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ARTICLE INFO ABSTRACT

JEL classification: We investigate the role of migration and housing constraints in determining income inequality within and across
E24 Chinese cities. Combining microdata and a spatial equilibrium model, we quantify the impact of the massive

J61 spatial reallocation of workers and the rapid growth of housing costs on the national income distribution. We first
Ei’ show several stylized facts detailing the strong positive correlation between migration flows, housing costs, and

imputed income inequality among Chinese cities. We then build a spatial equilibrium model featuring workers
Keywords: with heterogeneous skills, housing constraints, and heterogeneous returns from housing ownership to explain
Income Inequality these facts. Our quantitative results indicate that reductions in migration costs and the divergent growth in
Migration productivity across cities and skills result in the observed massive migration to developed areas. Combined with

Citieﬁ ) tight land supply policies in big cities, the expansion of housing demand caused the rapid growth of housing

Housing constraints costs and increased inequality between local housing owners and migrants. The counterfactual analysis shows

China that a migration-based land supply reform with regional transfers or a US-level property tax can lower within-city
income inequality by 34% and 21%, respectively. Meanwhile, both reforms lower national income inequality by
20%. However, only the land supply reform encourages more workers to migrate to higher productivity cities.

1. Introduction and tight housing constraints in these developed cities explain rapidly
rising inequality in China? If so, is there any policy we could implement

As documented by Piketty et al. (2019), Chinese income and asset to alleviate this rising inequality?

inequality rose from a level similar to that of Scandinavia to approach-
ing that of the United States. More importantly, much of this rise was
driven by the uneven ownership of the dramatically appreciating hous-
ing assets in developed cities. This housing boom in developed cities
has been accompanied by massive inflows of migrant workers as well
as tightening housing constraints.! Could this massive migration inflow

In this paper, we take two approaches to answer both questions. First,
using various sources of data, we document that housing costs and in-
come inequality are significantly positively correlated with the number
of migrant workers in different cities. Second, we construct a spatial
equilibrium model incorporating both heterogeneous wage income and
heterogeneous housing asset income to quantify the effects of migra-
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1 China has experienced impressive economic growth over the last four decades after the start of economic reforms and opening-up in 1978. This triggered a
massive wave of migrant workers moving from under-developed areas to developed areas. There was also a huge housing boom, especially in large cities such as
Beijing and Shanghai. Housing prices increased by 660% from 2003 to 2013 in Beijing (Fang et al., 2016), which can partly be attributed to the tight land supply
regulatory policy.
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tion and housing constraints on the observed income inequality. In the
counterfactual analysis, we find that easing the housing constraints in
developed cities can reduce income inequality in China.

In the first step, we show four main stylized facts from the data.
First, migration in China is overwhelmingly into developed areas. The
concentration is accelerating across time because of improvements in
the transportation system and the relaxation of the Hukou system.” Sec-
ond, housing costs have increased drastically over time, especially for
cities with large numbers of migrants. There is a positive correlation be-
tween housing costs and the net stock of migrant workers across cities.
Third, income inequality within cities is positively correlated with the
net stock of migrant workers. Fourth, it is housing ownership inequality,
rather than wage inequality that caused the observations in stylized fact
3. These four stylized facts give us a preliminary picture of the whole
story. As the economy grew, more and more migrants concentrated in
large and developed coastal cities. The massive increase in housing de-
mand, together with a highly regulated land supply, pushed up real es-
tate rents in big cities to the benefit of local housing owners. Increasing
housing rents then translated into increasing income inequality between
local property owners and migrant renters.

In the second step, we construct a spatial equilibrium model to quan-
tify the facts, explain the mechanism, and conduct counterfactual anal-
ysis. The model comprises heterogeneous workers making migration
choices, a representative firm, and a state-regulated housing sector in
each city. The key mechanism is that with the universal drop in mi-
gration costs and uneven productivities, workers migrate from under-
developed cities to developed cities with higher wages. Since housing
supply is heavily regulated and inelastic in these developed cities, hous-
ing costs increase dramatically, which drives up local property own-
ers housing income. However, due to various frictions, migrant workers
cannot participate in their local property market or share any increases
in housing values in the living city. They can only earn housing returns
in their under-developed home city. As more and more migrants move
into developed cities, the housing ownership gap between locals and
migrants results in rapidly rising income inequality.

Using various sources of data from 2005 and 2010, we solve the
model quantitatively. We find that from 2005 to 2010, the average mi-
gration costs decreased by 35% for low-skill workers and 21% for high-
skill workers. Meanwhile, productivity growth was faster in absolute
terms in large cities, which attracted large numbers of migrant workers.
These large, developed cities also have slower growth in land supply.
Construction land supply increased by only 10% in the largest cities,
which together attracted more than twenty million workers. While at
the same time, average land supply growth was 40% for cities which lost
almost half of their working population. This inefficient land supply pol-
icy causes severe housing constraints in developed cities and increases
income inequality.®

Finally, we conduct counterfactual policy reforms to ease housing
constraints in developed cities and reduce income inequality. The main
counterfactual we impose is a migration-based land supply reform. The
idea is straightforward and intuitive: to allocate new land quotas by
migration flows. We reallocate the increment of the total land supply

2 The Hukou system is a unique household registration system. In China, each
household has to register in the place where they are initially from, and it is
hard to change the registration locale during one’s lifetime. The Hukou system
is closely related to access to public services. For instance, a family migrating
from Henan to Shanghai may not be able to send their children to public schools
in Shanghai. For more details, please refer to Song (2014).

3 There is a quota of land for construction usage in each city. The quota is
determined by the central government and utilized as a tool to balance develop-
ment across different regions. Thus, under-developed western regions get much
more construction land than they need while land supply is severely suppressed
in developed eastern regions. This potential policy distortion creates a substan-
tial spatial misallocation, as suggested by Hsieh and Moretti (2019).
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quota from 2005 to 2010. Instead of giving more land quota to under-
developed areas, we allocate land quota proportionally to the change
in the migration inflows to different cities, while keeping the national
total land supply constant. That is, cities attracting more migrants are
given more quota.* Meanwhile, all revenues from additional lands in
developed cities are collected and transferred to under-developed cities
who lost quota as compensation. This policy mimics a ”land quota trans-
fer market” (Lu, 2016) where developed cities can buy land quota from
under-developed cities and compensate them with direct transfers. Thus,
we can achieve balanced development between regions and simultane-
ously avoid policy distortion. With the counterfactual land supply pol-
icy, housing cost increases in big cities are significantly attenuated. Com-
pared with the real world, this policy reduces housing costs in 2010 by
30% in first-tier cities and by 25% in second-tier cities, and also incen-
tivizes more workers to migrate to these developed cities. Simultane-
ously, within-city income inequality falls by 34% and national inequal-
ity by 20%. In another counterfactual policy, we show that a US-level
property tax and redistribution policy could also help to reduce income
inequality.

Literature Review Our study extends the current literature in three
dimensions. First, we investigate a new mechanism for income inequal-
ity and extend knowledge about increasing inequality in China. There
are many studies on income and wage inequality. Different papers in-
vestigate many causes of inequality, including skill-biased technological
change and the increase in the return to human capital (Berman et al.,
1998; Card and DiNardo, 2002; Moore and Ranjan, 2005), education
inequality (Gregorio and Lee, 2002; Sylwester, 2002), trade liberaliza-
tion (Goldberg and Pavcnik, 2004; Han et al., 2012; Verhoogen, 2008),
and privatization (Chao et al., 2006; Cuadrado-Ballesteros and Pefa-
Miguel, 2018). The closest study to ours is Chen et al. (2018). They find
that larger cities have higher income inequality and claim that this is be-
cause migration inflows into larger cities change the skill composition of
the workers, yielding a higher skill premium. In this study, we investi-
gate a new mechanism of migration interacting with housing constraints
that can also increase income inequality.

Second, this paper contributes to the literature that studies the spa-
tial distribution of labor supply using the EK-Migration framework.
Since Ahlfeldt et al. (2015), the literature has extended the canonical
Eaton and Kortum (2002) international trade framework to introduce
worker mobility to explicitly model worker location choices in the pres-
ence of migration costs and heterogeneous worker preferences regard-
ing locations. Many of these contributions investigate internal migration
costs, such as Morten and Oliveira (2014), Bryan and Morten (2019),
Ma and Tang (2020), Tombe and Zhu (2019), Yu (2019), Wu and
You (2020) and Fan (2019). The closet studies to us are Tombe and
Zhu (2019) and Fan (2019). The former focuses on how trade and mi-
gration costs affect labor productivity in China without differentiating
between worker skill types, and the latter focuses on understanding how
international trade affects overall domestic wage inequality and the ag-
gregate skill premium without considering the distribution of property
ownership. Our paper aims to understand income inequality stemming
from both human capital and wealth ownership differences. Guided by
this target, our model introduces both high/low-skill workers and het-
erogeneous housing ownership. Second, instead of inferring wages from
the model, which is the most important ingredient for calculating in-
equality, we manually collect the wages by industry for as many Chinese
cities as we can from individual city statistical yearbooks. Combining
this unique dataset with the population census, we construct a compre-

4 A main concern here is whether big cities like Shanghai and Beijing have
reached their natural limits for land supply or not. Wu and You (2020) shows
that, in 2005, only 23% of the land was developed in tier-1 cities (the most
developed).
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hensive and spatially decomposable inequality measure for China and
investigate the most realistic policy reforms.

Third, this paper contributes to the literature that studies the
housing and land market in China. The so-called Great Housing
Boom of China is well documented in Garriga et al. (2020), Garriga
et al. (2017), Fang et al. (2016), Chen and Wen (2017), and
Glaeser et al. (2017). The housing boom is unevenly distributed spa-
tially. As Fang et al. (2016) shows, the boom is not universal. More
developed cities have seen disproportionate gains in housing prices
while less developed cities have seen their housing prices grow more
slowly than GDP. Various theories attempt to explain this pattern:
Garriga et al. (2017), Liang et al. (2016), and Wu et al. (2016). We
contribute to this literature by showing that the inefficient land supply
policy and massive migration inflows into larger cities jointly caused
the Great Housing Boom. We also provide counterfactual policies for the
housing sector, which could lower housing costs and reduce housing
inequality.

Layout This paper is organized as follows. Section 2 describes the
data and variables. Section 3 documents five stylized facts of migration,
housing, and inequality in China. Section 4 shows the spatial equilib-
rium model. Section 5 quantifies the model and shows the quantitative
results. Section 6 shows counterfactual policy reforms. Section 7 con-
cludes.

2. Data and variables
2.1. Data sources

In this study, we need a comprehensive dataset that records an indi-
vidual’s Hukou registration location, their current work location, wage
earnings, occupation, housing ownership, and rent payment. Our inter-
est in housing costs and spatial inequality implies that the data must
be geographically representative. Moreover, since we want to estimate
migration elasticities, the dataset must be large enough to record flows
between all pairs of locations. Only the Chinese Population Census (Census
for short) meets all these specifications. We also supplement the Census
with the City Statistic Yearbooks and the Urban Statistic Yearbooks for
city-level aggregate variables. We introduce these datasets sequentially
below in depth.

We use the Census as the main dataset in this study. It is the most
comprehensive household-level survey in China. It is conducted every
ten years, and all residents in mainland China are surveyed. In the sur-
vey, 90% of households report only basic demographic information, in-
cluding their Hukou registration location and current living location.
The other 10% of households take a so-called ”long-survey,” which asks
additional questions including items dealing with housing conditions,
housing rents, and job details. Midway between two Census years, a
Mini-census is conducted. The Mini-census randomly selects 1% of the
population and asks a list of questions similar to the ones in the long
survey of the decennial Census. In this study, we use the decennial Cen-
sus in 2010 and the Mini-census in 2005 to calculate city-level migration
flows and housing rents for individuals with different education levels.®
In our sample, we have 2,585,481 observations in the year 2005, which
covers 0.2% of the Chinese population. Additionally, we have 4,803,589
observations in the year 2010, which covers 0.36% of the population.

We supplement the Census data with the City Statistic Yearbooks and
the Urban Statistic Yearbook. City Statistic Yearbooks contain socioeco-
nomic data for specific cities. Each city has its own yearbook, and the
data is collected by the local branch of the National Bureau of Statistics.
We derive industry level average wages in each city from these year-
books. They will be used to impute the city-skill level wages as we will
explain in the next section. The Urban Statistic Yearbook is a book with

5 From now on we call the decennial Census and Mini-census as simply the
Census in general for conciseness.
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a summary of key economic indicators across all Chinese cities in a spe-
cific year. We derive city-level GDP growth rates and construction land
area data from it.

2.2. Imputing city-skill level wages

In the model part of this study, we need average wages for different
skills (education levels) in different cities in 2005 and 2010. However,
there is no data directly showing average high-skill (college-educated)
wages and average low-skill (not college-educated) wages in each city.
Ideally, if we have wages for all individuals in the Census data, we can
calculate city-skill level average wages as:

1
w) = 5 DLW, M
Jj i

where w7} is the average wage of workers with skill s in city j, N7 is the
number of workers in city j with skill s, and w; is the wage of indi-
vidual worker i with skill s, working in city j. However, the Censusdata
contains wage information only for the year 2005 and not 2010. For-
tunately, in the City Statistic Yearbooks of each city, they have average
wages in different industries in this city. In addition, in the Census data,
there is information about an individual’s education and industry. Thus,
we can first impute an individual’s wage by using the average wage in
the industry-city the individual is working in. Then we use Eq. (1) to
calculate city-skill level average wages. In essence, what we do is to cal-
culate city-skill level wages using average city-industry wages, weighted
by the number of workers with different education levels in each indus-
try. Since the City Statistic Yearbooks are published separately by differ-
ent local governments, we have to manually collect over 600 books for
2005 and 2010. There are some cities for which we cannot find data for
the exact years of 2005 and 2010. We replace these missing years by the
closest year we could find and impute the wages using city-level GDP
growth rates.® This replacement is less than 5% of the observations.

There is another concern that the wages from City Statistic Yearbooks
may not be representative since the National Bureau of Statistics usually
does not include informal jobs when it collects the data. Thus, we try
another imputation of the city-skill level average wages to check the ro-
bustness of our results. In this method, we directly use individual wages
in 2005 and calculate city-skill level wages using Eq. (1) in 2005. We
then impute the city-skill level wages in 2010 by multiplying the city-
skill level wages in 2005 with GDP growth from 2005 to 2010 in each
city. We repeat all the analysis using this method and the results are
robust. They are available upon request. We do not use this measure
for our main results because by multiplying city-level GDP growth with
wages in 2005, we assume that wages of people with high and low skills
in each city evolved in the same way from 2005 to 2010.

3. Stylized facts: migration, housing, and inequality

From our data, we calculate the net stock of migrant workers, the
skill share, and housing costs in each city. We then calculate within-city
inequality for each city and nationwide inequality. From these observa-
tions, we document four major and one supplementary stylized facts of
migration, housing and inequality in China.

Fact 1: Migration is highly and increasingly concentrated in certain
large cities

To document Fact 1, we calculate the net stock of migrant workers
and the share of the net stock of migrant workers across all Chinese cities
in 2005 and 2010, respectively. The net stock (in numbers N) and share
of the net stock (in percentage %) for city j are calculated as follows:

Net Stock;(N) = Current Workers; — Hukou Workers;

© For example, if we cannot find the City Statistic Yearbook of Beijing in 2005
and can only find the one in 2004, then we use city-industry level wages for
Beijing in 2004 and multiply them by Beijing’s GDP growth rate in 2005 to
estimate city-industry level wages for Beijing in 2005.
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(a) Net stock of migrant workers in 2005
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(b) Net stock of migrant workers in 2010
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Fig. 1. Net stock (Numbers N) of migrant workers by city in China. Notes: The sample only includes workers with wage income, which means that we exclude
retired workers, persistently unemployed workers (zero wage income for the whole year), children, students, homemakers, and others. The net stock of workers in
city i is calculated as current workers in city i minus Hukou workers in city i. Therefore, this measure reflects the net gain in the working population for each city. We
only have data on 287 and 266 cities in 2005 and 2010, respectively. Though the blank parts are missing, our available data covers more than 95% of the Chinese
population. The map of Net Stock (%) which shows a similar pattern, as well as the summary table of the underlying numbers, are presented in Appendix.

Current Workers; — Hukou Workers;
Hukou Workers J

Net Stock;(%) =

where Current Workers; is the total number of workers who are cur-
rently working in city j, and Hukou Workers; is the total number of
workers whose Hukou registration is located in city j. Therefore, the
net stock reflects the net gain or loss in the working population of each
city and the share of net stock reflects the net gain or loss proportional
to the Hukou registered working population of each city.” The former
measure avoids potential outliers when measuring in percentages and
the latter measure avoids the potential city size effect when measuring
in absolute numbers.

First, migration is highly concentrated in certain large cities. Our
analysis here extends Ma and Tang (2020)’s study from 2005 to 2010.
To visualize the migration patterns, we also geographically plot the Net
Stock(N) by cities in both 2005 and 2010 in Fig. 1,® where colors demon-
strate the pattern of net migration. For instance, in 2010, there were 34
cities with a net stock of more than 8 million migrants. Most cities lose
workers, and only about one-fourth of cities have positive net stocks.
From the map, it is obvious that workers are migrating from western
and central regions to eastern regions, and from inland cities to coastal
cities.”

Second, migration is increasingly funneled into certain large cities.
As the colors in Fig. 1 indicate, the concentration of migration has grown
during these five years. From 2005 to 2010, inland cities lost more work-
ers to large eastern cities. To provide more intuition, we also plot the
correlation between the net stock of migrants in 2005 and in 2010 in
Fig. 2. The red dashed line is the 45-degree line. The fitted line has a
slope much larger than one, and the big cities with a net gain of workers

7 We do not choose a percentage measure such as {(Current Workers ;=
Hukou Workers;)/Current Workers; } which is strictly bounded between 0 and
1 because we do not want to capture just the relative share of migrant workers
among working populations in each city. We emphasize each city’s net gain or
loss relative to its Hukou registrations.

8 For the sake of space, the map of Net Stock (%) which shows similar pattern
as well as the summary table of underlying numbers are presented in Appendix.

9 Most of the big industrialized cities are located along the eastern coastline.
There are four main economic zones containing cities with huge numbers of
migrant workers: (1) the Bohai Economic Rim, led by Beijing and Tianjin; (2)
the Yangtze River Delta Zone, led by Shanghai, Suzhou, and Hangzhou; (3) the
Western Taiwan Straits Zone, led by Xiamen; (4) the Pearl River Delta Zone, led
by Guangzhou (Canton), Shenzhen, and Hong Kong.

in 2010 are all above the 45-degree line, which means that migration
concentration was rapidly increasing over these five years.

Fact 2: Housing costs increase drastically with the net stock of mi-
grants and across time

To document Fact 2, we calculate housing costs for each city in both
2005 and 2010 using micro data from the Chinese Population Census. We
first calculate the annual individual housing rent per square meter, then
take the average for each city.

Fig. 3 plots housing costs against the net stock of migrant workers
for both 2005 and 2010 in both absolute number and percentage mea-
sures, respectively. Red dots are values in 2010 and blue dots are values
in 2005. We fix the x-axis using the 2010 value for each city so we can
easily compare changes in housing costs across cities over the five-year
period. For instance, the highest dot (>300 Yuan) in sub-figure (a) is
Beijing’s average housing cost in 2010; we can then easily identify Bei-
jings average housing cost in 2005 as roughly 220 Yuan, right below
the highest dot. We keep this plotting format for all figures in the rest
of this paper.

The message is twofold. First, housing costs increase drastically with
the net stock of migrants. It is clear that the net stock of migrants is pos-
itively correlated with housing rent costs. The fitted lines for both net
stock measures and both years are significantly upward sloping. Second,
housing costs increased drastically over time. The national average an-
nual housing rent per square meter increased sharply from 74 RMB per
square meter to 113 RMB per square meter, which corresponds to a 53%
increase.

We illustrate the positive correlation between migration and hous-
ing cost in more detail in Appendix A2. The first concern is that cities
may systematically differ in their housing qualities and the correlation
may be caused by better qualities in developed cities with more mi-
grants. We solve this issue by running a household-level regression and
controlling for house characteristics. We find that conditional on house
quality, an additional 1 million migrants within the city is associated
with an increase in the annual housing rent of 7.7 (4.6) RMB per square
meter in 2005 (2010), which corresponds to a 10.3% (4.1%) increase.
Second, we further attempt to identify the causal effect of migration
on housing costs by employing a Bartik-style instrument inspired by
Card (2009) and Bartik (1991). Using this approach, we find that an
increase of 1 million migrants raises the annual housing rent by 1.4
RMB per square meter. In general, our evidence indicates that housing
costs increase significantly with the net stock of migrants and across
time.
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(a) Net Stock (Numbers N)

(b) Net Stock (Percentage %)
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Fig. 2. Correlation of Net Stock of Migrants in
2005 and 2010. Notes: In plot (b), 1 means
100%. The percentage plot (b) excludes two
outlier new cities Shenzhen and Dongguan
which do not fit the scale of the plot but still fit
the pattern. Both cities were established in the
1980s. Because of low initial stocks of Hukou
population and high appeal to migrants, both
cities have Net Stock (%) measures larger than
500% in 2005, growing to larger than 1000%
. in 2010.

(b) Net Stock (Percentage %)

0.5 1.0 1.5
2005 (%)

Fig. 3. Net Stock of Migrants and Hous-
ing Cost. Notes: Housing cost is measured
as monthly rent per square meter using the
micro data from the Chinese Population Cen-
sus. In plot (b), 1 means 100%. The percent-
age plot (b) excludes two outlier new cities
a Shenzhen and Dongguan which do not fit the
scale of the plot but still fit the pattern. Both
cities were established at the end of 1980s.
Because of low initial stocks of Hukou pop-
ulation and high appeal to migrants, both
cities have Net Stock (%) measures larger
than 1000% in 2010 and almost the highest
housing costs among all Chinese cities.
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Fact 3: Income inequality increases drastically with net stock of
migrants and across time

To document Fact 3, we calculate the Theil Index'© for total income
at city-level for all Chinese cities in 2005 and 2010, respectively. Each
worker’s income consists of wage income and capital income. For wage
income, we directly take the imputed city-skill wages as each individual
workers’ wage income, which is explained in Section 2.2.'! For capital
income, however, there is no available data for each city. Therefore,

10 We use the Theil Index because it can be easily decomposed into small
groups. Specifically, a national level Theil Index can be decomposed into two
terms. The first term is a weighted average of Theil Index scores for city-level
means (inequality across cities). The second term is a weighted average of the
Theil Index of individuals within different cities (inequality within cities). There-
fore, it is natural to calculate the contribution of each city to national level in-
equality (Novotny, 2007). We also try the traditional Gini Index, and the results
are robust.

11 One concern is that when we use city-skill level imputed wages, we may
erase a large portion of heterogeneity. Thus, we also check the results using real
individual level wages in 2005. The results are robust, consistently finding that

1 2 3 4

Net Stock in 2010 (%)

we adopt a lower bound imputation through some compromises using
the Census data. For brevity, we relegate this technical discussion and
associated robustness checks to the end of this section.

We calculate housing incomes for local workers owning houses by
multiplying the size of their houses by city-level average rent divided
by family sizes.'? Then we take the average of this housing income for
each city and attribute it to the local residents who own houses. Thus,
an individual worker’s total income is the sum of the city-skill wage
and the imputed housing asset income (including both self-consumed
housing and actual rental income from migrant renters). This construc-
tion is more consistent with our model.'®> We would like to emphasize

cities with more migrant workers have higher inequality. We stick with imputed
city-skill level wages in the main paper for two reasons. First, there is no real
individual wage data available in the 2010 Census. Second, we want to present
data that is the most consistent with the model.

12 In calculating the family size, we only consider adults.

13 Alternatively, we investigate this correlation with two other definitions of
housing asset income. First, we calculate housing asset income by using the
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Fig. 4. Net Stock of Migrants and Income
Inequality. Notes: Income Theil Index for
each city is calculated by Eq. (2) using the
. micro data from the Chinese Population Cen-
sus. In plot (b), 1 means 100%. The percent-
age plot (b) excludes two outlier new cities
Shenzhen and Dongguan which do not fit the
scale of the plot but still fit the pattern. Both
cities were established at the end of 1980s.
Because of low initial stocks of Hukou pop-
ulation and high appeal to migrants, both
cities have Net Stock (%) measures larger
than 1000% in 2010 and the highest levels of
income inequality among all Chinese cities.

0 5 10 -1 0
Net Stock in 2010 (millons)

that the inequality documented here is inequality between several ma-

jor groups: high-skill vs low-skill workers in wage income, interacting

with housing-owner vs non-housing-owner in housing asset income.
The city-level Income Theil Index for city j is then:

e — L Z Z lTIan ijn = wjn + housing asset income;, 2)
where j, n, s indicate city, worker, and skill, respectively. N; is the total
number of current workers in city j, N; is the total number of current
workers with skill s in city j, i; is the average income in city j, i5, is the
income of each individual » with skill s in city j, and wjﬂ is the wage of
each individual » with skill s in city ;.

Fig. 4 shows that income inequality is positively correlated with the
net inflow of migrants. When net stock is measured in levels as in sub-
figure (a), bigger cities with more migrants are much more unequal.
When net stock is measured as a percentage as in sub-figure (b), cities
with a larger proportional net gain of migrant workers are much more
unequal even though we excluded the two most unequal cities in sub-
figure (a). This indicates that cities with more migrants and higher hous-
ing costs also exhibit higher income inequality, due to the high hous-
ing asset income inequality between local Hukou residents and migrant
workers.

Compromises and Robustness Checks: This income measure has
two compromises. The first is assuming that housing assets are the only
assets. Housing accounts for the majority (74.2%) of total assets in Chi-
nese families,'# and families with more housing assets usually own more
financial assets. This compromise potentially underestimates income in-
equality due to the exclusion of financial assets. Our second compromise
is to assume that housing returns are totally captured by the flow of
rental income (homologous to the dividend of an always fairly priced

actual square meters a worker owns times the per square meter rent in that city.
For instance, a three-person household who owns a 90m? apartment in Beijing,
where the average rent is 300/m?, yields a household head’s estimated housing
asset income of ? % 300 = 9000RMB. Second, we calculate housing asset income
for all housing owners rather than just local housing owners. The basic patterns
in inequality are similar using these two different definitions. The results are
available upon request.

14 This is according to a report by the People’s Bank of China. Please
refer to this hyperlink (in Chinese). An average urban family owns 1.5
houses/apartments and only 43% of Chinese families carry a mortgage.
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stock). Since housing prices in larger and more developed Chinese cities
have increased much faster than rents, this compromise also potentially
underestimates the housing income of property owners in these larger
and more developed cities. In general, our inequality measure is a lower
bound and focuses on housing assets. To address concerns that the as-
sumptions of our measure maybe too strong.'®, we use another dataset
called the Chinese Household Income Project to investigate other details
about inequality between local residents and migrants. We find rural
migrants (the majority of migrants), hold significantly less non-housing
assets and earn less net asset income, which is similar to their pattern
of housing asset ownership relative to locals. The results are in Ap-
pendix A3.

Fact 4: Housing asset income inequality rather than wage inequal-
ity accounts for the patterns in stylized fact 3

We show that wage inequality is not the major source of the observed
income inequality patterns in Fact 3, but housing asset income inequal-
ity is. Fig. 5 displays the correlation between wage inequality and the
net stock of migrants in the city. The figure indicates that there is only
a weak positive correlation between wage inequality within cities and
the net migrant inflows. The slope coefficient of the fitted line is also
not statistically significant.

Fig. 6 displays the correlation between housing asset income inequal-
ity and the net stock of migrants in the city. The figure indicates that
there is only a strong positive correlation between housing asset income
inequality within cities and net migrant inflows. The slope coefficient of
the fitted line is also statistically significant. These indicates that hous-
ing asset income inequality rather than wage inequality accounts for the
patterns in stylized fact 3.

Fact 5: Supplementary stylized facts on city shares of national in-
equality

Though not the focus of this paper, we calculate national income in-
equality and then decompose it by calculating each city’s contribution to
national income inequality. We find that national inequality drops from
2005 to 2010, but developed city’s contribution remains high. Larger
cities contribute more than small cities to the overall national income
inequality in both 2005 and 2010. We show the detailed results in Ap-
pendix A4.

15 The financial information of households in the Census dataset is limited
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Fig. 5. Net Stock of Migrants and Wage In-
equality. Notes: The Income Theil Index for
each city is calculated by Eq. (2) using mi-
cro data from the Chinese Population Cen-
sus. In plot (b), 1 means 100%. The percent-
age plot (b) excludes two outlier new cities,
Shenzhen and Dongguan, which do not fit
the scale of the plot but still fit the pattern.
Both cities were established at the end of
the 1980s. Because of low initial stocks of
° Hukou registrants and high appeal to mi-
grants, both cities have Net Stock (%) mea-
sures larger than 1000% in 2010. However,
they do not have much higher Wage Theil
Indexes than other cities.
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Fig. 6. Net Stock of Migrants and Housing As-
set Income Inequality. Notes: The Income Theil
Index for each city is calculated by Eq. (2) us-
ing micro data from the Chinese Population Cen-
sus. In plot (b), 1 means 100%. The percentage
plot (b) excludes two outlier new cities, Shen-
zhen and Dongguan, which do not fit the scale
of the plot but still fit the pattern. Both cities
were established at the end of the 1980s. Be-
cause of low initial stocks of Hukou registrants
and high appeal to migrants, both cities have
Net Stock (%) measures larger than 1000% in
2010. However, they do not have much higher
Wage Theil Indexes than other cities.
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Remarks on the Stylized Facts

We have shown important patterns about migration, housing costs,
and income inequality in China. They illustrate that as China continues
to grow, more and more workers are migrating from under-developed
inland areas to developed coastal areas. Because of the restrictive land
supply regulations in China, the huge stock of working-age migrants
lifts housing demand in big industrialized cities and results in a rapid
increase in housing costs. Because most property-owners are local resi-
dents, incumbent locals benefit a lot from the rising rents at the expense
of the migrant tenants. This yields the observed positive relation be-
tween income inequality and the net stock of migrants, even without
any correlation between wage inequality and the net stock of migrants.
One natural question then arises. How can we alleviate income inequal-
ity and motivate more migration flows from less developed/productive
areas to more developed/productive areas? This is the main target of this
study. To answer this, we construct a spatial equilibrium model with a
housing sector and evaluate different policy counterfactuals.

1 2 3 4

Net Stock in 2010 (%)

4. The model

This section describes how we construct the spatial equilibrium
model, which will be used in the quantitative analysis and the policy
counterfactual analysis.

4.1. Environment

The economy consists of a set of discrete locations, specifically in
this paper, cities, which are indexed by j =1, ..., K. The economy is
populated by an exogenous measure of H workers, who are imperfectly
mobile within the economy subject to migration costs. Each worker is
either low skill s =/ or high skill s = 4. The total labor in a city is the
sum of the two skills, that is, H; = H ,I +H Jh Each location j has an
effective supply of floor space S;, which is produced by a fixed amount
of land supply L;.
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Workers decide whether or not to move after observing an idiosyn-
cratic utility shock for each possible destination location. Firms produce
a single final good, which is costlessly traded within the city and across
the country, and which we take as the numeraire. Locations differ in
terms of their final goods productivity A; and the supply of floor space
S;.

4.2. Worker Preferences

The utility of a worker o with skill s, originating from region i and mi-
grating to region j, is an aggregation of final good consumption (c;;,),
residential space consumption (s;;,), migration costs (z;;), and an id-

iosyncratic shock (z;;,) in a Cobb-Douglas form:

Uij0=zi_£0(@)ﬂ<sii>]—ﬂ 3)
N B 1-p

We model the heterogeneity in the utility that workers derive from
working in different parts of the economy following Eaton and Kor-
tum (2002). For each worker o originating from city i and migrating
to city j, the idiosyncratic component of utility (z;,,) is drawn from an
independent Fréchet distribution:

ijo

F(z,, )= ¢ o, > 1 )

ijo
where the shape parameter ¢ > 1 controls the dispersion of the idiosyn-
cratic shock. We assume that the migration costs can be separated into
two parts:

T =1)dy 5)
where d,; captures the physical distance and institutional costs, due to
the Hukou system and other potential frictions, in migrating from city
i to city j, and r_f captures the difference in the cost across individuals
with different skills. It may include differences in high/low skill workers’
preferences for amenities such as education for children, entertainment,
transportation, among many other possibilities.

After observing the realizations for idiosyncratic utility for each em-
ployment location, each worker chooses his location of employment to
maximize his utility, taking as given residential amenities, goods prices,
factor prices, and the location decisions of other workers and firms. Each
worker is endowed with one unit of labor that is supplied inelastically
with zero disutility. Combining our choice of the final good as numeraire
with the first-order conditions for the consumer, we obtain the follow-
ing demands for the final good and residential land for worker o with
skill s from location i who is migrating to location j:

Cijo = ﬁufj (6)

vs,
sijo = (1 —ﬁ)Q—'j_ ™
where vy is the total income, including wage income and return from
owning floor space, received by workers in city j. Q; is the unit rent of
residential floor space in city j.

Floor space is not tradable and is commonly owned by all workers
whose Hukou is registered in that city. This assumption is broadly con-
sistent with the institutional features of China and is the key component
of the observed income inequality. Many migrants only own local prop-
erties in their Hukou cities and do not have access to the local housing
market in their current city of employment due to financial frictions and
policy regulations. We discuss this assumption in more detail and pro-
vide some supporting empirical evidence in Appendix B.1. Therefore,
the income v, is a combination of the wage income of skill s workers
and the equally-divided rent income among local Hukou residents:

Vo= wt + =L ®)

where HF is the number of Hukou residents registered in their origina-
tion city i and S; is the residential floor space in city i.
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Substituting equilibrium consumption of the final good and residen-
tial land use into the utility function, we obtain the following expression
for the indirect utility function:

-1
ZijoUy; Qf
= (©)]
T

U

ijo —

4.3. Distribution of utility and migration flow

Using the monotonic relationship between the utility and the id-
iosyncratic shock, the distribution of utility for a worker migrating from
city i to city j is also Fréchet distributed:

urijll._ﬂ
G3(w) = PriU <u] = F(—S ) (10)
ij
_ -l _ 1-f\—
Giw=e i, &) = (g0, W) an

Since the maximum of a sequence of Fréchet distributed random
variables is itself Fréchet distributed, the distribution of utility across
all possible destinations is:

K
1-Giw=1-]]e """ (12)
k=1
we have
K
Gw=e """, o= o) (13)
k=1

Let z}; denote the share of workers with skill s registered in city i
who migrate to city j. The proportion of workers who migrate to city j
is:

@y @)
T K s AP s e D (14)
Zm1 (70, ) W)° i

”ij

4.4. Production

We assume there is a single final good that is costlessly traded in the
economy. It is produced with perfect competition and constant returns
to scale with the following technology:

_rpah St 1oy L =2
X;=[(ATH}) o +(A;H ) o Jo (15)

where X is a CES combination of high-skill labor H ,h and low-skill labor
Hj multiplied by their corresponding city-level efficiencies A" and A’
respectively.

Firms choose their inputs of workers with different skills to maxi-
mize profits, taking as given the final goods productivity ({A;‘, A; 1), the
distribution of idiosyncratic utility, factor prices, and the location de-
cisions of other firms and workers. From the first-order conditions for
profit maximization, we obtain:

1

o—1 1

I _ 4l Y yopl™ 5
wh=al"" X7 H] (16)

h P S Sy
wh= Al X7 H! an

This also gives us a measure of the skill premium o in city j:
df e
w =—L =(L)\% ~ 18)
1= =) ) (
w; Aj H/.
The zero profit assumption gives us:

— ol gl hrh
Xj=wiHj+wiH, (19)
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4.5. Floor space market clearing

The standard approach in the urban literature is to assume that floor
space S is supplied by a competitive construction sector that uses a
Cobb-Douglas technology with geographic land L and construction in-
tensity K as inputs. However, the Chinese land market is highly reg-
ulated. The central government restrictively determines both the con-
struction intensity and land supply. Therefore, we assume the following
floor space production function with regulated intensity ¢; and regu-
lated land supply L; in each city j:

S, =¢;L; (20

where ¢; represents the allowed density of development (the ratio of
floor space to land).

Residential land market clearing implies that the demand for resi-
dential floor space equals the supply of residential floor space in each
location. Using utility maximization for each worker and taking expecta-
tions over the distribution for idiosyncratic utility, this residential land
market clearing condition can be expressed as:

Elv;1H;

Sj:E[S/]Hj:(l_ﬂ) 0.
J

@D

4.6. Definition of spatial general equilibrium

We define and characterize the properties of this spatial general equi-
librium given the model’s fixed parameters {f, ¢, 0, 7n}.

Definition 4.1. A Spatial General Equilibriumfor this economy is de-
fined by a list of exogenous economic conditions {rfj, A; ¢;,L;, H ') a list
of endogenous prices {Q;, wj. }, quantities {vfj, Vi Hl:‘, S 1, and proportions
{m) that solve the firm’s problem, the worker’s problem, the floor space
producer’s problem, and market clearing such that:

(i) [Worker Optimization] Taking the exogenous economic conditions {risj }
and the aggregate prices {Q;, w;} as given, the optimal migration choices
of workers pins down the equilibrium labor supply in each city H ; and
the migration flow between each city pairs s

(ii) [Firm Optimization]Taking the exogenous economic conditions {Aj }
and the aggregate prices {w}} as given, firms’ optimal production choices
pin down the equilibrium labor demand H?.

(iii) [Market Clearing]For all cities, labor supply equals labor demand and
floor space supply equals floor space demand. This pins down the equilib-
rium aggregate prices {Q;, w}}, the equilibrium floor space S;, and the
equilibrium output y;.

5. Quantitative analysis

In this section, we quantify productivities, housing construction in-
tensities, and migration costs for each of the Chinese cities in our sample
(which is 233 cities for both years). We first parameterize the model and
solve for the model with the estimated parameters and the Census data
we have in 2005 and 2010. We then show the model results and solve
the unobserved variables. Specifically, we show how migration costs,
productivity, and housing markets changed during these five years.

5.1. Parameterization

Worker Preferences: We first match (1 — f) to the share of residen-
tial floor space cost in consumer expenditure to pin down the share
parameters in the worker preferences (). We use the average accom-
modation expenditure share of total consumption from UHS to match
(1 = p). The survey is conducted by the National Bureau of Statistics of
China who changed their measurement approach in 2012. We think the
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new approach is more realistic which gives us an average around 23%
from 2013 to 2017.1° Hence, we choose f to be equal to 0.77.

Elasticity of Substitution between Skills: The estimation results
for the elasticity of substitution between high and low-skill labor in
China are mixed in previous studies (Dong et al., 2013; Song et al.,
2010). Therefore, we choose to follow the canonical model of Katz and
Murphy (1992) to calibrate the elasticity of substitution between high-
skill and low-skill labor (¢) to be equal to 1.4. We also test the model
results using alternative calibrations from 1.2 to 3 to ensure the results
are robust to our parameter choice.

Migration Elasticity: We estimate the migration elasticity (¢) from
the gravity equation of migration flow (14). We assume 7, = 7/d;;,
where 77 is the origination-skill fixed component and d;; is the distance
index between location i and j. Under these assumptions and given data
on migration shares and real incomes, we estimate ¢ using the fixed ef-
fect regression:

ln(n'fj)=eln(v;)+y/,~j+y,~5+Cj+d>,~js, fori#j (22)

where v;; = —eln(d;;) is the origination-destination pair fixed effect,
Vis = —eln(z7) — In(®7) is the origination-skill fixed effect, {; = —e(l -
PinQ;) is the destination fixed effect, and ¢, js 18 the measurement error
term. We assume that the error term ¢, is not correlated with /n(v}) af-
ter controlling for all these fixed effects. Given our estimation, we choose
€ to be equal to 1.90. The details of the estimation are in Appendix B.2.

Summary of Parameters: We calibrate three main parameters.
The first parameter g = 0.77 is quite standard, as in literature such as
Ahlfeldt et al. (2015). Chinese citizens have a slightly higher share of
final consumption in utility. However, the number is generally similar.
As for the migration elasticity, Tombe and Zhu (2019) estimates at the
province-sector level and ends with a magnitude of 1.5. We have ¢ = 1.9
which is similar but slightly larger, since cities are more substitutable
than provinces. The elasticity of substitution between skills is calibrated
to be 1.4 based on Katz and Murphy (1992).

5.2. Solving the model

Based on our parameterization and the observed data variables
{H},H ; , 7rfj, wj‘ Q;, L;}, we can now calculate all the unobserved vari-
ables in each city: productivity { A, A"}, migration cost {< }, floor space
{:S;}, and construction density {¢;} for both 2005 and 2010. A. Produc-
tivity

From profit maximization and the zero profit conditions, we can in-
fer productivity for each city from the data on employment and wages.
First, we solve for productivity A;’ as a function of A;. using first or-
der conditions A7 = A;(H}I/HJI.)'“"‘”(wf/w;)”/("‘l). Second, we plug
A;? into the production function of X; and apply the zero profit condi-
tion to yield:

whH" + w! H!
J i

o
X;=AH |- o1 =w'H!+uw H!
J JoJ /HI J o JJ
w' H'
it
wl H!
Defining &' = ——/—4—; as the share of labor income of low-skill
J w; Hj +wj H/

workers, we can then calculate the productivities for both skill types as
follows:

16 According to the old statistical standard, the average housing expenditure
share ranged from 11.7% in 2012 to 14.3% in 2002 which is very low because
they did not include the converted rent costs of self-owned houses and apart-
ments. From 2013, the converted rent costs of self-owned houses and apartments
are added to housing costs, which results in a range of 22.7% in 2017 to 23.3%
in 2013. We find that the average expenditure share is very stable across time
within both periods.
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B. Construction Intensity

From the workers’ first order conditions for floor space and the sum-
mation over all workers residing in each city j, we are able to calculate
the total amount of floor space S;:

ElvJH; 1-pp , .
S =E|s;|H =(1-p)——— = w' H. + w'!H:
J [/] J Qj Qj [ JJ J I]
!yl hrh
1-p ijj+ijj
1-pS, =—+. L 1 J J
=S =5 0,

and then back out the construction intensity ¢; by dividing the land
supply data:

¢;=S;/L;

C. Migration Costs

To compute migration costs, we first need to compute city-level rent
incomes which we assume to be equally divided among local residents
% from the floor space S; we calculated above. Then, we can calculate

%. From the gravity equations,

we can then calculate the destination-origination-skill-specific migra-
tion costs between all city pairs. We normalize the iceberg migration
cost for staying in ones original city as unity, that is z;, = 1. With data
on rents Q;, incomes v}, and migration flows m;;, via the gravity equa-
tion we have:

individual worker incomes vfj = w; +

K ©; ey
) = RO W) = =
k=1 i

Inserting @; into the original gravity equation, we have the migration

cost as follows:!”
US
ij .
= — J fori#j

0,z /e

5.3. What does the model tell us about the unobservables?

In this subsection, we solve for the unobserved fundamentals of the
model and how they change over time, including migration costs, pro-
ductivities, and housing construction intensities.

A. Universal Reduction in Migration Costs

Using our model, we find that there was a universal reduction in
migration costs from 2005 to 2010. In 2010, overall migration costs
dropped dramatically by 35% relative to 2005. For low-skill workers,
the changes were similar to the national average, while for high-skill
workers, the drop on average was smaller (21%). With these huge drops
in migration costs, we observe the share of migrants relative to the to-
tal working population doubling to 22%. More importantly, high-skill
workers started to move more. These results indicate that decreasing
migration costs contributed substantially to increasing migration flows.
Detailed summary statistics on the migration cost structure is provided
in Appendix B.3.

As documented in Bryan and Morten (2019), the dramatic drop in
migration costs is essential for the observed massive flow of migrant
workers in developing countries. Tombe and Zhu (2019) also shows that
province-sector level migration costs dropped a lot between 2000 and
2005. Our results indicate that the same pattern holds at the city-skill
level as well. Though these changes are not the key we want to address

17 For city pairs with zero migration flow, we assign a migration probability
=}, ~ 0, resulting in a huge migration cost approaching infinity, which we will
not include when calculating the changes in migration costs.

10
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Table 1

Parameters.
Parameter Description Value
B share of consumption in utility 0.77
€ migration elasticity 1.9
o elasticity of substitution between H/L-skills 1.4

Notes: This table displays the summary of parameters. We match (1 — ) to the
share of residential floor space cost in consumer expenditure. The elasticity of
substitution between H/L-skills (o) is as in Katz and Murphy (1992) and the
city pair migration elasticity (¢) is estimated using the log form of the gravity
Eq. (14).

in this paper, it is still important to capture them in the model so that
the model will not overestimate the contribution of other elements.

B. Uneven Productivities and Uneven Growth in Productivities

Table 2 presents the average productivities A; for both high-skill
and low-skill workers, for all cities j grouped by net stock of migrant
workers. On average, overall productivity for all cities grows by 87%
for high-skill and by 94% for low-skill workers. To show the results in a
more compact way, we group cities by their net stock of migrant work-
ers. (6,13) refers to cities having a net stock of migrant workers between
6 million and 13 million. Similarly, (-4,-1) refers to cities having a net
stock of migrant workers between -4 million and -1 million. We will use
these groupings throughout the paper.

We find that, first, cities with larger net stocks of migrant workers
have much higher productivities than cities with smaller or negative
net stocks for both high-skill and low-skill workers. For instance, Tier
1 cities, including Beijing, Shanghai, Shenzhen, Guangzhou, and Dong-
guan, had more than thirty million net stock of migrant workers in 2010.
These cities had much higher productivity for both high-skill and low-
skill workers in both 2005 and 2010. In 2005, their average high-skill
productivity was 19.2, which was 200% higher than the national aver-
age, 290% higher than Tier 2 cities. However for low-skill, the differ-
ences between city groups are smaller. Tier 1 cities’ average low-skill
productivity is 12.6, which is 34% higher than the national average and
only 3% higher than Tier 2 cities.

Second, productivities improved massively from 2005 to 2010 and
especially high-skill productivities in developed cities with more mi-
grants. National average productivity improved by 119% for high-skill
and 82% for low-skill workers. While smaller cities productivity im-
proved more in percentage terms because they had a smaller base in
2005, if we focus on the changes in absolute value, it is easy to spot that
the improvement of high-skill productivity was much larger in cities
with more migrant workers. High-skill productivity increased by 26.5
in Tier 1 cities but only increased by 1.2 in Tier 5 cities.

All these results indicate that the reallocation of workers, especially
high-skill workers, from these less productive cities to more productive
cities, will significantly improve national productivity and therefore im-
prove national welfare.

C. Tightening Housing Constraints in Developed Cities

The land supply for each city in China is determined administratively
by the central government. Table 3 shows the supply of construction
land and floor space and how they change from 2005 to 2010. The na-
tional total land supply increased by 31%. However, the total land sup-
ply in Tier 1 cities only increased by 10% despite the massive migration.
Tier 2 cities increased their total land supply the most (55%). Mean-
while, Tier 4 and 5 cities, which were losing massive numbers of work-
ers, gained construction land, 30% and 38% respectively. This leaves
substantial room for increasing or spatially reallocating the total land
supply to larger cities to loosen housing constraints. A relevant concern
is whether these tight land constraints are due to government regulation
or natural limitations. According to Wu and You (2020), in 2005, only
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Table 2

Average productivity growth.
Net Migrants No. of High-skill Low-skill
(2010) Cities 2005 2010 Relative Changes 2005 2010 Relative Changes
Average 233 6.4 14.0 219% +7.6 9.4 17.1 182% +7.7
(6,13) 5 19.2 45.7 240% +26.5 12.6 21.2 168% +8.6
(1,6) 19 3.9 12.0 308% +8.1 12.2 19.5 160% +7.3
©,1) 45 3.7 10.5 184% +6.8 10.2 16.3 160% +6.1
(-1,0) 134 0.9 2.3 256% +1.4 8.2 16.3 199% +8.1
(-4,-1) 30 0.4 1.6 400% +1.2 7.8 15.2 195% +7.4

Notes: This table displays population-weighted means in both 2005 and 2010 and their changes. The levels of high-skill
and low-skill productivity are not directly comparable. For readability, we normalize both numbers. The unit of high-skill
productivity is le2 and the unit of low-skill productivity is 1e3. The net stock of migrant worker range groups are classified
by net stock of migrant workers in 2010 (unit: millions). Each net migrant range group consists of the same cities in 2005
and 2010. There are 233 cities in the model. We also show the changes in standard deviations in Appendix B.3, which shows

similar increasing patterns as does average productivity.

Table 3
Construction land supply and floor space.

Net migrants No. of Total land supply Total floor space

(2010) Cities 2005 2010 Relative Changes 2005 2010 Relative Changes
Overall 233 24,277 31,705 131% +7,428 2.19 3.30 150% +1.11
(6,13) 5 5,135 5,648 110% +513 5.92 7.84 132% +1.92
(1,6) 19 3,801 5,912 155% +2,111 1.79 4.10 229% +2.31
0,1) 45 5,555 7,250 131% +1,695 1.53 2.48 162% +0.95
(-1,0) 134 7,950 10,363 130% +2,413 1.48 2.17 147% +0.69
(-4,-1) 30 1,836 2,532 138% +696 2.55 3.12 122% +0.57

Notes: This table displays total land supply within groups (unit: km?) and total floor space (unit: 1e8 m?). Net migrant range
is classified by the net stock of migrant workers in 2010 (unit: millions). Each net migrant range group consists of the same

cities in 2005 and 2010. There are 233 cities in the model.

Table 4
Within-city Theil Index.

Net Migrants No. of Wage Theil Index Income Theil Index

(2010) Cities 2005 2010 Relative 2005 2010 Relative
Average 233 0.0072 0.0070 97% 0.0100 0.0184 184%
(6,13) 5 0.0087 0.0097 111% 0.0442 0.0908 205%
(1,6) 19 0.0065 0.0079 122% 0.0092 0.0223 242%
0,1) 45 0.0075 0.0083 111% 0.0060 0.0092 153%
(-1,0) 134 0.0071 0.0058 82% 0.0049 0.0052 106%
(-4,-1) 30 0.0072 0.0058 80% 0.0054 0.0062 115%

Notes: This table displays population-weighted means in 2005 and 2010.

23% of all land was developed in Tier-1 cities. Given that most of the
Tier 1 and 2 cities are located on plains, these constraints are unlikely
to represent natural limitations.

5.4. Wage inequality and income inequality

In this subsection, we examine wage inequality and income inequal-
ity, measured by the Theil Index in our model for both 2005 and 2010.

Table 4 shows the within-city Theil Index for both wages and income.
The average Wage Theil Index is 0.0072 in 2005 and declined slightly to
0.0070 in 2010. Larger cities with more migrant workers have slightly
higher wage inequality, and their wage inequality increased slightly
from 2005 to 2010. On the other hand, during the same period, wage
inequality decreased in smaller cities with negative net migration. How-
ever, the differences and the changes in wage inequality across cities
and across time are not comparable to these patterns of income inequal-
ity. The average within-city Income Theil Index was much higher than
the average within-city Wage Theil Index, doubling from 2005 to 2010.
If we break down the statistics by city groups, we easily observe that
this huge jump is attributable to cities with positive net migrants, espe-
cially Tier 1 and Tier 2 cities, with more than 100% increases in migrant
stocks.
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Table B.6 in Appendix B.4 shows city contributions to the national
Theil Indexes. The first row shows the national Wage Theil Index and In-
come Theil Index for both 2005 and 2010. At the national level, income
inequality is still higher than wage inequality. Both measures dropped as
more workers migrated from lower productivity areas to higher produc-
tivity areas.'® Moreover, if we examine by city groups, we observe that
larger cities with positive net migration contribute massively to both
national Theil Index measures. For instance, for the Wage Theil of Tier
1 cities in 2005, +1.49 means that if we did not account for all workers
in Tier 1 cities, the national Wage Theil would decrease by 149%. This
pattern holds for both inequality measures and does not change much
from 2005 to 2010.

To further indicate how housing constraints play an essential role,
we show the skill premium and the housing premium (measured as the
average annual housing return over the average annual wage) and their
changes in Table B.7 in Appendix B.4. The national average skill pre-
mium and the city groups’ skill premiums are very similar and do not
change much over time. However, the average housing premium in-

18 The trend is similar to the Gini Index published by the National Bureau of
Statistics. The Gini Index in 2010 is 0.481 and the Gini Index in 2005 is 0.485.
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creased from 0.36 in 2005 to 0.49 in 2010, resulting in a 36% jump. For
an ”average” worker, housing asset income is almost 50% of their wage
income. Furthermore, if we check by city groups, we observe that in Tier
1 cities the housing premium increased from 0.93 to 1.89, which is sub-
stantially above the average rate of growth. Given that houses in these
large cities are almost all owned by locals and many more migrants are
moving into these cities, it is not hard to understand the astonishing rise
income inequality in Table 4.

5.5. Remarks on the quantitative analysis

In this section, we showed that the universal reduction in migration
costs, the uneven productivities, and the uneven growth in productivi-
ties are the major drivers of the massive migration flows within China.
Furthermore, the restrictive housing constraints in cities with positive
net stocks of migrants are much tighter. These housing constraints in-
crease income inequality in these larger cities and dissuade more mi-
grants from entering these cities with higher productivities.

6. Counterfactual analysis

In this section, we simulate various policies recommended in pre-
vious literature using our model. We try to recover how these policies
could change the spatial distribution of workers with different skills in
China. Most importantly, we investigate the effect of these policies on
the housing market in different regions, and on national and within-city
inequality. We employ an iteration algorithm to compute the counter-
factuals. The details of the algorithm are in Appendix C1.

6.1. A migration-based land supply policy reform

The most important reason that housing constraints are very tight
in larger cities is because China has had a very restrictive construction
land supply policy since the 1950s. The central government decides the
total amount and the distribution of the total land supply for all Chi-
nese cities year by year. Local governments follow these instructions
to change their city-level land supply to match their city quotas. These
quotas cannot be traded between cities. Therefore, land deficient cities
and land abundant cities co-exist at the same time. In this section, we
propose a policy to allocate more land to large cities with more migrants.

A. Current Land Supply Policy in China

In 2003, the central government changed the principles of its land
supply policy. The purpose is to balance regional development using
land quotas as a regional income redistribution device. This is docu-
mented by a large urban literature (Han and Lu, 2017; 2018; Liang et al.,
2016). There are two general guidelines. First, redistributing extra land
supply away from the coastal areas (more developed) to favoring the
inland areas (less developed). The inland share of the national land sup-
ply quota rose from 30% in 2003 to 60% in 2014. Second, redistribut-
ing land supply from favoring large cities (more developed) to favoring
smaller cities (less developed). The small cities’ share of the national
land supply increased from 49% in 2003 to 64% in 2014. This trend has
persisted since the beginning of 2003 until today.

However, from the stylized facts of migration flows and housing
costs, we think the current land supply policy is inefficient. It is increas-
ing land supply in cities which are less productive and losing workers
while restricting land supply in cities which are much more produc-
tive and gaining workers. Even though workers in less developed cities
do receive additional land income just due to having more land, this
policy is economically poor in terms of both productivity and equality.
Therefore, we propose an alternative land supply policy that favors high
productivity cities with a cross-city transfer based on migration flows.

B. Migration-Based Land Supply Policy Reform
We propose a counterfactual policy of redistributing the total land
supply increment from 2005 to 2010 according to the changes in the net
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stock of migrant workers. More specifically, the proposed rule for land
supply redistribution is as follows. Call the total national land supply
increment from 2005 to 2010 as AL, and the increase in the net stock
of migrant workers in each city as A* H; which sums up to total worker
population growth A*H. Then set city j's counterfactual land supply
increment as: Efj = AL X (A*H;/A* H) instead of its actual increment
A* L;. Since it is very costly to revoke existing zoned land, for cities with
negative migrant changes we assign A*L; = 0. It is important to point
out that the change of the quota is exogenously based on actual, not
model, migration flows. It will not endogenously respond in the model.
The counterfactual land policy changes are summarized in Table 5.

This counterfactual is feasible to implement and still fulfills the cen-
tral government’s goal of balancing regional development. We subtract
land income from the additional land allocated to land-gaining cities
(Qqubj(FL\j — A*L))) and compensate land-losing cities (0;¢;(A*L; —
FL\j)) for their losses to achieve the redistribution motive. This mech-
anism mimics a policy called the ”land quota market”, which has been
recommended by previous literature (Lu, 2016). The basic idea is that
central government can balance the development of different regions by
transferring revenues from developed cities to under-developed cities,
rather than allocating the land supply directly. Since the land income in
land-gaining cities is higher than the land income in land-losing cities
and the total amount of land supply is unchanged, this redistribution is
feasible and the central government can even profit from it.

C. Land Supply Policy Reform Results

The results of the land supply policy reform are summarized in
Tables 6 and 7. We list the original equilibrium and the counterfactual
(with a hat) side-by-side for ease of comparison. Table 6 shows how this
counterfactual policy changes net migration and housing costs. First,
the policy motivates 17% more workers to move from low productivity
cities to high productivity cities, and the increases are the highest in the
most productive cities (Tier 1: 22% > Tier 2: 16% > Tier 3: 0%). Mean-
while, because of the land supply redistribution, more land is distributed
to cities with more incoming migrants, and housing costs in these cities
drop a lot. For Tier 1 and Tier 2 cities, the costs drop to only 70% and
75% of the original equilibrium.

We then show how within-city inequality changes in Table 7. Row
3 shows the overall national Theil Index. Row 4 shows the population-
weighted mean Theil Index. Row 5-9 show the within-city Theil Index
for each city group. The first thing to notice is that the Wage Theil Index
effectively does not change. The only noticeable change is that the Theil
Index in Tier 2 cities increases by 13%. This is mainly because more
high-skill workers move to Tier 1 and Tier 2 cities due to the dramatic
drop in housing costs. Nevertheless, for any other city group and for the
whole country, the Wage Theil Index is almost identical.

However, the counterfactual policy significantly lowers national in-
come inequality by 20% measured by the Income Theil Index. The
population-weighted mean Income Theil Index also drops significantly
from 0.0184 to 0.0121 (34% drop). Moreover, if we divide by city
groups, the drops are much larger for Tier 1 and Tier 2 cities. Since
almost 30% of all workers live in these cities, it significantly lowers the
average within-city Income Theil Index even though the Income Theil
Index rises in cities losing workers. Therefore, the land supply reform
helps to reduce within-city and overall national level income inequality.

Additionally, we show how the policy changes each city’s contri-
bution to national inequality in Table C1 in the Appendix. Similar to
the pattern of within-city inequality, the counterfactual policy does not
have much effect on national wage inequality or cities’ contributions to
national wage inequality. By city groups, the positive contributions of
Tier 1, 2 and 3 cities and the negative contributions of Tier 4 and Tier 5
cities all increase in magnitude. All these results indicate that the land
supply reform lowers national income inequality but not cross-city in-
come inequality since we motivated more high-skill migrants to go to
more productive cities. We also show the skill premium and the housing
premium in Table C2 in the Appendix.



M. Fang and Z. Huang

Labour Economics 78 (2022) 102200

Table 5

Counterfactual Construction Land Supply.
Net Migrants ~ No. of  Land Supply (Data) Counterfactual
(2010) Cities 2005 2010 Relative ~ Changes 2010 Relative  Changes
National 233 24,277 31,705 131% +7,428 31,705 131% +7,428
(6,13) 5 5,135 5,648 110% +513 7,762 151% +2,627
(1,6) 19 3,801 5,912 155% +2,111 7,131 188% +3,330
©, 1) 45 5,555 7,250 131% +1,695 6,829 123% +1,274
(-1,0) 134 7,950 10,363 130% +2,413 7,988 100.5% +38
(-4,-1) 30 1,836 2,532 138% +696 1,836 100% +0

Notes: This table displays total land supply data by city group in 2005 and 2010, as well as the
counterfactual migration-based land supply in 2010 (unit: km?). Net Migrants classifies cities by net
stock of migrant workers in 2010 as in the data (unit: millions). Each net migrant group consists of

the same cities in 2005 and 2010.

Table 6
Migration Flow and Housing Cost: Land Supply Reform.

Net Migrants No.of  Net Migrants Housing Cost

(2010) Cities 2010 2010  Relative 2010 2010 Relative
Overall 233 96m 112m 117% 114 119 104%
(6,13) 5 +45m +55m 122% 226 158 70%
1,6) 19 +38m  +44m  116% 136 102 75%
©,1) 45 +13m +13m 100% 118 132 112%
(-1,0) 134 -48m -48m 100% 87 115 132%
(-4,-1) 30 -48m -65m 135% 80 105 131%

Notes: This table displays total net stock of migrant workers and population
weighted average housing costs for each city group. In the first row (Overall),
we show the number of workers who have migrated and the national population
weighted average housing cost. The unit of net migrants is millions, and the unit
of housing costs is Chinese Yuan (RMB) per square meters per year.

Furthermore, we decompose the dominant role of housing prices for
rising income inequality into two channels: i) migrants push up hous-
ing prices in destination locations; ii) population outflows reduce the
income of migrants from their housing assets within their origin city.
Table C3 in the Appendix shows such a decomposition of the effect of
housing asset income changes on the Income Theil Index. The results
show that migrants pushing up housing prices in more developed cities
is the main channel of the observed counterfactual changes in income
inequality.

Finally, though not the focus of this paper, motivating more mi-
grants into productive cities could generate higher measured produc-
tivities even when the city-skill-specific fundamental productivities are
unchanged. In Table C4 in the Appendix, we show that the land supply
reform does increase measured producitivities in cities with migration
inflows as well as the national average producitivities, but not for high-
skill workers in developed cities.

Table 7

Within-city Theil Index: Land Supply Reform.

6.2. Property tax and redistribution

Currently, China has no property tax on housing ownership. There
is a heated debate on whether China should adopt a property tax as
redistribution policy. It is widely documented that more than 75% of
Chinese household wealth is in housing. Given the approximate ratio
of a property tax to rental revenue is roughly 20% in the U.S.,'° this
counterfactual taxes property owners’ housing income by 20% and re-
distributes the proceeds equally to all residences in the same city (such
as using the tax revenue to build infrastructure which benefits all resi-
dents equally). In this counterfactual, the government budget constraint
of each city is automatically satisfied since all the tax revenue generated
from the property tax is redistributed equally to all residents currently
living in the city regardless of residents’ Hukou registration. For brevity,
we only discuss the key results for migration, housing costs, and inequal-
ity. Tables with detailed results are presented in Appendix C3.

Could a reasonable property tax and corresponding redistribution
give us desirable reductions in income inequality? The answer is yes.
This policy can effectively lower income inequality because migrant
workers pay property tax for their house in their Hukou city but gain
redistribution income from their current working city. The former is
usually much lower than the latter for migrants moving from under-
developed cities to developed cities. Therefore, property taxation allows
migrants to share the benefits of the floor space market returns even
though they do not own any property in their current working cities.

From Tables C.5-C.7, we can see that even though a property tax can-
not motivate much more migration, and barely changes housing costs, it
still lowers income inequality (20% drops in the national Theil Index). It

19 According to a report from www.mortgagecalculator.org, U.S. national av-
erage property tax rate in 2020 is about 1.1%. Meanwhile, a report from
www.smartasset.com indicates a national average price to rent ratio of 18.27.
These give us an average property tax to rent ratio of about 20.

Net Migrants No. of  Wage Theil Index Income Theil Index

(2010) Cities 2010 2010 Relative 2010 2010 Relative
National Theil 233 0.062 0.062 100% 0.092 0.074 80%
Average 233 0.0070 0.0072 103% 0.0184 0.0121 66%
(6,13) 5 0.0097 0.0093 97% 0.0908 0.0428 47%
(1,6) 19 0.0079 0.0089 113% 0.0223 0.0139 62%

0, 1) 45 0.0083 0.0082 99% 0.0092 0.0098 106%
(-1,0) 134 0.0058 0.0059 101% 0.0052 0.0045 86%
(-4,-1) 30 0.0058 0.0056 97% 0.0062 0.0051 82%

Notes: This table displays population-weighted means of both inequality measures, ex-
cept for row 3. Row 3 shows the overall national level Theil Index. The original equi-
librium is 2010 and the counterfactual equilibrium is 2010. Relative is calculated via

dividing 2010 by 2010.
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works almost exclusively as a redistribution device between local prop-
erty owners and migrant workers. Therefore, even though it lowers in-
come inequality substantially, it will face much opposition from local
property owners in big cities.

6.3. Additional counterfactual analysis

Another policy counterfactual that we consider is directly increas-
ing land supply in developed cities based on migration flows. Instead
of promoting the trade of land quotas across cities, we simply double
the national land supply increment from 2005 to 2010 and redistribute
the additional land supply to cities with positive net migrants. Could
we lower income inequality from increasing land supply everywhere?
The answer is no. Because revenue from additional land supply is only
redistributed among local Hukou holders, this policy will only worsen
income inequality even though housing costs are dramatically reduced.
Detailed results are presented in Appendix C4.

We also extend our model with an agglomeration effect as in
Combes et al. (2008) and implement our main counterfactual analy-
sis using this model. The results are shown in Appendix C5 and we find
that incorporating a moderate agglomeration effect does not yield sig-
nificantly different effects of counterfactual policies. We do not use this
model in our main context we could not find a feasible way to estimate
the agglomeration coefficient for China, nor do we find consistent and
reliable estimates from existing literature.

7. Conclusion

Migration and housing constraints shape income inequality within
and across Chinese cities. Along with the nationwide reduction of migra-
tion costs and the rapid growth of productivity in more developed cities,
we observe a massive reallocation of workers towards these more de-
veloped cities, a rapid growth of housing costs in these more developed
cities, and a stark increase in income inequality. In a spatial equilibrium
model, we explain the mechanism behind these observations and quan-
tify the impacts of the interactions of the massive spatial reallocation of
workers with the rapid growth of housing costs on income inequality.
The rapid migration to more developed cities and the highly regulated
land supply system contribute to housing demand and lift housing costs
(rent), which benefits local real estate owners. Housing owners gain
more from the rents, and tenants spend more by paying rents. Thus,
housing ownership inequality increases inequality in disposable income
within developed cities and across the whole country.

With this understanding of the mechanism, we conduct several fea-
sible counterfactual experiments. Among all counterfactuals, we show
that a migration-based land supply reform that allows regions to “trade”
construction land usage quotas could lower within-city income inequal-
ity by 34% and national income inequality by 20%. This also encourages
more migration to higher productivity cities and improves nationwide
productivity.

Supplementary material

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.1abec0.2022.102200
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