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Housing in Urban Economics
Canonical models in urban economics often model housing rent, not price. Why?

Housing rent corresponds to the price of housing services consumption for a
limited period, allows us to use supply and demand model to evaluate market
changes (ex: population increase in closed-city version of monocentric model)

BUT, for simplicity, many urban models ignore a very important feature of housing:
it’s a durable good. This implies:

People may purchase housing as an investment good (an asset for resale),
making expectations of future value important

People may borrow money to purchase housing (finance), and there may be large
transaction costs

Once built, housing persists in a location; spatial distribution of economic activity
responds to market changes with a considerable lag
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Today’s Brief Overview

Describe simple, undergraduate-level model of housing market called “Four
Quadrant Model”

Quickly mention research on durability of housing

Discuss basic idea of “user-cost” of housing

Cover recent work on Chinese housing market and Chinese housing bubble
concerns
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Four Quadrant Model: DiPasquale and Wheaton, 1992
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Four Quadrant Model
(DiPasquale and Wheaton, 1992)

Conceptual (teaching) model of general equilibrium in real estate market

Provides a structure for thinking qualitatively about questions such as:
• How will the price of housing change if China relaxes capital controls (more

freedom to invest abroad)? How will housing rent change?
• If people from other provinces buy Shanghai housing, how will this affect

Shanghai rents? Does it make a difference if they live in Shanghai or are
absentee investors?

• Say the population of Shanghai increases. What will happen to the price of
housing if: i) the stock market currently has high returns ii) the stock market
has low returns?
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Four Quadrant Model: Set-up

Considers equilibrium in four sectors of property market:
1. Market for space: users of real estate
2. Asset market: investors in real estate
3. New construction: real estate development
4. Stock adjustment: allows housing stock to depreciate

Simplifications:
• Static: no explanation for how move from one equilibrium to another
• Aspatial: no locations, CBD, etc...
• Owners of housing are all risk neutral investors
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Four Quadrant Model: Quadrants
Rent (R)

Stock (S)Price (P)

New Construction (C)

Asset Market

Stock 
Adjustment

New Construction 
(development)

Market for Space

7 / 60



Intro 4Q Model Prices Durability User Cost Model Chinese Housing Market

Market for Space
Supply of housing space (ex:
quality adjusted square
meters) perfectly inelastic

Demand for space affected by
demographics, income, tastes

Market rent determined in
equilibrium

Supply = existing 
stock

Determine rent for 
space R0

Demand

R

R0

SS0
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Asset Market

Investors buy housing to earn rent

Price is present discounted value of
infinite rent stream: P=R/i

Discount rate called “cap
rate”–much more on this later (user
cost model)

Cap rate is return on housing, must
be equal to yield on other assets

If yield of competing assets
increases, housing prices decrease

R

P1
P

P0

R0 = R1

P=R/i0
i1>i0

P=R/i1
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Construction Sector

Construction sector is perfectly
competitive, but with upward
sloping LR industry marginal
cost curve

Supply of new housing
determined by price of housing
space

Note that C is measured as
level of new housing (move
from unit price to level)

P

C

C0

C1

P=f0(C)

P=f1(C)
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Stock Adjustment Quadrant

Stock increases with new construction but decreases with depreciation

St = St−1 − δ ∗ St−1 + Ct , with 0 < δ < 1

Stable stock S∗ implies S∗ = C∗/δ

S

C

S1S0

C0 = C1

S=C/δ1
S=C/δ0
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Real Estate Market Equilibrium
R

SP

C

D

P=R/i

S=C/δP=f(C)

S0P0

R0

C0
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Research by Quadrant

The 4Q model provides a nice way to think about all the interrelated sectors of the
housing market

Traditional urban economics (monocentric city model) basically looks at demand
for space, no distinction between rent and price

Real estate investment: concerned with asset market and finance (cap rate)

Construction sector looks at housing supply (recent papers on elasticity, including
Saiz 2010 QJE)

Stock quadrant: a number of important papers on depreciation and durability of
housing, including Glaeser Gyourko JPE 2005, and “filtering” (Rosenthal AER
2014)
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Comparative Statics

1. What happens if the population of Shanghai increases?
2. What happens if investors from outside Shanghai buy apartments but remain

in their home cities?
3. What happens to Shanghai real estate if China loosens capital controls or the

stock market (risk-adjusted) yields increase?
4. What happens if Shanghai allows increased floor area ratios (FAR) or allows

more land to be developed?
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Increase in Demand for Space
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Absentee investors

This picture assumes they rent out the apartments; if they buy and hold then
combines demand shift and cap rate decrease 16 / 60
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Capital Controls Loosened or Shanghai Stock Market Return
Increases: cap rate increase

Nathan Schiff Comm 407, Lecture 2, 01/09/2014

Real Estate Market Equilibrium: i0 < i1

R

SP

C

D

P=R/i1

S=C/δP=f(C)

S0P0

R0

C0

P=R/i0
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Change in Marginal Cost of Construction
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Housing Prices and Measuring Housing Price Growth
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What is the Sale Price of a House?
The price of a good is usually defined for a standard good, but housing is
completely heterogeneous

The sale price of a house is better viewed as a measure of expenditure E = P ∗ Q,
where Q is called “housing services”

Housing services represent a theoretical standardized measure of the
consumption value of a house; a bigger house has more housing services, but so
does a nicer house

If we observe that the average sale price of a house is higher in one location than
another, it could indicate that the price of housing services is higher P or that the
housing services are higher Q, or any combination such that P ∗ Q is higher

Distinguishing between P and Q is important for understanding changes in
housing prices over time, income and price elasticities of demand for housing,
supply elasticities, housing affordability, etc...
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Housing Price Indices

Housing is a heterogeneous good (quality, location, characteristics): how can we
control for this heterogeneity when calculating the change in housing prices over
time for a location?

Two general methods:
1. Hedonic regressions: adjust for characteristics with regression typically

semi-log: lnP = X ′β + ϵ

2. Repeat sales method: compare sales prices for the same house over time
The repeat sales method is generally considered more robust and is widely used
in the U.S. (FHFA and Case Shiller indices)

However, it doesn’t adjust for changes to housing characteristics (ex: renovation),
which may be better modeled with hedonic approach (often combined with repeat
sales)
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Repeat Sales Indices

Start with multiplicative hedonic model that includes indicators for effect of time
period sold:

Pit = Xβ1
1i ∗ Xβ2

2i ∗ ... ∗ Xβn
ni ∗ exp[γ1D1 + ...+ γT DT ] (1)

Then comparing same house sold twice yields ratio of period effects:

Pik

Pij
= exp(γkDk )/exp(γjDj) (2)

ln(Pik )− ln(Pij) = γkDk − γjDj (3)

We can then calculate the appreciation from year 1 to k as exp(γ̂k − γ̂1)

See recent Wharton working paper by Nagaraja, Brown, and Wachter (2017) for
more sophisticated approaches
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Repeat Sales in Shanghai: Zhou, RSUE 2016

unobservable characteristics of the houses transacted in recent years
negatively affect the house value.

Then wemake themean price index and the median price index. By
comparing themean (median) price/m2with the value in Dec, 2006,we
obtain the mean (median) index, which are shown in Fig. 2 by the thin
solid line (the dotted line). Averagely speaking, the repeat-sale index is
7.88% (5.85%) higher than themean (median) index, indicating that the
secondarymarket houses transacted in recent years are of lower quality
than earlier ones. This is not surprising, because many projects built by
developers after 2004 are located in suburb areas owing to geographic
constraints in the downtown area. When these houses enter into the
secondary market, they have location disadvantages relative to the
earlier ones located in downtown areas. Besides, the median index is
higher than the mean index, suggesting that there are many cheap
houses in the sample. This is consistent with some papers' finding that
repeat sales homes tend to be smaller and more “modest” (Englund
et al., 1999; Wallace and Meese, 1997).

We also compare our repeat sales index with alternative indexes
made by other researchers. The first reference is the CQCHPI index,
which is made by Peking University–Lincoln Institute and Hang Lung
Center for Real Estate of Tsinghua University. Their data comes from
the World Union brokerage. This quarterly index focuses on the down-
town secondarymarket, and adopts the hybridmodel (Guo et al., 2014).
The second reference is the whole-city average price index (WAPI)
made by the Centaline brokerage, which is also very famous in China.
It can be accessed through the Wind database. The comparison can
achieve two goals. First, as we mentioned in Section 3.3.1, traders in-
volved in house resales tend to report a fake and low transaction price
to the government in order to evade taxes. To the extent that the degree
of fake reporting can be time-varying, our index may deviate from the
true trend. The data of the above two references both come from big
brokerages, and thus involve much less fake reporting. If our index has
highly similar trend with theirs, then the reliability is confirmed. Sec-
ond, the samples used by the two reference indexes are different from
ours. They have their selection bias, but if there are no big differences
between our index and the reference ones, then the concern of selection
bias is mitigated for all the three indexes.

Fig. 3 compares the three indexes. We standardize them so that
they have the same value at the beginning periods. The CQCHPI
index is converted into a monthly index by assigning the quarterly
value to the months in that quarter. According to the figure, our CS
index is very close to the WAPI index before 2013, and then becomes
closer to the CQCHPI index. Generally speaking, the three indexes
have similar trends. The correlation of our CS index with the CQCHPI
(WAPI) index is as high as 0.96 (0.97). The modest differences among
the indexes are understandable, because CQCHPI does not cover the
suburb area, and WAPI does not control for house heterogeneity. So
we believe these two reference indexes confirm the reliability of our
CS index.

4.3. Regional comparison

Here we simply have an overview of the risk–return features of two
sub-markets: the downtown market and the suburb market. Section 6
will provide a more comprehensive analysis of the regional difference
when we explore the determinants of the overreaction degree to policy
changes.

Fig. 4 presents the repeat sales index of the downtown area (black
line) and the suburb area (gray line). The downtown (suburb) index
generates an average monthly return of 1.21% (1.23%) and a standard
deviation of 4.89% (5.60%). Comparedwith CPI (the dotted line), houses
in both regions provide quite high returns. Furthermore, the returns of
suburb houses are higher and more volatile than those of downtown
houses. And in terms of Sharp ratio, downtownhouses are better invest-
ment targets than suburb ones. But in recent years, the return of suburb
houses relative to downtown ones became higher than before, perhaps
because fewer and fewer people can afford downtown houses.

5. Policy changes and overreaction

We first display some generalmarket patterns in the Shanghai hous-
ing market, and then study how the market reacts to policy changes.

5.1. Dynamics of housing prices

Following Han (2013), we use AR(1)–GARCH(1, 1) model shown in
Eqs. (6)–(8) to catch the dynamic of index returns. Here rit is themonth-
ly returns of the repeat sales index for market i, after deflated by the
growth rate of urban CPI.

rit ¼ ai0 þ ai1ri;t−1 þ uit ð6Þ

σ2
it ¼ bi0 þ bi1u2

i;t−1 þ bi2σ2
i;t−1 ð7Þ
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32 Z. Zhou / Regional Science and Urban Economics 58 (2016) 26–41
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Implications of the Durability of Housing
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Durable Housing

Glaeser and Gyourko (GG) note that nearly all urban economics models assume
housing can be built and knocked down quickly (think about monocentric city)

However, in really housing is quite durable: once it’s built it remains in a location
for a very long time

GG argue that this durability affects spatial equilibrium: physical housing
structures can have causal effects on economic outcomes

Rosenthal shows that houses are occupied by different income groups over time
and that these income transitions occur fairly quickly

An implication is that once a house is built it can have a causal effect on who lives
where
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Glaeser Gyourko JPE 2005

Authors start by noting the extremely strong correlation between housing units and
population: essentially housing is a direct measure of population

But, if a city experiences a decline (ex: productivity decline), the housing still
remains. Empirically, this implies the population doesn’t shrink–why?

Declining cities have an inelastic stock of housing–price (or rent) is independent of
cost (can decline to zero)

These declining cities offer cheap housing, which attracts low human capital (low
wage) workers
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Kinked Supply Curve for Housingurban decline and durable housing 347

Fig. 1.—The nature of housing supply and construction costs

among cities with at least 100,000 people at the beginning of the 1990s).
Durable housing largely explains why decline typically is such a lengthy
process. The eight consistently declining cities referenced above remain
large places even after five consecutive decades of population loss.

As figure 1 suggests, a durable housing model predicts that increases
in population will be associated with small increases in prices, but de-
creases in population will be associated with large decreases in prices.
The data support this prediction. Durable housing also suggests that
exogenous forces predicting urban growth will have large effects on
population and small effects on prices. Conversely, exogenous forces
that predict urban decline will have small effects on population and big
effects on prices. Using the weather as a source of exogenous changes
in the attractiveness of cities, we find support for these predictions.

Durability also implies that a negative shock to a city’s productivity
will continue to cause population declines over many subsequent dec-
ades. This is consistent with our results, which show that the degree of
persistence in population change among declining cities is double that
for growing cities. Durability of housing also implies that the distribution
of house prices should predict future growth, and not merely because
high house prices reflect future price appreciation. Population growth
is indeed much lower in cities with larger fractions of their housing
stocks valued below the cost of new construction. This is not a causal
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Implications of Model

Summary of model ideas:
1. Cities will grow faster in response to a positive shock than they will decline in

response to a negative shock of the same size
2. Positive shocks increase population but have small effects on prices; negative

shocks have large effects on prices but small effects on population
3. Supply curve is kinked at construction cost threshold–cities with housing

prices below this threshold are “in decline” and will have rapid price
decreases in response to negative shocks

28 / 60



Intro 4Q Model Prices Durability User Cost Model Chinese Housing Market

How should government provide housing assistance for low income
households?

If the government wants to help, should it provide vouchers (payment for housing)
or build low income housing directly?

Many economists would argue that unless there is market failure, it’s better to
provide aid as money, rather than government production of a product

However, there is evidence that most new housing construction is not developed
for low income households

Instead, the market provides housing for low-income households through a
process called “filtering”

The question is then: is filtering fast enough to provide adequate housing for these
households?
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Filtering (Sweeney, JUE 1974)

Housing is a “hierarchical good” in quality, roughly meaning consumers agree on
ranking of each house

As soon as a house is built, it starts to deteriorate so that the same unit offers less
value to a consumer over time (fewer housing services)

Owners can affect the rate of deterioration through maintenance expenditure; they
choose the level of maintenance to maximize profits

As a house deteriorates, households with higher incomes move out and lower
income households move in

Eventually, the house deteriorates beyond a minimum quality and it is then
knocked down and removed from the market
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Filtering, Low Income HH’s, and Renters

Developers may not build new housing for low income households or renters
(“purpose built rental”)

Many explanations for this, including high land values, financing difficulties
(pre-sales help developers to get loans),

However, if filtering transitions are fairly quick, then even new luxury housing
benefits low income owner-occupiers and renters

Important policy question because housing assistance can be provided as
vouchers (US: Section 8 Housing) or through direct provision (government owned
buildings, or credits to developers like Low Income Housing Tax Credit)
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Rosenthal AER 2014: Main Idea
Provide first direct evidence on filtering by analyzing a panel of houses from
1985-2011

Includes information on occupants (used for looking at income transitions),
“tenure” of house (do occupants rent or own), extensive info on characteristics of
house (incl. age)

Uses methodology similar to repeat sales method to deal with heterogeneity of
housing

Shows filtering rate can be decomposed into function of income elasticity and
price elasticity of housing demand, along with basic depreciation rate of housing
services (deterioration rate)

Argues that in many markets filtering is sufficiently quick to provide low income
housing, but in most expensive markets it’s significantly slower. Suggests direct
provision of low income housing is inefficient in most markets (possibly excepting
most expensive)
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Repeat Income Specification
Let occupant income in year t , Yt , be a function of house characteristics and a
depreciation rate γ:

Yt = eγt f (Xt ;βt), Yt+τ = eγt+τ f (Xt+τ ;βt+τ ) Equations 1a,1b

log

(
Yt+τ

Yt

)
= γt+τ − γt + ωt+τ (2)

This can be re-written for any consecutive observations of the same house i in t
and t + τi (“turnover pair”):

log

(
Yt+τ,i

Yt , i

)
=

τi∑
t=1

γtDt ,i + ωt ,i (4)

where Dt is −1 for first period of pair, 1 for second period of pair, and 0 otherwise
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Repeat Income Estimates for Rental Housing (γ)

695ROSENTHAL: FILTERING AND LOW-INCOME HOUSINGVOL. 104 NO. 2

rapid? Survivor effects may help to answer the first question: homes that survive to 
an old age likely possess unobserved attributes that enhance their physical and/or 
economic durability and slow the rate at which older homes are observed to filter 
down.15 Nevertheless, few homes are demolished before age 50, while the plots 
in Figure 1 tend to flatten out beginning at about age 40. The central patterns in 
Figure 1, therefore, seem likely to be robust to survivor effects which, if anything, 
would slow the rate of filtering. The key question, therefore, is why are rental hous-
ing filtering rates so high relative to depreciation rates and owner-occupied homes?

15 Previous studies have confirmed, for example, that homes tend to be demolished when they become suf-
ficiently obsolete and/or dilapidated. See Dye and McMillen (2007); Brueckner and Rosenthal (2009); McMillen 
and O’Sullivan (2013); Rosenthal (2008); and Rosenthal and Helsley (1994).
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Figure 1. Repeat Income Indexes (γ) with Income Adjusted  
for Inflation to Year 2011 Dollars

Note: Based on log ​( ​ ​Y​t+τ,i​
 _ ​Y​t,i​

  ​ )​ = ​∑​ 
t=1

 ​ 
​τ​i​

 ​ ​γ​t​ ​D​t,i​ + ​ω​t,i​ from equation (3).
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Repeat Income Estimates for Owner-Occupied (γ)

695ROSENTHAL: FILTERING AND LOW-INCOME HOUSINGVOL. 104 NO. 2

rapid? Survivor effects may help to answer the first question: homes that survive to 
an old age likely possess unobserved attributes that enhance their physical and/or 
economic durability and slow the rate at which older homes are observed to filter 
down.15 Nevertheless, few homes are demolished before age 50, while the plots 
in Figure 1 tend to flatten out beginning at about age 40. The central patterns in 
Figure 1, therefore, seem likely to be robust to survivor effects which, if anything, 
would slow the rate of filtering. The key question, therefore, is why are rental hous-
ing filtering rates so high relative to depreciation rates and owner-occupied homes?

15 Previous studies have confirmed, for example, that homes tend to be demolished when they become suf-
ficiently obsolete and/or dilapidated. See Dye and McMillen (2007); Brueckner and Rosenthal (2009); McMillen 
and O’Sullivan (2013); Rosenthal (2008); and Rosenthal and Helsley (1994).
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t=1

 ​ 
​τ​i​

 ​ ​γ​t​ ​D​t,i​ + ​ω​t,i​ from equation (3).
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Price-to-Rent Ratios and the User Cost Model
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User Cost Model

User cost models equate the current price of housing Pt with the present
discounted value of all future flows of housing benefits, usually thought of as rent
Rt , but sometimes utility (Poterba QJE 1984)

Glaeser and Nathanson (GN, recent handbook article on housing bubbles)
describe this as the linear asset pricing model (LAPM)

Pt = Rt +
E(Pt+1)

1+r , or Pt = E

 ∞∑
j=0

Rt+j

(1 + r)j

, with discount rate r

GN note that this model assumes risk neutral home-buyers and ignores portfolio
considerations (maybe appropriate for China)
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Stochastic Processes for Rt

GN describe effect of assuming four different stochastic processes for rents: i)
constant growth ii) no growth but moving average error iii) mean reverting, MA
error iv) stochastic growth rate

Constant growth: Rt = (1 + g)Rt−1 + ϵt

This yields: Pt =
∞∑

j=0

Rt(1 + g)j

(1 + r)j =
Rt(1 + r)

r − g

This r − g term is the “cap rate” from 4Q model (additional 1 + r just comes from
starting at j = 0 vs j = 1)

Rearranging gives price-to-rent ratio: Pt
Rt

= 1+r
r−g

User cost is Pt ∗ ut = Rt ; interpretation is the cost of one period of housing
consumption
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Himmelsberg, Mayer, and Sinai (JEP 2005)

Very famous paper, used the idea of user-cost to assess whether US was in a
housing bubble

Basic idea is that no arbitrage condition says people should be indifferent between
renting and buying for one year of housing consumption: ut ∗ Pt = Rt

Concluded no bubble (!), BUT, data only up to 2003; still influential paper made a
series of important points

To estimate user cost included many components:
ut = r rf

t + ωT − τt(rm
t + ωt) + δt + γt − gt+1

In order: risk free interest, property tax rate, tax deductibility of mortgage and
property taxes, depreciation, risk premium for homeownership (over renting),
expected growth
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HMS: Prices When User Cost is Low

Since Pt = Rt/ut , it implies that house prices can change dramatically when ut is
already low

Ex: if annual rent is 100,000 and ut = 0.05, then one percentage point drop in
interest rate changes prices from 2,000,000 to 2,500,000

Same drop when ut = 0.02 changes prices from 5,000,000 to 10,000,000.

Note that user cost is city specific, and thus cities where residents have very high
expectations of house price growth (Shanghai) will have low user costs

HMS argued that historically low interest rates were leading to high prices, not
irrational expectations
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Problems with User Cost Models
GN show that with other assumptions about Rt+j it’s possible to generate serial
correlation in prices and rents, as well as mean reversion, which are commonly
observed patterns in the housing market

However, GN note that user cost models are financial models which ignore
important features of housing market:

1. no short-selling (or very difficult)
2. housing is very heterogeneous–every house is different!
3. most investors are amateurs
4. information is limited

In remainder of article, GN try to relax some assumptions of user cost model, and
finally look at behavioral explanations for housing bubbles–highly recommended
reading
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Recent Work on the Chinese Housing Market
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Recent Work on Chinese Housing Boom

Lots of recent work on the Chinese housing market 2012-2018
1. Wu, Gyourko, Deng, “Evaluating conditions in major Chinese housing

markets”, RSUE 2012
2. Wu, Gyourko, Deng, “Evaluating the risk of Chinese housing markets: What

we know and what we need to know”, CER 2016
3. Glaeser, Huang, Ma, Shleifer, “A Real Estate Boom with Chinese

Characteristics”, JEP 2017
4. Deng, Girardin, Joyeux, “Fundamentals and the volatility of real estate prices

in China: A sequential modelling strategy”, CER 2018
Much of the work focuses on whether the market is in a housing bubble–why?

(following figures from Glaeser et. al.)
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Price Growth Comparison: US and China
US boom (and bust) tiny in magnitude compared to Chinese boom

A Real Estate Boom with Chinese Characteristics     97

Chinese census data provide snapshots of the housing stock at points in time but 
provide less-comprehensive information than their US equivalents. There are also 
estimates of China’s new construction activity at the country and provincial levels 
on an annual basis. 

Figure 2 shows the growth in floor-space in China and the United States. For 
China, we use the official statistics on housing area completed nationally. For the 
United States, we multiply the number of completed single-family homes by the 
average size of new single-family homes in that year. We then add the number of 
multi-family homes multiplied by the average size of new multi-family homes in that 
year. Figure 2 shows a large difference in total construction, which translates into 
similar scales on a per capita basis. For instance, between 2011 and 2014, China built 
45.9 billion square feet of residential floor space, or 33.8 square feet per person. We 
estimate that the United States produced 16 billion square feet between 2003 and 
2006, or about 55 square feet per person. In other words, although China is much 

Figure 1 
Price Growth by Tier: China and the United States

Source and Note: Housing price index data for China are from Fang et al. (2015). Housing price index 
data for metropolitan statistical areas (MSAs) in the US are from the Federal Housing Finance Agency. 
We construct tiers in the US by ranking US MSAs based on 1990 income per capita and assign tiers so that 
each tier has the same population share as that in China; the richest MSAs are assigned to 1st tier and so 
on and so forth. We calculate the real price index using the nominal price index adjusted for inflation. 
Price indices in each tier are weighted averages of city-level price indices. 

Calendar year, United States

1996:QI 1998:QIII 2003:QIII 2006:QI2001:QI

2003:QI 2005:QIII 2010:QIII 2013:QI2008:QI

H
ou

sin
g 

pr
ice

 in
de

x 
(r

ea
l)

1

2

3

4

Calendar year, China

1st China

1st United States

2nd China

2nd 
United States

3rd China

3rd United States

44 / 60



Intro 4Q Model Prices Durability User Cost Model Chinese Housing Market

Construction in US + China is larger in less productive places

Edward Glaeser, Wei Huang, Yueran Ma, and Andrei Shleifer     99

Housing Inventories and Vacancies in China and the United States
The death knell of the US housing boom was sounded by large inventories in 

Las Vegas that were brought swiftly to market in 2007. When developers offered the 
many units they owned for quick sale, prices quickly moved downwards and perhaps 
found a new equilibrium. Compared to the United States, inventories held by devel-
opers and unoccupied housing held by households are much larger in the Chinese 
boom. Unsurprisingly, this raised concerns about the viability of the boom. 

At the height of the US boom, developers owned 573,000 unsold and unoccu-
pied homes, according to the National Association of Home Builders. The vacancy 
rate among owner-occupied homes reached a high of 3 percent in 2008, and this 
statistic does not include “temporarily” vacant units. But, overall, relative to the 
stock of 130 million American homes as of 2010, the United States has relatively few 
vacant homes. 

For China, our primary source for developers’ inventory is Soufun, which 
compiles data from local housing bureaus (Fangguanju). The data covers devel-
opers’ inventories for 32 major Chinese cities. We combine this data with statistics 
on vacant homes held by households, which is based on the Chinese Urban House-
hold Survey (UHS). Figure 4 shows estimates of inventory by tier over time. We 
estimate inventories for each tier using the tier’s inventory per capita in the Soufun 
data multiplied by the tier’s urban population. The total inventory numbers show 
an increase from just over 4 billion square feet in 2011 to over 10 billion square 
feet in 2015. The bulk of this growth occurred in the lower-tier cities. For example, 
inventories in Tier 1 cities grew from 310 million square feet in 2011 to 390 million 
square feet in 2014, followed by a slight decline in 2015. Total estimated inventory in 

Figure 3 
Construction and Income across US and Chinese Cities

Source and Note: In panel A, housing stock per capita and income per capita for US metropolitan statistical 
areas (MSAs) are from the decennial census. In panel B, housing stock per capita for Chinese prefecture 
level cities is from 2000 and 2010 censuses and is restricted to counties that are designated as urban in 
the 2000 census. Log GDP per capita in 2000 is from China City Statistical Yearbook 2000 for city proper. 
The correlations are weighted by initial population.
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Vacancies much higher in China, seem to be growing
A Real Estate Boom with Chinese Characteristics     101

or occupied by the city’s residents in the sample. Anecdotal evidence suggests that 
owning properties outside one’s own metropolitan area is rare. 

Figure 5 shows these sold-but-vacant figures from 2002 to 2012 for a sample 
of 36 cities. The vacancy rates look relatively flat from 2002 to 2008 and then rise 
sharply after 2009. In 2012, the vacancy rate drew close to 20 percent in Tier 1 cities. 
The rates for lower-tier cities were about 13 percent. 

In Table 1, we combine estimates of total developer inventories with estimates 
of total household vacancies. To ensure representativeness, we use vacancy esti-
mates based on the 2009 Urban Household Survey.1 We take the average vacant 
space per capita in each tier and estimate total vacant space in that tier by multi-
plying by its urban population. This estimate is conservative, as vacancy rates have 
increased since then. We pair the vacancy estimates with inventory estimates for 
2014 to provide an up-to-date picture, as total developer inventories almost doubled 
from 2011 to 2014. Data for 2014 also cover the largest set of cities in our developer 
inventory dataset. 

The estimates imply that there are about 16 square feet per capita of vacant real 
estate in Tier 1 cities, of which 5.5 square feet is owned by developers, and 10 square 

1  Up to 2009, China’s Urban Household Survey provides data on household vacancies for up to 120 cities 
(but data are only available for 36 cities from 2010 to 2012).

Figure 5 
Household Vacancy Rates 2001–2012

Source: Data from China Urban Household Survey. 
Note: We compute a vacancy rate across 36 cities by calculating the total number of vacant units owned by 
the residents of each city in the sample, and then dividing by the total number of housing units owned 
or occupied by the city’s residents in the sample. We keep the 36 cities with observations throughout 
2002–2012. 
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Deng et.al., Land Price Growth
Authors use their own constant quality land price index (see RSUE 2012 paper);
estimates of growth much higher than government index

2.5. Quantities: transactions volumes

Short time series on land parcel sales and the square meters of newly-built housing sold are available. The land parcel sales
data are from the 35 markets tracked in the CRLPI and are plotted in Fig. 5. There is considerable volatility in these data. It
shows a doubling in the quantity of land parcel purchases from around 200 to 400 per quarter in the cities covered by the
CRLPI from the beginning of 2005 through the end of 2006. Transactions volume fluctuated around that higher level until the
global financial crisis hit China in 2008. By the beginning of 2009, the number of parcels sold had fallen back just below 200.
The stimulus period in 2009–2010 then saw a dramatic rebound, with sales escalating well above 500 in the fourth quarter of
2009. There are strong seasonal effects in these sales data, and the series fluctuates fairly widely between 350 and 550 per quarter
until the third quarter of 2012, after which we see a sharp spike to 700, before volumes fall back down to the 500 level. There
have been fewer than 300 purchases in each quarter since early 2014. In the third quarter of 2015, there were only 294

Fig. 4. Real residential land price indexes in 12 markets, constant quality series, 2004–2014.

Table 5
Land vs. house price growth 12 major markets, 2004–2014.

Chinese residential land price index series Average price of newly-built homes series Ratio of aggregate land to house price growth

City Aggregate growth Per annum rate Aggregate growth Per annum rate Aggregate

Beijing 1036% 27.5% 226% 11.6% 4.6
Changsha 248% 13.3% 93% 6.3% 2.7
Chengdu 201% 11.6% 144% 8.6% 1.4
Chongqing 449% 18.6% 157% 9.2% 2.9
Dalian 101% 7.2% 116% 7.4% 0.9
Guangzhoua 169% 15.2% 75% 7.5% 2.3
Hangzhou 273% 14.1% 197% 10.6% 1.4
Nanjing 348% 13.3% 149% 8.9% 2.3
Shanghaib 342% 20.4% 101% 8.3% 3.4
Tianjin 332% 15.7% 141% 8.5% 2.4
Wuhan 102% 7.3% 158% 9.2% 0.6
Xiana 78% 8.6% 50% 5.4% 1.6

a Annual land price data for Guangzhou and Xian are available only from 2007 to 2014, or for eight years. Comparable house price data are used for the same period.
b Annual land price data for Shanghai are available only from 2006 to 2014, or for night years. Comparable house price data are used for the same period.

98 J. Wu et al. / China Economic Review 39 (2016) 91–114
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Deng et.al., Quarterly Price-to-Rent
A price-to-rent of 50 implies 2% user cost: zero or negative return after
depreciation

status of all other units it owns as either “occasionally occupied”, “leased out”, or “other”. To be conservative, we consider “occasionally
occupied” and “other” units as vacant.

By law, it is the obligation of any household sampled to participate in the survey and to provide accurate information. Thus,
survey data quality is perceived to be high.14 With support from the China Data Center at Tsinghua University, we were able
to obtain the micro-level data in nine provinces between 2002 and 2009, including that for Beijing which is a provincial-level
city. Fig. 11′s plot shows much lower vacancy rates, with the level across all nine provinces increasing gradually from 3.9% in
2002 to 5.2% in 2009. There is noteworthy heterogeneity in vacancy conditions across provinces, too. In 2009 for example, the
vacancy rate was highest in the eastern province of Zhejiang (7.9%), followed by Guangdong (5.5%) and Liaoning (5.3%). Beijing's
vacancy rate was 5.1%, with the western province of Gansu having the lowest rate at 1.3%.

More recent vacancy rates can be imputed using our supply–demand change results if we are willing to use the 9-province
aggregate to proxy for the nation. Based on the National Population Census, we can impute that the total number of urban house-
holds nationally was 197.95 million in 2009. Using the 5.2% vacancy rate reported just above implies there were 10.86 million
vacant units in urban areas that year (197.95 / (1 − 5.2%) ∗ 5.2% ≈ 10.86), presuming one household occupies one unit. Based
on the calculation in the previous sub-section, there was a net increase of 32.68 million households needing housing units during
the four years between 2011 and 2014; on the supply side, the number of housing units increased by 41.22 million over the same
time period. If all the 8.54 million units of excess supply were left vacant, then the vacancy rate increased to 7.8% by the end of
2014 ((10.86 + 8.54) / (208.81 + 41.22) ≈ 0.078).

Both the level and the change need to be interpreted with care because Chinese economic conditions are fundamentally dif-
ferent from those in the U.S. and most other developed countries. As an emerging market experiencing rapid growth, the annual
flow supply comprises a substantial share of the housing stock in China. For example, there were about 15.13 million housing
units completed in 2013, which amounts to 5.7% of the total stock of about 265.74 million units at the end of that year in
urban markets. In most cases, it would take the purchaser of a newly-built unit several months to furnish the unit before moving
in. In addition, the share of uneconomic or dilapidated housing units is likely to be relatively high in China. The National Popula-
tion Census in 2010 reports that 8.7% of the urban housing units were completed before 1979. That is before the reform era, which

14 For example, certain official statistics such as household disposal income and household expenditures on consumption reported are calculated using UHS data.

Fig. 12. Quarterly price-to-rent ratios in 12 major markets.

106 J. Wu et al. / China Economic Review 39 (2016) 91–114
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US Price-to-Rent from Kishor Morley 2015
Chinese price-to-rent ratios makes Americans nervous

rent. Our MSA sample is based on data availability for rent from the BLS for our sample period. The growth rate is calculated
as the quarterly change of the log level and is annualized. The mortgage rate is 30-year conventional rate and has been
obtained from the FRED data base.

4. Empirical results

As discussed in the Introduction of the paper, we find strong evidence in support of the presence of a unit root in the
price–rent ratio. Our findings are not surprising as visual inspection of the price–rent ratios in the United States and the
MSAs in Fig. 1 makes it clear that the ratio is extremely persistent in every case. To compare the relative variation in the
price–rent ratio across different MSAs, we normalize the ratio for all the MSAs at the beginning of the sample to equal the
ratio for the U.S. Fig. 1 clearly shows that the price–rent ratio in the coastal cities on average are higher and more volatile.
San Francisco and Los Angeles have the highest and the most volatile price–rent ratios in our sample.

Our model assumes that rent growth and housing return are stationary. To test our assumption, we also perform a unit
root test for these variables. The results are reported in the second and third columns of Table 1. The results clearly show
that we can reject the null hypothesis of unit root at conventional significance levels for all the MSAs and the nation.
Meanwhile, one issue that has attracted significant attention in macro and finance literature with regard to a unit root test is
whether results are robust to allowing for structural breaks. For example, Lettau and Van Nieuwerburgh (2008) report
evidence of structural breaks in the mean of the price-dividend ratio for the stock market. Therefore, we also examine
whether our unit root test results for the price–rent ratio are robust to allowing for structural breaks. For this purpose, we
use the Zivot and Andrews (1992) unit root test that takes into account a structural break in mean. The results are reported
in Table 1. The results clearly show that the null hypothesis of unit root is not rejected, even at a 10% level of significance. To
summarize then, our results clearly suggest the presence of a unit root in price–rent ratio, and this conclusion is robust to
consideration of a structural break in mean and is despite the fact that rent growth and housing market returns are
stationary for all the MSAs and the nation.

To estimate the modified present-value model, we cast Eqs. (3)–(9) into state space form and apply the Kalman filter to
estimate the hyperparameters of the model.8 The estimated hyperparameters are shown in Table 2 and 3. The unconditional
mean of expected rent growth and expected housing return (γ0 and δ0) vary across different MSAs. It can be clearly seen that
the mean of expected real rent growth is much smaller in magnitude than the expected housing return implying that in all
the MSAs and the United States, rents have grown roughly at the same rate as the overall inflation. The results suggest that
the persistence parameter (AR coefficient δ1) for the expected housing return is much higher than for the expected rent
growth. The high persistence of expected housing return is similar to what researchers have found for expected financial
asset returns in the finance literature.9
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Fig. 1. Price–rent ratios.

8 Measurement and transition equations for the state space model are provided in the Appendix.
9 For example, Binsbergen and Koijen (2010), Fama and French (1988), Pastor and Stambaugh (2009) among others have also found the expected return

on stocks to be highly persistent.

N.K. Kishor, J. Morley / Journal of Economic Dynamics & Control 58 (2015) 235–249240
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Deng et.al., Annual Price-to-Income
Fang (2015) finds similar numbers; Glaeser et.al. notes that in 2016 ratio is 25 in
Beijing and Shanghai for 90m2 apt

4. House price changes and market fundamentals: 35 major markets

In this section, we estimate simple regression models to determine whether supply and demand fundamentals like those
discussed above can help explain house price variation over time across Chinese cities.19 In doing so, we construct a panel data
model using annual data between 2006 and 2013 for the 35 major cities listed above. Our price series is an update of the log
change in real constant-quality prices from Wu, Deng and Liu (2014).

We begin with Table 10′s summary results describing how much of real city-level house price growth can be explained by
common versus city-specific factors. Column 1 reports the findings of a specification that regresses log real price change on
year fixed effects. There is a strong common component in price growth, as year dummies can explain almost 40% of the variation
in annual housing price growth. This is consistent with shifts in the macroeconomic environment, market sentiment, and/or the
central government's housing market intervention policies playing an important role in all local housing markets. In contrast,
column 2′s results show that the explanatory power of city dummies is a much lower 12%. The adjusted-R2 is so low that we
cannot reject the null that city fixed effects are jointly equal to zero. The final column in Table 10 shows that these two factors
are largely orthogonal to one another. When both sets of fixed effects are included on the right-hand side, the R2 is 50%.

We next investigate the role of relative supply–demand conditions. The first column of Table 11 adds controls for the ratio of
unsold inventory held by developers to total sales in the relevant market during the previous year and for the ratio of presale
permits to total sales in the previous year.20 Both are negative and statistically significantly different from zero. However, only
the inventory variable remains statistically significant when we add controls for the previous year's price level and rate of
price growth. One possible reason is that developers could be adjusting the volume of new housing supply based on current
housing prices or price changes. For example, during a downturn in the market, developers could choose to postpone some
new projects and reduce new housing supply, which would at least partially reduce the magnitude of price drops. The impact
of the inventory-to-sales variable declines modestly, but remains highly statistically significant. Interestingly, price growth this
year is significantly lower if the price level was higher last year (column 2 of Table 11). Thus, more expensive markets tend to
mean revert in the sense their rate of appreciation will be lower.

Column 3 of Table 11 then adds a number of other “fundamental” factors to the specification. On the demand side, three
reflect exogenous demand shocks. The exogenous shocks of non-farm employment growth in the city is created using the method

19 See Ahuja, Cheung, Han, et al. (2010), Ren, Xiong and Yuan (2012), Zhang, Hua, and Zhao (2012); Dreger and Zhang (2013); Chow and Niu (2014) for some other
recent attempts on modeling housing price dynamics in major Chinese cities.
20 Both variables are calculated based on data provided by local housing authorities.

Fig. 13. Annual price-to-income ratios in 12 major markets.

109J. Wu et al. / China Economic Review 39 (2016) 91–114
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Deng et.al., Unsold Inventory

3.1. Supply and demand: units and households

It is well known that demand-side fundamentals tend to be quite strong in most Chinese housing markets. Even without rapid
national population growth, an on-going, massive rural-to-urban migration underpins strong demand for housing units in Chinese
cities. According to the two latest National Population Censuses by NBSC, the urban population in China increased from 458.8
million (36.9% of total population) in 2000 to 670.0 million (50.3% of total population) in 2010, for an average compound growth
rate of about 3.9%. Urban household income also has grown substantially as the Chinese economy has prospered over the past couple
of decades. The average annual compound real growth rate of per capita disposable income for urban households reached 8.9%
between 2004 and 2014 according to NBSC. The importance of these demand factors is also highlighted in recent research
(Chen, Guo, and Wu (2011); Fang, Gu, Xiong, and Zhou (2015); Garriga, Wang, and Tang (2014); Huang, Leung, and Qu (2015);
Wang and Zhang (2014)).

Less is known about the supply side of the housing market, but some research suggests that high and rising prices are due at
least in part to some type of natural constraint or restrictive behavior by local governments (e.g., Wang, Chan, and Xu (2012);
Wu, Feng and Li (2015)). Fig. 8 begins our documentation of supply side conditions with its plot of the ratio of new housing sup-
ply as a share of the 2010 stock in the 12 major markets for which land price growth was reported above.7 The first panel shows
that residential space is not rising as a share of overall market size in Beijing and Shanghai, but is in Tianjin and Chongqing. In
2014 alone, developers in Tianjin delivered new space equal to over 9% of the 2010 stock; in Chongqing, the analogous figure
is nearly 6%.8 The other panels of Fig. 8 document rising trends in other markets such as Xian, Chengdu, and Guangzhou.

Fig. 9 gauges supply in another way for these same markets, this time with unsold inventory held by developers as a share of
yearly sales volume in the same market.9 A value of 0.5 implies that unsold inventories equal six months of average sales volumes
in the same market. Consider the series for Beijing in the first panel. There are sharp spikes in unsold inventories relative to sales

7 In this measure, the numerator is the annual volume (in floor area) of newly-built housing completion as reported by local statistics agency. The denominator, the
housing stock in 2010, is calculated based on the per capita living space of urban households and urban population in 2010, both reported in the National Population
Census. Ratios for all 35 major markets discussed above are available upon request. These dozen cities capture most of the local variation across the 35 cities.

8 To help put these numbers in perspective, it may be useful to know that housing permits in Phoenix, one of the U.S. ‘bubble markets’, did not quite reach 6% at the
height of its boom.

9 The numerator is the inventory (infloor area) of newly-built housing units held by developers at the end of the year. The denominator is the transaction volume (in
floor area) of newly-built housing units sold during this year. Both are reported by local housing authorities.

Fig. 9. Unsold inventory held by developers as a share of sales volume in 12 major markets.

102 J. Wu et al. / China Economic Review 39 (2016) 91–114
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Glaeser et. al.: Supply-Side Approach to Evaluation Bubbles

Authors note that price-to-rent and price-to-income ratios are very sensitive to
estimates of user cost components (version of HMS argument)

Instead try and estimate how supply compares to demand

Assume willingness-to-pay will converge to 10 times annual income (high) and
represent CDF of income distribution as F (Y ) (implies current Beijing/Shanghai
ratios cannot be sustainable in LR equilibrium)

Then equilibrium price P∗ with potential urban pop N:

Housing Supply=N(1 − F (P∗/10))

Need future distribution of income, growth in potential urban pop, growth in
housing stock
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Housing Price Predictions from Glaeser et. al.
112     Journal of Economic Perspectives

3 percent annual real return. Different tiers can end up with different housing 
market outcomes, depending on economic growth and housing supply. 

For both Tier 1 and Tier 2 cities, 3 percent annual real return in housing prices 
over the next 20 years is quite difficult to achieve. It requires annual real income 
of at least 6–7 percent, which is very optimistic for the average pace in the next 
20 years, together with new housing supply close to zero. If the growth of housing 
supply persists at the average level of 2000 to 2010, returns will be minimal or nega-
tive unless income growth turns out to be spectacular. For the Tier 3 cities, our 
simulation provides some room for future price growth as long as supply does not 
overwhelm the market. The results are driven by the fact that these cities have the 
largest scope for increased urbanization, and their current prices are generally low.  

Table 2 
Estimates of Housing Prices in 20 Years, by City Tier

A: Key Inputs and Assumptions

City tier: 1st 2nd 3rd

Total housing in urban area 2010 (billion ft2) 8.6 37.3 36.1 
  Used 7.7 32.1 32.2 
  Developer inventory 0.3 1.9 0.9 
  Household vacancy 0.6 3.3 3.0 
Total population growth 2000–2010 50% 26% 7%
Urbanization rate 2010 90% 70% 50%

Assumptions
Depreciation rate of housing 2% 2% 2%
Housing per capita 403.56 square feet (or 40 square meters)
Long-run price to income ratio 10 10 10
Total population growth 2010–2030 40% 20% 10%
Urbanization rate 2030 90% 80% 70%

B: Selected Scenarios

City tier 1st 2nd 3rd

Scenarios Conservative Aggressive Conservative Aggressive Conservative Aggressive

Additional assumptions
Annual housing supply  
  2010–2030 (billion ft2)

0.17 0.48 0.72 2.00 0.90 2.83 

Annual income growth 5% 5% 5% 5% 5% 5%

Price in 2030 (2014 RMB per ft2) 2,165 1,531 1,039 410 1,017 403 
Annual price growth 0.82% −0.91% −0.29% −4.82% 3.37% −1.30%

Annual housing supply 2000–2010 0.42 1.98 1.84
Price in 2010 (2014 RMB per ft2) 1,840 1,102 524 

Source and Notes: Housing in urban area in 2010 is from the 2010 census, covering the city proper. 
Inventory is estimated using Soufun data, and vacancy is estimated using Urban Household Survey 
data. Household income data are also drawn from Urban Household Survey. Annual housing supply in 
2000–2010 is estimated as housing in city proper in the 2010 census minus that in the 2000 census times 
0.82 (assuming housing stock in 2000 depreciates by 2 percent per year), then divided by 10. Based on 
current data, 60 percent of urban population live in the city proper area. Price estimates are in 2014 
RMB. We consider a conservative case where annual new supply is roughly cut in half compared to the 
average from 2000 to 2010, and an aggressive case where the supply is higher. 
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Heat Map of Predictions

A Real Estate Boom with Chinese Characteristics     113

Our assumptions of urban growth could have been generous for Tier 3 cities. These 
cities are also most likely to land in the high-supply scenario, so the outlook may not 
be as optimistic as Figure 6C suggests.

Overall, these simulations show a possible range of prices, depending on 
income growth, potential urban population growth, and housing supply growth. 
Of these three determinants of future prices, the Chinese government has the 
most capacity to shape housing supply growth. With sufficiently controlled housing 
supply, current prices can be maintained, but if housing supply continues to aggres-
sively deliver new space, prices will fall. 

Figure 6 
Estimates of Average Annual Housing Price Growth, 2010—2030

Source and Notes: Plots of estimated average annual real housing price growth from 2010 to 2030, as 
a function of annual real income growth (x-axis) and annual new construction (y-axis). Darker color 
denotes higher returns. The solid curved line is the frontier where annual real returns are 3 percent. 
The dashed curve lines indicate (from left to right) returns of  −6, −3, 0, and 6 percent annual returns, 
respectively. The horizontal line shows the level of average annual supply from 2000 to 2010. Annual 
housing supply in 2000–2010 is estimated as housing in urban area in the 2010 census minus that in the 
2000 census times 0.82 (assuming housing stock in 2000 depreciates by 2 percent per year), then divided 
by 10.
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Summary

Glaeser et. al. note that government policy could sustain high housing prices but
would lead to huge economic inefficiency (misallocation)

Without government intervention and with supply growing at current rates, it’s quite
possible for prices to fall

Even if prices don’t decrease, growth should be much lower than in last decade:
likely below 3% unless Chinese incomes somehow grow at 7% a year

Deng et. al. papers a bit more optimistic about first tier and second tier cities, but
note lots of risk in other markets (ex: North)

Most papers agree that financing of Chinese housing (high downpayments) makes
effects of a housing bust less dangerous than US situation of 2009
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China Housing Boom: An Open Question
Some papers find boom cannot be explained by fundamentals (ex: Han, Han, Zhu
2018) while others suggest it’s reasonable in a transition economy (ex: Chen,
Wen, AEJ Macro 2017)

However, every paper argues the boom is not sustainable in the long-run

Nearly all the China housing boom papers written before 2018, using data from
before 2014

What has happened in the last decade? How is it that high housing prices have
generally been sustained (despite recent drop)? Can we reject some of the
suggested theories with this additional decade of data?

Note: there are some very recent papers on problems in the sector, see Huang,
“Why China’s housing policies have failed,” PIIE WP 2023 and Rogoff and Yang, “A
Tale of Tier 3 Cities,” WP 2023.
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Things I find interesting about Chinese housing market 1

In addition to the extremely high prices and high vacancies, other interesting
aspects:

1. Leasehold policy: what will happen after the first residential leases expire? Is
the risk of a significant renewal fee priced into these houses?

2. Hukou system and difference in local amenities for owners versus renters of
the same property, adds new variable to user cost. See recent paper by Chen
Jie and co-authors (RSUE 2022).

3. Developers seem to often sell all apartments before building (pre-sales)
4. Enormous amount of employment in construction industry. Recent paper by

Charles, Hurst, and Notowidigdo (AER 2018) argues that US housing boom
and bust had a large effect on college enrollment and labor decisions. Effect
could be even larger in China.
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Things I find interesting about Chinese housing market 2

1. No property tax (some cities have tiny pilot taxes); could be large effects on
prices and vacancies when eventually introduced (see Zhu and
Dale-Johnson, JUE 2020)

2. Why is the Chinese rental market so underdeveloped? Why are there only
(poorly) furnished apartments available?

3. Dominance of小区 compounds. In North American and European cities,
enormous gated compounds are unusual, single apartment building is the
norm.
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