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Abstract

This thesis analyzes the potential housing bubble in the Chinese urban housing market.
Using an operational model built on system dynamics (SD), it explores the unique
housing market structures, information flows, key agents and their decision-making
processes, and the system constraints that may contribute to the bubble forming
phenomenon.

Its SD models differ from intensive data-driven economic models. They are structural,
operational, and focus on causal relationships. They can more easily accommodate
non-market features and unique institutional components, where long-range historical
data are not readily available. As the Chinese government heavily controls its housing
markets, housing prices greatly depend on political decisions. The models incorporate
the incentives and decisions of key agents in the market and have predictive power
through simulation and scenario analysis. They can thus help decision-makers
transform decisions, actively manage risks and opportunities, timely design and
implement policies, and consequently change the system from within.

This thesis specifically discusses three Chinese-specific features:

1. Rising housing price and the cap rate change;

2. High vacancy rates caused by speculators purchasing multiple housing units as
money-storage investments they are unwilling to rent;

3. Land financing schemes where local governments rely on income from land sales to
support their budgets which leads them to use their monopolistic position to short-
supply the land.

The research design starts from the DiPasquale-Wheaton model (D-W) which Western

urban economics theory has validated for analyzing housing cycles. It operationalizes

this by:

1. Converting the D-W to a basic SD model,

2. Augmenting this with additional generic features;

3. Incorporating unique Chinese market features to create China-specific models; and
then

4. Creating an integrated overarching model for conducting a case study using
historical data of Nanjing, China.

The result is one of the first operational models for the Chinese housing market that has

the explanatory mechanisms and somehow overcomes the data availability issues. It

provides an intuitive and transparent structure that we can easily modify to address

complex issues.



The main findings are:

1. The Nanjing case study demonstrates “why and how” the interaction of certain
market features can create a significant bubble in housing prices. In particular, it
indicates that the land supply component plays a dominant, amplifying role in the
system.

2. It shows that under certain policy interventions or crises, the potential bubble may
burst and drop prices.

3. Understanding these conditions, policy makers can transform the decision-making
processes of key market agents and move toward long-term sustainable
development.

4. Although demand side policy interventions are less effective in controlling housing
prices than supply side interventions, they are preferable for the social stability.

Thesis Supervisor: Richard de Neufville
Professor of Engineering Systems
Institute for Data, Systems, and Society
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1 Introduction and Dissertation Overview

In the past decade, the world has withessed a substantial boom — a golden era — in the
Chinese real estate market, with the price of real estate — especially the price of housing
— increasing at a rapid rate in major cities. The phenomenon of price escalation has
become a popular research topic. In the Chinese market, major housing economic
indicators such as housing price, land auction price, and price-to-rent ratio have

reached at record highs, as shown in Figure 1-1.

These indicators, combined with frequent government interventions have many
researchers believing that the current Chinese housing market should be considered a
housing bubble (Wu, Gyourko, and Deng, 2012, 2016; Cao, Huang, and Lai, 2016;
Glaeser et al., 2016; Zhao and Michael, 2016). During the last decade, the average
housing price for major Chinese cities has grown at an annual rate of 17%, whereas the
real GDP of these cities has only grown at a rate of 11% (Chen and Wen, 2017).
Speculations of a potential housing bubble are pushed to the forefront of social,
financial, and political debates. Such debates are often accompanied by the
international criticism of bubble-bursting ghost cities in the third or fourth tier cities, thus

forming the two extremes along the spectrum of the Chinese housing market.
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Figure 1-1 Hedonic housing price indices across 35 major Chinese cities (Zheng, Sun,
and Kahn, 2016)

Research and news coverage in the Chinese housing related fields have focused
primarily on the short-term month-to-month political, economic, and social effects while
neglecting the long-term fundamentals. This coverage focuses narrowly on the ever-
climbing housing prices, as well as the opportunities to invest and speculate, but not on
analyzing the peculiar market mechanisms that are driving the prices. There are few
evaluations of whether or not the price increases are sustainable for the long term, nor

are there any substantial discussions of the consequences should prices fall.

Traditional urban economic models such as the pedagogically efficient DiPasquale-
Wheaton (D-W) model are proven to be effective in understanding and analyzing
conventional housing market cycles where a free-market economy dominates.

However, it faces limitations when being applied to the fast developing Chinese markets
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where political and other non-conventional characteristics play an important role. At the
same time, operational models such as System Dynamics (SD) models have been used
to analyze real estate markets over the past generation, yet the technique remains
relatively unknown and little used in academia — and, more to the point, among
practitioners and educators in the real estate community. The research topics that apply
SD to real estate models are scattered around different areas of interests, and thus they

do not provide a holistic view.

This section covers some important elements of the Chinese Urban housing market. It
is important to note that while the Chinese housing bubble is the motivating case, the
approach and analysis in this thesis is designed to be generalized and potentially
applicable to other Southeast Asian countries where similar political schemes and

market features exist.

The Chinese housing market is complex and the range of topics can be seemingly
unrelated: There is rapid urban expansion due to rural-to-urban migration; historically
high vacancy rate is caused by speculative investors facing limited capital investment
channels; there is non-existence of a full housing cycle, or collapse of bubble in any
asset category; local governments’ expenditure budgets strongly depend on land sales;
strong and frequent central government policy control causes uncertainty and leads to
short-term housing euphoria; and lastly, there is short and limited data history to

conduct a thorough research.

These features of the Chinese housing market are not normally found in more traditional
Western economies and therefore have not been addressed by traditional Western
housing models. Yet, these unique features have the potential to exert a substantial
impact on the Chinese housing price. By acknowledging them, discussing them,
understanding them, and eventually incorporating them into one systematic operational
framework, one can explore the underlying relationships among them. This approach

will help us to explore the conditions of bubble forming, bursting, and the extreme
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volatilities in the market. One can also explore what strategies can be implemented to

mitigate such conditions.

Among all characteristics, China’s housing market in recent decades can be recognized
or generalized by rapid urbanization, ever-growing housing prices, frequent government

interventions, and another round of continuously-growing housing prices.

The constantly rising housing prices frequently take over the news headlines and lead
to numerous debates in the real estate field. The stability of the real estate market,
especially the housing market, has become an important topic for scholars, government
policy makers, as well as investors around the world. This has been especially true ever
since the subprime mortgage crisis that took place in the United States in 2007. In
China, many believe that the current housing market boom is also in the process of
forming the next real estate bubble. Jianlin Wang, China’s former richest man and
commercial real estate guru has claimed that the property market is definitely in a

bubble, but it is controllable (by the government)."

Big but doesn’t Burst’ has since
become an almost philosophical description of the potential housing “bubbles” with
Chinese characteristics. It implies that the bubble can become bigger but the
government will always have the ability, through political intervention, land supply, and

monetary policy adjustment, to keep it under control.

Initially, the industry began to weaken at the time of the international Great Financial
Crisis in 2009. At that time the Central Government introduced stimulus package? that,
while successful in stemming the slowdown in the market, led to a new round of soaring
housing prices. As shown in Figure 1-2, this occurred most notably in the so-called “first

tier” cities (also known as “gateway” cities, including Beijing, Shanghai, Guangzhou,

'“No Confidence in China Markets Inflates Housing Bubble”, Bloomberg News, September 16, 2013.
Web. Aug 9, 2016. See < http://www.bloomberg.com/news/articles/2013-09-15/no-confidence-in-china-
markets-inflates-housing-bubble>.

 Matthews, Chris. “Why China’s Stimulus Package Was a Big Mistake”, Fortune International, Jan 15,
2016. Web. Jan 10, 2017. See < http://fortune.com/2016/01/15/why-chinas-stimulus-package-was-a-big-
mistake >.
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Shenzhen, and, depending on the source, also possibly including Tianjin, and/or
Nanjing). This price surge has led to concerns about home affordability in some cities,
as well as fears that the market might be exhibiting an even larger housing bubble. If
this is true — if such bubble exists and should collapse, the result could wreak havoc in

the financial system not only in China but internationally as well.
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Figure 1-2 Price surge in major gateway cities after 2009 (Fang et al., 2016)

However, whether the housing bubble exists is debatable. There has not been a full
housing cycle in the Chinese market yet, so how do we know that the current price
escalation is not just the climbing phase of a normal market cycle, headed to reach the
first market equilibrium. Many believe that the extra usage demand created by the

needs of migrants proves that there is no risk of a bubble forming and the high cost of
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housing reflects the proper market price.® The new rural to urban immigrants, to a
certain extent, have guaranteed the demand of residential units. It is widely referred to
as “usage demand” (‘gang xu’ in Mandarin) to distinguish from the investment and
speculative demand of the middle and upper class. Real per capita incomes have been
doubling roughly every seven years, and may continue to grow at very rapid rates. The
result will be a tremendous increase in demand, not just in terms of the quantity but also
the quality of urban housing, including renovation and reconstruction of the existing
housing stock as well as the creation of new stock. These can serve an alternative

explanation to the rapid housing price increase.

Indeed, China is one of fastest growing income countries and every year there are
millions of rural to urban migrants. The past generation in China has also witnessed the
greatest urbanization in world history to date. China’s cities grew by over 500 million
people from 1980 to 2015, and this process continues. The current (2016) urbanization
rate already reached 56.1% and may further increases to 60%, equivalent to 100 million
migrant workers in 2020.* Another 250 million inhabitants may come into the urban
population by the year 2030. This migration process is also happening at extreme rate,
taking only 30 years, and is heavily guided and influenced by waves of government
policy control. They claim that the rural to urban migrants should be considered as the

driving force of housing demand in big cities.

In reality, the rural to urban migration is not a simple process due to the strict control of
Hukou system.® Most of the migrants do not have the immediate right or the financial
means to purchase housing units in the cities where they work. Regarding the supply-
demand imbalance, researchers also contend that in the long run, due to birth control
and the mandatory implementation of one child policy starting from the late 1970s, the

buying power of the middle age and young generation will only decrease in the future.

3Shepard, Wade. “Demand For Housing In China’s Heated Property Market Is Real”. Forbes Asia. 25
March 2016. Web. June 25, 2016. See <http://www.forbes.com/sites/wadeshepard/2016/03/25/demand-
for-housing-in-chinas-heated-property-market-is-real/#637a2ea810d5>.

““China’s urbanization rate at 56.1 pct”. Xinhuanet. April 19, 2016. Web. June 22, 2016. See
http://news.xinhuanet.com/english/2016-04/19/c_135294134.htm.

® The “Hukou” system is a record system of household registration required by law in China to determine
where citizens are allowed to live and profit the benefits from education and medical system.
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To make things worse, the older generation who possess extra housing units will likely
sell them off to the market in order to financially support their retirement.® Extra supply
with decreasing demand will lead to a long-term downturn of housing price which can be

one form of bubble bursting process.

It is impressive that Chinese cities have, for the most part, accommodated this
unprecedented migrant demand in such short time frame. This has been done in part by
flexibly adapting the policy framework governing the housing industry. Before 1994,
constructing the housing units for urban working labor force was the solely responsibility
of local governments and state-owned enterprises. As the economy boomed, it has
become such financial burden that the government decided to use a three year period
(1994-1997) to finish the transition of the central-planned housing system to commercial
housing system.” From 1994-1998, the national policy has also encouraged a transition
from the previous centrally-planned social housing system to a largely market-driven
system based on the sale of long-term land leaseholds by local government authorities
to private developers (Man, 2015). A constitutional amendment in 1988 permitted the
private purchase of land use rights for leaseholds of 70 years for residential use, and 30
to 50 years for industrial and commercial use. From 1998, private developers started to
produce most of the housing in China, largely units for owner-occupancy, as well as

other types of buildings.®

Although such swift changes are happening within one generation, the effort of owning
a housing unit has become a major financial burden for multiple generations within the
family. In Chinese culture, owning a house is a prerequisite for entering into a marriage

and a reflection of social status. Since obtaining bank loans becoming more and more

®Ha, Jiming. “China’s housing bubble is the biggest in the world”, April 10, 2016. Web. Aug 13, 2016. See
< http://finance.sina.com.cn/china/gncj/2016-04-10/doc-ifxrcizu3909885.shtml>.

" “Decision on Deepening on the Reform of Urban Housing System” The State Council of the People's
Republic of China, National Development and Reform Commission, 43, (1994). E 455, “J¢ TR EE
b il FE B B g, B R R, [1994] 43 (1994).

8 “Notification on Further Continuation of the Reform of Urban Housing System and Accelerating Housing
Construction.” The State Council of the People's Republic of China, National Development and Reform
Commission, 23, (1998). E %5, “O¢ Tt — 0 VR AL IR 5 i) B2 el R s g i s 07, B KR I,
[1998] 23 (1998).
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difficult, it is normal to have the grandparents and parents’ generation provide the down
payment or full amount for the young generation to afford housing units. It is reported
that 90% of the families in China own their home and make the home ownership rates

one of highest among all nations.’

One of the potential explanations for housing bubble is that the demand for purchasing
housing units in some cities tends to include a large component that is driven by
investors, using housing units as a means to store monetary wealth, not for the purpose
of living in the units. Such demand is referred to as the “speculative” housing demand, ™
effectively using housing as an investment. The income disparity in China is significant.
The percentage of the population in the middle and upper class is still small, but it is this
percentage that owns most of the speculative housing units. For various reasons, many
of such units are simply held vacant, not rented out. They are wasted in terms of

actually providing housing to anybody.

The lack of efficient stock and bond markets significantly limits the investment vehicles
for middle and upper class Chinese families. For most of these families, housing is their
only investment channel. This is due, at least in part, to the fact that China is just
beginning to develop the broadly diversified system of mature capital markets and the
associated financial industry infrastructure that is necessary to provide rationally priced
and transparent alternative investment opportunities of sufficient depth and scale to

accommodate the population’s rapidly accumulating private wealth.

The housing market is, for the most part, actively targeting such families — that is, those

seeking investment opportunities — as they are the only ones that can afford to buy. In

o Shepard, Wade, “How People in China Afford Their Outrageously Expensive Homes”, Forbes Asia.
March 30, 2016. Web. Aug 12, 2016. See < http://www.forbes.com/sites/wadeshepard/2016/03/30/how-
people-in-china-afford-their-outrageously-expensive-homes/#44e29bbf4aa5>.

Pltis important to clarify that in the context of this thesis, “usage demand” refers to the ordinary buyers
that aim to possess a housing unit for daily living purpose, while “speculative demand” or “speculative
investors” refers to the housing investors who purchase the housing units and leave them vacant, not
selling them or renting them out. They hold the units as a means of “money storage” and only sell them
when the market peaks. They do not rent the houses out for the reason that the prices rise is always
bigger than the rental income.
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some first tier cities, the housing price has increased by almost 300-400% in less than
10 years’ time. This substantial price jump has attracted most of the middle and upper
class to invest heavily in residential properties for speculative purposes, driving the
price higher. It is reported that the actual number of housing units that are held vacant
by investors is well underestimated. According to the China Household Finance Survey
(CHFS), conducted by a research team in Southwestern University of Finance and
Economics, the vacancy rate has reached 22.4% in 2013."" There is no official
statistical data of the vacancy rate collected by the Chinese government. But the large
presence of vacant units can be roughly estimated by counting the “dark units” in the

fully sold residential buildings at night, such as in Figure 1-3.

Figure 1-3 Vacant but owned units without lighting on at night time in city center of
Dalian, China

(Image source: author)

"Li, Gan (2015) Conference presentation at 2015 Asia Pacific Real Estate Research Symposium at
Southwest University of Finance & Economics in Chengdu, China. He and his research team from
Southwestern University of Finance & Economics Household Finance Survey in 2013 found a nationwide
average vacancy rate over 22%, based on a survey of 28,000 households. Detailed description can be
found at <chfsdata.org>.
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Chinese cities have shown different trends in the housing market. It is believed that only
the first and second tier cities in coastal region are seeing the bubble effect, where most
of the upper and middle class live and can afford homes. By contrast, in some third to
fourth tier cities, the trend is that there is an increasing severe of housing oversupply.'?
Many of the ghost cities such as Erdos have been constructed at a record pace to host

a million people and then abandoned entirely, with significant decrease of labor force.™

One objective of this thesis is thus to provide insights ex ante to the housing bubble
analysis in the Chinese market and find an operational framework to include the major
Chinese market features. For example, we can provide insight into the effective of

speculative demand on the Chinese housing market.

It has also become clear that the housing market is linked to the local governments’
public finance system in a manner that is perverse and ultimately unsustainable. In
China, the land market is detached from the housing market: the central government
owns the urban land, while the consortium of the villages made of farmers own the rural
land. The land cannot be freely traded or developed. The central government normally
sets up the annual quota for the local governments as per how much land they can
disburse every year through public auction for the purpose of housing development.
Xiao (2014) has found that this top-down fashion has led to several critical problems:
allocated amount of quota barely meets the demand, and the distribution of limited

quota is not assigned according to actual demand.

Local governments obtain a crucial proportion of their revenue from the sale of land
leaseholds, which are paid for entirely up front at the time of sale (rather than by annual
leasehold payments). Further, the ability of local governments to sell land is effectively

used as collateral for government debt. Yet, both the supply of and the demand for land

'2 «Chinese Third and Fourth Tier Cities”. BBC China. October 7, 2015. Web. December 20, 2016. See
<http://www.bbc.com/zhongwen/simp/press review/2015/10/151007 press review>.

3 Day, Peter. “Ordos: The biggest ghost town in China.” BBS Magazine. BBC News. March 17, 2012.
Web. January 19, 2017. See http://www.bbc.com/news/magazine-17390729.
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for leaseholds are not infinite, and the revenue produced by such sales is highly
dependent on the prices the land leaseholds command in the marketplace. When local
governments sell land leaseholds to developers, the land is generally supposed to be
developed within two years. The obvious risk is that land development will be driven by
local governments’ need for revenue — including the need to service debts and invest in
other infrastructure expenditures — rather than being driven by actual market demand
for buildings, especially housing. This system is generally referred to or criticized as

land financing scheme (Lu and Sun, 2013).

For example, in the land market of first tier cities such as Beijing and Shanghai, housing
developers have already complained that the profit margin has been squeezed to
nothing because the land supply is limited, which directly lead to the high land bidding
prices. In other words, “the cost of flour is more expensive than the price of bread”.'* As
a result, the developers have to raise the housing price significantly to sell to the market
in order to make a profit, which is considered to be the root of the potential housing
bubble.

This potential bubble has also raised concerns of the Chinese Central government. As
response, the government, in recent years, has implemented strict policies to
micromanage the bubble. The government believes that it can guide the housing bubble
to a soft-landing, when needed. However, other than minor short-term market reactions,

the housing price has never dropped significantly.

Most of the Central government’s policies have tried to target speculative demand. For
example, in 2010 the government started to implement the “home purchase restrictions”
law nationwide. This restriction law allows each family to purchase at most two units in
the first and second tier cities. With the new purchase restriction law implemented, the
demand triggered by such investment and speculation needs temporarily vanished and

led to a significant short-term reduction in the housing demand (Sun et al., 2014).

" Fung, Esther. “China’s ‘Land Kings’ Return as Housing Prices Rise.” Wall Street Journal. June 19, 2016.
Web. June 25, 2016. See < http://www.wsj.com/articles/chinas-land-kings-return-as-housing-prices-rise-
1466325638>.
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In addition to the implementation of the purchase restriction, there have been other
monetary policy adjustments. For example, the Central government has been
intervening the credit market by adjusting interest rates higher or lower, in order to
manipulate market demand. The government also implemented a new resale tax,
raising the residential unit resale tax from 1% to 20%, if the for-sale unit is not the
primary residence.'® There are also plans in place to implement property taxes'® and

inheritance taxes in order to further suppress the potential housing bubble.

However, how long such strong political interventions will last is unknown and thus
creates uncertainty. There has been a trend of “gaming” in the housing supply market.
Many housing developers appear to choose to gamble on the short duration of such
national policy enforcement. They either behave as a land hoarder'” and stop
construction, or hold finished products from selling in the property market, which results
in a decrease on the supply side. Also, housing development activity is considered the
major force pushing the national economy and GDP growth. Suppressing the housing
sector for long term will inevitably hurt the economy. It is even further noted that the
construction sector keeps a large portion of the work force employed, thus contributing
to social stability. When the housing sector was not performing in 2012, China’s GDP

reported a declining growth rate as shown in Figure 1-4.

'® The details of resale property tax is written in Chinese. Online source:
http://house.sina.com.cn/focus/ershoufangjiaoshui/ Access date: Dec 15, 2016.

" Li, Luodan. “Time for China to embrace property tax?” Chicago Policy Review. May 13, 2015. Web. Jan
19, 2017. See http://chicagopolicyreview.org/2015/05/13/time-for-china-to-embrace-property-tax/.

R “Developer’s land hoarding can last 20 years with land price increased by 100 times”. Report on the
land hoarding behavior of Chinese developers. Fang.com cited Chinanews.com. September 28, 2015.
Web. Jan 19, 2017. See <http://fdc.fang.com/news/2015-09-28/17517152.htm>.
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Figure 1-4 China GDP growth rate

(Note: the graph is generated by tradingeconomics.com with data from National Bureau
of Statistics of China)

The Chinese government deserves credit at least for acknowledging potential bubbles
and taking steps to rein them in. The frequent governmental interventions can be
interpreted as a painful process that the government is going through, trying to come up
with a better policy for the housing market. How effective each policy design is? What
will be the market reaction to such design in the long run? The current issue is: given all
the new policies that have come into place, the demand is still strong and the housing
price is not dropping. Why they are not working? If this trend continues, would the
market start to collapse and if so, what strategies can be used to lead to a “soft landing”

and avoid immediate crash?

On the surface, we can observe two phenomena: on one end of the spectrum, the
bubble-like housing price is increasing at an exponential rate that makes it unaffordable
in gateway cities. By contrast, on the other end of the spectrum, there are ghost cities

that few people are willing to reside in, leaving a large number of vacant units and

29



waves of defaults by developers and local governments on government debt. Both

extremes trigger the discussions of sustainability.

The term “sustainability” in the Chinese urban housing market can be defined, or rather,
challenged, in many aspects. The current housing trend in China is widely quoted as
“‘unsustainable” and the causes are closely related to the market dynamics previously
mentioned. This thesis will confine, define, and analyze the sustainability issues within
the following scope:

1. The most obvious sustainability issue is the ever-increasing, bubble-like prices in
major cities where job opportunities are present, yet working families cannot afford
to purchase housing.

2. Atthe same time, speculative investors purchase multiple housing units as
investment opportunities and leave them vacant. These investors are betting on an
ever-rising housing market. It is almost similar to the recruitment process of Ponzi
scheme where the payment of quick returns to the first round of housing investors
rely on the continuous influx of money from later investors. If an avalanche event
should happen and these vacant units are released all together to the housing
market for sale, the market would inevitably collapse.

3. On the supply side, local governments rely on selling land to the housing developers
in order to collect fees and meet their fiscal budgets. This mode of “land financing
scheme”, which is covered in details in Chapter 6, will not last for long term because
of the scarcity of land. The financial model of having annual fiscal budget relying on
incremental land sales but not annual property tax revenue is not a sustainable

mode.'®

Traditional urban economic models such as the D-W model and its stock-flow version
are used to understand the equilibrium dynamics of the conventional markets where

market economy dominates. However, classical econometric models face limitations

18 Property tax is not yet fully implemented in China.
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when being applied to the Asian markets where political economy and other non-
conventional institutional and behavioral characteristics play an important role.
Alternatively, engineering methodology such as System Dynamics (SD) can help
address these issues and provide a simulation tool especially useful in analyzing the
impact various policies. Therefore, the goal of this effort to conduct an interdisciplinary
research regarding the housing market across different theories, methodologies, and

contexts by addressing the following major research question:

How do we integrate the key components of Chinese housing market into one
system framework in order to usefully and efficiently analyze the potential
housing bubble ex ante, and identifying solutions that lead to sustainable

development?

In order to approach the question, a set of SD models are developed progressively at
different research stages, to arrive at a final operational model of the Chinese housing
market. Anchored on the traditional economic theories, the Chinese market features will
be incorporated and connected with arrows as in the SD methods. The direction of the
arrows will reflect a clear causal and quantifiable relationship. The model structure can
be modified to include new features, assumptions, or decision rules to test the “what-if”
scenarios. The model building process will also rely on the qualitative analysis of the
Chinese market through field studies and online resources. Potentially sustainable

policy designs will be tested and evaluated.

There are four progressive research stages to this thesis and they build upon each

other step-by-step. These stages are:

1. Translate the traditional D-W model into a baseline SD model,

2. Complement and enhance the baseline model by expanding model boundaries and
create a set of generic SD models to understand the housing market fundamentals
and their assumptions;

3. Construct, improve, and validate another set of SD models that specifically

incorporate the features that are unique to Chinese housing market;
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4. Using simulation and Chinese data, identify and understand the potential bubble
component in the housing price structure by comparing prices suggested by the

simulations of overarching models created based on Stages 2 and 3.

Regarding Stages 1 and 2, this thesis contributes to both the theory and methodology
by developing a novel housing system simulation model using the system dynamics
technique, anchored on traditional urban economics theory. The proven D-W model
provides the theoretical foundation for the SD model building process. The SD models
in early stages enhance the flexibility and unleash the simulation power of D-W model
by incorporating new components and modifying the assumptions of previous

components to lead to new findings.

The models in Stage 3 take into consideration the important facets of Chinese market
by incorporating special market features that do not exist in conventional Western
housing market. These also incorporate the interactive decision-making process of key
stakeholders (investors, developers, central and local governments) that reflect the
larger political influence these institutions have in the Chinese economy. An additional
benefit is, by having such system setup, should a ‘beacon event’ take place and is
observed in the market, the model is able to follow the signal and trace back through the
causal chain in the model and identify the possible root cause. Each of these new
features will be added one at a time so that we can observe the effect of each
component through the simulation result change comparing against the benchmark
price, defined as the simulation results by using only the original D-W model structure
applied with economic fundamentals. Economic fundamentals are macroeconomics
parameters such as income, cap rate, household number, etc as done in Ahuja et al.
(2010).

More importantly, in Stages 3 and 4, based on the simulation results of validated SD
models, this thesis shows ex ante “why and how”, under certain widely-prevailing
circumstances, the housing market can demonstrate bubble-like unsustainable results.

It also shows that with a better understanding of the cause and consequences of these
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conditions, there are policy decisions that could induce a “soft-landing” and move

toward more sustainable development. For example, the model provides policy insights
into certain issues such as how local government can manage its annual land supply to
micro-manage the housing prices, and why central government should set up policies to
lower the speculative vacancy rate by forcing more vacant housing units to circulate into

the usage housing market.

An additional benefit of this thesis is that it summarizes and introduces various
phenomena such as speculative investment and land financing scheme. These
concepts are widely talked about in the Chinese housing market, so much so that the
average citizen has become familiar with these terms. By translating the Western
economic theory into a more transparent SD model and further modifying it to fit the
specific circumstances of the Chinese market, this thesis fosters communication
between academic and quotidian society. In effect, it will enable the not so
mathematical or tech-savvy investors or real estate developers to understand the

escalating effect of bubble formation and potential collapse through the SD model.

The set of SD models developed in this research, at each stage, have different

purposes and expected outcomes.

First, it directly translates a static analytical economic model into an engineering based
operational SD model. The lens of analysis is shifted from the long-run equilibrium
seeking behavior to short-run adjustments between equilibriums that are more sensitive

to new policy design and implementation.

Secondly, more to the point, the visual clarity of SD method allows an “unpacking” of the
causality links in the system, and a flexibility in adjusting the system assumptions,
expanding the model boundaries, which facilitates the discovery and discussion of new

model behaviors other than cyclic behavior.
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Thirdly, and more specific to the situation in China, the newly integrated market features
modify the basic SD model structure and provide constraints that have changed the
model’s behavior, providing potentially virtuous and vicious pricing spirals that can
accelerate and rapidly burst when a market bubble presents. It imitates the bubble
behavior than the long-run cyclical behavior of conventional housing markets in Western
countries. Behind the special features were the behavior of the key market players and
their interactive decision-making processes. Different combinations of decision-making
processes, such as rational forward-looking versus myopic euphoria, independent
versus collaborative efforts, or Ponzi-like recruitment process, will cause each SD

model to program differently and thus lead to different system behavior.

Finally, the SD models help to conduct counterfactual analyses and demonstrate how
the market would behave under different policy conditions, including differences in the
timeframe at which various policies are implemented. The research focus shifts from ex
post analysis to ex ante analysis. These also offer insight to alternative policies, such as
evaluating between policies targeting the supply side or housing market vacancy rates,
instead of focusing uniquely on suppressing demand. Such insights will help guide the
central/local governments, or developers toward better policy designs. The SD models
gain descriptive power by enabling a more realistic representation of the urban housing

system in China.

The research framework of this thesis is conceptually innovative in the sense that it
conducted interdisciplinary research across different phenomenon (market bubble vs
market cycle), different theories and methodologies (economic theory vs system
dynamics theory), and applied in different contexts (traditional Western market vs

dynamic Chinese market).

Chapter 1 starts with introduction of various factors in the Chinese market. They are

seemingly unrelated and spread among different aspects of housing market, while they
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are all closely contributing to the constantly rising housing price. It identifies the

research objectives and methodologies.

In Chapter 2, the literature review section covers three overlapping topics. They are
phenomena, theories & methodologies, and context. The phenomenon aspect
examines housing market cycles and bubbles. The theories and methodologies aspect
examines the well-accepted urban economic theory as well as system dynamics
techniques. Specifically, when combining both of these methodologies together, it is
plausible to find a way to analyze housing market from the ex ante perspective. Finally,
the context aspect adds special conditions, such as those unique conditions found in

the Chinese housing market.

Chapter 3 lays out the research design of this thesis. The first step is to transform the
analytical economic models to system dynamics model in order to switch the research
platform. Anchored on the urban economics theory, the new SD platform with
modifications, and with hypothetical data is used to unveil the power of such approach,
and answer research hypotheses. The validation process of the model is discussed in
detail. Lastly, the SD model will incorporate the non-market features and conduct

scenario analysis to provide insights to policy design.

In Chapter 4, an initial SD model is created based on the traditional economic model
(DW model). In Chapter 5 and 6, the original assumptions of the DW model setting are
challenged through modification, such as adding delay mechanisms and the scarcity of
land reserve component, internalizing cap rate, etc. A set of generic SD models are

created and significant changes in the simulation results are observed.

In Chapters 7, 8, and 9, the contextual features of Chinese housing market are further
discussed and integrated to the SD models. This provides the ability to conduct
scenario analysis, compare the bubble scenario against traditional market cycles, and
provide policy insights. These features include unsustainable demand growth,

speculative investment, land financing scheme, etc.

35



Chapter 10 is a case study of Nanjing, China and we apply the real world data into the
integrated model to partially validate the model with historical data. We also conduct
future scenario analysis such as panic tests and see how the housing market responds

to certain market condition changes.

Chapter 11 is the conclusion chapter.
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2 Literature Review

“Microeconomists still rarely cite macroeconomists, economists rarely cite
psychologists, and academics rarely cite news media stories.”
--- Robert J. Shiller (2003)

“Asset price bubbles represent a challenge to researchers and policymakers because
some fundamental questions have not been answered in a convincing manner: How
does one define an asset price bubble in a practical way? How can we identify an asset
price bubble? If a bubble could be identified and measured, how should a policy maker
respond?”

--- Randall S. Kroszner (2003)

As the title of this thesis suggests, even in its most concise form, the literature review
section will cover the contents across three different areas:

1. Two Phenomenon: Housing Bubbles vs. Housing Cycles

2. Two Theories-Methodologies: Urban Economics vs. System Dynamics

3. Two Contexts: Chinese housing market vs. Western housing markets

The organization of the literature review session of thesis will be as shown in Figure 2-1.
The table structure serves as a “mapping of the field” to address the interdisciplinary
characteristics of this thesis. Each cell represents a specific field that will be covered in
the literature review section, which can be either phenomenon, theory and methods, or
contexts, or some overlapping aspect of each of these. The cells that are colored in
green means that there exists rich literature, while the cells that are colored in yellow
means that the existing literature is relatively weak, and the cell in red represents the

goal of this thesis.
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Figure 2-1 Organization of literature review of thesis

2.2 Asset Bubbles and Housing Bubbles

2.2.1 An Overview of Asset Bubble Research

The concept of asset bubble is not new and there is a long stream of literature starting

from the known events such as the 17" century Dutch tulip mania and the 18" century

South Sea bubble. Kindleberger (1991) defined bubbles as “a sharp rise in price of an
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asset or a range of assets in a continuous process, with the initial rise generating
expectations of further rises and attracting new buyers (mainly speculators)”. In other
words, the future price rise of the asset is not based on the intrinsic value of the asset
that is driven by economic fundamentals, but by unrealistic expectations. In this thesis,
economic fundamentals generally refer to the macroeconomics parameters in the
market such as employment, income, investment, vacancy, etc. This is what
differentiates bubbles from general market cycles and oscillations: Changes in price that

cannot be explained by economic fundamentals.

The foremost characteristic of an asset bubble is its unpredictability. The research
findings have reached the general consensus that bubbles are very difficult to identify
ex ante (Kroszner, 2003). For one reason, in transitional economy such as in most
developing countries, the bubble expansion phase can be camouflaged under
alternative hypotheses such as the impact of changes in economy, the improvement in
productivity, etc. This was especially obvious during the dot-com bubble in the US when
the New Economy, driven by the internet industry, started to boom. Also, it is difficult to
identify a bubble when simply applying the criteria that a bubble is when the market
price is significantly higher than the equilibrium value of the asset. This is because one
cannot determine what an asset price equilibrium value is, given the volatility (Trichet,
2003). On the other hand, recognizing the price differences ex ante, and treating the
differences as a potential bubble component is undeniably useful for the warning

mechanism.

Another characteristic of a bubble is the escalating speed with which the bubble both
forms and bursts. Bubbles in various asset classes go through similar phases as
covered in the anatomy of a typical crisis by Kindleberger and Aliber (2005). The speed
of rising and collapsing are covered in phases like speculative manias, the expansion of
credit, and euphoria. This stream of literature expands the discussion of bubble beyond
the domain of classic economics and into the domain of behavior economy. It
emphasizes that human behaviors such as herd mentality and euphoria contribute to

the escalating speed of contagion. Visually it is shown in Figure 2-2, the “Phases of

39



Bubble” model invented by Dr.Jean-Paul Rodrigue. The key message in his model is
that the rationality of the market is taken over by psychology, when expectations about

future price rising becomes a “no brainer”.

“New Paradigm”!!!

Valuation _ Denial
Delusion Return to “normal”
Greed
. . Bull trap Fear
i .
Smart Money Institutional Public

investors

Enthusiasm
Capitulation

Media attention

Return to
First Sell off

Stealth Phase Awareness Phase Mania Phase Blow off Phase

Time

Figure 2-2 Phases of a bubble (Rodrique, 2008)™

Although bubbles are not easy to identify ex ante, lessons of each bubble collapse can
be fully analyzed ex post and there are various factors that can be used to explain the
‘self-feeding mechanisms’ of the bubble, such as:

1. The speculative investment behavior;

The myopic investors;

Credit expansion;

Herd mentality; and

A

Ponzi finance and speculative finance.

"9 The detailed discussion of the phases of bubble, please see Dr.Jean-Pual Rodrigue’s personal
homepage at Dept. of Global Studies & Geography. Hofstra University, New York, USA. See
https://people.hofstra.edu/geotrans/eng/ch7en/conc7en/stages in_a bubble.html.
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There are also long and rich ex post discussions of the preventative strategies against
these feeding mechanisms with detailed discussions of the monetary policy and the role
of government. These are mainly divided into two views: “Letting it burn out” or
“‘government intervention”. In the first view, voices are against the government
interventions. Kroszner (2003) pointed out that the policymakers should not respond to
an apparent asset bubble without knowing sufficiently its condition because the

response may result in more harm than good.

In the domain of housing bubble research, there is sufficient economic literature that
has been written based on the empirical facts in the post bubble periods for the mature
market such as in the US and other Western countries (Case and Shiller, 1994; Case
and Mayer, 1996; Baddeley, 2005; Glaeser et al., 2008; Mayer, 2011). In Asia, Japan
has experienced the housing bubble in the late 1980s and early 1990s due to the loose
monetary policy, self confidence, and land market structure (Dehesh and Pugh, 1999;
Shiratsuka, 2005; Shimizu and Nishimura, 2007). In the1990s, media coverage and
political uncertainties are considered as the potential causes of the Hong Kong housing
bubble (Bucchianeri, 2011). In the US, most recently, the loosening in terms and
standards for mortgage credit has contributed to the housing bubble forming and
collapse (Dokko et al., 2011; Jarsulic, 2012). In summary, there is no shortage of
research into the past housing bubbles that have occurred in western, free-market

economies.

In the case of China, however, the simple truth is that it has not witnessed a scenario of
housing price collapse. Neither a bubble cycle, nor a full housing cycle, has happened
since the privatization of the housing market in 1998. In other words, despite the short-
term fluctuation, for more than two decades, the ever-rising Chinese housing price may

be still in the process of forming the very first potential bubble.
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Since the late 1990s, there have been continuous predictions or forecasts regarding the
first Chinese housing bubble. In the late 1990’s, it was claimed that the first-tier cities,
such as Shanghai, were in the middle of the largest property collapse in the world,
largely blamed on the unprecedented construction boom (Ramo,1998). The vacancy
rate in Shanghai was high as 40% in 1997 but that didn’t slow down the new
construction and it was thus speculated that Shanghai was building a giant speculative
property bubble (Haila,1999).

For the same time period, a counter argument has been made by Liu and Shen (2005)
to voice that there was not a bubble in the housing market. They depicted a chart of
theoretical mechanisms between housing prices and economic fundamentals and
identified the key determinants for Chinese housing price change. Through econometric
analysis, they concluded that the price change from 1986-2002 can be explained by the

economic fundamentals that are listed in Figure 2-3 rather than a bubble.
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Figure 2-3 Theoretical mechanism between real estate prices and economic
fundamentals (Liu and Shen, 2005)
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Since the new millennium, some ex post economic research has been done to measure
the potential size of the Chinese housing bubble (Liang, Gao, and He, 2006; Li, 2010)
using macroeconomic parameters, but little work has been done to dig into the
mechanisms that are driving the potential bubble. Generally, housing bubbles are
believed to exist and it is found that the bubble is particularly huge in the cities along
coastal areas and special economic zones (Dreger and Zhang, 2013). By using Hong
Kong’s housing bubble as benchmark, it is found that Shanghai has experienced a
bubble in the scale of 22% price surge in 2003, while Beijing, the capital city of China,
has shown no signs of bubble at the same year (Hui and Shen, 2003). Later, there were
predictions that the housing price in Beijing reached the peak of bubble in 2007 while
Shanghai reached its bubble peak in 2004 (Hou, 2010). Han, Liu, and Cao (2008) show
that back from 2002-2006 the average price bubble, defined as the difference between

market price and intrinsic value of housing, is about 22.5%.

However, according to the conservative numbers of Chinese Statistical Yearbooks, the
housing price in Beijing, Shanghai and other major cities have more than tripled since
these predictions have been made. The effort of predicting a bubble, and further
quantifying a potential bubble ex ante®®, through measuring the intrinsic price of housing

using economic fundamentals, is obviously not convincing.

On the other hand, what is convincing and useful for this thesis is that there indeed
exists a portion of price that these researchers can observe but cannot be explained by
economic fundamentals. This portion of price can be attributed to a potential bubble
component. We use the word “potential” here is because: (1) it is hard to quantify and
make a firm claim ex ante; and (2) the forecast is always wrong. However, there should
still be attempt made to try to explain ex ante why this observable potential bubble

component exists.

20 We claim that it is “ex ante” is because all such economic measurement is done before a collapse of
the bubble that actually takes place. They have assumed that the period covered in the research is a
bubble period even before the bubble bursts.
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There are many market features that may contribute to such phenomenon and
speculative investment behavior in the market is in generally believed to be the
foremost factor. However, there are also other Chinese specific features such as land
financing scheme, herd behavior, stimulus package and credit expansion, government

policy intervention, culture, etc.

A large amount of research has been done regarding speculation, widely considered as
one of the major contributors towards bubbles either in the Chinese housing market or
Chinese stock market (Han, Liu, and Cao, 2008; Jiang et al. 2010). The Chinese
government has significant difficulty in channeling investment into productive resources
instead of speculative assets. The real estate market and the stock markets in China
are systematically negatively correlated. When the stock market crashed and was not
performing for long term, the real estate market started to boom (Zhang and Fung,
2014). The “hot money” or speculative capital inflow was believed to be one of the major
contributors in driving up both the housing price and stock price in China, although not
at the same time (Guo and Huang, 2010). Economic studies have found that key
monetary parameters such as mortgage rate, hot money supply are significant in
interpreting housing prices while major economic parameters (or economic
fundamentals) such as housing home income are not independently significant (Zhang,
Hua, and Zhao, 2012).

There are also predictions that have been made regarding the post bubble period of
Chinese housing market. There are cautious positive views toward the numerous
housing price bubbles because of the frequent and powerful Chinese policy control
assuming that the central government will save the market should there be a collapse
(Barth, Lea, and Li, 2012). Even a burst of the housing price bubble should occur, the
Chinese economy will not be so affected that lead to a crisis (Dreger and Zhang, 2013;
Fang et al., 2015).
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Many online voices from real estate specialists claim that the current housing market is
a Chinese government sponsored Ponzi scheme because the market is entirely
propped up by loans.?' Speculations of the timing of a Minsky moment (the moment that
a sudden major collapse of asset values happens after a stage of Ponzi finance), of the

housing market starts to surface.??

By definition, a bubble is not a Ponzi scheme. The definition of a Ponzi scheme is a
financial fraud that pays abnormal high levels of short-term returns using money from
new investors. Thus, by definition, it is definitely not right to claim that the Chinese
government is running a Ponzi scheme because it is not a financial fraud: The
underlying assets — the housing units — do exists and have intrinsic values. However,
the housing units are believed to trade in high volumes at prices that are significantly
above the intrinsic values. It shows more characteristics of a bubble?® than a Ponzi
scheme. There might also be other reasons where the investment value for certain
investors is higher than the market value of the underlying assets, which can be

observed in many other types of assets such as infrastructures (Zhang, 2008).

The most recent and infamous event is Madoff’'s Ponzi scheme, which exposed the
myth of sophisticated investors (Pozza, Cox, and Morad, 2009; Smith, 2010). The
foremost reason that makes the Chinese housing boom looks like a Ponzi scheme is
the herd mentality and recruitment process of the new investors coming into the market.
Herd behavior is observed in the Chinese investors in both stock market and housing
market (Xu, 2007). It is found that investors in Chinese residential housing markets tend

to herd before the crisis, and there is no herding behavior during and after financial

" He, Qinglian. “Chinese housing: Beauty contest or Ponzi scheme?”, and also “China’s Ponzi Real
Estate Market”. OC Housing News. October 9, 2016. Web. December 10, 2016. See <
http://ochousingnews.com/chinese-housing-beauty-contest-or-ponzi-scheme/>.

* Durden, Tyler. “Beyond The Minsky Moment: China's Ponzi Schemes Are Now Investing In Other Ponzi
Schemes”. ZeroHedge. March 30, 2016. Web. December 6, 2016. See
<http://www.zerohedge.com/news/2016-05-30/chinas-ponzi-schemes-are-now-investing-other-ponzi-
schemes>.

% “Bubble vs. Ponzi Scheme”. Diffen.com. Web. January 18, 2017See
http://www.diffen.com/difference/Bubble vs Ponzi Scheme.
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crisis (Lan, 2014). In the bubble literature, Scheinkman and Xiong (2003) present an
equilibrium model in which an asset buyer acquires an option to sell the asset to other
more optimistic agents, which causes a significant bubble component when such belief

mismatch is sufficient to generate a trade.

Owning a home is a prerequisite in Chinese culture before entering a marriage (Wu,
Gyourko, and Deng, 2012). Given the large population base, it is almost guaranteed of
rounds and rounds of new investors coming into the market. At the same time the
current Chinese housing Ponzi-like finance is even more frenetic: the first round
investors will have the ability to cash out, and then achieve higher leverage to buy in
again and become the new investors, assuring a continuous Ponzi-like recruitment

process.?

At the same time, the frequent government intervention in guiding or rather, misguiding
the behavior of the housing purchasing does make it look similar to a dealer in a Ponzi
scheme. In major cities like Shenzhen, the housing price have been increasing by 50%
every year. When Chinese government pumped the stimulus package into the market
(most of them flow into the real estate sector) and lowered the interest rate, it indeed
looks like the government is luring in more new investors into the housing market,

paying out huge return to the previous investors.

A summary of the previous economic literature suggests the asset bubble is considered
to have the following general characteristics:

1. Itis difficult to identify ex ante.

2. It cannot be fully explained by macroeconomics based on market fundamentals.

3. It has the similar characteristics as a Ponzi scheme.

2 Durden, Tyler. “The Chinese Housing Ponzi Exposed: As We Sell Our First Apartments, We’ll Have
Cash Flow To Build The Next Stage”. ZeroHedge. April 23, 2014. Web. January 18, 2017 See
<http://www.zerohedge.com/news/2014-04-23/chinese-housing-ponzi-exposedd-we-sell-our-first-
apartments-we’ll-have-cash-flow-bui>.
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4. Broader and diversified financial systems weather the post-bubble collapses better
than narrow, less diversified systems and strong regulatory and supervisory

institutions are always the best strategy of preventing bubbles (Hunter, 2005).

If we assume that the bubble exists, the literature has pointed out the difficulty of
predicting the moment of collapse till ex post. However, that doesn’t mean that work
cannot be done ex ante, to analyze the mechanisms that may contribute to the bubble
formation and collapse, and find appropriate policies to mitigate the impact should a

market collapse happen.

The factors being discussed above are mostly factors in the asset market part of the
housing market, such as speculative investment, credit expansion, Ponzi-like finance,
herd behavior, etc. They may seem sufficient when being used to study the stock
market. However, when analyzing the housing market, the impact of those factors and
investment decisions of the relevant stakeholders will perpetuate into the actual physical
property market. Property market is where land being purchased, construction happens,
and new housing stock being delivered. The property market will in turn impact the
asset market after certain construction time delay, which in fact change the subsequent
asset market conditions. It is thus crucial to analyze the housing market as a complete

system in order to understand the mechanisms underneath the bubble phenomenon.

In the scope of this thesis, we will treat the current housing price boom in China as a
potential bubble, without excluding alternative hypotheses such as strong demand or its
economy structure shift. It is thus necessary to apply validated economic models with
the Chinese condition, and see whether the all of Chinese housing price can be
explained by the economic fundamentals. If not, then what are the other features that
may contribute to the bubble component beyond the traditional economic fundamentals.
In other words, we can use the research that has been conducted to analyze market
cycles as the starting point, or baseline, or benchmark, in order to analyze market
bubble.
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Urban economics is a branch of economic study that is related to wide range of
important urban issues such as location theory, transportation, housing, firm site
selection, employment, etc. The quantitative analysis began with Alonso’s (1964)
monocentric city model, and was further refined by Muth (1969) and Mills (1972). But
this entire stream of literature is focused on the microeconomic analysis of property
markets. The unit of analysis is the individual property or household, and the behavior of

interests is Ricardian rent.

Instead of individual level, when the unit of analysis is aggregated at metropolitan,
regional, or national level, the research is generally considered to be in the domain of
macroeconomic analysis of property markets. Within this category, there is a substantial
collection of literature focusing on the modeling of real estate markets and analyzing

market cycles.

The key difference between a bubble and a market cycle is that the market cycles are
market oscillation around the intrinsic value of the housing, and it is mainly caused by
the interactions of economic fundamentals, whereas a bubble is driven by irrational self-
feeding mechanisms that create value out of thin air. Market cycles can be explained by
the macroeconomics factors along with certain investment behaviors. Quigley (1999)
demonstrates that the real estate prices can be affected and predicted by economic
fundamentals, but also raise the concerns regarding to whether the real estate bubble
can be predicted the same way, as the bubble may change the economic fundamentals
due to a situation of asymmetric information. However, that sheds the light on the
possibility of using the existing model that have been applied and validated to study

market cycles as the step stone to target the housing bubble.

In summary, housing cycles are distinguished from housing bubbles based on the

following five characteristics:
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1. Scale: intuitively cycles do not derail from the intrinsic value in large scale without
correction.

2. Predictability: the market cycle can be predicted ex ante while a bubble cannot.

3. Steady-state: a housing cycle is fundamentally self-balances and oscillates around a
steady-state (as shown in Figure 2-4), whereas a bubble is fundamentally self-
reinforcing and feeds on itself.

4. Speed: cycles reduce speed when reaching the price peak, while bubbles escalate
with exponential speed when reaching or departing from the price peak.

5. Feeding mechanisms: the mechanisms behind market cycles can be explained by
economic fundamentals, and bubbles can be attributed to factors other than

economic fundamentals.

Housing Prices

Time

e Balanced System = === Unbalanced System

Figure 2-4 Balanced system (red) demonstrates market cycles; unbalanced system
(green) demonstrates market bubble

Though the antecedents go back at least to Hendershott and Ling (1984), much of the

real estate cycle literature has been based on, or effectively reflects, a particularly
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compelling and eloquent depiction of the inter-related markets for the usage of built
space and for the ownership of property assets known as the “Four Quadrant Model”
(4QM or D-W 4QM) proposed by DiPasquale and Wheaton (1992,1996). For future

references, in the scope of this thesis, D-W model and 4QM have equal meanings.

Foremost, it is highly necessary to go through the details of the 4QM in Figure 2-5 as it
is well tested and will serve as a foundation of the other derivative model building
process. In the 4QM, the upper-right quadrant reflects the market for the usage of built
space. The horizontal axis is the stock of built space (effectively, the occupied space, as
the basic model does not consider vacancy), and the vertical axis is the annual net
rental price. The line (function) in the upper-right quadrant, S = D (R, Economy), is the
demand function of the space users, reflecting how much space would be occupied as a
function of the rental price, which under usual microeconomic theory assumptions
reflects the aggregate marginal benefit of space occupancy to the users. “S” is the
quantity of stock demanded (occupied). The arguments of the demand function include
‘R,” the annual rental price, and “Economy,” the sources of need and preference for
space usage. Although the basic 4QM represents rental property, the essence of the
model can be applied to owner-occupied property as well if we think of the rent as

“imputed rent” or the annual value of the service flow of the built space to its users.?

% |n the Exhibit the space market (market for the use of built space) is referred to as the “property
market,” while the market for the ownership of the property asset is referred to as the “asset market.” In
the case of owner-occupied properties, the two markets are tightly linked, though may still be usefully
distinguished conceptually for analytical purposes. One may conceive of the owner-occupant as renting to
and from himself.
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Figure 2-5 The DiPasquale-Wheaton 4Q Model (DiPasquale and Wheaton, 1992)

The upper-left quadrant then relates the rental price (“R”) in the space market on the
vertical axis to the asset price (“P”) in the property asset market measured on the
horizontal axis. (All the axes in the 4QM radiate out from the origin, hence, movement
leftward on the left quadrants’ horizontal axis represent larger positive prices for the
assets.) The function in the upper-left quadrant represents the rental income yield in the
property asset market, that is, the ratio of property asset prices to annual rental income,

P = R/i, where ‘i’ is the yield rate per annum.
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In the classical 4QM the yield, in effect, the pricing in the asset market, is taken to be
entirely exogenous. More sophisticated models, either enhancements to the 4QM or
stock-flow models, make the asset market yield a partly endogenous parameter.
However, there is strong evidence that in fact asset market yields are largely exogenous
to the real estate system specifically, coming substantially from the broader capital
market, at least in terms of short to medium term changes in the yields, and at least in
the United States. (See Geltner and Mei 1995, and Plazzi et al. 2010.)

The lower-left quadrant depicts the real estate development industry. The line in the
lower-left quadrant represents the annual gross rate of new construction of built space
in the market, as measured on the vertical axis (with the positive direction being
downward on that axis, away from the origin). The construction function, P = f(C) (or its
inverse, C = f'(P)), relates the responsiveness of the development industry to pricing in
the property asset market. This reflects building “replacement cost” (current costs of
construction) and the price elasticity of supply (how much new space developers will
build in response to an increase in property asset prices). In the traditional depiction this
function includes a region on the asset price axis below (to the right of) which no
development will take place, the asset price presumably being too low in that region to
compensate for the cost of land and construction plus necessary developer profit. Thus,
the development function intersects the horizontal price axis at a point to the left of the

origin.

Finally, the lower-right quadrant in the 4QM relates the rate of new construction to the
rate of demolition in the existing stock of buildings. The function in the lower-right
quadrant, S = C/d, divides the annual construction rate by the annual demolition rate.
For example, if 1M m? per year are built, but 5% of existing buildings are demolished
each year reflecting depreciation and obsolescence, then the steady-state stock will be
1M/0.05 = 20M m?, with the 1M m? new construction each year exactly offsetting the
0.05*20M = 1M m? of demolitions each year. It is this stock-adjustment function in the

lower-right quadrant that completes the 4QM as a long-run steady-state model.
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The culminating and key feature of the 4QM is the rectangle whose vertices just touch
each of the four function lines in the four quadrants. This rectangle is the long-run
equilibrium in the system. The vertical and horizontal sides of this rectangle represent
the equilibrium within and between the space and asset markets in the upper two
quadrants as mediated to a steady-state result by the development industry in the lower
two quadrants (assuming the developers are the ones who demolish old buildings in the
lower-right quadrant as well as build new ones in the lower-left quadrant). The model is
simple and eloquent in its evocation of the overall system, the relationship between the

two real estate markets and the development industry. It is a great pedagogical device.

However, it is crucial to recognize that the DiPasquale-Wheaton 4QM is a steady-state
model. It represents a long-run equilibrium. It does not quantitatively depict dynamics —
that is, how the system changes over time from one long-run equilibrium to the next. It is
true that the model can be altered (or “tweaked”) to gain some insight about changes in
the marketplace. A good example of this is described in Geltner et al. (2014) Chapter
2.%° But this type of “tweaking” the 4QM is informal and vague in its positive
implications. Colwell (2002) describes a series of elaborations of the original
DiPasquale-Wheaton model (4QM) that can account directly and explicitly for the long-
run equilibrium and address other simplifications in the simple model. But these
enhancements undercut the eloquence and pedagogical value of the original model,
and do not provide any explicit dynamics, tending to reinforce the model’s focus on

long-run equilibrium rather than on transition paths toward such equilibria.

The urban economics literature has addressed this deficiency with a series of models

that are essentially formal elaborations of the 4QM into systems of simultaneous linked

% Consider a permanent upward shock in the demand function in the upper-right quadrant. Ceteris
paribus, this will lead to an increase in rent and corresponding increase in asset price seen by dropping
horizontal and vertical straight lines counterclockwise from upper-right through upper-left. But then when
you try to follow this new rectangle continuing counterclockwise through the lower two quadrants you do
not “meet up” on the right quadrants’ horizontal axis; the rectangle is not closed, indicating you do not
have a long-run equilibrium. The fully closed and complete rectangle anchored on the new (higher) space
usage demand function will result in a fallback in the rent and asset prices to levels ultimately below the
initial myopic values first indicated, though above their pre-shock starting values, suggesting a type of
cyclical or cobweb (“tatonnement”) process of market dynamics.
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equations. These are referred to as “stock-flow models” based on the stock-flow theory
of highly durable goods, and do indeed represent the dynamics of the market. These
can be calibrated by econometric analysis of empirical data about rents and occupancy
and construction, as observable in actual real estate markets. This stream of literature
dates to at least to Rosen (1984). Wheaton, and Wheaton and Torto (1987, 1988, 1997,
1999) did most of the development, and Hendershott and co-authors (1995, 20023,
2002b, 2010) provided substantial enhancements. Although first developed for office
markets, these types of models can, in principle, be applied to any real estate market

sector.?’

In parallel, another methodology that has been developed called System Dynamics
(SD). It uses the same stock-flow simulation technique, applies to the same context,
and shares the same research interests. However, there is very little interaction
between the urban economics and system dynamics fields. It is as if the two fields

coexist at the same time but in a parallel universe.

The stock-flow model structure mentioned in the economic literature is the foundation of
System Dynamics. SD was developed by Jay Forrester from the Massachusetts
Institute of Technology. In his book Urban Dynamics (1969), Forrester used the system
dynamics technique to demonstrate that an urban area can be seen as a system of

interacting industries, housing, and people.

The System Dynamics technique has been further developed and widely applied to
analyze the behavior of real-world complex systems. It is accepted and used in the
corporate world due to the actual performance improvement that the analysis brings
(Forrester, 1993; Angerhofer and Angelides, 2000; Sterman, 2000; Santos, Belton, and

Howick 2002; Akkermans and Dellaert, 2005). It is also used to design suitable policies

" See Ibanez & Pennington-Cross (2013) for a review as well as a survey overview applying the
modeling to 34 major metropolitan areas and four space market sectors in the United States. Stock-flow
models have also been applied to London and a few other global cities that have substantial data on the
space market and construction industry history.
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with its power of scenario analysis through simulation. The ability to analyze various
scenarios makes the model particularly useful for modeling the potential outcome of

various potential policy choices (Sterman, 2001).

The behavior of system oscillation is one of the key research focuses in the SD field.
And the fundamentals of the SD technique reside in the feedback structure from the
complex system behavior, captured by the causal loop diagrams. Causal loop can be
either balancing or reinforcing: balancing loops control the system behavior and bring it
back to a stable stage, while reinforcing loops allow the system behavior to escalate. In
that sense, it is not hard to notice that the stock-flow model developed by DiPasquale
and Wheaton (1996), and advanced by Wheaton (1999) is fundamentally a balancing
loop. That is the reason why the real estate market price in the 4QM model, although it
oscillates, does not escalate beyond control and always returns to some level of

equilibrium.

The core concept of the SD technique is that the model must mimic the structure of the
real system well enough so that the model behaves the same way the real system
would. In Wheaton’s (1999) stock-flow model, the disturbance of the system is
exogenous (such as a demand shift), but the oscillation (or market cycle) of the system
is created endogenously due to the lags of delivering durable goods and the myopic
investment behavior. The scale and speed of value deviation demonstrates a sine
function shape. The stock-flow model developed based on 4QM theory succeeded in
exploring the dynamic operation of urban housing market and explaining why different

types of real estate assets can have different cyclical oscillation behavior.

In his book, the chapter of “Instability and Oscillation”, Sterman (2000) attributed the
origin of system oscillation to the stock management problem of the supply chain. The
system induces a corrective action when there is a stock discrepancy. When delivering

durable goods, due to the time delay, oscillation arises. He uses both the cases of “beer
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game”® and “boom and bust in real estate market” to demonstrate the oscillation

caused due to delay in the supply chain of the system.

In detail, Sterman (pp 698-706, 2000) independently proposed a case study using the
system dynamic technique to explain the boom and bust of commercial real estate
markets without using the 4QM. The model itself is driven by market expectation and
the sole purpose is to explain the cyclical behavior by focusing on investors’ ignorance
of ongoing construction in the pipeline. If we carefully study the causal loops in
Sterman’s model which will be detailed in Chapter 4 of the thesis, it's not hard to notice
that the essence is still in the 4QM framework, except that the factors of expectation
and time delay for adjustment are counted in. Both urban economic theories and system
dynamics methodologies target similar issues and using stock-flow theory of highly
durable goods as well as the myopic behavior of real estate developers to explain the
housing market dynamics. This sets the example that in the real estate market research
field, traditional urban economics models in the essence of stock-flow models, and the

system dynamics models may have more commonalities than differences.

Urban economic theory works in conventional markets but it is not yet proven to be
applicable to unconventional markets such as in China. Either with the classic 4QM or
the stock-flow model, they assume free and competitive markets. While it works well
with traditional mature market such as in the US and Europe, the application to fast
growing markets in most of Southeast Asian countries is debatable due to the
complexity of government rules, land ownership, speculative behavior, and the
dysfunctional the capital markets. The econometric models are generally data intensive,
requiring long time series of historical data, which makes them difficult to apply in many
emerging market situations where historical data is not available. This leads us to think

that Systems Dynamics (SD) modeling might provide useful insight in that perspective.

8 Details see < http://www.beergame.org>.
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The concept of building SD models based on existing proven economic theories is not
new. Smith and van Ackere (2002) demonstrated how to embed a static economic
model within a dynamic framework using the system dynamics methodology. They
argued that the integrated version is likely to enhance both methodologies as it permits
examination of a range of alternative scenarios. At the annual international conference
of the System Dynamics Society, there are sessions demonstrating the efforts of system
dynamists using the SD approach to analyze issues in the domains of macro, micro,
and regional economics. Direct economics model translation into SD platform is mostly
used for pedagogical purposes so that the students can understand the theory not only
from the analytical level with mathematical equations, but also from the causal loop
diagram and hands-on simulation practice. For example, existing economic models
such as Harrod-Domar and Solow Models of Economic Growth are directly translated
into the SD form (Kunte and Om, 2016).

The natural next step would be to build a SD model directly based on the stock-flow
model of Wheaton, or the 4QM. Barlas et al. (2007) used the SD methods to study the
price oscillation effect in Istanbul. Although they did not use the 4QM as the starting
point to build the SD model, they indeed used the findings in Wheaton and DiPasqaule
(1996) as a reference mode to demonstrate that price oscillation found in the economics
field can be introduced as mental model in the SD domain. Similar approach was found

in Ozbas et al. (2014) in studying the endogenous dynamics of housing market cycles.

There are other works that have been done using SD technique to study certain aspects
of the real estate market, such as mortgage markets, housing financing programs,
housing affordability issues (Kummerow, 1999; Hu and Lo, 1992; Hwang, Park and Lee,
2009), or simulation methods comparable to SD (Malpezzi and Wachter, 2005). Chen
(2005) used SD methods to analyze the relationship between speculative investment
and the ever-increasing housing price in Shanghai. It is found that the price increase is
largely due to the strong demand. Speculations contribute to the price jump but then the
ultimate risk is transferred to the mortgage lenders, which are local banks. Should the

market collapse, the local banks will be put in a disadvantaged position. However, these
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studies tend to derail from the real estate economic fundamentals and only focus on
certain aspect of temporary market phenomenon, represented by subjective causal

loops.

Mashayekhi et al. (2009) were the first to establish the translation process and
replicated the 4QM. They did not just stay satisfied after replicating Wheaton’s 1999
simulation results; instead, they further modified the model by separating the observed
‘rent” from the rental market and the observed “price” from the owner-occupied market,
and applied this to the analysis of Iranian housing market. They built the integrated SD
models to simulate the interactions of rental and owner-occupied markets in Iran and
found that an increase in durability of buildings in the owner-occupied market leads to
more intensive price oscillations. They adopted the innovative approach of replicating
an existing proven economic theory into a SD platform, and then modified the structure
to apply to a new context. The essence of the model still remains in the same realm as

in Wheaton (1999) by keeping exact equations.

Eskinasi (2012, 2014) adopted the same approach, starting from the direct replication of
the 4QM. His research attempted to conduct hypothetical policy analysis of the Dutch
market, and aimed to explain why, when housing prices in the Dutch market were
increasing, new construction still remained low. Eskinasi took one more degree of
freedom: the research has only kept the basic components of the 4QM in order to
formulate the causal loops of the basic SD structure. He chose not to keep the major
mathematical equations of the 4QM and thus generally neglected the discussion of the
cyclical effects. He has modified and quantified the model structure exactly based on
the empirical observation of the Dutch housing market to answer the research questions

that is only concerning that specific market.

As a major literature review contribution, Eskinasi (2012, 2014) has also thoroughly
reviewed the system dynamics literature written in English, with 154 entries in total

related to terms of “urban”, “house/housing”, and “real estate”. He broke it down into

three categories:
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1. Forrester and his urban concept;
2. Netherland policy school: focusing at Dutch housing policy models;
3. Housing markets and real estate dynamics school: focusing on institutional behavior

and market cyclicality.

The interest of this thesis remains in the last category: market cyclicality. However,
other than the limited SD work mentioned above, most of the SD research conducted in
the domain of real estate market is not linked to the urban economic theories. It is
mostly because the system dynamists are generalists who possess great skills of SD
modeling but do not necessarily possess the specific knowledge of real estate market,
despite the interdisciplinary characteristics of this type of research. It is also because
the SD methodology offers the freedom for the generalists to build a SD model based
on empirical observation and understanding of the market, thus do not need to tackle
real estate market issues where often nonlinearity equations and data problems will

hamper progress.

The freedom of building SD models sometimes results in issues, with over-complexity
being one of them. For example, Hennekam and Sanders (2002) developed a network
model to illustrate a large Dutch urban network of 40 interconnected urban sectors. The
approach inevitably increased the complexity of the model structure by involving a large
number of entities and relationships. To keep the model visually comprehensive, it will
have to aggregate parameters, thus limiting the usefulness of the model. As a result, the
accuracy will be reduced. This raised the concern, as in most SD models, how concise

a model should be.

On the other hand, bubble dynamics and their effects have been a topic of interest to
system dynamics researchers. Compared to economic models, the system dynamics
approach is valuable for analytically penetrating the casual structure of a complex
system and effectively understanding complex issues such as bubble formation and

collapse (Information Resource Management Association, 2014). Sterman (2000) has

59



demonstrated that the speculative bubbles using the essence of speculation by Mill
(1884), as well as the oil crises of the 1970s, can both be modeled by the system
dynamics feedback structure of the markets. Kurebayashi (2004) used a system
dynamics model to analyze the bubble effects of the long distance telecom service
industry in US market. Dwenger and Pavlov (2008) used an exchange rate model to

demonstrate how speculators create price bubbles in the foreign exchange market.
Furthermore, the stages that described in the bubble economic literature can be

modeled through SD technique. The famous Kindleberger-Minsky bubble model as in

Figure 2-6 is in form of a simple reinforcing loop.

Anatomy of a bubble: the Kindleberger-Minsky model
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Source: Kindleberger, SG Cross Asset Research

Figure 2-6 Anatomy of a bubble: the Kindleberger-Minsky model
Source: Kindleberger (2001), Société Générale Cross Asset Research®

Most relevant to this thesis, Mukerji and Saeed (2011) created a system dynamics
model to study the 2008 subprime mortgage crisis in the US. They created a housing

model and conducted experiments such as loosening of capital requirements of banks,

% See < http://thefrugalplain.blogspot.com/2009/11/kindleberger-minsky-anatomy-of-bubble.htm|> Access
date: Jan 12, 2017.
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influx of cheap money, lowering interest rates, and mortgage reform, to demonstrate the
boom and bust of the housing market. Similar effort was recently made by the keynote
of Greenwood Strategic Advisors AG in the 34" International Conference of the System
Dynamics Society®® by claiming the ability to explain housing bubbles in the US through
their system dynamics model. It indeed demonstrates the ability of using SD approach
to analyze housing bubbles, but the key drawback is that all these efforts are ex post

after the economists and media have covered the details of the bubble busting story.

The recruitment process of Ponzi scheme is similar to the speculating behavior of a
bubble. Both Ponzi scheme and bubble lead to a bust. In the System Dynamics field,
there is only one article that mentioned the operation of a Ponzi and set up a
‘catastrophe archetypes’ of a system model to explore the catastrophic potentials of
different types of the system (Mrotzek and Ossimitz, 2008). It sets up a pool of outsider
investors for recruitment is limited and drains out through the recruitment process, when
Ponzi scheme is doomed to collapse. But the simple model of recruitment process can

be useful in forming the speculative investment model component for this thesis.

As a literature review contribution, inspired by Eskinasi (2012, 2014), this thesis
provides a list of literature in the housing dynamics domain written in Chinese. Indeed,
there are a large number of works that have been done by Chinese scholars using SD
methodology to analyze the Chinese housing market. However, this part of literature
remains unknown to the international SD community. It is mostly because these
academic works are written in Mandarin and published in lesser known Chinese

journals. The Chinese academic work in SD can be generalized into three categories.

The first category can be generalized as “Case study of ABC city: a system dynamics

approach”. It has become a routine in the Chinese SD literature to build system

% The 34™ International Conference of the System Dynamics Society is held in TU Delft, Netherlands,
July 21 2016. See <http://www.systemdynamics.org/conferences/2016/index.html> The presentation was
made by Greenwood Strategic Advisors AG from Switzerland as the final keynote of the conference.
However, the details of the conference were not accessible online after the conference.
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dynamics models based on a case study of a specific city. In recent years’ publications,
almost all major cities in China are covered. Shenzhen seems to be a good repeated
candidate for SD case study due to the fact that it has the most liberal market and is
subject to new policy interventions (Luo et al. 2004; Li, 2011; Geng and Li, 2011).
Similar approach has also been used for case studies of other Chinese cities (Luo, He,
and Niu, 2001; Hu and Shen, 2001; Zhu and Huang, 2003; Jin et al., 2004; Shang, 2006;
Feng, 2008; Lou et al., 2010; Lu and Tan, 2010; Liu and Zhou, 2011; Chen and Liao
2012; Li and Hua 2012; Wu et al., 2013). The positive aspect is that these research
works indeed recognized the complexity of the market as well as the unavailability of

testing data.

The second category focuses on specific issues in China and normally present
themselves as “XYZ issue: a system dynamics analysis”. For example, regarding
Chinese land market, Bai (2000) used Shenzhen as a case study to demonstrate the
relationship among industrial land use, residential land use, natural resources, and
economy growth. It is interesting as the Chinese government owns the land and there is
the ratio between industrial and residential land use distribution every year and such
ratio directly affects the housing prices. The relationship between affordable housing
and commercial housing has also been a major researches topic (Liao, 2004; Fu, Chen,
and Liang, 2008; Hu, 2011; Du, Yang, and Li, 2012; Li and Wang, 2012).

The third category targets the policy intervention and price change (Su, 2010; Qi and
Zhang, 2011; Wan, 2013). It uses simulation to suggest that policy design can be
improved to enable the government to micro-manage the housing price. Li (2011)
criticized the current policy designs in China and advocated using SD simulation to help
the government achieve better policy design, even without data support. Li and Zhang
(2011) applied SD method to the Chinese land market research. They emphasized the
importance of land price in affecting the housing price but also recognized the difficulty
in conducting simulations due to data availability and constant governmental policy
changes. This in turn leads to the possibility of combining SD methods and qualitative

analysis, to conduct simulation based on hypothetical data instead of using real data.
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One common claim made in this category is that the policy control cannot be possibly
quantified in the Chinese case because of data availability, and also because the policy

control is an intangible qualitative factor.

The literature written in Chinese language has provided rich empirical evidence in
identifying city/region specific characteristics of housing market, listed policy
interventions, and emphasized on the importance of land market. Unfortunately, due to
language issues, the main empirical findings remain unknown to the international

audience.

On the other hand, the process for model building and validation either do not exist or
do not meet the international SD standard. The quality of the publications also remains
debatable, as most of them are Master student’s thesis with zero citations. The data and
equations that have been used in the model are not disclosed along with the paper. The

SD diagram only has causal loops and there are rarely any actual SD models shown.

The ultimate goal of the thesis is to analyze the phenomenon of the potential Chinese
housing bubble that is currently being widely discussed. But, the peculiar Chinese
market features®' underneath the housing market are not yet well documented
qualitatively, integrated, and analyzed quantitatively. Researchers have mostly studied
the housing bubble ex post using econometric methods, but the essence of the bubble
forming and bursting mechanisms - causal structure and the interactive relationships
among components in a housing system — is generally neglected. In terms of bubble

prevention, a well understanding of such information is particularly crucial ex ante.

31 Just to note a few: (1) Speculative vacancy rate is considered to be high in China. The Chinese
speculators tend to buy extra units of housing as money storage vehicles but the difference is that they do
not rent them out and only leave it vacant; (2) Land financing scheme: Chinese local government rely on
the sales of developable land to developers in order to meet their fiscal budget. Such Chinese specific
mechanisms will be documented in later chapters.
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Figure 2-7 Mapping through the existing literature

While mapping through the existing literature as in Figure 2-7, we have identified three

research gaps that are beneficial to the field of Chinese housing bubble research:

1. Develop an integrated model and strengthen the collaboration between urban

economics models and system dynamics models;
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2. Focus on ex ante study of potential bubbles instead of ex post study of collapsed
bubbles;

3. Capture the difference between housing bubbles and housing cycles: using existing
urban economic models (with economic fundamentals) as benchmark and capture

the difference when non-market features are incorporated into the integrated model.

The D-W model from urban economics is a powerful and practical tool that has been
used successfully by sophisticated elements in the real estate investment industry in the
U.S. and other mature markets. This economic model is generally taken as a
“canonical” starting point for system dynamics models of urban real estate systems. The
SD technique is consistent with traditional economic approaches towards modeling
dynamic issues. The casual loops in SD include balancing loops and reinforcing loops.
The balancing loops enable the system to be equilibrium seeking after an exogenous
shock and to return to a stable state. In this sense, it confirms the economic notion of an
equilibrium stage. The reinforcing loop, on the other hand, will allow the exogenous
shock to be magnified and thus suggests the presence of an unstable equilibrium. The

current China housing market has demonstrated both characteristics.

The objective of system dynamics models is not to negate or replace the urban
economics stock-flow models, but to communicate with them, and further complement

and extend them.

Urban economists have long noted that the econometric models (e.g. D-W model) of
dynamic equilibrium stop short of being complete or ideal for some purposes. It has
been noted that the econometric models become too complex or data-hungry if they try
to include unique or special features, typically institutional characteristics, of particular
markets (Wheaton, 1999; Smith and van Ackere, 2002; Eskinasi 2012). In general, the
econometric models lack richness and flexibility in their ability to explicitly depict
particular elements, causal flows, and actors’ behaviors which can be important not only

in understanding system behavior but in analyzing policies and decisions. This includes
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key elements in the system such as explicit consideration of the nature and role of land
supply and land price. The elasticities and other sensitivity and adjustment parameters
in the econometric models often lack much temporal richness, usually at most only a
distinction between “short run” and “long run” elasticities, but without the degree of
temporal nuance that would be most useful from a policy and decision perspective.®
Finally, the econometric models can be difficult for non-specialists to visualize and
grasp, making them challenging to communicate to decision makers and of limited use

for pedagogical purposes to a non-specialized audience.

On the other hand, the SD model requires less data input but it relies heavily on the
model structure validity, as well as the interactions and causal relationships of
subcomponents. This makes it more appealing for analyzing the unique characteristics
of the evolving Chinese housing market, where large files of empirical data do not exist.
The limitation is that most SD models are built without urban economics theory to serve
as the foundational cornerstone. The model structure tends to be subjective. The
empirical testing also relies on large amount of subjectively selected parameters and
data to mimic the actual trend. Few scholars have tried to integrate the system

dynamics method and economic models.

As a result, in order to analyze the Chinese housing market, an integration of the SD
technique from the engineering and traditional economic models may enhance both
methodologies, as shown in Figure 2-8. The two methodologies do share some
common ground: the stock and flow based system dynamics technique are inherently
consistent with Wheaton’s stock-flow approach of the 4QM. Many of the limitations in
the stock-flow models can be addressed by SD modeling, in particular in the case of the
Chinese urban 