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Abstract

This paper explores the effects of a government tax policy in a growth model
with economic transition and toxic housing bubbles applied to China. Such a
policy combines taxing entrepreneurs with a one-time redistribution to workers
in the same period. Under the tax policy, we find that the welfare improvement
for workers is non-monotonic. In particular, there exists an optimal tax at which
social welfare is maximized. Moreover, we consider the welfare effects of setting
the tax at its optimum. We show that the tax policy can be welfare-enhancing,
comparing to the case without active policies. The optimal tax may also yield a
higher level of welfare than the case even without housing bubbles. In addition,
our simple numerical exercise shows that the optimal tax rate is about 23 per-
cent, and social welfare is significantly improved with such a tax policy. Finally,
we extend the benchmark economy to a multi-period setting and calibrate the
model to China. Our results show that a 20 percent tax rate can speed up eco-
nomic transition and increase output growth. Between 1998 and 2012, aggregate
consumption is 4.86 percent higher under active tax policies.
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1 Introduction

Over the past decades, the Chinese housing sector has gone through a spectacular
boom. In China’s top tier cities, which include Beijing, Shanghai, Guangzhou, and
Shenzhen, real housing prices have grown at an annual rate of 13.1 percent from 2003 to
2013 (Fang et al. 2015). Housing prices have soared in tier-2, tier-3, and tier-4 Chinese
cities as well.! Yet the dramatic housing boom has been accompanied by a smaller
increase in income: data for 35 major Chinese cities show the average real housing
prices grew at 17 percent over the past decade, whereas the average income growth
rate was only 11 percent (Chen and Wen 2017). This fact is at odds with the predictions
of standard neoclassical model, which requires that housing prices grow at most as fast
as aggregate income. If housing prices continue to grow, at a higher rate than that of
average income, over time, housing would become increasingly unaffordable for Chinese
households, especially for those living in top tier cities (Chen et al. 2019). In fact, for
example, as of year 2016, a 90-square-meter apartment in Beijing or Shanghai costs
more than 25 times average household income (Glaeser et al. 2017).

The dramatic size of the Chinese housing boom has left the global economic and
policy communities a question that whether Chinese real estate is a bubble waiting to
burst. Indeed, the fast rise of housing prices is widely viewed as a clear illustration of
the dangers associated with speculative bubbles. Despite the housing boom, vacancy
rates across Chinese major cities are large and persistent, at around one quarter, hence
leading to a phenomenon dubbed as “ghost towns”. These suggest the presence of

housing bubbles.?

IChina’s cities are typically divided into four categories or tiers, based on the level of economic
development. See Fang et al. (2015) for a clear classification.

2In the small but growing literature studying China’s housing boom, it is worth noting that some
papers suggest Chinese cities may not experience housing bubbles. For example, Garriga et al. (2017)
emphasize the importance of structural transformation and the resulting rural-urban migration in
accounting for the upward trend in housing price movements in China. Also, Glaeser et al. (2017)
analyze the determinants of demand and supply of housing in China and conclude that a housing



In the literature, most models of rational bubbles adopt the overlapping generations
framework (Samuelson 1958; Tirole 1985; Weil 1987; Grossman and Yanagawa 1993).
It is well known that rational asset bubbles cannot arise in the simple infinite-horizon
model because the transversality condition rules out exploding asset prices path (San-
tos and Woodford 1997). However, it is important to note that recent studies show
that bubble can exist in the infinite-horizon economy under certain conditions, such
as introducing trading frictions or borrowing constraints.®* And bubbles can exist in
various assets, see Dong et al. (2018) for firm bubbles and Dong et al. (2019b) for
household housing bubbles.

In terms of welfare implications, the conventional wisdom is that bubbles are welfare
improving because of dynamic inefficiency. However, in terms of anecdotal evidence,
bubbles can be potentially costly and are often accompanied with crisis and a sharp
drop in household wealth when they burst. In fact, policymakers and researchers are
more concerned about the welfare costs of bubbles.? For example, Dong et al. (2019c)
conduct the positive and normative analysis of the resource-consuming cryptocurrencies
in an infinite-horizon economy.

Specific to China’s high housing price puzzle, an interesting paper is by Chen and
Wen (2017), who propose a theory to explain the paradoxical housing boom in China—
namely real housing prices outpacing income; high vacancies; and a high rate of return
to capital. Their model framework is an extension of Song et al. (2011) with an

intrinsically valueless housing asset,” which is shown to be important to study grow-

crash is not inevitable.

3Notable examples include Kocherlakota (1992, 2008, 2009), Caballero and Krishnamurthy (2006),
Hellwig and Lorenzoni (2009), Farhi and Tirole (2012), Martin and Ventura (2012), Miao and Wang
(2012, 2014, 2015, 2018), Wang and Wen (2012), Miao et al. (2015a, 2015b, 2016), Hirano and
Yanagawa (2017), Dong et al. (2018), Dong and Xu (2019), Dong et al. (2019c), and Dong et al.
(2020). See Miao (2014) for a comprehensive survey.

4In different model environments, potential costs may include volatility, fire sales after the collapse
of bubbles (Caballero and Krishnamurthy 2006), and misallocation of resources in the presence of
market distortions (Miao et al. 2015b).

’Song et al. (2011) is an influential paper, which can endogenously generate and quantitatively
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ing bubbles and to understand China’s prolonged paradoxical housing boom. Their
simulation results show that the model can quantitatively replicate China’s housing
price dynamics over the past decade fairly well and still be consistent with many other
salient features of the Chinese economy. What’s more, unlike many traditional bub-
ble models where bubbles are welfare-improving, they show that housing bubbles are
welfare-reducing and toxic. Specifically, in the model, the growing bubble crowds out
productive investment, prolongs economic transition, and thus reduces social welfare.
Recently, Dong et al. (2019a) use a New Keynesian dynamic model with a rich mod-
elling of firms’ portfolio choice between physical and financial investment. They find
that a rise in house prices can depress the firm’s demand for productive capital due to
the crowding-out effect.

Since a housing bubble reduces welfare, it is natural to ask what policies can be
used to reduce the negative impact of housing bubbles and possibly improve social wel-
fare? We find that a tax policy, which combines taxing entrepreneurs with a one-time
redistribution to workers in the same period, may address this issue. The overarching
objective of our study is to explore the welfare effects of a government tax policy in a
growth model with economic transition and toxic housing bubbles applied to China.

One strand of literature discusses the impact of government policies on affecting
bubbles (see Gali 2014; Miao et al. 2015b, 2020; Dong and Xu 2019; Dong et al. 2020).
For example, in an OLG model with nominal rigidities, Gali (2014) examines the
impact of alternative monetary policy rules on a rational asset price bubble. He finds
that a systematic increase in interest rates in response to a growing bubble is shown
to enhance the fluctuations in the latter, through its positive effect on bubble growth.

This calls into question the theoretical foundations of the case for “leaning against

account for some important features of China’s economic transition, such as high output growth,
sustained returns on capital, reallocation within the manufacturing sector, and a large trade sur-
plus. Their growth model is therefor widely adopted in studying China’s fast growth and economic
transition, see, for example, Song et al. (2014), Chang et al. (2015), and Chen and Wen (2017).

4



the wind” monetary policies.’ Dong et al. (2020) address the dynamic interactions
between monetary policy and asset bubbles. Using a dynamic NK framework, they
find that the leaning-against-the-wind interest rate policy reduces bubble volatility,
but could raise inflation volatility. Whether monetary policy should respond to asset
bubbles depends on the particular interest rate rule and exogenous shocks. Dong and
Xu (2019) analyze the time-varying bailout policy for asset bubbles in an infinite-
horizon production economy. They find that asset bubbles alleviate firms’ financial
constraints and enhance investment efficiency by providing liquidity. But bubbles are
vulnerable to market sentiment and are resource-consuming. In the presence of this
trade-off, the optimal bailout policy is leaning against the wind, striking a balance
between the crowding-in and crowding-out effect.

There is another strand of literature on Chinese housing markets through the lens
of macroeconomic models (see Zhang 2016; Zhang 2017; Dong et al. 2019a, 2019b).
For instance, Zhang (2017) proposes a quantitative explanation of the Chinese housing
boom, based on the upward transition in household wealth from a low initial condi-
tion, interacted with liquidity constraints. This framework explains the large increase
in housing prices and generates an investment motive in holding housing, which helps
rationalize the high Chinese household saving rate puzzle. Dong et al. (2019b) intro-
duce housing into a standard incomplete financial market model. They empirically and
quantitatively document the driving force of the recent Chinese housing boom through
the lens of a household’s demand for safe assets. They show that, in the presence of
an underdeveloped financial market, housing becomes a desirable saving device as the
economy becomes more uncertain.

However, most the theoretical works along this line focus on why the housing price

®Miao et al. (2020) revisit Galf’s (2014) by extending his model to incorporate persistent bubble
shocks. When deriving the unique forward-looking minimum stable variable (MSV) solution around
an unstable bubbly steady state, they obtain results that are consistent with the conventional views:
leaning-against-the-wind policy reduces bubble volatility and is optimal.



level is so high (see Zhao 2015 and Garriga et al. 2017), instead of asking why housing
prices have been able to grow faster than income.” Our analysis forms a bridge between
the two strands of studies. To the best of our knowledge, our paper is the first to design
and study the impact of government policies on reducing China’s housing bubbles and
improving welfare.

Specifically, we first show that the worker’s lifetime utility is non-monotonically
increasing with the tax policy. In particular, there exists a closed-form optimal tax
rate, at which worker’s welfare is maximized. This non-monotonic relationship between
welfare and the tax rate is due to a trade-off effect of the tax policy. On the one hand,
a positive tax rate increases workers’ welfare as they receive real resources transferred
to consumption every period. However, such a tax policy also implies a fall in capital
accumulation, resulting in a decrease of productive resources. Second, we define social
welfare as the sum of entrepreneur’s and worker’s lifetime utilities. Our results show
that there exists an optimal tax rate, at which social welfare is maximized.

While it is immediately obvious that such a tax regime would reduce entrepreneur’s
welfare but increase worker’s welfare, if the losses of entrepreneurs are dominated by the
gains of workers, an active tax policy can improve social welfare by making the housing
bubble less toxic to workers. We show analytically that under certain conditions, the
tax policy can be welfare-enhancing, comparing to the case without active policies. The
optimal tax policy may also yield a higher level of welfare than the case even without
housing bubbles. In addition, our simple numerical exercise shows that, under a large
range of realistic parameter values, the optimal tax rate changes from 21 percent to
23 percent. More importantly, the welfare gains by workers are quantitatively large

whereas the welfare losses by entrepreneurs are relatively small. There are therefore

TAt the same time, it is worth noting that there is a growing empirical literature on housing prices
in China. For instance, see Wang (2011), Wu et al. (2012), Wang and Zhang (2014), Wu et al. (2014),
Huang et al. (2015), Wu et al. (2015), and Wu et al. (2016), among others.



always welfare gains when the tax policy is active. Finally, we extend the benchmark
economy to a multi-period setting and calibrate the model to Chinese economy. This
is aimed at exploring the quantitative effects of active tax policies on the real economy.
We find that a 20 percent tax policy, by making housing bubbles less toxic, can speed
up economic transition, mitigate the negative effects of resource misallocation, and
generate higher economic growth. Between 1998 and 2012, aggregate consumption is
4.86 percent higher than in the economy without tax policies.

Our paper is organized as follows. Section 2 describes a simple two-period growth
model and characterizes the equilibrium, as well as the model’s qualitative implications.
Section 3 investigates the welfare implications of an explicit government tax policy, both
on workers and entrepreneurs. Section 4 calibrates the model to China, and discusses
quantitative implications of the tax policy. Section 5 concludes with remarks for further

research. The Appendix contains proofs of all Lemmas and Propositions.

2 The benchmark model

This section describes our model economy and discusses its key assumptions. Our pur-
pose is to study the Chinese housing market and the effects of an active tax policy on
social welfare. Such a policy combines taxing entrepreneurs with a one-time redistri-
bution in the same period. The redistribution is implemented by a lump-sum tax on
entrepreneurs who are the marginal investors in the housing market and a lump-sum
transfer to workers who are adversely affected by the housing bubbles. The tax policy
can be interpreted broadly as a corporate tax, the distortionary taxation toward private

industry, or various government policies that restrict the growth of private firms.®

8 As noted by Chen and Wen (2017), in reality, the Chinese government increases the tax burden
of private firms over time. For example, in 2007, the state government issued a document (the
39th Decree), which requests a transition from preferential corporate income tax rates to legal tax
rates. Accordingly, those who enjoyed a 15 percent corporate income tax rate before 2008 would face



Our analyses are based on the OLG model of Chen and Wen (2017), which is
consistent with the institutional background and stylized empirical facts about China
and its housing market behavior. In particular, the model framework is an extension
of Song et al. (2011) with an intrinsically valueless housing asset.” For simplicity,
the model excludes low-income households (workers) from the housing market because
their participation has only a level effect but no growth effects on the housing prices.

In contrast with many traditional bubble models (e.g., Tirole 1985) where bubbles
are welfare-improving due to dynamic inefficiency, housing bubbles in our model can
exist even when the economy is dynamically efficient, owing to a wedge between social
and private rates of return to capital.!’ As a result, bubbles can reduce, rather than
increase, social welfare. In this model, housing bubbles are tozic in that they can crowd
out productive investment, create resource misallocation, and reduce the welfare of both
entrepreneurs and workers.!! This then warrants policy intervention.

The model economy is populated by overlapping generations (OLG) of two-period
lived agents who work in the first period and live off savings in the second period.
Agents have heterogeneous skills. In each cohort, half of the population consists of

workers without entrepreneurial skills and the other half consists of entrepreneurs.

gradually progressive tax rates of 18 percent, 20 percent, 22 percent, 24 percent, and 25 percent for
each year between 2008 and 2012, respectively. In this OLG framework, we interpret it as a one-off
lump-sum tax accompanied by a one-time redistribution.

9We adopt the OLG modelling device of Song et al. (2011) and Chen and Wen (2017), instead of an
infinitely-horizon model, because these models can endogenously generate and quantitatively account
for some important features of China’s economic transition, such as sustained return on capital, labor
reallocation within the manufacturing sector, and growing housing bubbles, which are key to our
policy analysis.

0Tn a similar vein, Farhi and Tirole (2012) argue that agency frictions drive a wedge between the
social rate of returns to capital and the equilibrium rate of return. As a result, bubbles exist even
when the economy is dynamically efficient, and bubbles do not typically lead to Pareto improvements.
Early studies, including Woodford (1990), Kocherlakota (1992), Azariadis and Smith (1993), and
Santos and Woodford (1997), also show that bubbles could arise in dynamically efficient economies if
there are financial frictions (e.g., borrowing constraints and adverse selection).

"' This feature is particularly relevant to the current Chinese economy. For example, Chen et al.
(2017) provide empirical evidence that increases in housing prices tend to crowd out firms’ fixed capital
formation in China, which in turn leads to TFP losses due to misallocation of capital.



Entrepreneurial skills are inherited from parents; for simplification and without loss of
generality, we do not allow transition between social classes. The total population, /Ny,

grows at an exogenous rate v; hence, N, 1 = (1 + v) V.

2.1 Technology

There are two production sectors and thus two types of firms, both requiring capital
and labor. Labor is perfectly mobile across the two sectors but capital is not. The first
sector consists of financially integrated neoclassical firms, F-firms, which, for simplicity,
are owned by a representative financial intermediary (e.g., a state-owned bank). The
second sector is a newly emerging private sector composed of unconventional entrepre-
neurial firms, E-firms, operated by entrepreneurs. E-firms are owned by old (parent)
entrepreneurs, who are residual claimants on profits, and they hire their own children
as managers. Workers can choose to work for either type of firm.

The key assumptions are that E-firms are more productive than F-firms but, due to
asymmetric financial imperfections, E-firms are borrowing constrained—they cannot
borrow from each other or from any other sources. As a result, E-firms must self-finance
capital investment through their own savings. In contrast, F-firms can rent capital from
their representative financial intermediary at a fixed interest rate. Accordingly, F-firms
can survive in the short run despite inferior technology. Over time, however, labor will
gradually reallocate from F-firms to E-firms as the capital stock of E-firms expands.
Thus, the economy features a transition stage during which F-firms and E-firms coexist,
but the F-sector is shrinking and the E-sector is expanding. When the transition ends,
only E-firms exist and the economy becomes a representative-agent growth model with

neoclassical features.'> Matching the model specification to China, it is obvious that

I2Note that, following Song et al. (2011) and Chen and Wen (2017), the term "transition" is
different from the convention in the neoclassical growth model, where transition means the dynamic
path from an initial state towards the steady state. In our paper, this conventional transition phase



F-firms can be interpreted as state-owned enterprises, while E-firms are private firms.
The technology of F-and E-firms are described, respectively, by the following pro-

duction functions:

i = (k) (Amy) %y = (k) (Apeny)

where y, k,and n denote per capita output, capital stock, and labor, respectively. The
parameter xy > 1 captures the assumption that E-firms are more productive than
F-firms. Technological growth in both sectors is constant and exogenous, given by

At+l = (1 + Z)At

2.2 Worker’s problem

We now analyze agents’ savings problem. Young workers earn a wage w and deposit
their savings with the representative bank, receiving a gross interest rate R. In addition,
with an active tax policy, the tax revenue T' is transferred in a lump-sum manner to
the current young for consumption. Without loss of generality, we also assume that
workers do not speculate in the housing market, since allowing workers to invest in
housing market does not change our main results.!?

The worker’s consumption-saving problem is:

max log ¢} + Blogcy

subject to ¢}, + s}” = wy + T} and c3, = s"R, where w; is the market wage rate;

shows up after the F-sector disappears. To avoid confusion, we call this neoclassical transition period
"post-transition" stage.

3Indeed, in the quantitative analysis section later, we also consider the case where workers are
allowed to speculate in the housing markets. We find that the growth rate of housing prices is
unaffected. This is because of the equilibrium growth rate of housing prices in the model is determined
by the rate of return to capital of the entrepreneurs, who act as the marginal investors in the “bubbly
equilibrium”.
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cf}, ¢35, 1, and s denote consumption when young, consumption when old, and the
worker’s savings, respectively. This yields the optimal savings s}’ = (*(w; + T}), where

=147

2.3 The F-firm’s problem

In each period, an F-firm maximizes profits by solving the following problem:

max (ki) (AnE) —wn! — Rk
ki i

Profit maximization implies that R equals the marginal product of capital and that

wages equal the marginal product of labor:
we = (1 —a)(55)™= A (1)

Note that during the transition, wages per effective unit of labor, w,/A;, are constant

due to a constant rental rate for capital and, accordingly, a constant capital-to-labor

ratio, (kP /Anf) = (a/R)T=.

2.4 The E-firm’s problem

Following Song et al. (2011), we assume that E-firms must hire a manager (i.e. the
young entrepreneur) and pay him a fixed ¢ < 1 fraction of the output produced as
a compensation my, in order to satisfy an incentive-compatibility constraint.'* The

incentive constraint is important, because in its absence managers would be paid the

14The managerial compensation must also exceed the workers’ wage rate, i.e. m; > w,. We restrict
attention to parameters and initial conditions such that the participation constraint is never binding
in equilibrium.

11



workers” wage, and the equilibrium would feature no capital accumulation in E-firms
and no transition from F-firms to E-firms. In addition, under an active tax policy, the
E-firm, owned by an old entrepreneur, must pay a tax 7. Since, in reality, tax policies
affect the overall profitability of private firms, we assume that such a policy also applies
to young entrepreneurs’ managerial compensation. Accordingly, the lump-sum transfer
to workers Tj is given by T; = 7(kF)*(Asxnf)'=*. The old entrepreneur’s problem can
be written as:

max (1 — 7) (k") (Apxny’) ™ — me — winy’ (2)

subject to the incentive constraint that m; > (1 — 1) (kF)*(A;xnF)'~®, and arbitrage
in the labor market implies that the wage is as in (1). The optimal contract implies

that the incentive constraint is binding:

my = (1= 7)y (k") (Aexns) = (3)

Taking the first-order condition with respect to n” and substituting in the equilib-

rium wage yield optimal level of employment as:

ni = [(1—7)(1 =)= (
Plugging Equations (4) and (3) into Equation (2) yields the value of the firm:
1 1-a
n(kf) = (1= 7)1 = ¥)lox"= Rk = pi'ky

where pP is the E-firm rate of return to capital. Following Song et al. (2011), we
impose the following assumption about E-firms’ relative productivity, such that an

entrepreneur’s return to capital is higher than the deposit rate, R, during the transition.

12



1

Assumption 1: x > [(1 —7)(1 —¢)] 7=

Given this assumption, young entrepreneurs would find it optimal to invest in the
family business. If Assumption 1 were not satisfied, there would be no E-firms in
equilibrium. Thus, a sufficiently large productivity difference is necessary to trigger

economic transition.

2.5 The young entrepreneur’s problem

As in Chen and Wen (2017), the young entrepreneur decides on consumption and port-
folio allocations in housing investment, bank deposits, or physical capital investment.
The rate of return to capital investment is simply pP. We assume that the balanced
growth rate, which equals the rate of return to housing investment at the steady state,
is greater than the bank deposit rate—that is, (1 + 2)(1 4+ v) > R. As a result, the
entrepreneur will always prefer investing in housing to depositing funds in the bank.
Given housing prices, P, the young entrepreneur faces a two-stage problem.

In the first stage, a young entrepreneur’s consumption-saving problem is:

max log(m; — s) + Blog R, st

where RE, = max{p”, PHL,/P/} is the rate of return for the entrepreneur’s savings
and depends on the entrepreneur’s portfolio choices. First-order conditions give the
optimal savings of the young entrepreneur as s = (IJTTEI)
In the second stage, the young entrepreneur chooses portfolio allocations, given
total savings, sZ. The fraction qth of savings is invested in capital, such that Kﬁl =
UsENE, where KE, = kE NE, is total E-firm capital. The remaining (1 — ¢;)

fraction of savings is invested in housing, such that P#HF = (1 —¢F)sPNF, where HF

is the total housing stock purchased by young entrepreneurs in period t. In addition,
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we ensure that there exists an interior solution for the portfolio choice, such that the

following no-arbitrage condition holds:

H
P _ B
H — M+l
B

where pf.; = p¥ is constant during the transition. Therefore, an old entrepreneur’s
income is simply p®sZ. The above condition states that the entrepreneur’s rate of
return to housing and rate of return to capital must be equal in a bubbly equilibrium.
That is, the young entrepreneur is indifferent between investing in the capital stock
or in the housing asset. In addition, we assume that for each period the bank simply
absorbs deposits from young workers, lends out to F-firms at interest rate R, and then

invests the rest in foreign bonds with the same rate of return R, as in Song et al.

(2011).

2.6 Law of motion

We now characterize the equilibrium dynamics during a transition in which there is
positive employment in both E- and F-firms. There are two state variables in this
model: KFP and A;. Since the E-firm is self-financed, the law of motion for E-firm

capital stock follows:
(1—Y)al+p571 "

KEH = be (5)

where pf = [(1 —7)(1 — Y)]ax = R for all periods during the transition stage. The

entrepreneur’s portfolio share in physical capital, qbf , is constant, as shown later, which

together with a constant p¥, implies that the growth rate of E-firm capital is constant

during the transition. Similarly, the law of motion for housing demand is:
PtE Y 1 KE

1-y)al+p""
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where we have used the housing market-clearing condition, HF = H. Here, we assume
that the housing supply is fixed, which reflects the fact that land available for home

construction in China is strictly controlled by the government.'?

2.7 Post-transition equilibrium and the steady state

Once the transition is completed, F-firms disappear and all workers are employed by
E-firms. Thereafter, the theory predicts standard OLG-model dynamics. Since n” =1,

E-firm profit is:
m(k’) = a(l = 7)(1 = ¥)(k7)*(An)' ™ (7)

and the rate of return to E-firm capital is simply pF = a(1—7)(1—)(kF)* (Ax) .

The steady state of the economy is reached only in the post-transition stage. Since
all per capita variables (except labor inputs and housing) grow at the rate A;, we
detrend them as #; = z;/A;. At the steady state, the law of motion for capital (5)

implies:
e s
K= [(1+6‘1)(1+z)(1+v)] (8)

Note that this equation shows the steady state capital kP* is negatively related to the
tax policy, 7.

Given that pP* = a(1 — 7)(1 — ¢)(kZ*/x)*!, we have

PN e N = [ U
¢ ¢E*

(9)

The equilibrium portfolio allocation ¢** is solved by the no-arbitrage condition.

Since the supply of housing is fixed, the growth rate of housing prices, denoted as

15 According to the National Land Use Plan 2006-2020, passed by the State Council of China in
2008, the total land available for construction in urban and rural areas is limited to 506.25 million
acres by 2010 and 558.6 million acres by 2020.
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pE,1 = PH, /P, equals the balanced growth rate, (14 2)(1 + v), in the steady state.
As a result, the no-arbitrage condition implies that the E-firm steady-state portfolio

share in physical capital is:

¢ =a(l =)L+ 67")/Y (10)

2.8 Existence of bubbles and toxic bubbles

We follow Chen and Wen (2017) and impose the parameter restrictions to ensure the
existence of housing bubbles. Let us first consider the particular situation in which
there is no equilibrium bubble—that is, all financial resources are invested in capital
and none in housing, and ¢ = 1, for all ¢. This equilibrium is called the "fundamental
equilibrium".'® Consider now the steady state case. For a housing bubble to exist in
the fundamental equilibrium (i.e., $¥* < 1), the rate of returns to E-firm capital, p*,
must be below the balanced growth rate, (1+2)(1+wv). Intuitively, when the economy is
dynamically inefficient from the perspective of the entrepreneurs, entrepreneurs would
find it optimal to divert savings into housing as an alternative store of value. This
condition requires, together with (9), the following assumption:

Assumption 2: ¢ > a(1+ 7Y /[1+a(l+57Y)]

This assumption implies that ¢** < 1, that is, a housing bubble exists in the equi-
librium.!” Alternatively, the same parameter restrictions can be achieved by setting
»"* below one, using equation (10). The assumption also places a lower bound on ),
as a larger 1) makes the bubble more likely to emerge, either by reducing the entre-

preneur’s rate of return to E-firm capital or by increasing young entrepreneur’s capital

16Note that the "fundamental equilibrium" always exists in our model and is important to be
understood to characterize under what conditions a bubbly equilibrium can emerge.

17Tt is straightforward to show the same assumption can be used to ensure the existence of bubbles
in the transition and post-transition stages, with the same reasoning. We omit this in order to save
space.
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accumulation and thus lowering the marginal product of capital.

Note also that, in this model, due to agency frictions (i.e., ¢» > 0), there exists a
wedge between the private and social rates of return of capital. Denote the social rate
of return of E-firm capital as M PK” '® we have p¥* < MPK?. This implies, in con-
trast with the traditional bubble theory, a bubbly equilibrium may exist in the model
under dynamic efficiency.'® This has dramatically different and important welfare im-
plications from those in the traditional bubble literature, as we discuss below. For
bubbles to exist when the economy is dynamically efficient, the steady state M PK*
in the fundamental equilibrium should be larger than the balanced growth rate, which
requires ¢ < a1+ ﬁfl). This restriction, however, does not need to be imposed since
Assumption 3 (shown below) is sufficient for this to hold.

Since bubbles can occur in our model with dynamic efficiency, owing to a dispar-
ity between social and private rates of return to capital, they may reduce, rather than
increase, social welfare. Thus, by crowding out private capital formation and other pro-
ductive activities, the growing bubble in our model crowds out productive investment,
creates resource misallocation, prolongs economic transition, and reduces the resources
available for aggregate consumption and social welfare. It is in this sense that housing
bubbles are toxic. The following parameter restriction is imposed to ensure bubbles

are welfare-reducing.?’

8In the steady state, MPKF = a(1 + 71 (1 4 2)(1 + v)/1¢"*, this can be solved through a
constrained optimization problem without agency frictions but with market imperfections as in the
benchmark model.

9Tn the standard models of rational bubbles, the social and private returns to capital are assumed
to be the same, and bubbles can occur only if the economy is dynamically inefficiency. As in Tirole
(1985), when the economy is dynamically efficient, bubbles cannot exist and are ruled out by wealth
constraints since growing bubbles would end up growing faster than the resources of the economy.

20Tt is clear that, according to (8), introducing housing reduces the steady state physical capital.
For housing bubbles to reduce aggregate consumption and welfare, it suffices to show under which
condition a marginal reduction in capital reduces entrepreneurial consumption. Assumption 3 is the
sufficient condition to ensure it. Once again, it is straightforward to carry over this to both the
transition and post-transition stages.
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Assumption 3: ¢ < a(1+ 7)1 — 7)Y + a(l — )]

As shown above, if Assumption 2 and 3 are both satisfied, a housing bubble is toxic
(welfare-reducing) in an environment with dynamic efficiency.?! Specifically, bubbles
reduce aggregate consumption and the welfare of both entrepreneurs and workers.??
For entrepreneurs, in addition to foregone returns to capital, entrepreneurial housing
investment reduces the lifetime income of future entrepreneurs and, thus, negatively
impacts their consumption. For workers, in the post-transition stage, workers’ lifetime
utility decreases as a result of the housing bubble. This is because workers’ wage
income starts to depend positively on E-firm capital stock, while the rate of return to
savings is still fixed. The feature that a housing bubble is toxic has important welfare

implications and warrants government intervention, as we shall explore.

3 Welfare analysis

In this section, we study the welfare implications of an explicit government tax policy.
Specifically, we first analyze the asymmetric effects of the tax policy on both entrepre-
neurs and workers. We then examine for the existence of an optimal tax rate at which
welfare is maximized. In addition and more importantly, we compare social welfare
with and without an active tax policy and explore the necessary conditions for which
welfare is improved. Let us start with entrepreneur’s welfare and worker’s welfare at
different stages.

Entrepreneur’s (worker’s) welfare, u”(u), is defined as entrepreneur’s (worker’s)
lifetime utility, i.e., u” = log c&+Blog L +1- In our OLG setup, agents are heterogenous

by nature. Social welfare (defined below), T, is the sum of entrepreneur’s and worker’s

21Tt can be readily seen that since @ < 1 and (1 —7) <1, (1 —7)[¢) + (1 — 9)] < 1, Assumption
3 would imply ¥ < a(l + 5_1), which is the restriction for bubbles to exist when the economy is
dynamically efficient.

22Detailed welfare discussions are provided in the next section.
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welfare. It is the aggregate welfare of one generation born at period ¢.2> Note that we
keep tracking the agent’s welfare over the lifespan, including their welfare when they
are old. The tractability of our model allows us to analytically analyze agent’s welfare
at different stages of the economy, i.e., the transition stage, the post-transition stage,
and the balanced growth equilibrium. Social welfare is studied, under the optimal tax
policy, at the bubbly steady state in this section.?*

Definition 1: Social welfare. Social welfare is defined as the sum of entrepre-
neur’s and worker’s lifetime utilities, which gives W; = v’ +uf = (log ¢}, +Slog ¢4 1)+
(log ¢ + flog 1)

Lemma 1 summarizes the solutions to entrepreneur’s welfare at the transition stage,
the post-transition stage, and the steady state equilibrium. As discussed later, the
welfare functions are also used to derive the optimal tax rate and explore the conditions
under which an optimal policy is welfare-enhancing. All the proofs of lemmas and
propositions are included in the Appendix.

Lemma 1 Given o, 3,x,%, 7, and kE, Ay, the entrepreneur’s lifetime utility func-
tion can be expressed as:

1. For entrepreneurs born during the transition, the lifetime utility is:

log(m; — s') + Blog p¥s¥
= (14 5)log (1~ 7)3[(1 — 65" (ORF + Blogl(1 — 7)(1 — )]5x "R

a
—log(1+ B) — Blog(1+ 57

23 Alternatively, we could define social welfare as the aggregate welfare of all generations who are
alive at period ¢t. This would include young entrepreneurs and workers born at period ¢ and old
entrepreneurs and workers born at period ¢ — 1. Adopting this specification should not affect our
analysis in any significant way. In addition, note that once the economy reaches the balanced growth
path, consumption (after being detrended), and therefore welfare, would be the same for the generation
born at t and the generation born at ¢t + 1. Thus, it suffices to consider the aggregate welfare of one
generation.

24In our quantitative exercise, we calibrate the model using Chinese data and study the implications
of the tax policy in the transition stage.

25Note that we follow the assumption that workers and entrepreneurs are equally populated in the
economy, as in Chen and Wen (2017).
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2. For entrepreneurs born in the post-transition stage, but before reaching the steady

state, the lifetime utility is:

log(m,; — 35) + Blog Pﬂlsf
— (a+a?3)logkf — (1 —a)Blog 6F + (1—a)(1+ B+ aB) log Aix
YA —1) a(l —71)* (1 =)y (1 +2)'

Tloe L+ Do(l + o)t

+ Blog

3. For entrepreneurs born after reaching the steady state, the lifetime utility is

(after being detrended):

log(m* — %) + Blog pP* 55~

_ (1_¢)(1+5_1> Z/}(l—T)Xl_a ﬁ
= (14 05)loga " (1+Z>(1+U)[(1+B_1)(1+z)(1+v)]
—f-[ﬁ—ﬁ]logqﬁ +10g((1+5)a(1_¢))+610g(1+v)

Note that the rate of return to capital is constant during the transition period,
whereas it starts to depend negatively on capital stock when the economy enters the
post-transition period. In particular, p¥ is decreasing during the post-transition stage
as capital accumulates; it is falling until the economy enters the steady state equilib-
rium.

Lemma 2 summarizes the solutions to worker’s welfare at the transition stage, the
post-transition stage, and the steady state equilibrium.

Lemma 2 Given «, 3,x, 4,7, and kE, Ay, the worker’s lifetime utility function can

be expressed as:
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1. For workers born during the transition, the lifetime utility is:

log(w; — s + 1) + flog Rs}’

= (14 B)logl(1 — @) A() ™ +7(1 = 7)(1 — )] (CRE]

+ log + Blog

1 R
1+ 1+p57"
2. For workers born in the post-transition stage, but before reaching the steady state,

the lifetime utility is:

log(wy — s’ + 1) + Blog Rs}
= (14 8)log[(1 = 7)(1 = a)(1 = ¥) + Tx]Au(k)* ()~

+ Blog

+1lo
& 1+t

1
1+
3. For workers born after reaching the steady state, the lifetime utility is (after

being detrended):

log(w* — %% + T*) + (log R§"*
Ex . 11—«
= (14 B)logl(1 - )1 — a)(1— ) + m[Pe LT

T A it X

+ log

1 -
JrﬂogHﬁ,1

1

1+

Note that the wage rate is constant during the transition when both E-firms and
F-firms coexist. Unlike the rate of return to capital, the wage rate starts to depend
positively on capital stock in the post-transition period. That is, it increases as E-firm’s
capital accumulates. Next, it is interesting to explore how such a tax policy affects the
growth rate of housing prices at different stages of the economy.

Lemma 3 During both the transition and post-transition stages, the tax policy

reduces housing bubbles.

In this model, the housing bubble arises because high capital returns driven by
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resource reallocation are not sustainable in the long run. Rational expectations of a
strong future demand for alternative stores of value can thus induce currently pro-
ductive agents to speculate in the housing market. During both the transition and
post-transition stages, the growth rate of housing prices equals the rate of return of
capital by no-arbitrage condition, i.e. Pt?}irl = pfi,. Specifically, during the transition
stage, p¥ is constant, pf = [(1—7)(1 —@Z))]%XFTQR; during the post-transition stage, p”
is a function of two state variables, k and Ay, pf = a(1 — 7)(1 — ) (kF)* " (Ap) .
In either case, the housing growth rate is decreasing with a positive tax rate 7. We now
explore the welfare implications of such a tax policy.

Proposition 1 Given two state variables kE and A, during the transition and post-
transition stages, entrepreneur’s welfare is monotonically decreasing with the tax policy;
however, worker’s welfare is non-monotonically increasing with the tax policy. Specif-
ically, in the transition stage, the welfare-maximizing optimal tax rate 7* = «; in the

post-transition stage, the welfare-maximizing optimal tax rate 7™ = X(’f(_lojflf)(_l(_ﬁi;l%a@sa@ ok

where T > 1 denotes the number of time periods since the economy enters the post-
transition stage.

From Lemma 1, the entrepreneur’s welfare is monotonically decreasing with a pos-
itive tax rate as the government directly tax both young and old entrepreneurs. For
workers, although the welfare improvement with an active policy is positive, there ex-
ists a non-monotonic relationship between welfare and the tax rate. This is due to a
trade-off effect of the tax policy. On the one hand, a positive tax rate increases work-
ers’ welfare as they receive real resources transferred for consumption every period. On
the other hand, however, such a tax policy also implies a fall in capital accumulation,
thus a decrease of productive resources. In the post-transition stage and steady state
equilibrium, worker’s wage rate is no longer constant and depends positively on the

capital stock whereas their saving benefit is still fixed. Over time, the higher the tax
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rate, the lower real resources they can receive. Such a conflicting effect suggests that
there may exist an optimal tax policy. We now turn to study the optimal policy which
maximizes social welfare in the bubbly steady state.

Definition 2: Optimal tax policy. Our optimal tax policy is defined as a se-
quence of taxes {7;} set by the government at time ¢ = 0, which maximizes social
welfare in the long-run balanced growth equilibrium. We assume the tax rate is con-
stant over time, i.e., 7, = T.

That is, the objective of the planner is to find {7;} that produces a competitive
equilibrium with taxes with highest utility for agents (entrepreneurs and workers) in
the long-run equilibrium, subject to the fact that agents behave competitively for those
taxes.?% Thus, by definition, our optimal tax policy is Ramsey-optimal.?” As is shown
next, the tractability of the model allows us to find a closed-form solution to this
problem.

Proposition 2 In the bubbly steady state, the worker’s lifetime utility is non-
monotonically increasing with the tax policy. In particular, there exists an optimal

x _ x(1—a)—(1-o)(1—%)
tax rate T = (=) (-9)

, at which worker’s welfare is maximized. If we define

social welfare as the sum of entrepreneur’s and worker’s lifetime utilities, then there

sx(1—a)-(1-a)(1-%)
x—(1=a)(1-¢)

exrists an optimal tax rate T = , at which welfare is maximized.
Let us focus on the welfare effects of an active tax policy in the bubbly steady state.
Proposition 2 states that there exists an optimal tax rate for workers, because of the

trade-off effect that we highlight above. In addition and more importantly, there exists

20This exercise is similar to the classic Barro (1990) in which he studies growth-maximizing and
welfare-maximizing government tax policies. More recently, in a same spirit to ours, Ikeda and Phan
(2016) study optimal taxation on bubble speculation where the government uses tax policy as a
macroprudential tool to maximize expected utility in the stochastic bubble steady state.

2TNote that, technically, several features of our model make the Ramsey problem easy to solve. First,
agents have perfect foresight. Second, our social welfare function is simplified as we are concerned
with one generation only. Third, in the detrended steady state, there is only one state variable lAfE*,
all the other variables can be worked out analytically and expressed as functions of the policy 7 and
exogenous parameters.
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an optimum at which social welfare (the sum of entrepreneur’s and worker’s lifetime
utilities) is maximized. This is still mainly because of the conflicting effect of tax policy
on worker’s welfare. However, the welfare losses of entrepreneurs have to be taken into
consideration when it comes to the optimal tax rate for social welfare. Thus, one would
expect a lower optimal tax, as discussed in Corollary 1.

Corollary 1 The size of the optimal tax rate for social welfare is smaller than that
for worker’s welfare: ™ < 7*.

If we compare the two optimal tax rates, we find that the size of the optimal tax
for social welfare is smaller than that for worker’s welfare. This is because taking into
account, of the welfare losses of entrepreneurs makes one to compensate for them, thus
requiring a lower value for the tax rate. This, however, does not affect the existence of
an optimal tax rate.

Assumption 4 y > 2(1 — v).

From Proposition 2, the optimal tax rate of social welfare is given by 7** =

3x(1—a)—(1—a)(1-v

A0 ) As the tax rate is positive, we have y > 2(1 — ). Next, it would be

interesting to explore whether and under what conditions that the optimal tax policy
is welfare enhancing.

Proposition 3 In the bubbly steady state, setting the tax rate at the optimal level

e _ 3X(1-0)-(1-0)(1-¥) =
v Gy Gty a9/ T

-1 —« _1
whereas such a tax policy strictly reduces entrepreneur’s welfare by (145) log(%) s 28

xX—3x(1—a) X

strictly improves worker’s welfare by (14-3) log(x

With agents having perfect foresight, if they anticipate that in each period the gov-
ernment implements the tax policy of combining an entrepreneurial tax and a lump-sum
transfer to workers, they can evaluate the welfare effect of such a policy. Proposition

3 essentially states that, if the tax policy is implemented at its optimum, the worker’s

x—ix(1-a)
—(1-a)(1-v)

o 1
welfare is strictly improved by (1 + 3) log(x )T-a (123;), whereas the entrepre-

28Here we focus on the equilibrium with and without the optimal tax policy.
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x—3x(1—a)
x—(1—a)(1-9)

anticipate the effects of the tax policy, they would always prefer the tax rate to be set

neur’s welfare is strictly reduced by (1 + () log( )ﬁ As such, if workers

at the optimum.

Proposition 4 Compare to the equilibrium without the tax policy, setting the tax

Ix(1-0)—(1-0)(1-¥)
= (=) (1—¥)

x—3x(1—a) \lte 1y

improves social welfare, if (Xf(lfa)(kw))l*a g >

rate at the optimum 7 =

1. Compare to the equilibrium even without housing bubbles, setting the tax rate at the

x—3x(l-a) (e gy gy 2e O
“Taae) ag (0T > L

optimal level improves social welfare, if (X

Proposition 4 states the condition under which an optimal tax policy is welfare-
enhancing, compare to the equilibrium without an active policy. The economic intuition
is as follows. As mentioned above, housing bubbles are toxic (i.e. welfare-reducing) in
this model as they reduce aggregate consumption and the welfare of both entrepreneurs
and workers. For entrepreneurs, the tax policy is strictly welfare reducing. For workers,
however, such a tax policy could compensate to some extent the welfare losses from a
declining wage rate. In other words, an active tax policy makes the housing bubble less
toxic to workers. If the benefits of workers dominate the costs of entrepreneurs, such a
tax policy would improve social welfare. In addition, if the benefits from workers are
large enough, it is possible that the optimal tax policy yields a higher level of social
welfare than the case even without housing bubbles.

Numerical illustration. For illustrative purposes, we perform a numerical analysis
based on realistic parameter values.?? This aims to give us a sense of how the model
predictions are and how the qualitative results of the tax policy are sensitive to different
parameter values. A more concrete calibration for the Chinese economy and thus

quantitative analysis are provided in the next section.?

20Our parameter values follow those of Song et al. (2014), who calibrate a similar two-period
OLG model for China, with each period corresponding to 30 calendar years. We set @« = 0.5, R =
(1.0175)3%, 8 = (0.98)30, 1) = 0.625, x = 8.24, 2z = (1.038)3° — 1,v = (1.03)3° — 1.

30For quantitative arguments, it is necessary to extend our benchmark model to a multi-period
OLG setting.
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Figure 1 shows the relationship between social welfare at the bubbly steady state
and the tax rate.! It is clear that there is an inverted U-shaped curve where an optimal
tax policy exists, thanks to the non-monotonic relation between worker’s welfare and
the policy rate. Following Proposition 2, we can calculate the optimal tax rate 7 =
23.25%, at which social welfare is maximized. That is, the optimal tax policy requires
the setting of a 23% tax on entrepreneurs with a one-time redistribution to workers.
This policy would reduce entrepreneur’s welfare while strictly improve worker’s welfare,
according to Proposition 3.

x—3x(1—a) ) o gy
x—(1—a)(1-) (1-v)

is welfare-improving. Given our parameter values, our calculation indicates that,

Proposition 4 suggests that if ( > 1, setting an optimal tax

( X—%X(l_a) ) ii_fz
x—(1—a)(1-) ¢

ative term, 19.6%).3? Specifically, in accordance to Proposition 3, having normalized

1
E_fb) = 4.9664, and social welfare is improved by 1.0757 (or in rel-

the initial welfare value to be the same for the two groups, we find a large increase
in the level of welfare for workers (by 1.431, or in relative term, 36.6%), whereas the
drop in entrepreneur’s welfare is relatively moderate (by 0.3553, or in relative term,
22.3%). In addition, we try to evaluate the welfare gains (or losses) with the optimal

tax rate, compared to the case even without housing bubbles. Based on Proposition

2a

“ly(l—a) \lta 1 20 _ B . .
4, if (Xf(i)ff)l(l_zp))ﬁ“ (12’_2) (pF*)i-a > 1, the optimal tax policy would be welfare-

_1 —a 14+a 1 o\ 2o B . .
enhancing. We show that, (Xfu?_);()l(l_zp))ifa (12_2) (ng )127(1 5 — 3.80 in this case, and

social welfare is improved by 0.896 (or in relative term, 16.8%). In sum, our simple nu-

merical experiments indicate that, using realistic parameter values specific to Chinese
economy, a government tax policy can yield a higher level of social welfare, compared
to the case without active policies or even without housing bubbles. The relative gains

are from workers (albeit small losses for entrepreneurs) for whom such an active tax

31 For illustrative purposes, we set 7 € [0,0.5], for otherwise the tax burden would be too high.
32The relative welfare improvement might seem large as we are only doing the steady state analysis
of a two-period OLG model.
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policy would compensate the welfare losses from toxic housing bubbles and a declining
wage income.

Sensitivity analysis. We perform sensitivity analysis with regard to some key pa-
rameters. We are interested in evaluating two parameters, ¥ and y, as they are not
explored in the literature despite having important policy implications on social welfare.
1 reflects the managerial cost involved in managing private firms, while xy measures
the productivity difference between E-firms and F-firms. Note that in our model,
and y are simultaneously solved for the capital-output ratio of the two types of firms
and the rate of return of capital p. That is, (i) denote kr, kg as capital to output
ratio for F-firms and E-firms, given «, rp/kp = [(1 — ¥)x] ="; (i) given o and R,
pP =(1- zb)i XITTLY R. In general, F-firms (as state-owned enterprises) have a higher
capital-to-output ratio, which means rp/kp > 1, and p¥ is also greater than one. In
this section, we first set y at its benchmark value and perform sensitivity analysis with
respect to ¢. Then, we set 1 at its benchmark value and perform sensitivity analysis
with respect to x. Results are shown in Table 1 and Table 2, respectively.

In Table 1, we vary the value of v from 0.15 to 0.65,% while keeping y constant at
its benchmark, and we report also the optimal tax rate and welfare gains, compare to
the case without such a tax policy. Our results show that as 1 increases, the optimal
tax rate decreases and so do the welfare gains.®® The optimal tax rate however does
not change much, ranging from about 21% to 23%. More importantly, we find that
there are always welfare gains with an active tax policy. In other words, the lower the
managerial cost involved, the more room the economy gains in terms of social welfare.

Similar results hold when we vary the value of x from 7 to 12, as shown in Table

33 A value higher than 0.65 would yield a capital return rate p? that is smaller than 1, which means
the economy is not having a bubble. These scenarios are therefore not examined.

341t is immediately clear that both kr/kg and pP are negatively related to ¢ and positively related
to x.

35 A value smaller than 7 would yield a capital return rate p” small than 1.
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2. Both the optimal tax rate and welfare are increased with a higher x, and the welfare
gains are always positive in the range. In essence, it means the larger the initial
productivity difference between the two types of firms, the higher the optimal tax rate,
though this has no effect on the welfare-enhancing property of the one-off tax policy.
The above experiments imply that, under the tax policy, the benefits for workers are
generally large enough to compensate the losses of entrepreneurs, which in turn yields
a higher level of social welfare.

Indeed, we also explore a case where workers are allowed to speculate in the housing
market. This involves assuming the workers to put a fixed fraction of their savings, o, in
the housing market and receive the same housing returns as those of the entrepreneurs,
pE. In this instance, in the second period, on top of the interest return, R, workers
receive also the housing returns, and therefore have second-period consumption as
& = sP[(1— 0)R+ opf].% While it turns out that this specific case does not allow
for the analytical derivation of a closed-form optimal tax rate as in Proposition 1, we
verified that Propositions 2-4 remain largely true, such that, setting the tax rate at the
optimal level 7%* strictly improves social welfare in the bubbly steady state, despite

the negative effect on housing speculations.?”

4 Quantitative analysis

To closely match the theory with China’s experience over the past two decades, a two-
period OLG model, in which one period corresponds to 30 years, is inadequate. Thus,
we extend our benchmark two-period model to a multi-period model. In the model,
agents live for J periods, are born with zero wealth, and cannot die with negative

wealth. Worker supply one unit of labor each period. They retire after J# years of

36In fact, given that p” > R, workers will always invest in housing up to ¢ share of their savings.
3TDerivations of this experiment are available upon request.
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work. Young entrepreneurs work for old entrepreneurs in the first JZ periods of life. In
the economy, we assume the capital depreciation rate § < 1. In this section, we consider
only the transition stage of the economy when both E-firms and F-firms coexist.*® The
aim of this section is to explore the quantitative effects of active tax policies on the

real economy.

4.1 The multi-period model

For a worker of age 7 in period ¢, the problem for the remainder of her life is:

J

J—1 w

max » [(/7"logcy,
Jj=t

subject to

w w w . R
Cj,t + Sj,t - wt “l— st—l,t—l + 7—;5,] < J
ct, +s¥Y, = RsY > JB
g TS5 = S0 Z

w o __ w J—
sy =0, S0,t—1 = 0

where t = q + j — ¢ is the calendar time for the age i agent to become age j.

The F-firm’s problem is similar to that in our benchmark model:

max (k) (AmI) —wn! — REF + (1 - 0)kF

F F
k" ng

To facilitate calibrations, we follow Chen and Wen (2017) and assume that lending to

38The long-run equilibrium has been thoroughly examined in the previous section.
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an F-firm is subject to a constant iceberg cost, &, which represents the intermediation
cost.? In equilibrium, the lending rate for F-firms is R' = R/(1 — £).

An age j old entrepreneur in time t solves the following problem:

mgx(l -7)(1 - w)(kfﬁa(Atant)lia - wtnft + (1= 5)kft

i
where k;ft and nft denote the capital and labor deployed by an age j entrepreneur at
period t.

An entrepreneur of age 7 in period ¢ has the following consumption-saving problem:

J
j—i E
maxg B log ¢y

j=i
subject to

E E _ E : E
Cjpt S =Mt + st—l,tqaj <J" -1

E E _ E_E . E
Ciyt S =P Sil1-1,0 2 J¥ =1

s> 0,j>J"—1

E _ E  _
Syt = 0, S0,t—1 = 0

Here, for simplicity, we assume that an age j (j < J¥ — 1) young entrepreneur can

E

only make deposits in the bank with a fixed return, R. In addition, given savings, s,

the age j young entrepreneur at period ¢ makes the portfolio choice, gbft.

39 Alternatively, & can be interpreted as a measure of financial development, see Song et al. (2011)
for a discussion.
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Finally, aggregate capital and housing stock in equilibrium follow the equations:

t+1 ¢t E jtsjt

j=JE—-1

PtHH 1_¢t Z jtsjt

j=JF -1
where N ﬁ represents the number of age j entrepreneurs at period ¢, and we have used

the housing market-clearing condition, HF = H.

4.2 Calibration

The calibration of our multi-period model largely follows those of Chen and Wen (2017).
We focus on the transition stage of the Chinese economy during 1998-2012, a period
with high housing price and output growth, reallocation within the manufacturing
sector, and sustained returns on capital.?’ Each period in our model corresponds to
one calendar year. Agents enter the economy at age 28 and live until 78 (J = 50). The
average retirement age in China is 58, so workers retire after J® = 50 years of work.
Young entrepreneurs work as managers for J/2 (J¥ = 25) periods and as entrepreneurs
for the remaining periods.

In terms of technology parameters, the capital income share is set o = 0.5, consis-
tent with Bai et al. (2006). The capital depreciation rate is set to § = 0.1, which is
the average depreciation rate between 1998 and 2012 (see Chen and Wen 2017). We
assume an annualized world interest rate of 1.75 percent, following Song et al. (2011),
that is, R = 1.0175. The land supply is normalized to unity, # = 1. On the demand
side, [ is calibrated to 0.994 so as to generate a 40 percent household savings rate (in

the absence of activist policies), which meets the average urban household savings rate

4ONote that China began to privatize its SOE in 1998.
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in 1998-2012 (Chen and Wen 2017). In addition, 1) and y are calibrated to match
two empirical moments: (i) the capital-output ratio of Chinese F-firms is around 2.65
times larger than that of E-firms (average 1998-2005) (Song et al. 2011); (ii) the rate
of return to capital is around 20 percent (Chen and Wen 2017). This yields ¢ = 0.53
and x = 5.64. The iceberg cost ¢ is set to 0.00693 to target the 0.093 marginal product
of capital for SOE. Finally, as in Chen and Wen (2017), the rate of labor-augmented
technological growth is set to 3.8 percent, that is, z = 0.038, to meet the average
10 percent growth rate of GDP during 1998-2012. The population growth rate is set
to three percent, consistent with the average urban population growth rate in China

during the same period, implying that v = 0.03.

4.3 Results

Figure 2 shows the transitional dynamics of the calibrated multi-period economy when
the tax policy is inactive. The calibrated model generates a high growth rate of housing
prices, with an average growth rate of 19 percent between 2004 and 2011, consistent
with the observed housing price patterns (see, e.g., Wu et al. 2012; 2014)."! Private
employment share, by construction, increases during the transition. It features a re-
allocation from less efficient F firms to more efficient E firms (panel B). By 2010, the
private employment share increases to around 63 percent, in line with statistics from
the China Statistical Yearbook (see Chen and Wen 2017). Panel C of Figure 2 shows
the aggregate rate of return to capital is persistently high between 1998 and 2012.
Given that the rate of return to capital is constant over time for both types of firms,
and higher in private firms, the average return on capital increases steadily. Panel D of

Figure 2 shows that the aggregate output growth in our calibrated economy satisfac-

“1'We chose the year 2004 as the starting point for housing prices because reliable housing price data
are typically not available before 2004 (see, e.g., Wu et al. 2014; Fang et al. 2015).
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torily replicates China’s GDP growth, with a 10 percent average growth rate between
1998 and 2012.

We now explore the quantitative effects of an active tax policy on the real economy
by setting 7 = 0.2.*2 Figure 3 plots the transition path for both the "active tax" and
original economies. Panel A shows that with an active tax policy, the growth rate of
housing prices is reduced. For example, the average growth rate between 2004 and 2011
is 11 percent, which is 8 percent lower than in the benchmark model. Panel B shows
that the private employment share rises to around 75 percent by 2011, which is 8 percent
larger than in the original economy. This in turn implies that the tax policy speeds
up the economic transition by making housing bubbles less toxic. With growing labor
reallocation from F-firms (unproductive firms) to E-firms (productive firms), resource
misallocation is mitigated and higher output growth prevails (panel C). Panel C shows
that aggregate output grows faster under an active tax policy, with a 10.5 percent
average growth rate during 1998-2012. Panel D shows that aggregate consumption
is higher with the tax policy. Between 1998 and 2012, aggregate consumption is 4.86
percent lower in the benchmark economy.*> In summary, our quantitative exercise
shows that an active tax policy can mitigate the negative effects of toxic housing
bubbles, accelerate economic transition, increase output growth, and generate higher

aggregate consumption.

42Note that a closed-form solution of the welfare maximization problem cannot be obtained for our
multi-period model. We have chosen 7 = 0.2 for illustration, which is close to the optimal tax rate in
the previous section.

43Note that since the tax revenue is transferred in a lump-sum fashion to young workers for con-
sumption, worker’s consumption unambiguously increases whereas entrepreneur’s consumption falls
under an active policy. In our quantitative experiment, the gains for workers outweigh the losses for
entrepreneurs, therefore aggregate consumption increases.
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5 Concluding remarks

Housing prices have soared in Chinese cities over the last decades, which raises growing
concerns across the world regarding the housing bubbles. Based on a growth model
with economic transition and toxic housing bubbles applied to China, this paper designs
and studies the welfare implications of an active government tax policy designed to
curb housing bubbles. Such a policy combines taxing entrepreneurs with a one-time
redistribution to workers in the same period. The aim of the study is to explore whether
and how this tax policy can reduce the negative effects of a bubble and improve social
welfare.

Under the tax policy, we find that the welfare improvement for workers is non-
monotonic. In particular, there exists an optimal tax rate at which worker’s welfare is
maximized. Defining social welfare as the sum of entrepreneur’s and worker’s lifetime
utilities, we also find a closed-form tax at which social welfare is maximized. Moreover,
we consider the welfare effects of setting the tax at its optimum. We show that the tax
policy can be welfare-enhancing, compared to the case without active policies. The
optimal tax may also yield a higher level of welfare than the case even without housing
bubbles. In addition, our simple numerical exercise shows that the optimal tax rate is
about 23 percent, and social welfare is significantly improved with such a tax policy.
Finally, we calibrate the model to China and explore the quantitative effects of active
tax policies on the real economy. Our results show that a 20 percent tax rate can
speed up economic transition and increase output growth. Between 1998 and 2012,
aggregate consumption is 4.86 percent higher under active tax policies. To the best of
our knowledge, our paper is the first to investigate the impact of government policies
on reducing the negative effects of housing bubbles and improving social welfare in a

model environment with Chinese characteristics.
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It is also worth highlighting some directions in which our analysis can be extended.
For tractability, the model has focused only on the demand side of housing market, and
in particular, speculative motives. It however ignores the power of supply factors over
housing prices. Physical construction costs and the price of land may have significant
influence on shaping housing prices (Glaeser 2013). According to Glaeser et al. (2017),
supply remains elastic in many Chinese cities, especially outside the first tier cities.
Thus, a complete account for both demand and supply factors may improve our un-
derstandings of the great real estate boom in China. In addition, our paper considers
only a simple tax policy. For future research, however, it would be interesting to ana-
lyze other types of government policies which are actively used in numerous countries,
such as regulation on speculation (Hirano and Yanagawa 2017), loan-to-value (LTV)
policy (Miao et al. 2015), home-purchase restriction (Du and Zhang 2015), leverage
and collateral restriction (Zhao 2015; Ikeda and Phan 2016), and capital-subsidization

policy (Dong et al. 2019a). These are all important issues for our future research.
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Table 1
Sensitivity analysis with respect to ¥

KFr/KE pE optimal tax rate welfare gains
(0]
0.150 7.0040 6.0576 0.2092 0.5868
0.250 6.1800 4.7161 0.2142 0.6579
0.350 5.3560  3.5423 0.2192 0.7412
0.450 4.5320 2.5362 0.2241 0.8407
0.550 3.7080 1.6978 0.2289 0.9627
0.625 (the benchmark)  3.0900 1.1790 0.2325 1.0757
0.650 2.8840 1.0271 0.2337 1.1189
Source: authors’ calculations
Table 2
Sensitivity analysis with respect to x
Kr/KE pF optimal tax rate welfare gains

X

7.00 2.6250 1.0016 0.2294 0.9746
8.00 3.0000 1.1447 0.2320 1.0573
8.24 (the benchmark) 3.0900 1.1790 0.2325 1.0757
9.00 3.3750  1.2878 0.2340 1.1310
10.00 3.7500 1.4309 0.2357 1.1974
11.00 4.1250 1.5739 0.2370 1.2579
12.00 4.5000 1.7170 0.2381 1.3134

Source: authors’ calculations
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1 Appendix: Proofs of Lemmas and Proposi-
tions

Proof of Lemma 1
For entrepreneurs born during the transition, the lifetime utility function is:
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For entrepreneurs born in the post-transition stage, but before reaching the
steady state, the lifetime utility function is:
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For entrepreneurs born after reaching the steady state, the lifetime utility
function is (after being detrended):
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Proof of Lemma 2
For workers born during the transition, the lifetime utility function is:
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For workers born in the post-transition stage, but before reaching the steady
state, the lifetime utility function is:
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For workers born after reaching the steady state, the lifetime utility function
is (after being detrended):
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Proof of Lemma 3

The housing bubble arises because high capital returns driven by resource
reallocation are not sustainable in the long run. Rational expectations of a
strong future demand for alternative stores of value can thus induce currently
productive agents to speculate in the housing market. During both the tran-
sition and post-transition stages, the growth rate of hogsing prices equals the
P
o
during the transition stage, p¥ is constant, p? = [(1—7)(1—1)] &y = R; during
the post-transition stage, pF is a function of two state variables, kF and A;,
pF = a(l—7)(1 =) (kE)*1(Ayx)' . In either case, the housing growth rate
is decreasing with a positive tax rate 7.

Proof of Proposition 1

rate of return of capital by no-arbitrage condition, i.e. ptEH. Specifically,



From Lemma 1, it is obvious that during both the transition and post-
transition stages, entrepreneur’s welfare is monotonically decreasing with 7.
From Lemma 2, for workers born during the transition, the lifetime utility func-
tion is:
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By taking the first-order condition with respect to 7, we find that the optimal
tax rate is:

=«

For workers born in the post-transition stage, but before reaching the steady
state, the lifetime utility function is:
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Given the capital stock k’ and technology level Ay when the economy ini-
tially enters the post-transition stage, the worker’s utility function can be rewrit-

ten as:
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where C is a function of parameters. By taking the first-order condition with
respect to 7, we find that the optimal tax rate is:
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Proof of Proposition 2

From Lemma 2, for workers born after reaching the steady state, the lifetime
utility function is (after being detrended):
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Proof of Corollary 1
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Proof of Proposition 3

As 7** > 0, it is obvious that the tax policy improves worker’s welfare while
it reduces entrepreneur’s welfare. Following the proof of Proposition 2, worker’s
welfare with an optimal tax rate 7** is:
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Similarly, entrepreneur’s welfare with an optimal tax rate 7** is:
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Proof of Proposition 4
Following the proof of Proposition 2, the social welfare with an optimal tax
rate 7** is:
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