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Abstract: In China, the housing bubble is not only an economic issue but also an important social
and political issue. According to game theory, the housing bubble is an equilibrium result of the
interaction between policy environment and participants’ behavior. In this process, due to the
interaction between speculation, regulation, and emotions, the development and evolution of the
housing bubble are faced with uncertainty. Different from traditional econometric analysis, this article
adopts the evolutionary game analysis method in order to establish a multi-stage evolutionary game
analysis framework for the housing bubble. Firstly, by analyzing the emotional perceived value of
related subjects under optimism, pessimism, and uncertainty, this article explores the mechanism of
emotional perceived value on the housing bubble under the condition of inconsistent policy objectives.
Secondly, it introduces emotional perceived value into the evolutionary game analysis framework of
housing bubbles and analyzes the strategic combination and game equilibrium between investors
and local governments under different emotions. Finally, taking Hainan province as an example, it
conducts a MATLAB numerical simulation on the uncertain evolution of the housing bubble and
proposes a staged strategy combination to deal with the housing bubble. The results show that: (1)
emotional perceived value is affected by policy environment; (2) changes in the strength of policy
effects make emotional perceived value change, which has different incentive effects on investors’
speculation and local governments’ regulation; (3) there are differences in emotional perceived value
in different stages, which improves the uncertainty of the game equilibrium result between investors
and local governments; and (4) considering the evolutionary characteristics of the housing bubble in
different stages, its countermeasures should not only prevent insufficient regulation but also avoid
excessive regulation. The above conclusions can provide theoretical and practical references for
predicting the behavior of real estate investors, identifying the evolution mechanisms and rules of
real estate bubbles and formulating relevant regulatory policies.

Keywords: housing bubbles; emotional perceived value; uncertain evolutionary game; MATLAB
numerical simulation

1. Introduction

Real estate is the general term for house and land. Nowadays, the traditional attributes
of real estate have gradually changed from durable consumer goods and production factors
to attributes that are both investment tools [1]. Compared with housing demand, specula-
tive demand is more likely to promote an unreasonable rise in housing prices, accelerate
the formation of bubbles, and worsen housing affordability, which have a profound impact
on regional economies [2]. In recent years, with the rapid rise of housing prices in China’s
large and medium-sized cities, the housing bubble has gradually become a hot topic and
an important object of national economic policy research. It is generally believed that the
essence of housing bubbles is a price movement phenomenon, which is caused by the
continuous rise of housing prices due to housing speculation [3]. In this process, investors
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often have psychological expectations for a systematic rise in housing prices in the future,
which further encourages them to adopt group speculation [4]. However, the housing
bubble is unstable. When it expands to a certain extent it may burst, which would have a
serious impact on the national economy. For example, in the 1990s, with the bursting of
Japan’s bubble economy, Japan’s domestic economy suffered heavy losses and plunged
into a long-term recession. In 2008, the emergence of the US subprime mortgage crisis
triggered global financial turmoil. In China, the huge contribution of real estate to the
national economy and the imperfect housing system make development positioning of real
estate relatively vague, which is manifested in the interweaving and multi-management of
the political, economic, social, investment, consumption, and other functions of real estate.
It also causes a rapid rise in housing prices, excessively high housing prices, huge housing
bubbles, and the “real estateization” of the economy [5]. According to the “Questionnaire
Report on Urban Depositors in the Fourth Quarter of 2016” issued by the People’s Bank of
China, 52.7% of urban residents find current housing prices unacceptable. At the press con-
ference of China’s NPC and CPPCC in 2021, Guo Shuqing, Party Secretary of the People’s
Bank of China and Chairman of the China Banking and Insurance Regulatory Commission,
pointed out that the core problem of real estate is that the bubble is relatively large and
represents “the biggest gray rhino” that threatens financial security. He believed that many
people buy houses not for living, but for investment or speculation. Therefore, in China
and many other countries, the housing bubble is not only an economic issue but also an
important social and political issue [6]. This requires further analysis of the causes of the
housing bubble and exploration of the evolution process of the housing bubble, so as to
provide a basis for the government to formulate regulatory policies and a reference for the
decisions of homebuyers.

In recent years, China’s housing market has shown unprecedented prosperity. Ac-
cording to the statistics of the “2015 China Statistical Yearbook”, since 2011 the sales area of
commercial housing in China has been maintained at more than 1 billion square meters
every year and the total sales amount has exceeded 5 trillion CNY every year, showing an
increasing trend year by year. Especially in some popular areas, the rise in housing prices
in some cities is crazy. For example, Hainan Province, which is one of the regions with a
relatively large housing bubble, is also the only province in China that has experienced a
housing crash. According to the GDP ranking of 31 provinces in the first half of 2018 re-
leased by the China Bureau of statistics, the GDP of Hainan Province is 243.488 billion CNY,
ranking fourth from the bottom in China. In June of the same year, among the 70 large and
medium-sized cities in the country, Haikou ranked first in the country for the sales price
of newly built commercial housing (with a month-on-month increase of 3.9%), followed
by Sanya. Different from other provinces in China, the rise of house prices in Hainan
province is less affected by its economic development than by market speculation caused
by favorable policies. Since the establishment of Hainan province, its housing market
has experienced three main rises. In 1988, Hainan province was officially established and
became the largest special economic zone in China, making it a holy land for “gold diggers”
all over the country. According to the statistics of China’s housing market yearbook (1996),
the average price of commercial housing in Hainan Province was 1400 CNY/m2 in 1991,
rose sharply to 5000 CNY/m2 in 1992, and reached a peak of 7500 CNY/m2 in 1993. With
the release of the State Council’s “Opinions on Current Economic Conditions and Strength-
ening Macroeconomic Control” in 1993, which covered 16 powerful control measures, the
housing bubble in Hainan Province burst immediately. In 2010, the State Council issued
the “Opinions on Promoting the Construction and Development of Hainan’s International
Tourism Island”, proposing a national strategy of positioning Hainan province as an in-
ternational tourism island, which ushered in a second wave of the skyrocketing housing
market in Hainan province. In 2018, on the 30th anniversary of the founding of Hainan
province, the state once again proposed the establishment of a Free Trade Pilot Zone and
a free trade port with Chinese characteristics in Hainan province, which ushered in the
third round of a surge in the Hainan housing market. Internationally, the “price-to-income
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ratio” is generally used to measure the difficulty of buying a house in a city, and its normal
range is generally between three and six times. According to the ranking of the housing
price-to-income ratio of major cities in China in 2019, the housing price-to-income ratio of
Sanya is 29.62 and that of Haikou is 15.61, both far exceeding the international normal level.
Rising housing prices not only make it more difficult for rigid demanders to buy houses,
but also further widens the gap between the rich and the poor, which has a serious impact
on social stability. Faced with abnormal fluctuations in housing prices, many scholars have
used China’s real estate data to calculate the basic value, speculative bubble, and bubble
degree of real estate, concluding that a real estate bubble in China has already occurred
and is relatively serious [3,7–9].

To squeeze out the housing bubble and promote the sustainable development of
the housing market, China’s regulatory efforts are constantly increasing. In 2016, the
Central Economic Work Conference clearly stated that houses are for the living, not for
speculation, and established a housing management system and a long-term mechanism
in line with China’s national conditions and market rules. In 2017, the 15th meeting of
the Central Finance and Economics Leading Group further reiterated the above principles.
Since then, most cities have successively introduced more stringent housing regulation
policies, including increasing housing supply, curbing housing demand, and cracking down
on housing speculation, and have been committed to returning housing to its original
residential function. However, considering the serious dependence of GDP on housing, the
government’s work report in 2017 proposed that it is necessary to squeeze out the housing
bubble in hot cities while avoiding large ups and downs in the housing market. Moreover,
the inconsistency of policy objectives has caused the effects of implementing many policies
to not always be significant, and housing prices in many cities are still high and difficult to
shake. Furthermore, in some popular cities the more the local government regulates, the
more the local housing prices rise, which has aroused widespread societal concerns.

Actually, real estate has characteristics such as fixed locations, asymmetric market
information, and imperfect competition, which means that the housing market is not an
effective market in the economic sense. In addition to the impact of market fundamentals
such as disposable income, housing supply, population size, and GDP, housing prices may
also be affected by favorable event expectations, policy expectations and other factors [10].
However, behavioral economics believes that investment behavior includes the three
processes of market cognition, sentiments, and will, and that sentiments play an important
role in determining that the subjects of real estate market have limited rational investment
behavior. De Long et al. think that market sentiment represents an investors’ optimistic
or pessimistic view on the market [11]. In the housing market, market sentiment reflects
market participants’ perceptions, expectations, and evaluations of the housing markets’
current status and prospects, and it has an impact on market supply, demand, prices,
transaction volume, and investment. Moreover, market speculation is also the embodiment
of market participants’ emotions, which will have a stronger catalytic effect on the housing
market and lead to the emergence of a housing bubble [12]. Therefore, the utility value of
housing to investors includes not only the use-value of the housing itself but also the option
value of the housing [13]. This article believes that market speculation and government
regulation are mutually beneficial competition games. In this process, the inconsistency of
policy objectives triggers fluctuations in market sentiment, which makes the development
and evolution of a housing bubble face uncertainty. At present, there are relatively more
studies on the influence of market sentiment on securities and financial markets at home
and abroad, while there are relatively few studies on the housing field. Therefore, based
on behavioral economics and game theory, this article explores the influence mechanism
of market sentiment on the housing bubble under the condition of inconsistent policy
objectives, clarifies the evolution of the housing bubble under different market sentiments,
and provides new ideas for the prevention and control of the housing bubble, which has
important practical value. The rest of this paper is organized as follows: the second section
is a literature review, summarizing the research on the impact of speculation, regulation,
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market sentiment and policy environment on the housing bubble, as well as the related
research on the evolution and game of the housing bubble; the third section is the model
construction; the fourth section is numerical simulation analysis; and the fifth section puts
forward the conclusions and policy recommendations.

2. Literature Review
2.1. Research on the Impact of Speculation on the Housing Bubble

For a long time, research on the relationship between asset speculation and bubbles
has attracted the attention of economists. Hirshleifer and Feiger believe that investors’
subjective belief differences induce speculation, resulting in systematic deviation of asset
prices and, eventually, the formation of asset bubbles [14,15]. Kindleberger believes that
the essence of asset speculation is that inside speculators raise asset prices and sell them
to outside speculators at peak times [16]. As a result, outside speculators will buy at high
prices and sell at low prices. At the same time, investment income and investment risk are
two important indicators that determine whether investors choose to speculate. Among
them, investment income mainly evaluates future changes in asset prices, while investment
risk mainly evaluates various uncertainties that affect investment income. The greater the
uncertainty, the greater the investment risk [1].

In terms of research on housing speculation, there are currently two main ways to buy
a house, namely through self-occupied house purchase and speculative house purchase.
Self-occupied house purchases are mainly based on rigid demand, which has relatively
limited driving effect on housing prices. Speculative house purchases regard the house as
an investment product, motivated by anticipation of rising housing prices to make profits,
which is the main source of rising housing prices. Xu analyzed the difference between
housing investment and housing speculation, and their common point is to buy at low
prices and sell at high prices [17]. However, housing investment is based on real demand,
and housing speculation is initiated by one or more large-scale “initiators” and maintained
by the “herd effect” of many “followers”, which ultimately leads to economic bubbles. In
this process, the speculative demand of high-income groups will have a “crowding out
effect” on the consumer demand of low and middle-income groups [18], and may cause a
chain reaction of house price increases in different areas of the city (that is, the transmission
and diffusion from urban areas to the periphery of the city) [19]. Furthermore, Pawson
and Martin also believed that owner occupiers and investors have different investment
motivations, and that investors are more likely lead to a formulation of housing price
bubble [20]. Long further divided housing speculation into developer speculation and
housing speculation groups. After the developers purchase the land, they use the bank
leverage to develop the housing market. When the land price or house price goes up,
it gains profits by hoarding land or housing. The housing speculation group bought
houses in batches from developers, and sold them by hoarding houses and raising housing
prices [21].

In the research on the impact of speculation on housing bubbles, the current housing
bubbles mainly include rational bubbles and irrational bubbles. Under the premise that
the market is effective, a rational bubble means that under people’s rational behavior and
rational expectations, there is a rational bubble component in the price of assets in addition
to reflecting the basic value, which is not the result of mispricing but reflects the future
value deviation [22]. In addition, economic growth expectations, urbanization expectations,
favorable event expectations, policy expectations and other factors are also important
reasons for the housing bubble [23]. Kuang found that the higher the rational expectation
of housing prices, the greater the market speculation and the greater the fluctuation of
housing prices. When consumer demand dominates, the higher the house price and
the smaller the fluctuation. When the speculative demand dominates, the higher the
house price and the greater the fluctuation [24]. Market coordination failure, information
asymmetry, or certain market imperfections often lead to the failure of market efficiency,
resulting in the emergence of irrational bubbles [25]. Excessive speculation is the driving
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force for the formation of the housing bubble, and the violent fluctuation of housing prices
is its inevitable consequence [12,26]. It is generally believed that there are rational traders
and noise traders in the housing market [27]. Rational traders make decisions based on
market fundamentals, while noise traders “chase the rise and kill the fall” based on past
price movements. Case and Shiller conducted a questionnaire survey on American home
buyers and found that after a period of steady rise in housing prices, home buyers will have
adaptive expectations that housing prices will rise further. To avoid the situation of “don’t
buy now, you will not be able to afford it in the future”, panic purchases broke out [28].
Zhou and Cao found that the positive feedback effect of demand expectation and price
expectation led to an increase in housing demand with the increase of expected price [29].
In summary, speculation can promote a housing bubble. The market foundation can only
partially determine the direction of housing prices, and market expectations, speculation
and irrational behaviors can all have an impact on housing price fluctuations.

2.2. Research on the Impact of Regulation Policies on the Housing Bubble

The housing regulation policies in China, especially land regulation policies, have
caused a lack of stable correspondence between housing prices and economic funda-
mentals [30]. Housing regulation policies have the dual goals of promoting the stable
development of the housing market and maintaining macroeconomic stability, including
demand regulation policies and supply regulation policies. Demand regulation policies
mainly use administrative tools (such as purchase restriction and sales restriction), credit
tools (such as the proportion of down payment for house purchase, preferential interest rate
for housing loans), taxes (such as property tax), and other policy tools. Supply regulation
policies mainly use policy tools such as land supply, social housing development, and
housing enterprise regulation [31].

In terms of research on the impact of demand regulation policies, the purchase restric-
tion policy will help reduce housing prices and housing transaction volume in the short
term [32]. However, if the policy implementation period is short, housing prices may face
a “retaliatory rebound.” If the implementation period is too long, the housing market may
be imbalanced for a long time. Han et al. and Li et al. found that the implementation effect
of the purchase restriction policy varies significantly in different cities, and the decline in
housing prices in small and medium-sized cities is greater than that in large cities. In cities
where the demand for speculative housing is higher, the effect of the purchase restriction
policy is more pronounced [33,34]. However, the demand regulation policy also has its
own limitations. Chen and Gao found that the regulation policies can only be effective in
the short term, but cannot suppress the accumulated expectations of house price rise [35].
Moreover, the increase of house price caused by the decrease of supply may offset the
decrease of house price caused by the decrease of demand, thus weakening the influence
of regulation policies on house prices [36]. In addition, different regulation policies have
different applicable conditions. Research has found that the effect of money supply regula-
tion is stronger when housing prices fluctuate sharply than that when housing prices are
flat, and the effect of interest rate regulation is stronger when housing prices are flat than
that when housing prices fluctuate significantly [37].

In terms of research on the impact of supply regulation policies, An and Wang believe
that while land policies and affordable housing policies have a long-term significant impact
on housing prices, there is also a significant time lag [38]. In terms of actual performance,
the effect of housing demand suppression policies on the housing market is shown as a
“fall in both volume and price”, while the impact of land supply regulation policies on the
housing market is shown as a “decline in price and increase in volume” [39]. In addition,
land regulation policies have a significant threshold effect on housing price fluctuations [40].
Within a relatively small increase in housing prices, land policy regulation is relatively
effective. However, within a relatively large increase in housing prices, the monetary
regulation policy has a greater effect on housing prices. Sheng and Long believe that the
phenomenon of “the more regulated and higher housing prices” is due to the functional
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imbalance between demand regulation policies and supply regulation policies [41]. The key
to solving the problem lies in focusing on the effective combination of demand regulation
and supply regulation, and taking into account the comprehensive application of short-
term regulation and long-term regulation. In summary, market regulation has a restraining
effect on the housing bubble, but the effects of housing regulation policies are different
under different conditions.

2.3. Research on the Impact of Market Sentiment on the Housing Bubble

The impact of market sentiment on the housing bubble mainly includes the impact on
investor behavior and the impact on housing prices. Psychological research shows that sen-
timents can affect investors’ behavioral decisions [42,43]. Market sentiment is somewhere
between optimism and pessimism. The mutual fluctuations of optimism and pessimism
have caused dynamic changes in the housing market [44,45]. Hu et al. found that when
there is insufficient “noise” in the market, speculators will actively create “noise” to induce
irrational investors [46]. Its induced behavior leads to excessive volatility of asset prices.
In most cases, market sentiment is affected by environmental uncertainty [47]. Shiller
found that sentiment will further encourage more investors to invest and improve their
psychological expectations of the rising house prices, but that this feedback effect is not
permanent [48]. Moreover, fluctuations in investors’ heterogeneous sentiment may trigger
asset price bubbles [49]. Lee and reed analyzed the pattern of basic housing price changes
through the determinants of permanent and temporary components [50]. Environmental
uncertainty will not only inhibit the overinvestment caused by the high investor sentiment,
but also exacerbate the underinvestment caused by the sluggish investor sentiment. In
addition, market sentiment will also affect investors’ tolerance of risk [51]. Studies have
found that there is a positive correlation between optimism and price bubbles, and pes-
simism will increase the degree of investor loss aversion, reduce investors’ expectations of
future returns, and make investors tend to take less risks [52].

The information asymmetry of market participants, the dispersion of information
sources, and the increasing speculation in the market have made market sentiment an
important factor affecting housing prices [53]. Many studies have shown that market
sentiment has a positive impact on housing prices [54–56]. When market sentiment rises,
the mentality of “buying late is not as good as buying early” makes housing prices rise.
When market sentiment fell, this wait-and-see psychology reduces the scale of market
demand, resulting in a fall in housing prices [57]. At the same time, pessimism has a more
obvious impact on housing prices than optimism [58]. Investors’ optimism about future
fundamentals will increase the negative asymmetry of market volatility, while speculative
sentiment will increase the positive asymmetry of market volatility [59]. To a certain
extent, investor sentiment may weaken the regulatory effect of monetary policy on market
volatility, which may cause the actual response of the market to monetary policy to deviate
from the regulatory objectives [60]. Yin and Lu analyzed the formation process of investor
expectations under the changing market sentiment, and concluded that market uncertainty
will increase the probability of speculative bubbles [61]. Eddie et al. believe that market
sentiment can reflect investors’ optimistic (or pessimistic) expectations of future housing
returns, resulting in temporary irrational prosperity in the housing market. However, over
time the market price will eventually return to its intrinsic value [62]. In summary, market
sentiment is affected by market expectations, uncertainty, and investment risks, and has a
moderating effect on the expansion and contraction of the housing bubble.

2.4. Research on the Impact of Policy Environment on Housing Bubble

Uncertainty concerning economic policies and general macroeconomic behavior has
an impact on house price fluctuations [63]. The fluctuation of housing market is closely
related to monetary policy, globalization, and financial integration [64,65]. It is found
that the increase of policy uncertainty has a greater impact on the decision-making of
home purchases than the decrease of uncertainty [66]. Baker et al. extended the concept
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of uncertainty to economic policy uncertainty (EPU), and constructed the EPU index [67].
Hardouvelis et al. further constructed the Greek EPU index to test how economic policy
uncertainty affects investment decisions and economic activities [68]. Posedel and Vizek
compared the differences in the impact of macroeconomic policies on house prices between
developed countries and transition countries, and found that the impact is asymmetric [69].
Meanwhile, there are path differences in the impact of policy uncertainty on housing prices.
At the demand level, households can reduce their purchases of durable consumer goods
such as houses [70]. Policy uncertainty may also increase stock premiums and increase
borrowing costs, thereby reducing real estate-related investments [63]. In summary, the
uncertainty of policy environment has an impact on investors’ behavioral decisions.

2.5. Research on the Evolution and Game of the Housing Bubble

The housing speculation process involves beliefs, feedback effects, and other related
factors, and it is the interaction between these different factors that promotes the rapid
expansion and bursting of the housing bubble [71]. In the multi-dimensional interest
game in the housing market, multiple interest groups such as housing consumer groups,
housing speculators, developers, commercial banks, local governments, and the central
government are involved. Ou divides different stakeholders into three different types
of “market power”. “Major raising force” promotes the rise of housing prices, “major
dropping force” promotes the decline of housing prices, and “balance force” maintains
the balance of the market [72]. Bao and Hommes studied the influence mechanism of
market fundamentals and speculation on the formation of bubbles and collapses [73]. The
nature of the boom and bust of the housing market is a conversion phenomenon between
different market forces [74,75]. However, the stability of the housing market depends on
the authenticity of the market and market behavior. When investors rely too much on the
expected rules, the housing market will experience significant volatility [76].

The evolution process of the housing bubble is generally divided into four stages:
bubble germination period, bubble formation period, bubble expansion period, and bubble
burst period [77]. In different stages of evolution, investors’ behavior is often affected by
multiple behavior preferences such as reference dependence, loss aversion, and herding
effect. The housing bubble originated from the overheated investment of developers and
the speculative expectations of home buyers, which artificially created speculative demand
in the housing market [78]. However, factors such as overconfidence, inflexible assets,
and excess liquidity have promoted the rapid expansion of irrational bubbles [79]. When
the housing bubble develops to a certain extent, due to the huge economic inertia, even
if the government adopts strong market regulation measures, it is difficult to achieve a
“soft landing” for the economy [3]. Therefore, it is precisely because of the particularity
of the housing market in China that the local government cannot completely transfer the
housing to the market for regulation. Instead, it should adopt the corresponding regulation
policies to intervene in the housing market externally, according to the development
and evolution of the housing bubble [80]. In summary, the evolution of the housing
bubble is the equilibrium result of the mutual game of different stakeholders, and it shows
phase characteristics according to the dynamic changes of speculative behavior and policy
regulation.

Based on the above research, this article believes that the housing bubble is the result
of the interaction between policy environment and participant behavior. Among them, the
speculative behavior of investors is the driving force behind the formation of the housing
bubble, and factors such as investment income, investment risks, and market expectations
have an important impact on speculative behavior. The housing regulation has a restraining
effect on the housing bubble, but its relatively strict applicable conditions make it difficult
to maximize its policy effects. Market sentiment is affected by the policy environment and
regulates the expansion and contraction of the housing bubble by influencing investor
behavior and housing prices. Most of the existing studies are based on a single perspective,
and the research methods are based on empirical analysis, ignoring the interaction between
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different influencing factors and their impact on the housing bubble. However, it is
precisely due to the interaction between the three elements of speculation, regulation, and
market sentiment that the development and evolution of the housing bubble are facing
greater uncertainty. Different from the above method, this article draws on the evolutionary
game analysis method of Friedman [81], puts the speculative behavior of investors and
the regulatory behavior of local governments under different market sentiments, and
constructs the uncertainty evolutionary game analysis framework of the housing bubble
under the multidimensional market sentiment, aiming to show the dynamic evolution
process of the housing bubble. Furthermore, taking Hainan province as an example, this
article conducts a numerical simulation analysis on the uncertain evolution of the housing
bubble and proposes prevention and regulation strategies for different stags of the housing
bubble.

3. Model Construction
3.1. The Perceived Value under the Multidimensional Market Sentiment

The development and evolution of the housing bubble faces greater uncertainty due
to the multidimensional market sentiment triggered by favorable regional policies and
regulation policies in the housing market. On the one hand, favorable regional policies will
stimulate investors’ optimism and enhance their psychological expectations for the future
rise of housing prices, which will produce positive incentives for housing speculation.
On the other hand, the regulation policies in the housing market will lead to investors’
pessimism and enhance their psychological expectations for the future decline of housing
prices, which will produce negative incentives for housing speculation. Taking the housing
market in Hainan province as an example, this article first discusses the perceived value of
housing investors under optimism, pessimism, and uncertainty.

3.1.1. The Perceived Value under Optimism

As an international tourist island, a special economic zone, and a pilot free trade
zone, Hainan province enjoys many national policy dividends. Through the media and
housing developers’ publicity and speculation, investors’ optimism is soaring, which has
become an important reason for the increase in housing prices. Since the construction of
an international tourist island in Hainan province in 2010, the housing market Hainan
province has rapidly heated up. Within five days after project approval, the sales of
commercial housing in Hainan province exceeded the total sales of commercial housing
in 2008, reaching 17.1 billion CNY. According to data released by the Hainan Provincial
Bureau of Statistics, from 2014 to 2017, the transaction volume of commercial housing
in Hainan province soared from 93.5 billion CNY to 271.3 billion CNY. As of 2017, the
proportion of investors outside Hainan province has reached 88%. Affected by market
optimism, investors often have higher psychological expectations for house price increases,
resulting in the actual transaction volume of the housing market in Hainan province
being much higher than the normal demand. Taking the investors’ actual house purchase
expenditure as a reference point, when the investors’ perceived value of the housing is
higher than the actual house purchase expenditure, the investors’ psychological utility is
the gain. Based on this, the utility function of investors under optimism is:

VH = (PH − P0)
α (1)

In Equation (1), VH is the investor’s perceived value of the housing under optimism, α
is the investor’s optimism coefficient, which indicates the degree of investor’s optimism
about the housing market. When the investor is more optimistic about the housing market,
the value of α will be larger, and 0 < α < 1. P0 is the current price of the housing, PH is the
expected price of the housing under optimism, PH > P0.
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3.1.2. The Perceived Value under Pessimism

In the face of the rapid rise of housing prices in Hainan province, the local govern-
ment has issued a series of housing market regulation policies to curb speculation in the
housing market. With the continuous increase in regulation, investors’ pessimism has
gradually increased, which has significantly reduced their housing speculation. For ex-
ample, in April 2018, the People’s Government of Hainan Province issued the “Notice
on Further Stabilizing the Housing Market” and began to implement global purchase
restriction policies based on the original regulation policies, which strictly restricted the
purchase conditions, including adjusting the down payoff ratio of commercial loans to 70%,
restricting transactions within five years after purchase, and requiring buyers to provide
proof of paying personal tax or social security for more than 60 months in Hainan province,
which is known as the “most stringent regulation policy” in Hainan province. After the
implementation of the above policies, the sales area and sales of the housing in Hainan
province in 2018 decreased by 37.5% and 23.2% year-on-year, respectively. Affected by
market pessimism, investors’ psychological expectations for the decline of housing prices
are constantly strengthening. Taking the investor’s actual house purchase expenditure as a
reference point, when the investor’s perceived value of the housing is lower than the actual
house purchase expenditure, the investor’s psychological utility is a loss. Based on this,
the utility function of investors under pessimism is:

VL = −λ(P0 − PL)
β (2)

In Equation (2), VL is the investor’s perceived value of the housing under pessimism,
and β is the investor’s pessimism coefficient, which indicates the degree of investor’s
pessimism about the housing market. When the investor is more pessimistic about the
housing market, the value of β will be larger, and 0 < β < 1. PL is the expected price of the
housing under pessimism, PL < P0. λ is the speculative risk coefficient, which is used to
measure the risk of investors in housing speculation. When the local government’s policy
intervention and regulation are stronger, the speculative risk faced by investors will be
greater, and λ > 1.

3.1.3. The Perceived Value under Uncertainty

When favorable regional policies and regulation policies in the housing market take ef-
fect simultaneously, investor sentiment is often uncertain and is affected by both optimism
and pessimism. There are two ways to divide traditional sentiments: discrete and continu-
ous. Among them, the discrete type uses 0 and 1 to represent pessimism and optimism,
respectively. The continuous type uses variables between 0 and 1 to express pessimism,
uncertainty, and optimism [82]. Based on the above utility functions of investors under
optimism and pessimism, this article draws on the continuous sentiment classification
division, and constructs the utility function of investors under uncertainty:

VM = γVH + (1 − γ)VL = γ(PH − P0)
α − (1 − γ)λ(P0 − PL)

β (3)

In Equation (3), VM is the investor’s perceived value of the housing under uncertainty,
γ is the proportion of investors’ optimism, 1 − γ is the proportion of investors’ pessimism,
and 0 ≤ γ ≤ 1. When γ = 0 and γ = 1, investors are pessimistic and optimistic respectively.
When γ is closer to 1, it means that investors are more optimistic and less pessimistic. When
γ is closer to 0, it means that investors are more pessimistic and less optimistic.

3.2. Game Hypothesis

The evolution of the housing bubble is essentially a dynamic game between investor
speculation and local government regulation. In this process, investors will decide whether
to speculate or not based on their comprehensive judgment on favorable regional policies
and housing regulation policies. The local government will decide whether to regulate or
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not according to the future trend of housing prices. Thus, this article puts forward the first
hypothesis.

Hypothesis 1. In the evolutionary game, only two players, the local government and investors, are
considered. Both parties will continuously adjust their strategic choices based on their cognitive
judgments and strive to maximize their respective interests. The strategy set of the local government
is (regulation, no regulation), and the strategy set of the investor is (speculation, no speculation).

The function of local government determines that it should consider not only economic
interests but also social interests. If the local government chooses regulation, it needs to pay
the regulation cost. Otherwise, there is no need to pay. With the increase of regulation, the
regulation cost will increase accordingly. When the local government chooses “regulation”
and investors choose “no speculation”, the local government will be rewarded by the
superior government for its effective regulation and obtain corresponding social benefits.
When the local government chooses “regulation” and the investor chooses “speculation”,
the local government will be punished by the superior government for ineffective regulation
and cause corresponding social losses. When the local government chooses “no regulation”
and the investors choose “speculation”, the local government will be punished by the
superior government for its ination and will cause greater social losses. When the local
government chooses “no regulation” and the investors choose “no speculation,” the local
government has no gains or losses. Thus, this article puts forward the second hypothesis.

Hypothesis 2. The revenue and expenditure of the local government in the regulation of the housing
market include five components: the regulation cost, the reward from the superior government, the
punishment from the superior government, the social loss, and the social benefit.

Investors’ perceived value of the housing market includes three types: the perceived
value under optimism, pessimism, and uncertainty. When investors choose not to speculate,
they do not buy houses. Therefore, whether the local government chooses to regulate or not,
investors’ perceived value of the housing is 0. When there are favorable regional policies,
if the investors choose “speculation” and the local government chooses “no regulation”,
the investors’ perceived value of the housing is only affected by optimism. Moreover, if
the investors choose “speculation” and the local government chooses “regulation”, the
investors’ perceived value of the housing is affected by optimism and pessimism. Thus,
this article puts forward the third hypothesis.

Hypothesis 3. Investors’ speculative behavior is affected by market sentiment. Optimism has
a positive incentive to housing speculation, while pessimism has a negative incentive to housing
speculation.

There are speculative risks in housing speculation. When the investors choose “no
speculation”, there is no speculation risk. When the investors choose “speculation” and the
local government chooses “no regulation “, the investors’ speculative risk is not affected by
the housing market regulation policy. When the investors choose “speculation” and the
local government chooses “regulation”, the investors’ speculative risk is affected by the
housing market regulation policies. As the local government increases their regulation, the
lower the housing speculative gains will be and the greater the speculative losses will be.
Thus, this article puts forward the fourth hypothesis.

Hypothesis 4. The level of speculation risk is related to the intensity of local government regulation.
The stricter the local government’s policy regulation is, the greater the investors’ speculative risk
will be.

Favorable regional policies and housing regulation policies have an uncertain impact
on the value of the housing market. When investors choose not to speculate, they do not
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buy houses, so the housing value is not affected by favorable regional policies and housing
regulation policies. When the investors choose “speculation” and the local government
chooses “no regulation”, the housing value is only affected by favorable regional policies,
and the investors expect housing prices to rise. When the investors choose “speculation”
and the local government chooses “regulation”, the housing value is affected by both
favorable regional policies and housing regulation policies. At this time, the investors’
psychological expectations of housing prices are uncertain. Thus, this article puts forward
the fifth hypothesis.

Hypothesis 5. The value of the housing market is uncertain. Favorable regional policies are
expected to drive housing prices up, and the housing regulation policies are expected to drive
housing prices down.

3.3. Game Analysis

Based on the above hypotheses, this article establishes the game payment matrix of
the local government and the investors under the combination of four strategies, as shown
in Table 1. The four strategies correspond to the four main stages of the development and
evolution of the housing bubble, which are the bubble-free stage, the bubble germination
and formation stage, the bubble expansion stage, and the bubble burst stage.

Table 1. The game payoff matrix of the local government and investors.

Local Government
Investors

Speculation (θ) No Speculation (1−θ)

Regulation (δ)

The third stage
−C − F2 − W2
γ(P2 − P0)

α2 −
(1 − γ)λ(P0 − P3)

β

The fourth stage
R − C + W3

0

No regulation (1 − δ)
The second stage

−F1 − W1
(P1 − P0)

α1

The first stage
0
0

The first stage is the bubble-free stage. In this stage, the housing market is not
affected by regional favorable policies and housing market regulation policies. The local
government will choose “no regulation” and the investors will choose “no speculation”.
According to Hypothesis 2 and Hypothesis 3, the local government and the investors have
no gains or losses (that is, the local government’s payoff is 0, and the investors’ perceived
value to the housing is 0).

The second stage is the bubble germination and formation stage. In this stage, the
housing market is only affected by regional favorable policies. The local government will
choose “no regulation” and the investors will choose “speculation”. According to Hypoth-
esis 2, for the local government, its inaction will be punished by the superior government
and bear the corresponding social losses. Assuming that the superior government’s penalty
is F1 and the social loss is W1, the local government’s payoff is −F1 − W1. According to
Hypothesis 3 and Hypothesis 5, investors’ speculative behavior is only affected by market
optimism, and the favorable regional policies make investors have psychological expec-
tations of rising house prices. Assuming that the current price of the housing is P0, the
investors expected price of the housing is P1, and P1 > P0, and the investors optimism
coefficient is α1, the investors perceived value to the housing is (P1 − P0)

α1 .
The third stage is the bubble expansion stage. In this stage, the housing market is

affected by both regional favorable policies and housing market regulation policies, but
the intensity of housing market regulation policies is relatively small. The local govern-
ment will choose “regulation” and the investors will choose “speculation”. According to
Hypothesis 2, for the local government, its ineffective regulation will also be punished by
the superior government and bear the corresponding social losses. Moreover, they will
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also need to pay regulation costs. Assuming that the regulation cost is C, the penalty from
the superior government is F2 (F2 < F1), and the social loss is W2 (W2 < W1), then the
local government’s payoff is −C − F2 − W2. According to Hypothesis 3, Hypothesis 4,
and Hypothesis 5, investors’ speculation is affected by both market optimism and market
pessimism. The favorable regional policies make investors have psychological expectations
for rising house prices, and the housing market regulation policies make investors face
speculative risks, resulting in psychological expectations for falling house prices. Assuming
that the investors’ optimism ratio is γ, the pessimism ratio is 1 − γ, the investors’ expected
price of the housing under optimism is P2, the investors’ expected price of the housing
under pessimism is P3, the investors’ optimism coefficient is α2, the pessimistic coefficient
is β, the investment risk coefficient is λ, and the investors’ perceived value of the housing
is γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β.

The fourth stage is the bubble burst stage. In this stage, the housing market is affected
by both regional favorable policies and housing market regulation policies, but the intensity
of housing market regulation policies is relatively large. The local government will choose
“regulation” and the investors will choose “no speculation”. According to Hypothesis 2, for
the local government, its effective regulation will be rewarded by the superior government
and obtain corresponding social benefits. Assuming that the regulation cost remains
unchanged, the superior government’s reward is R, and the social benefit is W3, then
the local government’s payoff is R − C + W3. According to Hypothesis 3, affected by the
local government’s strict regulation policies, investors will not speculate in the housing.
Therefore, investors are not affected by market sentiment and their perceived value of the
housing is 0.

3.4. Evolution Analysis

Assume that the probability of the local government choosing “regulation” is δ, and
the probability of choosing “non-regulation” is 1 − δ. Assume also that the probability of
the investors choosing “speculation” is θ, and the probability of choosing “no speculation”
is 1 − θ. For the local government, the expected benefits when choosing “regulation” and
“no regulation” are E(δ) and E(1−δ) respectively, and the average benefit is E(G), calculated
as below:

E(δ) = θ(−C − F2 − W2) + (1 − θ)(R − C + W3) (4)

E(1−δ) = θ(−F1 − W1) (5)

E(G) = δE(δ) + (1 − δ)E(1−δ) (6)

When E(δ) > E(G), the expected benefits of the local government when choosing the
“regulation” are greater than the average benefits. As time goes by, for the local government,
the probability δ of choosing the “regulation” increases. When E(1−δ) > E(G), the expected
benefits of the local government when choosing the “no regulation” strategy are greater
than the average benefits, and the probability δ of choosing the “regulation” decreases
over time. Therefore, the replication dynamics equation expressed as F(δ) for the local
government to choose “regulation” can be achieved as follows:

F(δ) = δ
(

E(δ) − E(G)

)
= δ(1 − δ)

(
E(δ) − E(1−δ)

)
= δ(1 − δ)[θ(−F2 − W2 + F1 + W1 − R − W3) + (R − C + W3)] (7)

Equation (7) shows that the change rate of probability δ of the local government’s
choice of “regulation” is proportional to the probability δ of local government’s choice
of “regulation” and the probability 1 − δ of “no regulation”, and is also proportional to
the payment difference θ(−F2 − W2 + F1 + W1 − R − W3) + (R − C + W3) between “regu-
lation” and “no regulation”. In addition, it is also related to the value of θ, but not to the
rate of change of θ.
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For the investors, the expected benefits when choosing “speculation” and “no spec-
ulation” are E(θ) and E(1−θ), respectively, and the average benefit is E(I), calculated as
below:

E(θ) = δ
[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β
]
+ (1 − δ)(P1 − P0)

α1 (8)

E(1−θ) = 0 (9)

E(I) = θE(θ) + (1 − θ)E(1−θ) (10)

When E(θ) > E(I), the expected benefits of the investors when choosing the “specula-
tion” are greater than the average benefits. As time goes by, the probability θ of choosing
the “speculation” increases. When E(1−θ) > E(I), the expected benefits of the investors
when choosing the “no speculation” strategy are greater than the average benefits, and the
probability θ of choosing the “speculation” decreases over time. Therefore, the replication
dynamics equation expressed as F(θ) for the investors to choose “speculation” can be
achieved as follows:

F(θ) = θ
(

E(θ) − E(I)

)
= θ(1 − θ)

(
E(θ) − E(1−θ)

)
= θ(1 − θ)E(θ)

= θ(1 − θ)
{

δ
[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β
]
+ (1 − δ)(P1 − P0)

α1
}

= θ(1 − θ)
{

δ
[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β − (P1 − P0)

α1
]
+ (P1 − P0)

α1
} (11)

Equation (11) shows that the change rate of probability θ of the investors’ choice
of “speculation” is proportional to the probability θ of the investors’ choice of “spec-
ulation” and the probability 1 − θ of “no speculation”, and is also proportional to the
payment difference δ

[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β − (P1 − P0)

α1
]
+ (P1 − P0)

α1 be-
tween “speculation” and “no speculation”. In addition, it is also related to the value of δ,
but not to the rate of change of δ.

3.5. Stability Analysis

According to Friedman’s method, this article first analyzes the stability of the local
equilibrium point through the Jacobian matrix, and then analyzes the stability of the local
equilibrium point of the dynamic replication system, to find the evolutionary stability
strategy (ESS) of the local government and investors. The specific steps are as follows:

First of all, to obtain the above-mentioned equilibrium points, we first set equations
F(δ) = F(θ) = 0, the five possible local equilibrium points of the replication dynamic
system can be obtained, which are D1(0, 0), D2(0, 1), D3(1, 0), D4(1, 1), and D5(δ

∗, θ∗).

Among them, δ∗ = −(P1−P0)
α1

γ(P2−P0)
α2−(1−γ)λ(P0−P3)

β−(P1−P0)
α1

, θ∗ = −R+C−W3
−F2−W2+F1+W1−R−W3

.

Secondly, in order to obtain the Jacobian matrix of the dynamic replication system, we
need to calculate the partial derivatives of F(δ) and F(θ) with respect to δ and θ.

∂F(δ)
∂δ

= (1 − 2δ)[θ(−F2 − W2 + F1 + W1 − R − W3) + (R − C + W3)] (12)

∂F(δ)
∂θ

= δ(1 − δ)(−F2 − W2 + F1 + W1 − R − W3) (13)

∂F(θ)
∂δ

= θ(1 − θ)
[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β − (P1 − P0)

α1
]

(14)

∂F(θ)
∂θ

= (1 − 2θ)
{

δ
[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β − (P1 − P0)

α1
]
+ (P1 − P0)

α1
}

(15)

The Jacobian matrix J and trace Tr(J) of the system are calculated from the following
formula:

J =

(
∂F(δ)

∂δ
∂F(δ)

∂θ
∂F(θ)

∂δ
∂F(θ)

∂θ

)
(16)
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Tr(J) =
∂F(δ)

∂δ
+

∂F(θ)
∂θ

(17)

Finally, by substituting the above local equilibrium points into the partial derivatives
of F(δ) and F(θ), and combining with the specific expression of Jacobian matrix, four
Jacobian matrices can be obtained.

J(0, 0) =
(

R − C + W3 0
0 (P1 − P0)

α1

)
(18)

J(0, 1) =
(

−F2 − W2 + F1 + W1 − C 0
0 −(P1 − P0)

α1

)
(19)

J(1, 0) =
(

−(R − C + W3) 0
0 γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β

)
(20)

J(1, 1) =
(

F2 + W2 − F1 − W1 + C 0
0 −γ(P2 − P0)

α2 + (1 − γ)λ(P0 − P3)
β

)
(21)

The above-mentioned equilibrium points are the result of continuous adjustment and
improvement after the random combination of the local government and the investors’
strategy selection. If and only if Det(J) > 0 and Tr(J) < 0, then the equilibrium point
is the evolutionary stable strategy (ESS). Thus, the determinants and traces of the above
equilibrium points are obtained, as shown in Table 2.

Table 2. Determinants and traces of equilibrium points.

Equilibrium
Points Det(J) and Tr(J)

D1(0, 0)
Det(J) (R − C + W3)(P1 − P0)

α1

Tr(J) (R − C + W3) + (P1 − P0)
α1

D2(0, 1)
Det(J) −(−F2 − W2 + F1 + W1 − C)(P1 − P0)

α1

Tr(J) (−F2 − W2 + F1 + W1 − C)− (P1 − P0)
α1

D3(1, 0) Det(J) −(R − C + W3)
[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β
]

Tr(J) −(R − C + W3) +
[
γ(P2 − P0)

α2 − (1 − γ)λ(P0 − P3)
β
]

D4(1, 1) Det(J) (F2 + W2 − F1 − W1 + C)
[
−γ(P2 − P0)

α2 + (1 − γ)λ(P0 − P3)
β
]

Tr(J) (F2 + W2 − F1 − W1 + C)− γ(P2 − P0)
α2 + (1 − γ)λ(P0 − P3)

β

D5(δ
∗, θ∗) Det(J) 0

Tr(J) 0

According to Table 2, when (−F2 − W2 + F1 + W1 − C) < 0 and −(P1 − P0)
α1 < 0,

the ESS of the system is (0, 1), in which the evolutionary stable equilibrium strategy of
both parties in the game is (no regulation, speculation). When −(R − C + W3) < 0 and[

γ(P2 − P0)
α2 − (1 − γ)λ(P0 − P3)

β
]
< 0, the ESS of the system is (1, 0), in which the evo-

lutionary stable equilibrium strategy of both parties in the game is (regulation, no specula-
tion). When (F2 + W2 − F1 − W1 + C) < 0 and

[
−γ(P2 − P0)

α2 + (1 − γ)λ(P0 − P3)
β
]
< 0,

the ESS of the system is (1, 1), in which the evolutionary stable equilibrium strategy of
both parties in the game is (regulation, speculation). Because (P1 − P0)

α1 > 0, when
(R − C + W3) > 0, Det(J) > 0 and Tr(J) > 0. When (R − C + W3) < 0, Det(J) > 0 and
Tr(J) is uncertain. Therefore, (0, 0) is not ESS.
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4. MATLAB Numerical Simulation

In order to visually reflect the long-term impact of policy changes on housing prices,
based on the availability of data, we collatde housing price data from 2017 to 2019 in Sanya,
the hottest real estate investment in Hainan, to illustrate this impact process. Before the in-
troduction of major favorable policies in Hainan, the average housing price in Sanya in 2017
was 21,901 CNY/m2. In 2018, after the introduction of major favorable policies, housing
prices in Sanya rose accordingly. The average housing price in Sanya was 30,959 CNY/m2,
an increase of 41.3% from 2017, and the highest price exceeded 33,000 CNY/m2. Since then,
with the release of the most stringent housing regulation policy in Hainan, the soaring
trend of housing prices in Sanya had been curbed, and began to gradually fall. By the end
of 2019, the real estate price in Sanya City had dropped to about 28,000 CNY/m2, which
is 15% lower than the highest price in 2018, and continues to decline. The trend of house
prices is shown in Figure 1.

Mathematics 2021, 9, x FOR PEER REVIEW 15 of 24 
 

 

 ��(�) 
(�� + �� − �� − �� + �) − �(�� − ��)��

+ (1 − �)�(�� − ��)� 

��(�∗, �∗) ���(�) 0 

 ��(�) 0 

According to Table 2, when (−�� − �� + �� + �� − �) < 0 and −(�� − ��)�� < 0, 

the ESS of the system is (0, 1), in which the evolutionary stable equilibrium strategy of 

both parties in the game is (no regulation, speculation). When −(� − � + ��) < 0 and 

��(�� − ��)�� − (1 − �)�(�� − ��)�� < 0, the ESS of the system is (1, 0), in which the 

evolutionary stable equilibrium strategy of both parties in the game is (regulation, no 

speculation). When (�� + �� − �� − �� + �) < 0  and �−�(�� − ��)�� + (1 − �)�(�� −

��)�� < 0, the ESS of the system is (1, 1), in which the evolutionary stable equilibrium 

strategy of both parties in the game is (regulation, speculation). Because (�� − ��)�� > 0, 

when (� − � + ��) > 0, ���(�) > 0 and ��(�) > 0. When (� − � + ��) < 0, ���(�) >

0 and ��(�) is uncertain. Therefore, (0, 0) is not ESS. 

4. MATLAB Numerical Simulation 

In order to visually reflect the long-term impact of policy changes on housing prices, 

based on the availability of data, we collatde housing price data from 2017 to 2019 in 

Sanya, the hottest real estate investment in Hainan, to illustrate this impact process. Be-

fore the introduction of major favorable policies in Hainan, the average housing price in 

Sanya in 2017 was 21,901 CNY/m2. In 2018, after the introduction of major favorable pol-

icies, housing prices in Sanya rose accordingly. The average housing price in Sanya was 

30,959 CNY/m2, an increase of 41.3% from 2017, and the highest price exceeded 33,000 

CNY/m2. Since then, with the release of the most stringent housing regulation policy in 

Hainan, the soaring trend of housing prices in Sanya had been curbed, and began to 

gradually fall. By the end of 2019, the real estate price in Sanya City had dropped to about 

28,000 CNY/m2, which is 15% lower than the highest price in 2018, and continues to de-

cline. The trend of house prices is shown in Figure 1. 

 

Figure 1. The evolution stage of housing bubbles. 

On this basis, this article uses MATLAB software to simulate the uncertain evolution 

of the housing bubble under the multi-dimensional market sentiment based on the 

background that China announced the construction of the Free Trade Pilot Zone and the 

Free Trade Port in Hainan province with Chinese characteristics on 13 April 2018. Based 

on the time series of the housing bubble evolution, the development and evolution of the 

Figure 1. The evolution stage of housing bubbles.

On this basis, this article uses MATLAB software to simulate the uncertain evolution
of the housing bubble under the multi-dimensional market sentiment based on the back-
ground that China announced the construction of the Free Trade Pilot Zone and the Free
Trade Port in Hainan province with Chinese characteristics on 13 April 2018. Based on the
time series of the housing bubble evolution, the development and evolution of the housing
bubble in Hainan province are divided into five stages: the bubble-free stage (before 13
April), the bubble germination stage (13 April), the bubble formation stage (14 April–21
April), the bubble inflation stage (14 April–21 April), and the bubble burst stage (22 April).
According to the evolution results of different stages, we put forward corresponding
prevention and regulation strategies. The simulation results are shown in Figures 2–6,
where the horizontal axis represents the evolution time, the simulation period is set as 10,
and the vertical axis represents the probability of game players’ strategy selection, which
evolves in the range of 0 to 1. The initial probability is assumed δ = θ = 0.5, which means
that the local government and investors both choose between different strategies with an
initial probability of 0.5, and the values of related parameters are strictly limited within the
bounds.
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4.1. Numerical Simulation Analysis in the Bubble-Free Stage

Before 13 April 2018, the state had not yet announced a major development strategy
for the construction of the Pilot Free Trade Zone and the Free Trade Port with Chinese
characteristics in Hainan province. During this period, the housing prices in Hainan
province can be regarded as the equilibrium price of supply and demand under normal
market transactions. At this stage, the local government did not generate additional gains
and losses, so its initial assumptions are set as: F1 = F2 = 0, W1 = W2 = W3 = 0, R = 0,
C = 1. Meanwhile, the investors had no psychological expectations of housing prices
rising or falling in the short term, and their market sentiment had no obvious fluctuations
and were uncertain, so its initial assumptions are set as P1 = P2 = P3 = P0 = 1, λ = 1.2,
γ = 0.5, α1 = α2 = β = 0.5. The simulation result is shown in Figure 2.

It can be seen from Figure 2 that when −C− F2 −W2 < −F1 −W1 and R−C+W3 < 0,
the local government tends to choose “no regulation”. However, since γ(P2 − P0)

α2 −
(1 − γ)λ(P0 − P3)

β = 0 and (P1 − P0)
α1 = 0, the investor’s strategic choice is uncertain.

The above results show that the investors’ behavior decisions are more affected by market
factors, and show randomness and uncertainty in the housing transactions. On the other
hand, since the local government has no extra revenue and needs to pay the extra regulation
cost to choose “regulation”, it has no regulation motivation and tends to choose “no regula-
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tion”. Therefore, the game equilibrium result of this stage is (no regulation, speculation/no
speculation). At this stage, the local government can strengthen the monitoring of house
price fluctuations and market transaction volume before the release of favorable policies,
so as to make adequate preparations for the possible housing speculation after the release
of favorable policies.

4.2. Numerical Simulation Analysis in the Bubble Germination Stage

On 13 April 2018, at the 30th Anniversary Conference of Hainan Province and Hainan
Special Economic Zone, President Xi Jinping announced that the state supports Hainan
province to build a pilot free trade zone and a free trade port with Chinese characteristics,
which immediately triggered a rise in housing prices. On the one hand, the favorable policy
has enhanced the psychological expectation of investors for the future rise of housing
prices. On the other hand, due to the lag of local government regulation, investors are
only affected by market optimism at this stage. Accordingly, this article changes the initial
assumptions of investors accordingly and sets them as: P1 = P2 = 1.5, γ = 1, α1 = α2 = 0.7,
and other assumptions remain unchanged. The simulation result is shown in Figure 3.

It can be seen from Figure 3 that when γ(P2 − P0)
α2 − (1 − γ)λ(P0 − P3)

β > 0 and
(P1 − P0)

α1 > 0, the investors’ strategic choices will gradually become “speculation”. Since
the local government has not yet issued the latest regulation policies, the local government’s
strategic choice is consistent with the choice at the previous stage, that is, “no regulation”.
The above results show that when policy dividends appear and policy regulation is lagging,
the investors’ perceived value of the housing is only affected by market optimism. At
this time, optimism generates positive incentives for housing speculation, leading to
a large number of housing purchases in the housing market, and promoting a rapid
rise in housing prices. Therefore, the equilibrium result of the game at this stage is (no
regulation, speculation). At this stage, as favorable policies have just been released, the
number of investors in the housing market is still relatively small. From the perspective
of economic costs, the local government is more inclined to not regulate. At this time, the
local government can actively guide public opinion and media propaganda to prevent the
spread of housing speculation.

4.3. Numerical Simulation Analysis in the Bubble Formation Stage

The period from 14 April to 21 April represents the formation and expansion stage
of the housing bubble. With the continuous enlargement of market optimism, the rapid
increase of investors in the housing market in Hainan province has further strengthened
investors’ psychological expectations of rising housing prices. On the basis of the previous
stage, the assumptions are set as: P1 = P2 = 2.5, α1 = α2 = 0.9, and other assumptions
remain unchanged. The simulation result is shown in Figure 4.

It can be seen from Figure 4 that as the investors’ psychological expectations of rising
housing prices are further strengthened, compared with the previous stage, investors will
make “speculative” strategic choices faster. However, due to the short time of bubble
generation, the local governments do not have enough time to respond, so its strategic
choice is still “no regulation”. The above results indicate that the continuous spread of
favorable effects of the policies in Hainan province has attracted a large number of housing
investors from all over the country in a short time. In the absence of effective intervention
by the local government, the housing prices in Hainan province have continued to rise.
Therefore, the equilibrium result of the game at this stage is (no regulation, speculation).
At this stage, the number of housing investors has increased significantly. The higher-level
government can increase the penalties expressed by F1 for local governments’ inaction to
make F1 > C + F2 +W2 −W1, to promote local governments to actively maintain the order
of the housing market, which helps reduce the investors’ perceived value of the housing.
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4.4. Numerical Simulation Analysis in the Bubble Expansion Stage

Over time, local governments have gradually realized the negative impact of out-of-
control housing prices, as well as the severe penalties and social losses they will bear if
they do not regulate them. Accordingly, this article changes the relevant parameters of
the local government accordingly, assuming F1 = 2, F2 = 1, W1 = 2, W2 = 1, W3 = 1.5,
R = 1.5, C = 1. Affected by policy regulation, market pessimism began to rise. Meanwhile,
the increase in speculative risks has reduced investors’ psychological expectations of rising
housing prices and increased investors’ psychological expectations of falling housing prices.
Accordingly, this article adjusts the relevant parameters of investors, assuming P2 = 2,
P3 = 0.8, λ = 1.5, γ = 0.7, α2 = 0.6, β = 0.6, and other assumptions remain unchanged.
The simulation result is shown in Figure 5.

It can be seen from Figure 5 that when −C− F2 −W2 > −F1 −W1 and R−C+W3 > 0,
the local governments will gradually tend to choose “regulation.” When γ(P2 − P0)

α2 −
(1 − γ)λ(P0 − P3)

β > 0 and (P1 − P0)
α1 > 0, the investors still tend to choose “specula-

tion”. The above results indicate that the rapid rise in housing prices has forced local
governments to intervene in the housing market. At this time, the housing market is af-
fected by both optimism and pessimism, and the rising trend of housing prices has slowed
down compared with the previous stage. However, due to the relatively weak regulation
by the local government in the early stage, the investors’ perceived value of the housing is
still positive, which makes housing speculations continue. Therefore, the equilibrium result
of the game at this stage is (regulation, speculation). At this stage, the local government’s
regulation is not enough to restrain investors’ speculation. Accordingly, on the one hand,
the local government can reduce the psychological expectations of investors for rising
housing prices by increasing the regulation of housing prices. On the other hand, the
local government can intensify its crackdown on housing speculation and increase the
speculative risk of investors to reduce the occurrence of speculation.

4.5. Numerical Simulation Analysis in the Bubble Burst Stage

On 22 April 2018, Hainan province issued a notice on further stabilizing the housing
market, announcing the implementation of the global purchase restriction based on the
original regulation policies from now on. Soon, the rising trend of housing prices in Hainan
province was curbed. On the one hand, the local government strengthened its regulation,
and its regulation cost also increased. On the other hand, stricter regulation policies have
further expanded market pessimism and correspondingly increased the risk of housing
speculation. Those have led to relatively lower psychological expectations of investors
for rising housing prices and higher psychological expectations for falling housing prices.
Accordingly, this article assumes C = 1.5, P2 = 1.5, P3 = 0.6, λ = 1.7, γ = 0.3, α2 = 0.3,
β = 0.7, and other assumptions remain unchanged. The simulation result is shown in
Figure 6.

It can be seen from Figure 6 that when −C− F2 −W2 > −F1 −W1 and R−C+W3 > 0,
the local governments will gradually tend to choose “regulation.” Since γ(P2 − P0)

α2 −
(1 − γ)λ(P0 − P3)

β < 0, with the extension of time, the investors will tend to choose
“no speculation”. The above results show that when the local government continues to
strengthen the regulation, the market sentiment will gradually reverse, and the rise of
pessimism will lead to the decline in the investors’ perceived value of the housing. When
investors’ perceived value of the housing is negative, housing speculation will gradually
disappear. Therefore, the equilibrium result of the game at this stage is (regulation, no
speculation). At this stage, when speculation in the housing market is effectively curbed,
local governments should pay attention to the dynamic changes in market sentiment,
comprehensively evaluate the regulatory effect, and timely adjust regulation policies. To
ensure the stability of the housing market, we should not only avoid the rapid rise of
housing prices caused by the recurrence of housing speculation, but also avoid the rapid
fall of housing prices caused by excessive housing regulation.
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5. Conclusions and Policy Implications
5.1. Conclusions

The housing bubble is caused by the combination of policy environment and par-
ticipant behavior. Due to the interaction between speculation, regulation, and market
sentiment elements, the development and evolution of the housing bubble is faced with
uncertainty. Different from traditional econometric analysis, this article adopts the evo-
lutionary game analysis method to establish a multi-stage evolutionary game analysis
framework for the housing bubble. First of all, by analyzing the emotional perceived value
of related subjects under optimism, pessimism, and uncertainty, this article explores the
mechanism of emotional perceived value on the housing bubble under the condition of
inconsistent policy objectives. Secondly, it introduces emotional perceived value into the
evolutionary game analysis framework of housing bubbles, and analyzes the strategic com-
bination and game equilibrium between investors and local governments under different
emotions. Finally, taking Hainan province as an example, it conducts MATLAB numerical
simulation on the uncertain evolution of the housing bubble and proposes a staged strategy
combination to deal with the housing bubble. The conclusions are as follows:

First, the emotional perceived value is affected by the policy environment. Market
sentiment is affected by both favorable policies and regulation policies. Favorable policies
stimulate investors’ optimism, and then enhance investors’ psychological expectations for
rising housing prices. The regulation policies stimulate investors’ pessimism, generate
speculative risks, and then enhance investors’ psychological expectations for falling hous-
ing price. The changes in the strength of the two policies have caused market sentiment
to fluctuate between optimism and pessimism, which further affects investors’ perceived
value of the housing.

Second, the changes in the strength of policy effects makes the emotional perceived
value change, which has different incentive effects on investors’ speculation and local
governments’ regulation. Optimism generates positive incentives for housing speculation
and promotes the housing bubble. Pessimism produces negative incentives for housing
speculation and has an inhibitory effect on the housing bubble. When both favorable
policies and regulation policies are implemented at the same time, market sentiment will
face uncertainty. The effects of the two policies will influence each other, thereby regulating
the expansion and contraction of the housing bubble.

Third, there are differences in emotional perceived value in different stages, which
improves the uncertainty of the game equilibrium result between investors and local gov-
ernments. According to evolutionary game analysis, there are five possible equilibrium
results: in the bubble-free stage, the equilibrium result is (no regulation, speculation/no
speculation). In the bubble germination stage, the equilibrium result is (no regulation,
speculation). In the bubble formation stage, the equilibrium result is (no regulation, specu-
lation). In the bubble expansion stage, the equilibrium result is (regulation, speculation).
In the bubble burst stage, the equilibrium result is (regulation, no speculation).

5.2. Policy Implications

Based on the above conclusions and MATLAB numerical simulation results, this article
puts forward the following countermeasures and suggestions to prevent and control the
housing bubble:

(1) In the bubble-free stage, the behavior of housing investors is less affected by market
sentiment and is more affected by market factors. the local government can strengthen
the monitoring of house price fluctuations and market transaction volume before the
release of favorable policies, so as to make adequate preparations for the possible housing
speculation after the release of favorable policies; (2) in the bubble germination stage, the
investors’ perceived value of the housing is only affected by market optimism. The number
of investors at this stage is relatively small, and the local government is more inclined to not
regulate. The local government can actively guide public opinion and media propaganda
to prevent the spread of housing speculation; (3) in the bubble formation stage, with a large
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number of investors entering the housing market in Hainan province within a short time,
housing prices have been rising. The higher-level government can increase the penalties for
the local governments’ inaction to promote local governments to actively maintain the order
of the housing market, which helps reduce the investors’ perceived value of the housing;
(4) in the bubble expansion stage, the local government’s regulation and intervention on
the housing market makes it affected by both optimism and pessimism. However, the local
government’s regulation is not enough to restrain investors’ speculation. Accordingly, on
the one hand, the local government can reduce the psychological expectations of investors
for rising housing prices by increasing the regulation of housing prices. On the other hand,
the local government can intensify its crackdown on housing speculation and increase
the speculative risk of investors to reduce the occurrence of speculation; and (5) in the
bubble burst stage, the local government has effectively curbed the housing speculation by
strengthening the regulation. The local government should pay attention to the dynamic
changes in market sentiment, comprehensively evaluate the regulatory effect, and timely
adjust regulation policies. To ensure the stability of the housing market, we should not
only avoid the rapid rise of housing prices caused by the recurrence of housing speculation,
but also avoid the rapid fall of housing prices caused by excessive housing regulation.
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