 6.11
2016 9819.00 9475.54 − 3.50
2017 11453.00 10411.2 − 9.09

2030202320172010
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Figure 11: Sensibility test of the coefficient of disposable household income on rigid demand increase.
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Figure 12: Forecast value of commodity housing price. (reproduced from J. Y. Guo and J. W. Wang’s article[21]: “Housing price research
based on system dynamics model,” IOP Conference Series: Earth and Environmental Science, ISTTCA, 2020).
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Figure 13: Influence of developer loan interest rate policy regulation on housing price.

Table 12: Comparison table of housing prices under the regulation of developer loan interest rate policy.

Year
Housing price

Primitive regulation Regulatory policy 1 of developers’ loan interest rate Regulatory policy 2 of developers’ loan interest rate
Original value (Yuan/m2) Regulation value 1 (Yuan/m2) Rate of change (%) Regulation value 2 (Yuan/m2) Rate of change (%)

2018 11861 11861 0 11861 0
2019 13172.2 13226.8 0.415 13117.6 − 0.415
2020 14403.4 14534.1 0.907 14272.3 − 0.910
2021 15433.4 15618.6 1.200 15248 − 1.201
2022 16233.6 16450.5 1.336 16016.5 − 1.337
2023 16768.6 17002.1 1.392 16534.9 − 1.393
2024 17113.4 17355.5 1.415 16871.1 − 1.416
2025 17355.2 17602.1 1.423 17108.2 − 1.423
2026 17548.4 17798.3 1.424 17298.3 − 1.425
2027 17721 17973.2 1.423 17468.6 − 1.424
2028 17885.5 18139.7 1.421 17631.1 − 1.422
2029 18046.9 18303 1.419 17790.7 − 1.420
2030 18207.9 18465.8 1.416 17949.8 − 1.418
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of disposable income, cost increase places more pressure on
the payment of house purchasers and thus reduces their
willingness to purchase. With a constant supply, the total
demand for housing decreases, resulting in a decline in
commercial housing prices. *us, interest rate adjustment
has a minor effect on commercial housing prices.

(2) Policy Regulation of Property Tax Rate. AsWuhan has not
yet collected property tax, the property tax rate in the
previous simulation forecast is 0. *is regulation test is as
follows:

Regulatory policy 1 of property tax: assume that a
property tax of 1% should be paid since 2018.
Regulatory policy 2 of property tax: assume that a
property tax of 5% should be paid since 2018.

*e experimental results of property tax rate policy
regulation by Vensim DSS software are as follows.

According to the above simulation results, if the property
tax rate increases, commercial housing price declines. If the
tax rate of purchasing the second house increases by 20%,
the commercial housing price declines by a maximum of
0.06%, resulting in a relatively minor amplitude of variation
(Figure 14, Table 13).

According to the flow chart of the system dynamics
model, increases in property tax lead to decreases in the
investment demand for housing, thereby decreasing the
overall demand for housing. With a fixed level of supply,
the rise in the supply-demand ratio can lead to a reduction in
housing prices. *e property tax policies in Shanghai and
Chongqing are mainly targeted at investment housing,
which does not account for a significant ratio of the overall
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Figure 14: Influence of property tax policy regulation on housing price.

Table 13: Comparison table of housing prices under the regulation of property tax policy.

Year
Housing price

Primitive regulation Regulatory policy 1 of property tax Regulatory policy 2 of property tax
Original value (Yuan/m2) Regulation value 1 (Yuan/m2) Rate of change (%) Regulation value 2 (Yuan/m2) Rate of change (%)

2018 11861 11861 0 11861 0
2019 13172.2 13172.1 − 0.001 13171.6 − 0.005
2020 14403.4 14403.2 − 0.001 14401.6 − 0.012
2021 15433.4 15433 − 0.003 15429.9 − 0.023
2022 16233.6 16233.1 − 0.003 16228.5 − 0.031
2023 16768.6 16767.9 − 0.004 16762.2 − 0.038
2024 17113.4 17112.7 − 0.004 17106.2 − 0.042
2025 17355.2 17354.4 − 0.005 17347.4 − 0.045
2026 17548.4 17547.5 − 0.005 17540 − 0.048
2027 17721 17720.1 − 0.005 17712.2 − 0.050
2028 17885.5 17884.5 − 0.006 17876.1 − 0.053
2029 18046.9 18045.9 − 0.006 18037.1 − 0.054
2030 18207.9 18206.9 − 0.005 18197.7 − 0.056
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demand for housing. In addition, the property tax rate is
relatively low and thus has a minor influence on commercial
housing prices.

(3) Purchase Restriction Policy Regulation. *e purchase
restriction simulation experiment considers the extreme
case: assuming that second house purchasing is restricted
and thus only purchasing one house is feasible. In this case,
there is no demand for investment housing.

Experimental results on the regulation and control of
purchase restriction policy using Vensim DSS software are
as follows.

After the implementation of the purchase restriction policy
in the above simulation, commercial housing prices decline by
a maximum of 1.08%, and the range of variation is low
(Figure 15, Table 14). *e purchase restriction policy is mainly
targeted at those not purchasing houses for the first time.

5. Conclusion

*e main factors affecting the price of commercial housing
in Wuhan were determined in this paper, and the rela-
tionship equations between these factors were constructed.
*e system dynamics model of house price was successfully
established; it simulates the housing market operation in
Wuhan over time and predicts the price of commercial
housing in Wuhan over the next few years. From the per-
spective of the developer loan interest rate, real estate tax
rate, purchase restriction, and other policies, we showed that
the developer loan interest rate regulation policy is more
effective for guiding changes in commercial housing prices.
Commercial housing was the focus of this research; con-
sequently, other real estate types, such as shops, were not
considered. Future research should more comprehensively
consider various types of real estate and provide
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Figure 15: Influence of the regulation of purchase restriction policy on housing prices.

Table 14: Comparison table of housing prices under the control of purchase restriction policy.

Year
Housing price

Primitive regulation Restriction control policy
Original value (yuan/m2) Regulation value 1 (yuan/m2) Rate of change (%)

2018 11861 11861 0
2019 13172.2 13161.8 − 0.079
2020 14403.4 14367.2 − 0.251
2021 15433.4 15365.3 − 0.441
2022 16233.6 16134.6 − 0.610
2023 16768.6 16646.1 − 0.731
2024 17113.4 16974.4 − 0.812
2025 17355.2 17204.1 − 0.871
2026 17548.4 17387.1 − 0.919
2027 17721 17550.4 − 0.963
2028 17885.5 17705.7 − 1.005
2029 18046.9 17858 − 1.047
2030 18207.9 18009.9 − 1.087
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countermeasures for the regulation and control of the entire
property market.
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*e case analysis data used to support the findings of this
study are available from the corresponding author upon
request.
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