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Abstract

With China's high-speed urbanization, the housing demands and housing prices have increased rapidly in major
cities. By combining the classical bubble theory with investors’ short-term decisions, we propose a method to
simulate bubbles' rising and bursting process in a multi-sector economy. We find that when urbanization goes too
fast, the housing price growth rate will exceed the industrial interest rate, causing enterprises to buy houses.
Enterprises’ housing investment further increases the expected returns of housing investment, attracting more
investment and leads to housing bubbles. The faster the speed of urbanization, the higher the housing price grows,
the longer the bubble cycle, and the greater the impact on the economy when bubbles burst. Continued
urbanization cannot prevent bubbles from bursting. To ensure economic stability, the pace of urbanization needs
to be limited.
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l. Introduction

In the past twenty years, with China's economic growth and urbanization, the housing demands and housing prices
grow rapidly in major cities. The fast-growing housing prices caused many enterprises to buy houses, and some are
only for resale purposes. As corresponding, the growth rate of enterprises’ production investment declined sharply
(See Figure 1 below).

This unique phenomenon has attracted a lot of attention, and has significant impacts on the economy. Specifically,
the slowdown in industrial investment growth has led to a decline in the growth of industrial output and wages.
The rise in houses occupied by enterprises has led to a fall in houses occupied by households. Thus, under the goal
of maximizing utility, households’ saving and consumption decisions will be affected; under the goal of
maximizing investment returns, enterprises’ production investment and housing investment should reach a balance.
Therefore, the multi-sector optimization method should be adopted to analyze bubbles' causes and their influence
on the economy. When studying these issues, we found that the current methods have some limitations.

The existing bubble studies can be roughly divided into two categories. The first kind of study analyzes bubbles'
characteristics in the steady-state under a multi-sector framework. Representative studies include Grossman and
Yanagawal®!, Farhi and Tirole (2012), and Miao and Wang™ for stock bubbles, Arce and Lopez-Salido™ and
Zhao™ for housing bubbles. These studies are suitable for long-term bubbles: because the value of bubbles is
constant in the steady-state, investors can make accurate and rational expectations, so there will be no short-term
snap-ups of assets and sharp increases in asset prices; since this kind of bubbles cannot exist in the infinite rational
models (Santos and Woodford™), bubbles' existence and value depend on exogenous variables such as credit
constraints and random shocks.
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Another kind of study focus on investors’ short-sighted decisions. As the housing bubbles are a low-frequency
event, investors are blindly optimistic when housing prices rise (Malpezzi and Wachter™). This optimism increases
the demand for houses and exacerbates the housing prices. Until the price growth is lower than expected, investors
sell houses, causing bubbles to burst. In these studies, bubble process is endogenous. Representative studies
include Herring and Wachter™, Glaeser et al.”, etc. But the disadvantage of these studies is that it ignores the
consumption of households and the production of firms.

We combine these two kinds of studies and propose a new method to simulate the endogenous evolution of
housing bubbles: households choose between goods and houses to maximize utility, while enterprises choose
between house investment and production investment to maximize the investment returns. Based on the multi-
sector optimization, agents make short-term decisions through adaptive expectations. Then we use the method to
analyze the causes and development of housing bubbles.
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Fig 1: Real estate investment and industrial investment

I1. Benchmark Model

To make enterprises willing to buy houses, the returns from buying housing are at least equal to the returns from
production. But exactly how it happens has not been thoroughly studied. Without enterprises’ purchase, housing
prices are driven by households’ consumption demands, which come from the rise in income and population.
Unlike other countries, China's urbanization has a unique characteristic: it is difficult for people outside the cities
to get permanent residency and access to urban services, such as education for their children. Buying a house is one
way to get urban services. In the urbanization process, many parents buy houses in big cities so that their children
can get an education there without moving to work there, which results in a rise in housing demands but an
invariant in the number of workers in those cities.

To distinguish these effects, we divide the consumption demand of houses into three categories: 1) the income
effect, which means the number of house buyers remains the same, the rising incomes have created more house
demand for the constant population. 2) The population effect, which means every family member’s housing
demand remains the same, and the total population increases, making the number of the labor force and the number
of house buyers rises at the same rate. 3) The urbanization effect, which means per capita income and labor force
stay constant, but the out-of-town residents’ housing demand rises. Then we use the multi-sector model to analyze
the three effects.
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2.1 Economic description

The economy is composed of households and enterprises. Drawing on Zhao™, we set that households derive
utility from housing consumption and enterprises buy houses only for resale. Households have workers who earn
wages to buy goods and houses, and lack the opportunity for capital investment (Kiyotaki and Moorel™).
Enterprises have capital, and hire workers to produce goods, and obtain capital gains for goods consumption and
capital investment. The total quantity of houses (H) is constant, and each new member of households will share the
goods and houses equally with the existing family members.

Final goods are competitive, used for consumption and capital investment, and serve as unit price, with the
production function:

Yy = At(Kt)a(Lt)l_a @
where technology (4,) and labor (L) grow exogenously. At the beginning of each period, an enterprise can choose
to invest in house purchases or production (Miao & Wang™). We denote HK, for house purchases and IK, for
production, and the total capital is OK, = IK, + HK; (HK;, IK, = 0). Enterprises’ objective function and budget
constraints are respectively:

Max Z Bt - InC,, @)
t=0
(0K, —HK,) —Cor — 1, =0 ?)
S.t.y HK, — P,(Hpy — Hoy_1) =0 (4)
OK;p1—1, =0 ®)

where C, . is enterprises’ consumption, H, . is the houses held by enterprises, P, is the housing price, I, is the
capital investment at the end of the period, and r; is the interest rate. The first-order conditions are:

P,
5o n (6)
C
= e (7)
et

Equation (6) shows that to make enterprises willing to hold houses, the housing price growth rate must equal the
interest rate.

Households can sell their houses at the beginning of each period, and spend the money along with wages for
consumption. The households’ optimization problem is:

Max " B (InCy + jo - InHy) ®)
t=0
S. t. Pt(Hh,t—l - Hh,t) + WtLt - Ch,t = O (9)

where Cj, . is households’ consumption, Hy , is the houses held by households, j, is housing preference, and w; is
the wage rate. The first-order condition is:
j+C C P,
JtCht —1-8 ht  Tt+1 (10)
PtHh,t Ch,t+1 Pt
Equation (10) shows that a household's acceptable house price is affected by the goods consumption: the faster the
goods consumption increases, the faster the house price increases.

Assuming that enterprises are not allowed to buy houses, then households will hold all houses (Hy, . = H), and the
economy has a balanced growth path (henceforth BGP). The output growth rate, housing price growth rate, interest
rate, saving rate, consumption, and capital investment are respectively:
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9 =9k = YGc, = Y, = (9a)T-2(g1) (11)
9r =9 Tg 95 (12)

r=3 (13)

s=p (14)

Cer = (1 = Bal; (15)

Che = (1 —a)Y; (16)

I, = Bay, (7)

2.2 The income effect, population effect, and urbanization effect

According to the growth theory, the long-term growth of per capita income can only come from technological
progress or human capital accumulation. We use technology growth to reflect the income effect. The population
effect is reflected by population growth, which will increase both the number of workers and the number of house
buyers. The urbanization effect emphasis that housing demand growth under the condition of constant population
and income, and we use the growth of housing preference (lacoviello and Neri™) to reflect it.

2.2.1 Income effect: g, > 1,9, =1,g; =1

It's easy to show that the faster the technological growth rate is, the faster the housing price growth rate is.
However, the technological progress increases the housing price growth rate and the interest rate at the same time,

and does not break the condition of r = % > gp. That means, income effect would increase housing price growth

rate, but wouldn’t trigger housing bubbles.
2.2.2 Population effect: g, = 1,9, > 1,g; =1

The population effect works in the same way as the income effect: a rise in population growth increases housing
price growth, but does not lead to housing bubbles.

2.2.3 Urbanization effect: g, = 1,9, =1,9; > 1

The urbanization effect will only increase the housing price growth rate, not interest rates. It can be divided into
two situations: when g; is small (g; < 1/p), the housing price growth rate is lower than the interest rate, and the
bubbles wouldn’t be triggered; when g; is large (g; > 1/p), the housing price growth rate will be higher than the
interest rate, and if the housing investment of enterprises is not restricted, enterprises will invest in houses and
result in housing bubbles.

I11. Extention: high-speed urbanization and housing bubbles

This sector focuses on the development of housing bubbles triggered by the urbanization effect. For simplicity, we
set population is fixed, and housing preference grows exogenously with g; > 1/5.

The setting of households is the same as above. Enterprises have capital and researchers. They hire workers to
produce intermediate goods, obtain capital gains and profits for goods consumption and capital investment. Final
goods are competitive with the production function:

At
1_
o= ()7 DX (18)
i=1
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where L, is the labor in the final goods sector, which we normalise to 1. A, is the varieties of intermediate goods
and represents the technology (Romer”o]). X;. is the quantity of intermediate goods i, and p reflects the
substitution elasticity of different intermediate goods.

The varieties of intermediate goods are developed by researchers:

Ay = AS(LR, + 1) (19)
where § means R&D efficiency, and LR, is the number of researchers. Researchers lease the patent of intermediate
goods i to a monopoly enterprise. According to the free entry conditions, the patent fees equal the profits of
intermediate goods.

The production function of intermediate goods i is:
Xie = (Ki,t)a(LPi,t)l_a (20)
where K; . and LP; , are capital and labor used in the production of intermediate goods i.
The optimizations of enterprises and households are the same as above, except that the first budget constraint
(equation 3) for enterprises becomes:
(0K, — HK;) + wilyy — Cor — 1, =0 (21)

Also, assuming that enterprises are not allowed to buy houses in BGP, then the numbers of researchers and
f_‘;p Land ¥ LP,, = (1:2)” L, where L = LR, + ¥
researchers and workers are equal. The technological growth rate (the ratio of the current period to the previous

period, i.e., gp = P;/P;_4) iS:

workers are respectively: LR, = . LP;¢, and the wages of

p
D (22)

S
9a = (1 —
The output growth rate, housing price growth rate, interest rate, saving rate, consumption, and capital investment
are the same as the benchmark model.

Assuming that the economy is in BGP during the period t, and from the beginning of period t + 1 enterprises are
allowed to buy houses. As enterprises’ housing investment (HK;) rises, the interest rate grows faster than the
housing price. Thus, an optimal housing investment would make the growth rate of housing prices equal the
interest rate.

After enterprises’ housing investment, the labor share of output is (1 — a)p - Y, and the patent share is (1 — p) -
Y. Although the housing investment reduce the industrial output Y;, the incomes of the two sectors change at the
same rate, and the wages of workers and researchers change simultaneously, making the technological growth rate
remains unchanged.

In any t period (7 = t + 1), if there is no housing investment from enterprises, the original output and original
interest rate (OY; and Or;) are determined by the savings at the end of the previous period:

_rap+1-—p ap
0%, = Yeoa (g2 P (T s ) 23)
-1

ap+1— ap
o = (g ? (T Fose) () (24)

If the enterprises invest in houses, and denote that the ratio of housing investment to total capital is m, = %, then
T

the real output and interest rate are:
Y =0Y; - 1- mr)ap (25)
7, =0r,-(1-my)% 1! (26)
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According to enterprises’ first-order conditions (equation 6), the goal for enterprises’ housing investment is:

Ee_byg, T(P’“) = 1, where E,_,, , is enterprises’ adaptive expectations at the beginning of 7.

P
Ee bgr( T+1) - P L (27)
‘r -1

After households sell houses, their consumptions and house holdings are:

Ch,‘r =(1- a)p -0 - 1- mr)ap + OK;m, (28)
OK,m,
Hyr = Hp;q — P (29)
T

According to households’ first-order conditions (equation 10), the goal for selling houses is:

P‘r+1> jCh‘r 1 Ch T+1
E — ) =(1-=—".=.F —
oo P, PeHye) B "\ Chs 0

where Ej,_,, . is the adaptive expectations of households at the beginning of period 7:

P
En-bge(—p ’“) o (31)
Ch, Ch,
L ’“) C (32)
ht ,T—1

Using equations 23-32, we can figure out m,, P,, and Y;. At the end of period t, enterprises’ saving decisions
satisfy the Euler equation (equation 7): E,_n4¢ <%> = Bry41, Where E,_,,,. is enterprises’ adaptive

expectations at the end of . Drawing on the ideas of Glaeser et al. (2008), the individual predicts that there will be
the same house purchasing and saving decisions in the next period, that is E,_¢pq :(Sr+1) = Spy Ee—enar(Meyq) =
m,. The savings rate can be obtained by combining the above equations:
5, = Bap
(ap+1-p)-(1—my)

(33)

Equation 26 and 33 show that the interest rate and saving rate get a rise after enterprises’ housing investment.
Consumption in the current period and total capital in the next period are:

Chr=A—-a)p Y, + 0OK;m, (34)
Cer = A-pt+ap) Y, -(1—s;) (35)
OKeypi =1 —-p+ap)- Y s, (36)

In any t period (r >t + 1), as long as the original housing price growth rate is higher than the original interest
rate, enterprises will keep buying houses. When the original housing price growth rate is lower than the interest
rate, enterprises will stop buying houses, which causes a decline in the growth rate of household consumption,
thereby lowering households’ willingness housing prices. That further reduces enterprises’ housing price
expectations, causing enterprises to sell houses. Then the housing bubbles will burst.

Assuming that at the beginning of any 7 + 1 period (r = t + 1), the growth rate of the initial house price is lower
than the interest rate. We still denote the ratio of the house sales to the total capital as m,,:

Meyq = =Py Her /OK 4y (37)
Household consumption and housing prices meet:
Chrr1 = (A —a)p - Yoy - (L —=mpy))* 4 OKpyymyyy (38)
P1.'+1 — (1 _jCh,T+1) lCh,1:+1 (39)
P‘L’ PT+1H :8 Ch,r
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We can derive the housing price and output with the above three equations at the bubble-bursting period. Then the
process of bubbles in a full cycle has been described.

1V. Simulation

We simulate the evolution of housing bubbles at different speeds of urbanization, as shown in Figure 2 below.
Period 1 is in BGP, and enterprises are allowed to buy houses from period 2. The dotted lines are the cases where
enterprises are not allowed to buy houses, and are added for comparison.

The simulation shows that: 1) even if the housing preference continues to grow, the housing bubbles can not
expand permanently, and the bubble burst is an inevitable result; 2) the higher the growth rate of housing
preference, the longer the bubble period, and the greater the impact on the economy after the bubble bursts; 3) with
a higher growth rate of housing preference, the growth rate of housing price is higher, and enterprises’
consumption and the houses held by households are less. The output and household consumption are less affected
by bubbles. The bubbles raise the interest rate and the saving rate, and the rising saving rate makes up for the
decline in productive investment. The small impact on household consumption is that the income from selling
houses offsets the decline in wages, and increases the total consumption.
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Values of parameters: @ = 0.5,p = 0.6, =099,g, =13, Y, =H=1,P, =05
Fig 2: Housing bubbles in the benchmark model

In reality, the urbanization effect can’t grow at high speed permanently. It is more likely that after high-speed
urbanization for a while, the growth rate declined. If household demand for houses stops growing after causing a
bubble, will the bubble burst immediately?

Figure 3 below simulates the situation where the duration of high-speed urbanization is limited. In the figure
below, T; = 10 and T; = 20 indicate that the growth of g; stops after the 10th and 20th periods respectively, and
the case of permanent g; growth (T; = 100) is used as a comparison. The simulation results show that: (1) The
earlier the urbanization ends, the shorter the bubble cycle, and the smaller the impact on the economy after the

bubble burst. (2) After the urbanization stopped, the bubble did not burst immediately, but continued to develop for
a long time.
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Fig 3: Housing bubbles in the extention model

V. Conclusion

We put forward a multi-sector optimization method under short-term decisions, and used the method to analyze
housing bubbles caused by the rapid urbanization in China. The model simulates the way households and
enterprises make decisions when bubbles are inflating, as well as the evolution of production, consumption, saving
and housing price. We show that if bubbles are driven by adaptive expectations, they can exist without credit
constraints, and burst without exogenous probability distributions or shocks.
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