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LONGER TERM AGENDA

1. What drives housing (especially prices)?

» Fundamentals (demographics, preferences, structural
transformation /urbanization in modern economies).

» Expectations
» Credit (mortgage, downpayment).

» market incompleteness, market imperfections, market
frictions

2. How does housing impact the macroeconomy?

3. What are the policy implications?
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MOTIVATING FACTS

» Substantial decline in the agriculture-to-GDP share driven
primarily by sectoral reallocation.

» Sizable rural-urban migration but stable income gap.
» Suggests other forces must be at play.

» Large and persistent house price boom.
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TODAY’S TALK

Explore the links between China’s economic transition and its
housing boom from 2001-14.

1. To what extent can structural transformation and
urbanization rationalize the Chinese housing boom?

» Rising productivity boosts income and housing demand.
» Rural-urban migration further increases housing demand.
(migration accelerator)
» Constrained land supply limits construction.
2. How do rising housing costs affect the extent and speed
of structural transformation?
» Expensive urban housing is a deterrent to migration.
(house price decelerator)
3. What is the impact of land and permitting policies?
» Land supply affects house prices and possibly migration.
» Hukou permits slow the transition from renting to owning.
» Downpayment (credit constraint) reduces affordability to
purchase.



INTRO MODEL CALIBRATION BASELINE DECOMPOSITIONS MIGRATION-HOUSING LINK  POLICIES CONCLUSIONS
! !

LITERATURE

» China houisng: Wu-Gyourko-Deng (2016), Chen-Wen
(2017)

» China migration: Ngai-Pissaridis-Wang (2019),
Liao-Wang-Wang-Yip (2020)

» Structural transformation and urbanization: Lucas (2004),
Bond-Riezman-Wang (2016), Deng-Tang-Wang-Wu (2020)

» Dynamic GE Housing: Davis-Heathcote (2005),
Piazzesi-Schneider (2016),

Favilukis-Ludvigson-Nieuwerburgh (2017),
Garriga-Hedlund (2018)



INTRO MODEL CALIBRATION BASELINE DECOMPOSITIONS MIGRATION-HOUSING LINK  POLICIES CONCLUSIONS
! !

MODEL SUMMARY: I
All Households

» Utility u(xg, Xmt, Xt )-

Rural Households

» Deterministic, inelastic agricultural income.
» Agents live in farm houses at zero cost: xj; = hy.
» No access to financial markets.

Urban Households
P, . b b
» Stochastic income wyes;: [ eps;dPP™ = i,

» Rent xj; = h, at flow cost py.

» Hukou permit holders can buy i € H = {hy, hy} at price py,;
and receive xj; = Ch. Adjustment costs 7, and 7.

» Access to saving (all) and borrowing (homeowners only).
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MODEL SUMMARY: II

Migration
» Rural workers differentiated by mobility cost € ~ ¥(e). The net
migration cost &€, where & is a common, time-varying component.
» Urban households draw stochastic labor earnings e; and s; ~ II;. No
reverse migration.
> lu;ural — ’u;u_nlll _ migrationmmlﬁmbm,t; H:uml + ’u;trban —1.
Technology
» Agriculture: Yy = Zz Ny where Ny = uf’”"l .
> “Manufacturing:” Y = ZuNu:.
» The residential construction sector produces tenant-occupied
apartments (j = a) and owner-occupied housing (j = h) using
Y = ZiF(Li Y (Sj, Ny).
> Absentee rental companies lease apartments to urban residents at rent

7a. The following relationship between apartment prices and rents

_ 194,
holds pa = 7at + 757 Pas-
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MODEL SUMMARY: III

Financial Markets

» Risk-free saving at rate ;.

» Long-term mortgages with rate r; that amortize at rate .
» Maximum loan-to-value (LTV) at origination of 6.

» No default, no refinancing.

Goods Market

» Tradable goods and financial services (open economy);
nontradable housing.

» Exogenous i, 1t, P endogenous pas, Wy, Ppt-
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HOUSEHOLD DECISION PROBLEMS

» Rural households:

Vil (e) = maxu (xg, xmi,hy)  +  Bmax {Vﬁﬁl ) EVIS (Yig1,St41) — §t+15}

Xf 1 Xm
st paxg txme = pplp

Yirl =  €18t41Wep1 + Trpa

» Urban renters without hukou permits:

Vre"' 0 (Ye,st) = max u (xﬂ, Xt Ha)
Xm »vabH»l

h
BE ﬁtmaX{Vrenl (yt+1,st+1) tiyl(yt+1,st+1)}

+
+(1 nf)Vf+1 (Yeg1,5141)
s.t. PaXg + Xmt + Pathat + biy1 =yt
Yer1 = e18e1Wir1 + (14 drp1) by + T

where the probability to obtain hukou permit is 7.



INTRO MODEL CALIBRATION

BASELINE DECOMPOSITIONS ~MIGRATION-HOUSING LINK ~ POLICIES CONCLUSIONS

HOUSEHOLD DECISION PROBLEMS

» Urban renters with hukou permits:

VI (yes) = max u (%o, )
Xnuxfabt+1
b
+ BE [maX{Vfﬂ’l(ytH, st1)s Vi (yt+1,5t+1)}]
st ppXpg +Xmt  +  Pathat + by = i
Yer1 = ep1Sep1Wip1 + (1 4 drg1) b1 + Tia
> Buyers:
b
Vtuy (yt,st) max u (Xft, Xmt, €ht+1)

s.t. ppxp

rent

Yir1

o0wn

Yi+1
dii1

<

T X Bep o1 B g1
max {(1 — p)V:i’:{’O (Vﬁﬁ’ 5t+1) +th’Tiv1 (yﬂq, St+1) ,
Vfﬂ (y?% hiy1,diq1, 5t+1) }
Xmt + (1 + 7 + ) puthe + brpr = yr + dia
erp18t11We 1 + (1 +idpp1) b1 + (1 — 75) P
(A +rep1) depr + Tea

er18t1We 1 + (1 +ipp1) by
(1 = 6) prehia

where the probability to retain the hukou permit when selling a house is p.
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HOUSEHOLD DECISION PROBLEMS

» Owners:

VO (yy hdys) = max u(xftaxmtagh)
xm:vab2+1

,0 )1
max {(1 = p)V71" (vishssin) +oVit (viessan )
veen (v i)
st ppxp  +  Xmt + Oupuhe + (v + 1) de + by =y

vl = eaqpasiawig + (L4 i) bgr + (1 — 7) pueah
= (M +ry)di + T

y’fﬁﬂ = erp1Sep1Wigr + (T4 i) b

dyr = (1—7)d

where owner’s state & appears in BC instead of ;41 in buyer’s problem.
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GOVERNMENT

» The government exogenously issues quantities Lj; of land
to the segmented apartment (j = a) and housing (j = h)
markets.

» Land proceeds finance transfers 7; and insurance claims
for depreciated housing, with the government consuming
any residual revenues.

» We have also considered the case where the government
endogenously supplies land:
Vit 5

]
max pyi:Liy — —=—L%.
Ly Pijetjt 2
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EQUILIBRIUM

» There exists a cutoff migration cost ¢;", ; each period. Remaining rural

households entering period t 4 1 (those with € > ¢/) migrate if ¢ < ¢, |, where

t+17

mml

€41 = max {Etv [EV{ill e41,541) — ViT (6¢+1)] /§r+1}-

Rural population size in # is thus Ny = 1 — ¥(¢/).
» The urban labor market clears

Nt + Ngt + Ny = / dorent / APy =1 — Np.

» The law of motion for the stocks of two types of housing is
Kjp = (1 = 6)Kj1—1 + Y,
» The land markets clear for j = a, h:
th = Z]t

» The urban housing and rental markets clear,
[ o = (1= 8K+ Y

o / A = (1= 5)Kes—1 + Yar.
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PLAN OF ACTION

» Calibrate the economy to match Chinese population and
GDP shares in both 2001 and 2014.

» Baseline: solve for equilibrium transitional dynamics
induced by unanticipated shocks measured from the data.

» (Untargeted) equilibrium house prices.

» Mobility costs that replicate observed population flows.

» Experiments: decompositions, counterfactuals, and
policies aimed at accelerating urbanization.

» House prices are always untargeted; population dynamics
untargeted in all experiments (i.e. baseline mobility costs).
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PARAMETRIZATION

» Preferences:

(160 + 1 - ¢x>hpﬁ)17”

1—0o

X= [¢f(xf —x)" +(1— ¢f)xr”n]

u(xp, Xm, ) =

N

» Mobility costs:

v =1-(%)",

€

» The unobserved common component &; of net mobility costs is decomposed into
In(&) = —In(&4) + In(&r), where &y stands for urban housing quality.

» Housing construction:
Fj(Ljt, (St Njr)) = Ly X (S, Nje) '~
1—
Y(Sjt, Njr) = S;‘SN].t s



INTRO MODEL CALIBRATION BASELINE DECOMPOSITIONS MIGRATION-HOUSING LINK ~ POLICIES CONCLUSIONS
! !

PARAMETRIZATION

> Zmo normalized to 1; Zg set to ensure u(r)”ml at price pry = 1;

Zyo set to ensure pjy = 1.

» Urban income process:

In(s41) = psIn(st) + 141
Ety1 N<O7 O'?)
In(e;) ~ N(0,07)

where p; is a 3-state Markovian process.

» Government income floor with y = 0.5es with
means-tested transfers satisfying

Ti(erst) = max{0, ratha + ppxy + Xwies — wyers; }
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JOINT CALIBRATION

» The joint calibration targets moments from the early 2000s.

» It also seeks to match the rural population and agricultural
spend share at the end of the period.

Table: Joint Parametrization

Description Model Data  Source

2001 Rural Population Share 62.3%  62.3% CSY? 2016

2014 Rural Population Share* 452%  452%  CSY” 2016

2001 Agricultural Spend Share 14.1%  14.1% CSY* 2016

2014 Agricultural Spend Share*  9.2% 9.2%  CSY” 2016
Homeownership Rate 82.4%  82.6%  Census’ 2000
Financial Assets to GDP 1.5 15 UHS* 2007
Housing Spend Share (Owners)  24.4%  24.5% CFPS? 2014, 2016
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SUMMARY OF MODEL PARAMETERS: I

Description Parameter  Value  Explanation
Technology
Manufacturing Productivity Zmo 1 Section 3.1.1
Agricultural Productivity Zso 0.099  Section 3.1.1
Housing Productivity Zy 0.699  Section 3.1.1
Apartment Productivity Zq 1944  Section 3.1.1
Housing Land Share arp 0.27 Section 3.1.1
Apartment Land Share Qg 0.18 Section 3.1.1
Structures Share ag 0.3 Section 3.1.1
Housing
Housing Depreciation Op 0.025  Section 3.1.2
Apartment Depreciation 0On 0.05  Section3.1.2
Rural House Size hy 1 Section 3.1.2
Urban Apartment Size ha 2.29 Section 3.1.2
Small Urban House Size h 3 Section 3.1.2
Large Urban House Size hy 13.35  Section 3.1.2
Buyer Transaction Cost T 0.005  Section 3.1.2
Seller Transaction Cost Ts 0.12 Section 3.1.2
Preferences
Risk Aversion o 2 Section 3.2.1
Discount Factor B 0.842  Joint Calibration
U(C, xp,): Intratemporal Substitution ve 0.487  Section 3.2.1
U(C, xy,): Weight on C be 0.047  Joint Calibration
U(C, x;): Homeownership Premium ¢ 1.3 Joint Calibration
C(x7, Xm): Intratemporal Substitution 7 2.107  Joint Calibration
C(xf, xm): Weight on x¢ or 0.287  Joint Calibration
C(xr, xm): Subsistence x; 0.004  Section 3.2.1
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SUMMARY OF MODEL PARAMETERS: II

Description Parameter  Value  Explanation
Net Mobility Costs
Curvature of CDF K 2.8 Section 3.2.2
Lower Support of CDF € 7263  Joint Calibration
Initial City Quality £4,0 1 Section 3.2.2
Initial Common Net Mobility Cost & 1 Section 3.2.2
Final City Quality &g,00 1.277  Section 3.2.2
Final Common Net Mobility Cost £oo 0.736  Joint Calibration
Urban Income Process
Autocorrelation of Persistent Shock Ps 09172  Section 3.2.3
Variance of Persistent Shock a2 0.0469  Section 3.2.3
Variance of Transitory Shock ag 0.03 Section 3.2.3
Government Policy
Income Floor Ratio 05 Section 3.3.1
Minimum Down Payment Ratio 5 0.3 Section 3.3.1
Mortgage Amortization Rate ¥ 0.0333  Section 3.3.1
Hukou Receipt Probability n 0.3 Section 3.3.1
Hukou Retention Probability p 0.37 Section 3.3.1
Initial Housing Land Ly 1 Section 3.3.1
Initial Apartment Land Lao 1 Section 3.3.1
Interest Rates
Savings Interest Rate i 0.08 Section 3.3.2
Mortgage Interest Rate 4 0.06 Section 3.3.2
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THE DYNAMICS OF CHINA’S TRANSFORMATION

» Unanticipated shocks + perfect foresight transition path.

» shocks are extrapolated from the data using a logistic
extrapolation with smooth pasting and an asymptotic value
of the shock that is twice as much from the initial value as
the observed change over the sample.

» The baseline targets population dynamics using {5}

» House prices are untargeted, as is migration in subsequent

counterfactual exercises with the baseline {é} unchanged.

Description Method Explanation

Manufacturing TFP  Exogenous  {Zy} i—1,.. 1 from 2001 - 2014 data”
Agricultural TFP Exogenous {Zﬂ} 1. from 2001 — 2014 data”
Agricultural Prices  Exogenous  {ps} =1 from 2001 - 2014 data“
Land Supply Exogenous {Lﬂ}] na p from 2001 - 2014 data®
City Quality Exogenous  {&},_, from 2001 -2014 data®*
Rural Population Targeted {E,} targets 2001-2014 data®*?

=1,...,

TExtrapolated. POne-time jump based on smoothed data. ‘Smoothed data.
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THE DYNAMICS OF CHINA’S TRANSFORMATION

0a Exogenous Shocks s Urban-Rural Income Ratio 65 Targeted Rural Population
: Manufacturing Productivity Model Model (L) —~
—— Agricultural Productivity = = =Data = = =Data(l) o
Agricultural Prices —~ Net Mobility Cost Scale (R) 1095 &
. Land Supply & 8
= City Quality © 60 09 &
n I o
g - @ 3
~

< TSN < 085 S
18 ’ ~ S o
o o 3 1
= = N7 = S
3 T 107 255 08 G
216 o o £
L o S
£ oy 075 2
R R s 2 g

S < X
s ; <50 07 2
12ff k3 <
065 5
g 4

1
5 45 0.6
2002 2004 2006 2008 2010 2012 2014 2002 2004 2006 2008 2010 2012 2014 2002 2004 2006 2008 2010 2012 2014

» The left panel shows the path of the exogenous shocks.

» The urban-rural income gap is large, but it shows little
variation over time to rationalize migration patterns.

» The right panel shows that the mobility cost scaling factor
must fall by 36% to replicate population dynamics.
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CHINA’S TRANSFORMATION: MODEL VS. DATA
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» House prices rise by 134% (137%) in the model (data).
» The homeownership rate in 2010 is 78.0% (78.3%) in the

model (data).

» The agriculture-to-GDP ratio falls by 5.9 (4.9) percentage
points in the model (data).

CONCLUSIONS
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DECOMPOSING THE DRIVERS
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DECOMPOSING THE DRIVERS

Scenario Urban Pop Ag-to-GDP House Prices Ownership
A Az A Az A—p Amiz - A Apgs
Baseline . . —2. =5. . . —5. —2.
50% Slower & 0.9 109 -11 -38 181 1285 1.7 15
50% Slower Zus 1.9 128 -09 1.2 82 722 34 37
Fixed Zg 106 457 -56 127 259 1544 -158 88
Fixed pp 49 295 -31 -99 225 1421 81 —62
Fixed Lj 2.3 166 —-18 56 278 1453 —45 34

» Fixing Z; or py causes the urban-rural income gap to grow
as Z, rises. Fixing Zf induces significantly higher
migration and house price growth relative to the baseline.

» The extreme case of fixed Z;, shuts down all migration and

house price growth. A 50% growth slowdown cuts

migration by 1/4, and house prices only rise by
72%(instead of 134%).

» Reducing amenities by half (via slower growth in {;) cuts

house price appreciation but reduces ownership by less.
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STRUCTURAL TRANSFORMATION = HOUSING

House Prices (Normalized)

» Migration amplifies the house price response to income
shocks in the short run = the migration accelerator.

» Population shocks by themselves can generate strong
meidan-run house price momentum with delayed

overshooting (downpayment saving effect) and longer-run
mean reversion. (expectation effect)
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STRUCTURAL TRANSFORMATION < HOUSING
» Experiment: re-compute transition with fixed prices.

» House price growth reduces urbanization and structural
transformation = house price decelerator.

» Without rising house prices, the migration surge causes a
large short-run decline in ownership until migrants obtain
a hukou permit and build savings for a down payment.

65 Urban Population “ Agriculture to GDP o House Prices Homeownership Rate
m— Baseline )
Flat Housing Costs,
13 2.2
—_ 12 80
g o 2
-~ =1
st S s
s g s &
c S 10 8 275
S T T 16 T
g 3 g 4
H ° 5
& Z14
8 70
12
7
1
35 6 65
0 5 10 0 5 10 0 5 10 0 5 10

Time (years) Time (years) Time (years) Time (years)



INTRO

MODE

CALIBRATION

BASELIN

E

DECOMPOSITIONS

MIGRATION-HOUSING LINK

PoLICIES CONCLUSIONS

POLICIES: MIGRATION VIA HUKOU PERMITS

» Experiment: Cut permit time in half. PE: house prices
follow baseline path. GE: re-compute equilibrium prices.

Population Share (%)

IS
S

» The direct (PE) effect of increase n boosts urban migration,
as migrants can benefit from all the city ammenities.

» More price appreciation (GE) raise the cost of urban living
largely neutralizing the direct effect.
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POLICIES: RELAXING ACCESS CREDIT

» Experiment: Eliminate the LTV constraint (¢ = 1). PE:
baseline prices. GE: endogenous house prices.

» PE: Boosts urban migration, as migrants can benefit from
all urban amenities (i.e. owner-occupied housing).

» GE: More price appreciation attenuates the surge in
migration, and almost fully offsets the direct effect.

Urban Population House Prices Homeownership Rate
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POLICIES: TIGHTENING ACCESS CREDIT
» Experiment: Tighten the LTV constraint from 30% to 50%.

» PE: Substantially reduces short-run urban migration, as it
makes the house purchase more difficult.

v

GE: The equilibrium drop in house prices mediates the
decline in migration, reversing some of the PE effects.

Urban Population House Prices Homeownership Rate
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POLICIES: LAND SUPPLY EXPANSION
» Experiment: More land supplied for construction.

» Uniformly speeds up the urbanization process and the
structural transformation (i.e., aggie share falls).

» The increased flow of rural workers to cities is not large
enough reverse the decline in house prices due to a fall in

the price of land.
Urban Population “ Agriculture to GDP o House Prices Homeownership Rate
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POLICIES: ENDOGENOUS LAND SUPPLY

» Experiment: Land supply endogenously responds to
expansions in hukou permits.

» Relative to only hukou reform, the land expansion
accommodates more migrant workers.
» The land response neutralizes the negative feedback of
price appreciation on urbanization.
50 Urban Population N House Prices 9o Land Supply
_g::fehrn:ukou (Exog Land) e ,‘\
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CONCLUSIONS

» Develop a quantitative theory of house prices, structural
transformation, and urbanization.

» Structural transformation and urbanization have been key
to drive house prices in China. (migration acceleator)

» Rising house prices slow and reduce structural
transformation. (house price decelerator)

» Relaxing hukou creates a direct PE effect, which is largely
neutralized by the indirect GE effect from rising house
prices.

» Efforts to slow house price growth by tightening credit
harms structural transformation.

» Increasing land supply slows house price growth and
accelerates structural transformation.
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