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Abstract

Collateral constraints limit household migration to expensive locations by restricting fi-
nancing for home purchases. Such endogenous location choice amplifies the impact of re-
laxing household borrowing constraints. Using China’s cash-based shantytown renovation
program (2015-2018) as a natural experiment, we provide evidence that cash resettlement—
by converting illiquid shanty houses into cash—facilitated household location upgrading and
raised house prices in more expensive locations. A dynamic spatial model with collateral
constraints confirms household migration responses to the cash transfer. Quantitatively, en-
dogenous migration amplifies household housing expenditure responses by around 40%, and
is able to explain more than 20% of the housing price growth in 2016-2020.
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1 Introduction

House prices in China have risen dramatically over the past decade. Figure 1 Panel (a) shows
that the most salient surge occurred between 2016 and 2020, with average prices increasing by
more than 40% in just four years—a magnitude similar to the U.S. house price growth during
the 2002-2006 housing boom (Mian and Sufi, 2011). Notably, this increase was not merely a
continuation of the previous trend. Rather, house price growth accelerated markedly in 2016,
likely in response to specific economic shocks.

A broadly shared interpretation of the U.S. housing boom during 2002-2006 emphasizes the
important role of household credit conditions (Mian and Sufi, 2009). Subsequent studies further
quantify the effects of relaxed mortgage borrowing limits during the boom (Favilukis et al., 2017;
Kaplan et al., 2020). In China, instead of a significant relaxation of mortgage lending, a high-
profile policy—the cash-based shantytown renovation program—effectively relaxed household
credit conditions through large-scale cash transfers during this period.

This paper examines how the shantytown renovation program with cash-based resettlement
(or cash resettlement interchangeably) affected housing expenditures and house price growth
in China after 2015. We use this program as a natural experiment to illustrate that household
migration can amplify the effect of relaxing household borrowing constraints on housing spend-
ing, because households are more likely to face binding borrowing constraints when purchasing
houses in desired cities than in their originating cities.

Shantytown renovation is an essential part of urban development in many countries.! Typ-
ically, shantytown renovation entails the resettlement of displaced residents, along with the re-
construction of public infrastructure and residential or commercial properties. In China, the
shantytown renovation program has been a key part of Beijing’s policy agenda since 2013. In
2015, the cash-based resettlement scheme was introduced, which essentially converts illiquid
shanty houses into cash. During 2015-2018, the cash-based resettlement payments totaled more
than four trillion RMB, and the authority and many others believe that it has contributed to the
housing boom since 2015.2

To motivate our focus on migration, Figure 1 Panel (b) shows that intercity migration of

urban households accelerated significantly since 2015, whereas migration of rural households,

n the case of informal houses, shantytown renovation is also referred to as slum upgrading by UN Habitat.

2See the report from Reuters. If all cash compensation were spent on the 30% down payment of homes, with the
remaining 70% financed by mortgages, total home sales would increase by about 13.3 trillion RMB. For comparison,
total new house sales during 2011-2015 (2016-2020) were 24.7 (48.7) trillion RMB.


https://unhabitat.org/topic/slum-upgrading
https://www.reuters.com/article/idUSKBN1K21LF/
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Figure 1: House Price Growth and Household Migration in China, 2010-2023

Note: Panel (a) plots the average house price index (normalized to be one in 2015) based on sellers” posted
ask prices across cities during 2010-2023 in China. See Section 2.2 for details on the construction. Panel
(b) plots the number of intercity urban and rural migrant households per 1000 urban households.

who were not targeted by the program, followed the previous trend. These time trends suggest
that household migration likely plays an important role in the overall impact of the program.

By combining micro-level household survey data from China Population Census with data
on the shantytown renovation loans, we find strong evidence supporting the effect of cash reset-
tlement on household migration and house prices. To measure the impact of cash resettlement
on the housing market in the same city, we calculate loan_orig,, defined as the total cash reset-
tlement amount distributed in the originating city, scaled by its 2014 house transaction value. To
measure the impact on housing markets in other cities, we assume that money outflows between
city pairs (as a result of cash resettlement) are proportional to the pre-existing migration network
before 2015 and construct a Bartik-style variable, loan_dest;, with d indicating the destination city.
More specifically, loan_dest,; is defined as the sum of cash resettlement from all other originating
cities multiplied by the share of their urban households that had migrated to destination city d
before 2015, and then scaled by city d’s 2014 house transaction value.

To our surprise, in cities with higher loan_orig house prices did not grow any faster after
2014. In contrast, in cities with higher loan_dest, house prices accelerated significantly after 2014;
new house supply also increased in these cities, though the response was temporary and limited
in magnitude, reflecting the inelasticity of house supply.

More importantly, the effect of loan_dest on local house prices depends on the city-pair house

price gap in 2014. We define a city-pair as having a high house price gap if the 2014 house



price ratio (destination to originating city) exceeds the median value across all pairs, and low
otherwise. Given any destination city d, we find that the effect of loan_dest constructed using
originating cities with a high house price gap relative to d is roughly three times as large as
the effect constructed using cities with a low house price gap. This pattern is consistent with
cash-resettlement-induced migration being substantially stronger from lower-price to higher-
price cities than across other city pairs.?

The above results point to an important role of households” borrowing constraints in shap-
ing their mobility decisions. This echoes the “location asset” view in Bilal and Rossi-Hansberg
(2021), which predicts that a relaxation of household borrowing constraints can induce location
upgrading to more expensive cities by allowing for greater consumption smoothing in higher-tier
cities. In our context, households originating from low-price cities are more likely to face binding
borrowing constraints if they migrate to high-price cities and buy houses at the destination. The
cash resettlement relaxes their borrowing constraints and induces more migration to these cities.

Consistent with this view, we find that migration-induced money flows constitute the key
mechanism through which loan_dest affects local house prices. We posit two channels within
this mechanism: a downgrade mitigation effect on pre-existing migrants and an upgrade facilitation
effect on new migrants. First, we show that among pre-existing migrants in a given destination
city in 2015—who may still retain homeownership in their originating cities—the fraction of cash
recipients in their originating cities positively affects the likelihood that these urban migrants
remain in the destination and become homeowners there by 2020; in contrast, we find no sig-
nificant effect for rural migrants. Second, conditional on the same destination city, originating
cities with a higher fraction of cash recipients experience a larger post-2014 increase in house-
hold out-migration to that destination, with no significant differential patterns observed prior to
2014. Importantly, we confirm that both patterns are stronger among city pairs with high house
price gap in 2014, consistent with our hypothesis that cash resettlement mainly mitigates location
downgrading for pre-existing migrants and facilitates location upgrading for new migrants.

These empirical results suggest an amplification effect of migration in how relaxing house-
hold borrowing constraints boosts housing demand. At the extensive margin, the relaxation of

borrowing constraints induces more households to migrate to high-tier cities with higher wages,

3Recall that loan_dest is constructed in a Bartik-style manner, allocating cash-resettlement inflows according to the
pre-2015 mobility network. In principle, one dollar of inflow from any origin should have a comparable effect on the
same destination city. The fact that inflows from lower-price cities to higher-price destinations generate significantly
stronger effects suggests that cash-resettlement-driven mobility is particularly pronounced along such price gradients.



and the resulting lifetime wealth increase leads to a jump in their housing spending. At the
intensive margin, households in higher-tier cities face a more binding borrowing constraint than
in their originating cities, resulting in a higher propensity to spend on housing per unit of cash
transfer. We formalize these results in a simple model in Section 4.

To quantify the effect of cash resettlement and the amplification role of household migra-
tion, we then build a dynamic spatial general equilibrium model featuring consumption-savings
decisions, borrowing constraints, and endogenous migration under incomplete markets. In the
model, households live for a finite number of periods. In each period, they decide residence lo-
cation, housing tenure (i.e., home purchase or rental), and consumption-savings. Their net debt
balance cannot exceed a certain fraction of their housing value. Locations differ in terms of their
productivity, amenity, and housing supply.

Our model differs from the existing literature (e.g. Favilukis et al., 2023; Giannone et al.,
2023; Greaney, 2023) in a number of significant ways. First, we distinguish between liquid “nor-
mal" houses and illiquid “shanty" houses. Shanty houses, due to factors like insecure property
rights and substandard conditions, cannot be sold or used as collateral and can only be used for
owner residence. The cash resettlement program acts as a large-scale liquidity shock, effectively
converting illiquid shanty houses into cash that households can deploy anywhere. Second, the
model allows for spatial decoupling of residence and house ownership, which is a non-trivial
feature that has long been ignored by most studies. In China, households often rent at their des-
tination while retaining ownership of houses in their hometown cities.* Any local-based policies
that target local homeowners may spillover to other cities due to this cross-city homeownership.
Finally, we embed a strong homeownership preference, which is a salient feature of the Chinese
housing market.> With strong homeownership preference, household credit conditions would
matter even if they can rent (Kaplan et al., 2020).

When quantifying the model, we start with an initial distribution of households with different
ages, savings, house types and sizes, and house/residence locations, based on the Population
Survey Data of 2015 in China. We take one period to be five years. The cash resettlement program

was implemented in the first period of 2016-2020. The joint consideration of housing tenure,

4Non-local homeownership is also non-trivial in the US. For instance, the 2017 NAR Investment & Vacation Home
Buyer’s Survey reports that from 2003 to 2016, vacation home buyers accounted for 12% of all home buyers, and these
vacation homes were often located outside the owner’s primary county of residence. The non-local homeownership
rate would be substantial once we consider parents and children as a single household who live in different locations.

5This preference is driven not only by deep-seated cultural norms but also by crucial institutional factors, such as
the common practice of tying access to public schools and other public services to local homeownership in China.


https://galvestoncondoliving.com/wp-content/uploads/2017/08/2017VacationHomeBuyerReport.pdf
https://galvestoncondoliving.com/wp-content/uploads/2017/08/2017VacationHomeBuyerReport.pdf

consumption-savings and migration decisions—combined with rich individual heterogeneity—
generates non-linear policy functions over a large state space. We globally solves households’
dynamic problems and tracks household distribution within and across locations over time. To
reduce computational burden, we cluster all cities into five locations based on their geographic
proximity and house prices in 2015. Such cluster largely preserves the geographic dispersion
in house prices and migration—house prices decrease monotonically from top-tier location 1
to bottom-tier location 5 and the fraction of households receiving cash compensation increases
monotonically from location 1 (0.6%) to 5 (6.0%).

We set land supply across cities such that, in the baseline economy with the cash-resettlement
program, the equilibrium price path matches the observed data, and then solve for households
lifetime decisions given these location-specific price paths. We calibrate the remaining model
parameters to match key empirical moments on homeownership and migration over 2016-2020.
The calibrated model successfully reproduces our main empirical findings on household migra-
tion. In particular, it predicts that cash resettlement reduces the downgrading of existing migrant
residents in top-tier cities (tiers 1-3) and increases the upgrading of residents in lower-tier cities
(tiers 4-5), with magnitudes comparable to those observed in the data.

To isolate the role of household migration, we consider a counterfactual voucher-based reset-
tlement program (hereafter “voucher resettlement”), under which the voucher can be used only
for local home purchases, thereby localizing the induced housing demand. In the model, the
voucher program significantly attenuates both the downgrade-mitigation effect in top-tier cities
and the upgrade-facilitation effect in lower-tier cities relative to the cash transfer. We next ex-
amine households housing expenditure responses to the resettlement transfer and compare the
effects under cash and vouchers. Specifically, housing expenditure multiplier is defined as the in-
crease in a households first-home purchase spending with resettlement relative to without reset-
tlement, normalized by the compensation amount received. The multiplier averages 1.14 under
cash resettlement but only 0.80 under vouchers, implying that endogenous migration amplifies
the housing expenditure response by 42.5% (= 1.14/0.80 — 1).

The key insight of the paper is that household borrowing measured at current locations can
substantially misrepresent their true borrowing constraints once households relocate to their
desired cities. Prior to receiving a cash transfer, households may appear to borrow little because
they reside in relatively inexpensive locations. However, their relevant-or “shadow”-borrowing

constraint is determined by the housing markets of the cities they would optimally move to after



the transfer. According to our model, households predicted to have larger borrowing at their
current locations after the cash transfer do not exhibit higher multipliers, whereas borrowing
measured conditional on their desired destinations strongly predicts higher multipliers.

Finally, we assess equilibrium price impacts of the program.® We find that absent the pro-
gram that transforms illiquid housing assets to liquid wealth, the average house prices would
decrease by about 4%. This aggregate price impact is entirely attributed to the amplification role
of migration—the average house prices will drop similarly by 4% under the voucher resettlement.
Across different locations, household migration under cash resettlement leads to price increases
only in the top four locations, while the bottom location 5 experiences a price decline as the
treated households (i.e., those receiving cash transfer) leave, leading to larger price disparities
across locations.

Quantitatively, however, general equilibrium price adjustments have little impact on our mi-
gration results, as cash resettlement continues to generate similar downgrade-mitigation and
upgrade-facilitation effects. As house prices would be lower absent the program—implying
weaker housing demand—the cash multiplier rises slightly from 1.14 to 1.18.

Overall, in welfare terms, we find that relative to the baseline with cash resettlement program,
households owning shanty housing in urban areas would suffer a 22.8% welfare loss in the
absence of the program and a 5.3% loss under the voucher scheme. This underscores the value

of retaining flexibility in allocating the transfer beyond local housing purchases.

Literature Review Our paper is related to three strands of literature. First, we contribute to the
housing literature on household credit conditions. More than a decade after the Global Financial
Crisis of 2007-09, a consensus has emerged regarding the crucial role of household credit condi-
tions in the housing boom-bust cycle (Mian and Sufi, 2009, 2011; Di Maggio and Kermani, 2017;
Justiniano et al., 2019). Yet there is less consensus on the degree to which changes in household
credit conditions can explain the housing boom relative to other competing explanations (Pi-
azzesi and Schneider, 2016; Favilukis et al., 2017; Kaplan et al., 2020). We add to the literature by
introducing endogenous migration to the analysis. We document the relevance of migration and
demonstrate that household migration can amplify the effect of relaxed borrowing constraints on
housing demand with a dynamic spatial model.

Second, our work adds to the large and growing literature on quantitative spatial economics

®We assume the program affects residential land supply in a way that leads to the same amount of incremental
house supply as requisitioned.



(Redding and Rossi-Hansberg, 2017).” The seminal work of Kleinman et al. (2023) incorpo-
rates capital investment into a dynamic spatial model with forward-looking migration decisions,
with capital accumulation undertaken by immobile landlords. Recent studies further allow for
forward-looking migration, consumption-savings, and housing tenure decisions (Bilal and Rossi-
Hansberg, 2021; Favilukis et al., 2023; Giannone et al., 2023; Greaney, 2023; Greaney et al., 2025).
Conceptually, our paper is most closely related to Bilal and Rossi-Hansberg (2021), who em-
phasize the role of location as an asset in facilitating consumption smoothing. Our quantitative
model differs from theirs by explicitly modeling housing tenure and spending decisions, enabling
us to study the interaction among migration, borrowing constraints, and housing expenditures.
We highlight the amplifying role of mobility in strengthening housing demand when cash reset-
tlement improves household credit conditions. Relative to Giannone et al. (2023) and Greaney
(2023), our quantitative model incorporates rich intercity homeownership (i.e., decoupling of
residence and house locations) and heterogeneity in house liquidity. This feature enables us to
characterize both the “downgrade mitigation” effect of cash transfers on existing migrants and
the “upgrade facilitation” effect on non-migrants.

Third, we contribute to the literature on the housing market and migration in China. The re-
cent downturn of the Chinese housing market has attracted considerable concern about potential
risks of the real estate sector. Chang et al. (2026) document a paradox between surging land and
property prices and plummeted transaction volumes during 2020-2022 and attribute this para-
dox to active management by local governments. Related to spatial spillover, Deng et al. (2022)
exploit the local home purchase restrictions to study the effects of out-of-town home demand
and policy spillovers. In terms of migration, Tombe and Zhu (2019) show that a large decline
in migration costs following the reform of the Hukou system led to significant aggregate labor
productivity growth between 2000 and 2005.

The remainder of the paper is organized as follows. We describe the institutional background
and data in Section 2, present the empirical evidence in Section 3, develop the simple model in
Section 4, lay out the dynamic spatial general equilibrium model in Section 5, and report the

quantitative results in Section 6. We conclude in Section 7.

7This includes both static models (Ahlfeldt et al., 2015; Monte et al., 2018; Heblich et al., 2020; Delventhal et al.,
2022; Hoelzlein, 2023; Tsivanidis, 2023; Couture et al., 2024) and dynamic models (Desmet et al., 2018; Caliendo et al.,
2019, 2021; Bilal and Rossi-Hansberg, 2023; Fan et al., 2023; Kleinman et al., 2023; Cruz and Rossi-Hansberg, 2024;
Balboni, 2025). These frameworks are employed to study a wide range of shocks and policy interventions, providing
insights into how such changes affect the spatial distribution of economic activities.



2 Institutional Details and Data

We provide the institutional background of China’s shantytown renovation program in this sec-

tion, followed by a description of data sources used in the paper.

2.1 Institutional Background

The shantytown renovation program became a key part of the central government policy agenda
since 2013, when Premier Li Keqiang took office. At his first press conference, he pledged that his
administration would renovate over 10 million units of shanty homes. Shantytown renovation
typically involves two resettlement approaches for displaced residents followed by reconstruction
of public facilities and real estate properties. In-kind-based resettlement (i.e., property exchange)
compensates displaced residents with alternative housing®, whereas cash-based resettlement of-
fers displaced residents cash to purchase homes from the housing market as they wish.

In-kind resettlement had been the dominant approach until 2015, when it was partially re-
placed by cash resettlement. In 2015, several real estate policies led to an unprecedented level
of housing inventories held by developers, especially in lower-tier cities, with the total floor area
of unsold inventories rising to 7.36 billion square meters, while new housing sales in 2015 only
totaled 1.28 billion square meters.” To reduce this inventory overhang, Beijing started replacing
in-kind resettlement with cash resettlement, under which the displaced residents would become
home buyers in the housing market. From 2014 to 2017, the proportion of cash-based reset-
tlement in shantytown renovations increased steadily. It was 9% in 2014, rose to 28% in 2015,
further climbed to 48.5% in 2016, and peaked at 53.9% in 2017.10

To support the cash-based resettlement, the People’s Bank of China (PBoC) provided policy
banks, primarily the China Development Bank (CDB), with a long-term, low-interest-rate fund-
ing source through the Pledged Supplementary Lending (PSL) facility. These funds were then
extended to local governments for the shantytown renovation projects. From 2014 to 2018, the
PBoC injected over 3.5 trillion RMB via PSL, and the CDB extended around 4.0 trillion RMB of
shantytown renovation loans.

The cash-based resettlement program effectively addresses the profound illiquidity inherent

8Local governments either construct the resettlement housing by themselves or mandate the private developers to
set aside some house units for resettlement during land auctions in former shantytown areas.
9See the report from Guotai Junan Securities.
10See the news article from People’s Daily.


https://static.nfapp.southcn.com/content/201602/29/c50382.html
http://paper.people.com.cn/rmrbhwb/page/2018-07/16/03/rmrbhwb2018071603.pdf

in shantytown housing by converting these largely non-tradable assets into cash, often at valu-
ations exceeding their impaired market potential. The illiquidity of shantytown housing stems
from multiple reasons. First, many shanty homes were historically built on land with ambiguous
ownership, and lack the official deeds required for formal market participation and bank mort-
gage financing (He et al., 2019; Yang et al., 2023). Second, houses in shantytowns often suffer
from substandard construction, significant disrepair, and a lack of essential amenities, rendering
them uncompetitive compared to formal housing alternatives (Wu, 2016; Hussain et al., 2021).11

The period following the widespread adoption of cash compensation coincided with a sig-
nificant recovery in China’s real estate market, which had been struggling with oversupply. Na-
tionwide real estate prices rose sharply, and the government’s goal of destocking was achieved
as housing inventories fell substantially. However, recognizing the market’s rapid overheating
and the emerging risks of a housing bubble, policymakers began to scale back the program. By

mid-2018, the central government started to curtail the use of cash compensation, and the CDB

effectively halted new funding for shantytown renovation projects.!?

2.2 Data

This section describes the three datasets used in our paper: i) shantytown renovation loan data
from the CDB; ii) National Population Census data from the National Bureau of Statistics (NBS);

and iii) housing market data from various sources.

Shantytown renovation loan data. Our analysis relies on a proprietary dataset of shantytown
renovation loans from the China Development Bank (CDB), the primary policy lender for this
national program.!®> The raw data span from 2005 to 2021, with total volume signed surging
dramatically between 2014 and 2018 as shown in Figure A.1 in Appendix A.l1. Loans signed
during 2014-2018 are primarily used to finance cash resettlement and we analyze exclusively on
the 2014-2018 cohort of loans to focus on the national cash-based resettlement policy.!*

This loan data reveal several key characteristics of the policy financing. The financing is both

large-scale and long-term. The average loan amount is 130 million RMB, with a median value of

11Using secondary market transaction data from CityRE, covering 19 major cities from 2015 to 2018, we find that
the average turnover ratio (sales volume to stock ratio) for shantytown properties is only 5.83% of that of ordinary
secondary market apartments. For more information regarding the illiquidity of shantytown housing, see also discus-
sions by local government officials from Sichuan, Tianjin, and Jilin.

12Gee the news article from Reuters.

13The Agricultural Development Bank of China also provided some credit support. According to the report from
China Securities, CDB accounts for more than 80% of all shantytown renovation loans from policy banks.

14See more details on data filtering in Appendix A.1.


https://www.zgdarm.cn/htmls/5O67O304O681O1.html
https://www.tjszx.gov.cn/ztzl/system/2018/09/27/010006131.shtml
http://politics.people.com.cn/n/2013/0913/c1001-22907460.html
https://www.reuters.com/article/business/china-ploughs-144-billion-into-shantytown-redevelopment-so-far-in-2018-idUSKBN1L10WC/
https://m.gelonghui.com/p/188108
https://m.gelonghui.com/p/188108

58 million RMB, which is slightly larger than the median loan size of 40 million RMB granted by
all banks to local government financing vehicles (LGFVs) (Gao et al., 2021). These loans have an
average maturity of around 21 years. Consistent with the policy-driven nature of these loans, the

interest rates are low, with an average of 3.90% and a median of 3.80%.

National population census data. To measure household migration, we utilize a representa-
tive sample of the National 1% Population Survey of 2015 and a representative sample of the
National Population Census of 2020 from the National Bureau of Statistics. The 2015 (2020) sam-
ple covers approximately 0.22 (0.15) million urban households. For each household, we observe
detailed demographics such as age, residence address, hukou registration type, hukou city,'
homeownership status, house conditions, and migration year at the time of the survey. We iden-
tify intercity migration by comparing a household’s residence city (destination) with its hukou
city (origin). We focus on urban households because shantytown renovation programs primarily

target households in urban shantytowns.

Housing market data. We combine housing market data from multiple sources. First, we get
the total transaction floor area and value of all new houses at the city-year level from the WIND
database. We then measure the city-level urban house stock in 2015 using the total floor area
of urban houses in the Population Census of 2015 and extend the house stock series to other
years by incorporating annual data on the sale area of new houses and the area of requisitioned
houses.

Second, we construct a quality-adjusted house price index based on the house sellers” posted
ask prices from CityRE during 2010-2023 (Deng et al., 2022).16 Specifically, following Fang et al.
(2016) and Chen et al. (2017), we adopt the hedonic price approach to generate the house price

index for each city by running the following regression:

log(askip,ci) = Oct + ap + €ip et (1)

15The Chinese “hukou” system is a government-administered household registration system that officially identifies
a person as a resident of a specific geographic area, thereby determining their eligibility for local social services and
welfare benefits, such as public education and healthcare.

16To the best of our knowledge, the existing literature has developed two city-level price indexes for China: one by
Fang et al. (2016), covering 120 cities from 2003 to 2013, and another by Deng et al. (2022), covering 307 cities from
2008 to 2017. Our index spans 307 cities from 2010 to 2023, allowing us to study long-run house prices after 2015.
CityRE collects home-sellers” posted ask price; bid or actual transaction prices are not available.

10



Table 1: Data Summary

Mean St. Dev. Obs

House price index 1.174 0.336 4484
House supply growth 0.063 0.056 3598
loan_orig 0.925 0.970 264
loan_dest 0.058 0.051 264
Fraction of cash recipients 0.063 0.066 328
Fraction of staying migrants 0.438 0.71 5881
Fraction of homeowner migrants 0.232 0.461 5881
Fraction of annual migrants, % 0.064 0.203 95120
Urban population, million 1.980 2.245 336
Urban wage per capita, thousand 48.743 0991 309
GDP, billion RMB 219.9 296.9 315
House sale area, million Sq.Me 4.071 4.873 285
House Price, thousand RMB per Sq.Me  5.371 2.347 327
House inventory/house sale area 4.275 5.558 285
Home purchase restriction 0.110 0.313 327

Note: Summary statistics of our data. House supply growth is annual new supply relative to initial urban
house stock during 2010-2022. The two variables, loan_orig and loan_dest, represent CDB loan amount
at originating and destination cities scaled by the city’s house transaction value in 2014. For each origin-
destination city pair, the fraction of staying (homeowner) migrants is the share of existing migrants in the
destination in 2015 who remained there (and owned a home) in 2020, and the fraction of annual migrants
is the number of annual migrants from the origin city during 2011-2020, scaled by its total number of urban
households in 2015. Except urban population (measured in 2010) and the indicator for home purchase
restriction, the remaining city characteristics are measured in 2014.

and the quality-adjusted price index normalized to one in 2014 is then calculated as:
HPI.; = exp (0c: — 0.2014) - (2)

In equation (1), ask;j ., is the ask price for house unit i in building block b in city ¢ and year t,
0., is the city-by-year fixed effect capturing the change in the quality-free house price, ay is the
building block fixed effect, and ¢;j.; is the error term. A building block typically consists of
several uniform residential buildings constructed by the same developer and situated adjacent to
one another. As each year’s transactions involve different building blocks, this approach controls
for quality changes arising from shifts in the transaction’s building blocks over time. Unlike Fang
et al. (2016), we do not include house characteristics in the regression because CityRE data do
not contain them.

Table 1 reports summary statistics for the key variables used in this paper. The average house

11



price index was 1.174 during 2010-2023 and the urban housing stock grew at an average annual
rate of 6.3% from 2010 to 2022. The average fraction of urban households that receive the cash
transfer is 6.3%. For each origin-destination city pair (i.e., hukou city-residence city), the fraction
of the existing migrant households in 2015 that remained in the same destination (and owned
local homes) in 2020 is 43.8% (23.2%) on average. Furthermore, annual migration at the city-pair
level accounted for 0.064% of the origin city’s urban households, on average, between 2011 and

2020.

3 Reduced-Form Empirical Analysis

In this section, we document the housing market responses to the cash resettlement and offer di-
rect evidence that the cross-city effects reflect money flows via household migration. Importantly,
our analysis reveals that the cash resettlement increases household migration to more expensive,

previously unaffordable destinations, consequently inflating house prices in these locations.

3.1 Housing Market Responses: Baseline Reduced-Form Results

We first construct the measures of cash resettlement and housing market outcome variables
and then present our baseline reduced-form results. In the following notations, ¢ denotes year;
0,d,i € N denote city, with o denoting migrants” originating cities (i.e., hukou cities), d migrants’

destination cities, and i generic cities.

Measures of cash resettlement. To measure the size of cash resettlement at the loan originating
cities relative to the local housing market size, we scale Loan,, the total amount of CDB loans

received by city o and signed during 2014-2018, by the city’s new house transaction value in 2014:

Loan,

loan_orig, = ————.
~0T13o Sﬂl€0,14

We do not have household-level data to calculate the exact flow of money (from cash re-
settlement) across cities via migration networks. We, however, can approximate it by using a
Bartik-style variable, assuming that the money flow via household migration is proportional to
the pre-existing migration network in 2015. Specifically, taking the 2015 survey data, we denote

by N, the total number of urban households from the originating (hukou) city o, among whom
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M, 4 resided in city d in 2015. We assume that the total money flow from city o to d is propor-

tional to Loan, - A;{fo"”. We then aggregate Loan, - AI/{;’;’ across all originating cities 0 and scale the

sum by city d’s new house transaction value in 2014:

Loan, - Mo,q . (3)

loan_dest; = N
[

Saled,14 0£d

We acknowledge that this Bartik-style measure loan_dest, which only incorporates the pre-
existing migration network in 2015, is an approximation and can differ from the actual money
flow, because the migration response to cash transfers may differ from the migration response
to various other shocks that shaped the pre-existing migration network. As we discuss below in
Section 3.3, loan_dest is likely to underestimate the actual average cross-city money flow. How-
ever, our cross-sectional analysis only requires it to be proportional to the actual flow. To move
beyond this approximation, we will perform heterogeneity analysis below to reveal household
destination choices after receiving the cash transfer.

Table 1 reports that the size of cash resettlement in the originating cities is on average 92.5%
of the city’s house transaction value in 2014. Money flow to the destination cities, as captured by
loan_dest, is on average 5.8% of the destination city’s house transaction value in 2014. Through-
out, we focus on loan_dest, which is at the core of our paper, and use loan_orig as a control for

robustness checks.

Housing market outcomes. Finally, for the housing market outcomes, we use our quality-
adjusted house price index, HPI;; given in Eq. (2), as the measure of price changes, and the
house supply growth (i.e., new house supply scaled by the initial urban housing stock at the year

beginning) as the measure of incremental supply.

Baseline regression results. We employ the following event study analysis to investigate the

housing market responses to two cash resettlement measures constructed above:

Vit = Z j P (’yT -loan_orig; + B - loan_dest; +T'; - Controli> +0i+ 0,6 +€ir. (4
T#2014

In specification (4), . captures the effect of cash resettlement in the same (originating) city, B+
captures the effect of cash resettlement from other cities via migration to the destination city, J;

controls for time-invariant city fixed effects, 6, ;) , controls for any shocks at the province-year
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Figure 2: Housing Market Responses at Origin/Destination Cities

Note: This figure plots the 95% confidence interval of the event study coefficient estimates as in regression
(4). The left panel plots the effects of loan_orig and loan_dest on the house prices (in blue solid line)
and house quantity (supply, in red dashed line) for originating cities, and the right panel plots those for
destination cities. Standard errors are clustered by cities.

level, and €;; is the error term. We also allow for differential time trends across cities by including
time-varying effects of various city characteristics (I'; - Control;), including the logarithm of urban
population, average urban wage income, GDP, new house sale area, house prices, and house
inventory scaled by new house sale area, all measured in 2014, along with an indicator for
whether the city has ever imposed home purchase restrictions (Deng et al., 2022).

We study house prices first. Panel (a) of Figure 2 plots the estimated {9}, which are coef-
ficients on loan_orig. The panel shows that higher loan_orig is not associated with faster house
price growth after 2015, contradicting the prevailing narratives in professional reports and the
media.l” Interestingly, Panel (b) of Figure 2, which plots {8}, shows strong and robust positive
impacts of cash resettlement from other cities on local house price growth after 2014. Prior to
2014, cities with differential loan_dest exhibit no significant differences in the dynamics of house
prices, supporting the parallel trend assumption for event study analysis. This points to the role
of migration in how cash resettlement affects house prices in other cities.

Turning to housing supply, Panel (a) shows that cities with higher loan_orig did not expe-
rience an increase in housing supply before 2018, and saw only a modest 1% rise beginning in
2020. This pattern is consistent with shantytown renovation modestly expanding housing sup-

ply, albeit with a lag. In contrast, cities with higher loan_dest also experienced greater growth

17Gee, for example, a report from the Business Insider.
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in housing supply, although the effect was temporary and economically small (Panel (b)), likely

reflecting the inelastic nature of housing supply.'®

3.2 Heterogeneous Responses across Different House Price Gaps

Household migration in response to increased financial wealth differs from the pre-existing mi-
gration network that is shaped by various forces. In Bilal and Rossi-Hansberg (2021), a relaxation
of household borrowing constraints encourages households to upgrade to more expensive loca-
tions by allowing for more efficient consumption smoothing. In our context, households are more
likely to face binding borrowing constraints when purchasing homes at destination cities with a
larger house price gap relative to their origins. Consequently, by relaxing household borrowing
constraints, the cash resettlement can facilitate location upgrading of new migrants or reduce
location downgrading of existing migrants between city pairs with large house price gaps.

This logic implies that for a given destination city, cash resettlement from cities with lower
house prices will have a larger impact on local house prices than that from other cities. We
therefore construct loan_dest", which counts the loan inflows from originating cities with %

above its median value of p50 in the sample, so that destination cities with relatively higher

housing prices in 2014 have larger loan_dest":1
1 M,

loan_dest' = ———— Loan, - —=.

B a Saled,lél Pg ’ No

o;éd,m >p50

)

We then modify specification (4) to allow the treatment effect of money inflow to differ by the

city-pair house price gap (to save space, controls now include loan_orig):

HPI;; = Z Ty—r - (,BIT -loan_dest; + AP~ - loan_dest! + T - Controli> +0i + 0p3) 1 + €. (6)
#2014

In (6), the coefficient . on loan_dest only captures the impact of loans from originating cities

whose g;ﬁ sits below the median value p50, while the coefficient AB; on loan_dest" captures

the additional effect on destination cities that receive money inflow from relatively low-house-

price originating cities. Our hypothesis that funds are more likely to flow from low-house-price

18Recall the definition of loan_dest in Eq. (3), a city can have a higher value in loan_dest either because it has more
immigrants or because of a larger cash resettlement from its immigrants” originating cities. In Appendix A, we show
that after controlling for variation in loan_dest due to migration network, an increase in loan_dest due to the scale of
cash resettlement in originating cities also has a positive effect on the local house price growth after 2015.

19This threshold value p50 is 1.24, slightly above one, which serves our purpose well as households are unlikely to
face more binding constraints when migrating to cities with comparable house prices to their originating cities.
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Figure 3: House Price Response to loan_dest by Originating Cities with Different Price Gaps

Note: This figure plots the 95% confidence interval of the event study coefficient estimates of B (left
panel) and AB (right panel) in the regression (6). ,Bl is the baseline effect from low-price-gap originating
cities while AB captures the additional effect from high-price-gap originating cities. Standard errors are
clustered by cities.

originating cities to high-house-price destination cities predicts a significant Af.

Figure 3, which shows that ﬂ%r are not only positive but also statistically significant, confirms
our hypothesis. Magnitude wise, E,\BT in Panel (b) is about twice the estimate of ,B\ZT in Panel (a),
meaning that cash resettlement from relatively low-housing-price originating cities is twice more
important than that from other cities. Note that the additional effect of loan_dest" is not because
the same one dollar inflow from different cities plays different roles in the destination city. Rather,
the fact that inflows from lower-price cities to higher-price destinations generate significantly
stronger effects suggests that cash-resettlement-driven mobility is particularly pronounced along

such price gradients. We provide direct evidence for this claim in the next section.

3.3 Money Flow and Household Migration

In this section we use household survey data to establish two channels that link loan_dest to
house prices: a downgrade mitigation effect on pre-existing migrants and an upgrade facilitation
effect on new migrants.

The first channel, the downgrade mitigation effect, operates through pre-existing migrants
residing in other cities if they or their parents retain ownership of properties in their originating
cities. In case the parents own the properties, they may transfer part of the money to the child

and purchase a smaller house for themselves; if they own a second property, they may trans-
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fer the entire sum.?’ This inter-generational transfer helps youngsters settle in more expensive
destinations, mitigating the financial pressure to “downgrade” back to less expensive originating
cities. We refer to money flows through these pre-existing migrants who stay in more expensive
cities and spend the transfer there as the “downgrade mitigation” effect. The resulting impact of
this channel on the destination’s housing market can be captured by loan_dest.

The second channel applies to new migration triggered by cash resettlement. For non-
migrants in originating cities who would like to move to a more expensive city but could not
afford to, the windfall from cash resettlement received by them or their parents relaxes their fi-
nancial constraints, facilitating an “upgrade” to more expensive destinations. We refer to money
flows following these new migrants to more expensive destinations as the “upgrade facilitation”
effect. This effect can also be captured by loan_dest since common factors like relational ties and
bilateral migration costs/tendencies imply a strong correlation between the pre-existing and new

migration networks.?!

Downgrade mitigation. The Population Census data of 2020 enable us to examine, for the pre-
existing migrants who left their originating cities before 2015, whether cash resettlement in their
originating (hukou) cities affects their residence and homeownership status in 2020.

We first measure household exposure to the cash resettlement for each loan originating city

0, by calculating the fraction of cash-receiving urban households as follows:

cash_recipient, = Loan, X 1
- P ’ H0P0,14 No'

Here, Loan, is the total amount of CDB loans for cash resettlement, H, is the average size of
shanty houses based on the Population Census data of 2015, P, 14 is the house price per unit area

in 2014, and N, is the number of urban households originating from (with hukou registered in)

city o in 2015. The first term, 1501“3”1”4, represents the total number of cash recipients with houses

in city o. Table 1 shows that the average fraction of cash recipients is 6.3% across all cities.

Dnter-generational support from parents to children is common in many countries (Rosenzweig and Wolpin, 1993;
Rosenzweig and Zhang, 2014). This is particularly true in China: parents often assist children in purchasing homes
by contributing to the down payment and the mortgage payments (Li and Shin, 2013). Recent media articles describe
how young adults in China often rely on the combined financial resources of parents and even grandparents to buy
homes in urban areas (see the news article from Financial Times).

2IThis second channel implies that loan_dest is at best proportional to—rather than equal to—the actual cross-city
money flows due to cash resettlement, which makes the coefficients on loan_orig and loan_dest in (4) non-comparable.

17


https://www.ft.com/content/b9f17616-3654-4a04-a778-e7fa66d8a898

We then run the following cross-sectional regression analysis:
Yoa = B - cash_recipient, + 64+ 0,(,) + Controly + €, 4. (7)

We consider two outcome variables: i) stay, 4, which is the share of existing migrants from o to
d who remained in the destination city d by 2020, and ii) own, 4, which is the share of existing
migrants from o to d who not only remained but also owned houses in city d by 2020. Table 1
reports that the average value of stay is 43.8% and the average value of own is 23.2%.

It is worth highlighting that regression (7) is at originating-destination city-pair level; this al-
lows us to include the destination city fixed effect §; to absorb any destination city-level factors—
say hukou or other house purchase restrictions—that may affect the migrants’ staying and house-
purchasing decisions (Tian, 2024; An et al., 2024). Put differently, with J;, (7) examines how cash
resettlement in the immigrants’ originating cities affects their status in the same destination city.
We do not include the originating city fixed effect because the treatment variable is defined at
the originating city level. Instead, we include originating city-level controls together with the
originating province fixed effect 6,,,), as in our baseline regression (4).

Table 2 Panel A reports the results. In Columns (1)-(2), larger exposure to cash resettlement in
their originating cities has a positive and significant impact on the probability that existing urban
migrants in 2015 stay and become homeowners in the destination cities in 2020. A one-standard-
deviation increase in cash_recipient would increase stay by 8.1% and own by 3.6%, which are
economically important relative to the mean of 43.8% and 23.2%, respectively.

In Columns (3)-(4), we conduct placebo tests by repeating the same analysis for rural mi-
grants. Rural households mostly own houses in rural areas, which are not the target of the
shantytown renovation program. Indeed, we do not find any significant effect of cash resettle-
ment on the rural migrants, suggesting that our results are not driven by any city-pair economic
linkages that would affect both rural and urban migrants similarly.

Finally, following the analysis of heterogeneous effects across city-pairs with different house
price gaps in Section 3.2, we divide all the city pairs with non-zero urban migrants before 2015
into two groups based on their relative house price gap in 2014, gj—ﬁ, and then rerun (7). Table 2
Panel B reports the estimation results. In Columns (1)-(2) we run the regression only on the sam-
ple with a high house price gap, and find a positive and significant impact of cash resettlement

in their originating cities on the households’ probability of staying and becoming homeowners
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Table 2: Intercity Money Flow Through Existing Migrants

Panel A: Baseline Results

(1) @ @) (4)

Hukou: urban urban rural  rural
Dep Var: stay own stay own
cash_recipient 0.954**  0.477*** 0314 -0.011
(2.81) (2.26) (1.30) (-0.07)
Controls Yes Yes Yes Yes
Origin Province FE Yes Yes Yes Yes
Destination City FE Yes Yes Yes Yes
Pseudo-R2 0.220 0.156 0.28 0.228
Obs 5850 5850 2800 2800

Panel B: Heterogeneity with City-pair House Price Gap
@ @ ®G) @) ®) ©)

House Price Gap: high high low low All All
Dep Var: stay own stay own stay own
cash_recipient 1.424* 0.527** 0.354 0357 0187 0.331
(3.08) (1.92) (0.816) (1.08) (0.443) (1.05)
cash_recipient - High 1.349**  0.229
(2.22)  (0.57)

Controls Yes Yes Yes Yes Yes Yes

Origin Province-High FE Yes Yes Yes Yes Yes Yes

Destination City-High FE Yes Yes Yes Yes Yes Yes
Pseudo-R2 0.253 0.199 0204 0182 0252  0.190
Obs 2905 2905 2918 2918 5823 5823

Note: This table shows conditional on those urban households that have migrated to other cities before
2015, how the size of the cash-based resettlement in their originating cities affects the fraction that stay or
own homes in the destination cities in 2020 (Panel A), and how such effects depend on the city-pair house
price gap (Panel B). Standard errors are clustered by originating cities. *** p < 0.01, ** p < 0.05, * p < 0.1.

in destination cities. In contrast, in Columns (3)-(4), the coefficient estimates are both smaller
and insignificant for city pairs with a relatively low house price gap. In Columns (5)-(6), we
perform the estimation using the full sample and interact cash_recipient with a dummy variable
High, which equals one if the house price gap is higher than the median and zero otherwise. The
coefficient estimate of the interaction term is statistically significant for stay; it is also positive but
not large enough to be statistically significant for own.

In sum, our results are consistent with our hypothesis that households who migrate to cities
with relatively high house prices are more likely to face binding borrowing constraints when
purchasing local houses. Only with the cash compensation will they be able to buy the local

houses and avoid location downgrading.

19



Upgrade facilitation. To test the upgrade facilitation effect, we calculate the fraction of annual
migrants, M, ;:/N,, defined as the share of urban households that migrate from city o to city 4
in year t, which we can measure for each year from 2011 to 2020 using the population survey
data of 2015 and 2020.?2 We then calculate the average change in this migration intensity after

2014 as:
AM,q

_1 2020 Mo,d,t _1 2014 Mo,d,t
N, 6 N, 4 N,

t=2015 t=2011

We re-estimate (7) using AJ;]/IG"” as the dependent variable.”> With the originating province fixed

effect 6,,) and destination city fixed effect 74, the estimation investigates how cash resettlement
across originating cities in the same province impacts changes in household migration to the
same destination city after 2015.

Table 3 reports the estimation results. In Column (1), we find a positive and significant impact
of cash_recipient on the out-migration of households post-2015. To gauge the magnitude, we can
calculate the average number of new intercity migrations induced per household receiving the

cash transfer during the 2015-2020 period as follows:

1 2020

#Origin Cities Zol ( Lo )b )

deD(o0) t=2015

Here, D(0) represents the set of destination cities in the estimation for each originating city 0. The
calculation yields a value of 22%, meaning that on average, 22% of the cash-receiving households
migrated to other cities by the end of 2020.

Columns (2)-(4) report the demographics of households that migrate in response to the cash
resettlement, with the timing of the effect shown in Figure A.3. We find that these households are
primarily of working age and relocate to other cities in pursuit of higher wages, rather than, for
instance, retired parents moving to live with their children. The estimation reveals that among
the 22.0% of cash recipients that migrated to other cities by 2020, 19.6% state the migration reason
to be employment in the destination city, 18.0% are under 40 years old at the time of migration,
and almost none are parents migrating to where their children were living. In Appendix A.3 we
investigate the timing of the effect with an event study analysis using the city-pair annual panel

data, and find that the effect on migration occurred only after 2014, with the magnitude peaking

22In case not all family members migrated to other cities, we use the migration status of the family head to identify
household migration.
23We restrict our analysis to city-pairs with at least one migrant during 2011-2020 in the survey data.
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Table 3: Intercity Money Flow Through New Migrants

Dep Var: AM/N,% 1) 2 3) 4) ) 6) (7)
Households House Price Gap
All Work Purpose  Age<40 First Migrant  High Low All
cash_recipient 0.147*** 0.131*** 0.120%** 0.147*** 0.171**  0.091*  0.063
(3.12) (3.17) (3.00) (3.12) (2.61) (1.68) (1.19)
cash_recipient-High 0.133*
(1.72)
Control Yes Yes Yes Yes Yes Yes Yes
Origin Province FE Yes Yes Yes Yes
Destination City FE Yes Yes Yes Yes
Origin Province-High FE Yes Yes Yes
Destination City-High FE Yes Yes Yes
Pseudo-R2 0.132 0.139 0.122 0.132 0.133 0.163  0.158
Obs 9460 9460 9460 9460 4704 4723 9427

Note: This table shows the effect of cash_recipient on the city’s urban household intercity migration, and
how such effects depend on the city-pair house price gap (destination/origin) in 2014. Standard errors are
clustered by originating cities. *** p < 0.01, ** p < 0.05, * p < 0.1.

around 2018 and diminishing afterwards.

Finally, we confirm the heterogeneity result in Section 3.2 after dividing all city pairs into
two groups based on % Columns (5)-(6) report the estimation results for the two subsamples.
Consistent with our conjecture, cash resettlement mainly facilitates household migration between
city pairs with relatively larger house price gaps. The effect is positive but much smaller and
insignificant for city pairs with relatively lower house price gaps. In Column (7) we interact
cash_recipient with the dummy variable High indicating whether the city-pair house price gap is
higher than the median value, whose estimated coefficient is positive and statistically significant.
These results are consistent with our hypothesis that cash resettlement can facilitate location

upgrading by relaxing household borrowing constraints in more expensive locations.

4 A Simple Model: Qualitative Insight

The empirical results draw the following picture. A group of households, empowered by a sig-
nificant cash transfer, moved to—or remained in—more expensive cities (with better economic
opportunities), which were previously unaffordable for them; and house prices in these desti-
nation cities increased as a result. We build a two-period model to illustrate the underlying

mechanism and provide prediction on household mobility and housing spending.
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4.1 The Setting

There are two locations indexed by ¢ € {H,L}, where house price P, and wage income wy
are higher in H than in L. We take house prices and wages as given to focus on individual
household’s location choice and consumption-savings problem. We also assume - R = 1, where
B is the household’s exogenous discount factor and R is the exogenous gross return on savings.
Households have an initial wealth by, which follows a cumulative distribution function F(by)
with support (0,bg). We will focus on how by determines households’ decisions. For simplicity,
we assume that households make a one-time decision on housing service h at t = 0.2* Households
may borrow to buy houses, subject to a borrowing constraint limiting net borrowing (—b¢) to a
fraction of the house value in any period. We further assume that households face zero moving

costs when they make their location choices.

4.2 Consumption, Savings, and Housing Decisions

Conditional on living in location /, the household solves the following problem:

Vilbo) = max_ g)ﬁt - (log(ct) +log (1)) 8)
st. by = co+ by /R + Dih, )

by +wp=ct+b11/R foranyt >1, (10)

—b < (1—w)Ph foranyt > 1. (11)

Equation (9) is the household’s budget constraint at t = 0, when it allocates its initial wealth by
on consumption, savings and housing. Equation (10) is the flow budget constraint for t > 1, in
which the household earns local wage w;, and makes consumption-savings decisions. Denoting
lifetime labor income by Wy = Y';~q ¢, We can express the budget constraint (10) as the lifetime
budget constraint Wy + by = };>1 'y~ Finally, Equation (11) captures the borrowing constraint,
i.e., net borrowing in any period cannot exceed 1 — @ fraction of the house value.

In our simple setting, the household faces the same problem for all t > 1. Given date-1

debt by, the full consumption smoothing policy implies that by = by and ¢; = b1(1 — B) + w, for

24 Allowing households to adjust housing at every date does not qualitatively affect the main results. When the col-
lateral constraint is slack, the solution coincides exactly with that under the simplified assumption: the threshold for
initial wealth is unchanged, and households optimally maintain constant housing from date 0 onward. When the con-
straint binds, optimal housing and consumption converge asymptotically to the unconstrained levels, as households
gradually accumulate savings to relax the collateral constraint. More details are provided in Appendix B.2.
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t > 1. This will be the optimal solution to (8) if by satisfies the borrowing constraint. Substituting
this optimal solution into the household’s problem at t = 0, we can show that the borrowing
constraint is binding if and only if by is below a certain threshold b}:

2—-2B+@p

boﬁ[}éE "o

Wy, £ € {H,L}. (12)

The borrowing constraint is more likely to bind for households with lower initial wealth (bg) or
higher lifetime wages (W;); the latter arises because higher-income households demand larger

houses, but their initial wealth may be insufficient to meet the required down payment.

4.3 Household Location Choice

Households decide where to live at the beginning of date 0. Throughout this model, we assume
that the model parameters satisfy Assumption 1 in Appendix B.1. Because the incremental utility
from higher wage is decreasing in household initial wealth, there exists a threshold, by, such that
households with by > l;o prefer to reside in the cheaper location L. We assume that EO is greater
than E(If, the wealth threshold below which the borrowing constraint binds at location H. We

then have the following proposition.

Proposition 1. Under Assumption 1, there exists a threshold bo such that households with by < by choose

to live in location L while those with by € (bo, by) choose to live in location H.

Intuitively, households with low initial wealth face a more binding borrowing constraint in
H than in L. They cannot smooth current consumption and can only benefit from higher wage
incomes in H through future consumption. The resulting utility increase cannot outweigh the
higher housing cost in H under our parameter assumption, and as a result, they stay in location
L. In contrast, households with high initial wealth can smooth consumption and thereby benefit
more from higher future wage incomes in location H. The resulting utility increase outweighs
the higher housing cost in H and hence they choose location H.

Figure 4 illustrates the household’s optimal location choice when by > 198. The pink and green
lines represent the value of residing in location L and H, respectively. The two lines intersect at by.
As bg increases from zero, the household resides in location L and transitions from a constrained
to an unconstrained type. Once by exceeds by, the household optimally relocates to location H

and becomes a constrained type in H. It remains constrained until by increases beyond b}, at
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which point it becomes unconstrained in H. In the case where by < 138, the household relocates

to H before becoming unconstrained in L.

4.4 The Housing Expenditure Multiplier

The housing expenditure multiplier, that is, households” marginal propensity to spend on hous-
ing per unit increase in their initial wealth by, is an important object in our quantitative model.

We first fix the location and examine household housing expenditure multiplier, which is

o(Py - h(bg; ¢ oh(bg; ¢
Mult(by; ¢) = 2P b0 ) ab<00 ) :pg(ab‘; ), (13)

This leads to the following proposition.

Proposition 2. Given location ¢, the housing expenditure multiplier satisfies the following properties:
(1) It is higher when the borrowing constraint is binding than when it is not binding. Specifically,
Mult(bo; £) > % if condition (12) holds and Mult(by; ¢) = 1 if condition (12) does not hold.
(2) If the borrowing constraint is binding, Mult(bo; £) is higher when by is lower or Wy is higher.

Intuitively, when the borrowing constraint is not binding, households optimally allocate half
of their additional wealth to housing purchase. When the borrowing constraint binds, households
lack sufficient wealth to meet the down payment of desired housing purchase. In this case,

the marginal propensity to spend on housing is greater than one half. Moreover, an increase
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in housing purchase following a wealth increase relaxes their borrowing constraint, allowing
for additional borrowing to finance housing purchase. When by is lower or W, is higher, the
borrowing constraint is more binding, and thereby Mult(by; ¢) is higher.

How does endogenous location choice come into play? When households can move, Propo-

sition 1 implies that their optimal housing expenditure, denoted by HouseExp(by), is:
HouseExp(by) = 1, 3 - PL-h(bo; L) + 1 o, - P - h(bo; H). (14)

Accordingly, their housing expenditure multiplier under their optimal location choice is:

dHouseExp(bp)
dby

Mult(by) = . (15)

We compare two scenarios. In scenario one, households are immobile and must remain in
location L. In scenario two, households are free to migrate to their preferred locations. We are
interested in how the option to migrate to location H affects the increase in housing spending

following a marginal increase in households’ initial wealth by.

Proposition 3. Compared to the scenario in which households cannot migrate to location H, the ex-
pected increase in housing expenditures resulting from a marginal wealth transfer is strictly higher when

households can freely migrate. That is,
lEbg [Mult(bo)] > IEbo [Mult(bo; L)]

In general, a wealth increase generates two distinct effects on housing consumption. The first
operates at the extensive margin, through households with wealth just below by. By Proposition
1, a marginal wealth increase induces these households to migrate to location H, where higher
wages lead them to consume more housing. The second operates at the intensive margin. For
those households that migrate to H under scenario 2, property (2) of Proposition 2 implies that
their marginal propensity to spend on housing is strictly higher than it would be in L, as the
borrowing constraint binds more tightly in H.?

Proposition 3, which we will quantitatively evaluate in Section 6, delivers the key insight of

25To see this more precisely, consider a uniform infinitesimal transfer € = dby to all households. The transfer induces
a mass f(bg) - dbg of households at the threshold to migrate to H, each experiencing a discrete increase in housing

~ ~ LH

consumption of Pyh(bg; H) — W The intensive margin contribution is dby - f;o (Mult(bo; H) — %) dF(by). Both
0

effects are thus the same order of dby, meaning that the extensive and intensive margins contribute at the same order.
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our paper. In our quantitative analysis, cash resettlement corresponds to scenario two, under
which households can migrate (but with standard moving costs). To reflect scenario one where
households do not migrate, we consider a counterfactual form of transfer—voucher resettlement—
which induces most households to stay in their originating locations by limiting the transfer to
local housing spending. We then quantitatively compare how the housing expenditure multiplier

differs between cash and voucher resettlement.

5 A Dynamic Spatial General Equilibrium Model

How much did the cash-based resettlement program contribute to China’s housing boom since
2015? How important was migration in shaping the program’s effects? To answer these ques-
tions, we extend the simple model in Section 4 to a dynamic spatial general equilibrium model

and conduct quantitative analysis.

5.1 Locations and Households

Locations. There is a finite set of locations, £ = {1,2,...,L}. We use ¢ to index a generic
location, d the destination location, and o the originating (house) location. Locations differ in
labor productivity Z,;, land supply L;;, housing supply shifter B;,, and amenities A,, all of

which are exogenously given, with the first two varying over time.

Demographics and earnings. Households’ age is indexed by a = {1,2,...,a}. Households
begin working at 4 = 1, survive to the next period with probability p(a) for a < @, and die
with certainty at age 2. Upon death, they leave bequests of housing and assets (or debt) to the
newborns with 2 = 1 who replace them.

In period f, household i receives wage earnings of z; ;G (a;)Wy;, where G(a;) is an age-specific
factor that captures the hump-shaped pattern of earnings over the life cycle, z;; is an ii.d. id-
iosyncratic income risk, and Wy, is the after-tax wage per effective unit of labor in location ¢ in

period t.

Preferences. Household utility from consumption good c, housing services 1 and amenity A

takes the following form:

(1 —ap)c” + thﬁ’?)l%
1—0

u(c,h, A;v,h,a) = e(a) (ﬁ—i— ) +v-7"a) = 1y— - E". (16)
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Here, v equals 1 if the household lives in its own house and 0 otherwise,  is the size of house
owned by the household, which can differ from housing services /i as explained below, and a
is the household’s age. The scale parameter e(a) reflects deterministic changes in family size.

We assume the amenity to be gg,o = @ for households with residence location ¢ and house

location 0.2

We introduce three parameters related to housing utility. First, to capture preferences for
living in one’s own house, we assume that it provides an additional utility {"(a), which we
calibrate to match the life-cycle profile of tenure choices. In addition, to govern the choice of
house size, we assume that living in a rental house of size i’ provides i = I’ housing services,
whereas living in one’s own house of size i provides i = y"h effective housing services. We
calibrate " to match the ratio between the average size of owner-occupied and renter-occupied
houses. Second, to capture the home purchase decision of non-homeowners (e.g., those who
lost their houses in the shantytown renovation program), we assume that households lacking
homeownership (i.e, h = 0) experience a utility loss of &", which is calibrated to match the

estimated share of cash recipients who purchased new houses during 2016-2020.

Finally, the household evaluates the total bequest to its children w;, using the same CRRA

1-0
Wy
1—0c-

utility, ¢(wy) = ¢
Migration. To capture the essence of shantytown renovation program, we advance the existing
literature (Giannone et al., 2023; Greaney, 2023) to accommodate the fact that household residence
location ¢ and house location o can differ. This distinction affects migration costs as follows.
Given / and o, we assume the cost of moving to destination d, with the house location updated

to o’ in the next period, to be

K1 (El) . 1d7é/{ + Kz(f, d) + K3 - 10/7é0. (17)

The first two terms represent the migration cost when a household changes residence location,
with & (a) varying with household age and x»(¢,d) varying across city pairs. We calibrate the
age-dependent migration cost x; (2) to match the average out-migration profile over the life cycle
and x;(¢,d) to match the bilateral migration shares in the data. The third term, k3, applies when

a household changes house location, which captures the disutility associated with losing the

26The dependence on A, captures connections with originating cities, which arise due to, for instance, people’s
parents still residing in or their children going to school in location o.
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connection with originating cities when households settle and own property in a new location.

We calibrate x3 to match the observed share of households that change housing locations.
Finally, prior to moving, for each destination d, each household draws an i.i.d. location

preference shock €, from a Type-I Extreme Value distribution with zero mean and scale parameter

V.

5.2 Households’ Decisions

There is no aggregate uncertainty in this economy. Households have perfect foresight over aggre-
gate variables such as wages, rents, and house prices. In what follows, we first characterize the
continuation value at the beginning of each period given the household’s residence and house

locations, and then describe its migration choice at the end of the period.

Shanty versus normal houses. There are two types of housing assets: shanty (s = 1) and
normal (s = 0). Households can rent or purchase normal houses, while shanty housing can
only be occupied but not rented or traded.”” Households treated by the shantytown renovation
program will lose their illiquid shanty houses in exchange for cash equal to the value of the

house at the market price before the first period.

Bellman equation. At the end of each period, after drawing the idiosyncratic location prefer-
ence shock, the household makes location and housing tenure choices for the next period. To
avoid tracking multiple housing locations for one household, we assume that a household must
sell its existing house if and only if it purchases a new house. If the household’s existing house is
shanty, it will give up the shanty house when purchasing a new one, as the shanty house is illig-
uid. Because all households in our model start with one unit of house, this assumption ensures
that households have exactly one unit of house throughout their lifetime unless they are treated
by the shantytown renovation program. In case of being treated, they become non-homeowners
and incur a utility loss of ¢ in each period until they purchase a new normal house. We also
assume that if they purchase a new house, they live in that house for that period. Therefore,
households have three options in each period: (1) rent anywhere, (2) stay in their existing house,
or (3) sell their existing house, purchase a new one and live in their new house.

At the beginning of period t, any household i is characterized by age a;;, residence location

i1, a house carried over from the previous period with size h;;, location o0;; and type s;;, and

2’We have discussed the sources of shanty house illiquidity in Section 2.1.
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cash on hand w;;. Cash on hand consists of liquid assets b;; and current earnings, i.e., w;; =
bii +zi1G(a;+)Wy,, - To simplify notation, we drop the household index i. Given the household
state vector x; = (ay, wy, hy, 04,5¢) and the current and previous residence locations ¢ and ¢_1, the

household’s value function is given by

max{ Vet ¢ (xt), VBuy,e(xt), Vstay (xt) } — (Kl(ﬂt) Agze , + K2(€_1,£)) if £ = oy,

Vf,l,é(xt) =
max{ Vrent ¢ (xt), VBuy,e(xt) — K3} — (Kl (ar) - Lpze , + K2(5—1,€)) if £ # oy.

(18)
Here, Vient ¢(xt) denotes the value of renting at £, Vg, +(x;) the value of purchasing a new house
at £, and Vs, (x;) the value of staying in previously owned house (which is an option available
only when ¢ = 0;). When the household purchases a new house at location ¢ # oy, it incurs a
migration cost of k3 as specified in Equation (17).

The Bellman equation for Vg, ¢(x;), which is the value of purchasing home at ¢, satisfies:

Viuy,e(xt) = max  u(c,y"h, A1, h,ar) + plar) BEe,., [T&X {JEZHl [Via(xis1) | beial

{cbiiq}

+ e(at+1)€d,t+1H + (1 —=p(ar)) - (b1 + Mg Po,, 41 (1 = 5441)) (19)
st c4hPy(1+ 7" +6") + %bm = w4 hPo, 1(1 —5¢) (1 — T°) — Fy, (20)

biy1 > —(1—@)Pyih, h > b, (21)

Wiy = bey1 + 201G (A1) Waper, i1 =h, 0pp1 =4, 5441 =0, ap = ap + 1.

Given the decision to purchase a new house at location ¢, the household chooses consumption
¢, house size h and savings b;;1. Because the household will live in the newly purchased house,
v = 1. With probability p(a;), the household survives and chooses the residence location d for
period t + 1 that offers the highest expected value. The expectation over z;,; arises because z; 1
is realized after migration. With probability 1 — p(a;), the household dies and leaves a bequest
which includes liquid assets and the liquidated value of the house.

We now discuss constraints in problem (19). The first constraint (20) is the budget constraint,
stating that the household’s sources of funds consist of cash on hand w; and proceeds from selling
the previous house 1;P,, (1 —s;)(1 — ) with T/ denoting the housing sales tax; and the uses
of funds consist of consumption ¢, new home purchase / at location ¢, and asset position by .

h,b

The home purchase incurs a deed tax 7% and a per-unit maintenance cost of 6". The household

faces an exogenous interest rate R > 1; the interest rate spread ¢ between the savings rate and the
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borrowing rate implies an additional financial cost of borrowing, given by F,; = - 1,,, <o|bs41]-

In addition to the budget constraint, the debt carried into the next period cannot exceed a
tixed fraction of the current value of the new house, with the haircut on collateral denoted by w;
see Equation (21). We also impose a minimum size requirement & on the new house.

The Bellman equations for Vget¢(x;) and Vs (x;) are analogous to Equation (19) and are
presented in Appendix C. Renters allocate their cash on hand across consumption, rental hous-
ing services, savings, and their own housing maintenance costs. Those who live in their pre-
viously acquired house make consumption-savings decisions, after paying the housing mainte-

nance costs. In all cases, the borrowing constraint must be satisfied.

Migration share. Conditional on the state variables x;;; and the residence location ¢ in period

t, the share of households moving to location d in period t + 1 is:

exp (4 ey [Via(xii) | b))
L exp (%ﬁﬂzztﬂ (Vi (xt41) | bt+1])

y(d!ﬁ, bt+1,xt+1\{wt+1}) = (22)

5.3 Production and Equilibrium

Labor. We assume a linear production function in labor. Competitive equilibrium implies that

the wage per effective unit of labor equals the labor productivity, i.e, W;; = (1 —1")Z,;, where

™ is the income tax rate.

Houses. We assume that in each location, new houses are produced by a representative home

developer according to the following function:?®

A

Yor = Bos- P Loy — Y7, (23)

where By; = B;/ (17)‘)(#“)%. Here, B, is a housing supply shifter, L,; is the land supply, and

Yg ; is the existing housing units requisitioned and demolished by local governments, all of which

are exogenously given.

Accordingly, the housing stock evolves as follows:

Hpp = (1— 5h)H£,t—1 + Yy (24)

28Gee Appendix C.2 for the micro-foundation.
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Landlords. Rental supply comes from speculative landlords, who can trade in the housing
market without any transaction costs. Their required rate of return from investing in rental
houses is Rs, which is exogenously given. Here, s stands for “speculative.” In equilibrium, we

must have the following condition on rent-to-price ratio:*’

Ry 71—5h'Es[PK,t+1 :171—5}"

Py,
1+ —— —1)]. 25
Pyy Rs Py Rs 1+ e ) ()

Priq

In Eq. (25), E° [%} is the landlords” extrapolative belief about future price growth, which we

assume to be 1+ p( PZ,[ - — 1). Extrapolative belief is an important feature of the housing market,

especially in China. The parameter p = 0.2 captures the extent of extrapolation, which we take

from Li et al. (2026).

Competitive equilibrium. Given an initial distribution of households, the competitive equilib-
rium of our dynamic economy is defined by a sequence of prices {Wy;, Py;, R;+} and a distribu-
tion of household states (x;,¢;t—1,¢;;) such that: a) the evolution of the household distribution
is consistent with the individual household optimization problem, and b) the housing, rental,

and labor markets clear in every location and in every period.

5.4 Quantification

We now quantify our dynamic spatial general equilibrium model. The joint consideration of
housing tenure choice, consumption-savings under incomplete markets, and forward-looking lo-
cation decisions—combined with rich spatial and individual heterogeneity—generates non-linear
policy functions over a large state space.>’ We implement a solution method that globally solves
the household’s dynamic problem given aggregate states. We then track the distribution of indi-
vidual states within and across locations, starting from an initial distribution. Once aggregated,

this distribution, in turn, informs the equilibrium behavior of aggregate states.

Time, space, and equilibrium. Each period in our model represents five years. We take 2016—
2020 as the first period, during which the cash-based resettlement program was implemented.
Given the computational challenges, we pool all the cities to form five locations based on

their house prices in 2015. Location 1 consists of the top three cities—Beijing, Shanghai, and

(1="E[Prya] _

Pri—Ry -

30We cannot implement dynamic hat-algebra for counterfactual analysis, as this approach requires policy functions
to be log-linear in state variables, as in Caliendo et al. (2019) and Kleinman et al. (2023).

29Equation (25) implies that Rs, meaning that the return from investing in this rental house is Rs.

31



Shenzhen, whose house prices far exceed those of other cities. Location 2 consists of the cap-
ital cities and another two cities with comparable house prices from the five most developed
coastal provinces: Fujian, Guangdong, Jiangsu, Tianjin, and Zhejiang.>! Location 3 consists of
the other cities in these five provinces. Locations 4 and 5 consist of the capital and non-capital
cities of other provinces, respectively.>? Online Appendix Figure A.5 shows that this clustering
largely preserves the geographic dispersion in house prices and, more importantly, the majority
of household migration. Between 2016 and 2020, migration across these five locations accounts
for 77% of all intercity migration. The percentage of households receiving cash compensation
increases almost monotonically from location 1 to location 5—0.5% in location 1, 3.0% in 2, 2.8%
in 3,7.6% in 4, and 9.1% in 5.33

To obtain the location-level price paths, we aggregate the city-year level prices and wages
to the location-period level by first taking the simple average across the five years within each
period and then taking the population-weighted average across cities in each location. At the city

level, we use observed real house prices and real wages prior to 2021,

and extrapolate future
real house prices and real wages, assuming that real house prices and wages grow at the OECD’s
forecasted real GDP growth rate until 2060 and at an annual rate of 1% thereafter.®

We directly construct the pre-2016 distribution of individual states based on the representative
sample of the National 1% Population Survey Data of 2015 and the China Household Finance
Survey data of 2015 and 2017, as detailed in Appendix C.3. Table 4 reports summary statistics on
the household demographics by treatment status in this initial distribution. Treated households
are slightly older and less wealthy in terms of savings and owned housing size.

We calibrate land supply and house requisition such that the observed paths of house prices,
rental prices and wages in different locations correspond to the equilibrium price paths in our
baseline economy with the cash-based shantytown renovation program. Specifically, with the

initial household distribution and the time sequence of {Wy,, Py;, Ry;}, we solve households’

dynamic problems. We then calculate land supply and house requisition, {L;,, YZ +}, as residuals

31The two non-capital cities are Wenzhou (in Zhejiang) and Xiamen (in Fujian).

32We exclude all regions located to the west of the Hu Huanyong Line, as well as Hainan Island (Banerjee et al.,
2020). The Hu Huanyong Line, also known as the Aihui-Tengchong Line, divides China into two parts with markedly
different population density: the eastern part accounts for 43% of the territory and 94% of the population (Chen et al.,
2016). By 2015, migration to and from these excluded regions accounts for 10% of all intercity migration.

33In our data, 70.4% of cash recipients are in location 5, 17.8% in 4, 8.1% in 3, 2.8% in 2, and 0.9% in 1.

34We use 0, from Equation (1) as the measure of house prices prior to 2021. We do not use the observed house
prices and wages during 2022-23 to avoid any unexpected shocks in the COVID-19 period.

%See OECD's real GDP long-term forecast here.
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Table 4: Household Demographics and Location Characteristics

Mean St. Devw. Obs
Treated HHs age (a) 6.861 2.959 7916
savings, RMB (b) 93076.468 1.71e+05 7916
house size, sqm (h) 81.693 49.441 7916
shanty type (s) 1.000 0.000 7916
Non-treated HHs age (a) 6.186 2.802 171768
savings, RMB (b) 2.06e+05 4.11e+05 171768
house size, sqm (h) 99.225 42.215 171768
shanty type (s) 0.240 0.427 171768
Locations effective wage, RMB (W) 4.46e+05 1.42e+05 5
house price, RMB/sqm (P) 19452.356 17719.520 5
5-yr rent/price 0.120 0.034 5

to clear the housing market for all (¢, t) in the baseline economy.

Parameter calibration. A subset of parameters is either calibrated based on values from the ex-
isting literature or externally determined without solving the model. The remaining parameters
are internally calibrated to match key empirical moments related to wealth distribution, housing
tenure choice, and migration behavior. The detailed description of the parameter calibration is
given in Appendix C.3, with Table A.1 and Figure A.7 presenting all the parameters and related

data moments.

6 Model Mechanism and Policy Evaluation

In this section, we use our quantitative model to evaluate how the program affects household

location choices and housing expenditures, and to quantify the amplifying role of migration.

6.1 Policy Regimes

We analyze three policy regimes. The first is cash-based resettlement; as explained in Section
5.4, the observed paths of house prices and rental prices in different locations correspond to the
equilibrium prices under this policy regime (by recovering land supply paths). The second is a
no-resettlement scenario, where households continue to own their shanty houses without cash
compensation (for more details, see Section 6.3.)

The third is a voucher-based resettlement, which we use to isolate the effect of migration. Un-
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like cash, the voucher is restricted to purchasing houses in the local market over the household’s
lifetime, thereby localizing the housing demand generated by the compensation, although house-
holds may still rent or use their non-voucher savings to purchase houses elsewhere. Voucher
resettlement is a more implementable policy than directly restricting mobility. The difference in
household responses between cash and voucher resettlement captures the migration effect. 3
We first analyze individual household behaviors under these three policy regimes in Section
6.2, taking the observed equilibrium paths of house prices and rents as given. In Section 6.3,

we solve for equilibrium price paths under each regime, and examine how general equilibrium

forces affect household behaviors.

6.2 Partial Equilibrium Analysis

Cash resettlement versus no resettlement. We first examine households’ reactions to the cash
transfer and confirm that our quantitative model can replicate the key empirical findings reported
in Section 3.3. Specifically, holding fixed the observed price paths, we solve the model under the
cash resettlement program, and compare it to the one without such program.

Figure 5 plots the migration and housing tenure decisions of treated households predicted by
the model for the period of 2016—2020. Panel (a) reports the staying share of treated households
from the top three residence locations and Panel (b) the migration share of treated households
from the bottom two residence locations.

In Panel (a), we focus on treated households whose residence and shanty house locations
differ in 2015. We examine their staying probability and housing tenure choices in expensive
locations, with full results reported in Figure A.8 in Appendix D. For households initially residing
in location 1, relative to no resettlement, cash resettlement mitigates downgrading to lower-tier
locations by more than 40% in total, with about 15% of them purchasing new houses in location 1.
Similar patterns hold for households initially residing in locations 2 and 3, whose out-migration
rates decrease by 24% and 10% respectively, relative to no resettlement. The mitigation of location
downgrading, and the fact that these effects are more pronounced in more expensive locations,
echo our empirical findings on the downgrade mitigation effect in Section 3.3.

Panel (b) reports results for treated non-migrants who initially lived in their own houses

in 2015. We focus on households initially residing in locations 4 and 5, with full results for all

36In Proposition 3 of the two-location model (Section 4), migration is shut down entirely for clarity. In practice, fully
restricting migration is not feasible; the voucher system represents a real-world policy aimed at localizing demand.
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Figure 5: Household Migration and House Tenure Choice: Cash, No, & Voucher Resettlement

Notes: Panel (a) plots the share of treated existing migrants in 2015 who remain in the 2015 location during
2016-2020. Panel (b) plots the share of treated non-migrants in 2015 who out-migrates from each residence
location to each destination in 2016-2020. The three bars correspond to cash (left), no (middle), and
voucher resettlement (right), with colors indicating housing tenure choices in the new residence location.

locations reported in Figure A.8. For households from location 5, relative to no resettlement, cash
resettlement increases upgrading to locations 1-4 by approximately 20% in total, with about 10%
of new migrants purchasing houses at the destination, mostly in Locations 3 and 4 rather than
the more expensive locations 1 and 2. For households initially from location 4, cash resettlement
reduces downgrading to location 5 and facilitates upgrading to locations 1-3 by nearly 10%. The
induced location upgrading from lower-tier origins echo our empirical findings on the upgrade

facilitation effect in Section 3.3.

Voucher resettlement. Figure 5 also presents household location and housing tenure choices in
2016-2020 under the voucher resettlement. The voucher resettlement substantially reduces, but
does not completely eliminate, the downgrade mitigation and upgrade facilitation effects.

In Panel (a), fewer existing migrants in the top three locations remain in these locations
or purchase houses under the voucher than cash resettlement. However, although households
cannot finance home purchases with the voucher in these locations, voucher resettlement still
leads to more purchasing houses in these locations compared with the no-resettlement scenario.
This is because households have a strong preference to purchase new houses after their only
houses are requisitioned, and some of them choose to become homeowners in residence locations.

In Panel (b), substantially fewer non-migrants from the bottom two locations upgrade their
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location with vouchers. Similar to Panel (a), as they lose their only houses, some of the few
out-migrating households purchase new homes in other locations. The majority remain in their

house locations and use the voucher to purchase normal local houses, as shown in Figure A.8.

Housing expenditure multipliers. Proposition 3 in the two-location model demonstrates that
the interaction between borrowing constraints and location choices significantly affects housing

expenditures. To investigate this formally, we calculate a housing expenditure multiplier:

AExpected First Home Purchase w. vs w/o Transfer

Housing Expenditure Multiplier = Dollar Amount of Transfor

7

which can be calculated in a partial equilibrium context as in Section 4. Because households—
especially those upgrading locations—may transition gradually into homeownership after re-
ceiving transfer, we calculate the multiplier based on the household first home purchase over
its lifetime.?” Specifically, we track each household’s first home purchase across states and over
time, discount expected lifetime expenditures to the initial 2016-2020 period, and compute the
difference with and without the transfer, normalized by the transfer amount.

We find that under cash resettlement, the housing expenditure multiplier is always positive,
with an average value of 1.14 and a median value of 0.86, and 10% of the treated households
exhibit values above 2.5. These large multipliers arise because, after receiving the cash transfer,
households can supplement it with personal savings or mortgage financing and move to a place
with higher wages, enabling them to spend beyond the amount received.

The average multiplier declines substantially under the voucher resettlement, with an aver-
age value of 0.80 and a median value of 0.72, and only 10% of the treated households exhibit
values above 1.28. Therefore, endogenous migration amplifies the average household housing
expenditures in response to the transfer by a factor of 42.5% (= 1.14/0.80 — 1).

Figure 6 shows how the multiplier varies across resettlement schemes and household charac-
teristics in 2015. Panel (a) indicates that the multiplier varies little across wealth levels. Wealthier
households generally show marginally lower multipliers, as they face less binding borrowing
constraints and therefore increase housing spending by less per unit of transfer. Panel (b) shows
a sharp decline in the cash multiplier with age: the youngest cohort exhibits values of nearly

2.3, consistent with the finding that younger households are more mobile as they benefit from

3”Home purchase spending is recorded as zero for households that rent during the specified time period before
they purchase their first houses.
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Figure 6: Lifetime Housing Expenditure Multiplier, Cash vs Voucher Resettlement

Note: This figure plots the average lifetime housing expenditure multiplier for different household wealth,
age, and residence location and house location under cash and voucher resettlement.

higher-tier locations over a longer time horizon. Interestingly, without the amplifying role of
migration, the voucher multiplier for the young cohorts declines substantially.

Panel (c) reveals that the cash multiplier is highest for households residing in location 1.
About 70% of the treated households in location 1 in 2015 owned shanty houses elsewhere. Due
to the downgrade mitigation effect, many stayed in location 1 with the cash transfer, often taking
on high leverage to purchase local housing and exhibiting a high multiplier. Without the option to
spend the money in location 1, the voucher multiplier is substantially lower for residence location
1, consistent with the smaller downgrade mitigation effect of vouchers in Figure 5. Finally, Panel
(d) shows little variation in the multiplier across house locations—except for location 5, which has
the highest cash multiplier, as some households upgrade locations and take on greater leverage
to purchase housing than households from other locations.

In summary, our quantitative model echoes our key empirical findings that cash resettlement

can mitigate location downgrading and facilitate location upgrading, and such location adjust-
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Figure 7: Household Borrowing Constraint and Housing Expenditure Multiplier

Note: This figure shows the relationship between shanty homeowners’ housing expenditure multiplier
(y-axis) and their optimal savings-to-housing asset ratio (x-axis) in 2016-2020 under the two scenarios
following a cash transfer: (1) purchasing a house at the current location (in blue), and (2) purchasing a
house at the desired location with free migration (in red). For simplicity, we focus on non-migrants from
location 5 (0 = ¢ = 5).

ments substantially amplify the housing expenditure responses to the transfer.

Housing expenditure multiplier and borrowing constraint. To illustrate the importance of en-
dogenous mobility in understanding household housing expenditure, we highlight that house-
holds” borrowing at the current location—where they stay before the cash transfer relaxes their
borrowing constraints—does not accurately measure their true borrowing constraint. House-
holds may wish to upgrade to a more expensive location but remain in less expensive locations
if the borrowing constraint restricts consumption smoothing and reduces their utility at more
expensive locations. Consequently, they may have low borrowing at current location, yet their
constraint is more accurately reflected by the borrowing that they will have at desired locations.

Figure 7 illustrates this mechanism. Imagine a policymaker seeking to assess households
borrowing constraints and the multiplier effect of a cash transfer on housing expenditure. If
he were to (mistakenly) rule out endogenous migration and compute the savings-to-housing
asset ratio for 20162020 under the assumption that households purchase a new home in their
current city after receiving the transfer, then our model predicts that the relationship between
this mismeasured ratio and the true multiplier would follow the pattern depicted by the blue

circles in Figure 7. We observe that households with this ratio closer to the borrowing constraint

38



(toward the left) do not exhibit larger multipliers—in fact, they display smaller multipliers.

The key insight of our model is that the above-mentioned ratio is mismeasured because it
ignores endogenous location choice. What matters instead is the savings-to-housing asset ratio—
plotted as red circles—that these households would have at their desired locations, i.e., where
they would migrate once the cash transfer relaxes their borrowing constraint. Once we take this
into account, as Figure 7 shows, households with a savings-to-housing asset ratio closer to the

borrowing limit exhibit substantially larger multipliers.

6.3 General Equilibrium Effect on House Prices and Migration

The household responses analyzed in Section 6.2 are based on the observed price paths from the
baseline, cash-based resettlement equilibrium. We now allow migration affects the equilibrium
prices and are interested in how these general equilibrium forces shape household responses.
Compared to cash resettlement, the voucher scenario features the same land supply schedule
but different housing demand in different locations. For the no-resettlement scenario, we must
specify how the resettlement program has affected land supply. In the baseline economy, some
shanty houses are requisitioned and demolished, but local governments increase land supply
from requisitioned properties for new construction. We assume that one square meter of requi-
sitioned housing yields half a square meter of land, which, results in approximately the same
housing supply as requisitioned as the equilibrium floor-to-area ratio is around 2 in each loca-
tion. Further, we assume that this additional land supply is phased in equally over two periods to
account for construction time. Thus, the equilibrium price effects of the program stem not from
direct changes in supply but from enhanced housing asset liquidity, altered migration decisions,

as well as lags in new construction.

Equilibrium price changes Figure 8 shows the change in house prices under the no resettle-
ment and voucher resettlement scenarios, relative to the baseline cash resettlement economy.
Absent the program, average house prices in 2016-20 would fall by more than 5% in location 1,
nearly 4% in location 2, and roughly 1% in location 3 and 4, while rising by about 2% in location
5. The program thus amplifies house price disparities between high- and low-tier locations.

The average house price decline absent the program, weighted by the local housing value,
is around 4%. If we fit a linear trend to the house price index before 2015, the predicted house

price in 2020 is lower than the observed price by around 20%. Thus, the model explains about
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(a) No Resettlement (b) Voucher Resettlement
Figure 8: Counterfactual Resettlement Programs and House Price Relative to Baseline, 2016-2020

Note: This figure plots the change in equilibrium house prices across locations under the no resettlement
and voucher resettlement economy, relative to the baseline with cash resettlement. x-axis indicates 1-5
locations and aggregate.

20% of the detrended price growth during 2016-2020. Of course, this estimate depends on the
strength of belief extrapolation; as shown in Figure A.11, increasing the extrapolation parameter
p in (25) from our baseline value of 0.2 to 0.25 boosts the average price impact from 4% to 7.5%.
Note that our assumption on speculation is conservative because in our model only landlords
form extrapolative expectations, whereas Kaplan et al. (2020) treat all households as speculators.

To assess the role of migration, Panel (b) shows that equilibrium prices are significantly lower
under voucher resettlement relative to the baseline, in all locations except 5. Comparing Panel
(b) with (a), vouchers result in almost the same price consequences in location 1-3 as the no-
resettlement scenario. In other words, the large price impacts of cash resettlement in the top
three locations are all attributed to household location choices. Overall, voucher resettlement

barely generates any aggregate price impacts.

Migration, housing expenditure multipliers, and welfare. The equilibrium price adjustment
barely affects the estimated effect on household migration in 2016-2020. Figure A.9 in the ap-
pendix presents the general equilibrium version of Figure 5. Absent the program, lower house
prices in locations 1-4 and higher price in location 5 would result in less location downgrading
and more upgrading. However, lower house prices in locations 1-4 also make extrapolative land-
lords less optimistic about future price growth, prompting them to raise rents, which in turn

increases downgrading and reduces upgrading. In locations 1-2, the second effect dominates,
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leading to a slightly larger downgrade mitigation effect of cash resettlement. In locations 4-5, the
two effects offset each other, yielding a similar upgrading effect.

Moving to the housing spending multiplier, as lower house prices in locations 1-4 lead to less
housing spending absent the program, the multiplier is slightly larger when taking into account
equilibrium price adjustment. The average cash multiplier is 1.18, with a median value of 0.91,
compared to the mean value of 1.14 and the median value of 0.86 without equilibrium price
adjustment. The average voucher multiplier is 0.84, with a median value of 0.77. Migration
amplifies the multiplier by a factor of 40.5% (= 1.18/0.84 — 1).

Finally, absent the program, the welfare of the treated households, measured in lifetime con-
sumption goods, would drop by around 22.8% on average.*® Households value the migration
option: compared to the cash resettlement, voucher will reduce the recipient households” welfare
by about 5.3% on average. On the other hand, the welfare of non-treated households due to
equilibrium price adjustments depends on their location. Absent the program, those in locations

1-4 will win while those in location 5 would lose. On average, their welfare increases by 0.18%.

7 Conclusion

This paper demonstrates that studies of household borrowing constraints which omit endoge-
nous location choice systematically understate the severity of borrowing constraints and conse-
quently underestimate household responses to borrowing-constraint relaxation.

We test this hypothesis in the context of China’s cash-based shantytown renovation program
(2015-2018). Reduced-form evidence indicates that cash transfers relaxed borrowing constraints,
enabling households to migrate to more expensive locations previously beyond their purchas-
ing reach. Using a dynamic spatial general equilibrium model with endogenous migration and
borrowing constraints, we find that such location upgrading behavior substantially amplifies the
household housing spending response and the programs equilibrium price impacts. These re-
sults imply that policymakers seeking to stimulate household spending should target households

for whom the true—rather than the observed—borrowing constraint is more binding.

38Formally, the lifetime welfare of a household with state (xg, £) is given by vlog <Zd exp ( L L g, [Vpa(x1) |x0}> ) ,

v Cag+1
which incorporates both the option value of migration and the subsequent tenure choice in the destination location. To
express the above welfare V(xg) in consumption-equivalent units, we construct a constant lifetime consumption path

c(xo,£) so that V(xg) = Y5_,, B~ % We then compute percentage changes in this consumption-equivalent
measure to quantify welfare changes; e.g., the welfare change of household (xg, ¢) from the baseline economy with
(x0,0)1° program_c(xo/[)cash

C(Xofg)cash .

cash resettlement to the counterfactual economy with no-resettlement is
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Online Appendix

A Data and Empirical Results

A.1 Data

The raw data, spanning from 2005 to 2021, contain 37,725 individual loans across 13,112 contracts
for 6,398 shantytown renovation projects, totaling 5.04 trillion RMB. For each loan, we observe
the signing date, total withdrawal amount, interest rate, and maturity. We first select loans signed
during 2014-2018, which contains 34,966 loans (11,621 contracts) totaling 4.33 trillion RMB. To
ensure the accuracy of our city-level matching, from this subsample we further exclude 3,788
loans (1,469 contracts) associated with provincial-level consolidated lending facilities, as these
cannot be reliably attributed to a specific city. This procedure yields our final sample of 31,178
loans across 10,152 contracts, representing a total loan volume of 4.04 trillion RMB.

Figure A.1 plots the distribution of the grant quarters of our sample CDB loans.
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Figure A.1: Quarterly Amount of CDB Loans Granted

Note: This figure plots the amount of CDB shantytown renovation loans granted in each quarter.

A.2 Housing Market Responses

The variation in loan_dest is driven by both the migration network and the cash resettlement
in the immigrants’” originating cities. To show our results are specific to the cash resettlement

program rather than some other shocks that also transit through the migration network, we
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Figure A.2: Effect of loan_dest After Controlling for Migration Network

Note: This figure plots the 95% confidence interval of the event study coefficient estimates of loan_dest©™s"
after controlling for loan_dest™M8. Standard errors are clustered by cities.

decompose loan_dest as follows:

M 1 — M
loan_desty = Loan - =24 Y (Loan, — Loan) - Ly
SﬂlEd,14 o0Zd N, Sﬂl€d/14 o0Zd N,
lognidgstfiv“g loanfdestg”h

where Loan = 4; Y, Loan,. We then estimate Equation (4) by replacing loan_dest with (loan_dest™s,
loan_dest®*"). Figure A.2 shows that on top of the variations in migration network (loan_destM),
variation in cash resettlement in the immigrants’ originating cities (loan_dest“*") can also pre-
dict house prices growth in the destination cities after 2014, which confirms that our results are
driven by not only the migration network but also the size of cash resettlement in these immi-

grants’ originating cities.

A.3 New Intercity Migration

To investigate the timing of the effect on intercity migration, we conduct event study analysis on

the city-pair panel data with the following specification:

Mo,d,t

N = Z Bz - 1i=< - cash_recipient, + &, 4 + Bp(o),t +ar + 1Tt Controls, g4+ € 44 (26)
0

T£2014
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In Equation (26), we use 2014 as the base year and include the city-pair fixed effect «, 4 and the
originating province-by-year fixed effect, 6,,) 1, to control for large heterogeneity across different
provinces. In addition, we include <, , the destination city-by-year fixed effect, to control for any
time-varying factors in the destination city that might affect household migration, such as hukou

and home purchase restrictions. With &, 4, 0,,,); and 4;, the estimation investigates how cash

p(o)
resettlement across cities within the same province impact changes in household migration to
the same destination city after 2015. Moreover, we include additional controls for robustness, in-
cluding the previous tendency of households moving from o to d, } 5011<t<2014 MNLZ"’, and whether
city o and d are directly connected via the high-speed railway in year ¢.

Figure A.3 Panel (a) plots the estimated coefficients {,BT} The coefficient estimates are both
insignificant and close to zero before 2014, supporting the parallel trend assumption for event
studies. After 2014, we find a significant and positive treatment effect, indicating that cities with
more households receiving the cash compensation experience more household migration. The
effect peaked around 2018 and diminished afterwards, consistent with the timing of the cash
resettlement as shown in Figure A.1.

We examine the demographics of households that migrate in response to the cash resettle-
ment. We hypothesize that these households are primarily of working age and relocating to other
cities in pursuit of higher wages, rather than, for instance, retired parents moving to live with
their children. To test this hypothesis, we restrict to migrant households for whom: (1) the family
head was under 40 years old at the time of migration, (2) the stated reason for migration was
employment in the destination city, and (3) no other family members had migrated to the same
destination city before the family head in that year. We then repeat the estimation of Equation
(26) using these subsets of migrants.

Panel (b)-(d) in Figure A.3 reports the results. We find similar effect as shown in Panel (a),

regardless how we restrict the migrant households.

A4 Spatial Dispersion of House Prices

One implication of the heterogeneous effect with respect to the city-pair house price gap is
that, cities with higher house prices should be more affected by the spatial diffusion of the cash
resettlement, as these cities have larger house price gap with other cities. In contrast, cities with
lower house prices shall be less affected through the migration network. To test this implication,

we divide the cities into two groups based on their house prices in 2014 and estimate Equation

48



- -
6 .o

N N N
e P

(c) Migration for Working (d) Non-followers
Figure A.3: Robustness Checks for Intercity Migration
Note: This figure plots the 95% confidence interval of the effect of cash_recipient on the city’s urban
household intercity migration. We restrict to households with age smaller than 40, claiming migration

for working purposes, and with no family member coming to the destination city before, respectively.
Standard errors are clustered by cities.

(4) using these two subsamples separately.

Figure A.4 shows the results. Consistent with our prediction, in cities with higher house
prices, the effect of loan_dest is much larger than in cities with low house prices in 2014. The
differences in the coefficient estimates, as reported in the last graph, are all statistically significant

except that in 2015.

B Proofs and Supplementary Materials for the Two-location Model

B.1 Proofs

Parameter Assumption
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Figure A.4: House Price Response at Destination Cities by House Price

Note: This figure plots the 95% confidence interval of the event study coefficient estimates of loan_dest
on the house prices at the destination cities for cities with high house price, low house price, and the
difference of the coefficient estimates. Standard errors are clustered by cities.

Assumption 1. Suppose the following holds: i) 210g(VV(,—’Z) > log(%{); ii) ﬂlog(%—f) < log(%),’ iii)

N v ~ _ - v 7Y 1/2 L= .
bgl < by where bé{ = WWH and by = %WH(PZV/LP(LI;?/ZI}B ;and iv) by < by.

Proof for Proposition 1

Proof. When the borrowing constraint is not binding, a household’s value function from living

in location ¢ is

2

7 i 5 log(Py) + Constant (27)

When the borrowing constraint is binding, the optimal housing consumption is:

o L[ APk 2-BW (1+B)by  2-B)W,\* 8bo W,
ch(bolf)4<1ﬁ+'3a)+ T —\/(1ﬁ+ﬁw+ - )_1ﬁ+ﬁw1a)) (28)

In this case, as % — 0, the housing expenditure P;h(by; ¢) — ﬁl—ﬂbiiﬁaz and consumption
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co — %bo, and as a result,

Vi (bo) @0 i:g log(bo) + 7 f 5 log(Wy) — 7 i 5 log(Py) + Constant (29)

With the first inequality in Assumption 1, for by € [0,by), we have V4 (bg) > V}*(bo). With the
second inequality in Assumption 1, for sufficiently small by, we have V§;(by) < Vf(bo).

The value function from residing in location ¢ is given by:
V= l(bo > BS) . Vgu + l(bo < Bg) . VZC

Therefore, there exists a cutoff value by such that V; > Vj if and only if by < bo. O

Proof for Proposition 2

Proof. When the borrowing constraint is binding, the marginal propensity to consume on hous-
ing, Mult(by; {) = %bl;o;’é), is the following:

bo(1—-@)(1+p)* — (2 B+ p*) We(1— (1-@)B)

_ - bo(1 2-B)W, \ 2 b
—Al-@)1-(01- “’)5)2\/ (B8 + ) - wanttom

1+8
4-4(1-a)p’

Mult(by; £) = n

(30)

We first examine the monotonicity of Mult(by; ¢) under the binding borrowing constraint.

dMult(bg; £) 2bo(1 — B)BW,

d
e (bo(@—-1)(B+1) — (,B—Z)Wg((&;—l)ﬁ—i—l))z-l- \/( bo(f+1) (ﬁfZ)W/>2+ 8w,
4by(1— @) (1 — B)BW,(1 — (1 — @)B) (@-1p+1 = @t (@-T)((@-1)p+1)

oMult(by; 0) _ 2('[371)‘5‘/\]5
db
’ (bo(@—1)(B+1) — (B—2)W,((@—1)B+1))* + \/( bo(BD) (ﬁfZ)Wz)2+ 8boW,
4b(1— @) (1 — B)BW,(1 — (1 — @)B) (@-Dp+1 © -1 (@1 ((@-Dp+1)

Because f € (0,1) and @ € (0,1), We have %W > 0 and %W < 0. These results

imply that, for a given by, households with higher wages (W;) exhibit a stronger propensity
to spend on housing consumption when receiving additional wealth. Conversely, for a given
Wy, households with lower initial wealth exhibit a stronger propensity to spend on housing
consumption when receiving additional wealth. Intuitively, households with higher wages and

lower initial wealth are more constrained by the borrowing constraint, leading to a heightened
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marginal propensity to consume on housing.

Since Mult(by; ¢) decreases with household wealth when the borrowing constraint is binding,
to show Mult(by; () > %, it is sufficient to show this relationship holds at the cutoff wealth Bé. If
Mult(%;ﬁ) > %, then Mult(bg; ¢) > % whenever the borrowing constraint is binding.

Substitute b§ for by in Equation (30), we have the following:
1-B+pw 1

21— p) +pa? 2

Mult(b§; ) =

The last inequality is because 0 < @ <land 0 < B < 1.

Proof for Proposition 3

Proof. As we will show below, households will spend weakly more on housing consumption in
response to a positive wealth transfer when they can migrate, regardless of their initial wealth
bo. Therefore, the proposition holds regardless of the distribution of the wealth transfer across
different households. To ease notation, below we consider a wealth transfer independent of the

household initial wealth.
In the absence of migration option, all households remain in location L. The expected housing

expenditure multiplier is given by:
bo i’é bo 1
By, [Mult(bo; L)] = / Mult(bo; L)dE (by) = / Mult(bo; L)AF (by) + / " dF(b),
0 0 b

where Mult(by; L) is determined by Equation (30) for ¢ = L.
When migration is allowed, households can choose their location. We first consider the case

where b} < by. The expected housing expenditure multiplier is given by:

b -bo - . b
Ey, [Mult(bp)] :/O Mult(bO;L)dF(bOH/gL %dF(bo)+f(bo) (PHh(bO}H)—W)

bt bo 1
+ Mult(bo;H)dF(bo)+/H SdF(bo).

bo by

We compare Ej [Mult(by;L)] (no migration) with Ej [Mult(by)| (migration allowed), the
difference is as follows:

_b0+12/\/L/R> (31)

bi! . -
By, [Mult(to)] — By, [Mult(b0: )] = | (Mult(bo;H) - %) 4F (bo) + £ (bo) (th(bo,- H)

The first term of (31) is strictly positive by Proposition 2. This term captures those that choose

to reside in location H facing binding borrowing constraint, and an marginal increase in their
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wealth would lead to more housing consumption spending than if they had stayed in location L.
The second term of (31) captures those switchers, i.e., those that used to be indifferent about
migration and choose to migrate in response to the wealth transfer. Upon migration, their hous-
ing consumption jumps from W to Pyh(bo; H). We will show this jump is positive.
Consider the previous optimization problem of these marginal households. As their borrow-
ing constraint is not binding in L, the first-order conditions with respect to cy and £ is:

1_BR _1
Co 1—ﬁWp+b1_
1 1 BR 1

T=pPA 1-pW +b

Upon migration, consider the first-order conditions evaluated at the household previous op-
timal choice. The only difference is that now Wy is replaced by Wy. Because Wy < Wy, the
opportunity cost of increasing ¢y and P/h, which is lower future consumption, is smaller, and
hence the above two equations will be positive, meaning that it is optimal for the households at
location H to further increase ¢y and P/h. Therefore, the optimal housing consumption Pyh shall

be greater than the previous housing consumption, W

Next, in case b} > by, the expected housing expenditure multiplier is:

3

bo 5 5 bo
Ey, [Mult(bo)] :/0 Mt (bo; L)AF (bo) + f(Bo) (Pech(bo; H) — Pyh(Bo; L)) + Mult(bO;H)dF(bo)+/EH %dF(bo).

bo

We compare Ej, [Mult(bp;L)] (no migration) with Ej [Mult(by)| (migration allowed), the
difference is as follows:

b
Ep, [Mult(by)] — Ep, [Mult(by; L)] =f(bo) (Peh(bo; H) — Pph(bo; L)) +/E (Mult(bg; H) — Mult(bo; L)) dF (bg)
bt
+ /E.(% (Mult(bo;H) — %) dF(bo) (32)

The first term of (32) captures the switchers, who migrate to location H yet remain con-
strained. Their housing consumption jumps from Pph(bo; L) to Pyh(bo; H). We show this change
is positive below.

The second and third term of (32) captures the differential marginal propensity to consume
housing services between those facing binding constraint in location H and those with the same

wealth in location L. By Proposition 2, both terms are strictly positive.
To show the first term, PHh(EO;H ) — PLh(fJO;L), is strictly positive, consider the previous
optimization problem of these marginal households. We can replace ¢y and b; with the budget

equation and the borrowing constraint, and then the first-order condition with respect to the
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housing consumption, P/h, is as follows:

1 1 B 1-w 1-B+Bw

l—ﬁPgh_1—ﬁWg—(1—(Z))Pgh_bo—(l—ﬁ—&—,Ba‘J)Pgh:0

Upon migration, consider the first-order conditions evaluated at the household previous op-
timal choice. The only difference is that now Wy is replaced by Wy. Because Wy < Wy, the
opportunity cost of increasing housing consumption, which is higher debt and lower future con-
sumption, is lower after migration, meaning that it is optimal for the households at location H
to further increase Pyh. Therefore, the optimal housing consumption Pyh(by; H) shall be greater

than the previous housing consumption, PLh(EO ;L). O

B.2 Housing Adjustment at Every Date

When households are allowed to adjust housing at every date, the optimization problem becomes
Vp (bo) = ¢! log(h
7 (bo) ht>0{l§f§q>0§)ﬁ (log(ct) +log (1))
s.t. by = co + b1/ R + Pphy, (33)
by +wp+ Pyhy_q = ¢t + b1 /R+ Pohy forany t > 1,

— b1 <(1—@)Pyhy, foranyt>0.

We solve by backward induction, first characterizing the sub-problem from date 1 onward:
-1
-(1 log(h
hr>0ﬁia>0t§1 B - (log(er) + log(M))
s.t. by +wp + Prhy—1 = ¢t + Pohe + by 11 /R,
b1 > —(1— @) Pyhy.

Let B71A; and B!~ 'y denote the Lagrange multipliers on the budget and collateral constraints

at date ¢, respectively. The Lagrangian is

= b
L= Z ‘Bt_l log cr + log ht + )\t <bt + wy + Pght,1 — Ct — Pgl’lt — t;{rl) + Ut (btJrl + (1 — (,(_J)Pght) ,
t=1

with complementary slackness: u; > 0 and p; - [byy1 + (1 — @) Pohy] = 0.

The first order condition with respect to c; yields A; = Clt The first order condition with
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respect to b; + 1, combined with SR = 1, gives the Euler equation:

1 1
P = ﬁ(;t - E)' (34)

The first order condition with respect to h; is

1

="

P +@yt} : (35)
Ct

Define total wealth at date t as a; = b; + Pyhy_1, so that a; = by + Phg at the beginning of

date 1. Let W, = wy/(1 — B) denote the present value of lifetime labor income.

B.2.1 The Unconstrained Case

Consider a stationary allocation with ¢; = ¢, hy = h, by = b, and a = b+ P/h for all t > 1.

Substituting into the first-order conditions yields

Poh* (a) = ”+2W€, c(a) = (1—5)(2ﬂ+W£), b*(a) = a—ng

where a = a; = by + Pyhy. This solution satisfies the collateral constraint b > —(1 — @) Pyh if and
only if

w Wy

2 _

ap > a

I

A stationary allocation satisfying both the optimality conditions and the collateral constraint
therefore exists if and only if a; > a. For any such a4, the optimal allocation is uniquely deter-
mined and given by (c*(a),h*(a),b*(a)) above. The household maintains this allocation for all
t > 1, and the collateral constraint is slack in every period.

The continuation value is

1 * *
Vi (a1) = ﬂ(logc +logh*) =

2
1= IB log ((Jll + Wg) + Ky,
where K, = ﬁ log % is a constant. Note that V!, depends on b; and hy only through their
sum a; = by + Pyhy, since the household can freely re-optimize housing at date 1.

Substituting the continuation value, the date-0 optimization problem (33) reduces to

2
max logco + loghy + _'B log (b1 + Peho + W) + BK,

co, ho, b1 1

p
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s.t. by = co+ Bbi+ Phy, —b; < (1 — @)Pgho.
The first-order conditions yield

_WEW/R (=Bt W/R)
- f; Co = 7 s 1—

bo — (2— B)W,
Pfh() 0 (213) f'

Moreover,
a+W,  bi+Pho+W,  by+ BW,
2 2 B 2

Pih* =

Since BR = 1, we obtain hy = h*, and thus no housing adjustment occurs at date 1 onward. This
coincides with the solution under the simplified assumption in the main text.

Finally, the collateral constraint binds at date 0 if and only if the unconstrained b; violates
by > —(1 — @)Pyhy. This yields exactly the same threshold under the simplified assumption:

2-2B+@p

bQS%E "o

W,.

B.2.2 The Constrained Case

When a; < g, the unconstrained choice is not attainable at date 1. We show that the household
enters a transitional phase with the following properties: consumption and housing rise mono-
tonically toward their unconstrained levels (c; < ¢ < ---—=c* and h; < hy < --- —=h*), while
the shadow price of the collateral constraint declines to zero (y1 > pp > ---—0). Intuitively,
constrained households gradually accumulate savings to relax the collateral constraint, incre-
mentally increasing their housing each period as they approach the unconstrained optimum.

To begin, we show that no stationary allocation can be optimal when the collateral constraint
binds. This follows directly from the Euler equation (34). When the collateral constraint binds,
u¢ > 0, which implies ¢; < c¢41, contradicting stationarity.

To characterize the transition dynamics, suppose the household enters date t with total wealth
a; = by + Pghy_q, and the constraint binds, so that by ; = —(1 — @)Ph;. Substituting into the

budget constraint yields
ar + wy = ¢t + ¢ Prhy, where ¢ = 1—,8(1—(47) (36)

The parameter ¢ represents the effective per-unit cost of housing when the household borrows
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to the maximum. Total wealth entering date t + 1 is then

a1 = @ Py (37)

Since y; > 0, the Euler equation implies ¢; < c¢;y1, confirming that consumption rises along
the transition path. Combining the housing first-order condition (35) with h; = a;41/(@ Py)

yields

g
]
-

ar+1 Ct

Substituting the Euler equation for y; gives

ar41 Ct Ct Ct+1 Ct Ct+1 Ct  Cr41

‘a:l_ﬁ+@ﬁ<1— 1 ):1—,3+ca,3_a;/3:4>_a7

Together with ¢; = a; +wy — (¢/@) a;41, this defines a second-order nonlinear difference equa-
tion in a;. Given a; and a terminal condition (transition to the unconstrained regime), this system
determines the entire path.

We next establish that the wealth sequence a; is strictly increasing throughout the constrained
phase. Since a;11 = @ Pyh;, define a function g(a) = @ Pyhs(a), so that a;; = g(a;). One can
easily verify that a is a fixed point of §: at @ = g, the constrained and unconstrained solutions
coincide, giving g(a) = @(a + W;)/2 = a. Moreover, g(0) > 0 since households can borrow
against housing. The function g is continuous and increasing, starts above the 45-degree line at
a = 0 and meets it at a = a. If g were to dip below the 45-degree line at some a’ € (0,4), there
would exist an additional fixed point at which the household remains constrained indefinitely —
but at any such stationary point ¢; = c¢;4+1, which contradicts y; > 0. Therefore, no interior fixed
point exists, g(a) > a for all a € [0,a), and wealth is strictly increasing whenever the constraint
binds.

Although wealth rises in every period, the household reaches a only asymptotically and thus
never becomes unconstrained in finite time. To see this, linearize the wealth dynamics near a.
At the threshold, the constrained policy converges to the unconstrained one: Pyh — (a+ W;)/2,
and thus the wealth map becomes a;1 = g(a;) = @ Poh(a;) ~ %(at + Wy) near a; = a.

Define the gap ¢; = a —a; > 0. By definition: €;41 = a—ay1 = a—g(a:) = a— g(a — ).
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Expanding g(a — €;) around the fixed point g4, and substituting, we have

I\)‘&I

€141 ~ + €t

The gap shrinks geometrically at rate @ /2, and thus the household never reaches 2 in finite time
and the collateral constraint binds for all ¢ > 1. Collecting these results, on the constrained path
consumption rises monotonically, housing rises monotonically, and the shadow price declines
geometrically to zero.

In general, the constrained value function does not admit a closed-form solution. It satisfies

the Bellman equation
Vclon (61) = mhax (108(” +wy — (Ppéh) + logh + :BVclon (a_}PEh))

At date 0, when the constraint binds, co = bg — ¢ Pyho, with the only difference from ¢t > 1

being the absence of wage income. The household chooses hy to maximize
log(bo —¢ Pgl’lo) +log ho + B Vclon(c?) Pgho)

and the first-order condition is

hi =P L. pw (Vclon)/(al)] =D [1 —F + @VO} (38)
0 Co Co

with the Euler equation po = B(1/co —1/¢1) > 0.

Finally, one can show that as long as the collateral constraint binds, the household allocates
more than one-half of each additional dollar to housing. Housing equity (wP/h) serves as the sole
vehicle for wealth accumulation under the binding constraint, so each dollar spent on housing
delivers both direct utility and a relaxation of the future collateral constraint. This dual benefit
raises the effective marginal value of housing relative to consumption and induces the household

to tilt marginal resources toward housing.
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C Quantitative Model

C.1 Household Problem

Renter’s problem. For a household that chooses to rent in location ¢, the owned house in
location o; is set aside. The household then makes consumption-savings decisions and chooses

the amount of housing services to rent. That is,

Viente(x1) = max  u(c,h, Ago;0,ht,ar) + p(ar) BEe,,, [I?eacx {]Ezf+1 [Via(xe41) [brsa] + e(ﬂt+1)€d,t+1H

bH»l/Crh}

+ (1= p(ar)) - (b1 + hp1Po, 41 (1 — 5p41))
st.c+hRy; + %bm + Py, thid" = wy — Fy
bt > —(1—@)Py, (1 —s1), h > g
Wi = b1 + 201G (A1) Wa g1, heyr = i, 0441 = 04, Sp41 = 81, g1 = ap + 1.

(39)

In the budget constraint, in addition to consumption and rental housing expenditures, the house-
hold must also pay maintenance costs for the owned house in location o;. We assume that there

is a minimum size requirement for renting, denoted by hp.

Stayer’s problem. If a household chooses to live in their previously owned house, which is
feasible only when ¢ = o;. He/she only optimizes in consumption-savings decisions after paying

the cost of housing maintenance. That is,

Vstay (x¢) = max_ u(c, §"hy, Ay ;1 e, ar) + p(ar) BE, [%&X {]EZ,H Vea(xe41)|bra] + e(ﬂt+1)€d,t+1H

{brir.c}

+ (1= p(ar)) - 9(bga + hega Poyyy 41 (1 = 8141))
s.t.c+ %bt+1 + Pot,thtéh =w; — Fyy

b1 > —(1— @) P, tht(1 —s¢)

W1 = b1 + 261G (A1) Wa g, Be1 = hy, 0441 = 04, Se41 = St, App1 = ap + 1.

(40)
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C.2 House Production
We assume that in each location, new houses are produced by representative home developers
who solve the following optimization problem given land supply L, ;:

max Py B,L;;*N* — Wi;N, (41)

where By is a time-invariant supply shifter that affects the floor-to-area ratio across different
locations, L;; is new residential land supply, and N is effective unit of labor used in home

production. The optimization delivers the following housing supply function:

1/(1=A), A
Y&t:BZ/( )(let

B(/t

A o
)TA -PL Loy =YY, (42)

C.3 Calibration
C.3.1 Cluster of cities

We pool all the cities into five locations based on their house prices in 2015. Location 1 consists
of the top three cities — Beijing, Shanghai and Shenzhen, whose house prices far exceed other
cities. Location 2 consists of Tianjin and the capital cities of the four most developed coastal
provinces (Jiangsu, Zhejiang, Fujian and Guangdong) plus Wenzhou and Xiamen whose house
prices are comparable to that of the provincial capitals. Location 3 consists of the other cities
in these four provinces. Location 4 and 5 consist of the capital and non-capital cities of other
provinces, respectively.® Figure A.5 shows that this clustering largely preserves the geographic
dispersion in house prices and, more importantly, captures the majority of household migration.
Between 2016 and 2020, migration across these five locations accounts for 77% of all intercity

migration.

C.3.2 Households

Preferences. We assume the following constant relative risk aversion (CRRA) utility:

(1 — ap)c + aph) 5 )

e(a)u(c,h, A) :e(a)(g%— 1—¢

39We exclude four autonomous regions and three most distant provinces (Hainan, Gansu and Qinghai). By 2015,
migration to and from these regions and provinces account for only 10% of all intercity migration.
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Figure A.5: Cluster of Cities

Note: This figure plots the province average house prices in 2015 against the city’s house price scaled by
the province average house prices.

e(a) is an equivalence scale to capture deterministic changes in household size and composition
over the life cycle. We set it following Giannone et al. (2023). We set the coefficient of relative
risk aversion ¢ to 2. The parameter 7 governs the intratemporal elasticity of substitution between
housing and non-housing consumption. The existing estimates of this elasticity varies a lot —
for instance, Favilukis et al. (2023) uses a value of 2/3 while Li et al. (2016) estimates it to be
0.487. We use an intermediate value, which corresponds to an 7 of —0.7. Solving the renters
optimization problem with respect to consumption and housing services subject to the budget
constraint, we derive the following expression for the expenditure ratio between housing rent and
consumption, & = R (%) 71. We calibrate the preference weight on housing &), in order to
match the average expenditure ratio observed in the CHFS data between 2017 and 2019, yielding
the value of 0.05.

We assume the following functional form to evaluate bequests w;, when household dies,

p(wy) = @

Following Kaplan et al. (2020) and Giannone et al. (2023), we calibrate ¢ to match the ratio of
liquid wealth at age 56-60 to liquid wealth at age 41-45. This results in a value of 10.
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Demographics. We model eight working-age groups (@ = 8), covering ages 21 to 60. We cali-
brate the five-year mortality rate p(a) to match Census 2020 data.

Labor earning. We set the income tax rate 7"V to 10.3%, including pension of 8%, medical
insurance of 2%, and unemployment insurance of 0.3%. The age-specific profile G(a) is chosen

to match the mean of labor earnings by age. Using household income data from the CHFS, we

divide observed pre-tax wages by 111\/% to obtain a measure of G(a)z;;, and then compute the

average by age to calibrate G”.

For idiosyncratic income risk z;;, we first back it out by normalizing observed pre-tax wage

by 1V_vi’w - G". We define four grid points corresponding to the average of the normalized pre-tax
wage within the 0-25%, 25%-75%, 75%-87.5% and 87.5%-100% percentiles and assume its follows

an i.i.d process.

Discount factor. We calibrate § to match the ratio between the average liquid wealth and earn-

ing. This implies an annualized B = 0.985.

Amenities and migration. In our migration cost specification, the age-dependent component
«1(a) is calibrated to match the average out-migration profile over the life cycle, resulting in an
average value of 3.55 across age groups. The bilateral term #;(¢,d) is calibrated to match the
empirical bilateral migration shares. When a household owns a new house in a destination
different from its current housing location, an additional migration cost x3 is incurred. We
calibrate x3 to match the observed share of households that change housing locations, which

implies a value of 0.8, close to a quarter of average «;.

We calibrate the inverse migration elasticity v = 0.4, consistent with values found in the
literature. Caliendo et al. (2019) estimate an annual cross-state migration elasticity of 0.5 for the
U.S. economy. In contrast, Tombe and Zhu (2019) estimate a long-run migration elasticity of 2.54
in a static model of Chinas economy. Based on these estimates, we target a 5-year migration

elasticity of 2.5, which implies an inverse elasticity of v = 0.4.

We calibrate the amenity values for each location, {A,}, to match the observed population
distribution between 2016 and 2020. Normalizing the amenity value of location 1 to zero, the
calibrated amenity values for the remaining four locations are -0.09, -0.11, -0.16, and -0.22, re-

spectively — indicating that the top three cities, Beijing, Shanghai, and Shenzhen, offer relatively
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higher amenities. For households who reside in location ¢ but own a house in a different location
0, we assume they derive utility from the average amenity value of the two locations. That is,

Avg,C, = %(Ag + Ao).

Initial distribution of individual household states. The economy starts with a distribution of
households who are characterized by the residence location ¢ and individual state variables xy,
which is given by (¢, 4, zo, by, ho, 00,50). In the representative sample of the National 1% Popu-
lation Survey Data of 2015, we can directly observe the (¢, 4, hy, 09, so) for all urban households
that live in their own houses. We define a house to be shanty if the house was constructed before
1990, or there is no formal kitchen and bathroom in the house. For those that are renting, we ran-
domly assign them with sy based on the share of shanty and normal houses in their originating
cities. Given sg, we use the average shanty and normal house size for their k.

The Population Survey Data has no information regarding the income z and asset b. To take
into account the dependence of (z,b) on (¢,a, hy,00,50), we use the CHFS data of 2015 and 2017
to infer the distribution of (z,b) conditional on (4,4, ho,00,50). Specifically, using the CHFS data
of 2015 and 2017, we first estimate the conditional mean of log(z) and b with the following

regression:
y=pB s+ B h+ags+a,+a+e.

The regression also yields a distribution of the estimated residual term, €* and €’. We find no
obvious dependence between the conditional mean of log(z) and €*. Thereby, we randomly draw
€” from the estimated distribution and add it to the conditional mean, and then take exponential
to recover our estimated value of z. For b, there appears to be some dependence between the
conditional mean and €. Therefore, we first sort households in the CHFS sample into ten groups
based on the conditional mean of b, and get the estimated distribution of €’ for each group.
Then with the Population Survey sample, we calculate the conditional mean of b and randomly
draw €’ from the corresponding group and add it to the conditional mean. Figure A.6 plots the
distribution of the actual z and b with the calibrated values based on the CHFS 2015 and 2017
sample. The distribution of the predicted value of z and b based on the procedure above matches

the data fairly well.

63



8
Density
2.0e-06  3.0e-06  4.0e-06
L L L

1.0e-06
|

o - —_

T T T T T T T T T T T T
0 2 4 6 8 10 -2000000 -1000000 0 1000000 2000000 3000000

[_ Data [ Predicted ‘_ Data [____] Predicted
(a) z (b) b

Figure A.6: Comparing Actual and Calibrated z and b

Note: This figure plots the distribution of the actual z and b with the calibrated values based on the CHFS
2015 and 2017 sample.

C.3.3 Housing

We set collateral haircut @ to 0.3 to match the Loan-to-Value ratio of the first home mortgage.
We follow Kaplan et al. (2020) and Giannone et al. (2023) to set annualized o" = 1.5%. We set
0 = 2.5% to include deed tax and agency fee and set T = 2% to include capital income tax
and agency fee. To calibrate the minimum size requirement, from the Population Census data
of 2015, we use the 10% percentile of the house size distribution among households that own or

rent houses. We set i = 50 square meters and hy = 40 square meters.

Housing grids. Conditional on the dynamic consumption and savings decision, renters solve a
static optimization problem to allocate resources between the consumption good (c) and housing
services (h), which yields a closed-form solution for optimal consumption and housing expendi-
ture. In contrast, for homeowners, the choice of housing services is dynamic. To proceed with
the computation, we generate the following housing grid, starting from the minimum house size:
{50, 65,80,95,110, 140,170}. The value of 170 square meters corresponds to the 95th percentile in

the size distribution in the data.

Homeownership preferences. We govern ¢ to match the observed average size ratio between

owned and rented housing. This results in " = 0.15.20. We calibrate {"(a) to match the life-cycle

400ur preference specification features complementarity between consumption ¢ and housing services h, with 7 < 0.
To ensure that homeowners purchase larger houses than renters, it is necessary that ¢ < 1.
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profile of tenure choices. The calibrated values are significantly lower for younger individuals
(e.g., —0.05 for ages 21 - 25) compared to middle-aged groups (e.g., 0.22 for ages 41 - 45), reflecting
the increasing propensity to live in their own houses. The parameter ¢" is calibrated to match the
observed share of shantytown homeowners who purchase new formal housing in their current

residence after receiving a cash settlement from the house location, resulting in ¢ = 0.35.

Housing Production Function. The developers’ optimization problem implies the following

floor-to-area ratio at city 7 in year t:

P

A
log(floor2area;;) = —— log(
Wi

1-A

)+

) log(B;) + constant

To estimate A, we run the following regression using city panel data during 2010-2022:

P
Wit

log(floor2area;y) = B - log( )i tarteiy (43)

We estimate B to be 0.061 with a standard error of 0.03. We then back out A = % = 0.0577.
With A, we calculate B, to match floor2area;;, the average floor-to-area ratio of all land

transactions in location ¢ in 2016-2020 weighted by the land size:

Wi

B, = (floor2area; )1~ - (=—=)".
0= (f 01) (P€,1A>

Land Supply and House Requisition. Denote the housing stock in the baseline economy with

cash resettlement program by {Hj, }. Under the baseline prices {P;,, W/, }, land supply from the

program can be used to produce housing supply of B}/(lf)‘) : (%—}A)A/(l_)‘) LSy, for t € {1,2,3}.
g 0t
The housing stock net of this supply is
min(3,t) P* A
H,, = H}, — B;/(l_)‘) | Vf/} WA LS, - (1—sh)T
=1 T

We back out the government land supply and house requisition based on the sequence of {H;, }.

Specifically, if Hy, — (1 — (Sh)Hélt_l > 0, we set Yy; = 0 and calibrate L;; so that

' Iy 1y 1/(1-2) P;/t/\ A (1=A)
Hf,t - (1 =9 )Hé,t—l = Bg : ( W ) : Lé,t
0
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If Hy, — (1—¢6")H},_; <0, weset Ly; =0 and

Speculation.
sionals and economists on house price growth during the past year and find a coefficient estimate
of 0.538. Assuming the annual house price growth fits an AR(1) process with coefficient of 0.538,
we can calculate that on the steady state path, the extrapolation parameter, p, will be about 0.2
for house price growth over five-year horizon. Given p = 0.2, we can calibrate R; such that the

average rent-to-price ratio by Equation (25) equals the average value in the data in 2016-2020,

which yields a value of 1.24.

C.3.4 Other Parameters

We set R to be the five-year deposit rate in 2015, which gives R = 1.145. We set borrowing spread

t = 13.3%, which is the average spread between five-year time deposit and mortgage loan rates.
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Table A.1: Parameter Values

Parameter Interpretation Internal Value Moment: model (data)
Space
L No. of locations N 5
Ay Amenity Y 0, -0.09, -0.11, -0.16, -0.22 Population distribution Figure A.7
Zyy Productivity N
By Housing supply shifter N
Ly, Yf’, ¢ Land supply Y 2016-2020: 0.85, 0.67, 0.42, 0.52, 0.60 Housing market clearing
Demographics
a No. of age groups N 8
p(a) Mortality rate N
Preferences
e(a) Equivalence scale N
o Relative risk aversion N 2
Ui Elasticity of substitution N -0.7
«p Housing preference weight N 0.05
B Discount factor Y 0.985 Ave. liquid wealth / ave. income 0.31 (0.29)
7 Bequest Y 10 Ave. liquid wealth 56-60 / 41-45 0.85 (0.86)
Earning
G(a) Age-specific profile N
{24} Idiosyncratic income state N
T, Transition matrix of income state N
™ Income tax N 10.3%
Housing
w Collateral haircut N 0.3
o Housing maintenance cost N 1.5%
hb hs Deed tax, capital income tax N 2.5%, 2%
h, hy Minimum housing requirement N 50, 40
7"(a) Age-specific profile Y 0.05,0,0.07, 0.12 Tenure choice over life cycle Figure A.7
0.22, 0.12, 0.05, 0.035
& Utility loss of not owing a house Y 0.35 % of the treated migrants purchasing new houses 58% (55%)
1ph Relative house size Y 0.15 Ave. size of owner- / renter-occupied house 2.05 (1.96)
A Labor share of home production cost N 0.0577
o speculation N 0.2
Rs Landlord required return rate Y 1.24 Average rent-to-price ration in 2016-20
Migration
. . 0.3,1.4,23,4.1 - . .
x1(a) Age-specific profile Y 75,64,35,29 Migration over life cycle Figure A.7
K2 (¢, d) Bilateral migration cost Y Bilateral migration patterns Figure A.7
K3 Cost of changing house location Y 0.8 % of households changing house location 3.01% (3.69%)
v Migration elasticity N 0.4
Financial instrument
R 5-year deposit rate N 1.145
! Borrowing spread N 13.3%
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Figure A.8: Household Migration and House Tenure: Cash, No and Voucher Resettlement

Note: For treated non-migrants in 2015, Panel (a) plots the share that out-migrates from each residence
location to each destination in 2016-2020. Panel (b) plots the share that remains in the 2015 residence
location in 2016-2020. Panel (c) and (d) plot the counterparts for treated existing migrants in 2015. For
each residence location or location pair, the three bars correspond to cash (left), no (middle) and voucher
resettlement (right), with colors indicating tenure choices in the destination.
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Figure A.9: Household Migration and House Tenure Choice: Cash, No and Voucher Resettle-
ment, General Equilibrium

Notes: For treated existing migrants in 2015, Panel (a) plots the share that remains in the 2015 residence
location in 2016-2020. For treated non-migrants in 2015, Panel (b) plots the share that out-migrates from
each residence location to each destination in 2016-2020. The two bars correspond to cash (left), no (mid-

dle) and voucher resettlement (right), with colors indicating housing tenure choices in the new residence
location.
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Figure A.10: Lifetime Housing Expenditure Multiplier, Cash vs Voucher Resettlement, General
Equilibrium

Note: This figure plots the average lifetime housing expenditure multiplier for different household wealth,
age, and residence location and house location under cash and voucher resettlement.
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Figure A.11: Counterfactual Resettlement and House Price, Role of Speculation, 2016-2020

Note: This figure plots the change in equilibrium house prices across locations under no resettlement

relative to the baseline with cash resettlement for different ps.
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