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1 Introduction

China implemented a series of market-oriented housing reforms in the 1990s. Since then, the Chinese
real estate market has experienced a dramatic and long-lasting boom. This boom has an important
impact on the Chinese macroeconomy. Based on annual data during the period 2003-2013, we find

the following stylized facts as detailed in Section 2:

e The growth rates of GDP were high on average (10 percent) and declined over time.

e The growth rates of housing prices were high on average (10 percent) and the growth rates

of rents were low on average (0.5 percent).

e The residential investment to GDP ratios were high on average (8.6 percent) and increased

over time.2

e The government land-sale revenue to GDP ratios increased over time.

e The infrastructure investment to GDP ratios increased over time.?

e The returns to capital were high on average (10 percent) and declined over time.

In this paper we propose a two-sector overlapping-generations (OLG) model to explain these
facts. The model features a housing sector that produces houses using land, capital, and labor as
inputs, and a nonhousing sector that produces a final nonhousing good using capital and labor as
inputs. There are two key ingredients in our model. First, rational expectations of lower returns
to capital in the long run can induce current generations of entrepreneurs to seek alternative stores
of value for their rapidly growing wealth. In a financially underdeveloped economy with a shortage
of financial assets, housing becomes a natural investment option for current entrepreneurs, who
rationally anticipate a strong demand for such assets by future generations. Speculation and low
growth rates of housing rents together sustain a self-fulfilling growing housing bubble.

Second, we incorporate China’s institutional feature of land policies. In China land is owned by
the state and local governments collect land-transferring fees through land sales. High land prices
associated with high housing prices generate a large revenue for local governments, and Chinese law
requires that a certain fraction of the land-sale revenue be used toward infrastructure investment.*

Thus a housing bubble can lead to increased infrastructure investment, which in turn facilitates

2In contrast, the U.S. average ratio was 4.2 percent and the highest was 6.7 percent according to the U.S. quarterly
data over 2003Q1-2013Q4.

3Based on the IMF Investment and Capital Stock data set, China had the highest ratio of the infrastructure stock
to the capital stock among the 15 largest economies in 2015.

“See the Measures for the Management of Income and Expenditure from the Assignment of the Right to Use
State-Owned Land (2006), issued by the Chinese State Council.



production and raises nonhousing firms’ productivity. This crowding-in effect of a housing bubble
can raise GDP and economic growth.

On the other hand, a housing bubble can harm economic growth, because of the resource
reallocation effect and the traditional crowding-out effect on capital accumulation (Tirole 1985). In
particular, purchases of the housing asset crowd out entrepreneurs’ resources for capital investment.
This crowding-out effect lowers GDP growth. Moreover, in our two-sector model, capital and
labor flow into the housing sector from the nonhousing sector in the wake of rising housing prices.
This resource reallocation effect lowers nonhousing sector output and raises residential investment.
When the housing sector accounts for a small share of the economy, a housing bubble causes GDP
to decline in the long run.

We empirically test the above crowding-in and -out effects in Section 2.2. To address the
endogeneity issue in regressions, we adopt the instrument in Guren et al. (2021). We find that higher
growth of housing prices increases infrastructure investment, but decreases capital investment in
the nonhousing sector, and increases labor in the housing sector.

Theoretically, we build a simplified model in Section 3 to illustrate our story, and then calibrate
an extended model to confront the Chinese data during the period 2003-2013.> We find that our
quantitative model can explain the stylized facts described earlier. We also conduct a growth
accounting exercise to understand how housing bubbles affect economic growth. We find that the
decline of GDP growth over 2003-2013 is due to the decline of nonhousing sector growth, which
is driven mainly by the decline of capital growth, as capital flows from the nonhousing sector into
the bubbly housing sector. Importantly, we also find that the deregulation on local government
debt in 2009 plays a minor role in explaining the surge of the ratio of infrastructure to GDP during
2009-2013.

A standard model without housing bubbles has difficulty explaining the above stylized facts.
Such a model implies that the housing price and rents grow at the same rate in the long run, so
the model cannot generate a long-lasting boom of housing prices given the very low rent growth in
China. As a result, the standard model also has difficulty explaining the rapid growth of land-sale
revenue, residential investment, and infrastructure investment.

We next consider two counterfactual experiments. There have been substantial concerns in
China’s academic and policy circles that rising housing prices might have developed into a gigantic
housing bubble, which might eventually burst and damage China’s economy. To control housing
prices, the Chinese government has considered a property tax for more than a decade, but has not
implemented it so far. We use our calibrated model to answer two counterfactual questions: (1)

what would the consequence of a housing bubble crash be? and (2) how would adopting a property

5We focus on the period 2003-2013 because land-sale was institutionalized by the Chinese government in 2003,
and the data set on which our calibration is based (i.e., the proprietary housing-price data provided by Fang et al.
(2015)) ended in 2013.



tax affect the economy?

For the first question, we suppose that the housing bubble collapses in 2025, and then simulate
the equilibrium dynamics afterwards. Unsurprisingly, the market prices of all existing houses would
take a big hit. Since newly built houses enter GDP, China’s GDP growth rate would decrease from
5.3 percent to 3 percent in 2025. After a few years, GDP would gradually recover and rise above
the level in the case with no bubble collapse. The reason is that collapsed housing prices reduce
the government’s land-sale revenue, and consequently fewer resources are invested in infrastructure
and housing assets. With more capital invested in the nonhousing sector and with labor flowing
back into the nonhousing sector, increased output from this sector would make up for the lost value
of new houses.

To answer the second question, we suppose that the Chinese government imposes a permanent
1.5 percent property tax on all homes starting in 2025 and uses the property tax revenue to finance
infrastructure investment.® This policy would immediately reduce the bubble size in 2025 because
the after-tax return of owning a home would be lower. GDP also would decline in 2025. However,
after 30 years, GDP would be 18.5 percent higher due to higher accumulation of capital because
entrepreneurs would have invested more in capital and capital also would have flowed from the

housing sector into the nonhousing sector.

Related literature. Our paper is related to three strands of the literature and contributes to the
literature by providing the first quantitative study of the impact of Chinese housing bubbles on
infrastructure investment and economic growth.

The first strand is the recent literature on housing bubbles, e.g., Arce and Lépez-Salido (2011),
Zhao (2015), Chen and Wen (2017), and Dong et al. (2019).”7 Arce and Lépez-Salido (2011)
and Zhao (2015) consider endowment economies in the OLG framework, while Dong et al. (2019)
introduce production in an infinite-horizon growth model. Both Chen and Wen (2017) and our
paper adopt the OLG rational-bubble model in Tirole (1985) to study the Chinese housing market.
To form growing housing bubbles, both papers rely on the crucial feature that the capital return
is low in the long run, even if it is high during the initial stage of transitional dynamics. There are

three main differences between Chen and Wen (2017) and our paper:

e Chen and Wen (2017) only focus on the crowding-out effect of the housing bubble on capital

5The average property tax rate in the U.S. across all states is around 1.4 percent.

"There is also a literature that studies housing prices without bubbles using DSGE models. This “fundamental
perspective” of housing prices argues that house price fluctuations are driven mostly by housing demand shocks.
Important papers include Davis and Heathcote (2005), Davis and Heathcote (2007), Iacoviello (2005), Iacoviello and
Neri (2010), Liu et al. (2013), and Miao et al. (2020) among others. Liu et al. (2021) provide a microeconomic
foundation for housing demand shocks in a framework with heterogeneous beliefs. Kaplan et al. (2020) emphasize
the shift in beliefs about future housing demand as a main driver of the U.S. housing price fluctuations around the
Great Recession. Han et al. (2018) study housing prices in Beijing through fundamental economic variables such as
income growth and demographics in an OLG model. They find that the fundamental housing value in their model is
substantially lower than the data.



investment as in Tirole (1985).8 They do not study the Chinese institutional feature that the
government uses land sales to finance infrastructure investment and the associated crowding-
in effect. We introduce housing production and land as input into the model in order to build
the linkage between housing investment and the infrastructure investment, an issue silent
in Chen and Wen (2017) but the key of our paper. Our key insight is that an increase in
housing price, by increasing the demand for land and thus the land sales revenue, crowds in
infrastructure investment. Thus our model predicts a negative correlation between private
investment and infrastructure investment (or local government debt). Huang et al. (2018)

confirm this prediction using firm-level and industry-level data.

e Chen and Wen (2017) do not distinguish between land and housing and assume that they
are a pure bubble asset without fundamentals. They also assume that the housing bubble
never bursts. In our model, houses pay rents and thus have a positive fundamental value.
Moreover, agents have rational beliefs that a housing bubble can burst randomly. After the
housing bubble bursts, houses are still valuable instead of valueless. Our model helps us

understand better how bubble burst would affect the Chinese economy.

e In Chen and Wen (2017), the stock of land /housing is exogenously fixed, while in our paper
local governments supply new land to housing firms (i.e., homebuilders) every period. This
sequential land supply generates land-sale revenue for local governments, which is the key
for the aforementioned crowding-in effect on infrastructure. To study the land purchase by
housing firms, we model a housing sector producing houses in addition to the traditional
nonhousing sector producing consumption goods, while Chen and Wen (2017) consider two

sectors with state-owned and private firms producing the same final good.

Our paper is also related to a second strand of literature that studies how asset bubbles crowd
in capital through the collateral channel as in Kiyotaki and Moore (1997), including Martin and
Ventura (2012), Farhi and Tirole (2012), Miao et al. (2015), Hirano and Yanagawa (2016), and Miao
and Wang (2014, 2018). In these papers bubbly assets can be used as collateral or simply raise net
worth. The bursting of a bubble tightens the firms’ credit constraints, forcing them to cut back
investment. Although the collateral channel of the housing bubble is essential in understanding the
impact of crashes in the 1989 Japanese housing market and in the 2007 U.S. housing market, its
importance in China is still under debate.

In an empirical study, Wu et al. (2015) find that the collateral channel effect in China does not
exist either for firms overall or for private firms, while Chen et al. (2015) provide empirical evidence

that this effect is significant for private firms, but not significant for state-owned enterprises. As

8In an empirical study, Chen et al. (2017) find evidence that a higher land price crowds out firms’ investment
unrelated to acquiring commercial land.



Song et al. (2011) point out, most of private firms’ investment comes from self-financing and only
10 percent comes from bank loans. Since private firms’ investment accounted for around 25 percent
of total investment during the period 2006-2013, even if we assume that all loans to private firms
require residential housing as collateral, only 2.5 percent of total investment would be affected by
the real estate price through the collateral channel. This number can be smaller in the data because
it is typically small private firms that use housing as collateral. For all these reasons, neither Chen
and Wen (2017) nor our model considers the collateral channel of housing prices.

Miao and Wang (2014) study a two-sector infinite-horizon model of stock price bubbles based
on the collateral channel. They show that the emergence of a bubble in one sector may misallocate
resources and retard economic growth. They do not focus on housing bubbles and their quantitative
implications as we do in this paper.

Finally, our paper is related to a large literature on the role of government spending in economic
growth, e.g., Barro (1990), Baxter and King (1993), Glomm and Ravikumar (1994), and Bassetto
and Sargent (2006). As in the literature, efficiency in our model requires a good balance between
infrastructure investment and private capital investment. This literature does not study housing
bubbles and their impact on infrastructure investment. While infrastructure is purely funded by
tax revenue in the literature, here it is also funded by the government sale of land to the housing
sector.

Chen et al. (2020) study the impact of the 2009 Chinese monetary stimulus and its interaction
with infrastructure spending on credit allocation. Xiong (2019) uses a tournament model to show
that Chinese local governments have a strong incentive to invest in infrastructure. Unlike these
papers, we emphasize the channel of the land-sale revenue, which accounts for more than half of
local governments’ revenue and is the collateral for more than half of their debt. Supporting our
model, Mo (2018) finds evidence that Chinese local governments tend to increase investment in

infrastructure when holding a large share of land-sale revenue in the total government revenue.

2 Stylized Facts

In this section we first describe some stylized facts based on China’s aggregate annual data over
2003-2013 and then provide empirical evidence that supports our model mechanism based on

China’s province-level data.

2.1 Aggregate Evidence

As Wu et al. (2014), Chen and Wen (2017), and Fang et al. (2015) point out, the official national
housing price indices published by the Chinese government tend to underestimate housing price
growth due to measurement problems and the failure of controlling for housing quality. To correct

these issues, Wu et al. (2014) and Fang et al. (2015) propose new methods to construct Chinese



housing price indices. We adopt the aggregate price index data of Fang et al. (2015) because their
data are based on housing prices of 120 major cities over 2003-2013, while the data of Wu et al.
(2014) cover only 35 major cities over 2006-2010. As a result, we focus all our (annual) data on

the period over 2003-2013 and find the following stylized facts (see Figure 1):

e High and declining GDP growth. The average growth rate of GDP was 10 percent based on
the data from the China Statistical Yearbook. The GDP growth rate decreased from more
than 14 percent to 7 percent during the period 2003-2013.

e High growth rates of housing prices and low growth rates of rents. After adjusting for inflation,
we find that the average growth rate of real housing prices was 10 percent. By contrast, the
average growth rate of housing rents was only 0.5 percent. The housing rents correspond
to the urban household renting price indices taken from the National Bureau of Statistics of
China (NBSC).

e Increasing residential investment to GDP ratios. The residential investment to GDP ratio
increased from 6 percent in 2003 to 11 percent in 2013 based on data from the NBSC. The

average ratio during this period was 8.6 percent.

e Increasing land-sale revenue to GDP ratios. The land-sale revenue data are taken from the
Finance Yearbook of China issued by the Chinese Ministry of Finance. The land-sale revenue
increased from 4 percent of GDP to 7 percent of GDP, and became the most important source
of income for Chinese local governments. The average ratio during the period 2003-2013 was
4.9 percent. The land-sale revenue accounted for 25 percent of total fiscal income on average

over 2003-2013, and the share increased to more than 30 percent after 2009.

e Increasing infrastructure investment to GDP ratios. China does not directly report public
investment data. Following Jin (2016) and Wu et al. (2021), we define infrastructure invest-
ment as the total investment across four industries: (1) production and supply of electricity,
gas, and water; (2) transport, storage, and post; (3) information transmission, computer ser-
vices, and software (or telecommunications and other information transmission services); and
(4) management of water conservancy, environment and public facilities. The infrastructure
investment to GDP ratio increased dramatically from 6.5 percent to 9.7 percent during the
period 2003-2013 based on data from the NBSC. The average ratio during this period was
7.5 percent.

e High average and declining capital returns. Bai et al. (2006) construct post-tax capital return
data for 1978-2005 and Bai and Zhang (2014) extend these data to 2013. Based on their
data, we find that the average capital return was 10 percent during the period 2003-2013.
The capital return dropped dramatically from 15 percent in 2003 to 5 percent in 2013.
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Figure 1: Stylized facts.



2.2 Cross-province Evidence

In this subsection we provide micro-level evidence to support our key model mechanism: high
housing price growth stimulates infrastructure investment, but crowds out capital investment and
labor in the nonhousing sector. We also provide evidence that infrastructure growth raises firm
productivity in the nonhousing sector, which is the key channel for the crowding-in effect of housing
prices.

We adopt annual province-level data from the NBSC, which reports annual GDP, fixed asset
investment in different sectors, and average newly built housing prices for 31 provinces.? We do
not use more micro city-level data because categorical investment data are unavailable in China at
the city level. Infrastructure investment is measured by the province-level fixed asset investment
in infrastructure. Capital investment is computed as the gross fixed asset investment minus infras-
tructure and residential investments. Housing prices and GDP are deflated by the GDP deflator,
while all investment data are deflated by the investment goods price index. We use the population
working in the real-estate sector as a proxy for employment (labor) in the housing sector. All data
cover 2003-2016.

The regressions are specified as follows:
(1) Ayis =i +7 + B+ AQit + 1+ Xt + €y,

where «; is a province fixed effect, ~; is a year fixed effect, AQ;; is the log annual change in housing
prices in province ¢ at year ¢, X;; is a set of controls, and €;; is the error term. The variable Ay; ;
represents log annual change in infrastructure investment (Ainfra), capital investment (Acapital),
and labor (Alabor) in the housing sector, respectively.

In equation (1), the error term and the change of housing prices might be correlated because
causation runs both ways between Ay;; and housing prices. For example, better infrastructure
increases total factor productivity, which leads to higher income of households; with stronger de-
mand of housing, housing prices will increase. To mitigate such endogeneity concerns, the literature
has used housing supply elasticity as an instrument for the change of housing prices, e.g., Mian
et al. (2013) and Mian and Sufi (2014). More recently, Guren et al. (2021) construct a sensitivity
instrument as an improved proxy for (the inverse of) housing supply elasticity (See Appendix A
for more details). In this paper, we adopt the sensitivity instrument from Guren et al. (2021), by
regressing local (i.e., province-level) housing prices on regional housing prices. We also include a
set of controls X;; (log change in provincial GDP, land supply, and foreign direct investment, etc)
to control for differential sensitivity of housing price to regional business cycles, changes in land

supply and investment inflow. The regression results are reported in Table 1.

9Bai et al. (2006) argues that in China capital formation is a more accurate measure of investment activity than
fized-asset investment. Here we use the latter because capital formation by different sectors is not available at the
province level.



Table 1: Cross-province panel regressions

(1) (2) (3)
VARIABLES Ainfra Acapital Alabor

AQ 0.127**  —0.203** 0.447**
(0.049) (0.080)  (0.188)
Observations 403 403 403
Province Yes Yes Yes
Year Yes Yes Yes

Note: Robust standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

Table 2: Cross-province panel regression of TFP on Infrastructure

METHODS  Olley and Pakes (1996) Levinsohn and Petrin (2003)

Ainfra 0.19** 0.12*
(0.056) (0.039)
Observations 124 124
Province Yes Yes
Year Yes Yes

Note: Robust standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

We find that all slope coefficients of housing price growth are significant. The coefficient is
positive for infrastructure investment and housing-sector labor, but negative for capital investment.
These results show that high price growth contributes to increased infrastructure investment growth
but decreased capital investment growth in the nonhousing sector, and increased labor growth in
the housing sector.

Lastly, we run a panel regression of the growth of province-level manufacturing productivity on

the growth of infrastructure investment. The regression is specified as
ATFP; ;= a;+ v+ BxAinfra;; + T« X4 + €4,

where «; and 7; are province and year fixed effects, and ATFP;; and Ainfra;; are respectively
the log annual changes in manufacturing TFP and infrastructure investment in province ¢ at year
t. We adopt the firm-level data during 2003-2007 from China Industry Business Performance
Database constructed by NBSC. This data set includes all manufacturing firms with sales above 5
million RMB. We end the period at 2007 because firms’ value added, which is essential to estimate
firms’ TFP, was not reported after 2007. To estimate each manufacturing firm’s TFP, we apply
two standard methods from Olley and Pakes (1996) and Levinsohn and Petrin (2003). To obtain
province-level productivity, we take employment-weighted average across firms. The regression

result in Table 2 shows that the growth of infrastructure investment contributes positively to

10



manufacturing TFP.

3 Basic Model

In this section we provide a small open economy two-sector OLG model of housing bubbles based
on Tirole (1985) and Chen and Wen (2017). We make the following simplifying assumptions to
illustrate the main model mechanism: (1) there is no population growth or technical progress; (2)
the housing asset does not pay any rents and therefore is a pure bubble; (3) capital depreciates
fully; and (4) the government runs a balanced budget. We will relax these assumptions in Section

4 to confront the data.

3.1 Households

As in Song et al. (2011) and Chen and Wen (2017), there are two types of households in our small
open economy: workers and entrepreneurs. They both live for two periods. Time runs forever and
is denoted by t =0,1,2,--- . At the initial time ¢ = 0, there is an old worker who is endowed with
bonds by, and there is an old entrepreneur who is endowed with kg units of capital and hgy units
of a housing asset. In each period ¢t > 0, a young worker and a young entrepreneur are born to
replace the old. Each young worker supplies one unit of labor inelastically. After receiving their
wage income, young workers choose consumption and savings. Because they are assumed to be
out of the domestic capital and housing markets, they save only through risk-free bonds. The

optimization problem for a newborn worker of age 1 is given by

max log(cYy) + Blog(cg”tﬂ)
s.t. et + b1 = wy,
oy = RIby,
where ¢y, and ¢y, are their consumption when young and old, 3 € (0,1) is the discount factor,
wy is the wage rate, by41 is the holding of the risk-free bond, and R/ is the exogenous interest rate
in the international financial market.
Entrepreneurs have the same preferences as workers. After inheriting an initial wealth level m;

from an old entrepreneur, a young entrepreneur of age 1 in period ¢ can invest in both capital and

housing to solve the following problem:
max  log(ci ;) + Blog(c5,11)
s.t. Cit + key1 + Qthiy1 = my,

511 = Riv1kirr + Qe (1 — 0n)hita,

where ¢, and ¢§,, are their consumption when young and old, h;41 > 0 is their holdings of the

housing asset, @y > 0 is the price of housing, k;11 > 0 is their holdings of capital, Ry, is the

11



capital return between periods ¢t and t+ 1, and J, is the depreciation rate of housing. In the simple
model housing is a pure bubble asset without any fundamentals and hence its fundamental value
is zero. Entrepreneurs trade houses for speculation. Assume that entrepreneurs cannot borrow
and Ry < Ry11.'% Then entrepreneurs will not hold any bond in equilibrium. We will relax the
no-borrowing assumption in Section 4.

Since the utility function is logarithmic, the entrepreneur’s optimal saving is given by

2 k hiy1 = ——my.
(2) t+1 T Qhey 5™
They will invest in both capital and housing only if the following no-arbitrage condition is satisfied:
1-90
(3) iy = Q1L = 0n) 1(Q W) for @, > 0.
t

That is, the returns on housing and capital are the same. In Section 4 we will show that they are

not the same when the housing bubble can burst stochastically.

3.2 Nonhousing Sector

Each old entrepreneur owns a firm that produces the final consumption good using capital and
labor as inputs. After investment of k;11 at time ¢, each old entrepreneur at t 4 1 receives output
given by

— A0 e -«
yer1 = Ajkanet, € (0,1),

where ki1 and n. 41 are the firm’s capital and labor, At+1 is the firm’s productivity, and 6 > 0
is an elasticity parameter. Following Glomm and Ravikumar (1994), we assume that the firm’s

productivity depends on infrastructure in the following way:
s 1
Ap1 = At /(KL Ny fy),

where A, is the aggregate infrastructure stock and p € (0, 1) is a parameter. We normalize A1
by aggregate capital K;1 and aggregate labor N, ;11 for two reasons. First, in many cases, such as
highways, utilities, and bridges, the productivity of infrastructure is indeed diluted by congestion
when more people or firms use the same piece of infrastructure. Second, as Glomm and Ravikumar
(1994) point out, in a model with endogenous infrastructure, the steady-state or balanced-growth
path is not guaranteed if A;11 is not normalized.

The old entrepreneur in period ¢t 4+ 1 pays the government output tax at the rate 7, pays the
worker wy41n.+1 as wage, and pays the young entrepreneur a fraction v of after-wage income

(1 = 7)Yt41 — Weg1nc41 as initial wealth, i.e.,

(4) mey1 = ((1— T)yt+1 - wt+1nc,t+1) .

10%WWe will verify this assumption in equilibrium. During the period 2003-2013, China’s average capital return was
above 10 percent while its deposit rate was around zero.

12



The remainder is Ryy1key1, which can be written as

_ 20 1—
Ripakesr = max (1 =) |(1=7m)Ap kifqng i - wt+1nc,t+1} :
et

We make the following assumption on parameters:
Assumption 1 a —pf >0 and o+ (1 — p)f < 1.

The first inequality in this assumption guarantees the marginal return to capital is positive.
The second inequality guarantees the return on the whole reproducible part (infrastructure and
capital) is weakly decreasing.

Let

b = Qthi+1
ki1 + Qehia

denote the fraction of housing investment in a young entrepreneur’s saving. By (2) and the definition

of m;, we can derive

(5) kivr = (1 —é1)

(1—¢r)

1 +Bmt = 1 _i_B?bOé(l — 7)Yt

Clearly, the emergence of a housing bubble in the sense that @); > 0 crowds out capital investment

as ¢ € (0,1).

3.3 Housing Sector

There is a continuum of competitive firms producing houses using labor and land as inputs. We
do not consider capital input in the basic model for simplicity. We will relax this assumption in
our quantitative model of Section 4. Each housing firm purchases land from the government that
is the sole supplier at the price pr; at time t. Workers are freely mobile across the housing and
nonhousing sectors. FKach housing firm sells newly built houses to entrepreneurs at the price Q.

Its profit maximization problem is given by

g l—al
lrnax Quly Ny — Ll — winp g,
Mt ’

where oy € (0,1) is an elasticity parameter, and I; and np; are the demand for land and labor,
respectively.
Due to the constant-returns-to-scale technology, aggregation implies that total newly built

houses Y}, ; satisfy
« 11—«
Yhe = Lthh,t g

where L; is the aggregate land supply set exogenously by the government and N}, ; is the aggregate

labor hired by the housing sector. The total housing stock H; evolves according to

Ht+1 == (1 - 6h)Ht —|— Yh,t-

13



3.4 Government and Infrastructure

The government supplies L; units of land to the market exogenously in period t.'* To guarantee
the existence of a bubbly steady state, we assume that lim; ., Ly = L* > 0, where L* is the land
supply in the long run.

For simplicity suppose that the government runs a balanced budget without issuing bonds.
Its only spending is infrastructure investment. Thus the government infrastructure expenditure is
equal to its total revenue 7Y; + pr:L:, where Y; denotes aggregate final good output. The stock of

infrastructure evolves as
(6) A1 = (1 —=60)Ar + 7Y + pri Ly,
where d, is the depreciation rate of infrastructure.

3.5 Resource Constraint
The budget constraints of workers imply
(7) C11U7t + ngu’t + bt+1 = wt + bet,

where cf’; + ¢§; is the sum of the consumption of old workers of generation-(¢ — 1) and young

workers of generation-t. In the domestic market the resource constraint is

(8) A1 = (1= 0a) A + 1y + &5 + K +we = Vi

Because of constant-returns-to-scale technology, aggregate nonhousing output satisfies
Y, = AJKPNG

where N.; = 1 — Nj; denotes aggregate labor in the nonhousing sector. In the simple model GDP
is defined as the sum of nonhousing output Y; and residential investment QY .

Summing up (7) and (8) yields
(9) At+1 — (1 — (Sa)At + Kt+1 + Cit + C;t + Ciu’t + Cgit + bt+1 — bet = Y;j

On the left side of equation (9), A;y1 — (1 — d4)A; is the infrastructure investment, K1 is the
private capital investment, by, — Rfb; is the surplus in the current account, and the rest is aggregate

consumption.

Umplicitly, there is a pool of residential land maintained by the Chinese government. While L, is the outflow of
the pool, there are two inflows. First, the land on which houses had depreciated returns to the pool. Second, the
government may convert agricultural or industrial land into residential land. Modeling the dynamics of the pool is
beyond the scope of this paper.
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3.6 Equilibrium
The equilibrium of the economy is defined as follows.

Definition 1 An equilibrium is a sequence of prices {we, Ry, Qr, pri}icy, savings {b, ki, he}720,
consumption {ct'y, ¢y 1,5 4,¢5 40110, labor supply/demand {Net, Nit}i<o, and infrastructure
{A}52 such that (i) workers and entrepreneurs mazximize their lifetime utilities; (i) firms mazi-
mize profits; (iii) the government budget constraint (6) is satisfied; and (iv) the labor, capital, land,

and housing markets clear.

In the rest of this paper, we call an equilibrium bubbleless if )y = 0 for all ¢, and call an
equilibrium bubbly if Q; > 0 for all ¢. While the former equilibrium always exists, the latter
depends on parameters. In the bubbleless equilibrium, the housing price is zero and hence the land
price pr: is also zero. Thus the housing and land markets disappear. The government finances
infrastructure investment using output taxes only.

There are two steady states in our basic model: one is bubbleless and the other is bubbly. We
use a variable without a time subscript to denote its steady-state value and add superscript n or b
to denote its bubbleless or bubbly steady-state value, respectively. We first consider the bubbleless
steady state and show that

(10) A" = 5ty
n /8 . n
(11) K" = 1+ﬁaw(1 YY",

where (10) follows from (6) with p} = 0, and (11) follows from (5) with ¢" = 0. Moreover, the
bubbleless steady-state return on capital is equal to

1-9)(1-m)aY" _ (1-9)(1+5)
K VP
Next we analyze the bubbly steady state in the following proposition. Its proof and the proofs

(12) Jra

of other results in the paper are relegated to Appendix B.

Proposition 1 A unique bubbly steady state exists if

_(1-9)a+5
(13) z = (= on)08 < 1.
Moreover,
(14) ¢ = 1—z
15) N (1= ") (1 —a)(1 -5

‘ (1= ") (L = a)(1 = dp) + ¢°n(1 — ar)a(l — )’

(16) AP = 6;1al5h¢b1+Ba¢(1—7’)Yb+5;17'Yb,
(17) K = (1-— ¢b)1fﬁa¢(1 _ Y.
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The variable z defined in (13) is equal to the proportion of capital holdings in the entrepreneur’s
savings by (14). There are two senses in which condition z < 1 is needed for the existence of a
bubbly steady state. First, the bubble accounts for a fraction ¢* = 1 — z of the entrepreneur’s
saving. We need z < 1 to guarantee ¢® > 0. Second, it follows from (12) that condition (13)
requires that R < 1 — 6, = R’. Imposing an upper bound on the bubbleless steady-state capital
return is a standard assumption in the literature for a bubble to exist. As pointed out by Tirole
(1985), only if the bubbleless steady-state capital return is sufficiently low can a bubbly asset be
traded as an alternative channel to save. Our upper bound 1 — J, is less than the standard value
of 1 from the literature on bubbles, because the bubbly steady-state return on housing (which is
also equal to the capital return) is 1 — d;, due to housing depreciation by (3).

Equations (16) and (17) show that the bubbly steady-state levels of infrastructure and capital
are linear in output. Equation (16) shows that the bubbly steady-state infrastructure level is
financed by output taxes and the land-sale revenue generated by the housing bubble.

The following proposition characterizes the global equilibrium dynamics.

Proposition 2 Consider an economy with given initial condition {Ko, Ao, Ho}. If z > 1 where z
is given in (13), then no bubbly equilibrium exists. Otherwise, there is a unique Qg > 0 such that

0< Qo< Qo i any bubbly equilibrium. Moreover,

(i) if 0 < Qo < Qo, then limy_,o0 Q¢ = 0;

(ii) if Qo = Qo, then Qb = limy_,50 Q¢ > 0.

As in Tirole (1985), equilibria around the bubbleless steady state are indeterminate. There is a
continuum of equilibria indexed by the initial housing price @y in (0, QO). For all these equilibria,
housing bubbles disappear asymptotically as lim;—,~ @ = 0. By contrast, the bubbly steady state
is a saddle. There is a unique initial price Q¢ = Qo > ( such that the equilibrium starting at
this price converges to the bubbly steady state as lim; o0 Q; = Q” > 0. There also exists another
type of equilibria for which bubbles burst stochastically (Weil 1987) as discussed in Section 4. This
type of equilibria is most relevant for the interpretation of the Chinese time series. As shown in
Proposition 4 of Weil (1987), there is also a continuum of equilibria with stochastic bubbles. We
select the equilibrium with the maximum initial bubble size such that the economy converges to
the stochastic bubbly steady state before the bubble collapses in Section 4.

To understand the intuition for Proposition 2, we explain how the long-run housing price,
limy_, o Q¢, depends on the initial @@y for a given initial low level of capital stock Ky. With a
higher (g, more private capital K; is crowded out, and capital return R; becomes higher due to
the diminishing marginal product of capital. The no-arbitrage condition (3) then implies a higher

growth rate Q1/Qp. Using this argument for all the future dates, we conclude that higher Q) raises
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the growth rate Q¢4+1/Q; for all t. If Qg is sufficiently high, then the housing price explodes and
cannot be sustained in equilibrium, so bubbly equilibrium does not exist. If Qg is sufficiently low,
then the housing price eventually declines to zero in the long run. There is a unique value Qo >0

such that when Q¢ = Q07 the housing price converges to a positive limit.

3.7 Inspecting the Mechanism

In Tirole (1985) and Chen and Wen (2017), a bubble crowds out private capital and lowers output
in the steady state. This is the traditional crowding-out effect of a bubble. In our model, however,
a housing bubble also helps the government accumulate more infrastructure, thus raising the pro-
ductivity and production of the nonhousing sector. This is the crowding-in effect introduced in our
paper. Moreover, there is a factor reallocation effect in our model in that a housing bubble causes
labor to flow from the nonhousing sector into the housing sector. We study these three effects in
this subsection.

First we compare the steady-state infrastructure, capital, and output with and without a bubble.

Proposition 3 We have the following relationships in the bubbly and bubbleless steady states:

Yb
yn’

K? b
ﬁ:(l—ﬂﬁ)

Ab — (1 aléhqﬁbﬁaw(l — 7') Yb
An—<‘* 1+ 8)7 )yw

(18) (1}::) 1ma—{1=p)0 _ (1 n aléh?iﬁ—fggj— - T)>9 (1 . ¢b)a—p0(N£))1—a—(1—p)9’

where N? is given by (15).

From this proposition we can see that
Kb yb o 4b
En Sy S A
Thus, it is possible that Y > Y™, but K® < K™. That is, the crowding-out effect on capital is
dominated by the crowding-in effect on infrastructure. If the expression on the right-hand side of
(18) is greater than 1, then Y? > Y™. This expression gives the determinants of Y*/Y™.
Under Assumption 1, a higher 6 strengthens the crowding-in effect because it increases the
sensitivity of output to infrastructure. The first term on the right-hand side of (18) captures the
impact of infrastructure funded by the land sale, while —¢® in (1 — ¢?)*~*9 captures the crowding-

out effect on capital. The last term related to Né’ < 1 captures the reallocation effect on labor. If
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there is no housing bubble in the basic model, we have N? = 1 because the housing sector does not
exist,.

In general the above three effects are time varying along a transition path. The next two
numerical examples illustrate these time-varying effects by comparing equilibrium paths with and
without a bubble. Both paths start from the same initial condition (Ag, Ky), and the land supply
is fixed at L* in each period.

In the first example, we set (Ag, Ko) = (A", K™). Then the bubbleless equilibrium stays forever
in the bubbleless steady state. We choose parameter values such that Y® > Y™ The top six
panels of Figure 2 present the transition dynamics. Panel A shows that bubbly output Y,? in the
nonhousing sector is slightly lower at ¢ = 0 due to the reallocation effect on labor, but eventually
higher than bubbleless output Y”. Panels B and C show residential investment (Q:Y} ;) and
GDP, respectively.'? Panels D, E, and F illustrate the crowding-in effect of the housing bubble on
infrastructure, the reallocation effect on labor, and the crowding-out effect on capital, respectively.
The crowding-out and reallocation effects dominate during the early stage of the transition. But
the crowding-in effect gradually catches up and eventually dominates.

In the second example, we set small initial values for Ay and Ky, which are all smaller than the
bubbleless steady-state values. Choose parameter values such that Y* < Y. The bottom six panels
of Figure 2 present the transition dynamics. We find that nonhousing output Y in the bubbly
equilibrium is initially (¢ = 0) lower than Y;” in the bubbleless equilibrium due to the reallocation
effect on labor. From ¢ = 1 until ¢ = 49, Y® is higher than Y;” because the crowding-in effect on
infrastructure dominates the crowding-out effect on capital and the reallocation effect on labor.
But Y is eventually lower than Y;” in the long run as the crowding-out effect dominates. Even
though the reallocation effect of a housing bubble raises residential investment and maximizes GDP
in a static sense, GDP is lower in the bubbly steady state than in the bubbleless steady state due
to the dynamic crowding out of capital in Panel L, i.e., young entrepreneurs accumulate less capital
if they must allocate more resource toward bubbly assets.

To summarize, our basic model has illustrated the traditional crowding-out effect of a housing
bubble, the reallocation effect on labor, and a new crowding-in effect on infrastructure associated
with the land sale by the Chinese local governments. To quantify these effects on the macroeconomy,

we will calibrate our model in the next section.

4 Quantitative Analysis

To confront China’s data, we extend our basic model in several ways. In particular, we introduce

population growth and technology growth. We allow the housing asset to pay rents and thus its

12Notice that residential investment is zero in the bubbleless equilibrium of the basic model because Q; = 0 when
housing does not pay rents.
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fundamental value is nonzero. The presence of a bubble permits housing prices to grow much faster
than rents. We also introduce a stochastic housing bubble to conduct counterfactual experiments
(Weil 1987). We then calibrate this extended model and analyze its quantitative predictions.
Appendix C presents the technical details for this model.

4.1 Stochastic Bubbles

Assume that all agents have common beliefs that the housing price is random and follows a two-
state Markov process. In the bubbly state the housing price contains a bubble component. The
bubble collapses with probability p > 0 in each period. After the bubble collapses, the economy
enters the fundamental state and stays there forever. The housing bubble cannot reappear. Given
rational expectations, all equilibrium variables are stochastic and contingent on the state. There is
no other shock in the model. When necessary, we use a variable with superscript + (—) to denote
its value in the bubbly (fundamental) state.

Assume that both workers and entrepreneurs live for T' > 2 years, and workers retire at age J.
The population of both workers and entrepreneurs grows at a constant rate g,. A newborn worker

of age 1 solves the following utility maximization problem:

T
max FE Z pi1 log(cj’)
j=1

w e wHRIBY, 1<<J;
s.t. ¢+ j+1—{ be;v, J+1<j<T,
b11U:O7 %—5—1:07

where ¢} is age-j worker’s consumption and b}’ denotes bonds held at the beginning of age j. Here
the expectation is taken with respect to the probability distribution of the stochastic bubble. A
newborn worker does not have any asset so that b’ = 0. They do not leave any debt/asset when
they die. After retirement, the worker has no labor income and accumulates wealth from savings
only. For simplicity, we have removed the time subscripts for all variables without risk of confusion.

A newborn entrepreneur in period t has initial endowment m; and chooses their lifetime con-
sumption and investment in bonds, capital, and housing. The endowment m; comes from a fraction
1 of the firms’ after-tax profits. Housing delivers exogenous rents r;, which grow at the rate g,.

We do not consider endogenous rents because they would make a bubbly model very hard to an-

alyze.!3 Tirole (1985) and Miao and Wang (2018) have discussed the difficulty. Chen and Wen

3Moreover, endogenous rents would complicate our analysis without delivering significant new economic insight
into the questions addressed in this paper. Suppose we embed housing service in households’ consumption and let
rents be endogenously determined by the demand of housing service. This alternative model allows us to study the
feedback effect from infrastructure to housing (i.e., local infrastructure may improve housing quality and increase the
value of housing service), while our benchmark model only considers how housing price affects infrastructure. Had
this feedback effect been strong, we would observe strong growth of housing rents after the boom in infrastructure.
Rents growth in the data, however, was low throughout our sample period.
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(2017) simply set rents to zero in their model.

The entrepreneur’s utility maximization problem is given by

T
max E Z it log(c5)
j=1
s.t. Qhji1 + kjp1 + C? + b;-&-l

m,

J=1L
{ Rkj + (Q(1 = 6,) +7) hj + RIS, 2<j<T;
bip1 = —€kjt,

ki =0b]=h1 =hpy1 =kpyy =05, =0,

where ¢} denotes an age-j entrepreneur’s consumption, and h; and k; are, respectively, their hold-
ings of housing and capital at beginning of age j. Again we have removed the time subscripts.
Notice that we allow entrepreneurs to save or borrow in the international financial market up to
some borrowing limit. An entrepreneur can borrow against at most a fraction & of their capital
assets. We assume that entrepreneurs cannot use residential housing as collateral because such a
practice is uncommon in China (see Wu et al. 2015).

We make three changes to the firms’ production technologies in the extended model. First,
we introduce labor-augmenting technology growth to match the Chinese economic growth. Let
the labor efficiency e, = (1 + ge)t grow exogenously at the rate g.. Second, we introduce capital
to the housing production function. Assume that both capital and labor are freely mobile across
the housing and nonhousing sectors. Third, we allow the land quality to decline over time at the
rate g;. The reason is that newly supplied land generally has a less preferred location (Davis and
Heathcote 2007 and Fang et al. 2015). Real estate developers first build houses in cities and then
build houses outside cities over time during the Chinese urbanization process. The quality of land
in cities is better than that in rural areas as housing prices in cities are more expensive than in
rural areas (Fang et al. 2015).

Formally, let the production function in the housing sector be given by

Ynt = (1 — g1)" 1) (kpg)™* (egnp ¢) 1k,

where [; denotes the land input and kj; denotes the capital input in the housing sector.14

Each entrepreneur after age 1 runs both a nonhousing firm and a housing firm, and maximizes

1To simplify our calibration, we assume that infrastructure doesn’t enter the housing sector’s productivity. This
assumption is unlikely to change our model prediction because (1) the housing sector is relatively small, (2) based on
the estimation in Wu et al. (2021) and Chinese input-output table, we find that the output elasticity of infrastructure
in the housing sector is only half of the nonhousing sector.

21



total profits:

Rk = max {(1 — ) [(1 = 7)(A)? (ko) (e1mes) ™ — wine,y

Ne ket Mh e kn, ¢t

(1= 7)Qe((1 — g1)" 1) ™ (k)™ (exmn ) ™% — wynpy — prele)
(1= Ok + (1= )k}
s.t. kgt -+ kh,t = kt,

where k; is total demand for capital across the two sectors, J; is the depreciation rate of capital,
and 73, is the tax rate in the housing sector. Here productivity satisfies
P A
A= t T—p>
KEi (eNey)

where K.; and N.; denote the aggregate capital stock and aggregate labor in the nonhousing
sector.

We allow the government to borrow at rate R/ in the extended model. Since more than half of
the local government debt in China uses the land-sale revenue as collateral, we assume the amount
of borrowing, BY, ,, is proportional to the land-sale revenue, i.e., BY, | = {priLi, where & > 0 is
a parameter.!> The government uses debt, taxes, and land-sale revenue to finance infrastructure
investment A;;1 — (1 — d,)A; and non-infrastructure expenditure G.'® The government budget

constraint is given by

Apy1 — (1= 6,)Ar + Gy + R B} — BY, |

(20) = T(At)g(Kc,t)a(eth,t)lfa + Q¢ ((1 — gl)t Lt)al (Kp ) (etNh,t)lfalfa'“ +priLy,

where K, ; and N, ; are the aggregate capital and labor in the housing sector.
GDP in this economy is the sum of aggregate nonhousing output Y;, residential investment (or

the value of aggregate housing output) @Q;Y}+, and aggregate rents r;H;:
(21) Yi4+Q¢Yy i+ Hy = (At)e(Kc,t)a(eth,t)l_a-i-Qt((l — g L™ (Kh,t)ak(etNh,t)l_al_ak+7“th-
4.2 No-Arbitrage Pricing Equation

To understand the dynamics of housing prices, it is important to derive the pricing equation for

the housing asset. When the economy is in the fundamental state in period ¢, it stays in this state

5Tn accordance with Notice No. 162 [2012] of the Ministry of Land and Resources, local governments can use
land-sale revenues from the current and the next 2 years as collateral to issue debt. To simplify the problem, we have
removed future land-sale revenues from the collateral constraint, but used the current revenue as an proxy. Adding
future revenues will probably deliver a quantitatively similar model with a lower parameter .

6By the Finance Yearbook of China, 34.2 percent of infrastructure investment was directly financed by land-sale
revenue during 2003-2013. However, the actual number should be larger than that because many local governments
leverage land-sale revenue to finance infrastructure, which is not directly counted in Finance Yearbook of China. Shi
and Huang (2014) find that around 50 percent of infrastructure investment was covered by land-sale revenue during
2003-2007.
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forever. Under binding collateral constraints (which happens when R, ; > RY), we can derive the

following no-arbitrage condition:

= Q1 —0n) + 1

(22) t_-‘rl - Qt_ )
where the variable
-~ _ Ry, —¢R
t+1 — 1 _&-

is the effective capital return, which takes into account the impact of the collateral constraint.!”
Equation (22) says that the housing return is equal to the effective capital return. Thus, in the
fundamental state, Q; is equal to the fundamental value, i.e., the present discounted value of future

rents

3 o 1— 5h sf(t+1)rs
S o
s=t+1 Il B

Suppose that the economy is in the bubbly state in period ¢. Then the housing return is Rﬁ'l =

[(1 - 5;0@;;1 + Tt+1] /Q; when the economy still stays in this state in period ¢+1. But the housing
return is R?J:l = [(1 —0n)Qiq + rt+1] /Q; when the economy moves to the fundamental state in
period t 4+ 1. Similarly, we can compute the effective capital returns under binding borrowing
constraints: R, = (Rf,; —&R’) /(1 —¢). The no-arbitrage condition in the bubbly state in
period t is given by

(1= p)'(¢5 1) R + pu/ ()R
(23) = (1-p/ (] )REL +pu (Cj;Jrl)Rt_—f—l’

where ¢© Gt and ¢© it +1 are age-j entrepreneur’s consumption at ¢+ 1 in the fundamental and bubbly
states, respectively. Equation (23) says that the expected utility-adjusted housing return is equal
to the expected utility-adjusted effective capital return as housing bubbles can collapse randomly.
This equation shows that the housing return R?frrl and Ri:l may not be equal to the capital return

in the corresponding state due to the presence of stochastic bubbles.

4.3 Calibration

To calibrate parameter values, we simulate our extended model based on the equilibrium paths
when the economy is always in the bubbly state. Suppose that the model economy starts in 2003
and one period in the model corresponds to one year. We focus on the sample period 2003-2013,
during which the national housing-price data are available in China (Fang et al. 2015). Some

parameters are set exogenously, while the rest are estimated within the model.

'"Substituting the binding collateral constraints into the budget constraint yields Q; hy, .4 + (1 — f)lij_ﬂ,,prl +
c;y = (Ry — ¢RS )k + (Q (1 —6n) +1¢) h ., which gives the expression for the effective capital return R, ;.
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Parameter  Description

R =1.003 Annual interest rate

gn = 0.005  Growth of population

gr = 0.005  Growth of rents

T=0.13 Tax rate in nonhousing sector

T, = 0.16 Tax rate in housing sector

a; = 0.56 Land income share in housing sector

ar = 0.24 Capital income share in housing sector
a=0.54 Capital income share in nonhousing sector
p=20.5 Capital congestion elasticity

¢, = 0.46 Share of government expenditure in debt
k =10.53 Share of infrastructure investment in land-sale revenue
0np = 0.014 Housing depreciation rate

o = 0.1 Capital depreciation rate

dq = 0.095 Infrastructure depreciation rate

Table 3: Parameters estimated outside the model

4.3.1 Parameters Set Exogenously

We start by discussing parameters chosen exogenously as listed in Table 3. The interest rate R/ is
set as 1.003, matching the average one-year real deposit rate (Song et al. 2011). Similar to Song
et al. (2011) and Chen and Wen (2017), agents enter the economy at age 22 and live for T' = 50
years, which is consistent with the average life expectancy of 71.4 years from the 2000 Chinese
Population Census. Workers retire after working for 30 years. The population growth rate is set
to gn = 0.5%, the average population growth rate during the period 2003-2013 from the National
Bureau of Statistics of China (NBSC) data set. The growth rate of rents is set to g, = 0.5%,
the average growth rate of rents for 2003-2013 according to the NBSC data set. Tax rates in the
housing and nonhousing sectors are 75, = 0.16 and 7 = 0.13, according to Bai et al. (2006).

We need to identify the housing sector in the data. In the model, Q:Ys; and Y; represent
the value added of the housing and nonhousing sectors, respectively. In the data, we interpret
Q:Yy; as aggregate residential investment, r;H; as the sum of imputed and market rents, and Y;
as the remainder in the Chinese GDP. Residential investment consists of land-sale revenue, capital
income, and labor income in the real estate sector. We set the share of land-sale revenue «; = 0.56
to match the average ratio of the land-sale revenue to residential investment in the data. Following
a similar method in Davis and Heathcote (2005), we set the capital income share in the housing

sector oy, = 0.24 using China’s input-output table.!

18We use capital income share in the construction sector to approximate as in our model, as more than two-thirds
of production in China’s construction sector is housing construction. Unlike Davis and Heathcote (2005), we do not
consider manufacturing and services goods to produce new houses. We compute capital share in the construction
sector as follows. Although China’s input-output table reports capital share «; for the value added in each sector i,
we cannot use Qeonstr directly because construction also uses intermediate goods such as steel and glass. We define
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Parameter Description Target

8 =10.999 Discount factor Average saving rate

¥ = 0.42 Wealth transfer share Capital return in 2003

6 = 0.1001 Output elasticity of infrastructure Marginal return of
infrastructure investment in 2003

£=0.17 Leverage ratio of firm Average capital investment
to GDP ratio

ge = 0.038 Growth of labor efficiency Average GDP growth rate

g = 0.09 Diminishing speed of land quality Average residential
investment to GDP ratio

p=0.012 Probability of bubble burst Average housing price growth
during 2003-2013

Gy =0.1 Government expenditure/GDP ratio Average infrastructure

investment to GDP ratio

Average local government debt
to GDP ratio during 2003-2008
Average local government debt
to GDP ratio during 2009-2013

§g(t) =2.34,if t <7 Leverage ratio of government

§(t) =3.01, if t > 7 Leverage ratio of government

Ky=1 Initial capital stock Output to capital ratio in 2003

Ay =0.37 Initial infrastructure stock Infrastructure to capital ratio
in 2003

Hy=0.71 Initial housing stock Housing stock to capital ratio
in 2003

ro = 0.01 Initial rent Residential investment

to GDP ratio in 2003

Table 4: Parameters calibrated in the model

Similarly, we calibrate the capital income share in the nonhousing sector as « = 0.54. Since our
model result is insensitive to p, we simply set p = 0.5 (i.e., we assume capital and labor have the
same congestion effect). We set depreciation rates (dg, d,) = (0.10,0.095) to follow Bai et al. (2006)
and Jin (2016), and set §;, = 0.014 to match residential housing’s average lifespan of 70 years in

China.

capital share ay as

N
o = E Yconstr,j X5,
=1

where geonstr,; is value added of intermediate goods from sector j divided by the total output of the construction
sector. Third, we compute gconstr,; as follows. In the input-output table, X = AX + d, where X = [X;] is the vector
of outputs for each sector, d = [d;] is the vector of value added, and A is the direct consumption coefficient matrix.
Therefore, X = Bd, where B = (I — A)fl, and Xconstr 18 decomposed as Xconstr = Zj\;l beonstr,jd;. Therefore,

. beonstrjdj
Jeonstr,j = Tx o v
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4.3.2 Parameters Set within the Model

Now we choose the remaining parameter values within the model to match certain data moments
over the sample period 2003-2013 (see Table 4). We set 5 = 0.999 to match the average saving
rate of 48 percent in China, 1y = 0.42 to match the post-tax capital return of 15 percent in 2003,
6 = 0.1001 to match the marginal infrastructure-investment return of 23.7 percent in 2003,'°
& = 0.17 to match the average investment rate of 42 percent, and the growth rate of labor efficiency
ge = 0.038 to match the average GDP growth rate of 10 percent for 2003-2013. While the long-run
GDP growth rate is equal to (14 g,) (14 ge) — 1 = 4.3%, the average growth rate during the
transition period can be much higher.

Since we will conduct counterfactual experiments in Section 5, we need to calibrate land supply
L; beyond the period 2003-2013. We choose L; for 0 <t < 13 to match the land supply in 2003-
2016 taken from the China Land Statistical Yearbook. We normalize the land supply in 2003 to
1 so that Ly = 1. We do not have the land supply data starting from 2017. We assume that the
quantity of land supply since 2017 is a constant equal to the average land supply during the period
2003-2016. As pointed out by Davis and Heathcote (2007), to get constant-quality land supply,
the quantity of land supply needs to be adjusted by the quality. We assume that the labor quality
declines at the rate g;. We calibrate g; = 0.09 to match the average ratio of residential investment
to GDP for 2003-2013.

To study the impact of bubble bursts, we introduce a stochastic bubble similar to Weil (1987).
In each period, we set the probability of a bubble burst to p = 0.012 to match the average growth
rate of housing prices during the period 2003-2013. We find that in the long run the rent-to-housing
price ratio converges to zero, and the housing price and its bubble component grow at the same
rate 5.8 percent, which is higher than the long-run GDP growth rate of 4.1 percent, according to
our calibration. Our model also implies that the housing price can grow much faster during the
transition period due to the growing bubble.

The Chinese local government debt to GDP ratio increased over the period 2003-2013.2° In
particular, the average local government debt to GDP ratio increased from 9 percent before 2009
to 17 percent after 2009. This is because, after the U.S. financial crisis in 2009, the Chinese central
government implemented a large economic stimulus package, the so-called Four Trillion Project.
Over three-fourths of this project’s expenditure was financed by local government debt (Bai et al.
2016). Because more than half of that debt was backed by land-sale revenue, the Four Trillion

Project only made land sale more important. Moreover, since 2009 Chinese central government

19This marginal return of infrastructure investment is estimated by Wu et al. (2021) using Chinese manufacturing
firms data. Also, our calibrated § = 0.1001 is very close to the value of 0.1 estimated by Bom and Ligthart (2014) in
OECD countries.

200ur local government debt data are from the Audit Report on National Government Debt 2011 and 2013 issued
by the National Audit Office of China (NAOC). The data only include the debt that local governments are guaranteed
to pay back, but exclude local governments’ contingent liability.
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allowed local governments to take on more debt through off-balance-sheet companies known as local
financing vehicles. To better model this financial deregulation, we allow a structural break in the
leverage ratio {;. In particular, we set {; = 2.34 before 2009 and {; = 3.01 after 2009 to match the
average ratio of local government debt to land-sale revenue before and after 2009. We will quantify
the impact of financial deregulation in Section 4.5.

The government non-infrastructure expenditure G; is financed through three sources: output,

government debt, and land-sale revenue. We specify the following rule:
Gy =GYi+ G(BYy — RVBY) + (1 = &)priLs.

Since 54 percent of local government debt was spent on infrastructure investment and the remainder
was spent on other expenditures as reported by the National Audit Office of China, we set (, = 0.46.
Assume that only a fraction k of the land-sale revenue is used to finance infrastructure investment
and the remaining fraction 1— & is used to finance non-infrastructure expenditures. We set x = 0.53
to match the average share of infrastructure investment in land-sale revenue in the data. To calibrate
Cy, we notice that an increase in ¢, raises the non-infrastructure expenditure and thus reduces the
infrastructure investment expenditure by the government budget constraint (20). Then we choose
¢y = 0.1 to match the average infrastructure investment to GDP ratio of 7.5 percent.

We set the initial condition in the model as follows. First, we normalize the initial population
and labor efficiency to 1. Second, we calibrate the initial (Ko, Ag, Hp) to (1,0.37,0.71) to match
the capital-output ratio, the housing-capital ratio, and the infrastructure-capital ratio in 2003.2!
Third, the initial housing rent is set to 79 = 0.01 to match the ratio (6.5 percent) of the residential
investment to GDP in 2003. We can then construct rents r; for ¢ > 1 using the average growth
rate g, of rents in the data. Notice that the official data for the growth rates of rents are available,
but the data for the level of rents are not. Finally, the initial wealth distribution of entrepreneurs

across various generations is set as urban household wealth distribution in 2002 from NBSC.

4.4 Results

Figure 3 presents the data and results based on our calibrated model. While our model is targeted
to match either the average values for 2003-2013 or the initial values in 2003 in the data, our model
can match both the first moments and the dynamic patterns in the data fairly well due to our
model mechanism. In particular, the rapid rise of housing prices is associated with increases in the
infrastructure investment to GDP ratio, the land-sale revenue to GDP ratio, and the residential
investment to GDP ratio (see Panels D, E, and F). We leave the discussion of GDP growth to the

next subsection. Our model does not match the cyclicalities of the data shown in Figure 3. These

21Bai et al. (2006) show the capital-output ratio is 1.66 in 2003 and 13 percent of capital is residential housing.
Jin (2016) shows 25 percent of total capital is infrastructure in 2003. Note that capital in these studies refers to
commercial capital, infrastructure, and housing, while capital K; in our paper is only commercial capital.

27



cyclicalities may be due to various business cycle shocks and uncertainties about China’s monetary,
fiscal, and housing market policies.?? Our model does not incorporate these features (except for
the risk of the bubble bursting) and hence it cannot match the cyclical pattern in the data.

The increase of the residential investment to GDP ratio over time in the model (Q¢Y4/GDPF;)
is due to two effects: the rapid rise of housing prices Q¢ and the reallocation of capital and labor
to the housing sector. The reallocation effect causes Kj; and Np, ¢ to rise such that Y}, ; increases.
Since land-sale revenue pr;L; is equal to a;(1 — 73) (Q¢Ys,) due to the Cobb-Douglas production
function, land-sale revenue rises proportionally with residential investment in the model.

As land-sale revenue increases over time, the government can finance more infrastructure invest-
ment such that the infrastructure investment to GDP ratio rises over time as in the data. Notice
that infrastructure investment rises dramatically in 2009 both in the model and in the data. This
is due to the Four Trillion Project in 2009, when the Chinese local government used government
debt backed by land-sale revenue to finance infrastructure investment. Our model captures this
event by raising the government leverage ratio {; from 2.34 to 3.01 starting in 2009. We are able to
match the average ratio of local government debt to GDP during the period 2003-2013 (see Figure
4).

While infrastructure raises productivity, the capital return is high and declines over time (see

Figure 3 Panel B). Recall that the capital return in our model satisfies
Ry =a(l—7)(1 — ) AVKS (erNea) ™ + (1 — 6).

The decline of capital return during 2003-2013 is mainly driven by the large increase of capital-labor
ratio by more than 250 percent during the transition phase with initially low capital stock. The
decline of the capital return is partially offset by the existence of housing bubble. Theoretically, the
effect of a bubble is ambiguous because it may increase capital return through higher infrastructure
and crowding-out of capital, but decrease capital return through reallocating labor out of the
nonhousing sector. Quantitatively, we find its effect to be positive but small, i.e., it adds 0.7
percent to the average capital return during 2003-2013.

Next we discuss housing prices presented in Figure 3 Panel C. Our model matches the growing
trend of China’s housing prices fairly well. In our simulation, the average growth rate of housing
prices is 11.4 percent during 2003-2008 and 8.6 percent during 2009-2013, while in the data it is 11
percent and 9 percent. Although the capital return follows a downward trend, the growth rates of
housing prices are relatively stable.

It seems puzzling that the growth rate of housing prices stays high on average, while the capital

return follows a fast downward trend. To understand the intuition, consider the no-arbitrage

22In addition to cyclicalities, China’s growth also exhibited transitional dynamics due to the dual-sector nature of
its economy. As shown in Song et al. (2011) and Chen and Wen (2017), the labor reallocation from the public to the
private sector can temporarily maintain high capital return, which explains why China’s GDP growth is high during
2003-2008.
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Figure 3: Model results and comparison with the data.
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equation (23) under risk-neutral utility and zero depreciation of housing (u/(¢) =1 and §;, = 0):

Tl PR + (1 —p) Qi

QF Qf ’

where R;y; denotes the (expected effective) capital return. That is, the expected capital return

(24) Ryy1 =

is equal to the expected housing return, which in turn is equal to the sum of the rent-to-price
ratio and expected price appreciation. The rent-to-price ratio is relatively high initially in 2003
and the size of the bubble is also small (i.e., @, is close to Qf "+1)- Thus the housing price growth
rate Qf 1/ Qj is approximately equal to Ryyq — 141/ Qf , which is less than the capital return
Ry, 1 in the early years of the 2003-2013 period. As time goes by, both the housing price and the
housing bubble grow, but the rents grow at a much lower rate (about 0.5 percent on average in
the data). Figure 5 decomposes the housing price into its fundamental and bubble components.
The rent-to-price ratio gradually declines to zero in the long run. Thus the fundamental value of
housing @); relative to the bubbly value Q] approaches zero. In this case, equation (24) implies
that the housing price growth rate Qf "/ Q; approaches R;.1/ (1 — p), which is greater than the
capital return R;yq for p > 0. This happens in the later years of the 2003-2013 period in our model.
Intuitively, to compensate for the risk of the bubble bursting, the growth rate of housing prices
when the bubble never bursts must be higher than the capital return (Weil 1987).

To close this section, we argue that the land-sale revenue channel is essential for our analysis. To
see this, let us simply shut down the land-sale revenue channel by assuming that land-sale revenue
is transferred to workers without recalibrating the model. We find that the average infrastructure
investment to GDP ratio is lowered by 3.5 percentage points, and the average GDP growth rate
is lowered by 1 percentage point, compared to our extended model. Moreover we cannot match

the increasing pattern of the infrastructure investment to GDP ratio in the data. If we further
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Figure 5: Decomposition of the housing price (2003=100) into its fundamental and bubble compo-
nents.

recalibrate government spending G; to match the average infrastructure investment to GDP ratio,

we still cannot match the upward trend of this ratio.

4.5 Financial Deregulation

As aforementioned, the Four Trillion Project implemented in 2009 allowed local governments to
borrow additional funding for their infrastructure investment. One might think this financial dereg-
ulation is so important that it can explain most of the infrastructure boom after 2009. We show
below that this is not the case.

To separate the contributions of land-sale revenue and financial deregulation to the infrastruc-
ture boom after 2009, we conduct the following experiment. Suppose that there was no financial
deregulation in 2009 in the sense that the leverage ratio £, was unchanged after 2009. Then the
local government debt to GDP ratio during 2009-2013 would drop from 17.1 percent in the bench-
mark to 13.4 percent in the counterfactual economy. GDP growth during this period would drop
by 0.1 percentage point. The infrastructure boom after 2009 is measured by the 1.7 percentage
points increase of the infrastructure investment to GDP ratio in our benchmark model (from 6.7
percent during 2003-2008 to 8.4 percent during 2009-2013).22 Our counterfactual without financial
degregulation and with only land-sale revenue generates an increase of that ratio by 1.2 percentage
points, which means that financial deregulation accounts for 0.5 percentage points, or less than a
third of the infrastructure boom. We also find that the average infrastructure investment growth
during 2009-2013 is 11.4 percent in the benchmark model with financial deregulation, and 11.1
percent in the counterfactual economy without deregulation. We conclude that financial deregula-

tion does not dethrone land-sale revenue as the leading explanation for the Chinese infrastructure

23In the data, this ratio is 6.6 percent during 2003-2008 and 8.5 percent during 2009-2013.
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boom.

Land-sale revenue accounts for most of the infrastructure boom because local governments
dramatically increased their land supply after 2009 and because land prices increased dramatically
due to housing bubbles. Figure 6 shows that the supply of residential land nearly doubled after
2009 based on the data from the China Land Statistical Yearbook. The impact on land-sale revenue

was even higher because of the ever growing land prices.

4.6 Growth Accounting

In this subsection we discuss GDP growth. Panel A of Figure 3 shows that our model can replicate
the average GDP growth rate of 10 percent for 2003-2013, as well as the drop from the highest
growth rate of 14 percent to 7 percent during this period. To understand this pattern, we conduct
a growth accounting exercise.

Recall that GDP is defined in equation (21). Then we can decompose GDP growth as

AGDP;, Yy AY, | QY A(QiYn) n reHy A(riHy)

25 ~
( ) GDPt GDPt Yt GDPt QtYh,t GDPt ’r‘th

where AX; = X311 — X; for any variable X;. Our calibrated model shows that, during the period
2003-2013, the average growth rate of residential investment is 16 percent and the average residential
investment to GDP ratio is 8.6 percent, while the average nonhousing output growth rate is only 9.4
percent and the average nonhousing output to GDP ratio is 90 percent. Thus the 10 percent average
GDP growth consists of 8.5 percent of nonhousing output growth and 1.4 percent of residential
investment growth. Rents contribute only 0.1 percent to GDP growth on average and thus will be

ignored in our discussion.?*

240ur model implied average rents to GDP ratio (r:H;/GDP;) is about 1.3 percent. This estimate is reasonable
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Since aggregate output in the nonhousing sector satisfies
A0 pra—pb 1—-a—(1—p)0
Yi=A{K " (erNey) :

we can further decompose its growth into

A}/t AAt AKCJ Aet
ANy

Hl—a— (1= p) 5

Based on our calibrated model, we find that

9.4% =~ 0.1%10.7% 4+ 0.49 % 13.7% + 0.41 * 3.8% + 0.41 % 0.3%
1.1% +6.7% + 1.5% + 0.1%.

Q

Thus, to the 9.4 percent average nonhousing sector growth, infrastructure contributes 1.1 percent,
capital 6.7 percent, labor efficiency (technology) 1.5 percent, and labor 0.1 percent.

Similarly, we can decompose the residential investment growth into

A(QtYh t) AQt <ALt > AK}Lt Aet
= ‘o | — — + ~+(1—-—o —ap)—
QtYh,t Q¢ : Ly g k Kh,t ( : k) €t
ANy
+(1 — o — o) ——=.
Lo —ow) g

Our calibrated model shows that

16% =~ 10.0% + 0.56 * (—2.1%) + 0.24 x 21% + 0.2 x 3.8% 4 0.2 x 6.3%
10.0% + (—=1.1%) 4+ 5.0% + 0.7% + 1.3%.

Q

Thus, to the 16 percent average housing sector growth, housing price contributes 10.0 percent, land
—1.1 percent, capital 5 percent, labor efficiency 0.7 percent, and labor 1.3 percent.

To see why GDP growth declined over 2003-2013 in the data, we separate the whole sample into
two periods: 2003-2008 and 2009-2013. Average GDP growth is 11.5 percent in the first period,

and 8.5 percent in the second period. Using (25), we can decompose these growth rates into

L

11.5% ~ 0.917%10.9% + 0.073 % 16.9% + 0.011 * 18.3%
10% + 1.2% + 0.2%,

%

for two reasons: First, total rents are counted as part of the value added in the real estate sector. Since the value
added in the real estate sector was 4.4 percent of GDP on average for the period 2003-2013, the rents to GDP ratio
should be smaller than 4.4 percent. Second, Bai et al. (2006) estimate that (K; + A; + Q¢+H:) /GDP; = 1.66 and
QiHi/ (K + Ae + Qi Hy) = 13% for 2003. Thus we have

reHy Tt Q:H; Ki+ Ay + Qi Hy

- It =022
GDP; = Q¢ K¢+ Ay + Qi H, GDP, TN

for 2003. Since the rents to price ratio (r:/Q:) is around 3 percent to 10 percent, r¢H;/GDP, is around 0.66 percent
to 2.2 percent for 2003.
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Variable (%) AAJA AK. K. AN./N. AQ/Q AL/L—g AK,/K, AN,/N,

2003-2008 8.9 17.4 0.3 11.3 -3.6 23.7 5.7
2009-2013 12.5 10.2 0.2 8.6 -0.5 17.4 6.8
2003-2013 10.7 13.7 0.3 10.0 -2.1 20.5 6.2

Table 5: Growth accounting based on the calibrated model.

and

85% =~ 0.885%7.8% + 0.101 % 14.9% + 0.014 * 12.2%
~ 6.9%+ 1.5% + 0.2%.

This decomposition shows that the decline of GDP growth is attributed mainly to the decline of
the weighted average nonhousing sector growth from 10 percent to 6.9 percent, while the weighted
average housing sector growth increases from 1.2 percent to 1.5 percent.

To see what drives the change of growth pattern from 2003-2008 to 2009-2013, we present the
decomposition in terms of factor inputs in Table 5. We find that the decline of the nonhousing
sector growth is attributed mainly to the decline of capital growth from 17.4 percent to 10.2 percent,
while infrastructure investment growth rises from 9.0 percent to 12.5 percent. Given the rapid rise
of housing prices, aggregate capital is crowded out so that capital growth in both housing and
nonhousing sectors declines. Capital is also reallocated from the nonhousing sector to the housing
sector so that the weight of housing output in GDP increases from 0.073 to 0.101. The increase
in the weighted average housing sector growth from 1.2 percent to 1.5 percent partially offsets the
decline of GDP growth.

5 Counterfactual Experiments

Due to the dramatic growth trend of housing prices, Chinese policymakers and academic researchers
are concerned that housing prices might contain a bubble. Thus they want to understand how
much the collapse of a bubble might damage the economy. Chinese leaders are also discussing the
potential benefit of implementing a property tax to control housing prices. In this section we use
our calibrated model to study the potential impact of the collapse of a housing bubble and the

impact of a property tax.

5.1 1If the Bubble Bursts

Suppose that the economy stays in the bubbly state until the housing bubble bursts in 2025, then
stays in the fundamental state forever. Figure 7 Panel A plots the growth rates of housing prices in

the two economies: one with and one without the burst bubble. In the first case, immediately after
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Figure 7: Counterfactual experiment of a future bubble burst.

the burst, the growth rate of housing prices drops from 5.7 percent to —50.2 percent. In the next
30 years on the transition path, it is 1.1 percent on average, much lower than the average growth
rate of 5.0 percent without the burst. This can be explained by the low rent growth rate of 0.5
percent. On a balanced growth path in the fundamental state, the growth rate of the bubbleless
housing price is equal to the rent growth rate. Thus the average growth rate of the housing price
is low during the transition period.

Figure 7 Panel B shows how the bubble burst would affect GDP. After the bubble bursts in
2025, the growth rate of GDP drops from 5.3 percent to 3 percent. This 3 percent GDP growth
consists of a 7.1 percent increase of output in the nonhousing sector and a 73.9 percent decrease
in the housing sector. Nonhousing output increases because capital and labor flow back from the
housing sector into the nonhousing sector, while housing output decreases because newly built
houses lose value. Despite the large drop of housing prices, its impact on GDP growth is relatively

small because the housing sector accounts for a small share of GDP in 2025. The rise of nonhousing
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output offsets the large decline of housing output.?’

One year after the bubble bursts, however, the GDP growth rate is higher than in the case
when the bubble never bursts. In the next 30 years the average GDP growth rate after the burst
is 0.5 percentage points higher. In the long run on the balanced growth path, GDP growth rates
in the two economies with and without a bubble are both equal to the sum of population growth
and technology growth. But the bursting of the housing bubble has a level effect. In particular, in
2055, GDP and nonhousing output after the burst are 12.4 percent and 13.6 percent higher than
in the case without the burst.

GDP in 2055 is higher after the bubble bursts than it is without the burst due to the following
effects (see the second example in Section 3.7 for a similar discussion). After the burst of the
bubble, infrastructure investment is reduced because land-sale revenue has declined, but aggregate
capital is unleashed: in the 2025-2055 period, the average growth rate of infrastructure decreases
from 3.6 percent to 3.4 percent, while the average growth rate of capital increases from 5.2 percent

to 6.4 percent (see Panels C and D of Figure 7). This higher growth rate of capital raises GDP.

5.2 Property Tax

The Chinese government has not adopted a comprehensive property tax so far. In this subsection we
estimate what would happen if the Chinese government initiated a permanent linear property tax on
the entire housing stock in 2025. In our benchmark, the tax rate is 1.5 percent and this tax policy is
unexpected by all agents in the model. Since Chinese policymakers have discussed that the property
tax revenue can be used to finance the local government spending on infrastructure investment, we
simply assume that all property tax revenue is used to finance infrastructure investment. We focus
on the equilibrium paths both before and after the tax policy when housing bubbles never burst.2

Figure 8 Panel A plots housing prices after the property tax is imposed. The property tax
generates a negative wealth effect, which reduces entrepreneurs’ housing demand. On impact, the
housing price drops by 36.1 percent and its growth rate in 2025 drops from 5.7 percent to —32.6
percent. From 2026 to 2055, the average growth rate of housing prices is higher by 0.3 percentage
points than that without the property tax. In the long run, the growth rate of housing prices with
the property tax is the same as that without it.

In Figure 8 Panel B, we show how the property tax would change GDP. Based on our simulation,
after the property tax is imposed, GDP drops immediately by 1.6 percent compared with the case
without the property tax. This 1.6 percent GDP drop consists of a 1.0 percent increase of output

in the nonhousing sector and a 55.1 percent decrease in the housing sector. During the 2026-2055

25The relatively small impact is also due to the missing collateral channel of housing prices in our model. Unlike
the crash in the 1989 Japanese housing market, where reduced land price caused decline in credit and inefficient
bankruptcies, this collateral channel is negligible in China because very few Chinese firms use residential land or
housing as collateral.

26Miao et al. (2015) show that, when the property tax rate is sufficiently high, a housing bubble can never emerge.

36



A. Housing Price Growth B. GDP Growth

Benchmark
10t ———o—— With Property Tax| |
%
5 L
-40 : : : : 0 : : : :
2010 2020 2030 2040 2010 2020 2030 2040
C. Capital D. Infrastructure
30 - - 15 - - -
201
K;/K,
101
o N N N N 0 ; N N N N
2010 2020 2030 2040 2010 2020 2030 2040
Year Year

Figure 8: Counterfactual experiment of a future property tax.
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period the average growth rate of GDP increases from 4.5 percent to 5.0 percent. In 2055, 30 years
after the property tax is started, GDP and nonhousing output are 14.3 percent and 15.0 percent,
respectively, higher than they would be without the property tax. The reason that the long-run
GDP with the property tax is higher than that without is due to the following three effects. First,
the property tax encourages capital accumulation because entrepreneurs invest less in housing
assets. The average capital growth increases from 5.2 percent to 5.9 percent (see Panel C of Figure
8). Second, the property tax also increases infrastructure accumulation as we have assumed that
the tax revenue is used to finance infrastructure investment. The average infrastructure growth
increases from 3.6 percent to 5.0 percent (see Panel D of Figure 8). Third, with the decline of
housing prices, more capital and labor are reallocated from the housing sector to the nonhousing
sector. The average proportions of capital and labor in the nonhousing sector increase by 0.55 and

0.54 percentage points, respectively.

5.3 Welfare Effects

In this subsection we study the welfare effects of the above two counterfactual experiments on both
workers and entrepreneurs alive in 2025. First, consider the impact of the bubble bursting in 2025,
presented in Panel A of Figure 9. We measure the welfare change as a percentage deviation in
lifetime consumption from the equilibrium in which the housing bubble never bursts.

The oldest cohort living in 2025 enters the economy in 1976 at age 22 in the model. The bubble
bursting does not affect wages before 2025, but decreases the wage rate in 2025 because workers
flow into the nonhousing sector. The wage rate rises after 2025 because more resources are allocated
to capital accumulation such that the marginal product of labor rises. As a result, all workers born
before 1996 in our model do not experience welfare changes because these cohorts of workers retire
before the bubble bursts. Their lifetime income, which is the present value of wages, is unchanged.
Workers born in 1996 suffer a tiny welfare loss as their wages decline in 2025 only. Workers born
after 1996 experience welfare gains, because they enjoy an increase in the wage rate during their
working periods. The younger the workers are, the larger their welfare gains due to their ability to
work for a longer period of time.

By contrast, all entrepreneurs alive in 2025 suffer welfare losses.?” This is because of the
permanent loss of housing values and the decline of capital returns after the bubble bursts. The
welfare jump of the latest cohort in 2025 is because the newborn entrepreneurs in our model do
not hold any housing assets and start owning houses in subsequent years. Except for this cohort,

the younger the entrepreneurs are, the longer they face declining capital returns, and therefore the

2"Both our paper and Glover et al. (2020) show that a decline of housing price hurts homeowners more than it
hurts non-homeowners. The difference is that, in our model, non-homeowners (i.e., workers) benefit from higher
labor income, while in Glover et al. (2020) non-homeowners (i.e., renters in the younger cohorts) benefit from the
opportunity of buying houses at depressed prices.
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Figure 9: Welfare effects.
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Variable (%) Benchmark 6 =02 p=0.75 p=0.25

GDP growth 10.0 9.0 9.6 10.4
Housing price growth 10.0 8.9 9.8 10.2
Nonhousing sector growth 9.5 8.4 9.0 9.8
Housing sector growth 16 13.8 15.7 16.2
Capital growth 14.0 11.9 13.7 14.3
Infrastructure growth 10.7 9.4 10.6 10.9

Table 6: Sensitivity analysis.

larger their welfare losses.

There are two main differences between the welfare result of Chen and Wen (2017) and ours.
First, the wage rate declines in the year when the bubble bursts in our model due to the labor
reallocation effect, which is absent in Chen and Wen (2017). Second, the capital return in Chen
and Wen (2017) is constant during the transition stage and the bubble burst lowers the capital
return only in the post-transition stage. By contrast, the capital return in our model immediately
drops so that the welfare losses of entrepreneurs predicted in our model are larger than in Chen
and Wen (2017).

Next we consider the welfare effects of the property tax, presented in Panel B of Figure 9. We
measure the welfare change as a percentage deviation in lifetime consumption from the equilibrium
without a property tax to the equilibrium with the property tax studied earlier. We find that the
result is similar to that discussed for the case of the burst bubble, except that the magnitude here

is smaller. The intuition is also similar.

6 Sensitivity Analysis

In this section we conduct a sensitivity analysis. Since infrastructure plays an important role in
our model, one may wonder whether our results are sensitive to changes in parameters such as the
productivity elasticity parameter § and the congestion effect parameter p.

In our benchmark quantitative model we set the elasticity of infrastructure 8 = 0.1001 to match
the marginal infrastructure-investment return in China. Now we double the value of 8, holding all
other parameter values fixed, and report the results in Table 6 column 2. We find that the average
growth rates for 2003-2013 of GDP, housing prices, nonhousing output, housing output, aggregate
capital, and infrastructure investment all decline with . The reason is that a higher value of 6
increases not only infrastructure productivity but also the congestion effect of capital and labor.
Since capital accumulation is the main driving force of Chinese GDP growth, the congestion effect
dominates the increase in infrastructure productivity, causing GDP growth to slow down. This in

turn causes all other growth rates reported in Table 6 column 2 to decline.
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Next we report the sensitivity analysis of p in Table 6 columns 3 and 4, holding all other
parameter values fixed. Although we choose p = 0.5 in our benchmark model, our results are not
sensitive to this choice. In particular, GDP growth decreases slightly in Table 6 when p increases.
Higher p strengthens the congestion effect of capital, makes capital less productive, and drives down
GDP growth. But higher p also weakens the congestion effect of labor, which partially offsets the
former negative effect.

In all cases studied above, we have not recalibrated the model to match the same data moments
as in our benchmark model. When we recalibrate the model, we find that the new results are

almost identical to those in the benchmark.

7 Conclusion

In this paper we study the impact of Chinese housing bubbles on infrastructure investment and
economic growth in a two-sector OLG model. Our calibrated model can match the Chinese data
reasonably well. Our study makes three contributions. First, we identify a new crowding-in effect
of housing bubbles, by introducing a land-sale channel unique to the Chinese economy. With
this channel, our model can explain the boom of infrastructure investment in China. Second, we
quantify the effects of a bubble bursting and find that, although the crash represents a big negative
shock to investors’ wealth, the effect on China’s real GDP is relatively small due to the reallocation
effect on capital and labor. Third, imposing a property tax and using the tax revenue to finance
infrastructure investment can lower housing prices and reallocate resources from the housing sector
to the nonhousing sector, thereby raising the long-run GDP level.

We have not considered the collateral channel of housing prices in the nonhousing sector because
this channel seems weak in the Chinese data (Wu et al. 2015). If nonhousing firms use houses or
land as collateral to borrow to finance capital investment, changes in housing prices can have a
large impact on nonhousing output and hence GDP (Kiyotaki and Moore 1997). Given that small
firms are more likely to use houses as collateral and their investment accounts for a small share
of aggregate investment, we expect that incorporating the collateral channel would not change our

results significantly. Further study of this issue would be an interesting topic for future research.
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Appendix
A The Regression in Section 2.2

Traditional estimation of housing supply elasticity (e.g., Saiz 2010, Mian et al. 2013, and Mian
and Sufi 2014) relies on some natural environment variables, such as land supply constraints due
to water or steep-slope mountains. As criticized by Davidoff (2016) and Guren et al. (2021), this
estimation is correlated with many housing demand factors. For example, good natural environment
such as ocean/mountain views may attract highly skilled worker or investment, which bring about
higher productivity growth and housing demand. Guren et al. (2021) propose a refinement of the
Saiz instrument of housing supply elasticity, by separating all U.S. cities into several geographic
regions and regressing the city-level housing price to the regional housing price to obtain a local
sensitivity instrument. They argue that this sensitivity instrument could proxy (the inverse of)
housing supply elasticity. Their intuition is that if a city’s housing price is more sensitive to the
regional housing price, then this city’s housing supply elasticity is lower.

We separate all Chinese provinces into seven regions (North East, North, Middle, East, South,
Southwest and Northwest) by traditional geographic definition. We construct regional housing
prices by taking the average of housing prices for provinces in the same region. In the first-stage
regression to construct our instrumental variable, we regress local (i.e., province-level) housing price

on regional housing price,
AQit =i + Pix AQrt + 1 x Xt + €y,

where 1); is the intercept term of province i, AQ;; and AQ,; are the log annual change of housing
prices in province 4 and in region r respectively, X;; is a set of controls, and €;; is the error term.
Following Guren et al. (2021), we construct the sensitivity instrument AQy = BiAng to proxy
(the inverse of) housing supply elasticity, where Bl is the estimate of ;. For regressions in Table

1, we use AQ;; as an instrument for housing prices.

B The Basic Model in Section 3
B.1 Equilibrium Dynamics

The bubbly equilibrium of the basic model can be summarized by the following system of 12

nonlinear difference equations for ¢t > 0:

(Bl) Ay = (1 - 5a)At + 7Y + prels,
(B.2) Hip1n = (1—0n)Hi + Yy,
(B.3) Kin = HﬁﬁMt — QeHiya,
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Qe1(1 — 0n)

(B.4) Ris = S5

(B5) Re = o(l—n)1—) [4/(KENG?) Koo N,
(.6) wo= (1-a)1 -7 [agENG)] KeNG
(B.7) wy = (1—a)QLy" N, [,

(B.8) pre = athL?zleﬁ;az,

(B.9) 1 = Net+ Nig,

(B.10) v = ANt Kente,

(B.11) Vi = Lle,ifl,

(B.12) M, = va(l-1)Y

for 12 sequences of aggregate variables
{Rt7 Wt, PLt, NC,t7 Nh,t) }/;57 Yh,t7 Mt7 Kta At7 Ht7 Qt}?i()-

The variables A;, K;, and H; are predetermined and all other variables are nonpredetermined.

Equations (B.1)-(B.2) follow from the definitions of A;y; and Hyy;. Equation (B.3) defines the
capital holding of young entrepreneurs at ¢, where M; given in (B.12) is the total initial endowment
of young entrepreneurs derived from (4). Equation (B.4) is the no-arbitrage condition. Equations
(B.5)-(B.8) are the firm’s first-order conditions with respect to k¢, nc¢, np e, and I, respectively.
Equation (B.9) is the labor market clearing condition. Equations (B.10) and (B.11) follow from
the definitions of Y; and Y}, ;.

Our proofs actually rely on a two-variable system, simplified from the system (B.1)-(B.12). We

discuss this simplified system next.

B.2 Dynamics of (H,, %) in a Simplified System

K,

First, we show that Nj,; can be written as a decreasing function of ﬁ, which is useful when
t—1Ly

we study the equilibrium dynamics below.

Lemma 1 In any equilibrium, Ny, = f <%> fort > 1, where f(-) is a fized strictly decreasing
t

Qt— 1
function.

Proof: Equations (B.6) and (B.7) imply

0
(B.13) (1= a)(1 = 7) [ A/ (KNG KNGS = (1= a)QuL{ Ny 7.
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Substituting (B.5) into (B.13) and simplifying the latter equation, we have

Nit  _(—aa(l—9)  (1-a)a(l—v)
(B14) 1— Nh,t - (1 _ Oé) C};:futz - (1 o Ol)(l . 5h)m7

O‘l

Ny
where the second equality uses the no-arbitrage condition (B.4). Because 1— N 1s strictly i 1ncrea81ng

in Np, ¢ € (0,1), the above equation defines Nj, ; € (0,1) as a strictly decreasmg function of
|

QtflL?l ’

Second, we show that the equilibrium dynamics of (Ht, L ) satisfy a system of two difference

equations for ¢ > 1:

K 1—og
(B.15) Hipy1 = (L—=0p)H + LY f (t ozl) ;
Qit—1Ly
K 1 K
B.16 = - — Hiya,
( ) Q: 2 Qi—1 i

where z is defined in (13) and f(-) is from Lemma 1.
Since (B.15) follows directly from H;yq = (1 — 3)H + Yy, and Lemma 1, we shall focus our

discussion on (B.16). The initial wealth m;;1 of an entrepreneur born in ¢ + 1 satisfies

A o P
mir1 = a(l = )AL K NTE = - w)RHth—i-la
where the second equality uses (B.5). Therefore,
K % . Ky +QiHyr . B oy
+ 1 = = o
Q1 Q1 (1+8) Q:

08 RK _ (1L-0w08 K
C-9)A+8) Q@ A D1+5 Q1

where the second equality uses (2) and the last equality follows from the no-arbitrage condition
(B.4).

In period ¢t = 0, we have

0
Ro = o1 = 7)(1 = ) [4o/ (KGN K5~ NG,

and the last equality in (B.14) does not hold because (B.4) does not hold for Ry. Using (B.13) for
t=0and N.g+ Npo = 1, we can show that (g is a function of N .

Proof of Proposition 1
First, we show (14). In a bubbly steady state, equations (B.15)-(B.16) become

(B.17) H® = (1-6,)H®+ (L)% (Nb)l—«,

Kb Lo

K
(B.18) Qb @/z,
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where N = f (#ﬁ%) It follows from (B.18) that H® = (1/z — 1)5—:, which implies

Second, we show (15). It follows from the definition of f(-) in Lemma 1 that

(M) (L= apa(l =)
— —

Ne (1= a)(1 = ) grsyar
which is rewritten as

K? 1-NY  (1—a)a(l—1)

QP(L¥)r(Np)l=er Nb (1 —a)(1—d)
Substituting
b
= T H = (L)

Q@ 1-z (1 —2)dp
into the above equation, we have

2 1-Np  (1-a)a(l—vy)
(1—2)op N? (I—=a)(1—0dp)’

which implies (15).
Third, we can derive that
* * — /3
PEL" = aiQ'(L)™ (VD)™™ = cudhQ"H" = cudng’ a1 = )Y,
where the first equality follows from (B.8), the second from (B.17), and the last from (5). Then
equation (16) follows from the above equation and (6).

Finally, equation (17) follows from (5).

Proof of Proposition 2

We will show that, for any given (Ko, Ag, Ho), there exists a unique g9 > 0 such that the system
(B.1)-(B.12) starting from (Ko, Ao, Ho, Qo) converges to a bubbly steady state.?® For simplicity, we
first focus on the simplified system (B.15)-(B.16) for (H, %), and extend this system to period
t = 0 by introducing a variable @)_;. We show that there exists a unique @)_; starting from which
the system (B.15)-(B.16) converges.

The proof consists of three steps. Step 1 discusses initial conditions from which the system
(B.15)-(B.16) will diverge. Step 2 shows that there exists a unique @—; from which the system
(B.15)-(B.16) converges to a steady state. Step 3 shows that this unique _; implies a unique Q.

28 At the beginning of period 0, if (Ko, Ao, Ho, Qo) are known, then (Ro, wo, pLo, N10, Noo, Yo, Yro, Mp) can be solved
as functions of (Ko, Ao, Ho, Qo) from (B.5)-(B.12).
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Step 1. To simplify notation, we denote th(

= by X; in the following proof. We introduce two

sets of initial conditions from which the system (B.15)-(B.16) will eventually diverge. In particular,

we define sets U; and L; as follows:

U = {(H,X): H(H,X, L) < H*(L,) and X'(H, X, L) > X*(L;)},
L; = {(H,X):H'(H,X,L) > H*(L) and X'(H,X,L,) < X*(L)},

where (H*(L), X*(L)) denote the steady state when the land supply is always equal to L, and
L, = infesy Ls, Ly = supgs; Ls. Here H' and X' represent the right-hand sides of (B.15) and
(B.16),

X l—al
H/(HvXaL)E (1_5h)H+Lalf (Lal> ;
, 1 X\
e — — — — (&%) -
X'(H,X,L) = zX (1—=0p)H — LVf <Laz) )
The divergence of U; and L; is verified in the following lemma.
Lemma 2 If (Hy, Xy) € Uy, then limg_,oo X5 = 00. If (Hy, Xt) € Ly, then X < 0 for finite s.

Proof: Suppose (Hy, Xt) € U;. Because H' is increasing in L and X’ is decreasing in L,

Hyyw = H'(Hy, Xy, L) < H'(Hy, Xy, L) < H* (L),
X/

X1 = X'(Hy, Xy, Ly) > X'(Hy, Xy, Ly) > X*(Ly).

By induction, we can show that Hs < H*(L,) and X5 > X*(L,) for all s >t + 1. It follows from
(B.16) that for all s >t 41,

X, — X*(L X, — X*(L
—_ S (—t) _Hs+1+H*(Lt) > S (—t)’

X1 — X*(L
s+1 (ft) P P

which implies limg_,, X5 = 00 since z < 1. Similarly, if (Xy, H;) € L4, then by induction we can
show X, < X*(L;) and Hy > H*(L;) for all s >t 4 1. Moreover,
X — X*(Ly)

X1 — X*(Ly) < B

which implies X < 0 for finite s. |
The following alternative definitions of U; and L; are used in the proof of Lemma 3 below. The

conditions H'(H, X, L;) < H*(L,) and X'(H, X, L;) > X*(L,) are, respectively,

—a 1—o
00~ (3%)
1- o,

—a 1—o
X[z = X*(L) - I f ()

H<
1— o,

, H<
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Therefore,

win{ B (L), X2 = X (L)} - T f (Fr)

=< (H,X):H

Similarly,

max{H*(L.), Xz — X*(To)} — L f (ﬁ) e
1—o,

ﬁt = (H, X) :H >
Step 2. We show a unique Xy from which the system converges. Above X, the system enters
U; eventually. Below Xj, the system enters £; eventually.

Lemma 3 For any Hy > 0, there exists a unique Xy such that the system starting from (Hg, Xo)
converges to (H*(L*), X*(L*)), where L* is the land supply in the long run. The system starting
from XQ > X satisfies limy_ oo Xt = 00, and that from XO < Xy satisfies Xt < 0 for somet > 0.

Proof: For any Hy > 0, define sets A and B as follows.

A {Xo: the system starting from (Hp, X() satisfies tlim X = o0},
—00
B

{Xo: the system starting from (Hp, X) satisfies X; < 0 for some ¢}.

First, both A and B are nonempty but AN B = (). B # () because if X is sufficiently small
then X1 = Xo/z — Hy < Xo/z — (1 — ,)Hy < 0. To prove A # (), pick a sufficiently large Y such

that T8 f (%) < 6Hy. We show that lim; X; = oo if Xo > max{Y, 2#}. To show this, it
0 T 1/2-1
0

is sufficient to show H; < Hy and X; > 1/22“ X; 1 forallt>1. If t =1, then

X[) 1—0[[ Y 1—()![

mo= G-+ (30)  <0-tmIgf (e ) <o
0 0

Jz—1 1/z41

Xo.
2 2 0

1
X, = Xo/Z—H1 >X0/Z—H0 >X0/Z—X0

By induction, suppose Hy < Hy and X, > 1/22+1X5_1 for all s < t, then for ¢t + 1,

Xt 1—og Y 1—aq
Hyn = (1—00)H, + L3 f < ) < (1= &) Ho+ LY f <L) < .
t

Ly
Jz—1 1/z41

1
X1 = Xi/z—Hi > Xe/z— Ho > Xy /2 — X, 5 5

X

ANB = ) because the system is terminated after X; reaches negative values. So X; cannot converge
to oo at the same time.
Second, both A and B are open. B is open because if X; < 0 for some finite ¢, then con-

tinuity implies that X; remains negative if there is a small change to Xy. A is open because
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if lim;,0o Xy = o0, then equation (B.15) and f(co) = 0 imply lim;,oo H; = 0. Therefore,

11—
min{H*(L;),X¢/2—X*(L;)}~ Lall”(”l) |
- t for large t. It follows from (H;, X;) € U; and Lemma 2

H; <
that lim;_,oo X; = 00

Third, (0,00)\ (AUB) is nonempty because (0, 00) is a connected set. Pick Xy € (0,00)\ (AUB)
and we show below that the system starting from (Hy, X() converges to (H*(L*), X*(L*)), that is,
for any € > 0, there exists N such that (Hy, X;) € (H*(L*)—e€, H*(L*)+€) x (X*(L*) —€, X*(L*)+¢€)
for all t > N. We shall repeatedly use the fact that (H;, X;) ¢ £, Ul for all ¢.

(i) We show that there exists a small e € (0,¢) such that ¢ > 1/es and H, € (H*(L*) —
€2, H*(L*) + €2) imply (Hyy1, Xiy1) € (H*(L*) — ¢, H*(L*) +€) x (X*(L*) — ¢, X*(L*) + ¢).
Because H'(H,X,L) and X'(H,X,L) are continuous functions, there exists e3 > 0 such
that (H',X') € (H*(L*) — ¢, H*(L*) + €) x (X*(L*) — ¢, X*(L*) + ¢) for all (H,X,L) €
(H*(L*) —e3, H*(L*) + €3) x (X*(L*) — €3, X*(L*) + €3) x (L* — €3, L* + €3). We can choose
a sufficiently small €5 < €3 such that L; € (L* — €3, L* + €3) for all t > 1/ea. Because both
OL: and OU; are upward sloping and continuous, we can also choose a sufficiently small ey
such that Hy € (H*(L*) — ea, H*(L*) + €2) and (Hy, Xy) ¢ L£; U U, imply that (Hy, X;) €
(H*(L*) — e3, H*(L*) 4+ €3) x (X*(L*) — €3, X*(L*) + €3) for all ¢t > 1/es.

(ii) We show that there exists a small ¢4 > 0 such that t > 1/¢4 and H; < H*(L*) — ez imply
Hyy1 € (Hy, H*(L*) + €2). To show Hyiq1 > Hy, choose a sufficiently small ¢4 such that for
t>1/ey,

@ s (X)) - )

min{H*(Lt%X*(L*)/zfX*( )} Lalf( t )) -

(b) =5,

> H(L7) — e
Then (H;, Xt) ¢ U; implies that
. % % —aqy X, 1—oy
min {H*(L,), X¢/2 — X*(L,)} — L, f (ﬁ)

1—96p
which, together with (b), implies X; < X*(L*). It follows from (a) that

X 1-a X*(L* 1—qy
L' f <ch,) > L' f ( L(O‘l )> > 0(H*(L*) — e3) > 0H;.
t =t

< Hy < H*(L") — e,

(0%
Therefore, Hyy1 = (1 — 6p)Hy + L' f (%) l > Hy. To show Hyp1 < H*(L*) + €9, choose
t
a sufficiently small €4 such that for ¢ > 1/eq,

max { H*(L), X*(L*)/z — X*(Ly)} — Lalf< L*)>1_O”
t
1— o

< H*(L*) + €.
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By contradiction, suppose Hyy1 > H*(L*) + €3. Then Xy = Xy/z — Hyypy < X*(L*)/z —
H*(L*) — e < X*(L*), and

l—al

max {H*(zt+1),Xt+1/ZfX*(ft+1>} Lallf <Xt+1>
1—46y
_ - oy
max {H*(Le41), X* (L) /2 = X*(Ley1) } — Lal1f( Lt >
1—-4,

<

< H*(L*) + €2 < Hyqq,
which contradicts the fact that (Hyy1, X¢+1) € Ly

(iii) Symmetrically, we show that there exists a small ¢4 > 0 such that ¢ > 1/e4 and H; >
H*(L*) + € imply Hy4q € (H*(L*) — €9, Hy). To show Hyy1 < Hy, choose a sufficiently small
€4 such that for ¢t > 1/ey,

—a N e
() I'f (532) T <o (L) + e2)

maX{H*(Zt)v)(*(L*)/zfX*(ft)}féf‘lf(%) 1—a
(b) - i e

Then (H;, X;) ¢ L; implies that

* (T * (T (&3] X I=ay
max {H*(Ly), Xo/z — X*(Ly)} — L& f (ﬁ;)
1—6p
which, together with (b), implies X; > X*(L*). It follows from (a) that

> Hy > H* (L") + e,

X\, (XL
() smir(Toel) <ot ) e < ot
t

t

1—
Therefore, Hyy1 = (1 — 8p)Hy + L' f (%) M H;. To show Hyyq > H*(L*) — €2, choose
t
a sufficiently small e4 such that for ¢ > 1/ey,

min {H*(L,), X*(L*) /2 = X*(Ly)} = ;" f (214
1—dp
By contradiction, suppose Hy11 < H*(L*) — €3. Then X1 = Xy/z2 — Hip1 > X (L) /2 —
H*(L*) 4+ €2 > X*(L*), and

)1 o
> HY (L") —e

170{[
. . .
min { H*(Ly 1), Xep1/2 = X* (L) } — Lt+1f< t+11>
1=
X*(L*) 1~
min {H*(Lyy1), X*(L*)/2 = X*(Lyy1) } — Lt+1f< oL, )
>
> —

> H*(L*) —e > Hyyq,
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which contradicts the fact that (Hyy1, Xit1) & Us.

(iv) We show that set (H*(L*) —e, H*(L*)+e€) is absorbing for ¢ > 1/e4. Starting from (X™*(L*)
€, X*(L*) — e2) U [X*(L*) + €2, X*(L*) + €), the path monotonically converges to (X*(L*)
€9, X*(L*) + €9); starting from (X*(L*) — €9, X*(L*) 4 €2), the path stays in (X*(L*)
€, X*(L*) +¢€). Even if Hy ¢ (H*(L*) — ¢, H*(L*) + €), the path will enter (H*(L")
€, H*(L*) 4 €) and stay in it forever.

Fourth, if X’O > Xy, then by induction we can show that FIt < H; and X't > X; for all ¢t > 1.

Therefore,
X1 — Xep1 = (Xo — Xo) /2 — (Hp1 — Xig1) > (X — X4) /2,

which implies limt(f(t — X¢) = oo. Therefore, limy X, = oo+ X*(L*) = oo. Similarly, if X < Xo,
then we can show that H, > H; and X; < X, for all ¢ > 1. Therefore, lim; X, = —oco. This step
also implies that X is unique. |

Step 3. We show that for any (Ao, Ho, Ko), there exists a unique (o such that the system
(B.1)-(B.12) starting from (Ko, Ao, Ho, Qo) converges to (H*(L*), X*(L*)). Lemma 3 shows that,
given Hy, there exists a unique Ky/Q_; such that the system converges to (H*(L*), X*(L*)). There

is an increasing and one-to-one mapping between Q_1 and @y. Equation (B.13) implies

(1—a)(1 — 1) A§KG ™" (1 — Njg)~*~00-P N,

Qo = (1 —ay)Lg'

Substituting Ny o = f <ﬁ) into the above yields

gy 70~ nAGKG (1= (g )00 f (G )
)=

(1 — Oél)Lgl ’

which is increasing in Q)_1.

Suppose Qg corresponds to the unique _; in Lemma 3 from which the system (H;, X;) con-
verges to a steady state. If Qp < Qo, then Q_1 < Q_1, which implies Xy = % > % = Xg and
limy ,oo X3 = 00. This represents an equilibrium in which lim; ,o, Q¢ = 0. However, if Qg > Qo,

then Q_1 > Q_1 and X; < 0 for some ¢. Equilibrium does not exist in the latter case.

Proof of Proposition 3

If A and K are both linear functions of Y,

(B.19)
(B.20) K = \gY,

N
l
>
=
=



it follows from (B.19), (B.20) and the production function ¥ = A0 o= N2 (1200 g
Yy — <)\?4)\?(fp6’Ncl—a—(1—p)9> 1*‘1*%1*11)9 ]

Therefore, (10), (11) and N =1 in the bubbleless steady state imply

1
1—a—(1—p)o

v ,

1+
while (16) and (17) in the bubbly steady state imply

N Gk

v = (e a1+ 6 (- ) e - )

S S
1—a—(1—p)0

(Né))la(lp)e)
These calculations show that Y > Y™ if and only if

o (1-p)0 6
<;/::)1 1—p _ <1 n aléhgﬁiﬁf"égi_ T)> (1 I d)b)a—pe(Né))l—a—(l—p)G > 1.

8¢ Bap(1—7)
(a+p)r

N? < 1. The other two equations in the proposition follow from equations (11), (17), (10), and
(16).

The left-hand side of the above inequality is increasing in 6 because 1 + > 1 and

C The Extended Model in Section 4
C.1 Decision Rules

We show two properties of the optimal consumption-savings allocation in the entrepreneurs’ prob-

lem. First, an age j > 2 entrepreneur’s consumption ¢, in period ¢ satisfies

1-p
(C.1) 5= 1- 5T—G-1 (Rtkj,t +(Qe(1 = 0n) +14) hje + be;,t) :
The newborn age 1 entrepreneur’s wealth is inherited from their parents. Then their consumption
is given by
1
(C.2) f 5

= my.
l,t 1_6’]” t

Thus, consumption is a fixed fraction of an entrepreneur’s wealth in any period. This fraction
depends on the entrepreneur’s age, but not on their wealth level or the uncertainty in the rate of
return from capital and housing.

Second, all entrepreneurs make the same portfolio choice at time ¢ regardless of age, that is,
hjt1,44+1/kj+1,441 is independent of j. These properties will simplify the calculation of equilibrium

allocations in the extended model.
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The following two lemmas prove these properties. We need to use an age-j entrepreneur’s

budget constraints at time ¢, which are explicitly written as

€ (&
Qthji141 + kjr1e41 + e + 05101 449

(C 3) . mg, ,7 = 17
' B Rikji + (Qe(1 = 0n) + 1) by + RIVS,, 2<j<T.
Lemma 4 With logarithmic utility and Ri1q > R, we have b§+17t+1 = —&kjt1,41 and equations

(C.1) and (C.2) hold.

Proof: We prove (C.1) by backward induction in j. If j = T, then % = 1 and an
entrepreneur in their last period of lifespan should obviously consume all the wealth.
Suppose (C.1) holds for j + 1, i.e.,
e 1-— B fre
Civit+1 = 1- 375 (Rt+1k?j+1,t+1 + (Qe41(1 = 6p) +rev1) hjp101 + R bj+1,t+1)
1-— B fre e
= m (Rtk;j,t + (Qt(l - 6h) + Tt) hj,t + R bj,t - Cj,t) X
(Rep1(1 = @js) + Rty d),
where we have used (C.3),
biy = Qthji1,t41 B Qthji1,+1
it - )
” kit + Qehjirrn + 05,0000 (L= kjyreer + Qehjyie
. = Bei- ERS i = Qeri(l = 0n) + 714
t+1 —_— 1 —é- ) t+1 - Qt b
and 05,4, = —&kjt1,.+1. Notice that the borrowing constraint always binds when Ryyq > RY.
Substituting the above consumption equation into the entrepreneur’s Euler equation,
Ul(cf,t) = BE; [UI(C§+1,t+1)(Rt+1(1 - ¢j7t) + R?+1¢j,t)]7
we have
1
= =BE | —
it =TT (Rt/fj,t +(Qe(1 = 6p) +7¢) hje + RIS, — Cit)
Solving the above equation for ¢f,; yields (C.1).
Finally for j = 1, the entrepreneur’s wealth is m;. We then obtain (C.2). |

Lemma 5 With logarithmic utility and Ry > RY, all entrepreneurs make the same portfolio

choice at time t regardless of age, i.e., ¢;; is independent of j.
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Proof: The no-arbitrage condition is

u'(c ;,Jtrﬂ) Bt u'(c ;,Jtrﬂ) n ~
(1—p)— R +pRy = (1 _p)/TRt+1 + PR,
u (C] 1) u (c],t+1)
/(T -
It follows from Lemma 4 that ‘a1 — Jej“ is equal to the wealth ratio between state — and

Ul(cj,t+1) Cjt+1

state +. Therefore

R?qumt + Rt+1 1— ¢J7t

( ( )
4 )(Rzﬁl‘ﬁj,t + Rt+ (1—9j¢)
( ( ) 5
( ( )

t+1¢jat+Rt+ 1- ¢J,t
R?Il%t + Rt+1 1- ¢J7t

From the above equation, we can solve ¢;; as

p— D+ p— pht +
Rt+1Rt+1 —(1- p)Rt+1Rt+1 pRt+1Rt+1
h— ph 5— 1 h—

Rt-&-lRt:—l + Rt+1R;r+1 - Rt+1Rt+l Rt+lRt+l

(C.4) = (1-p)

it =

Because the right-hand side of the above does not depend on j, entrepreneurs of different ages make
the same portfolio choice. |

Let (K(3), H¢(j ))jT,1 denote the aggregate holdings of capital and houses at the beginning of
time ¢ for ages j = 1,...,T. Because Lemma 5 implies that H;(j) = ( )Ht, we will include K;, Hy,
and {Ky (5 )} _, in our state variables but not {H; (j )};F:1 since {Ht( )}]T:1 can be inferred from
the others.

C.2 Bubbleless Equilibrium

The dynamic system for the bubbleless equilibrium in the extended model contains 37T+ 16 variables
B}, Ay, Hy, K¢ (j), Bf (j), Kt, Zs, Zi (§), Ry, we, pre, Keg, Knty Neg, Nug, Vi, Yoz, My, Qy, for
7 =1,...,T, that satisfy the following system of 37" + 16 difference equations for ¢ > 0:

(0'5) Btg+1 = fgthLty
(C.6) A1 = (1=06,)A; — Gy — RIBY + 7Y + 1,Qi Yy + pre L + B/ 4,
(C.7) Hipn = (1= 0p)Hy + Yiy,
1

(C.8) Ki1 = Q(Zt — QiHi11),

e
(ClO) Kt—i—l(j + 1) - Kt+1 gj)7 VJ =1,..,T -1,

¢
(C.11) Bl +1) = —€Kiq(G+1), ¥j=01,.,T-1,
1-5

(C.12) Z,(1) <1 - = BT> M,
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. 1-8
Z(j) = [1 - 1—5T(]1)] X
. K, (i
(C.13) (K =R+ (1= 5)Q +r)] K82, =,
T
(C.14) Zi = > Z(j),
7j=1
(C.15) Ky = Kci+ Kpy,
(C.16) Ny = Ngi+ Npy,
(C.17) Ry = a(l—71)(1—9)AJKS ™ (eNea) ™ + (1 - 6z),
Rt = Oék(l—Th)(l—w)Qt X
(C.18) (1= ) L) B (e ) =% 4 (1 - 5,
(C.19) w = (1—a)(1—1)AJKSe; * N5,
wy = (1—ap—ag)(l—7)Q X
(C.20) (1= go) Lo) ™ Ky e 17k N1k,
(C.21) pre = a1 —7)Qu(1 — g1) ™ LT K% (e Ny g) '~ %,
(C.22) Vi = AIKZ(etNew)' ™,
(C.23) Ve = ((1- gl)tLt)aleO;ﬁ (e¢Np ) 17Ok,
(C.24) My = P((1—7)aY + (1 — 1h)akQtYnt),
(C.25) Ry = (1= 6p)Qr41 + reeL
Qt
where 4; and R, satisfy
i - A, . R, — ¢RS
th (etht)l_p’ 1-— 5 .

The workers’ decision problem is much simpler. For our small open economy, their consump-
tion/saving choices do not affect the above equilibrium system. Once obtaining a solution to the
above system, we can derive the consumption rules for entrepreneurs and workers. Here we omit
the details.

Equations (C.5)-(C.7) follow from the definitions of B ‘1> Avr1, and Hyyq. Equation (C.8)

computes the aggregate Ky 1, using the binding borrowing constraint of entrepreneurs. The variable

o4



Z; denotes the aggregate wealth net of consumption across all entrepreneurs and Z; (j) denotes
the total after-consumption wealth of age-j entrepreneurs. Equation (C.9) says that a newborn

entrepreneur does not own capital. Equation (C.10) defines an age-(j + 1) entrepreneur’s capital

holding at ¢ + 1, whose age is j at period t. Here, K“Zg;“l) = 2“1 holds because Lemma 5 shows
that
Kin(G+1) ki1t _1—9j
Z(7) Kjvi41 + Qehjrren + 0500 144 1-¢

is independent of j.

Equation (C.11) is the binding borrowing constraint of entrepreneurs. Equation (C.12) defines
newly born entrepreneurs’ wealth Z; (1) after consumption, where M; given in (C.24) is their
total initial endowment. Equation (C.13) defines total age-j entrepreneurs’s wealth Z; (j) after
consumption, for j = 2,...,7 — 1, where we have used Lemma 5. Here (K:(1 — §)Rt + Hy((1 —
Op)Qr+14)) is the total return from holding aggregate capital and houses, while Kf(—(t]) is the fraction
of cohort-;’s wealth in the total. Notice that Z; (T') = 0 because an age-T entrepreneur consumes
all their wealth. Equations (C.14), (C.15), and (C.16) define the aggregates. The variable N;
denotes the exogenous worker population.

Equations (C.17)-(C.21) are the firm’s first-order conditions with respect to ke, knyt, e,
npt, and ly, respectively. Equations (C.22)-(C.24) follow from the definitions of Y;, Y}, 4, and M.
Equation (C.25) is the no-arbitrage condition. It shows that the initial fundamental housing value

satisfies

> (1 - 5h)5_1r5
SZ:; Hi:l R;

The predetermined variables for the equilibrium system are Ay, Ko, Ho, {Ko (j )};‘-le , and Bj.
C.2.1 Algorithm for Computing the Dynamics Given ()
At the beginning of time 0, Bf, Ay, Hy, Ko, and {Kj (j)}jT:1 are known. Given g, the dynamics

are computed as follows.

(i) Imitialize ¢ = 0. Given Bf, Ay, Hy, Ko, {Kj (j)}]rzl, and Q, solve

(Ro,wo,pLo, K0, Kno, Neos Nno, Yo, Yi0, Mo, Zo, { Zo (j)}?:l) :

by using equations (C.12)-(C.24) in the previous equilibrium system. The total numbers of

equations and unknowns are both 7'+ 11.

(11) Given Bi]a At7 Ht7 Kt7 {Kt (j)}?:la Qta Rta W, PLts Kct7 Kht7 th7 Nht7 Y;fv Yht7 Mt7 Zt7 and
{Zt (j)}?::[?
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(a) solve (B, Avy1, Hip1, Ki1, {Keg1 (j)}j—,) by using (C.5)-(C.10). The total numbers

of equations and unknowns are both 7"+ 4.

(b) given (Bf\y, A1, Hipr, Kir, {Kip1 ()}j_y), solve Repr, wigt, prest, Kearr, Kt
Neir1, Nageyts Yeat, Yot Mig1, Zev1, {241 (j)},}r:p Qt+1 by using time-(t+1) versions
of (C.12)-(C.25). The total numbers of equations and unknowns are both 7'+ 12.

(iii) Set t =t + 1 and go to step (ii).

C.2.2 Algorithm for Computing Equilibrium

We use the shooting method. Set a large time horizon T and use the bisection method to compute

Qo such that the bubbleless equilibrium converges to the balanced growth path.

(i) Choose two initial values of Qo: (QRF, Q)).
h l
(ii) If |QF — Q)| < €, then stop. Otherwise, define Qo = %.

(iii) Given BY, Ao, Ho, Ko, {Ko (j)}JT:1 and g, solve the system dynamics by using the algorithm
in Section C.2.1.

(a) If ¢y = QiHy11/Zy > 0 for all t = 0,1,..., T, then set QF = Qo and go to step (ii).

(b) If ¢y < O for finite ¢ (i.e., Q¢ becomes negative because the initial guess of @ is too low),
then set QL = Qo and go to step (ii).

(iv) Increase T until the solution for Qg does not change much. In this case ¢4 converges to zero.

C.2.3 Bubbleless Balanced Growth

Notice that g,, ge, and g, are exogenous growth rates of rent, labor-augmented technology, and
population, respectively, and that g; is the exogenous declining rate of land quality. We use g, to
denote the growth rate of a variable z;. On a balanced growth path, we have

(C.26) ga = gk =9gk.=9gpe =9z =9y =gu = (L +ge)(1 + gn) — 1,

(C27) Jw = YGes YGN. = Gn-

Moreover, the capital return Ry, At, and R, are constant over time.
It follows from equation (C.25) that the housing price @y grows at the growth rate of rents, i.e.,
99 = gr- By equation (C.18), we have

L= (14g,) (1= g)™ (14 gx,)™ 7 [(1+ o) (14 gw,)] 7
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By equation (C.20), we have

L4 guw = (14 g,) (1= g)™ (14 gx5,)™ (14 ge)' ™% (1+ g, )~

From the above two equations, we can solve for gx, and g, :

1
+ 071_
P (14g/) (1 —g) 1,
1+ ge
1
gk, = (1+g )1 —g)—

Using the housing production function, we can derive

L
gy, = (1+g) (1—g)—1

Thus the growth rate of residential investment ;Y7 is given by

1
Oé

(I+g)(l—g)—1

By (C.7), gu = gy, It follows from equations (C.5) and (C.21) that

Ip, = 9po (1+9r)‘” (1—g)—1

By the labor market clearing condition,

th Nht

1= —_—.
Ny N

For a bubbleless balanced growth path to exist, we must have g, > gn, as gn, = gn, Or

1
(1+gr)(1 —gz)
1+ ge

149, >

Under this condition, we deduce that the growth rate of the housing sector (or residential investment

Q:Yht) is lower than that of the nonhousing sector. Thus ¢; converges to zero as t — oco.

C.3 Equilibrium with Stochastic Bubbles

Once the bubble bursts, it never reappears and the equilibrium system is the same as that in
Appendix C.2. Before it bursts, the equilibrium system is also the same as in Appendix C.2, except
for two changes. First, we add superscript + to all endogenous variables in equations (C.5) through
(C.24) to indicate that these variables are in the bubbly state. Second, the no-arbitrage equation
(C.25) is replaced by the following equation:

t+1¢t +Rt+1 1-¢

(

4= R?J—:ld)t + Rt+1(1 -9
(
(

R?+1¢t + Rt+1 1—9¢
R?—t1¢t + Rt+1 1-¢

(C.28) = (1-p)

wm !
=
+
s
e
=

(
(
(
(
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where

(1= 6p)Q 1 + 71 he _ (1=0n)Q 1 +7es1

h+
Rt+1 = Q:- ’ t+1 — Q;_ ’
Rt _ t+1 fR R t+1 §R + _ Q+Ht—:—1
t+1 = ﬁ? t+1 — ﬁv Qst = Zt+

The new no-arbitrage equation (C.28) takes into account the stochastic bubble. The variable ¢;"

denotes the portfolio share of the housing investment, Rt 1 <Rf+1

) is the housing return when the
bubble persists (bursts), and Rt 1 (Rt_ +1) is the effective capital return when the bubble persists
(bursts). When the bubble bursts, it will not reappear and @, ; and R, ; represent the housing
price and capital return in the bubbleless equilibrium studied in Appendix C.2. The solution

algorithm is similar to that described in Appendix C.2 and is omitted here.
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