Floating population: migration with(out) family and

the spatial distribution of economic activity”

Clément Imbert Joan Monras Marlon Seror
Yanos Zylberberg

December 21, 2023

Abstract

This paper argues that migrants’ decision to bring their dependent family mem-
bers shapes their consumption behavior, their choice of destination, and their sen-
sitivity to migration barriers. We develop and estimate, using Chinese data, a quan-
titative general equilibrium spatial model in which rural workers choose whether,
how (with or without their family), where to migrate, and how to allocate their
consumption across space. The model rationalizes the empirical evidence: Rural
migrants disproportionately move to expensive, unwelcoming cities, live without
their family, and remit substantially. We quantify the role of migration frictions
(e.g., hukou policies) in explaining these patterns and show that, by changing the
relative value of consumption across space, they contribute to the rise of non-family
migration and to the emergence of mega-cities.
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1 Introduction

Many economists have argued that rural-urban migration improves migrants’ welfare
and contributes to economic development due to the higher productivity in the urban
sector and agglomeration externalities (Au and Henderson 2006b, Gollin et al. 2014,
Bryan et al. 2014, Lagakos et al. 2023, Chauvin et al. 2017). Yet, many governments
in developing countries are concerned about the emergence of mega-cities and its nega-
tive consequences: e.g., slum proliferation, traffic congestion, crime, and environmental
pollution (United Nations 2018, Bryan et al. 2020, Akbar et al. 2023, Khanna et al. 2021).!
These concerns have often prompted the implementation of policies that restrict rural
migrants’ access to public goods and other amenities in urban areas.’

In this paper, we argue that these policies may be ineffective because they ignore
one crucial aspect of migration decisions: whether to bring family dependents or leave
them at origin. Our reasoning is simple. Faced with limited access to public goods,
amenities, and housing at destination, migrants are more likely to leave young children
and the elderly behind and send a large share of their income as remittances. Since their
objective is to send money back, migrants choose to locate in high-wage cities where
they live in low-quality housing, thus avoiding the full burden of high housing costs
and other congestion forces. Hence, paradoxically, policies aiming to curtail migration
contribute to the emergence of mega-cities with high shares of non-family migrants—a
pattern that we observe across the developing world.’

China in the 2000s is a case in point. Between 2000 and 2005, around 30 million rural
migrants moved to cities in one of the largest internal migration episodes in history. As a
result, cities in China grew by about 10 percent in only 5 years, with substantial hetero-
geneity across destinations. The cities that grew the most were the most expensive and
least welcoming,’ and migrants typically endured difficult living conditions there while
leaving their children behind.” This massive movement of population was regulated by
the hukou system, which imposed restrictions on rural workers and limited their access
to public goods at destination, most prominently health care and education, in a way

similar to developed countries’ policies toward international migrants.

In 2018, the United Nations (2018) counted 33 mega-cities—cities of at least ten million inhabitants—
home to about 12% of the world population, of which 27 were in low and middle income countries.

2Qut of the 185 countries surveyed for the 2013 Revision of the World Population Policies database,
many of which developing countries, 80% had policies aimed at reducing rural-urban migration (United
Nations 2013). This share was on the rise compared to the previous survey (38% in 1996).

3We provide evidence for this empirical regularity in Appendix Figure B.1, relying on a collection of
149 censuses across 55 countries.

*The most important predictors of population growth across cities were nominal prices—wages and
housing rents in 2000—and exposure to international trade. See Figure B.2 and Table B.1 in Appendix B.1.

>Fifteen million families decided to leave their children in villages, often with grandparents and other
relatives (see e.g. Gao et al. 2022). This pattern of migration was more prevalent in large, expensive cities.



Our main hypothesis is that restrictive migration policies encourage migrants to
leave children and the elderly behind, sort into cities that pay high wages even if they
are expensive and unwelcoming to migrants, and remit a large share of their income to
their family members at origin. Testing this hypothesis is challenging for at least three
reasons: (i) migration decisions and migration policies are endogenous to economic con-
ditions at destination; (ii) in general equilibrium, migration flows influence housing and
labor markets at destination; and (iii) existing spatial equilibrium models of migration
do not consider the (endogenous) decision to migrate with or without family.

To overcome these challenges, we motivate, develop, and estimate a model of family
migration in spatial equilibrium using various instrumental variable strategies. Specif-
ically, we proceed in four steps. First, we document a number of empirical facts using
detailed census data on bilateral rural-urban migration and data on other aspects of the
migration experience in China such as remittances, which we obtain from the nationally
representative China Migrants Dynamic Survey (CMDS). We show that rural migrants
disproportionately concentrate in high-wage, high-rent destinations. This pattern is sim-
ilar to what happens with international immigrants in the United States (Albert and
Monras 2022): Rural migrants in China do not seem deterred by the high housing costs
of large cities, presumably because they value what the high nominal wages in those
destinations can buy at origin. Indeed, we also document that rural migrants leave part
of their family at origin and consume low housing services at destination, especially so
in more expensive cities. In the cheapest destinations, rural migrants are as likely to
live with their family as urban residents and only 20 percentage points more likely to be
living in poor housing conditions. By contrast, rural migrants are 40 percentage points
more likely to live without family and in precarious housing in the most expensive des-
tinations. In line with this story, we show that migrants who decide to leave family
members behind remit substantially more than others.® We take these facts as sugges-
tive evidence that migration choices depend on wages and housing prices at destination,
but also on the relative costs and opportunities of migrating with or without the entire
family, which in turn affect the spatial distribution of economic activity.

The second step of our analysis introduces these elements into a general equilibrium
quantitative spatial model of location choice that tries to capture the essential forces
behind the migration experience in China during the early 2000s. In the model, rural
households, who are exogenously born in different locations, can decide to remain in
their birthplaces or move across a set of urban locations characterized by different pro-

ductivity fundamentals. As in standard spatial models, higher productivity cities sustain

%In addition, we document a strong positive gradient of the share of income that is remitted with
housing prices at destination, suggesting that immigrants substitute away from local expenditures when
prices at destination are higher.



alarger population, higher wages, and higher housing costs in equilibrium. Rural house-
hold heads decide whether to migrate, how (whether to leave family behind or not), and
what destination to choose within a nested structure. The key mechanism in our model is
as follows. If consumption were to take place at destination only, high nominal wages in
a location would not necessarily make the location more attractive to migrants because
of high housing prices. However, when an (endogenous) fraction of consumption takes
place at origin, rural migrants have strong incentives to locate in high-wage, high-rent
locations. This preference for high-wage, high-rent locations is even stronger among mi-
grants who decide to leave family members behind, and hence, consume a higher income
share at origin. Complementarities between consumption and amenities at destination
reinforce this mechanism.

In the third step of our analysis, we estimate the main parameters of the model us-
ing plausibly exogenous variation in housing prices, wages, and relative migration costs.
The model depends on a few key elasticities. We estimate the elasticity of substitution
between consuming non-tradables at destination and remitting using variation from ge-
ographic constraints to housing development in the city limits, adapting empirical strate-
gies proposed in Saiz (2010) and Harari (2020) to the Chinese context. We use this elas-
ticity and information on expenditure shares on housing to compute price indices—and
thus real wages—that are relevant to each migration mode (moving with or without the
family) across destinations. We use variation in location-specific productivity, as com-
puted from firm-level data prior to the migration takeoff of the early 2000s, and exposure
to international trade to predict which destinations can sustain higher real wages (Fac-
chini et al. 2019). This variation allows us to estimate the elasticity of substitution across
different destinations, both among family and non-family migrants.

The previous parameters discipline the choice of locations conditional on the mi-
gration mode. We next estimate the crucial parameters that govern how and whether
households migrate. We exploit the gravity forces behind migration flows and the fact
that destinations might be more or less “family-friendly”: Intuitively, some origins are
closer to expensive cities or cities with tough immigration policies and hence tend to ex-
perience larger shares of emigrants without family. We compute the (model-based) rela-
tive expected value of migrating with or without family from each origin and instrument
this relative value of family migration in two different ways: (i) by leveraging exogenous
variation in nominal prices to compute the real wages relevant to family migrants rela-
tive to non-family migrants across destinations; and (ii) by using a historical predictor of
hukou stringency at the prefecture level (Zhang et al. 2020), which we both embed into
a gravity structure. Finally, we estimate the elasticity of substitution between staying

and moving away from origin locations. We rely on exogenous variation in the price



of agricultural commodities combined with cropping patterns across origins, following
Imbert et al. (2022).” This overall process allows us to estimate the three nests—whether,
how, and where—of the migration model, an innovation in the migration literature that
allows us to recover more realistic migration costs.®

In the fourth step of our analysis, we use our framework to explore various coun-
terfactuals yielding (at least) three insights. First, we show that, in settings with large
differences in living standards between origins and destinations, the possibility to remit
is instrumental in shaping the mode and spatial distribution of migration. Without the
possibility to remit, rural-urban migration would be 20% lower, a decrease driven by the
much lower number of migrants without family sorting into select cities. Second, we
show that a uniform reduction in migration costs would result in an increase in over-
all migration, mostly driven by family migrants, across all urban agglomerations. By
contrast, frictions that affect the relative value of consumption across space have ma-
jor redistributive effects across cities: Migration policies and amenities that discourage
migrants to consume at destination (or encourage them to consume at origin) would in-
crease migration, increasing the flow of non-family migrants to the largest, most expen-
sive agglomerations. Standard models without family migration or remittances would
have little to say about the spatial distribution of economic activity shaped by this type
of migrant choices. Third, our model allows us to evaluate the 2014 hukou reform, which
is sometimes described as a relaxation of migration restrictions. Our model suggests, in-
stead, that the reform led to a modest decline in overall migration. Indeed, migration
restrictions were lowered in locations that were not very attractive to migrants to begin
with, and were tightened in typical migrant destinations. Through the lens of the model,
we show that migration policies in China are regressive, including the 2014 reform: They
benefit richer urban residents (and mostly those living in select cities) at the expense of
poorer, rural households.

Overall, we think that our empirical evidence, model, and counterfactual exercises

"We close the estimation of the entire model by using emigration shocks across origins to estimate
the production function of tradables and non-tradables in each destination, following a shift-share design
close to the one developed in Imbert et al. (2022).

8With these estimates, we can use the model structure to back out bilateral migration frictions as the
residual that separates our model from the data (following methods developed in the spatial equilibrium
literature, see Redding and Rossi-Hansberg 2018), and do so by migration mode. These methods have been
used in the migration literature by Bryan and Morten (2019) and Tombe and Zhu (2019). However, these
papers ignore the disproportionate costs that migration barriers might put on family migration. We show
in Appendix E.3 that estimating bilateral migration frictions that vary by migration mode is crucial in our
setting. Note that the structure of our location model (with three nests) implies that we need to adapt
these methods to a multiple-nest structure as we further explain in Appendix D.2. A recent contribution
discusses the issue related to the sparsity of the bilateral migration matrix, i.e., there are many pairs of
origins and destinations without any (recorded) migration flow (Buggle et al. 2023). We develop a similar
method, applied to our context in order to estimate our migration elasticities.



provide a novel framework to think about the role of migration frictions in shaping the
spatial distribution of economic activity. Frictions crucially affect how households mi-
grate and how they allocate their consumption across space, leading to a sizable “floating
population.” With this framework, we evaluate how Chinese migration policy affected
internal migration and welfare. Beyond this context, our approach is useful to under-
stand the role of migration barriers and migration policies—which oftentimes impose
disproportionate costs on the consumption of migrants with young children—both in-

ternally, in transforming economies other than China, and internationally.

Related literature Our paper is closely related to structural models of location choice
that study frictions to labor mobility (especially Bryan and Morten 2019, Tombe and Zhu
2019). Relative to this literature, we argue that it is important to incorporate family con-
siderations in order to explain a few key empirical regularities of rural-urban migration,
to obtain more realistic estimates of mobility frictions, and to study the effect of mi-
gration policy. We also innovate by using various sources of exogenous variation both
across origins and destinations to estimate a migration model with multiple nests. We ar-
gue that allowing for a rich structure of substitution across migrant choices is important
for studying the relationship between migration frictions, migration, and the distribu-
tion of economic activity.” More generally, our work relates to the numerous studies that
explore the nature of frictions to labor mobility (e.g., Bryan et al. 2014, Adamopoulos et
al. 2022, Brandt et al. 2013, Ngai et al. 2019, Gai et al. 2021, among others), and how these
frictions shape aggregate outcomes (Hsieh and Moretti 2019, Lagakos et al. 2023).
Second, our work belongs to the body of research that emphasizes the ties that mi-
grants keep to their origin, either through the study of remittances (see Yang 2011, for a
review), family left-behind (see Antman 2013, for a review), or temporary migration (see
Dustmann and Gorlach 2016, for a review). The closest contributions from this litera-
ture are Lessem (2018), who uses a (partial equilibrium) life-cycle location choice model
that takes into account spouses to study how wage differentials between Mexico and
the U.S. and border enforcement affect the patterns of return migration, and Albert and
Monras (2022), who argue that the value of remittances affects the allocation of inter-
national migrants across American cities. Neither of these two papers, nor the many
others surveyed in the reviews of the literature, study how migration policies may affect
family and non-family migrants differentially and how migrants’ decision to move with
or without family affects the spatial distribution of economic activity. Our approach also

differs in a few other dimensions: Most of the previous literature focuses on international

°Liu (2023) makes a similar point when studying how migrants substitute across modes of entry and
occupation choices in response to U.S. international migration policy using a structural model.



migrants while we study a within-country context, China, with approximately as many
internal migrants in 2010 as there were international migrants worldwide (210 million),
and where many of these migrants lived at destination without their family, with well-
documented negative effects on the children left-behind (Li et al. 2015, Démurger and
Wang 2016, Bai et al. 2018, Gao et al. 2022). Moreover, Chinese data enable us to con-
sider migration flows with and without family between the full set of possible origins
and destinations, to study remittance behavior, and to exploit plausible exogenous varia-
tion in migration frictions. This richness in data availability and identification strategies
is hard to find in studies of international migration.

Third, our work is related to the large urban literature discussing the role of agglom-
eration and dispersion forces in disciplining city size (Tabuchi 1998). A particularly close
contribution is Au and Henderson (2006a), which relates city size in China to migration
barriers: (productive) cities are too small, with implications for aggregate productivity
(Au and Henderson 2006b). One crucial insight of our study is that rural migrants are able
to reap the gains from agglomeration and partly escape its costs. This channel explains
why such migration barriers were unable to restrict the subsequent emergence of mega-
cities. Another related paper is Garriga et al. (2023), who study how rising demand for
housing and expectations of future growth in Chinese cities shape house price dynamics.
We bring to this literature the insight that frictions and amenities at destination reduce
the incentives of migrants to bring their family (as in Gao et al. 2022), which makes them
less sensitive to congestion forces (as in Albert and Monras 2022), resulting in important
consequences for city growth not studied in prior literature. The same mechanism could
apply to international migration restrictions, which may increase pressure on the most

productive and congested destinations.

2 Data and institutional framework

This section presents the institutional framework, the main data sources, and descrip-
tive statistics about migration patterns and living arrangements in cities. We leave to
Section 5 discussions of the empirical strategy and data underlying the identification of

the key parameters guiding migration choices.

2.1 Migration barriers in China

A distinctive feature of the Chinese context is the formal policy restricting internal mi-
gration: the hukou registration system, introduced in 1958. Between 1958 and the late
1970s, migration was effectively illegal in China unless mandated by the government.

We can distinguish three major phases in the development of the hukou system since



the beginning of the Reform era.

Before 2000, essential services such as food provision were still attached to the place
of household registration, which severely curtailed individuals’ ability to work outside
of their places of origin for long periods of time (see, e.g., Zhang et al. 2018). Local food
self-sufficiency—a major tenet of Chinese development following the disastrous procure-
ment policies during the Great Famine (Meng et al. 2015)—implies that migration re-
strictions, which the central government was gradually devolving to local governments
(Song 2014), closely mirrored grain reserves and were therefore heterogeneous across
space (Cai et al. 2001). Figure 1 shows that migration between prefectures was limited
and progressed at the pace of the liberalization of the urban economy.

From 2000 onward, food provision and place of registration became separate, but
hukou type continued to condition access to public goods. Agricultural hukou holders
would still have access to land at their registration place, while non-agricultural hukou
holders would have access to welfare benefits and public services (e.g., enrollment in
local schools, access to healthcare, urban pension plans, and subsidized housing). Due
to the growing decentralization of migration policy in the Reform era, this general rule
however masks considerable variation across locations in terms of hukou stringency,
thus affecting the lives of agricultural hukou holders in cities. In some cities, migrants
would need to return to their places of registration for basic services such as education
and healthcare or would be charged higher fees at their destination, while access to pub-
lic services would be more inclusive in others (Song 2014). Different access to services
implies heterogeneity in migrants’ likelihood to leave their dependent relatives behind.

In 2014, the central government partly reduced the discretionary nature of local reg-
istration policies and imposed a gradual relaxation of migration restrictions in lower-tier
cities (Zhang et al. 2018): While the largest, “first-tier” cities raised migration barriers
and second-tier cities did not experience systematic changes, cities below 1 million in-

habitants typically loosened their restrictions.

One of our objectives is to investigate the effect of migration restrictions—their level
but also their heterogeneity—on mobility between rural and urban areas and on mi-
grant allocation across destinations. To measure hukou stringency, we follow Wu and
You (2021) and use census data from 2000 and 2010, which record whether people were
born in a different county, whether they were registered locally, and their registration
type (agricultural or not). We compute the registration probability as the share of 15-64
year-old work migrants born in another county who were registered locally with a non-
agricultural hukou. The proportion is 9% in 2000 and 12% in 2010. To measure hukou

restrictions in the 2010s and quantify the large-scale reform of 2014, we rely on Zhang



Figure 1. Evolution of the migration rate by hukou type.

Notes: This figure represents the internal migration rate in China between 1990 and 2010, using Population Censuses (1990, 2000, and
2010) and the 2005 Mini-Census. A migrant is defined as an individual whose prefecture of residence is different from her prefecture
of household registration. “Rural” and “urban” refer to agricultural and non-agricultural hukou holders, respectively.

et al. (2018), who collected policy documents to create various indices of the ease with
which migrants can obtain a local urban hukou across 124 Chinese cities, before and after
the 2014 reform.”” In Appendix A.2, we provide additional discussion of these measures
and combine them with auxiliary survey data on rural-urban migrants to shed light on

the meaning of migration restrictions, in particular in terms of access to public goods.

2.2 Migration data

Migration flows Our main data source is the 2005 1% Population Survey (hereafter,
2005 Mini-Census”), which we use to measure migrant flows, returns to labor, and local
prices."’ The sampling frame of the “2005 Mini-Census” is the Public Security Bureau’s
2004 population registry and covers the entire Chinese population, regardless of migra-
tion status. We use a random 20% extract of the micro-data to characterize each indi-

vidual’s migration situation, based on their current place of residence (the destination),

%Qur baseline measure is a composite index, which summarizes different channels through which
migrants could obtain local registration. The “employment” component of this index is most relevant to
rural migrants (e.g., having a high-school degree, legal and stable residence and employment for a certain
number of years, no criminal record, etc.). The other channels of hukou conversion, e.g., the purchase of
a residential unit, investment, and eligibility for “talent” programs, are less likely avenues for unskilled
rural migrants.

QOur analysis also relies to a lesser extent on local population, local prices, local amenities, and migrant
flows, as extracted from Population Censuses in 1990, 2000, 2010, and from the “2015 Mini-Census.” We
mostly use these alternative sources in robustness checks and/or to define baseline characteristics at the
local level.



their place of household registration or hukou (the origin), their hukou type (agricul-
tural or non-agricultural), and their family situation. Information on the date of arrival
at destination allows us to create a bilateral prefecture-level matrix of migration flows
covering the period 2000-2005. Throughout the empirical sections of the paper, we de-
fine a migrant as an individual residing in a different prefecture from her prefecture of
registration.'” According to this definition, 5.6% of the Chinese population in 2005 were
internal migrants, most of which (80%) originating from rural areas. Figure 1 puts these
rates in perspective using similar data from the 1990, 2000, and 2010 Population Cen-
suses. The migration rate series shows a structural break around 2000, corresponding to
China’s accession to the WTO (Facchini et al. 2015, Tombe and Zhu 2019), with low and

slow-growing migration rates before 2000 and a rapid increase afterward.

Remittances and consumption across locations We capture remittances and the
consumption of non-tradables at destination using the China Migrants Dynamic Survey
(CMDS), a nationally representative repeated cross-section conducted by the National
Health Commission every year since 2011 (Wang et al. 2021). We use the 2011 data on
the amount remitted during the past year and divide it by yearly income to obtain an
estimate of the share of income remitted by migrants to their households of origin."”
We similarly define consumption on non-tradables at destination. Although the periods
covered by CMDS and the “2005 Mini-Census” do not overlap, we find a remittance
share of 8.5% in CMDS, which is close to the percentage point difference between rural
migrants’ and urban non-migrants’ expenditure shares on non-tradables observed in the

Mini-Census.'*

2.3 Living conditions in cities and rural locations

Wages We use the “2005 Mini-Census” to measure wages in 2005. Information on
wages is, however, not available in the 2000 Census; we therefore use average wages

from the Statistical Yearbooks to measure returns to labor “at baseline.”"” The yearbooks

12Prefectures are the administrative level between provinces (which are immediately below the central
government in the Chinese administrative hierarchy) and counties. There were 345 prefectures in China
in 2005. Prefecture boundaries are subject to change; all the data used in this paper are mapped to the
2005 administrative boundaries.

13The CMDS survey manual prescribes that enumerators include as remittances cash transfers (mailed,
wired, or brought back home), in-kind transfers, support for left-behind children, parents, or spouses, and
the purchase of various items for household use. However, it does not include investment in businesses
or savings for future use at origin (Ashraf et al. 2015); our variable may therefore provide a lower bound
on the share of income that migrants remit.

4We provide further descriptive statistics about migration patterns, migrant characteristics, their con-
sumption behavior, and their access to public goods at destination in Appendix A.2.

>These data are compiled by the National Bureau of Statistics based on the Reporting Form System
on Labor Wage Statistics, the National Monthly Sample Survey System on Labor Force, and the System of
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distinguish between the wage in the “city” proper, i.e., the urban core of the prefecture,
and the prefecture as a whole, i.e., including the rural hinterland. We leverage this dis-
tinction to measure destination and origin wages differently, using “city” and prefecture
wages, respectively. One must bear in mind that origin wages reflect both the indirect
utility of staying at origin and of moving within the prefecture, which we do not consider

as migration in the empirical analysis.

Rents, housing conditions, and living arrangements We use the 2005 1% Popu-
lation Survey to measure the cost of housing and to characterize housing conditions
for both migrants and non-migrants in 2005. The data contain a rich housing module,
which includes the monthly rent paid, as well as a wide array of housing characteristics.
With these data, we create a measure of rental price at the prefecture level by averag-
ing monthly rent by square meter across all tenants living in private accommodation,’®
and we create indices of poor housing conditions based on the description of housing
materials and the types of kitchen, bathroom, and toilet in the dwelling.

We capture the living arrangements of households in cities by combining the house-
hold roster module of the 2005 1% Population Survey with information on marital status.
Our main dichotomy is whether migrants live with any dependent family members at
destination or leave them behind in their rural homes. Concretely, we define a family
migrant as a household head living with a parent (father, mother, or parents in law) or a
child, and the others as a migrant without family."’

One dimension of living conditions in cities is amenities. Since amenities are largely
unobservable, we estimate them based on the model (see Section 5), and assess the va-
lidity of our model-based amenity estimates using data on pollution and commuting in

2015—see Appendix A.1 for details about these additional data sources.

Rural Social and Economic Surveys (http://www.stats.gov.cn/tjsj/ndsj/2018/indexeh.htm).

16We also create a residualized measure of rents, based on housing characteristics. More specifically,
we regress monthly rent (in logarithm) on the dwelling’s quality and size, the number of floors, building
material, building year, access to tap water, kitchen type, fuel type, toilet type, bathroom type, and square-
footage (flexibly introduced as decile bins) as well as the rental type (public or commercial housing), and
the individual’s migration status, and we average the residuals by prefecture. An important determinant
of rents that the 2005 data do not report is distance to the city center.

7This measure relies on the assumption that married individuals have children, and that those children
are living at origin if not present in the household roster module; it also assumes that family status and
the timing of marriage are orthogonal to migration decisions (Bertoli and Murard 2020). Another option
is to use the fertility module. This module was presented to every female respondent aged 15-64 and
allows us to unambiguously determine co-residence with children; it is only available for women. The
two measures, however, are highly positively correlated and yield similar results. We proceed similarly
to characterize living arrangements with the China Migrants Dynamic Survey and in other Population
Censuses.
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Table 1. Descriptive statistics (2005 1% Population Survey).

Urban Rural-urban migrants
non-migrants All With family Without family
Panel A: Demographic characteristics
Age 43.04 31.42 35.93 30.11
Female (head) 0.351 0.358 0.223 0.398
Married 0.872 0.692 0.976 0.609
Number of children 1.447 1.490 1.676 1.430
Number of children (OCP*) 1.138 1.422 1.627 1.357

Panel B: Education
High school (at least) 0.555 0.176 0.135 0.188
College (at least) 0.246 0.020 0.011 0.022

Panel C: Economic characteristics

Income (head, RMB) 1231 1060 1196 1023
Hours worked per week 45.84 55.49 55.26 55.55
Housing share 0.331 0.217 0.236 0.213

Panel D: Living arrangements

Co-inhabitants 2.47 2.85 3.09 2.77
No kitchen 0.091 0.549 0.384 0.596
No toilets 0.189 0.567 0.541 0.575
House ownership 0.789 0.075 0.178 0.045

Panel E: Location characteristics

City income (RMB) 527 829 712 863
Observations 264,794 59,183 13,327 45,856
0.225 0.775

Notes: The sample is restricted to household heads aged 15-64 and living in urban areas (2005 1% Population Survey). In column 1,
we report statistics for urban residents with a local hukou. In column 2, we report statistics for people living in urban settings but
with a rural hukou. Columns 3 and 4 distinguish those having moved with family or not among the latter. Descriptive statistics for
Income (head, RMB) and Hours worked per week are restricted to individuals who reported positive working hours in the past week;
Income (head, RMB)is monthly income. Number of children alive is available for female respondents (OCP* excludes women who were
above 25 when the One-Child Policy was adopted). Housing share is based on the predicted outcome from a regression of monthly
rent (in log) for respondents renting in commercial housing on prefecture fixed effects interacted with various characteristics of the
dwelling.

2.4 Descriptive statistics

We now provide descriptive statistics about migration patterns in our context.'® We first
rely on the “2005 Mini-Census” and consider three types of urban dwellers: urban res-
idents (with an urban hukou attached to their place of residence), rural-urban migrants
(with a rural hukou) moving with family, and rural-urban migrants moving without any
family. As explained in the previous section, in this exercise, and in most of our baseline

analysis, we define family as any parent (father, mother, father-in-law, or mother-in-law)

8We provide additional descriptive statistics about (i) family migration over time, (ii) the geography
of immigrant inflows, family migration, and remittances, (iii) the geography of migration restrictions, and
(iv) the incidence of return migration in Appendix A.2.
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or child, and we leave other dichotomies to Appendix A.2—together with a characteri-

zation of migration patterns from 1995 to 2010.

Table 2. Descriptive statistics (CMDS).

Rural migrants With family Without family
Panel A: Expenditures
Remittance share 0.075 0.040 0.114
Expenditure share 0.512 0.548 0.472
Non-tradables share 0.394 0.408 0.376
Panel B: Migration experience
Age at migration 28.56 28.62 28.49
Migration across provinces 0.499 0.442 0.562
Panel C: Prospects
Return migration 0.128 0.117 0.157
Hukou conversion 0.434 0.497 0.449
Observations 98,916 51,979 46,937
0.525 0.475

Notes: The sample is restricted to household heads aged 15-64 and living in urban areas (China Migrants Dynamic Survey, CMDS).
In column 1, we report statistics for people living in urban settings but with a rural hukou. Columns 2 and 3 distinguish those having
moved with family or not among the latter. Remittance shareis the ratio of monthly remittances to monthly income; Expenditure share
is the ratio of monthly expenditures—excluding remittances—to monthly income; Non-tradables share is the ratio of consumption
on food and rents to monthly income. Migration across provinces is a dummy equal to 1 if the last migration spell involves crossing
a provincial border. Return migration is a dummy equal to 1 if the respondent is willing to return to their hukou registration place in
the future. hukou conversion is a dummy equal to 1 if the respondent is willing to convert their hukou to the current destination.

We report the characteristics of these different types of urban dwellers in Table 1.
Panel A shows that migrants tend to be younger than residents and have more children
on average. This is partly due to the One-Child Policy, which allowed rural-hukou hold-
ers to have two children instead of one for urban-hukou holders. Interestingly, migrants
who live without family are quite likely to have children; these children however remain
at their location of origin (often with grandparents). Panel B shows that rural-urban mi-
grants are much less likely to have received higher education. For instance, about 18%
of migrants have at least a high school degree versus 56% of urban residents. Panel C
shows that migrants earn about 15-20% less than urban residents in spite of working
much longer hours per week; they however spend a (much) smaller share of their in-

come on housing."” Panel D shows that migrants tend to live in larger households, even

YWe derive housing expenditures from rents reported in the “2005 Mini-Census.” One notable differ-
ence between migrants and residents is their differential access to fragmented housing markets: residents
are often owning their dwelling (see Panel D) and have access to subsidized housing; rural migrants typi-
cally live in worker dormitories or under more informal rental arrangements at the fringe of cities. This is
one reason for which we construct a predicted measure of rents, based on common access to commercial
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the ones moving without children. Although counterintuitive, this is related to the pre-
carious living arrangements documented in the rest of panel D for migrants moving
without family (often in dorm-like accommodation without a kitchen). Finally, panel E
shows that migrants are much more likely to live in cities with high average income,
and the ones that are moving without family choose destinations with a 15-20% higher
average income than those who move with their family.

We complement this description with data from the China Migrants Dynamic Sur-
vey (CMDS) that we restrict to the earliest possible period (2011-2012, for which we do
observe remittances and future prospects) and to rural-hukou holders living in urban
settings. CMDS provides information about expenditures and remittances, previous and
current migration experience, and future prospects. In panel A of Table 2, we report the
average share of monthly income devoted to remittances, total expenditures (exclud-
ing remittances) and non-tradable consumption (food and rent). We see that migrants
moving with family differ from rural-urban migrants moving without any family: the
former remit less, and spend more of their income (part of it on non-tradable consump-
tion at destination).”’ In panel B, we report the average age at migration and whether
the current migration involved crossing a provincial border. Finally, panel C shows that
migrants are not willing to return (an option favored by, on average, only around 13%
of all migrants), and a significant share are considering converting their hukou to the
location at destination if possible (around 39%). One reason why migrants are not all
willing to convert hukou is that there are advantages to holding a rural hukou at origin,
e.g., land rights (Adamopoulos et al. 2022).

Overall, we find that migrants choose different destinations and exhibit different con-
sumption patterns at their destination depending on the decision to migrate with or

without their family. We further investigate these differences in the next section.

3 Motivating facts

This section establishes a few motivating facts about migrants’ location choices, their liv-
ing conditions, their consumption patterns, and their decision to migrate with or without

their family.

housing across groups.

2The share of migrants living with family is very different in CMDS (2011-2012, see Table 2) and in the
2005 1% Population Survey (see Table 1). This is not due to an abrupt change in migration patterns over
time (see Appendix A.2), or to the selected geographic coverage of CMDS. The most likely explanation in
our view is that sampling within geographic areas differs between CMDS and Censuses: CMDS arguably
covers a less “floating” population than Censuses.
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3.1 Migrant concentration

To characterize the allocation of migrants across cities, we construct m,, a measure of
migrant concentration relative to urban residents based on census data:*’

M./ (3. M)

me,=log| —————~ |,
RC/ <Zc RC)
where R, is the initial population in city ¢ in 2000 and M. is the number of rural migrants
arriving in city ¢ between 2000 and 2005. This measure would be equal to 0 if the allo-
cation of rural migrants were proportional to the resident population, or equivalently, if

the immigration rate were constant across cities.

Figure 2. Rural migrant concentration, wages, and rents.

(a) Nominal wage (b) Rent

Notes: The y-axis reports the migrant concentration in city ¢, m.. In panel (a), the x-axis reports a measure of (log) monthly wage;
in panel (b), the x-axis reports a measure of (log) monthly rent per square meter. Wages and rents are both constructed using the
2005 Mini-Census. A bubble is a prefecture of destination and is weighted by its initial urban population in 2000. The lines are local
polynomial fits, where each observation is weighted by population.

Figure 2 shows that this is not the case. Panel (a) displays the relationship between
migrant concentration and a measure of (log) nominal monthly wages, w,, in 2005. The
relationship is clearly positive: a 1% increase in the wage is associated with a 2.44%
increase in rural migrant concentration. Panel (b) displays the relationship between
migrant concentration and a measure of (log) monthly rents, 7., in 2005. Again, the
relationship is positive: a city with 1% higher rents exhibits a 1.96% higher rural migrant

concentration.?”

2We discuss migrant concentration using the so-called Zipf law of city size in Appendix B.2.

22The positive relationship between migrants and the monthly wage may be due to the fact that mi-
grants work in destinations and sectors that require longer working hours. We provide additional evidence
about these effects in Appendix B.3. Appendix Figure B.4 indeed shows that migrants are concentrated in
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Figure 3. Migrants, family, and housing conditions.

(a) Live without family (b) Live in low-quality housing

Notes: The x-axis reports a measure of (log) monthly rents constructed using the 2005 Mini-Census. In panel (a), the y-axis reports
the difference between the share of rural migrants and the share of urban residents who live without family. In panel (b), the y-axis
reports the difference between the fraction of rural migrants and the fraction of urban residents who live in poor housing
conditions, based on their dwelling characteristics measured in the 2005 Mini-Census. A bubble is a prefecture of destination and is
weighted by its initial urban population in 2000. The lines are local polynomial fits, where each observation is weighted by
population.

3.2 Living conditions in (expensive) cities

The finding that rural migrants locate in cities with high living costs may seem puzzling,
since they are poorer than urban residents. We now investigate how rural migrants live
in those expensive locations. Panel (a) of Figure 3 shows that rural migrants are about 20
percentage points more likely to live without family at their destination (i.e., without any
children or parents). Panel (b) shows that migrants are about 30 percentage points more
likely than urban residents to live in poor quality housing, based on the characteristics
of their dwelling (building material, kitchen, bathroom, and toilet type). The shares of
migrants living in precarious conditions strongly increase with housing prices: While ru-
ral migrants are as likely as residents to live without family in the cheapest destinations,
the difference is around 40 percentage points in the most expensive cities; similarly, ru-
ral migrants are 20 percentage points more likely to live in low-quality dwellings than

residents at the cheapest destinations, and the difference rises to 50 percentage points

cities where workers work more hours per month. However, even when we consider hourly wage rates,
the stylized fact that migrants concentrate in high wage locations still holds. Rural migrants may also
face lower mobility costs than urban residents when they move between cities, since urban residents are
already settled. This could explain why there are more rural migrants relative to urban residents in high-
wage locations. To test this, we use an alternative comparison group and compute the concentration of
rural migrants relative to urban migrants. Appendix Figure B.6 confirms that rural migrants are dispro-
portionately concentrated in high-wage, high-rent cities. In Appendix B.3, we also consider alternative
measures of wages.
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in the most expensive ones. In summary, rural migrants choose expensive destinations
and manage to reduce living costs by moving without family and living in precarious
housing conditions.”

These differences in living standards (and arrangements) might reflect demographic
differences between rural migrants and urban dwellers. In Appendix B.4, we show that
rural migrants are younger and less educated than urban residents on average, and more
so in high-rent cities. Rural migrants and urban residents have similar gender composi-
tions and marriage rates on average, but rural migrants are more likely to be male and
single in high-rent cities. These selection patterns do not however explain the fact that
migrants are more likely to live without family. Indeed, we can identify women with
children from a fertility module, and we find the same gradient: they are as likely to
live with their children as the rest of the population in cheap locations, but they are 40

percentage points less likely to bring them to expensive destinations.**

3.3 Remittances and housing expenditures

Rural migrants prioritize high-rent locations in which they need to endure difficult living
arrangements. What is the economic rationale for their behavior? Figure 4 shows that
rural migrants remit a substantial fraction of their income to their place of origin, espe-
cially when they live in more expensive locations: At the most expensive destinations,
they remit 10% percent of their income, against 7% in the cheapest locations (panel a). In
parallel, they consume a smaller share of their income on local housing, especially when
living in expensive locations—the difference in the housing expenditure share relative to
natives is then close to 20 percentage points (panel b). In effect, migrants transfer part
of their consumption back to their place of origin.

Figure 5 further investigates the consumption patterns of migrants, looking sepa-
rately at those who live with and without family. Rural workers who migrate without
family remit a higher fraction of their income (about 10% versus 4% for those living with

their family); we show in Appendix B.5 that they consume a smaller share of their in-

2We provide a sensitivity analysis in Appendix B.4, where we look at other dichotomies for living
arrangements at destination, e.g., living with or without any close family members (child, spouse, or
parent), with or without children, or with or without spouse. We also study how migrants sort across
destinations with different Hukou stringency (Appendix B.7), we characterize the dynamics of migration
arrangements across cities (Appendix B.6), and we document migrants’ intentions and preferences for
return migration in Appendix B.8.

24The stylized facts reflected in Figures 2 and 3 may be sensitive to our definition of migration. This
measure is based on the discrepancy between an individual’s place of residence and place of household
registration, and thus misses rural migrants who have obtained a local urban Hukou at destination. In
Appendix B.9, we develop alternative definitions based on the 2000 Census and 2005 Mini-Census to show
the robustness of the stylized facts to the definition of migration.
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Figure 4. Migrants, remittances, and housing expenditures.

(a) Remittances (b) Housing share

Notes: The x-axis reports a measure of (log) monthly rents constructed using the 2005 Mini-Census. In panel (a), the y-axis reports
a measure of remittances as a share of income, extracted from CMDS 2011-2012. In panel (b), the y-axis reports the difference
between housing expenditures as a share of income for rural migrants and for urban residents, where housing expenditure shares
are based on the predicted outcomes from regressions of monthly rent (in log) for respondents renting in commercial housing on
prefecture fixed effects interacted with various characteristics of the dwelling. A bubble is a prefecture of destination and is
weighted by its initial urban population in 2000. The lines are local polynomial fits, where each observation is weighted by
population.

Figure 5. Migrants living with (orange) and without family (blue), and remittances.

Notes: The x-axis reports a measure of (log) monthly rents constructed using the 2005 Mini-Census. IThe y-axis reports a measure
of remittances as a share of income as extracted from CMDS 2011-2012. The orange (resp. blue) lines and bubbles are computed
from the subsample of migrants living with (resp. without) family at destination. A bubble is a prefecture of destination and is
weighted by its initial urban population in 2000. The lines are local polynomial fits, where each observation is weighted by
population.

come on local non-tradables, as compared to migrants living with family.”> Migration

2While the difference in housing expenditure share does not mirror exactly the difference in remit-
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and consumption patterns are tightly linked: migrants choose between two different
ways of living at their destination; they either migrate with their family and consume
locally or migrate on their own and partly consume at origin.

These stylized facts explain why rural migrants in China are described as a “floating
population” They choose high-wage destinations to maximize their nominal income,
and they cope with the high living costs by not bringing their family and by reducing
their consumption of local housing, so that they are ultimately able to remit more to their
place of origin. In the next section, we develop a spatial equilibrium model of migration
decisions that allows migrants to consume part of their income at origin and to choose

between migrating with or without their family.

4 Model

In this section, we introduce a quantitative, spatial model of location choice where house-
holds might enjoy the consumption of the non-tradable good across two locations: their
destination and their place of origin. The model relies on assumptions designed to cap-
ture the specific context of China before and after the liberalization of migration, al-
though it can be generalized to other contexts with migration frictions. For simplicity,
we assume that agents are equally productive and that urban residents do not move; only

rural households are allowed to relocate.?

4.1 Preferences

We assume that the utility of household i born and staying in location r is given by,
InU, =InC, +1ng¢,,

where C, is a composite consumption index, and ¢;, is an idiosyncratic taste parameter
for location r; we will denote as R the set of rural locations and as U the set of urban
locations. We assume that C, is a Cobb-Douglas composite index aggregating the con-

sumptions of the tradable good and the non-tradable good as follows,

_ 1—a a
Cr - CT,r NT,r*

tances (about 2.9 percentage points for housing versus 7.5 percentage points for remittances), we find more
comparable magnitudes when looking at total consumption on non-durables at destination (see Table 2).
We discuss this additional evidence in Appendix B.5.

%6We explore how to relax the assumption that urban residents are immobile in Appendix C.1, and we
extend the model to multiple labor types in Appendix C.2 following Amior and Manning (2021). The model
abstracts from life-cycle considerations, circular migration, and return migration patterns studied, among
others, in Lessem (2018) because the evidence presented in Appendix B.6 suggests that these aspects are
less important in the Chinese context.
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Finally, household i faces a budget constraint,

CT,r + prCNT,r < W

The same household i might also migrate to urban destination u, in which case her utility
would be given by,

ln Uvij,-u = —ij + h’l Cu + ln Eijrua

where: the subscript j € {1, 2} denotes whether the household decides to leave the family
in the rural location (j = 1) or not (j = 2); 7}, the bilateral cost induced by a migration
spell from origin r to destination u, is allowed to differ by migration mode; ¢;;,, is an
idiosyncratic taste parameter for location v and migration mode j; and C,, the consump-
tion composite index, now aggregates the consumptions of the tradable good and the
non-tradable good across locations as follows,
1 o1 1 b1 5
InC, =1 -a)InCry +aln|ap[Alru] 7 +apl(1—A)Cra] 7 |,

where Cy , represents non-tradable goods that are consumed at destination, Cy, repre-
sents non-tradables consumed at origin, via remittances, p is the elasticity of substitution
between consuming at origin and at destination, a;p+a;o = 1 are the relative weights al-
located to these respective consumptions, and A, captures amenities at destination that

complement consumption.?”’” The migrant household i faces a budget constraint,
CT,u + PuCHJA + prCR,u S Wy.

The indirect utility of a migrant household will thus differ from stayers in four ways:
(i) a migrant household faces different returns to labor and prices of the non-tradable
good (w, p); (ii) a migrant household enjoys different amenities; (iii) households pay
migration bilateral costs; and (iv), more importantly, migrant households consume a
different bundle of the non-tradable good. For instance, we will typically consider that
aip < axp < 1 to capture the fact that leaving family behind allows migrants to consume
more of the non-tradable good at origin and a higher share of income needs to be sent
back home (in the form of remittances). Note that we allow a;p to differ from 1 (or
reciprocally, ;o to be positive) in order to capture, for example, the remittances sent to

indirect family or investment at origin, e.g., the construction of a family home for an

?7General amenities, like the weather, are embedded into the jru- Ay, in contrast, captures the idea
that there are some amenities, for example access to public services, that are enjoyed in proportion to the
size of expenditures at destination. For migrants who spend a small fraction of their income at destination
and essentially spend their time either at work or sleeping, the quality of public services may be close to
irrelevant. Instead, for migrants who build their lifes in the new destination, amenities may be much more
important. The evidence in Khanna et al. (2021) is consistent with these ideas.
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eventual return to the village. It is worth noting that our model abstracts from intra-
household bargaining or other forms of collective decision making: the model is one of
a unitary household.

Household utility maximization results in the following expenditure functions:

In (CT’M) =In(1 - a)
w

In (@) =lna+nap+(p-1)InA,-(p—-1)In <&>

w 7)jru

In <@> =lna+Inajp+(p-1)In(1-A4,)-(p—1)In <7f—r)

w jru

where:
1
Piru = (0AL ;7 + aip(1 = A p,7) ™

is a migrant-specific composite price index of the non-tradable good. These equations al-
ready capture some of the previous stylized facts discussed in Section 3: (i) the remittance
share is higher in expensive locations; and (ii) households who migrate without family
remit a higher share of their income, or conversely, those who migrate with the fam-
ily devote a higher share of their income to non-tradable services at destination. These
equations also capture the idea that, as long as p > 1, if amenities at destination improve
(higher A,), migrants have incentives to move a higher fraction of their expenditures
towards destination.

We use these expenditure functions to compute the indirect utility of a migrant

household i from origin r € R and j-moving to destination u € U:
InViy = Tju + € = Inwy —aInPjy — Tjry + €ijru
and the indirect utility of staying in the rural location:
InV, + &j = Inw, —alnp, + ;..

A crucial insight is that indirect utilities for rural-urban migrants are driven by wages
at destination deflated by a composite price index that is specific to the migration mode

and combines the prices of non-tradable goods at destination and at origin.

4.2 Location choice

The indirect utility representation allows us to formulate a discrete, nested choice model

capturing whether, how, and where households relocate. The program is given by:

max {InVy — 11 + &},
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Figure 6. The nested logit structure.

Notes: The Figure represents the nested structure induced by our assumptions on the distribution of idiosyncratic preferences for
relocation, ¢x. The parameter y is the shape parameter for the upper nest of the generalized extreme value distribution; the parameter
 is the shape parameter for the intermediate nest of the generalized extreme value distribution; and the parameters (11, A;) are the
shape parameters for the lower nests of the generalized extreme value distribution.

where k is a vector capturing whether, how (), and where (1) to relocate. We assume
that idiosyncratic preferences for relocation, ¢, are drawn from a generalized extreme
value distribution with a nested structure. We suppose that the three nests are organized
as follows (see Figure 6 for a graphical representation): the upper nest of the generalized
extreme value distribution is about whether the household relocates, and the associated
shape parameter is y; the intermediate nest is about choosing j € {1,2}, and the asso-
ciated shape parameter is y; and the lower nests are about location choices with shape
parameters (4;,1;). Given this structure, the probability that household i j-relocates

from r to u is given by:

ly 1/p 1/4;

Mjru VUr ' ijUr ‘/jru '
iru — ~y  — - - “Tjru 1
T N ( v ) (VU,r xp (=7 Vivr W

The flow of migrants who migrate with or without family, and from r to u, can be de-

composed into three terms. The first term, (VU’, / Vr) 1/)/, captures the share of households
who are born in r and relocate elsewhere. The second term, (VJU, / VU,) 1/;:’ captures the
fraction of households that migrate with living arrangement j among those who mi-
grate. The third term, (exp (—fjru) Viru /VjU,,)l/A

that choose destination u. The parameters y, y, and (4, 1) govern the elasticities of sub-

! captures the fraction of those movers

stitution between moving or staying in the original location, migrating with the family
or not, and between choosing alternative destinations (which we allow to differ by mi-

gration mode, j). The expected value of being born in r, V,, is given by:
v, = [V v’
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The expected value of relocating from r is:

Vu, = E Z (VjU,r)l/’u]p.

Jje{1.2}

The expected value of relocating from r with (j = 1) or without (j = 2) family is:

4
Vs = [Z (exp (c1m) vjmr”f] .

uelU

4.3 Local labor markets

We now turn to the production of the tradable and non-tradable goods. We assume that

the tradable good in location u is produced with the following production function:

1

Y, =27, |(1- BKu® + L |7,

where Z, is the local (exogenous) productivity, K, denotes capital or land, and L, de-
notes the amount of workers in u. The parameter o denotes the elasticity of substitution
between labor and the other factor. The parameter f is the weight of labor in production.

Profit maximization leads to the following (inverse) labor demand equation:
1 1
Inw,=InZ,+Inf——InL,+ —1nY,. (2)
o o

4.4 Local housing markets

Non-tradable output, or, in short, housing services, is produced by combining the trad-

able good and land—in fixed supply—according to the following production function:
YH = vV (Y) (TMH)I_V,

where 1 — v is the importance of land as an input in location u.

Profit maximization leads to the following housing supply equation:
Yf = Tzfl (pu)

where n = = is the housing supply elasticity.

4.5 Equilibrium

The market equilibrium for the tradable good is given by:
BY =B Yi=> wli+ Y wl, 3)
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where ﬂ~ is the share of income that goes to labor, which, in principle, is endogenous and
depends on the elasticity of substitution between labor and other factors. In practice,
this share is close to the parameter f, the weight of labor in production.

The market for the non-tradable good clears in each location:

TH(p)' = 2% [aN, + AuM,]

u

where A,M, =Y, A,,M,,, the A’s denote the (endogenous) shares of expenditure spent
on housing, and M, , is the number of households moving from location r. The previous
expression equates housing supply and demand. It is worth noting that the demand for
housing in a location depends on the demand for housing of urban residents (N,) and on
the demand for housing of migrants (M,,), who spend a smaller fraction of their income

on housing.
We combine the market clearing condition with the (inverse) labor demand equation
to obtain:

1 1-1 1 1\ M, 1
Inp,=——(nZ,+ fInY,) + CInaN,+ — [ A—— —u—ilan, (4)
1+n 1+n 1+n c) N, 1+pg

where we assumed that the population of migrants is small relative to overall city pop-
ulation (thus considering the following approximation, In(1 + x) = x).

Equation 4 shows that local housing prices depend on local productivity, the size of
the location, the availability of land, and the relative size of the migrant population—
measured as the ratio of migrants to urban residents. Whether migrants have a large,
positive or negative effect on housing prices depends on three parameters: A, p, and 7.
It is worth noting that whether immigrants exert pressure or relax pressure on housing
markets depends on whether the fraction of income spent locally is larger or smaller
than the pressure immigrants exert on labor markets (governed by the inverse elasticity
of substitution between labor and the other factors).?* Moreover, irrespective of whether
immigrants lead to an increase or a decline in house prices, the effect of migration on
housing markets is attenuated by the housing supply elasticity. Intuitively, if it is easy
to expand the supply of housing, then 5 is larger and, hence, tends to mitigate any effect

that immigrants may have on local housing prices.

BTo give some intuition, if the local production function is Cobb-Douglas and p = 1, then the market
clearing for housing implies that:

1 1-
Inp, = InZ, + b
1+n 1

1 M, 1
anu+—(aD—ﬂ)ﬁ—7

InTH.
+n 1+n B 1+7

In this case, whether immigrants have a positive or negative effect on housing prices depends on whether
the share of income that immigrants devote to housing is higher than the share of income in production
that goes to labor.
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5 Estimation

In this section, we estimate the main parameters of the model: (a) the elasticity of substi-
tution between consuming at origin and at destination, and the share of income spent on
non-tradable goods; (b) the shape parameters of the location choice model—the migra-
tion elasticities with respect to conditions at destination, to the mode of migration, and
to conditions at origin; and (c) the two elasticities that govern the response of wages and
rents to migrant inflows at destination (the labor demand and housing supply elastici-
ties). The estimation relies on various sources of exogenous variation that we introduce

here and describe in greater detail in Appendix D.

5.1 A composite price index

This section identifies the elasticity of substitution between consuming the non-tradable
good across locations and the respective income shares, which allow us to construct the
composite price index, P;.,, across migration spells and the modes of such spells. It is
worth noting that this elasticity of substitution could, in principle, depend on migration
mode. As we will see, however, the estimates encourage us to assume a single p.

We use the expenditure function obtained from the utility maximization problem to
derive an empirical relationship between the average (log) expenditure share on remit-
tances in city u, In (R,), and local housing prices, p,, both constructed from the “2005
Mini-Census™:

In(R,) =lna+Inap+(p—1)Inp, + e,

where the residual, e,, contains part of the price index, P, that is specific to migrants
across different migration spells (origins and with/without family), and amenities A,.
This induces an endogeneity concern with omitted variation jointly affecting prices and
expenditure shares.

We identify the elasticity p by exploiting the exogenous variation in housing prices
{pu},cy induced by local geography around city borders in the baseline period (an instru-
ment based on the work by Saiz 2010, Harari 2020, see Appendix D.1). The estimates
of p are reported in Table 3, using the sample of migrants leaving their family at ori-
gin in column (1) and migrants living with family at destination in column (2). Our
estimates are consistent with an average elasticity p — 1 = 0.71 across the two migra-
tion modes.?’ There is some substitution between consuming at destination or at origin,

and high housing prices induce migrants to displace more of their consumption to rural

P All our regressions use the largest connected set of prefectures, i.e., the group of prefectures con-
nected by labor mobility in the “2005 Mini-Census” data. This restriction is necessary for fixed effects to
be comparable when we decompose migration costs in Section 5.4 (see, e.g., Abowd et al. 1999, Card et al.
2013, Buggle et al. 2023) and thus applied throughout for consistency.
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Table 3. Estimates of p.

Remittance share (log) (1) (2)
Rent (log) 0.850 0.577
(0.291) (0.212)
Observations 199 199
Migration mode j=1 j=2
F-stat 8.48 8.48

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses. The
specification uses population weights in 2000. The dependent variable is the (log) expenditure share spent
on remittances (CMDS, 2011) and the explaining variable is the (log) rent, computed using the housing
module of the “2005 Mini-Census.” In column (1), the expenditure share on remittances is calculated for
migrants leaving their family at origin (j = 1); and the expenditure share on remittances is calculated
for migrants bringing their family at destination in column (2) (j = 2). The (log) rent is instrumented
by (i) the share of developable land as induced by local geography around city borders in the baseline
period (2000-2005), an instrument based on the work by (Saiz 2010, Harari 2020, Appendix D.1), and (ii) its
interaction with manufacturing Total Factor Productivity in 2000 (Imbert et al. 2022). The set of controls
consists of: manufacturing Total Factor Productivity in 2000, the share of developable land as induced by
local geography around city borders before the baseline period (1995-2000), and (log) population in 2000.

hinterlands—which is consistent with our findings about living conditions in expensive
cities (see Section 3).

To identify the remaining parameters of the utility function, we use our main data
sources—the “2005 Mini-Census”—and construct the expenditure shares on non-tradable
consumption by urban residents in cities and rural migrants between origins and desti-

nations,
AP Lpl=p
OC]DAu u

In(€;,) =lna +1n = =
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The previous equations across migration modes and destinations allow us to estimate
(a, 10, az0) and identify {A,},, as the parameters minimizing the average square dif-
ference to the observed expenditure shares across migration modes.”” These parameters
allow us to compute the actual price indices P;., faced by migrants and the migrant-
specific real wages across destinations. We use these real wages to estimate the following

location choice model.

%The set of parameters {A,},y can be understood as residual parameters explaining the observed
variation in the consumption of non-tradable at destination across cities. For instance, a city from which
migrants displace consumption more than explained by the level of prices p, would have a relatively low
A,. We find that: the average income shares remitted to their origin location are a0 x & = 0.10 for
migrants who move without family and az0 x @ = 0.04 for those moving with family; and the 25, 50, and
75 percentiles for {A,},; are respectively 0.48, 0.68, and 0.89.
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5.2 Estimation of the location choice model

The location choice model is characterized by three nests and their associated param-
eters: the lower nest and the associated elasticity of substitution across destinations
(A1, A2); the middle nest, governing how migrants move to cities () ; and the upper nest,

disciplining emigration flows across origins (y). We estimate these nests sequentially.

The lower nest (1;,4,) We can write Equation (1) as follows:

. 1 1
Inrj, = _A_jrjm +dj + A_J [lnwu —aln ij] , (5)

where r is a prefecture of origin, u is a prefecture of destination, and j is the mode
of the migration spell (with or without family); and =, is the probability to migrate
to u conditional on j-migrating from r. This gravity model has three components: (i)
migration costs such as land (in)security at origin, distance, or information barriers (see
for instance Young 2013, Gollin et al. 2014, Bryan and Morten 2019, Brandt et al. 2013,
Tombe and Zhu 2019, Gai et al. 2021, Adamopoulos et al. 2022); (ii) conditions at origin
that we capture with origin/mode fixed effects, §;.; and (iii) real wages at destination.

The identification of (11, A,) is challenging: real wages are affected by migration (a
reverse causality that we quantify in Section 5.3); and unobserved destination character-
istics, e.g., local amenities, might affect both real wages and immigration flows (omitted
variation). We use intrinsic productivity and industrial differences across locations as an
exogenous shifter for the level of real wages. More specifically, we construct migration
rates between 2000 and 2005 as a proxy for 75, we use data from the “2005 Mini-Census”
and our previous estimates to construct real wages in 2005, and we instrument the latter
with manufacturing Total Factor Productivity in 2000 (Imbert et al. 2022) and a trade
shock computed following Facchini et al. (2019).

We present the estimates of A; in columns (1) and (2) of Table 4 and the estimates of
Az in columns (3) and (4). Our estimates suggest that a real wage increase of 1% would
increase immigration by 6.1% among non-family migrants and by 3.2% among family
migrants. The elasticity of substitution across alternative destinations is larger among
migrants who leave family behind, possibly capturing the fact that they care little for

other aspects of living standards at destination.
The middle nest (z) The novelty of our location choice model is to consider the de-

cision of moving with or without family, with implications about the relative sensitivity

to conditions at destination. The middle nest of the location choice model implies that
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Table 4. The lower nest (1, 4,).

Migration rate (1) (2) (3) (4)
Value at destination (In V) 3.445 6.129 2.502 3.244
(0.343) (0.755) (0.263) (0.526)
Observations 48,084 48,084 47,728 47,728
Migration mode j=1 j=1 j=2 j=2
Instruments No Yes No Yes
F-stat - 24.89 23.94

Notes: A unit of observation is a pair of origin/destination prefectures in 2005. The specification uses
population weights at origin in 2000. The estimation is a Poisson regression in columns (1) and (3) and
a two-stage Poisson regression in columns (2) and (4). Standard errors are reported between parentheses
and clustered at the level of origins. The dependent variable is the (log) emigration rate between 2000
and 2005, computed using the migration module of the “2005 Mini-Census” In columns (1) and (2), the
emigration rate is calculated for migrants leaving their family at origin (j = 1); the emigration rate is
calculated for migrants bringing their family at destination in columns (3) and (4) (j = 2). The set of
controls consists of: (log) population at destination in 2000 and (log) geodesic distance between the origin
and destination prefectures. In columns (2) and (4), the (log) real wage is instrumented by manufacturing
Total Factor Productivity at destination in 2000 (Imbert et al. 2022) and a trade shock computed following
Facchini et al. (2019)—see Appendix D.2 for details about data construction and the first stage.

the relative incidence of family emigration verifies:

; 1 Vour
T1r H VlUJ“

¢ _ e o . : . .
where 7§, = ), 7%, is the emigration rate of migrants of mode j from origin r, condi-

tional on emigrating from r.

The identification of the shape parameter y is not straightforward. First, the relative
value of migrating with and without family is not observed but needs to be constructed
based on the estimates from the lower nest.’ Second, they may be contaminated by
measurement error or omitted variation across origin-destination pairs that could affect
migration modes differently. For instance, migrant networks might be more prevalent
for single migrants. We address this identification concern by leveraging the (gravity)
structure of our model. The relative value of family migration across origins r can be

written as:

A2

In <V2U,r) —In [ZueU (exp (_TZru) V2ru)1//12]
= p

VlU,r [zueU (exp (_Tlru) Vlru)l//ll]

where bilateral migration costs (r;,), which are increasing in distance between origin

and destination, interact with the relative attractiveness of destinations for families (V).

3'We provide a discussion of the identification strategy, and we detail the construction of the successive
value functions in Appendix D.2.
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We consider two sources of exogenous variation that impact the relative value of
family migration from a given origin. The first source of exogenous variation hinges
on the fact that migrants with family differentially respond to prices at possible desti-
nations, and that we do observe exogenous variation in those prices. More specifically,
we create a measure of predicted wage in cities by regressing observed wages on manu-
facturing Total Factor Productivity at destination in 2000 (Imbert et al. 2022) and a trade
shock computed following Facchini et al. (2019); we create a measure of predicted rent in
cities based on the share of developable land as induced by local geography around city
borders; and we combine these two prices to extract a measure of real wages, @;,, per
mode j—accounting for their differential consumption of non-tradables at destination.

Our first instrument is then:

lelnM

' ZueU frud)lu ,

which is a gravity-weighted combination of relative real wages, as induced by exogenous
variation in prices across destinations and historical migration patterns to those possible
destinations, &,,.

The second source of variation exploits instead exogenous variation in non-monetary
barriers to family migration across destinations (see Appendix D.2 for a more exhaustive
discussion of identification). Intuitively, some origins are closer to cities where family
migration is discouraged, while other origins are closer to family-friendly cities. One
component of such attractiveness is hukou stringency. However, hukou restrictions are
not exogenous to migration flows, and there is clear reverse causation. We thus substi-
tute hukou stringency with a historical, more exogenous predictor of restrictions: the
relative level of grain reserves before 2000, g,, across potential destinations, as in Zhang
et al. (2020). Local self-sufficiency in grain was indeed a major tenet of Mao Zedong’s
conception of development, from the Great Leap Forward (1958-1960) to the Cultural
Revolution (1966-1976), partly owing to the severe constraints on the non-market allo-
cation of resources in a poor country with limited communications and state capability
(see, e.g., Riskin 1981). As food provision became completely separated from household
registration only in 2000, cities therefore had to maintain the agricultural capacity to
nourish their population, including migrants (Cai et al. 2001).”> We combine this varia-
tion g, with the (baseline) emigration patterns from an origin r to possible destinations
u, &, in a gravity structure mimicking the previous equation to construct an instrument
z? for the relative value of family migration:

Zr2 = Z &ruBu-

uelU

%2This policy implied huge costs from misalignment with local comparative advantage, but the mem-
ory of the Great Famine (and its handling by the Central Government, see Meng et al. 2015) may have
convinced local decision-makers that relying on outside supplies of grain was risky.
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Table 5. The middle nest (p).

Family migration (1) (2) (3) (4)
Relative value 0.590 4.533 4.274 4.469
(0.272) (1.220) (1.614) (1.117)
Observations 180 180 180 180
Instrument(s) - z! z z}, 22
F-stat - 17.46 8.56 10.79

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses. The
specification uses population weights in 2000. The dependent variable is the relative incidence of family
emigration between 2000 and 2005, computed using the migration module of the “2005 Mini-Census.” The
explanatory variable is the model-computed relative value of family migration from each origin. The set
of controls consists of: dummies for each decile in the level of grain reserves within the prefecture before
2000, the manufacturing Total Factor Productivity at origin in 2000 (Imbert et al. 2022), a trade shock
computed following Facchini et al. (2019), a local price shock as induced by international crop prices
(Imbert et al. 2022), and the share of developable land as induced by local geography around city borders
before the baseline period (1995-2000). The instruments are gravity-based measures combining predicted
real wages from TFP and from trade and land supply shocks, @, (per mode j), and the relative level of grain
reserves before 2000, g,, across potential destinations—see Appendix D.2. In column (2), the instrument
is z}; in column (3), the instrument is z? = Y., &u84 and we include both instruments, z! and zZ, in
column (4).

We present the estimates of i in Table 5 and show that a 10% increase in the relative
value of moving with the family raises the incidence of family migration by about 45%—

which translates into estimates of y around 0.21.

The upper nest (y) We use the previous parameters to construct the relative value of

migrating across origins r and relate it to the relative incidence of emigration:

1—m,, 1 Vi,
In =—In = .
TCrr Y Vi

In the previous equation, the value V;, is a complicated object, which we construct based

on lower and middle-nest estimates, and is likely affected by various sources of measure-
ment error and omitted variation. By contrast, the value of staying V,, has a simple rep-
resentation in terms of (log) real wages at origin, In w, —a In p,. We exploit the disparities
in real wages across origins and isolate exogenous variation by combining local cropping
patterns with innovations in the price of agricultural commodities: origins with highly
demanded agricultural products in the early 2000s will retain a higher fraction of their
population between 2000 and 2005 (as documented in Imbert et al. 2022).

We present the estimates of the upper nest in Table 6, which correspond to an elas-
ticity of substitution between staying and migrating of about 2. Places that received

positive income shocks retain a (much) larger fraction of their population.
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Table 6. The upper nest (y).

Emigration (1) (2) (3)
Relative value of emigration 1.244 2.014 2.189
(0.103) (0.307) (0.424)
Observations 258 258 187
Additional controls No No Yes
Instrument No Yes Yes
F-stat - 30.40 20.66

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses. The
specification uses population weights at origin in 2000. The dependent variable is the relative incidence
of emigration between 2000 and 2005, computed using the migration module of the “2005 Mini-Census.”
The set of additional controls consists of: dummies for each decile in the level of grain reserves within
the prefecture before 2000, the manufacturing Total Factor Productivity at destination in 2000 (Imbert et
al. 2022), a trade shock computed following Facchini et al. (2019), and the share of developable land as
induced by local geography around city borders. The instrument interacts cropping patterns in 2000 with
the HP-filtered prices of agricultural commodities in 2000 (as in Imbert et al. 2022, see also Appendix D.2).

5.3 Labor demand and housing supply at destination

The last block of the model is the production at destination: the (inverse) labor demand
elasticity disciplines the response of wages to new arrivals, while the housing supply
elasticity disciplines the response of the housing price. To estimate the former, we use
Equation 2 and derive an empirical counterpart as follows. We consider the equation in
difference between 2000 and 2005 in order to clean for unobserved, fixed heterogeneity

across destinations indexed by u:
1
Alnw, = ——m, + X, 0 + &, (6)
o

where A lnw, is the change in (log) wages between 2000 and 2005, m, = In (1 + M, /N,)
is the immigrant-driven population change during the period, and X, is a vector of con-
trols. To identify the elasticity of substitution between labor and other factors, we exploit
an agriculture-based shock that pushes migrants at the typical origin of destination u (in
a shift-share design, closely following Imbert et al. 2022, see also Appendix D.2). As the
nature of the push shock relates to rural cropping patterns and the price of agricultural
commodities, the identification relies on the assumption that crop production only af-
fects urban production through rural-urban migration. A similar approach can be used
to estimate the elasticity of housing supply. We difference out Equation (4) between 2000
and 2005 to obtain:

1 1
Alnpu=—<A——>mu+Xu5+€u, (7)
1+n o
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where Aln p, is the change in (log) rents between 2000 and 2005 and m,, is instrumented
with the previous shift-share instrument.

We report our preferred estimates for the labor demand and housing supply elas-
ticities in Appendix D.3. The labor demand elasticity is close to the one reported in
Imbert et al. (2022), 1/0 = 0.2. The housing supply elasticity can be computed from
(A — %) /(1 +n,) = 0.163, which implies that n = 2.4.

Table 7. Migration costs and migration policies.

Bilateral migration costs (1) (2) (3) (4)
Hukou conversion -3.944 -8.198
(2.774) (3.067)
Hukou stringency (index) 1.433 2.839
(1.336) (1.590)
Observations 3,113 1,613 2,471 1,303
Migration mode j=1 j=2 j=1 j=2
F-stat 9.83 9.86 8.89 14.09

Notes: A unit of observation is a destination/origin pair within the connected set. Standard errors are clus-
tered at the level of destinations and are reported between parentheses. The specification uses population
weights in 2000. The dependent variable is the model-computed bilateral cost of migration, 7;.,. Hukou
conversion is the share of migrants who had converted their hukou registration place to the local prefecture
in 2010, as observed from the 2010 Census. Hukou stringency (index) is the composite hukou stringency
index developed by Zhang et al. (2018). The set of controls consists of: dummies for each decile in the
level of grain reserves within the prefecture of origin before 2000, a local price shock between 1995-2000
and 2000-2005 as induced by international crop prices (Imbert et al. 2022), bilateral distance between ori-
gin and destination, and the share of developable land as induced by local geography around city borders
before the baseline period (1995-2000). The instrument is the relative level of grain reserves before 2000,
gu—see Appendix D.2.

5.4 A decomposition of migration costs

Before turning to counterfactual experiments, we need to better characterize the nature
of migration frictions—the 7., of the model that allow us to match migration flows (see
Appendix D.4)—and how they relate to actual migration policies, versus other economic,
physical, or cultural factors.*

Migration policies are influenced by various factors that are imperfectly observed
and might directly enter the choice of potential migrants (e.g., the tightness of local la-
bor markets, the quality of local public goods, or the state of local finances). We exploit

%In Appendix D.4, we provide additional evidence about the relationship between our estimated mi-
gration frictions across migration patterns (with or without family) and observable characteristics, e.g.,
distance between origins and destinations, and disamenities at destination such as pollution or urban
sprawl/commuting costs.
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the level of grain reserves before 2000, g,, to isolate exogenous variation in migration
policies and provide causal estimates for their impact on the spatial distribution of mi-
gration barriers. In Table 7, we report the effects of two proxies for migration policies—
the probability to convert registration at destination and a composite hukou stringency
index—on the inferred migration barriers for migrants with and without family. We find
that a marginal increase of 0.01 in the probability to convert registration at destination
raises the value of a destination by about 3.9% for migrants without family (column 1)
and 8.2% for migrants with family (column 2). A relaxation of 0.10 in the hukou strin-
gency index similarly increases the value of a destination by 14% for migrants without
family (column 3) and 28% for migrants with family (column 4). To better understand
the welfare gap that policy induces across potential destinations, consider the median
city in terms of restrictions versus the most restrictive city. This median city has a 0.10
higher registration conversion rate and a 0.30 lower hukou stringency index, compared
to the most restrictive city—taking the latter measure, the median city is Zhuzhou (Hu-
nan), and the most restrictive is Beijing. Our previous estimates would imply that such
a policy gap would translate into a very large welfare gap, equivalent to a 127% increase
in real wages for family migrants and a 48% increase for migrants without family.**

In summary, migration policy induces significant costs, especially so with family and
in the (numerous) destinations with high institutional barriers. We quantify next how

such frictions shape the extent, nature, and spatial distribution of migration in China.

6 The role of displaced consumption and frictions in shaping migration

In this final section, we describe how displaced consumption and the spatial distribution
of migration frictions affect whether rural workers migrate, how they do so (with and
without their family), and where they decide to go. We also explore the normative impli-
cations of our analysis, we consider extensions allowing for agglomeration and conges-
tion externalities, and we discuss the novelty of our insights relative to those obtained

using alternative, more standard modeling choices.

6.1 Displaced consumption and family migration

We first explore the specific role of (i) displaced consumption and (ii) price differentials

between origins and typical destinations in explaining the migration patterns observed

34These estimates come from the following calculations: a 0.10 higher registration conversion rate
reduces the value of migration barriers, 7 j.,, by 0.39 for migrants without family and 0.82 for migrants with
family. Given our modeling assumptions, 7., is expressed in (log) units of real wages: These increases
would correspond to a (exp(0.39) — 1) x 100 = 48% increase in real wages for migrants without family and
a (exp(0.82) — 1) x 100 = 127% increase for migrants with family.
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in China. We shut down this crucial mechanism by simulating the effect of a prohibitive
tax on remittances that forces migrants to consume all their income at destination, irre-
spective of whether they move with or without their family.”

We present the effect of this thought experiment in the first panel of Table 8 (coun-
terfactual 1). Without the possibility to remit, the value of migration decreases, leading
to an overall decline in migrant numbers from 27 million migrant households between
2000 and 2005 to around 22 million. The decline is, however, not homogenous across
cities and migration modes. Forcing migrants to consume at destination disproportion-
ately hurts those leaving family behind and those who choose relatively high-price cities.
First, the number of migrant households leaving family behind decreases from 22 to 16
million, while the number of family migrants increases from 5 to 6 million—illustrating
the high degree of substitution between migration modes. Second, the concentration of

% Third, this experiment has

migrants across cities decreases compared to the baseline.
distributional effects between rural- and urban-born households and across residents of
different cities. The welfare of the numerous rural-born households would decrease by
0.43%, while the welfare of urban-born households would increase by 0.37%.”” The latter
hides a wide disparity across cities: urban residents in smaller cities would not experi-
ence any changes in welfare while residents of medium-size and large cities would see
a flight of migrants and experience welfare gains around 2%.

This experiment evaluates a determinant of migration in transforming economies
(and one of the main arguments of the present research): In settings with large differ-
ences in living standards between origins and destinations, migrants have incentives to
displace their consumption. The untangling of production and consumption has con-
sequences on how they migrate. They can target congested cities where labor returns
are high and where they can limit expenses by leaving their relatives behind. The pre-

vious experiment shows that a few salient features of migration in China—documented

%We follow the same five-step procedure to produce every counterfactual experiment: (1) we trans-
late a policy change into changes in our estimated parameters or migration costs, e.g., by adjusting the
computation of real wages or of migration frictions using estimates from Table 7; (2) we then compute
the counterfactual emigration rates with or without family and from each origin to each destination; (3)
we aggregate these flows at the level of each destination to compute counterfactual immigration rates; (4)
based on these immigration rates, we compute changes in urban wages and rents using estimates from
Table D.6; and (5) these changes in wages and rents imply changes in the value to migrate to each location,
which in turn will change migration decisions. We repeat these five steps until an equilibrium is reached,
i.e., when the sum of squared deviations between the (log) immigration rates from one iteration to the
next is less than a small number (0.001).

3We shed light on the distributional effects of our counterfactual experiments in Appendix E.1, where
we replicate the empirical facts of panel (b) of Figure 2, together with a display of immigrant inflows and
welfare gains/losses of urban-born households across cities.

37Rural-born households constitute more than 80% of our sample in 2005; the remainder are urban-born
households with a local hukou. Note that rural-urban migration is massive, such that the urbanization rate
is around 50%.
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Table 8. The role of consumption patterns and migration frictions—counterfactual experiments.

Migrant households (millions) Welfare (% rel. baseline)
All No fam. Fam. Fam. sh. Rural Urban
Baseline 27,29 22,27 5,02 0.184 - -

1. Shutting down remittances
Counterfactual (1) 22,28 16,10 6,18 0.277 -0.430 0.373
2. Consumption patterns and migration frictions
Counterfactual (2a) 41,21 37,44 3,77 0.091 1.230 -0.843
Counterfactual (2b) 42,54 26,98 15,56 0.366 1.350 -1.641
3. Evaluating the 2014 reform

Counterfactual (3) 22,87 19,35 3,51 0.154 -0.380 -0.153

Notes: This Table reports statistics on the extent, nature, and consequences of migration flows in the
baseline and in counterfactual experiments (1), (2a), (2b), and (3). Across all experiments, we report: the
number of migrant households (overall in column 1, without family in column 2, with family in column 3,
all reported in millions of migrant households between 2000 and 2005); the share of migrants living with
family in column 4; the welfare of rural-born households in column 5 (in % relative to the baseline); and
the welfare of urban-born households in column 6 (in % relative to the baseline). Note that rural-born
households constitute about 81% of our sample in 2005. The reader interested in measures of migrant
concentration, family migration, and urban winners/losers across cities will find detailed Figures in Ap-
pendix E.1 for all counterfactual experiments. We also provide additional statistics for experiments (1),
(2a), (2b), and (3), i.e., their effect on wages and rents at destination and on the amount that is remitted
from urban locations to rural origins.

in Section 3—could vanish without these consumption imbalances.
Our subsequent counterfactual experiments will further untangle the role of con-
sumption patterns and migration frictions on the extent and nature of migration and

evaluate the effects of an actual migration policy, i.e., the 2014 reform.

6.2 Consumption patterns, migration frictions, and the nature of migration

We now assess the effect of consumption patterns and migration frictions on rural-urban
migration in China and the (ambiguous) impact of the 2014 reform, tightening restric-

tions in a few mega-cities and relaxing them in less populated urban agglomerations.

Consumption patterns and migration frictions Migration frictions might affect
migrant households through a discounted level of utility for a given consumption basket—
modeled through bilateral iceberg costs {ij} in our setting—or through the relative

value of consumption at destination versus origin—captured by the set of parameters
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{A,}. In this section, we discuss how the former, direct effect and the latter, indirect
effect differently impact the extent and nature of migration.

In counterfactual experiment (2a), we evaluate the indirect effect of consumption
patterns and discount the relative value of consumption at destination, A,, by a factor
of 0.5. By construction, this experiment symmetrically increases the relative value of
consumption at origin, such that it could capture increasing housing restrictions for
migrants across destinations or consumption-enhancing policies at the typical origin.
In counterfactual experiment (2b), we simulate instead the effect of a blanket, lenient
migration policy directly affecting utility: we use our causal mapping between migration
policies and the estimated migration costs {T ru } (see Table 7), and we adjust migration
policies as captured by a higher probability to convert registration across all cities (Ar, =
0.05). Table 7 shows that such a shift would affect both migrants moving with family and
migrants living alone at their destination, even though to a much lesser extent for the
latter.”

We report the differences implied by counterfactual experiments (2a) and (2b) in the
second and third panels of Table 8. While counterfactual experiment (2b) is clearly a
migration-friendly policy, counterfactual experiment (2a) also ends up boosting migra-
tion through the interaction of two main mechanisms: the displacement of consumption
and the substitution across migration modes. In fact, both experiments would lead to
a substantial increase in migration flows: in both cases, about 41-42 million migrant
households would leave their rural origins between 2000 and 2005 against 27 million in
the baseline. The two experiments however markedly differ in how migrants migrate.
Discounting the relative value of consumption at destination markedly increases the
incentives to move without family and towards the most expensive cities: family migra-
tion would further decrease and the additional migrant flow would be almost entirely
absorbed by the right tail of destinations in terms of nominal wages/housing prices.
Migrant concentration would be much more pronounced than the one documented in
panel (b) of Figure 2. By contrast, the overall loosening of migration restrictions mostly
benefits family migration and would tend to lower the concentration of migrants by
generating a more widespread, family-based allocation of migrants across destinations.
Both reforms would have significant redistributive effects: The average welfare of (the

more numerous) rural-born households would be 1.2% and 1.4% higher than in the base-

3China has been imposing policies restricting internal migration since 1958, and these policies have
changed over the course of its economic development. For these reasons, quantifying their dynamic and
combined role is difficult. We simplify the analysis by restricting our attention to migration flows between
2000 and 2005 (our baseline period) and by ignoring dynamic considerations (e.g., substitution in migra-
tion flows across periods). In the Reform era, China devolved to local governments the power to devise
migration policies—in practice, more or less stringent restrictions on the use of public services, the access
to housing in cities, and the possibility to convert registration at destination.
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line; and the average welfare of (the less numerous) urban-born households would be
0.8% and 1.6% lower than in the baseline, with most of these losses being concentrated
in large urban agglomerations in the case of experiment (2a).”

In summary, how frictions and policies affect consumption is instrumental in under-
standing migration patterns and the distribution of city size in transforming economies.
Making it harder for migrants to consume non-tradables at destination strongly con-
strains family migration, but does not hinder the large flows of rural migrants to the
largest cities. If anything, those policies backfire in that they are concentrating migrants
towards these large cities with high nominal wages and high (yet avoidable) housing
prices.”’ Such policies would both sharply increase the number of split families and left-
behind children (Gao et al. 2022) and lead to the rise of mega-cities.

The 2014 hukoureform Inour last counterfactual experiment, we evaluate the hukou
reform of 2014. We rely again on our causal mapping between migration policies and
migration barriers, but we now exploit columns 3 and 4 of Table 7. Indeed, Zhang et
al. (2018) did not only measure migration restrictions before 2014 (h,,)—used as the ex-
plaining variable in columns 3 and 4—but also after 2014 (h,,). In other words, we can

model the effects of the policy for j € {1, 2} as follows:
T;ru = Tjru + ﬂj X (hu,a - hu,b) s

where f3; is the mode-specific adjustment of (dis)amenities 7, to the hukou index. While
the 2014 reform generally relaxed migration restrictions, the relaxation was much more
significant in small- and medium-size urban destinations. In effect, migration regulations
did become stricter in very large cities (an observation discussed in Gao et al. 2022, see

Appendix E displaying the distribution of h,, — h,; across cities of different size).

% Appendix E.1 sheds additional light on the redistributive aspects of these experiments. We first
provide evidence on the counterfactual migrant concentration and migration incidence as a function of
rents at destination (in the spirit of Figure 2), and we show the distribution of welfare gains/losses for
urban-born households across cities. We further document the spatial distribution of welfare gains/losses
and changes in family migration, as induced by counterfactual (2b), in maps nested at the destination or
origin level. These maps show that hukou restrictions of the early 2000s protected urban people along
the coast at the expense of rural people in Central China, pushing many of them to leave children behind
when migrating to these coastal cities. Finally, we compute the distribution of welfare for urban-born and
rural-born households across the main counterfactual exercises to understand the redistributive effects of
migration policies.

“0This discussion relates to the literature on the fiscal impact of migration. Our approach allows us
to discuss how migrants’ access to public goods would affect city size (and possibly local expenditures
on education and healthcare); it does not, however, consider the equilibrium effect of migrant inflows
onto local expenditures. Note that migrants do contribute to local finances, directly through individual
income tax and indirectly through corporate income tax and value added tax—40%, 40%, and 50% of which,
respectively, are redistributed to the local government (Lui 2020). Our findings on the effects of relaxing
migration restrictions relate to the literature on “chain migration” (Cascio and Lewis 2023).
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We present the predictions of counterfactual experiment (3) in the last panel of Ta-
ble 8. Our quantitative model allows this effect to be disciplined by the interaction of con-
gestion forces, the substitution between migration modes, the multiple location model,
and the general equilibrium. We find that the 2014 hukou reform leads to a limited de-
crease in migration, but its effect is ambiguous: Small- and medium-size cities attract
more migrants at the expense of the largest cities. This reallocation of migrants is best
observed in Appendix Figure E.5, which displays the reform effect on migrant concen-
tration, migration flows across migration mode and welfare across cities (from the least
expensive cities to the most expensive ones): The 2014 reform did lead to a dispersion of
migrants from the most congested cities toward the other, smaller urban agglomerations.
Its overall effect indicates, however, that it should not be interpreted as a relaxation of
hukou policies. Migration barriers became smaller in a large number of cities, but not
in those locations that are the most attractive to migrants; and the concentration of mi-
grants documented in Section 3 is such that the tightening of restrictions in a few cities

is sufficient to counteract the easing effect on most cities.

6.3 Discussion

This section summarizes our main findings about: (i) the normative implications of dis-
placed consumption and migration frictions with a focus on their redistributive effects;
(ii) model extensions allowing for agglomeration and congestion externalities; and (iii)
the quantitative and qualitative insights induced by our precise modeling of migration

and consumption choices relative to alternative, standard models of location choice.*

Normative implications and redistributive effects Our setting is one with very
significant variation in living standards across space—between rural and urban dwellers,
and across cities. At the onset of the 2000s, China became a leading exporter, and the
fast economic development induced wide regional disparities. The drivers of this growth
were large cities and new exporting regions, all located along the coast.

In Appendix E.1, we quantify the welfare implications of (a) the possibility for rural-
urban migrants to lower living costs in booming cities and (b) migration restrictions.
We show that migration restrictions acted as a strong regressive policy, increasing the
welfare of urban residents located in the most attractive cities at the expense of a large
population of rural households in the hinterland. These frictions prevented rural-urban
migration to a large extent, but many rural dwellers still migrated toward these attrac-

tive cities. We find that they did so by leaving family behind, incurring non-negligible

41The reader interested in redistributive effects, the role of externalities, and modeling alternatives can
refer to Appendix E.1, E.2, and E.3, respectively.
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bilateral migration costs. Appendix E.1 shows that the ability to displace consumption
significantly mitigates the impact of these regressive migration policies. More specif-
ically, it reduces welfare inequalities between urban-born and rural-born households
and across urban-born households from different cities; it however slightly increases
the welfare disparities across rural-born households, benefiting rural households in the

hinterlands of expensive cities.

Introducing externalities The heterogeneous growth of cities is possibly disciplined
by agglomeration and congestion forces. Our baseline quantitative model only features
such forces through the (equilibrium) adjustment of labor and housing markets.

In Appendix E.2, we show that agglomeration economies (e.g., through positive pro-
duction spillovers from rural migrants, as in Combes et al. 2015) or congestion externali-
ties (e.g., through negative spillovers on local amenities) would affect our quantification
exercise at the margin. The former would predict a slightly larger effect of relaxing
migration restrictions on migrant inflows, with rosier welfare implications across the
board. The latter would predict the exact opposite effects. Both externalities have lim-
ited bite, because their effects are dwarfed by the other drivers of migration, i.e., the large
rural-urban income gaps and the significant bilateral migration costs. The most inter-
esting extension allows for remittances to boost production at origin (as in Pan and Sun
2022, Khanna et al. 2022). This extension increases the social returns to migration, while
decreasing its private return. In such a framework, migrants migrate less following the
relaxation of restrictions than with our baseline model, even though the policy would

have larger welfare effects, and migration subsidies might be welfare-enhancing."

Sensitivity analysis and alternative migration models Our modeling choices are
motivated by the following observation. In environments with significant gaps in living
standards between rural and urban areas and across cities—as is the case in most trans-
forming economies,—households have incentives to migrate without family and displace
part of their consumption back to their rural homes. This observation, coupled with em-
pirical regularities discussed in Section 3, leads us to consider a location choice model
allowing potential migrants to choose whether to migrate or not, how to migrate, and

where, and giving them a technology to displace part of their consumption to origins.

“2In Appendix E.2, we focus on alternative specifications that endogenize the productivity or amenity
shifters. We could also use the counterfactuals to consider alternative policy-relevant outcomes outside
the model, based on elasticities to immigration from the literature, e.g., future income losses for left-
behind children (Gao et al. 2022), consumer prices through the provision of non-traded services (Cortes
2008), criminality (Abramitzky et al. 2023), or slums (Marx et al. 2013). Particularly interesting applications
would allow for externalities that are specific to the migration mode. For instance, from Figure 3 we would
expect non-family migration to lower demand for housing quality in destination cities, which may be seen
as a negative externality.
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In Appendix E.3, we illustrate the quantitative and qualitative insights gained through
the adoption of those two novel features by estimating four alternative models: (1) a
multinomial model of location choice (as in Bryan and Morten 2019, Tombe and Zhu
2019); (2) a nested model where rural households can decide whether to migrate or not,
and where; (3) a nested model adding the possibility for migrants to remit (as in Albert
and Monras 2022); and (4) a three-nest structure akin to our baseline model (i.e., with two
migration modes and two associated technologies for the consumption of non-tradable
goods), but where there is limited substitutability between migration modes. We show
that both ingredients are instrumental in quantifying the effect of migration frictions. In-
tuitively, ignoring remittances or the choice of migrating with or without family leads to
a misspecification of bilateral migration frictions. Models without remittances underes-
timate the possible impact of a relaxation of migration barriers and their heterogeneous
effects across migration modes. By contrast, models with different migration modes but
without accounting for substitutability between those would widely over-estimate the

effects of such a relaxation.

7 Conclusion

This paper offers a new perspective on migration and migration policy. While most of
the literature has studied how migration frictions, sometimes induced by policy, deter
migration, we identify a novel impact of such restrictions: Migration institutions do not
only limit the extent to which people migrate, but also how they do so. At heart, mi-
grants face a decision between moving with their families to less expensive locations
(maybe with higher amenities), or moving without their families to expensive, produc-
tive locations and remitting a significant share of their earnings.

We make this argument in the context of rural-urban migration in China. Chinese
internal migration policies limit the extent to which rural families can fully migrate to
urban settings. We use this setting to argue that the hukou system resulted in a concen-
tration of rural migrants into the highest-wage, highest-rent, and potentially the most
congested urban destinations. We also show how taking into account family migration
decisions allows us to evaluate the role of policies in shaping the level and composition

of migration.
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A Data description

This section provides complements to Section 2: (i) a brief description of our data; and
(ii) a lengthy discussion of the allocation of migrants, barriers to migration, and split

families across space and over time.

A.1 Living conditions in cities

We collect data on living conditions in cities: pollution data from satellite images; com-
muting data from the “2015 Mini-Census”; and additional wage data for years other than
2005. We leave the description of additional data used for identification purposes to

Appendix D.

Pollution Pollution data come from TEMIS satellite images and cover the period 1997-
2015 with a 20-25 km resolution. We map raster data on NO, concentration, which
captures industrial and exhaust gas pollution, to Chinese prefectures to create pollution
concentration measures at the prefecture x year level. These measures can be interpreted

as a proxy for air quality.

Commuting We also compute average commuting times at the prefecture level from
a random 20% micro extract of the 2015 1% Population Survey. These data allow us to

proxy for congestion.

Statistical Yearbooks We use aggregate data compiled by the National Bureau of
Statistics based on the Reporting Form System on Labor Wage Statistics, the National
Monthly Sample Survey System on Labor Force, and the System of Rural Social and Eco-
nomic Surveys (http://www.stats.gov.cn/tjsj/ndsj/2018/indexeh.htm) to extract measures

of wages at baseline, in 2000.

A.2 Descriptive statistics

In this section, we provide complements to the main descriptive statistics discussed in

Section 2.4.

Immigrant inflows and family migration over time Figure A.1 shows the compo-
sition and magnitude of immigrant inflows to urban areas between 1995 and 2010. Im-
migrant inflows accelerate around the time of WTO accession, coinciding with other re-
forms contributing to pushing migrants from rural hinterlands into growing metropoli-

tan areas. After 2000-2001, urban areas experience a steady increase of population, and,
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Figure A.1. Immigrant inflows and family migration over time.

Notes: This figure shows the composition and magnitude of immigrant inflows to urban areas between 1995 and 2010 using Popu-
lation Censuses (2000, and 2010) and the “2005 Mini-Census.” A migrant is defined as an individual whose prefecture of residence is
different from her prefecture of household registration. The definition of family migration follows that of our baseline specification
(a migrant living at destination with at least a parent or a child). The dashed line indicates the WTO accession of China in 2001. Note
that there are two differences with Figure 1: Migration incidence is captured here by yearly flows; migrant flows are normalized by
contemporary population in cities and set equal to 1 in 2000.

more importantly for our purpose, the composition of immigrant inflows appears to be

stable over time: about 20% of new immigrants to cities are moving with their family.

Figure A.2. Immigrant inflows and remittances across prefectures in 2005.

(a) Immigration rate (b) Remittance share

Notes: Panel (a) displays the share of rural-urban immigrants in the 2005 1% Population Survey or “2005 Mini-Census” across urban
prefectures. We restrict the sample to urban locations and define rural-urban immigrants as rural-Hukou holders at those urban
locations. Note that the Western regions appear to have large immigrant shares, mostly because those are less populated areas.
Panel (b) displays the share of income devoted to remittances across destinations (from CMDS, 2011-2012).
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Immigrant inflows and remittances across space Figure A.2 displays the geogra-
phy of migration to cities in China: the allocation of immigrants across space in 2005 in
panel (a), and the remittance share across destinations in panel (b). Ignoring the Western,
less populated areas, we see that migrants tend to go to large cities (Beijing, Shanghai)
and to the new exporting centers: Tianjin, Fuzhou, and Shenzhen/Guangzhou in the
South. From these favored destinations, migrants appear to remit larger fractions of

their income (panel b of Figure A.2).

Figure A.3. Migration patterns across destinations and origins in 2005.

(a) Living with family (destination) (b) Moving with family (origin)

Notes: Panel (a) shows the variation in migration arrangements across destinations (share of immigrants living at destination with
family). Panel (b) shows the variation in migration arrangements across origins (share of emigrants moving with family).

Migration patterns Figure A.3 shows that migration patterns strongly vary across
space. First, the spatial distribution of migrants living with family across destinations
(negatively) correlates with immigrant incidence and with the propensity to remit back
to origins: In large cities and new exporting centers, migrants are also less likely to live
with family—see panel (a). Second, the previous observation, coupled with the gravity of
migration flows, induces spatial disparities in the share of migrants having moved with
family from different origins and thus with the incidence of family members left behind
by the main breadwinners—see panel (b). These geographic differences are very marked
and illustrate a strong spatial heterogeneity in migration patterns across Chinese cities.

The gravity of migration flows has two distinct implications for the decisions of fami-
lies to move jointly or remain split between two locations: (i) the proximity to congested
locations with strong barriers to family migration induces a higher incidence of split
families, for a given distance, as shown in panel (b) of Figure A.3; and (ii) the distance
between origins and destinations does predict some of the incidence of the different mi-

gration patterns (see Figure A.4). In fact, the former effect is most predictive of family
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Figure A.4. Migration patterns and distance in 2005.

(a) Distance (b) Travel time

Notes: Panel (a) shows the variation in migration arrangements (share of immigrants living at destination with family) across mi-
gration spells implying different geodetic distances between origins and destinations (as the crow flies). Panel (b) uses instead an
indicator of distance based on travel time through the transportation network.

migration: Most population lives in Central China and along the coast, not so far from
typical migration destinations, such that the higher incidence of family migration from
very distant prefectures (see the right tails in Figure A.4) does not represent more than

1% of all migration spells.*’

Migration barriers One crucial factor underlying the allocation of migrants and their
families across space is the stringency of local barriers to migration (see Section 2.1). In
this section, we first describe and compare the measures we use to capture such barriers.
We then show how they reflect migrants’ experiences at destination. Finally, we discuss
the spatial distribution of Hukou stringency across cities and how this distribution was
affected by the 2014 reform.

In the paper, we use two measures of the local regulatory environment affecting
immigration. First, we follow Wu and You (2021) and use census data to compute the
share of migrants between 15 and 64 years old, having moved for work-related reasons,
and born in another county, who were registered locally with a non-agricultural Hukou.
This gives us a city-level measure of the probability for immigrants to convert their
household registration at destination; we denote it by r,.** Second, we use the composite
indices from Zhang et al. (2018), who collated local regulations and policy documents

to quantify how easily migrants can obtain local household registration at destination.

“Western and northern families might also be more likely to move jointly with their family, because
nearby cities are cheaper and with less stringent Hukou restrictions.

*4Census data do not record past Hukou types. This measure thus assumes away urban-urban migra-
tion.
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These indices are available for two periods: before (2000-2013) and after (2014-2016) the
landmark 2014 Hukou reform, and for 124 cities; we denote those indices by h, , and A,
for the pre- and post-2014 periods, respectively. In Section 5, we rely on the registration
probability measure from the 2010 Census,” and in Section 6, we leverage legislation-

based indices to estimate the effect of the 2014 Hukou reform in a counterfactual exercise.

Figure A.5. Measures of the Hukou environment.

(a) Registration probability, r, (b) Hukou index, hy,,

Notes: Panel (a) shows the correlation between the census-based measures of local household registration probability for 2000 and
2010, following Wu and You (2021). Panel (b) shows the correlation between the pre-2014 Hukou stringency index developed by
Zhang et al. (2018) and the household registration probability for 2010. A bubble is a prefecture of destination and is weighted by its
initial urban population in 2000. The lines are local polynomial fits, where each observation is weighted by population.

We show the correlations between measures of the Hukou environment in Figure A.5.
Panel (a) plots the registration probability in 2000 against that in 2010 (our main mea-
sure of the Hukou environment), using census data. We see that the two measures are
strongly, positively correlated, which illustrates the presence of inertia in local legisla-
tion, despite the fast growth in immigration in that period (see Figure 1). Nonetheless,
the majority of prefectures lie below the 45-degree line, which implies that many pre-
fectures eased restrictions on Hukou conversion between 2000 and 2010. This measure
of the Hukou environment is however a complex equilibrium object, as it is based on
observed, and therefore selected, immigration. In panel (b), we correlate our measure
of registration probability in 2010 with the composite index from Zhang et al. (2018),
which instead relies on a coding of legislation rather than on observed migration and
conversion probability. As expected, the two measures are strongly negatively corre-
lated, which suggests that they do capture the leniency and stringency, respectively, of

the local Hukou environment.

#The “2005 Mini-Census” does not contain information on the place of birth. Results are unchanged
if we measure the registration probability in 2010 instead.
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Figure A.6. Access to public goods and the Hukou environment.

(a) Access to schools (1) (b) Access to schools (h,,)
(c) School fees (r,,) (d) School fees (h,4)
(e) Medical insurance (r,) (f) Medical insurance (hy,)

Notes: This figure shows the correlation between measures of access to public goods from the 2007 CHIP rural migrant survey
and measures of the leniency or stringency of the Hukou environment. The latter is captured by the census-based measure of local
household registration probability for 2010, following Wu and You (2021), and by the pre-2014 Hukou stringency index developed by
Zhang et al. (2018), in left () and right panels (h, ), respectively. A dot is a prefecture of destination. The lines are local polynomial
fits. “Share of children in public schools” is the share of migrant households’ children who attend public schools, conditional on
living at destination. “Total school fees” includes tuition fees, the cost of food, the cost of remedial classes taken at schools, and other
fees (e.g., school uniform); it excludes sponsorship, boarding, and selection fees. “No medical insurance” is the share of immigrant
household heads who do not have any medical insurance.

An important caveat of both census- and legislation-based measures is that they rely
on Hukou conversion, which remains a rare event for rural migrants, in particular for the

average—low-income, low-education—migrant. Cities typically condition local registra-
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tion on migrants’ meeting a set of stringent criteria, e.g., investing more than one million
RMB in an enterprise or having a college degree. In Figure A.6, we leverage an additional
dataset, the 2007 China Household Income Project (CHIP) rural-urban migrant survey,
which constitutes a representative survey of migrant workers and their households in
15 cities in nine provinces,“’ to investigate whether our Hukou conversion measures are
good proxies for the experiences of rural migrants at destination, i.e., for their access to
public goods. We display in Figure A.6 correlations using the census-based registration
probability in left panels and the legislation-based Hukou index in right panels. The top
two panels show the correlation of the probability for migrants’ children (conditional
on living at destination) to attend public schools with the Hukou environment at desti-
nation. We see that cities that are characterized by a tougher stance on migrant Hukou
conversion are indeed more likely to restrict migrants’ access to public goods. The mid-
dle panels show that, conditional on going to school at destination, migrants’ children
pay higher school fees in more restrictive Hukou environments.*” Turning to healthcare
as another major public good that migrants are known to have limited access to in urban
China, the bottom panels show that immigrants in more stringent Hukou environments

are much less likely to have a medical insurance.

Figure A.7. Migration barriers across prefectures.

(a) Hukou conversion (2010) (b) Hukou index (before 2014)  (c) Hukou change (pre-post 2014)

Notes: Panel (a) shows the variation in Hukou conversion between 2000 and 2010, r,—a measure constructed following the procedure
developed in Wu and You (2021). Panel (b) uses the composite index capturing the ease with which migrants could obtain a local
urban Hukou before 2014, h,, (Zhang et al. 2018). Panel (c) uses the differences in such composite indices after 2014 compared to
the pre-reform period, hy ), — hyq.

We finally shed some light on the spatial distribution of barriers to internal migration

in Figure A.7 with: (i) the measure of Hukou conversion from the 2010 Census in panel (a);

#Given the absence of a sampling frame, CHIP selected migrant respondents in the following way: (i)
they randomly sampled enumeration areas within each city, (ii) they listed all workplaces within each enu-
meration area, (iii) they collected information on the number of staff and the number of migrant workers
from each workplace, and (iv) they randomly selected migrant workers to participate in the survey (Meng
and Manning 2010).

47Similar patterns obtain if we focus on tuition fees, i.e., excluding the cost of food, remedial classes,
and other fees included in total fees.
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(ii) the composite index capturing the ease with which migrants could obtain a local
urban Hukou before 2014 (Zhang et al. 2018) in panel (b); and (iii) the differences in the
composite indices after 2014 compared to the pre-reform period in panel (c).

Migration barriers coincide more or less with the allocation of economic growth dur-
ing the Reform period. Indeed, the extent to which prefectures constrain access to public
services depends on the expected fiscal deficits and (historically) on possible food short-
ages if they were to allow for migration. Such deficits are thus tied to expected migration
(very correlated with local growth prospects) and to fiscal balance and food reserves. In
Section 5, we exploit the latter to isolate exogenous variation in the allocation of migra-
tion barriers across space.

In 2014, the government implemented a Hukou reform (exploited in Gao et al. 2022,
in order to uncover its effect on left-behind children) with the aim of displacing rural
migrants from congested cities to smaller agglomerations. Panel (c) of Figure A.7 shows
that large metropolitan areas (e.g., Beijing, Shanghai, Shengzhen/Guangzhou, Fuzhou,
etc.) experienced a tightening of restrictions when satellite cities experienced a loosening
of barriers. We discuss the subtle effect of such a reform on the allocation of migrants in

Section 6.

Figure A.8. The incidence of return migration.

Notes: This Figure compares the number of migrants having departed from their origins after 2000 (x-axis) to the number of those
having returned between 2004 and 2005 (y-axis) across prefectures.

Return migration An intriguing feature of rural-urban migration in China, given
the institutional constraints to settling in cities, is the low incidence of return migra-
tion. One factor could be the lack of non-agricultural employment opportunities in rural

hinterlands (in spite of the effect of remittances documented in Pan and Sun 2022). We
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quantify the incidence of return migration in Figure A.8, where we compare the number
of migrants having departed from their origins after 2000 to the number of those having
returned between 2004 and 2005. In rural areas where about 10% of the rural population
left during this period, only about 0.3% returned.” We further discuss return migration
and the prospects of movers in Appendix B.8, where we show that most of them would

prefer to stay at destination even when currently leaving the family behind.

Figure A.9. Consumption of non-tradables and expenditure shares of migrants across space.

(a) Housing share (b) Expenditure share (excl. remittances)

Notes: Panel (a) displays the share of income devoted to housing expenditures across destinations (from CMDS, 2011-2012; the
measure includes the employer contribution if housing is provided by the employer). Panel (b) displays the ratio of expenditures
(from CMDS, 2011-2012; excluding remittances) to income.

Robustness and alternative definitions We now discuss a few robustness checks.
We first provide a sensitivity analysis of Figure A.2 by displaying alternative measures
of (displaced) consumption in Figure A.9. We first extract the share of income devoted
to housing in panel (a) and find that favored destinations, where migrants appear to
remit larger fractions of their income, are also places where they spend less on housing.
They do not only spend less on housing: They consume less as a whole. We indeed
show in panel (b) of Figure A.9 that the ratio of consumption to income is lower in the
most-favored destinations.

In the paper, we use a baseline dichotomy to characterize migration spells and we
distinguish migrants living with family (i.e., with at least one parent or child) from mi-
grants living without family at their destination. In practice, there are many different

arrangements, some involving the migration of one spouse only, others involving both

“Imbert et al. (2022) further studies the patterns of return migration in the “2005 Mini-Census,” e.g.,
allowing them to infer the extent of return migration between 2000 and 2005 rather than between 2004 and
2005 only. The conclusion remains that return migration is one order of magnitude lower than migration
flows.
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parents—thus leaving children with their grandparents. In Table A.1, we replicate Table 1
and report four other splits of the data: one that distinguishes migrants living with chil-
dren from those living without children; one that distinguishes female migrants living
with children at destination from having left their children at origin (thereby focusing
on females with children only, using the fertility module of the “2005 Mini-Census”); one
that distinguishes migrants living with any relative from those living without relatives;
and one that distinguishes migrants living with a spouse from those living without a
spouse. The findings are quite consistent with our baseline dichotomy. Interestingly, we
find that migrants who move alone are the ones with the largest number of co-residents:

They indeed tend to live in dorms or in shared, low-quality accommodation.

56



“Sur[emp a3 JO SOTISLIAIORIEYD SNOLIBA YIIM PIJIRIDUI S]O3Y2 Paxy 21n309ja1d uo Sursnoy] [eroIawuod ur Surjual
sjuapuodsai 10§ (S0[ uT) JUSI ATYIUOUT JO UOTSSIIFT B UIOIJ SWOIINO Pa3dTpaid a1} uo paseq st aivys Juisnop] “(pajdope sem AST[0J-PIIYD-IUQ Y] USYM GZ SA0GE dI9M OUM SI[BWSJ SIPN[IXd ,JOO) sjuspuodsar
SeWIa] J0J J[qR[IRAR ST 241D UAIP[1Yd Jo 4aquinN Yoam jsed ay) ur sioy Sunjrom aanrsod pajrodar oym S[ENPIAIPUT 0 PIJOLI)SAI IB Yaam 190 Pay.iom SINOF] PUe (FIAY) duiodul Ayjuopy 103 sonysnes aandirsaq
"JOU IO SIATJR[DI JWIOS UIIM PIAOW SuTAey 2SOy} YSISUMSIP oM ‘g PUB / SUWIN[OD UI PUE $Jou I0 asnods e yjim pasowr Suraey] asoy} YsmSuIsIp am ‘9 pue ¢ SUWN|od U (F pUe ¢ SUWN[Od UT UIPIYD M
USWOM J0J) J0U JO USIP[IYD UM paAow SUTARY] 9SO YSIMIUTISIP oM ‘g pure T suwn[od uf “(Aoaing uonjendod %1 §00Z) Seale weqan ur SUIAT] pue $9-G1 pade speay p[oyasnoy] 0} PajoLIsar st afdures Y], :s910N

£09°0 16570 60L°0 16270 £09°0 €650 2840 8IZ°0
869°G¢ 626°¢T 6%6T¥ PETLI 88¢°GT 6666 1€2°9% 25621 SUOT)BAIIS(O
6.8 5L 158 29L 228 SIL 298 1L (GNY) dwodur A1)
MUNNMEEUBKBSND uonvaIoT g Nmtsﬁw
6£0°0 0€1°0 650°0 SIT°0 1L0°0 ZLI0 L3070 AN dryszsumo asnoyy
1950 9/6°0 966°0 €650 €190 950 €150 SHS0 5191103 ON
819°0 0 €850 S9%°0 I¥5°0 68¢°0 $65°0 88€°0 Uy ON
L96°C €197 €682 L¥LT €022 182°€ 6LLT 901°¢ SJUIPISAI-0))
SJUIWAZUDLID FUIALT (] [oUDg
¥22°0 661°0 0£2°0 291°0 $62°0 922°0 €120 2€20 areys Sursnopy
I%'GS 19°GS $£°66 €866 I1°9G 1€°6S €666 2€'SS oom 1ad payyIom sioy
000°T PSTT 2107 SLIT 696 9811 ¥20°1 961°1 (g “peaY) Swodu]
mbﬁmﬁ&u@x@&u tuouodq U Nmtsm
$20°0 $10°0 2200 $10°0 L00°0 0100 220°0 110°0 (3seay 1) 98a710D
961°0 9%1°0 981°0 IST'0 S0T°0 621°0 881°0 €€1'0 (3se93] 1®) J0OT]dSs YSTH
:OEGQSEN 'qd Nmtﬁﬁw
6LE'T 80G'T 9¢H'T geeT 0€S'T €H9'T ¥5€°T €%9°1 (.dDO) URIP[IYD JO IdqUINN
LEV'T 2651 66¥'1 eev'1 S09'T 189°T Q7H'1 1691 ULIP[IYD JO IdquINN
SIS0 196°0 996°0 6660 886°0 266°0 609°0 L86°0 patrey
IL%0 881°0 L0 5600 000'T 000'T L6€°0 022°0 (peoy) orewog
L6'82 €r'se 9862 0Z'S¢ 0¥%'S¢ 19°6¢ 2ros 80°9¢ 28y
9151423004010 1ydvaSowa(] ;7 ]auvg
moyIrm Unm moyIrm ynm moyrm UM moyIm ynm
saATe[Y asnodg (3) wIPIYD U2IpIYD

‘sjusueSuelre SUIAT[—soTIsIie)s 2andiIose "1V d[qelL

57



B Complements to the empirical analysis

This section provides some motivational evidence discussed in the introduction and com-

plements to Section 3.

B.1 Motivational evidence

We argue that the patterns observed in China have some similarities with the patterns
observed across multiple countries. Figure B.1 uses data on 149 Census extracted from
IPUMS to show that indeed migrants concentrate more into larger cities than residents.

The patterns are even stronger for international migrants.

Figure B.1. Living without relatives in urban settings (residents, rural-urban migrants and international
migrants).

Notes: This Figure relies on 149 censuses extracted from IPUMS, for which we observe administrative units at the second level, the
location of respondents (rural or urban settings), their migration status (inferred from their location at birth or 10 years prior to the
interview), and their living conditions at destination. The y-axis is the propensity to live without relatives at destination (i.e., alone
or in a couple, but without children). The lines are local polynomial fits, where each observation is weighted by population. The dots
represent the average across 1,000 bins of (log) relative city size. The relative city size is calculated as the city size divided by the total
population across urban areas within a given census wave. The covered countries are: Argentina, Benin, Bolivia, Brazil, Cambodia,
Cameroon, Chile, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador, Egypt, El Salvador, Fiji, Ghana, Greece, Guatemala,
Guinea, Haiti, Honduras, India, Indonesia, Iran, Iraq, Israel, Kyrgyz Republic, Lesotho, Malawi, Malaysia, Mali, Mauritius, Mexico,
Mongolia, Mozambique, Myanmar, Nepal, Nicaragua, Panama, Papua New Guinea, Paraguay, Peru, Philippines, Rwanda, Senegal,
Sierra Leone, South Africa, Thailand, Togo, Uganda, United States, Uruguay, Venezuela, Vietnam, Zimbabwe.

In this section, we also shed some light on the predictors of population growth for
urban areas in China, just before the WTO accession and land reforms that precipitated
the migration of rural inhabitants to cities. We focus in particular on local prices, as

captured by housing rents, to illustrate the apparent puzzle at the core of our analysis:

migrants appear to sort in expensive cities.
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Figure B.2. Correlation between population growth and housing rents.

(a) Baseline (b) Residualized

Notes: This Figure shows the correlation between population growth across prefectures between 2000 and 2005 and initial rental
prices. Panel (a) shows the unconditional correlation, where prefectures are grouped by bins of initial rental prices. Panel (b) nets
out other potential drivers of population growth—see the control variables used in Table B.1.

This sorting is due to two factors: (i) omitted variation, as expensive cities typically
offer high wages; and (ii) the consumption patterns of migrants, especially when they
move without their family. We better discuss these stylized facts in Section 3, provide
a theoretical framework to think about migration decisions in Section 4, and carefully
estimate a migration choice model in Section 5. We present here the unconditional and
conditional correlations between population growth and initial rental prices (see Fig-
ure B.2 and Table B.1).
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Table B.1. Correlates of population growth between 2000 to 2005.

Growth (2000-2005) (1) (2) 3) (4) (5) (6)
Rent (log, 2000) 0.158 0.105 0.131 0.132 0.129 0.209
(0.054) (0.072) (0.071) (0.054) (0.056) (0.070)
Rent (log, 2005) -0.083
(0.053)
Wage (log, 2005) 0.064
(0.045)
Pollution (2000-2005) -0.115
(0.100)
Wage (log, 2000) 0.130 0.143
(0.066) (0.069)
Pollution (1997-2000) 0.035 0.041 0.013 0.012 0.152
(0.022) (0.021) (0.023) (0.025) (0.111)
TFP (log, 2000) 0.012 0.001 -0.025
(0.058) (0.059) (0.056)
Geo. constraints 0.220 0.213 0.161
(0.178) (0.183) (0.186)
Geo. x TFP 0.114 0.113 0.076
(0.197) (0.203) (0.212)
Bartik shock 0.002 0.001
(0.004) (0.004)
Trade shock 0.159 0.161
(0.266) (0.282)
Population (log, 1990) -0.050 -0.045
(0.018) (0.020)
R-Squared 0.071 0.133 0.172 0.087 0.094 0.142

Notes: A unit of observation is a prefecture in 2005. Robust standard errors are reported between parentheses. The dependent
variable is the population growth in urban areas at the prefecture level between 2000 and 2005. The sample is constituted of 272

prefectures; the construction of dependent variables is better described in Section 2 and Appendix A.
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B.2 The concentration of migrants across cities

In this section, we document the extent to which migrants, especially when they move
without family, concentrate in a few cities. To do so, we rely on the so-called Zipf law
of city size, which conjectures that (log) population should be linearly related to the

associated (log) rank and that the coeflicient of such a linear relationship should be -1.

Figure B.3. The concentration of migrants across cities.

(a) Migrants and residents (b) Migrants with children (c) Residents with children

Notes: The x-axis reports (log) population by type (all, migrants, etc.) across prefectures using the “2005 Mini-Census”—note that we
normalize the population by type to sum to 1 across all prefectures. The y-axis reports the associated (log) rank of these prefectures.
The Zipflaw of city size conjectures that (log) population should be linearly related to the associated (log) rank and that the coefficient
of such linear relationship should be -1.

Panel (a) of Figure B.3 shows this relationship for all urban dwellers (green dots and
line) and computed with rural migrants only (red dots and line). While the Zipf law of
city size appears to hold for all urban dwellers, rural migrants are (much) more concen-
trated than the average urban dweller: The (relative) size of the migrant population is
thrice as large in the most populated city relative to the average urban dweller (panel a).
Panel (b) of Figure B.3 shows that migrants without family are even more concentrated—
a gradient that is far less obvious when looking at urban dwellers with a local, urban

Hukou (panel c).

B.3 The sorting of migrants across cities

Our motivating evidence in Section 3 documents that migrants sort into cities where
monthly wages are high.

In Figure B.4, we decompose this finding into two distinct effects: (i) migrants sort
into cities where wage rates are high (i.e., the wage adjusted by the number of hours
worked during a normal week); and (ii) migrants sort into cities where workers work
longer hours. The latter effect is not negligible as workers in “highest-wage” locations

appear to work between 25-30% more than in the “lowest-wage” locations.*

“'One explanation could be that the substitution effect dominates the income effect for the relatively
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Figure B.4. Rural migrant concentration, hourly wage, and hours worked.

(a) Hourly wage (b) Hours

Notes: The y-axis reports the migrant concentration in city ¢, m,, as defined in Section 3. In panel (a), the x-axis reports the (log)
hourly wage rate; in panel (b), the x-axis reports a measure of (log) number of hours worked during a normal week. Hours and wages
are constructed by aggregating individual responses from the 2005 1% Population Survey. A bubble is a prefecture of destination
and is weighted by its initial urban population in 2000. The lines are local polynomial fits, where each observation is weighted by
population.

In Figure B.5, we further probe the relationship between migrant concentration and
returns to labor by extracting four different measures of wages from the “2005 Mini-
Census”: a measure of low-skilled wage in panel (a); a measure of high-skilled wage
in panel (b); a measure of the average wage earned by rural migrants in panel (c); and
a measure of the average wage earned by residents in panel (d). These measures are
strongly correlated between each other and thus deliver a very similar message: Rural
migrant concentration is higher where wages are higher (across the board).

We have shown in Section 3 that rural migrants may face lower mobility costs than
urban residents when they relocate across cities: The latter are already settled and benefit
from access to services that would be lost if they were to move to other urban settings
(e.g., with higher returns to labor). One corollary of this observation is that urban mi-
grants should be less numerous and their location choices should differ quite markedly
from that of rural migrants. To document this fact, we construct a measure of relative
migrant concentration in city c, rm,, as follows,

Uc/ <Zc UC) MC/ (ZC MC)

rm.=m,—log| ——=——= | =log| —————~ |,

R./(X.R.) U/ (X.U)

where U, denotes the number of urban migrants in city ¢ having arrived between 2000

low-income workers present in Chinese cities between 2000 and 2005. Another likely explanation is a
compositional effect, both in terms of available occupations and in terms of worker characteristics. For
instance, migrants typically work longer hours and tend to be over-represented in these high-wage loca-
tions.
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Figure B.5. Rural migrant concentration and various measures of wages.

(a) Low-skilled (b) High-skilled

(c) Migrants (d) Residents

Notes: The y-axis reports the migrant concentration in city c, m,, as defined in Section 3. The x-axis reports different measures
of (log) monthly wages constructed using the “2005 Mini-Census”: (i) low-skilled average wages in panel (a) based on all workers
without a high-school degree; (ii) high-skilled average wages in panel (b) based on all workers with a high-school degree; (iii) migrant
wages in panel (c); and (iii) resident wages in panel (d).

and 2005. This measure would be equal to 0 if migrants were allocated in the same fash-
ion, independently of their registration type (rural or urban). In panel (a) of Figure B.6,
we display the relationship between this relative concentration and nominal wages, and
we find that rural migrants seem to sort into high returns to labor, and even more so than
urban migrants. A percent increase in the nominal wage is associated with a 0.5 percent
increase in the relative share of rural migrants. Panel (b) shows the same relationship

with our measure of rents.

B.4 The selection of migrants across cities

We have shown in Section 3 that the selection of rural migrants differs from that of
residents across cities subject to different living conditions. For instance, migrants are
much less likely to live in decent housing conditions and with children in high-wage/rent
locations. In Figure B.7, we further document the selective sorting of migrants across

destinations, compared to urban residents. We find that: migrants are younger, and
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Figure B.6. Relative migrant concentration and living conditions in cities.

(a) Nominal wage (b) Rent

Notes: The y-axis reports the relative migrant concentration in city c, rm.. In panel (a), the x-axis reports the (log) monthly wage;
in panel (b), the x-axis reports a measure of (log) rents. Rents and wages are constructed by aggregating individual responses from
the 2005 1% Population Survey. A bubble is a prefecture of destination and is weighted by its initial urban population in 2000. The
lines are local polynomial fits, where each observation is weighted by population.

even more so in expensive locations (panel a); migrants are much less likely to have
completed high school (panel b); migrants are (relatively) more likely to be males in
expensive locations (panel c); and migrants are less likely to be married than residents
in locations that are more expensive (panel d).

Migrants with different characteristics sort into different cities. In our main discus-
sion (see, e.g., Section 3.2), we mostly focus on the choice of moving with or without
family and how it interacts with location choices. We now provide a sensitivity analysis
in Figure B.8. We first replace living with/without family by living with/without chil-
dren in panel (a). Second, the evidence presented in Figure B.7 may threaten our main
interpretation: Is the lower probability of living with family entirely explained by the
fact that migrants in expensive locations are more often male and single? To test this,
we focus on women who have children and consider the probability that they bring them
to expensive destinations. Panel (b) of Figure B.8 shows that rural migrant mothers are
as likely to live with their children as urban resident mothers in the least expensive lo-
cations, but that they are 20 percentage points less likely to bring their children in the
most expensive destinations. Panel (c) shows the relative probability to live without a
spouse across destinations. Panel (d) broadens the definition of family to living with any
relative and shows similar patterns: Rural migrants are more likely to live without any
relatives in the most expensive locations, while they are as likely as residents to live with

relatives in the least expensive cities.
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Figure B.7. The selection of migrants relative to residents in expensive cities.

(a) Age (b) Education

(c) Gender (d) Marriage

Notes: The x-axis reports a measure of (log) monthly rents constructed using the “2005 Mini-Census.” In panel (a), the y-axis reports
the difference between the average age of rural migrants relative to that of urban residents. In panel (b), the y-axis reports the
difference between the proportion of migrants and the proportion of urban residents who have at least higher secondary education.
In panel (c), the y-axis reports the difference between the fraction of migrants and the fraction of urban residents who are female.
In panel (d) the y-axis reports the difference between the fraction of migrants and the fraction of urban residents who are married.

B.5 Remittances and housing expenditures

In Section 3, we document the income share spent by migrants on remittances, distin-
guishing migrants living with family and migrants living without. The former are found
to remit less. We now provide a sensitivity analysis for this motivating fact. In Figure B.9,
we display a measure of expenditures at destination for migrants living with or without
family and across cheap or expensive destinations. We find that the ratio of monthly
expenditures—excluding remittances—to monthly income is higher for migrants living
with family and lower in more expensive locations. In fact, migrants living with family
spend more on non-tradable goods at destination (see panel b).

In Figure B.10, we replicate the main Figure 5 illustrating the heterogeneity in the
share of income spent on remittances at destination. While Figure 5 uses a dichotomy
based on the presence of family at destination, Figure B.10 replaces this dichotomy with:
the subsample of migrants living with (resp. without) children at destination in panel (a);

the subsample of migrants living with (resp. without) relatives at destination in panel (b);
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Figure B.8. Migrants and family—sensitivity analysis.

(a) Children (b) Children (female with children)

(c) Spouse (d) Relatives

Notes: The x-axis reports a measure of (log) monthly rents constructed using the “2005 Mini-Census.” In panel (a), the y-axis reports
the difference between the fraction of rural migrant mothers and the fraction of urban resident mothers who live without their
children; in panel (b), we restrict the sample to females declaring having children. In panel (c), the y-axis reports the difference
between the fraction of rural migrants and urban residents who live without spouses. In panel (d), the y-axis reports the difference
between the fraction of rural migrants and urban residents who live without any relatives. A bubble is a prefecture of destination
and is weighted by its initial urban population in 2000. The lines are local polynomial fits, where each observation is weighted by
population.

and the subsample of migrants living with (resp. without) a spouse at destination in

panel (c).

B.6 The dynamics of migration arrangements across cities

Our main evidence presented in Section 3 ignores any possible dynamic adjustment of
migration arrangements over the life cycle of migrants and over time. We provided
some insight about the (stable) composition of migrant inflows in Appendix A.2 and Fig-
ure A.1 between 2000 and 2010. We now shed light on dynamic adjustment of migration
arrangements throughout the migration spell.

Figure B.11 displays the incidence of family migration as a function of the time since
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Figure B.9. Total expenditures, expenditures on non-tradable goods and housing expenditures.

(a) Expenditure share (b) Non-tradable share (c) Housing share

Notes: The x-axis reports a measure of (log) monthly rents constructed using the “2005 Mini-Census.” In panel (a), the y-axis reports
the average ratio of monthly expenditures—excluding remittances—to monthly income for migrants who live with their family
(orange) and migrants living without family (blue). In panel (b), the y-axis reports the ratio of consumption on food and rents to
monthly income for migrants who live with their family (orange) and migrants living without family (blue). In panel (c), the y-axis
reports housing expenditures as a share of income for migrants who live with their family (orange) and migrants living without
family (blue). A bubble is a prefecture of destination and is weighted by its initial urban population in 2000. The lines are local
polynomial fits, where each observation is weighted by population.

Figure B.10. Migrants living with (orange) and without children/spouse/relatives (blue) and remittances.

(a) Remittances (children) (b) Remittances (spouse) (c) Remittances (relatives)

Notes: The x-axis reports a measure of (log) monthly rents constructed using the “2005 Mini-Census.” The y-axis reports a measure
of remittances as a share of income, ¢, as extracted from CMDS (2011). The orange (resp. blue) lines and bubbles are computed
from: the subsample of migrants living with (resp. without) children at destination in panel (a); the subsample of migrants living
with (resp. without) relatives at destination in panel (b); and the subsample of migrants living with (resp. without) a spouse at
destination in panel (c). A bubble is a prefecture of destination and is weighted by its initial urban population in 2000. The lines are
local polynomial fits, where each observation is weighted by population.

arrival (at destination) in 2005 (panel a) and in 2010 (panel b). One concern could be that
split migration, e.g., leaving children behind, is a temporary arrangement that does not
outlive the time for migrants to accumulate resources and knowledge at destination. In
short, migrants might just take longer to bring their family to expensive cities. We do
not find evidence for such adjustments: If anything, time appears to matter in the least
expensive cities, and the gradient of migration arrangements with prices at destination
tilts even further after 4-5 years.

Figure B.12 displays the consumption patterns of migrants with and without family

as a function of the time since arrival. While there is some adjustment throughout the
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Figure B.11. Living with children throughout the migration spell.

(a) Living with children (2005) (b) Living with children (2010)

Notes: The x-axis reports a measure of (log) monthly rents constructed using the “2005 Mini-Census.” The y-axis reports the share
of migrants living with family at destination (in 2005 for panel a, in 2010 for panel b). The lines are local polynomial fits, where
each observation is weighted by population: The green line is computed for migrants having arrived one year prior to the census
(after 2004 in panel a, after 2009 in panel b); the yellow line is computed for migrants having arrived between 2 and 3 years prior to
the census; the orange line is computed for migrants having arrived between 4 and 5 years prior to the census; and the red line is
computed for migrants having arrived more than 5 years prior to the census.

Figure B.12. Remittances throughout the migration spell.

(a) Remittances (b) Expenditures

Notes: The x-axis reports the time since arrival for migrants interviewed in CMDS (2011). In panel (a), the y-axis reports the
remittance share for migrants living with family at destination (orange line) and migrants living without family (blue line). In
panel (b), the y-axis reports the ratio of expenditures (excluding remittances) to income for migrants living with family at destination
(orange line) and migrants living without family (blue line).

migration spell, the gap between migrants with and without family remains large and
stable (or converging very slowly), whether we capture it through remittance behaviors

(panel a) or through consumption at destination (panel b).
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Figure B.13. The selection of migrants relative to residents across cities with different local restrictions.

(a) Low housing (b) Without children (c) Age

(d) Education (e) Gender (f) Married

Notes: The x-axis reports the probability for rural migrants to convert their Hukou registration, as computed from the 2010 Census.
In panel (a), the y-axis reports the difference between the share of rural migrants and the share of urban residents who live without
children. In panel (b), the y-axis reports the difference between the fraction of rural migrants and the fraction of urban residents
who live in poor housing conditions, based on their dwelling characteristics measured in the “2005 Mini-Census.” In panel (c), the
y-axis reports the difference between the average age of rural migrants relative to that of urban residents. In panel (d), the y-axis
reports the difference between the proportion of migrants and the proportion of urban residents who have at least higher secondary
education. In panel (e), the y-axis reports the difference between the fraction of migrants and the fraction of urban residents who
are female. In panel (f) the y-axis reports the difference between the fraction of migrants and the fraction of urban residents who are
married. A bubble is a prefecture of destination and is weighted by its initial urban population in 2000. The lines are local polynomial
fits, where each observation is weighted by population.

B.7 Migration patterns and Hukou restrictions

We provide some evidence about the selection of migrants and migration patterns across
cities with different registration restrictions. To do so, we rely on our main measure of
Hukou stringency from the 2010 Census: the share of migrants between 15 and 64 years
old, who moved for work-related reasons and were born in another county, and who
were registered locally with a non-agricultural Hukou (in the manner of Wu and You
2021). We then replicate Figure 3 and Figure B.7, but replacing the x-axis with the Hukou
stringency measure. As apparent in panels (a) and (b) of Figure B.13, living arrangements
between migrants and residents are much closer in locations where Hukou restrictions
are milder (and the probability for rural migrants to convert their Hukou registration
is higher). The gap in education remains however very large, irrespective of migration

restrictions at destination (panel d).
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Figure B.14. Future prospects across migration spells.

(a) Return migration (b) Hukou conversion

Notes: The x-axis reports a measure of (log) monthly rents constructed using the “2005 Mini-Census.” In panel (a), the y-axis reports
the average willingness to return (from CMDS) for migrants who live with their children (orange) and migrants living without
children (blue). In panel (b), the y-axis reports the average willingness to convert Hukou to the destination location (from CMDS) for
migrants who live with their children (orange) and migrants living without children (blue). A bubble is a prefecture of destination
and is weighted by its initial urban population in 2000. The lines are local polynomial fits, where each observation is weighted by
population.

B.8 Prospects, return migration, and Hukou conversion

In Figure B.14, we document the heterogeneity in prospects for migrants living across
different destinations and with or without family. More specifically, we exploit questions
about the willingness to return for migrants interviewed in the China Migrants Dynamic
Survey (CMDS) and questions about the willingness to convert Hukou to the destination
location (irrespective of the requirements for doing so).

We find that the share of migrants willing to go back to their origin locations is
small (see panel a): About 16% of migrants living without family are willing to return
versus 11% of migrants living with family at destination. About 40% of migrants are
willing to have their Hukou converted to their destination locations, a prospect that
is quite unlikely around 2000 but becomes more realistic with the gradual changes in
registration policies (culminating in the 2014 reforms). This evidence rationalizes that
we do not consider a dynamic model allowing, among other mechanisms, for return

migration.

B.9 Hukou conversion and robustness to the definition of migration

Our measure of migration relies on the discrepancy between the place of household reg-
istration and the place of residence. The possibility for (some) migrants to change their
Hukou and register at destination thus means that we mismeasure some rural-urban

migrants as urban residents in the census. This measurement issue may affect the inter-
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pretation of our stylized facts. For instance, the large underrepresentation of migrants
in inexpensive cities visible in Figure 2 (b) may be due to a higher Hukou conversion
probability; in the notation of Section 3.1, identifying Hukou converts correctly would
increase m, (through a decline in R, and an increase in M,) at low levels of housing rents.

In this section, we use additional information from the 2005 and 2000 censuses to
create alternative measures of migration and check the robustness of our stylized facts.
Our baseline measure of migration relies on the following ingredients: (i) the discrep-
ancy between the current place of residence and the place of household registration; (ii)
information on the Hukou type; and (iii) information on the year of migration (within
the past 5 years). Hukou conversion poses a challenge for this measure, as it breaks the
link between migration and the first two ingredients. Conversely, (iii) is recorded for
every respondent. In what follows, we leverage (iii) and complement it with data on the
place of birth (in 2000) or on the place of residence 5 years before the census (as a proxy
for the place of birth, which is not available in 2005).”° Since these alternative measures
of migrants’ origins are recorded at the province rather than at the prefecture level, we
also reproduce our main stylized facts considering only (Hukou-defined) migration spells
across provincial boundaries.

Figure B.15 reproduces Figure 2 (a) and (b), using alternative migration definitions.
The alternative migration definitions vary the date at which migration flows are con-
structed (2005 as in the baseline, or 2000 using the 2000 census), the level at which they
are constructed (prefecture-level as in the baseline, or province-level) and the way mi-
grants are identified (Hukou-based definition as in the baseline, versus a birthplace-based
definition of migration). Across all cases, we observe gradients nearly identical to our
first stylized fact.

Similarly, Figure B.16 reproduces Figure 3 (a) and (b), respectively, using alternative
migration definitions. We observe that the level and steepness of the fitted polynomi-
als may change slightly, but our second stylized fact remains robust to the change of

migration definitions.”

The latter is an acceptable proxy of birthplace or the place of Hukou registration before conversion
if step migration is limited. Imbert et al. (2022) show that this was indeed the case in 2000-2005 in China.

>10ur third and fourth stylized facts rely on remittance data; such information are not available in the
censuses.
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Figure B.15. Rural migrant concentration—alternative migration definitions.

(a) Wage and migrant concentra- (b) Wage and migrant concentra- (c) Wage and migrant concentra-
tion (prefecture, Hukou, 2005) tion (province, Hukou, 2005) tion (province, birthplace, 2005)

(d) Wage and migrant concentra- (¢) Wage and migrant concentra- (f) Wage and migrant concentra-
tion (prefecture, Hukou, 2000) tion (province, Hukou, 2000) tion (province, birthplace, 2000)

(2) Rent and migrant concentra- (h) Rent and migrant concentra- (i) Rent and migrant concentra-
tion (prefecture, Hukou, 2005) tion (province, Hukou, 2005) tion (province, birthplace, 2005)

(j) Rent and migrant concentra- (k) Rent and migrant concentra- (I) Rent and migrant concentra-
tion (prefecture, Hukou, 2000) tion (province, Hukou, 2000) tion (province, birthplace, 2000)

Notes: The y-axis reports the migrant concentration in city ¢, m—see Section 3.1. In panels (a) to (f), the x-axis reports a measure
of (log) monthly wage. Wages are constructed using the “2005 Mini-Census” in 2005 or the City Statistical Yearbooks in 2000. In
panels (g) to (1), the x-axis reports a measure of (log) monthly rent per square meter. Rents are constructed using the “2005
Mini-Census” in 2005 or the 2000 Census in 2000. A bubble is a prefecture of destination and is weighted by its urban population in
2000. The lines are local polynomial fits, where each observation is weighted by population.

72



Figure B.16. Migrants, family, and housing conditions—alternative migration definitions.

(a) Live without family (prefec- (b) Live without family (province, (c) Live without family (province,
ture, Hukou, 2005) Hukou, 2005) birthplace, 2005)

(d) Live without family (prefec- (e) Live without family (province, (f) Live without family (province,
ture, Hukou, 2000) Hukou, 2000) birthplace, 2000)

(g) Low-quality housing (prefec- (h) Low-quality housing (prov., (i) Low-quality housing (province,
ture, Hukou, 2005) Hukou, 2005) birthplace, 2005)

(j) Low-quality housing (prefec- (k) Low-quality housing (prov., (I) Low-quality housing (province,
ture, Hukou, 2000) Hukou, 2000) birthplace, 2000)

Notes: The x-axis reports a measure of (log) monthly rents constructed using the “2005 Mini-Census” (2000 Census) for the top
(bottom) three panels. The y-axis reports the difference between the share of rural migrants and the share of urban residents who
live without family in panels (a) to (f) and the difference between the fraction of rural migrants and the fraction of urban residents
who live in poor housing conditions in panels (g) to (1). A bubble is a prefecture of destination and is weighted by its initial urban
population in 2000. The lines are local polynomial fits, where each observation is weighted by population.
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C Complements to the model

C.1 Model with urban to urban migration

In our baseline model, we assumed for simplicity that urban residents were immobile. In
practice, there is some urban-urban migration in China, even if, as Figure 1 makes clear,
it is much less important than rural-urban migration. In this section, we expand our
model so that urban residents are mobile across locations, which allows us to determine
the initial allocation of urban residents as a function of location fundamentals and model
parameters.

The fact that there is not much urban to urban mobility around the year 2000 in
China, as documented in Figure 1, probably reflects the fact that the gain from moving
is much lower for urban residents than for rural ones, rather than limits to mobility. In
fact, the rate of conversion to local Hukou is much higher among urban movers than

among rural ones.
Urban to urban mobility Urban Hukou holders decide where to live based on the
following utility function:
InU, =0 —-a)InCr + alnCyr + In g,
subject to standard budget constraint:
Cr + puCnr < wy,

where we use the same notation as the main text, and where we assume that ap = 0.
In this context, utility maximization results in the following indirect utility for each

individual i with origin u and destination v’ € U:
In ijuu’ = Tjuw’ + Eijuw = In Wy — Q& In DPw — T juw’ + Eijuw

This maximization problem results in the following share of workers across locations:

/Ay
]Vjuu’ ‘/juu’ )1
= | exp(—Tjpw)—=—— ,
N; ( Py

Ny
migrating to any other city in U. In this case, the marginal mover between any two urban

where is the probability for inhabitants of u to j-migrate to u’, conditional on j-

locations is indifferent across locations, as is normal in spatial equilibrium models.
We can use this labor supply equation together with the Cobb-Douglas version of
the labor demand equation to solve for the initial distribution of urban residents across

locations, which, in the baseline model, we took as exogenous:

w, = ZuﬂN_(l_‘B)Kl_‘B = AuN_(l_ﬂ)
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and: 1 1
wy, B o\ L N VAN
Pu= aT_HNu - TH N, = (Tu ) Ny

Hence, we can substitute these two equations into V,, to obtain that:

ap
V, = Z AN, TP

u
Hence,

ap 11/ 20 A

¥ [ZuAuTuHNu

u

These equations define a system of U equations and U unknowns (N,,Vu € U) that
uniquely determines the distribution of urban residents N, as a function of fundamentals
{Au, TuH } and the main elasticities of the model {1y, 8, @, n,}, as formally shown in Allen
and Arkolakis (2014).

Note that we can even get closed-form solutions for the distribution of urban resi-

dents as a function of fundamentals.

C.2 Model with multiple skills

In our baseline model, we assumed, for simplicity, that there is only one labor type.
In practice, labor may be heterogeneous, and hence captured better with multiple factor
types. We discuss here how the model changes when we think about multiple skill types.

Considering multiple skills is probably more important from the perspective of re-
cipient locations than from sending rural communities. It is quite natural to think that,
in urban locations, there are many highly qualified jobs that are different in nature than
jobs that require fewer/other types of skills.

To address this simplification of our baseline model, we present here an extension
with multiple types of labor that follows Amior and Manning (2021), and we investigate

how this affects the local labor and housing markets.

Local production As in the main text, we assume that tradable output in location u

is produced with the following production function:

a

Y, =27, [(1—/3)1(?1 +/3L,?1];;

however, in this case, L, is a labor composite of different types of workers that can be

expressed as:

Je
oe—1

ge—1
e

Lu = Zﬁe(Lue) 4
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As in the main text, Z, is the local (exogenous) productivity, K, denotes capital or land,
and the parameter o denotes the elasticity of substitution between labor and the other
factor.

This production function allows us to apply the results in Amior and Manning (2021).
For this, we need to assume that each factor can be decomposed between urban residents
and (rural) migrants as L,, = N, + M,,. We can denote the fraction of urban residents
and migrants in each (e, u) cell as v,, = N,./N, and p,, = M,./M,. Then, we can rewrite

the labor aggregate as:

Je
oe—1

ge-1
L, = F(Nue + My, Ve) = Z ﬁe(VueNu + ,uueMu) e = F(VueNu + PueMu) = Z(Nua Mu)
e

In this setting, an inflow of migrants, holding the immigrant distribution across factor

types fixed, results in the following:

aZ(MusNu) _ Z aFe(Nue + Mye, Ve)
oM,  Luhe oM.,

e

The effect of a migrant shock will be the weighted average of the effect of migrants to
each factor type. Under perfect competition in the labor market, this can be interpreted
as the average effect on wages in the location.

Hence, the counterfactuals that we performed should be interpreted as holding the

distribution of migrants across skill types fixed in each location.

Local housing markets Having multiple factor types also affects the housing market.
With multiple skills, there are multiple wage levels. These different wage levels enter the
demand for housing, which is reflected in the market clearing condition of the housing

sector:

u

T (p)' = ), v;“e [Nye + apMe] ,

e

We can rewrite this expression as:

1
Inp, = m In [aNu <; wuevue> + apM, (ze: wue,uue>

In turn, this expression can be re-written as:

1
——InT".
1+n

1 1
Inp, = —— In [aNwY + apM,w)'] — —— InT".
1+7n 1+7

This expression is very similar to the one in our baseline model, except that we now

need to take into account that the average wage of urban residents and immigrants may
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be different because natives and immigrants may be differently distributed over factor
types. However, the main intuition still applies. An immigrant inflow will increase the
demand for housing, thereby putting upward pressure on housing prices. At the same
time, however, the immigrant shock may affect wages in the city, which in turn, affects
the demand for housing. Which of these two forces dominates is, in general, ambiguous.

In this case, the counterfactuals that we perform would need to take into account
the potentially heterogeneous effect of migration on average wages of natives and im-

migrants separately.
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D Complements to the model estimation

This section provides complements to Section 5: (a) we first describe the identification
of the elasticity of substitution between consuming at origin and at destination, p; (b)
we identify the shape parameters of the location choice model and we describe how we
extract exogenous variation in the relative value of emigrating with family; and (c) we

estimate the labor demand and housing supply elasticities.

D.1 A composite price index

Section 5.1 relies on the estimation of the elasticity of substitution between consuming
the non-tradable good across locations. The average (log) expenditure share on remit-

tances in city u, In (&,), is related to local housing prices, p,, as follows:
In(€)=lna+Inap+(p—1)Inp, +e,.

We now describe how we construct a housing-price shifter.

Exogenous variation in housing supply We exploit exogenous variation in housing
supply across destinations to predict variation in the price of non-tradables (i.e., housing
services). To do so, we identify the shape of cities before our episode of mass migration,
and we precisely characterize topography in their immediate hinterlands.

We proceed in three steps. In a first step, we draw on the identification of impervious
areas by the Beijing City Lab in 2000 to identify the urban extent of each city within
a given prefecture. In a second step, we construct a city-specific buffer, the extent of
which is calibrated to ensure that all cities grow proportionally, and homogeneously in
all directions (Harari 2020). In a third step, we identify water coverage and the local
ruggedness within this buffer of potential urban sprawl. In our baseline strategy, we
calculate the share of non-developable land within this land stretch for city u, s,, by
classifying a pixel of 30m x 30m as “non-developable” if the average slope is above 5
degrees.

Figure D.1 provides insight about the construction of the instrument and the varia-
tion that it induces across urban areas. Fuzhou and Hangzhou are two historical cities.
As shown in panels (a) and (d) of Figure D.1, they markedly differ in constraints to their
expansion before mass migration: Fuzhou is in a valley along the Min River and is sur-
rounded by steep hills (especially in the north), while Hangzhou is located in a plain
with a few scattered hills. Fuzhou would need to build on a very large share of “non-
developable” land if it were to expand in all directions and as much as the average Chi-

nese city (panel b). Hangzhou, on the other hand, would face very limited constraints
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Figure D.1. An example of our procedure with Fuzhou and Hangzhou.

(a) Fuzhou (2000) (b) Fuzhou (buffer) (c) Fuzhou (2005)

(d) Hangzhou (2000) (e) Hangzhou (buffer) (f) Hangzhou (2005)

Notes: Shapefiles of impervious areas, as identified from Landsat satellite imagery, are provided by the Beijing City Lab—see https:
/Iwww.beijingcitylab.com/—and are indicated as plain green areas (2000 in panels a-b and d-e, 2005 in panels ¢ and f). The green line
in panels b and e corresponds to urban sprawl, as predicted by a uniform growth across cities and within cities across all directions.

(panel e). In 2005, we find indeed that Fuzhou experienced an unbalanced urban sprawl

concentrated toward the south, while Hangzhou sprawled massively in every direction.

Table D.1. Estimates of p—first-stage.

Rent (log)
Share of non-developable land 1.857
(0.458)
Share of non-developable land x TFP 0.905
(0.522)
Observations 199

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses.
The specification uses population weights in 2000. The dependent variable is the (log) rent, computed
using the housing module of the “2005 Mini-Census.” The (log) rent is instrumented by (i) the share of
developable land as induced by local geography around city borders in the baseline period (an instrument
based on the work by Saiz 2010, Harari 2020) (2000-2005) and (ii) its interaction with manufacturing Total
Factor Productivity in 2000 (Imbert et al. 2022). The set of controls consists of: manufacturing Total Factor
Productivity in 2000, the share of developable land as induced by local geography around city borders
before the baseline period (1995-2000), and (log) population in 2000.
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Elasticity of substitution between consuming at origin and destination We use
the previous instrument, i.e., the share of developable land at the fringe of cities, to
identify the elasticity of substitution between consuming at origin and destination. We

rely on the following specification,
In(&,)=a+ (,0 - 1)lnpu + Xuf + ey,

where u is a city, In (£,) is the average (log) expenditure share on remittances, and p, is
the average rent, both inferred from the “2005 Mini-Census.” We use our previous geo-
graphical variation to construct two instruments: (i) s,, the share of developable land as
induced by local geography around city borders in the baseline period, and (ii) its interac-
tion with (log) manufacturing Total Factor Productivity in 2000 (Imbert et al. 2022). The
specifications reported in Table 3 thus include (log) manufacturing Total Factor Produc-
tivity in 2000 and (log) population at destination as separate controls. Table D.1 shows
the first-stage estimates.

The identification assumption is that local geography at the fringe of cities only af-
fects expenditures on housing through local housing prices, and that it does so more
acutely in highly productive cities. One concern is that local geography could affect
the type of housing arrangements (dorms, informal housing, etc.) and that local hous-
ing prices might be contaminated by such variation. In unreported robustness checks,
we further correct for housing arrangements in the construction of local housing prices

without finding any significant differences in our final estimates.

D.2 Estimation of the location choice model

The location choice model of Section 5.2 is characterized by three nests and three asso-

ciated specifications.

The lower nest (1, 1,) and its gravity structure In Section 5.2, we estimate a sim-
ple model of location choice across destinations for workers migrating with and without
family (see Table 4). The identification of the lower nest relies on a productivity shifter
that impacts real wages at destination. This productivity shifter is constructed as follows.
The National Bureau of Statistics (NBS) provides a longitudinal census of all state-owned
manufacturing enterprises (SOEs) and all non-SOEs manufacturing establishments, as
long as their annual sales exceed RMB 5 million. We use the NBS data to estimate total
factor productivity in 2000 following Imbert et al. (2022) and based on a corrected mea-
sure of firm capital (Brandt et al. 2014). The productivity shifter is constructed as the

residual of the following equation:
yi = Zif (ki, 1),
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where i is a manufacturing firm and the function f is a CES production function (consis-
tent with our present modeling of the tradable sector). We then construct a measure z,
of the average (log) productivity, In Z;, across the various manufacturing firms within a
given prefecture u. In principle, this industrial shifter to labor productivity at destination
is driven by persistent patterns in industrial activity across space and more likely to be

orthogonal to local (unobserved) amenities.

Table D.2. The lower nest (4;, A;)—first-stage.

Value at destination (1) (2)
Total Factor Productivity 0.118 0.126
(0.064) (0.058)
Trade shock 2.122 1.864
(0.414) (0.385)
Migration type j=1 j=2
Observations 48,438 48,438

Notes: A unit of observation is a pair of origin/destination prefectures in 2005. The specification uses
population weights at origin in 2000. Standard errors are reported between parentheses and clustered
at the level of origins. The dependent variable is the value at destination calculated for migrants leaving
their family at origin (j = 1, column 1) and for migrants bringing their family at destination in columns (2)
(j = 2). The set of controls consists of: (log) population at destination in 2000 and (log) geodesic distance
between the origin and destination prefectures. The explanatory variables are manufacturing Total Factor
Productivity at destination in 2000 (Imbert et al. 2022) and a trade shock computed following Facchini et
al. (2019).

We provide the first-stage specification underlying the estimations of the lower nest
in Table D.2. Both the productivity shifter z, and the trade shock (Facchini et al. 2019) are
strong predictors of real wages across destinations—irrespective of the manner in which
real wages are computed (using a family-based composite price index, P, or not). We

obtain similar results irrespective of using either one or the other instrument, or both.

The middle nest () The middle nest of our nested structure can be identified through
the decision of moving with or without family, given the relative value of migrating with
and without the family from each origin r, In (VZUJ / VlU,,). More specifically, the relative

incidence of family emigration verifies:

N 1. [V,
)
Ty H VlUJ‘

¢ _ o o . . . .
where 7, = ), 7%, is the emigration rate of migrants of mode j from origin r, condi-

tional on emigrating from r. The relative value of family migration across origins r can
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be written as follows:

A2
VZU,r [ZueU (eXp (_TZru) V2ru)1/12:|

In =In —
[ZueU (eXp (_Tlru) Vlru)l/ 1]

We use the parameters (p, @, @10, 20, A1, A2, Ay) and the residual migration costs ()

1U,r

from the lower nest estimation to compute the relative value of migrating with and with-
out the family from each origin r, In (VZU,, / VlU’r). More precisely, the residual migration
costs are defined in relative terms. For each rural origin r, we take one reference destina-
tion % and compute 7}, /75, = [exp(—rjm)eru / exp(—rjm)VW] % Re-arranging yields
the relative 7: exp(—7;.,)/ exp(—7;z) = [ﬂ;m / ﬂjﬁ] & ViaViru. In what follows, we sim-
plify the notation and write Vo, /Viy,, although at this step of the estimation we can
only reconstruct Vo, /Viy, x exp(—71,2)/ exp(—72z). The estimation of y—see below—
will allow us to recover the absolute 7’s and V'’s.

We can see from the structure of these values that they interact a gravity-driven com-
ponent (z;,,) with a composite attractiveness of destinations for migrants with or with-
out family (Vj,,). Both objects are black boxes combining many different, unobservable
factors. Our main strategy thus consists in keeping a gravity structure, but leveraging
exogenous variation in the relative attractiveness of destinations.

The relative value of residing at destination u with or without the family might be
contaminated by measurement error or by omitted variation. For instance, this value
should be strongly predicted by hukou stringency or prices at destination. These hukou
restrictions and prices are, however, endogenous to migration flows: Many cities imple-
mented severe restrictions in expectation of large immigration from their rural hinter-
lands; and prices typically respond to migration inflows or to omitted variation affecting
immigrant flows.

In a first step, we rely on exogenous variation in prices at destination that differen-
tially affect migrants with family and without. More specifically, we create a measure
of predicted wages in cities by regressing observed wages on manufacturing Total Fac-
tor Productivity at destination in 2000 (Imbert et al. 2022) and a trade shock computed
following Facchini et al. (2019); we create a measure of predicted rents in cities based
on the share of developable land as induced by local geography around city borders;
and we combine these two prices to extract a measure of real wages, ©;,, per migration
mode j, accounting for differential consumption of non-tradables at destination. This

first instrument is then:

ZuEU fru‘:)Zu
ZuEU frud)lu ’

which is a gravity-weighted—¢&,, captures the baseline emigration incidence from an ori-

1_
z, =1In

gin r to destination u—combination of relative real wages, as induced by exogenous vari-
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ation in prices across destinations.

The second step of our approach consists in extracting a backward-looking, exoge-
nous predictor of restrictions: the relative level of grain reserves before 2000, as in Zhang
et al. (2020). The rationale goes back to Mao Zedong’s conception of development, a
major tenet of which was local self-sufficiency in grain. This tenet can be seen from
the Great Leap Forward (1958-1960) to the Cultural Revolution (1966-1976) and partly
owes to the severe constraints on the non-market allocation of resources in a poor coun-
try with limited communications and state capability (see, e.g., Riskin 1981). China, as
many Communist countries, had a rigid system to allocate resources, but its low level
of development put limits on how centralized this system could be, and reallocation of
resources across sub-regional administrative units was kept to a minimum (Lardy 1990).
The opening of the Chinese economy in the 1990s and the 2000s was expected to gen-
erate significant migration flows, which could further strain the allocation of resources.
For this reason, the initial disparity in hukou stringency reflected the capacity of a pre-
fecture to sustain its population without external intervention. As food provision be-
came completely separated from household registration only in 2000, cities indeed had
to maintain the agricultural capacity to nourish their population, including migrants
(Cai et al. 2001).”> We leverage this variation by considering the level of grain reserves
before 2000, g,, as a predictor of hukou stringency.”> We combine this variation g, with
the (baseline) migration incidence from an origin r to possible destinations u, &, in a
gravity structure mimicking the previous equation to construct an instrument z? for the

relative value of family migration:

ZE =In Z grugu:

uelU

following the same gravity structure exhibited by the relative value of migrating with
and without the family.

We provide the first-stage specification underlying the estimations of the middle nest
in Table D.3. As shown in columns (1) and (3), prices at the typical destination do predict
the relative value of family migration. Local grain sufficiency in the 1990s is also a strong

predictor of the relative value of family migration (see columns 2 and 3).

52This policy implied huge costs from misalignment with local comparative advantage. The mark left
by the Great Famine and its handling by the Central Government (Meng et al. 2015) may however have
made this policy palatable to local decision makers, because of the risks of relying on outside supplies of
grain.

*We proxy g, with per capita grain output in 1990 from the Statistical Yearbooks.
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Table D.3. The middle nest (u)—first-stage.

Value of family migration (1) (2) (3)
Exposure to high relative real wages (z!) 0.152 0.139
(0.036) (0.035)
Exposure to grain reserves (z?) 0.127 0.094
(0.043) (0.039)

Observations 180 180 180

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses.
The specification uses population weights in 2000. The dependent variable is the relative value of family
migration. The explanatory variables are gravity-based measures combining predicted real wages from
TFP and from trade and land supply shocks, @;, (per mode j), and based on the relative level of grain re-
serves before 2000, g,. In column (1), the instrument is z;; in column (2), the instrument is z7 = Y.,y &u&us
and we include both instruments, z! and z2, in column (3). The set of controls consists of: dummies for
each decile in the level of grain reserves within the prefecture before 2000, the manufacturing Total Factor
Productivity at origin in 2000 (Imbert et al. 2022), a trade shock computed following Facchini et al. (2019),
alocal price shock as induced by international crop prices (Imbert et al. 2022), and the share of developable
land as induced by local geography around city borders before the baseline period (1995-2000).

The upper nest (y) The identification of the upper nest (y) of the location model relies

11—y, 1 VU r
In =—-In = .
Trr Y Vir

We consider the following empirical counterpart:

1- rr Vr
ln( T >:a+bln<U’>+€r,
Trr ‘/rr

where Vy;, is the value of migrating from location r:

on the following equation:

u
InVy, =1In Z (VJ-U,r)l/P ,

Jje{1.2}

and V,, is the real wage in origin location r:
InV,, =lnw, —alnp,.

Constructing V,, is straightforward, but the construction of the value Vj;, is more in-
volved and relies on the estimates of y, Vi, and Vyy, from the estimation of the middle
nest. Recall that we were only able to recover Vi, / exp(—7 ;) from this earlier step. We

now consider migration without family as a reference and note that:

1
c 1
Ty _ VZU,V g
— — .
Tiu VlU,V

84



Using this equation, we can recover:

VZU,r _ (”grU ) g % VlU,r
eXP(_Tlrﬁ) Ty eXP(_Tlrﬁ) ’

which we use to compute:

1/ul#
Z ( ]Ur ) )
exp( Tlru) jei) exp(—T1,z)

We will denote the previous quantity as Vy;, for the time being, noting once again that

only the estimation of y will allow us to recover all the 7’s and the V’s—see below.

We instrument the relative value, Vy;,/V,,, with exogenous shocks to agricultural
productivity across possible origins by combining international commodity prices with
local cropping patterns (in the manner of Imbert et al. 2022). We first collect Agricultural
Producer Prices data (APP, 1991-2016) from the FAO: The data report producer prices
at the farm gate in each producing country. For any given crop, we aggregate these
country-specific prices into a yearly, international producer price as a weighted average
across countries using the baseline share in crop-specific exports as the country/crop

t54

weight.”® We then clean these (log) international producer prices from long-run trends
by applying a HP filter (see Imbert et al. 2022) and isolating the residual, d;, for any given

year ¢t and commodity c.

Table D.4. The upper nest (y)—first-stage.

Relative value of emigration (1) (2)
Agricultural revenue shock -9.815 -10.656
(1.780) (2.344)
Observations 258 187
Controls No Yes

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses.
The specification uses population weights at origin in 2000. The dependent variable is the relative value
of emigration. The set of additional controls consists of: dummies for each decile in the level of grain
reserves within the prefecture before 2000, the manufacturing Total Factor Productivity at destination
in 2000 (Imbert et al. 2022), a trade shock computed following Facchini et al. (2019), and the share of
developable land as induced by local geography around city borders. The instrument interacts cropping
patterns in 2000 with the HP-filtered prices of agricultural commodities in 2000 (as in Imbert et al. 2022).

>We focus on the following 21 crops (commodities): banana, cassava, coffee, cotton, fodder crops
(barley), groundnut, maize, millet, other cereals (oats), potato, pulses (lentil), rapeseed, rice, sorghum,
soybean, sugar beet, sugar cane, sunflower, vegetables (cabbage), tea, and wheat. The international price of
these commodities is disciplined by World demand and World supply, and China is a large World supplier
for a few crops. The most obvious one is tobacco, where China is the leading producer and one company
enjoys a local monopoly; we thus exclude tobacco from our agricultural productivity measures.
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These international commodity prices affect agricultural hinterlands differently, de-
pending on local cropping patterns. We exploit this intuition and combine international
prices with the revenue share of crop c at origin r in a shift-share design. More specif-
ically, we need the following ingredients to construct a revenue share for each crop: (i)
a measure of output (e.g., as measured in tonnes) across locations; and (ii) a price per
tonne. We construct a measure of output by multiplying local harvested areas in 2000 (a
measure “in acres”) with a local predicted yield (a measure “in quantity per acre”). The
harvested areas are provided by the World Census of Agriculture 2000 and the predicted
yield is constructed within the Global Agro-Ecological Zones project. Nesting these mea-
sures within Chinese prefectures requires some geographic approximation that is best
described in Imbert et al. (2022). We weight this predicted output in 2000 by the baseline
commodity price in 1980 to construct a revenue share for each crop, ., which is or-
thogonal to later deviations in international prices. Letting d. denote the previous price

residual at a period of interest, our agricultural productivity shock, w,, will be defined

Wy = Zacr ><dc-
c

The estimates reported in Table 6 rely on a two-stage specification where we instrument

as:

the real wage w, with w,. We provide the first-stage specification underlying the estima-

tions of the upper nest in Table D.4. The agricultural revenue shock from Imbert et al.

VU,r
)

(2022) is a strong predictor of the relative value of migrating across origins (

Finally, using the estimated parameter y, we can compute,

exp(_flrﬁ) = [(l - ”rr)/”rr]y x eXp(_Tlrﬁ)/VU,r X Vrr,

and reconstruct the (absolute) migration frictions, 7;.,, which we use in our mapping of
Section 5.4 and our counterfactual exercises of Section 6. Based on these 7’s, we can also
recalculate the “true” value functions, and re-estimate the middle and the upper nests.

The estimates of p and y are virtually unchanged.

D.3 Labor demand and housing supply at destination

The identification of the production block of the model requires exogenous variation in
migrant inflows to estimate their effect at destination. The previously-described, exoge-
nous variation in local conditions at origin w, allows us to predict emigration from a
certain location into a particular destination.

We leverage these agricultural revenue shocks (w,) to isolate exogenous variation in
immigrant flows across the destinations following the shift-share procedure developed

in Imbert et al. (2022). More specifically, we combine exogenous shocks to rural incomes
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Table D.5. Labor demand and housing supply elasticities—first-stage.

Immigration rate (1) (2)

Shocks at the typical origin -1.324 -0.864
(0.267) (0.170)

Observations 216 252

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses.
The specification uses population weights at origin in 2000. The dependent variable is the immigration
rate between 2000 and 2005, computed using the migration module of the “2005 Mini-Census” The set
of baseline controls consists of: (log) population in 2000 and the agricultural shocks at the typical origin
associated with the prefecture before the period of interest (1995-2000). We add the following controls in
column (1): the manufacturing Total Factor Productivity at destination in 2000 (Imbert et al. 2022), and
a trade shock computed following Facchini et al. (2019). We add the following controls in column (2):
the (log) migrant population in 2000, the share of developable land as induced by local geography around
city borders before the baseline period (an instrument based on the work by Saiz 2010, Harari 2020, see
Appendix D.1), and their interaction. The instrument exploits agricultural shocks between 2000-2005 at
the typical origin associated with the prefecture (as in Imbert et al. 2022).

Table D.6. Labor demand and housing supply elasticities.

Wage Rent
(1) (2) (3) (4) (5) (6)
Immigration rate -0.131 -0.128 -0.198 0.084 0.454 0.163

(0.055) (0.061) (0.164) (0.078) (0.123) (0.564)

Observations 216 216 216 252 252 252
Controls No Yes Yes No Yes Yes
Instrument No No Yes No No Yes
F-stat - - 27.31 - - 24.88

Notes: A unit of observation is a prefecture. Robust standard errors are reported between parentheses.
The specification uses population weights at origin in 2000. The explanatory variable is the relative immi-
gration rate between 2000 and 2005, computed using the migration module of the “2005 Mini-Census.” The
set of baseline controls consists of: (log) population in 2000 and agricultural shocks at the typical origin
associated with the prefecture before the period of interest (1995-2000). We add the following controls in
columns (1) to (3): the manufacturing Total Factor Productivity at destination in 2000 (Imbert et al. 2022),
and a trade shock computed following Facchini et al. (2019). We add the following controls in columns (4)
to (6): the (log) migrant population in 2000, the share of developable land as induced by local geography
around city borders before the baseline period (an instrument based on the work by Saiz 2010, Harari 2020,
see Appendix D.1), and their interaction. The instrument exploits agricultural shocks between 2000-2005
at the typical origin associated with the prefecture (as in Imbert et al. 2022, see also Appendix D.2).

in each prefecture of origin (shifts) with a gravity matrix based on distance between each

origin and each potential prefecture of destinations (shares):

1
%—§<%)w

relying on the same gravity structure exploited in Appendix D.2 but nested across des-
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tinations (rather than origins). We report the first-stage estimates in Table D.5 and the

second-stage estimates in Table D.6 (columns 3 and 6).

Figure D.2. Bilateral migration costs and distance.

(a) Overall distribution (b) Geographic distance

Notes: Panel (a) plots the bilateral migration costs for family migration (y-axis, r5,,) against the bilateral migration costs for non-
family migration (x-axis, 71,,). Panel (b) plots these bilateral migration costs against the (log) distance between origin r and desti-
nation u. The lines are local polynomial fits.

D.4 A decomposition of migration costs

This section provides complements to Section 5.4. More specifically, we shed light on the
variation underlying our inferred migration frictions, {T iru }jm, most notably their rela-
tionship with observable characteristics, e.g., distance between origins and destinations
or disamenities at destination such as pollution or urban sprawl/commuting costs.

We first shed light on the distribution of bilateral migration costs for family migra-
tion (7,,,) and non-family migration (r4,,) in panel (a) of Figure D.2 and their relationship
with (log) distance between origins and destinations in panel (b). We find that migra-
tion systematically induces higher costs for family spells than for non-family ones, and
such costs are markedly higher when destinations are distant from origins (panel b).
These findings reflect the relatively low incidence of family migration and the observed

geographic gravity in movements across Chinese prefectures.”

>Qur estimates of migration costs are comparable to those of Bryan and Morten (2019) and Tombe and
Zhu (2019). It is worth noting two things. First, Tombe and Zhu (2019) do not take into account the 0s in
the migration matrix when estimating the elasticity of substitution across destinations. This attenuates the
estimates of 1/4 which mechanically leads to higher estimates of migration costs. Second, when reporting
average migration costs (as these two papers do), it is also important to think about the role of 0s. The
model interprets zero migration flows between an origin and a destination as infinite migration costs (or
as costs that equal to 100 percent of the wage at destination). Hence, whether the data set has more or
less 0s, which may be related to data collection rather than true migration costs, has a strong influence on
reported average migration costs. This explains why we do not emphasize the level of our estimates as
much as its heterogeneity.
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Figure D.3. Relative cost of family migration and hukou stringency.

(a) Conversion probability, r, (b) Hukou index, hy,,

(c) Conversion probability, r, (res.) (d) Hukou index, h,,, (res.)

Notes: This Figure plots the correlation between the average disamenity estimates, 7 j,, for family (j = 2) versus non-family migrants
(j = 1) across destinations against two alternative measures of hukou stringency: the share of migrants having converted their hukou
in 2010 in panel (a); the composite hukou stringency index developed by Zhang et al. (2018) in panel (b); the residualized share of
migrants having converted their hukou registration place to the local prefecture in 2010, r, (panel c); and the residualized hukou
stringency index developed by Zhang et al. (2018), h, 4 (panel d). The residualized measures are obtained by regressing them on local
population in 2000, local pollution, and commuting time.

We then illustrate the relationship between migration policies and migration barri-
ers in Figure D.3, where we plot the average disamenity, 7;,, for family (j = 2) versus
non-family migrants (j = 1) against two alternative measures of hukou stringency or
leniency: the share of migrants who had converted their hukou registration place to the
local prefecture in 2010, and the composite hukou stringency index developed by Zhang

et al. (2018).”° Figure D.3 shows that our estimated migration frictions negatively cor-

*®In this exercise, we consider the following projection of bilateral migration costs onto an origin-
destination component (z,,), a destination-mode component (zj,), and an origin-mode component (z):

Tjru =Tru + Tjr + Tju + gjru-
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relate with the likelihood of converting hukou registration at destination (panel a), and
such a negative correlation is observed both for family (z,,) and for single-specific mi-
gration frictions (z;,). The gradient is however more pronounced for the former: While
the average disamenity is much higher for family migrants in destinations where hukou
conversion is unlikely, the average disamenity for family migrants gets closer to that of
non-family migrants in destinations where hukou conversion is likely, as we documented
with causal estimates in Table 7. The same gradients can be observed for another mea-
sure of hukou leniency (or stringency in this case, see panel b), and also when the share
of migrants having converted their hukou registration place to the local prefecture in
2010 or the hukou stringency index developed by Zhang et al. (2018) are residualized for

observable amenities at destination, e.g., pollution and commuting (panels c and d).

Figure D.4. Relative cost of family migration and observable amenities.

(a) Pollution (b) Commuting time

Notes: This Figure plots the correlation between the average disamenity estimates, 7, for family (j = 2) versus non-family migrants
(j = 1) across destinations against: (log) pollution (2001-2005), commuting time (from the “2015 Mini-Census”).

In Figure D.4, we complement the previous evidence by plotting the relationship
between the average disamenities and measures of pollution (panel a) and commuting
time (panel b). We find that higher levels of pollution and longer commutes are both
associated with higher perceived barriers at destination for both migration modes, but
even more markedly so for family migrants.

Finally, we display in Figure D.5 a validation of our bilateral migration estimates. By
construction, these estimates—combined with the other estimates of the nested location
model—should allow us to match migration flows between all origins and destinations
of the largest connected set (Abowd et al. 1999, Card et al. 2013, Buggle et al. 2023).
Figure D.5 shows that our inferred migration barriers indeed allow us to match exactly
migration incidences from all origins to all destinations. We perform the same sanity

checks for all alternative models described in Section 6.3 and Appendix E.3.
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Figure D.5. Bilateral migration costs—matching migration flows.

(a) Without family (ry,,) (b) With family (z2,,,)

Notes: Panel (a) plots the predicted non-family migration induced by bilateral migration costs (r1,,) against the actual migration
rates. Panel (b) plots the predicted family migration induced by bilateral migration costs (2,) against the actual migration rates.
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E The role of displaced consumption and frictions in shaping migration

This Appendix provides complements to our counterfactual exercises discussed in Sec-
tion 6. The analysis is summarized in Section 6.3 and proceeds in three steps. In a first
step, we explore the normative implications of displaced consumption and migration
frictions with a focus on their redistributive effects. In a second step, we consider simple
extensions of our baseline quantitative model to allow for agglomeration and conges-
tion externalities. In a third step, we illustrate the quantitative and qualitative insights
induced by our precise modeling of migration and consumption choices. In settings with
large differences in living standards across space, the incentives for households to mi-
grate with or without family and split their consumption between origin and destination
are instrumental in explaining migration flows. Ignoring them leads to a misspecification

of bilateral migration frictions.

Figure E.1. The 2014 hukou reform.

Note: This Figure shows the distribution of the hukou reform, as captured by hy, 4 —hyp, across cities of different size (see Zhang et al.
2018, for a description of indices, hy 4, hyp). Positive changes in restrictions are indicated in green; negative changes in restrictions
are displayed in red.

Before discussing these issues, we illustrate the distribution of h,, — h,; across cities
of different size in Figure E.1—a variation that is underlying our counterfactual experi-
ment (3) (see Section 6.2).
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E.1 Normative implications and redistributive effects

We highlight the redistributive effects of displaced consumption and migration frictions
by discussing: (i) additional evidence about the impact of our counterfactual exercises
on wages, rents, and remittances; (ii) distributional effects across cities and across space;
(iii) redistributive welfare effects between urban-born and rural-born households; and
(iv) an analysis of welfare effects in general versus partial equilibrium for urban-born

and rural-born households.

Table E.1. The role of consumption patterns and migration frictions—complements.

Urban wage (% rel. base.)  Urban rent (% rel. base.)  Remittances (% rel. base.)

1. Shutting down remittances
Counterfactual (1) 0.302 -0.248 -100.00
2. Consumption patterns and migration frictions

Counterfactual (2a) -0.681 0.560 71.11
Counterfactual (2b) -1.326 1.090 29.87

3. Evaluating the 2014 reform

Counterfactual (3) -0.124 0.102 -8.77

Notes: This Table reports additional statistics on the consequences of migration flows in counterfactual
experiments (1), (2a), (2b), and (3). Across all experiments, we report the differences implied by the
experiment—relatively to the baseline, and in percentage points—on: urban wage in column 1, the ur-
ban rent in column 2, and the level of remittances by migrants of all types from all urban destinations to
all origins (column 3).

Wages, rents, and remittances In Sections 6.1 and 6.2, we present the effects of our
counterfactual experiments on migration patterns in China and on the aggregate welfare
of rural-born and urban-born households. In Table E.1, we further report their effect on
wages and rents at destination and on the amount that is remitted from urban locations to
rural origins. One can see that wages and rents respond to immigration flows in similar
(yet opposite!) fashion. However, the wage effect is the one explaining most of the
welfare response of urban-born households to migration for a straightforward reason:
Rents only represent a small fraction of expenditures (about 0.28) such that a decrease
of 1.3% of nominal wage has a much larger impact on real wage than an increase of
1.1% in rents. Table E.1 also sheds light on the compositional effect of migration flows

on remittances. For instance, counterfactual experiment (2b) induces a 60% increase in
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migration flows but a significant, yet smaller, increase in remittances: (i) the migration
increase is disproportionately explained by family migration, which typically generates
smaller shares of remittances from each migrant household; and (ii) migration lowers

wages at destination.”’

Figure E.2. The role of consumption patterns and migration frictions—shutting down remittances.

(a) Migrant concentration (1) (b) Moving with(out) family (1) (c) Welfare of natives (1)

Notes: This Figure reports statistics on the extent, nature, and consequences of migration flows in counterfactual experiment (1).
More specifically, we display: the concentration of migrants across cities (counterfactual in green, baseline as the dashed line) in
panel (a); the incidence of migration in percentage points of the baseline city population (with family in orange, without family in
blue) in panel (b); and the differences in the welfare of urban-born households relative to the baseline in panel (c). We group cities
by bins of similar rents to limit the number of points; and their size is weighted by the total population at baseline in those cities.

Distributional effects across space We provide additional evidence on the distri-
butional effects of our counterfactual experiments in Figures E.2 (counterfactual 1), E.3
(counterfactuals 2a and 2b), and E.5 (counterfactual 3). More specifically, we display the
concentration of migrants across cities (as in Figure 2), the incidence of migration as a
function of baseline city population, and the differences in the welfare of urban-born
households relative to the baseline across cities. In all figures, as in our main stylized
facts, we differentiate cities using the actual level of rents in 2005. Figure E.2 illustrates
that shutting down remittances reduces migrant concentration toward larger, expensive
agglomerations (panel a). In other words, removing the possibility for migrants to dis-
place their consumption leads to fewer of them moving to expensive cities without their
family and more of them moving with family across all cities. This experiment thus
leads to moderate welfare gains for urban-born households in the most attractive (and
expensive) cities and welfare losses for urban-born households in the least attractive
(and expensive) cities.

Figure E.3 illustrates the distributional effects of (a) tilting consumption patterns and
(b) the removal of migration barriers across cities. We see that counterfactual exper-

iment (2a) further concentrates migrant flows toward the very expensive mega-cities,

"Migration also increases rents at destination, thus inducing more substitution from the consumption
of non-tradable goods in cities to consumption in rural origins.
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Figure E.3. The role of consumption patterns and migration frictions.

(a) Migrant concentration (2a)  (b) Moving with(out) family (2a) (c) Welfare of natives (2a)

(d) Migrant concentration (2b)  (e) Moving with(out) family (2b) (f) Welfare of natives (2b)

Notes: This Figure reports statistics on the extent, nature, and consequences of migration flows in counterfactual experiments (2a)
and (2b). More specifically, we display: the concentration of migrants across cities (counterfactual in green, baseline as the dashed
line) in panels (a) and (d); the incidence of migration in percentage points of the baseline city population (with family in orange,
without family in blue) in panels (b) and (e); and the differences in the welfare of urban-born households relative to the baseline
in panels (c) and (f). We group cities by bins of similar rents to limit the number of points; and their size is weighted by the total
population at baseline in those cities.

in parallel with a downward shift of family migration across all cities. In other words,
many more migrants move to those attractive, expensive locations that were protected
by tough restrictions, but only by leaving relatives behind. The main losers are urban-
born households in attractive cities, with welfare losses of up to 8%. The distributional
effect of counterfactual experiment (2b), which lowers migrant restrictions, is very dif-
ferent: Migration concentration across cities does not vary much relative to the baseline,
but migrants are (much) more likely to move with their family. Welfare losses for urban-
born households are more widespread and not confined to attractive locations.

We shed further light on the impact of counterfactual experiment (2b) and its redis-
tributive welfare effects in Figure E.4. In panels (a) and (b), we nest those effects across
destinations and report the change in the number of migrants living with family and the
welfare effect of the experiment on urban-born households. We find that many more mi-
grants would live with their family at destination and across many such destinations (as
already observed in panel b of Figure E.3). The negative welfare effect of the experiment
would however be concentrated toward a few urban centers: the large cities (Beijing,

Shanghai); and the new exporting regions (Shenzhen/Guangzhou, Fujian, Zhejiang). In-
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Figure E.4. Removing barriers to migration (2b)—variation across destinations and origins.

(a) Living with family (b) Welfare of urban-born

(c) Moving with family (d) Welfare of rural-born

Notes: Panel (a) displays the change in the incidence of family migration at destination as induced by the counterfactual that removes
barriers to migration (in percentage points, relative to the initial urban population in 2000). Panel (b) displays the change in the
welfare of urban-born households (in percentage points). Panel (c) displays the change in the incidence of family emigration across
origins. Panel (d) displays the change in the welfare of rural-born households (in percentage points) across origins.

deed, prefectures of the Northeast and of interior provinces, where hukou policies are the
most lenient and where productivity is lower, would not experience additional migra-
tion, contrary to the productive coastal prefectures with the toughest stance on (family)
immigration. In panels (c) and (d), we nest those effects across origins and report the
change in the number of migrants leaving family behind and the welfare effect of the
experiment on rural-born households. We find that fewer rural migrants of the “hinter-
lands” of the highly productive coastal prefectures would leave family behind (panel c),
and there would be very significant average welfare effects for rural households in those
locations (panel d).

Finally, Figure E.5 provides the same evidence for counterfactual experiment (3) mim-
icking the 2014 reform. Panels (b) and (c) of Figure E.5, in particular, illustrate the dis-

tributional effects of the reform, leading to a migration outflow from large cities toward
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Figure E.5. The role of consumption patterns and migration frictions—the 2014 reform.

(a) Migrant concentration (3) (b) Moving with(out) family (3) (c) Welfare of natives (3)

Notes: This Figure reports statistics on the extent, nature, and consequences of migration flows in counterfactual experiment (3).
More specifically, we display: the incidence of migration in percentage points of the baseline city population (with family in orange,
without family in blue) in panel (b); and the differences in the welfare of urban-born households relative to the baseline in panel (c).
We group cities by bins of similar rents to limit the number of points; and their size is weighted by the total population at baseline
in those cities.

smaller cities—thus inducing mirroring welfare gains/losses for urban residents.

Welfare and inequalities The previous section sheds some light onto the distribu-
tional effects of migration restrictions across space. We now discuss the redistributive
effects of such policies between rural- and urban-born households, and within these two
categories. Migration restrictions in China may indeed protect an urban middle class at
the expense of poorer households living in rural regions, thereby limiting social mobility
and consolidating income inequalities.

We provide some evidence about the normative implications of our main policies—
counterfactual (2a) tilting consumption patterns and counterfactual (2b) removing mi-
gration restrictions as discussed in Section 6.2—in Figure E.6. Panel (a) shows that the
incentives for potential migrants to remit favors rural-born households: a counterfactual
economy where consumption would be more closely tied to origins would induce wel-
fare losses for urban-born households and would benefit rural-born households. We see
that the welfare losses for urban dwellers are dispersed, reflecting the wide heterogene-
ity in attractiveness across possible destinations: The main losers would be urban-born
households in booming, expensive cities. By contrast, the welfare gains for rural house-
holds are less dispersed—reflecting the possibility for those households to choose among
many destinations and the gravity structure of migration flows. More specifically, house-
holds living in the proximity of expensive cities are most affected by such an experiment,
while households living far from any attractive cities are far less impacted. However,
even the most affected households might still be able to mitigate the effect of the policy
through a swap across migration modes and/or destinations. Panel (b) displays the lev-

els of indirect utility for rural-born and urban-born households in the baseline (dashed
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Figure E.6. Consumption patterns and migration frictions—welfare and inequality.

(a) Welfare changes (2a) (b) Welfare and inequality (2a)

(c) Welfare changes (2b) (d) Welfare and inequality (2b)

Notes: This Figure displays the welfare effects of our main policies: counterfactual (2a) tilting consumption patterns, in panels (a)
and (b); and counterfactual (2b) removing migration restrictions, in panels (c) and (d). The left panels report the differences in
the welfare of urban-born and rural born households in percentage points relative to the baseline. Given our assumptions, those
differences can be interpreted as (log) units of equivalent real wage. In other words, a one percentage point difference is equivalent
to a change in real wage of 1%. The right panels show instead the levels of welfare in the counterfactual experiments versus the
baseline (as a dashed line). Finally, we report the fraction of rural-born versus urban-born households in the legend of these different
sub-figures.

lines) and in counterfactual (2a). We see that counterfactual (2a): reduces inequalities
between urban-born and rural-born households; reduces the welfare differences within
urban-born households; and slightly increases the welfare differences across rural-born
households. Indeed, the lucky urban households born in attractive cities are worse off
than before, when the relatively lucky rural households born in the hinterlands of such
cities are better off.

Removing migration restrictions also induces very significant redistributive effects,
as illustrated in panels (c) and (d) of Figure E.6. Many destinations would receive more
migrants, thus markedly affecting the welfare of their registered inhabitants. The re-

moval of migration barriers would however generate moderate gains for a very large
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number of rural-born households, the extent of which would depend on the location of
rural areas compared to the most attractive destinations. The large mass of rural house-
holds in China’s interior provinces would gain between 2 and 4% in equivalent real wage
from this relaxation of hukou restrictions—see Figure E.4, panel (d). In conclusion, this
relaxation would be a progressive policy, in the sense that it would reduce the gap be-
tween rural- and urban-born households and partly bridge welfare differences among

the latter group.

Figure E.7. lllustrating the welfare effects of relaxing family restrictions.

Notes: This Figure illustrates the welfare effects of the following experiment. We model the effect of a family-friendly policy that
only removes the family-specific restrictions at destination, i.e., we consider:

oy = (1= %) (Toru — T1ru) + XT1rue

for x € {0,0.1,..., 1}. The red curve shows the welfare gains for rural-born households. The blue curve displays the welfare losses
for urban-born households. The purple, dashed line shows the welfare gains for rural-born households, absent general equilibrium
effects through the adjustments of labor and housing markets at destination.

Welfare effects of relaxing family restrictions and general equilibrium Our
quantitative model of location choice is in general equilibrium, allowing economic con-
ditions to adjust across locations and feeding them back into the complicated problem
of possible migrants. To shed light on the implications of general equilibrium effects on
urban- versus rural-born households, we consider the following experiment. We model
the effect of a family-friendly policy that gradually bridges the gap between perceived

restrictions across migration modes:

T;ru = (1 - X) (TZru - I.lru) + XT1ry-

for x € {0,0.1, ..., 1}. When x = 0, we are in the baseline and family migration induces

additional barriers. When x = 1, the average migrant faces similar barriers (the ones
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without family), irrespective of the migration mode. For each x, we simulate the new
allocation of migrants across space, the welfare gains of rural-born households, and the
welfare losses of urban-born households. We do so for two scenarios: one in which
economic conditions adjust, and one in which they do not.”®

Figure E.7 shows the welfare changes induced by the previous experiment when x
goes gradually from 0 to 1. For instance, when half of the gap between perceived restric-
tions across migration modes is bridged, the welfare of rural-born households increases
by 8% and the welfare of urban-born households decreases by about 10%, an effect en-
tirely driven by the adjustments of labor and housing markets at destination. The purple,
dashed line shows instead the welfare gains for rural-born households, absent general
equilibrium effects. The difference with the actual welfare gains is then an order of mag-
nitude smaller than that felt by urban-born households. In other words, absent general
equilibrium effects, rural-born households would be better off, but by not much. The rea-
son lies in the high substitutability across migration destinations (see Table 4) and across
migration modes (see Table 5): Potential migrants are always able to trade off various
options and mitigate the endogenous deterioration of living standards across targeted
locations. Allowing urban-born resident mobility (see Appendix C.1) would enable such
trading off and thus reduce the welfare deterioration they experience when hukou re-
strictions are lifted; in this sense, the estimated counterfactual decline in urban-born

household welfare constitutes an upper bound.

E.2 Introducing externalities

Our quantitative model does not feature any agglomeration externalities or other con-
gestion forces than the ones operating through the adjustment of labor and housing mar-
kets across locations. In this section, we show how agglomeration spillovers and con-
gestion externalities at destination would affect (i) the allocation of rural-urban migrants
across space and (ii) the normative implications of a relaxation of migration policies.
We consider our baseline model, as estimated in Section 5, and add the following
features across four alternative models and three sources of externalities: (i) constant
and size-varying production externalities in cities, e.g., the total factor productivity is
ALY where L, is labor and A, is an exogenous productivity shifter in urban location
u, as standard in quantitative models of urban economics (see, e.g., Ahlfeldt et al. 2015);
(i) negative congestion externalities arising from urban sprawl or pollution (see, e.g.,

Khanna et al. 2021), i.e.,, Z, = Z,L;*"®, where Z, is an exogenous amenity shifter; and

¥Note that urban-born households can only be affected by the experiment through an adjustment of
economic conditions. Accordingly, the partial equilibrium welfare effects for them are nil, irrespective of
the parameter x.
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(iii) positive externalities from remittances at origin, i.e., the total factor productivity
is A,R*®, where R, are the level of remittances received in rural location r (conveying
the idea that remittances can be used as productive investment, see Pan and Sun 2022,
Khanna et al. 2022).

Table E.2 shows that the addition of productive spillovers (sometimes called agglom-
eration economies) further boosts the effect of relaxing migration restrictions with a
larger number of migrants moving to cities with or without family than in the baseline
model. The effect remains, however, limited: The first panel of Table E.2 predicts an ad-
ditional inflow of about 400,000 rural-born households. Adding positive agglomeration
externalities implies that rural-born households are left better off from the relaxation of
restrictions than estimated through our externality-free model and urban-born house-
holds are less worse off—both effects being driven by a muted response of wages to
migration flows. Negative congestion externalities have the exact opposite effect: The
migration response to the policy is lower, and its normative implications are less positive.
More specifically, urban-born households lose more from the relaxation of restrictions
when rural-born households gain slightly less. Finally, assuming that remittances boost
production at origin changes our predictions in the most significant manner: While this
spillover increases the social returns to migration, these returns are not internalized by
migrants such that the increase in local wages mitigates the desire to move toward ur-
ban destinations. In such a model, migrants would respond less positively to a relaxation
policy, even though the policy would have much larger welfare effects. Their muted re-
sponse implies that the level of remittances would be lower than that predicted by the
externality-free model. In the presence of such externalities, a social planner would be

tempted to subsidize migration rather than penalize it.
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E.3 Sensitivity analysis and alternative migration models

Our quantitative model of location choice is designed to best capture the choice of ru-
ral residents in transforming economies with large productivity and price differentials
across urban areas and an even wider rural-urban gap. In those settings, rural migrants
often consume at origin to mitigate the living costs at destination, and an important
adjustment margin is whether to leave relatives behind or not (as we document in Sec-
tion 3). For these reasons, we add the following ingredients to the standard migration
models (see, for instance, Bryan and Morten 2019, Tombe and Zhu 2019, Monras 2020):
(i) a three-nest structure for the location choice model allowing potential migrants to
trade off whether to migrate or not, how to do so (with or without family), and where
to go; and (ii) a technology to displace part of the consumption of non-tradable goods to
origins, depending on the migration mode (with or without family).

In this section, we illustrate the quantitative and qualitative insights gained through
the adoption of those two novel features. To do so, we estimate four alternative models:
(1) a simple model of location choice among numerous alternatives, and where the birth
location is one of those alternatives (Bryan and Morten 2019, Tombe and Zhu 2019); (2) a
two-nest structure with the upper nest capturing the decision to migrate or not, and the
lower nest modeling the choice of destinations (Monras 2020); (3) a two-nest structure
adding the possibility for migrants to displace part of their consumption (Albert and
Monras 2022); and (4) a three-nest structure akin to our baseline model (i.e., with two
migration modes and two associated technologies for the consumption of non-tradable
goods), but where there is limited substitutability between migration modes.”

We estimate these models using a similar approach as in Section 5. We thus estimate
Model 1 by assuming a standard formulation for real wages, i.e., In(w,/p%), and esti-
mating the parameter A in a similar manner as in Table 4 (but with a slightly different
explanatory variable). We estimate Model 2 by assuming the same standard formula-
tion for real wages, i.e., In(w,/p?), estimating the parameter A in a similar manner as
in Table 4, and estimating the parameter y in a similar manner as in Table 6. Model 3
follows the same estimation as Model 2, except for the computation of real wages. We
then account for remittances as in the baseline model, but we use an average remittance
share irrespective of the migration mode. The estimation of Model 4 follows the exact
steps of our baseline model, except that we impose 1/u = 0.4.

In Figure E.8, we show the correlation between our baseline bilateral costs against
the estimated costs in alternative models. Overall, we find that our estimated bilateral

costs for family migration are never closely matched by any of these alternative models,

%We impose that 1/ is one order of magnitude smaller than in our baseline estimation (see Table 5):
We set 1/ = 0.4.
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Figure E.8. Correlation between migration frictions across models.

(a) Migration without family (M1) (b) Migration with family (M1)

(c) Migration without family (M2) (d) Migration with family (M2)

(e) Migration without family (M3) (f) Migration with family (M3)

(g) Migration without family (M4) (h) Migration with family (M4)

Notes: Model 1 has only one nest and one elasticity A. Model 2 has two nests: the upper nest between migrating or staying and the
lower nest across destinations for households who decide to emigrate. The previous models assume away heterogeneity in family
migration (or not), and construct real wages across destinations without allowing for displaced consumption. Model 3 is similar
to Model 2, except that real wages are calculated using the average remittance share. Model 4 is designed and estimated like our
baseline model (three nests allowing for two migration modes and different remittance behaviors), except for one component: we
shut down the substitution across migration modes by imposing that 1/p = 0.4.

104



even Model 4. In fact, Model 4 displays wide departures from our baseline model for
both types of bilateral costs because it partly loads positive variation in one mode onto
a negative variation in the other mode. The bilateral costs for migration without family
are more closely matched by other models. In particular, the average migration costs of
Model 3 are very close to our bilateral costs for migration without family, in part because
this is the dominant migration mode in the baseline.

One crucial element of such migration models—including our baseline model—is to
nest all residual, unexplained variation in migration flows onto bilateral migration costs.
This set of inferred parameters, labeled {r ru }jm in our framework, are capturing actual
pull or push factors, gravity or network effects, but also residual errors or biases when
the model is misspecified. We look at the variation underlying these residual terms in
Table E.3. Panel A regresses the bilateral migration costs obtained across the different
models onto a set of observable predictors for these migration frictions: (i) the rent at
destination as a placebo variable that should not be predictive outside of its indirect ef-
fect through real wages, (ii) the wage of migrants at destination, (iii) distance between
origins and destinations to capture the iceberg costs of migration, (iv) pollution at des-
tination (Chen et al. 2017, Khanna et al. 2021), and (v) population at destination in 2000
to capture fixed amenities (e.g., other environmental or cultural factors). Models 1 and 2
fail to restrict the effect of housing prices to its impact through real wages (see columns 1
and 2)—a feature that we attribute to their failure to account for displaced consumption
and the fact that migrants only allocate about 20% of their income to housing (versus 28%
for residents). Model 3 indeed neutralizes the correlation between bilateral migration
costs and rents at destination, and displays expected correlations with all the other vari-
ables. Model 4 introduces heterogeneity across migration modes (column 4 for migrants
leaving family behind and column 5 for migrants with family at destination). However,
because it ignores substitutability across migration modes, any factor favoring one mi-
gration mode will appear in both bilateral costs, positively in one and negatively in the
other. The impact of such misspecification is made salient through the observed gaps
across migration modes in the estimates for rents, wages, or population—a gap that we
do not observe in our baseline model (columns 6 and 7). We interpret these findings as
supportive evidence for Model 3 and our baseline model. Model 3 nonetheless cannot
shed light on the importance of family migration (or the absence of family migration) in
explaining the impact of restrictions in China, as we will see next.

We then evaluate the role of migration policies in shaping the extent of migration
in China through the lens of these alternative models. We first isolate the causal effect
of migration policies on the various inferred bilateral costs, in the manner of Table 7

(columns 1 and 2), and report the estimates in Panel B of Table E.3. We then simulate
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Table E.3. Identifying migration frictions—alternative models.

Model 1 Model 2 Model 3 Model 4 Baseline
Bilateral migration costs tl, 2, 3, = = Tiru Toru

Panel A: explaining migration frictions

Rent (log) -0.234 -0.237 -0.421 <0423 -0.042  -0381  -0.220
(0.073) (0.121) (0.149)  (0.137)  (0.106)  (0.148)  (0.155)

Migrant wage (log) 0.729 0.524 0.899 0.496 1.621 0.761 0.719
(0.208) (0.308) (0.381)  (0.379)  (0.499)  (0.372)  (0.319)

Distance (log) 0.189 0.109 0.118 0.208 0.233 0.134 0.208
(0.032) (0.069) (0.071)  (0.042)  (0.050)  (0.065)  (0.066)

Pollution (log) 0.129 0.150 0.153 0.098 0.286 0.146 0.222
(0.033) (0.045) (0.055)  (0.057)  (0.069)  (0.055)  (0.052)

Population (log, 2000) 0.060 0.158 0.156 0.169  -0.184  0.160 0.073
(0.034) (0.052) (0.064)  (0.060)  (0.068)  (0.063)  (0.065)

Observations 1,864 1,864 1,864 1,864 1,864 1,864 1,864

Migration mode - - - j=1 j=2 j=1 j=2
Model 1  Model2  Model 3 Model 4 Baseline

Bilateral migration costs t}, 2, 3, Tiu Toru Tiru Toru

Panel B: the causal effect of migration policies

Hukou conversion -2.686 -4.266 -3.566 -3.443 -8.882 -4.094 -8.316
(1.871) (2.198) (2.616) (2.592) (2.890) (2.738) (3.105)

Observations 3,586 3,586 3,586 3,113 1,613 3,113 1,613
Migration mode - - - j=1 j=2 j=1 j=2
F-stat 9.62 9.62 9.62 9.83 9.90 9.83 9.90

Notes: A unit of observation is a destination/origin pair within the connected set. Standard errors are
clustered at the level of destinations and are reported between parentheses. The specification uses pop-
ulation weights in 2000 in both panels. The dependent variables are the model-computed bilateral costs
of migration computed in the baseline (last two columns) and four alternative models of location choice.
Model 1 has only one nest and one elasticity A. Model 2 has two nests: the upper nest between migrating
or staying and the lower nest across destinations for households who decide to emigrate. The previous
models assume away heterogeneity in family migration (or not), and construct real wages across destina-
tions without allowing for displaced consumption. Model 3 is similar to Model 2, except for real wages
that are calculated using the average remittance share. Model 4 is designed and estimated like our baseline
model (three nests allowing for two migration modes and different remittance behaviors), except for one
component: we shut down the substitution across migration modes by imposing that 1/ = 0.4. Panel A
regresses the model-computed bilateral costs of migration on (log) rent in 2005, (log) migrant wage in
2005, (log) distance between origins and destinations, (log) pollution (2001-2005), and (log) population in
2000. Panel B replicates the causal analysis of Table 7 (columns 1 and 2).

the counterfactual experiment (2b) in all these alternative models and report their ef-

fect on migration numbers in Table E.4. All models naturally predict a very significant
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Table E.4. The role of migration frictions in shaping migration—alternative models.

Migrant households (millions)

All No family Family
Baseline 27,29 22,27 5,02
Counterfactual (2b)—Model 1 46,48
Counterfactual (2b)—Model 2 39,60
Counterfactual (2b)—Model 3 33,64
Counterfactual (2b)—Model 4 71,79 55,00 16,79
Counterfactual (2b)—Baseline model 42,54 26,98 15,56

Notes: This Table reports statistics on the extent, nature, and consequences of migration flows in the
baseline and in counterfactual experiment (2b). Across all experiments, we report the number of migrant
households (overall in column 1, without family in column 2, with family in column 3, all reported in
millions of migrant households between 2000 and 2005). The counterfactual experiment is simulated across
four alternative models of location choice (as well as our baseline model). Model 1 has only one nest and
one elasticity A. Model 2 has two nests: the upper nest between migrating or staying and the lower
nest across destinations for households who decided to emigrate. The previous models assume away
heterogeneity in family migration (or not), and construct real wages across destinations without allowing
for displaced consumption. Model 3 is similar to Model 2, except for real wages that are calculated using
the average remittance share. Model 4 is designed and estimated like our baseline model (three nests
allowing for two migration modes and different remittance behaviors), except for one component: we
shut down the substitution across migration modes by imposing that 1/ is small.

uptick in migration with an increase in migrant concentration toward more expensive,
restrictive cities. For instance, 33 million migrant households would leave their origins
in Model 3 against 42 million in our preferred model, with a similar concentration across
cities. What Model 3 misses is that family migration becomes much more attractive fol-
lowing the reform, leading to a disproportionate increase in this migration mode. This
explains the missing 9 million migrant households, but also the composition of such
missing households. Model 4 does account for the two types of migration and does al-
low for a differential effect of policies on bilateral costs (see Panel B of Table E.3), but
it ignores substitutability between these modes implying that the expansion of family
migration does not hinder the emigration of migrants without family. Model 4 thus pre-
dicts too large an adjustment following the relaxation of policies, with about 29 million
additional migrant households, most of them leaving without their family.

In summary, our quantitative model of location choice does not only provide qual-
itative insights about the nature of migration in transforming economies; it also has
quantitative implications for the effect of various migration frictions (including the en-
dogenous frictions related to migration policies) on the spatial allocation of population

acCross space.
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