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ABSTRACT

For advanced economies, it is a well-established stylized fact that large cities are rel-
atively skill abundant. For emerging markets, like China, this relationship is less well
established. We show, using recently developed tests, that also in China higher skills sort
into larger locations. This sorting process is consistent with the comparative advantage
of cities. We identify two types of spatial units (Core-Cities and Extended-Cities) and
analyse sorting for three types of skills (education skills, sector skills, and occupation
skills). The sorting process across cities is stronger for Core-Cities than for Extended-
Cities, stronger for education skills than for sector- and occupation skills, and stronger
for 2010 than for 2000. We interpret these results as an indication that investments in,
for example, infrastructure and institutional liberalization (such as the relaxation of the
Hukou system), stimulates sorting of higher skills in larger cities.

KEYWORDS Asia; China; urbanization; skill distribution; agglomeration
JEL CLASSIFICATIONS R11,R12,J61,L70
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1. Introduction

The distribution of skills across cities in advanced economies is characterized by larger
cities being relatively skill abundant. This sorting of skills across cities is a well-
established empirical fact (see Combes and Gobillon 2015 for a survey). For developing
economies, the positive relationship between skill level and city size is less well estab-
lished (see Dingel, Miscio, and Davis forthcoming, for recent evidence). We show that
for China the positive relationship also holds for two types of spatial units, which we
label Core-Cities and Extended-Cities, and three types of incorporated skills, namely
for education, sectors, and occupations.

CONTACT Shiwei Hu @ hushiwei@bfsu.edu.cn @ Beijing Foreign Studies University, 100089, Beijing, PR.
China

This paper was presented at the Cities in Transformation: Processes, Problems, and Policies conference at St.
Catherine’s College, University of Cambridge; the Industrial Upgrading and Urbanization Conference of the
Stockholm School of Economics; the European Regional Science Association (ERSA) in St. Petersburg; and at the
Dutch Ministry of Foreign Affairs. We would like to thank Kristian Behrens, Loren Brandt, Erwin Bulte, Don Davis,
Jonathan Dingel, Gerrit Faber, Michael Funke, Michiel Gerritse, Wolter Hassink, Ron Martin, Jens Suedekum, Frank
Verbeeten, and several conference participants for useful comments and suggestions. Any errors are, of course,
our own responsibility.

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives
License (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/09638199.2021.1919181&domain=pdf&date_stamp=2021-07-17
mailto:hushiwei@bfsu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/

794 S.BRAKMAN ET AL.

For China this sorting of skills across cities is not immediately obvious. Despite
the economic reform process that started in 1978, agglomeration of economic activ-
ity in China lags behind compared to advanced economies.! Lu and Tao (2009,
167), for instance, note that ‘industrial agglomeration in China... has increased
steadily ... though it is still much lower than those of selected developed countries such
as France, United Kingdom, and the United States’. In similar vein, Fujita et al. (2004,
2955) observe that the Gini-coefficient of the spatial distribution of economic activity
for China is 0.43, which is ‘way below the world [average] ... Only former Soviet bloc
countries have similarly low Gini’s, Russia with 0.45 and Ukraine with 0.40’. Institu-
tional restrictions on internal migration, notably but not exclusively the Hukou system,
are often mentioned as an explanation for the outcome.? The consensus in the literature
seems to be that China is under-urbanized, a point forcefully put forward by Au and
Henderson (2006a, 2006b).

The evidence presented in this paper shows, however, that not only urbanization in
China has increased over time, but more importantly that this is accompanied by a sort-
ing process that is similar to that in advanced economies. Also in China larger cities are
becoming more-and-more high-skill abundant. One possible explanation for this sorting
process is that the Hukou system, which limits migration, is liberalized. This easing of the
Hukou system increases labor mobility. In addition, agricultural reforms, investments in
infrastructure and education, in combination with higher urban wages, further stimu-
late rural-urban migration.* As a result, most cities grow (see Chen and Partridge 2013;
Yang and Dunford 2018). The contribution of this paper is to describe the characteristics
of Chinese city growth in terms of sorting. We use three measures to illustrate the sorting
process: skilled workers, sectors that use skilled workers intensively and skilled occupa-
tions all tend to concentrate disproportionally in larger cities. In addition, we show that
this process becomes stronger over time. Our results show that increasingly the sorting
pattern of (larger) Chinese cities is consistent with the comparative advantage of cities.

We illustrate our findings for the sorting of education skills in Core-Cities using sim-
ple methods in two figures. Figure 1 shows the instantaneous correlation between the
population share of an education level (in percent) and the log of population size at two
points in time (2000 and 2010). The figure is ordered by rising education level (illiter-
ate, primary school, middle school, high school, college, and bachelor or more). In both
years the correlation is negative for low education levels (the lowest two levels in 2000
and the lowest three levels in 2010) and positive for high education levels (the highest
four levels in 2000 and the highest three levels in 2010). Moreover, correlation tends to
rise with the education level. This indicates that the share tends to fall with city size for
low education levels and tends to rise for high education levels, and increasingly so with
education level. Moreover, both effects are stronger in 2010 than in 2000, in line with
our analytical findings below.

Figure 2 focuses on the relationship between initial population size and the change
over time (in percentage points) from 2000 to 2010 for two education levels; middle
school (panel a) and bachelor or more (panel b). As indicated by the dotted trendlines,
the association between initial population size and the change over time is negative for
middle school and positive for bachelor or more. The average change over time is 2.4 per-
centage points for middle school and 3.4 percentage points for bachelor or more. Large
cities, such as Shanghai, Beijing, Qongqing, Guangzhou, Wuhan, Tianjin, and Shenzhen,
tend to be below the average for middle school education levels (similar for high school,
not shown) and above the average for Bachelor or more levels (similar for college, not
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Figure 1. Correlation between share education level and log population in Core-Cities; China 2000, 2010. Source:
calculations based on Chinese census of population, 2000 and 2010; see the main text for details.
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Figure 2. Initial population size and change in education level in Core-Cities; China 2000-2010. Source: Calcula-
tions based on Chinese census of population, 2000 and 2010; log population in 2000 on horizontal axis; change in
education share from 2000 to 2010 (in percentage points); dotted line is a trendline; 251 Core-Cities included; see
main text for details.

shown).* Indeed, for middle school the decline is highest for Shenzhen (a large city;
-8.0 percentage points), while there is also a decline for Shanghai, Beijing, Guangzhou,
and Wuhan. In contrast, the rise for middle school is highest for small- and medium-
sized cities, like Bazhong (Sichuan province; 4+15.5 percentage points), Ankang (Shaanxi
province), and Shanwei (Guangdong province). Similarly, for the bachelor or more edu-
cation level the rise is highest for Beijing (a large city; +10.2 percentage points), while
it is also high for Shanghai, Wuhan, and Guangzhou. In contrast, again, the decline is
highest in small- and medium-sized cities, like Shantou (Guangdong province; -0.6 per-
centage points), Jiangmen (Guangdong province), and Luohe (Henan province). Both
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Figure 1 and Figure 2 illustrate that large cities are relatively skill abundant and that this
effect has strengthened in the period 2000 to 2010.

As the basis for our empirical results, we use the theoretical framework developed by
Davis and Dingel (2020). Their theory explains a sorting pattern of skills across cities
that is consistent with comparative advantage. They develop two empirical tests; an elas-
ticity test and a pairwise comparison test. The latter is related to Sattinger (1978). The
tests illustrate the sorting pattern across cities; certain skills are relatively more produc-
tive in sectors that use these skills intensively. We use data from the Chinese census of
population in 2000 and 2010 (more recent data are not available), and employ both tests
to identify the interactive relationships between location size on the one hand and incor-
porated skills on the other hand. We derive four main results: (i) the results of both tests
show that larger locations are relatively more skill abundant, while the sorting of skills is
(ii) stronger for Core-Cities than for Extended-Cities, (iii) stronger for education skills
than for sector- and occupation skills, and (iv) stronger in 2010 than in 2000. One of
the consequences is that the degree of ‘under-urbanization’ in China, as noted by Au
and Henderson (2006a, 2006b), has been declining since 1995. Our results are consis-
tent with Brakman, Garretsen, and van Marrewijk (2016) who show that by now the
‘under-urbanization’ in China has virtually disappeared.

The remainder of this paper is organized as follows. Section 2 reviews related studies.
Section 3 sets out the methodology of the elasticity test and the pairwise comparison
test. Section 4 discusses data sources. Section 5 presents the results on the relation-
ships between location size for education, sectors, and occupations. Section 6 offers
concluding remarks.

2. Related studies

This paper is related to two strands of literature. The first focuses on agglomeration
economies (see, e.g. Rosenthal and Strange 2004). Agglomeration economies benefit
from a division of labor and skills across cities. Glaeser (1999), Mori and Turrini (2005),
Glaeser and Resseger (2010), Duranton and Jayet (2011), for instance, find that workers
of higher skills are inclined to live in larger cities.

This sorting process of higher skills in larger locations can be explained because the
most talented or productive people are able to afford life in bigger and more expensive
cities (see Combes et al. 2012; or Behrens, Duranton, and Robert-Nicoud 2014, for an
overview of this literature).” In addition, in larger cities specific sectors and people can
benefit from agglomeration economies that make them more productive. So, bigger cities
are not only more productive than smaller cities because of agglomeration economies,
but also because more productive people or firms sort into bigger cities.

Figure 3 provides a simple illustration of this process for China in 2010. Differenti-
ating between three education levels: illiterate (circles), middle school (triangles), and
bachelor-or-more (squares), we observe a positive relationship between city population
size and the number of people of a certain education level. The estimated elastici-
ties indicate that a 10% larger population leads to a less-than-proportional increase
in the number of illiterates (namely only an 8.5% rise), a proportional increase in the
number of middle school graduates (a 10% increase), and a more-than-proportional
increase in the number of bachelor-or-more graduates (namely a 13% increase). Con-
sistent with our hypothesis, higher skill levels tend to be more abundantly present in
larger cities.
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Figure 3. Selected skill sorting as measured by education level in Core-Cities; China, 2010. Source: Chinese census
of population, 2010; vertical axis depicts the log of the number of people with a certain education level living in
the city; see the main text for details.

A second strand of literature focusses on the distribution of industries across cities.
The classic reference is Henderson (1974). He argues that the optimal city size is char-
acterized by the trade-off between industry specific economies of scale and the local
cost of living. This trade-off varies with the type of specialized production in the city
due to different degrees of economies of scale across sectors. Henderson (1983), using
data for the USA in 1970 and a ‘back-of-the-envelope’ method, finds that manufactur-
ing activities appear to concentrate in larger cities, especially the white-collar sectors,
business services, finance, insurance and real estate, with the exception of resource-
based manufacturing which tends to decline with city size. Henderson (1997) extends
his empirical work to other economies, such as Brazil, Japan and Korea, finding simi-
lar patterns in all of these countries; larger cities are home to high-tech and diversified
manufactures, business services, and R&D activities. Holmes and Stevens (2004) empiri-
cally examine the spatial distribution of economic activities in North America. They find
that agriculture, mining, manufacturing, and utilities concentrate in smaller cities. In
contrast, transportation, wholesale trade, real estate, finance & insurance, management,
and professional services trend to concentrate in larger cities (consistent with Hender-
son 1983 and 1997). Other studies find similar patterns of specialization of sectors and
industries in bigger or smaller agglomerations (Duranton and Overman 2005, 2008;
Fujita et al. 2004).

A theory that combines the two strands of literature is developed by Davis and Dingel
(2020), in which they also develop two tests to confirm that the sorting pattern across
cities is consistent with comparative advantage (see also Sattinger 1978, 1993). The paper
closest to ours is Dingel, Miscio, and Davis (forthcoming, henceforth DMD) This paper
focusses on nighttime light data and is largely a proof-of-concept paper; nightlight data
are consistent with log-linear rank-size curves for three countries: Brazil, China, and
India. Especially for China this reality check is important because with the often-used
prefecture data a non-linear rank-size curve results. In this respect, nighttime light data
perform better than prefecture data. We also apply this reality check to our definitions
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of spatial units. DMD also show that nighttime data for the US are consistent with
commuting-defined metropolitan areas. For China, commuting data are not available
and DMD assume by implication that Chinese nighttime data also include commuting
areas. A potential disadvantage of nighttime light data is that regional or spatial policies,
such as the liberalization of the Hukou system, are directed towards administratively
defined spatial units and not directed to areas defined by nightlight data. Specifically, we
differ in three main respects. First, we concentrate on administrative units and differen-
tiate between Core-Cities and Extended-Cities. The reality check - stressed by DMD - of
alog linear rank-size curve holds well for Core-Cities and reasonably well for Extended-
Cities. Second, in addition to the education data that DMD use to measure skills we
add the skill intensity of occupations and sectors. Third, we show that the sorting pro-
cess becomes stronger over time by comparing the performance of the tests in 2000 and
2010, whereas DMD only look at 2000.

3. Empirical strategy

Our empirical strategy is based on the theoretical work of Davis and Dingel (2020) who
provide two empirical tests for their model: an elasticity test and a pairwise comparison
test. The tests check whether the sorting pattern of skills across cities is consistent with
comparative advantage.

3.1. Elasticity test

The theoretical model of Davis and Dingel (2020) explains that higher skilled workers
have higher city population elasticities. The intuition behind this implication is illus-
trated in Figure 3. The slope of the curve — and thus the elasticity - for population with a
bachelor degree is steeper than that for illiterates; a 10% larger population leads to a less-
than-proportional increase in the number of illiterates (namely only an 8.5% rise), and a
more-than-proportional increase in the number of bachelor-or-more graduates (namely
a 13% increase). City size increases are more beneficial for higher skilled people than for
lower skilled.

The elasticity test thus indicates - if confirmed - that larger cities are relatively more
skill abundant. In other words, the city-population elasticity of a skill type is rising in
skill levels. We use the following regression:

In(L(v,©)) = Bvo + Bu1In(S(c)) + €y,c, wherev =e,s,0 (1)

where L(v,¢) is the number of people in city ¢ with incorporated-skill level v, where
Bov are fixed effects, S(c) is city ¢’s population size, and B, is the population elasticity.
Compared to DMD, we have three ways of measuring skill levels in cities instead of
only one, as we analyse v for incorporated education skills e for the population, sector
skills s for workers in a sector, and occupation skills o for workers in an occupation.
All skill intensities are measured as years of schooling. The test is now simple, one can
compare the values of 8,1, for different skill levels; the higher the skill level, the higher
the elasticity: 8y1 > By © v > V.

3.2. Pairwise comparison test

A second, non-parametric test of the model developed by Davis and Dingel (2020) is the
pairwise comparison test. This test is related to the concept of comparative advantage;
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certain skills are relatively more productive in sectors that use these skills intensively
(see also Sattinger 1978, 1993). The test is related to that of Sattinger (1978, 261) who
observes; ‘if there was systematic comparative advantage, some orderings would be more
likely than others’. The ordering is as follows. If high-skilled sectors are more produc-
tive in larger cities, larger cities become more skill abundant. This sorting process is
tested by the pairwise comparison test. The inequality in equation (2), states this more
formally: larger cities c house relatively more high incorporated skills v than low incorpo-
rated skills v/ compared to smaller cities ¢’. The test involves making all possible bilateral
comparisons, also for city bins, see Section 5.

L(v,¢)/L(v,) > L(V,c)/L(V, ) forc > " and v > V. (2)

Since China is engaged in a long transformation process from a centrally-planned econ-
omy to a more market-oriented economy, we expect the predictive power to improve as
labor and firms become more mobile and can benefit from agglomeration economies.
To summarize the discussion, we have the following hypotheses:

HI: Larger cities are relatively more incorporated-skill abundant (for education skills, sector
skills, and occupation skills).

H2: The validity of HI improves over time, as the Chinese economy becomes more market-
oriented.

We use the ‘elasticity test’ and the ‘pairwise comparisons test’ to evaluate the hypotheses.
The focus of both tests is on the interaction between skills and city size. Neither test
requires controls, such as correcting for cities specializing in high-tech sector demanding
more high-skilled workers, because it is precisely this type of sorting that the model
predicts.

4. Data
4.1. The administrative division of locations

Our primary data sources are the population census of 2000 and the population census
of 2010. The administrative division of Mainland China consists of five levels, but our
dataset only covers the top three levels: the provincial level, the prefecture level, and the
county level.® Most studies on Chinese cities use prefectures as the unit of analysis, but
for our purposes it is important to define cities more precisely.

There are different types of county levels, such as ‘district’ and ‘county’ proper, where
‘district’ is urban-based while county is rural-based. We have three different types of
locations, namely two ‘urban’ levels and one ‘regional’ level to analyze the sorting of
education, sectors, and occupations over different locations. We label these Prefectures,
Extended-Cities, and Core-Cities, see Table 1.

The prefecture level is the basis of our spatial units: smaller divisions within a pre-
fecture are aggregated to form a specific spatial unit. As a consequence, the number of
Core-Cities, Extended-Cities, and Prefectures would in principle be the same in a given
year. However, since certain prefecture levels do not contain districts and/or county-
level cities, the number of Core-Cities and Extended-Cities is lower. More precisely,
for the whole country there are 262 Core-Cities, 312 Extended-Cities, and 338 Prefec-
tures in 2000, while there are 284 Core-Cities, 316 Extended-Cities, and 337 Prefectures
in 2010.
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Table 1. Summary of administrative division at prefectural, Extended-City and Core-City levels

2000 2010

Administrative Population Population
Type division share (%) Cum.  Num. share (%) Cum.  Num.
1 2 3 Prefectural level + 98.3 338 98.3 337

Municipalities

Core-cities  District 26.3 26.3 803 34.7 37.7 861
Extended-cities County-level city 203 46.3 389 17.3 52.0 353
County 484 1489 433 1460
Prefectures Auto. county 24 109 22 110
Banner 0.9 52 0.8 52
Special district 0.0 1 0.0 1
Adm. committee - 98.3 - 0.0 98.3 3

Sources: Chinese census of population 2000 and 2010; Auto. = autonomous; Adm. = administrative;

Cum. = cumulative percentage; Num. = number of units.

‘ Yancheng Core-City

ﬁmncheng Extended-City

‘Yancheng Prefecture

ghu
district
Yandu
district
Dafeng
city

Dongtai
city

Figure 4. Yancheng prefecture; Jiangsu province, China, 2010.

Figure 4 illustrates our procedure for location construction for the Yancheng pre-
fecture in the east-coastal province of Jiangsu (close to Shanghai) in 2010. The area of
Yancheng prefecture is almost 17,000 km2, roughly the size of Swaziland or half the
size of the Netherlands. Yancheng prefecture consists of 9 county-level sub-regions,
namely 2 districts, 2 county-level cities, and 5 (rural) counties. Yancheng Prefecture con-
sists of the population of all 9 counties, or about 7.3 million people in total. Yancheng
Extended-City consist of the two districts (Yandu and Tinghu) and the two county-level
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cities (Dafeng and Dongtai), or about 3.3 million people (46% of the total population).
Finally, Yancheng Core-City only consists of the two districts Yandu and Tinghu, or
about 1.6 million people (22% of the total population). The definition thus becomes
more concentrated and more coherent as we go from Prefecture to Extended-City to
Core-City.”

Table 1 shows that Prefectures include all seven types of county-level administrative
divisions (listed in the table from District to Adm. committee).® In terms of cover-
age, Prefecture accounts for more than 98% of the total population in both 2000 and
2010.°

Extended-Cities is a subset of Prefecture excluding all ‘rural’ type counties. In partic-
ular, we only include District and County-level city. The share of the total population
living in Extended-Cities rose from about 46% in 2000 to 52% in 2010, partially because
of direct migration and partially because of administrative changes.!? By construction,
Extended-Cities functions as an urban area and can be used to test the model discussed
in Section 2.

Core-Cities is a subset of Extended-Cities consisting only of Districts. This more
narrowly defined urban location thus excludes the County-level cities, which could be
viewed as more or less independent satellites rather than a true part of the location itself.
The share of the total population living in Cities rose from about 26% in 2000 to 38%
in 2010, again partially because of direct migration decisions and partially because of
changes in administrative division (as a consequence of migration). Since Core-Cities is
a more coherent urban location than Extended-Cities, the model discussed in Section 2
should be more directly applicable at the Core-Cities level. The results for other spatial
units can be seen as a sensitivity check.

Following DMD we carry out a reality check on the data; as a stylized fact, city-
distributions should follow a power-law or linear rank-size curve in the upper limit (see
Brakman, Garretsen, and van Marrewijk 2020, Ch. 5 for a discussion). Using the Gabaix
and Ibragimov (2011) method, Figure 5 shows that a power law holds well for Core-
Cities and reasonably well for Extended-Cities (share of variance explained is 98.4%
and 95.5%, respectively). The remainder of the paper focuses on these two types of
spatial units.

6 1 a. Core — Cities 6 | b. Extended — Cities
5 5
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Figure 5. Core-Cities and Extended-Cities; rank-size distribution, 2010. The panels depict the upper (median and
above) rank-size distributions for core-cities (panel a) and extended-cities (panel b); see main text for definitions;
dashed lines are trendlines; slope is —1.4314 and —1.5684, share of variance explained is 98.4% and 95.5%, with 142
and 158 observations for core-cities and extended-cities, respectively.
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4.2. Education skills, sector skills, and occupation skills’

The Chinese census of population (2000 and 2010) categorizes six groups of educational
attainments, related to the number of years of schooling. We aggregate the county-level
educational data into the Core-Cities and Extended-Cities and calculate the population
share of each educational group in the total population of China, see Table 2.1

Two observations are clear upon inspecting this table across time and location type.
First, the education level is rising over time: the population share is falling for the two
lowest education levels and rising for the three highest education levels for both location
types.!> Second, the education level is higher in Core-Cities than in Extended-Cities:
the population share is falling for the three lowest education levels and rising for the
three highest education levels as we move from Extended-Cities to Core-Cities in both
time periods. In 2010, for example, the population share with Primary school falls
from 23.4% at the Extended-Cities level to 20.2% at the Core-Cities level. Similarly, the
population share for College rises from 7.6 at the Extended-Cities level to 9.4 at the
Core-Cities level.

The distributions of incorporated skills in sectors and occupations varies substantially
across Chinese locations. To examine the interaction with population size, we use data
on the sector and occupational employment from the Chinese census of population.'*
The sectors were classified into 15 categories in 2000 and expanded into 20 categories in
2010, while the number of occupations consists of 7 categories in both years.!> To test the
model we order sectors and occupations with respect to the corresponding skill intensi-
ties, which we collect from the China Labor Statistical Yearbook (2010). This lists sector
and occupational employment as proportions of six educational attainments, measured
by years of schooling.!® This is done for urban employment.!” The skill intensity is
calculated as the weighted average years of schooling in each sector and occupation,
ordered from low to high (see Tables 3 and 4, left-hand panels).'® Urban focuses on the
employment in urban areas, which includes all districts in prefectural levels and the cen-
ter of towns below county levels. In the empirical tests, we use the Urban order in the
Extended-Cities and Core-Cities estimations.

The right-hand panels of Tables 3 and 4 show the share of each sector and occu-
pation in the total population of China. For sectors (Table 3), Farming absorbed the
largest share of population (except for Core-Cities in 2010), followed by Manufacturing
in both 2000 and 2010. Although it is hard to compare developments over time because

Table 2. Population shares of skill group by educational attain-
ment in 2000 and 2010 (%).

Extended-City Core-City
Education Years 2000 2010 2000 2010
Illiterate 0 6.3 36 5.8 3.2
Primary school 6 345 234 28.9 20.2
Middle school 9 40.4 40.6 40.1 38.1
High school 12 12.0 18.4 14.8 20.4
College 15 42 7.6 6.2 9.4
Bachelor+ 16+ 2.6 6.5 43 8.7
Total % of spatial unit 100 100 100 100

As % of total population 39.9 475 223 31.9

Source: Chinese census of population 2000, 2010;
years = number of years of schooling.
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Table 3. Average education of employment and population share in each sector.

Average education Share of working population spatial unit (%)
Urban Extended-City Core-City
Sector Years Order 2000 Order 2010 2000 2010 2000 2010
Farming 7.73 1 1 46.7 25.7 325 17.3
Construction 9.54 2 2 4.0 5.2 47 53
Public Services 9.64 3 3 35 2.1 5.1 23
Mining 10.20 5 6 14 1.1 1.6 1.1
Hotel 9.76 - 4 na 2.9 na 34
Manufacturing 10.14 4 5 20.0 19.1 24.0 19.4
Trade 10.21 6 7 10.0 10.6 13.2 12.2
Transport 10.35 7 8 3.7 3.8 47 44
Public Utility 10.98 8 9 0.2 0.5 0.2 0.6
Real Estate 11.63 9 10 0.5 1.0 0.8 13
Utilities 12.06 10 1 0.9 0.8 1.2 0.9
Culture? 12.08 1 12 3.2 0.6 4.1 0.8
Business Serv. 1230 - 13 na 18.1 na 20.7
Research 13.36 13 16 0.4 0.5 0.8 0.6
Computer 13.29 - 14 na 0.8 na 1.1
Public Health 13.35 12 15 15 13 20 1.5
Public Adm. 13.60 14 17 31 2.6 38 31
Banking 13.76 15 18 0.9 1.1 13 1.4
Education 14.36 - 19 na 23 na 2.7
As % of identified working population spatial unit 100 100 100 100
As % of total population 234 31.6 12.5 21.0

Sources: China Labor statistical yearbook (2010) and Chinese census of population (2010); years = the number of
years of schooling; Serv. = Services; Adm. = Administration.
aThe sector Culture is a joint sector with Education in 2000. We use the average years of schooling of Culture and
Education as the skill intensity of Culture in 2000, which are 12.97 years and 13.22 years for Total and Urban areas,
respectively (see Table 3). The order of Culture in 2000 is based on this calculation.

Table 4. Average education of employment and population share in each occupation.

Average education Share of working population spatial unit (%)
Urban Extended-City Core-City
Occupation Years Order 2000 2010 2000 2010
Agriculture 7.74 1 46.7 311 324 215
Production 9.68 2 24.0 28.3 28.0 29.3
Others 10.20 4 0.1 0.1 0.1 0.1
Business Serv. 10.07 3 13.8 21.9 18.0 25.8
Unit Head 12.12 5 25 26 34 3.2
Clerk 12.90 6 49 6.4 7.2 8.2
Technical Pers. 13.48 7 8.0 9.6 10.9 12.0
As % of identified working population spatial unit 100 100 100 100
As % of total population 235 26.2 12.6 16.9

Sources: China Labor statistical yearbook (2010) and Chinese census of population (2010); years = the number of
years of schooling; Serv. = Services; Pers. = Personnel.

of the identification of 4 new sectors, it is clear that Farming employment fell over time,
namely from 47% to 26% at the Extended-Cities level, and from 33% to 17% at the Core-
Cities level. A comparison across location types is simple for both periods: the working
population share in Farming falls as we move from Extended-Cities to Core-Cities, while
the working population share for all other sectors either rises or is stable.

For occupations (Table 4) the changes are straightforward (as there are no occupa-
tions added). The largest employment is in the occupation Agriculture (again, as with
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Farming for sectors, with the exception of Cities in 2010). The employment in Agricul-
ture falls over time, while the employment in all other occupations rises over time for
both location types (with the exception of Unit Heads in Core-Cities). When we com-
pare across location types, employment is falling for Agriculture and rising for all other
occupations as we move from Extended-Cities to Core-Cities in both periods (except for
the ‘Others’ occupation, which is stable).

5. Empirical results

In this section, we use two empirical methods to test our hypotheses on incorpo-
rated skills in education, sector, and occupation. We also evaluate if the strength of
the hypotheses rises over time. First, we examine the relationship between city size
and the distribution of education skills. The results strongly confirm the prediction of
Hypothesis 1 for both Core-Cities and Extended-Cities in both 2000 and 2010 (but the
2010 results are stronger than the 2000 results). Second, we examine the relationship
between the city size and the distribution of sector skills and occupation skills. We find
clear evidence that these distributions across cities changed from 2000 to 2010. More
specifically, higher skill-intensive sectors and occupations only sorted in larger cities
in 2010, while we do not find support for this type of sorting in 2000 (in line with
Hypothesis 2).

A remark on the locations included in the analysis and discussion of Section 5 before
we proceed is needed. Most provinces included in the China census are quite similar
regardinglocation type, size, and population density structure, except for the four remote
provinces Xinjiang, Tibet, Qinghai, and Inner Mongolia in the western and northern part
of the country. As an illustration of this difference: the average county-level area size for
these four provinces in 2010 is 15,100 km? or eight times larger than the 1899 km? for
the other provinces in China. As is customary for empirical research on China we there-
fore focus the analysis and discussion on the more similar other provinces throughout
Section 5, excluding the four remote provinces. The robustness analysis in Appendix
B (available upon request) briefly discusses the results if the four remote provinces are
included."’

5.1. Larger cities have relatively higher education skills

5.1.1. Elasticity test for education

This section examines the links between city size and the distribution of education skills.
Table 5 reports the population elasticities (8,1 in equation [1]) of educational groups
for both location types. In general, the estimated elasticities confirm that larger loca-
tions have relatively higher education-skilled inhabitants: the elasticities are higher for
more skilled educational groups at the Core-Cities level in both years. Moreover, this
trend is stronger in 2010 than in 2000. Similar, but somewhat weaker, results hold at the
Extended-Cities level. To summarize, the elasticity test provides support for Hypothesis
1: larger locations are relatively more education-skill abundant. This holds for both 2000
and 2010, but the results are stronger for 2010 than for 2000 (see below).

To illustrate our findings we graph the population elasticities of the six educational
groups listed in Table 5 relative to the corresponding educational levels in both years in
Figure 6. The size of the bubble is proportional to the population share of that education
level. The diagrams display a regression line (weighted by population shares) for the
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Table 5. Population elasticities of educational groups.

Extended-City Core-City
Educational attainment 2000 2010 2000 2010
(1) () ®3) (4)
llliterate 0.863 0.793 0.930 0.846
(0.031) (0.033) (0.035) (0.039)
Primary school 0.988 0.909 0.946 0.890
(0.019) (0.020) (0.023) (0.022)
Middle school 1.061 1.038 1.012 0.986
(0.015) (0.015) (0.010) (0.010)
High school 1.028 1.051 1.012 1.033
(0.023) (0.015) (0.028) (0.016)
College 0.964 1.027 1.029 1.092
(0.034) (0.028) (0.038) (0.026)
Bachelor or more 1.159 1.169 1.326 1.300
(0.054) (0.046) (0.054) (0.041)
Observations 1,692 1,722 1,506 1,626
R-squared 0.911 0.911 0.889 0.899
Education FE Yes Yes Yes Yes

Note: Standard errors in parentheses, clustered by relevant spatial unit;
shaded cells indicate falling rather than rising elasticities going down
the respective column.

estimated elasticities relative to the years of schooling. Note, that Figure 6 summarizes
the type of information depicted in Figure 3 for all education-skill levels. For example,
in Figure 3 the slope for bachelor degree education is steeper than for illiterates. The
value of the slope - the elasticity — for a particular skill level in Figure 3 corresponds to
a ‘bubble’ in Figure 6; the slope for bachelor degree education is the bubble indicated by
‘bachelor’ whereas the slope for illiterates is the bubbles indicated by illiterates.” Figure
6 thus shows the value of the elasticity on the vertical axis, and the skill level (in years of
schooling) on the horizontal axis. Figure 6 shows that higher skill levels are characterized
by higher population elasticities, in line with Hypothesis 1. The fit improves over time
and the trendlines are steeper in 2010 than in 2000. Note that the elasticities for Bachelor
are positive outliers at the Core-Cities level in both years, implying that people with the
highest education levels choose to live in larger cities.

Table 6 provides a summary of the hypothesis that the estimated elasticities rise with
higher education levels. We distinguish between two types of tests.

Table 6(a) portrays the results of what we call a weak test, where we conclude that
the hypothesis is rejected if the elasticity of a higher skill level is significantly lower than
of a lower skill level (at the 5% level). Note that we can compare the elasticities of six
education levels in 6 x 5/2 = 15 different ways. The table reports both the number of
rejections and the percent of rejections. This test performs excellent for Core-Cities (with
no rejections at all) and for the year 2010 (with zero rejections for both Core-Cities and
Extended-Cities). The test performs reasonably well for Extended-Cities in 2000, with
13% rejections.

Table 6(b) portrays the results of what we call a strong test, where we conclude that the
hypothesis is confirmed if the elasticity of a higher skill level is significantly higher than
of a lower skill level (at the 5% level). The table reports both the number of confirma-
tions and the percent of confirmations. This test performs well for Extended-Cities and
Core-Cities in the year 2010, with 80% and 93% confirmations, respectively. It performs
reasonably-well in the year 2000, with 60% and 47% confirmations, respectively.
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Figure 6. Education population elasticities and skill intensity (in years of schooling). The size of the bubble mea-
sures the size of each educational level; the fitted lines are weighted by population shares; the vertical axis does
not start at zero; see Table 5 for categories.

Before we compare our education results to those of Dingel, Miscio, and Davis
(forthcoming, DMD), we make two remarks. First, we identify six educational attain-
ments, while DMD identify four categories since they group together our categories
‘illiterate’ and ‘primary school’ into one category ‘primary school or less’ and similarly
for our categories ‘college’ and ‘bachelor or more” into one category ‘college or university’.
Second, DMD only analyze the elasticity estimates in 2000, while we have information
for both 2000 and 2010, so that we can track developments over time.

Keeping this in mind, when we focus on the estimated elasticities in 2000 only, DMD
emphasize that the education elasticity estimates for their preferred township nighttime
light data fully meets the sorting criteria (rises for higher levels of education). In line
with their finding, for our preferred Core-City data the estimated elasticities fully meet
the sorting criteria. Moreover, at the extreme education levels we provide more detail
since (i) the estimated elasticity for illiterates is lowest and (ii) DMD’s highest elasticity
of about 1.3 for ‘college or university’ can be largely attributed to ‘or university’ in view
of our estimate of about 1.3 for ‘bachelor or more’. More importantly, from a dynamic
perspective we show that the sorting power rises over time as the estimated elasticities
for low education levels tends to fall and for high education levels tends to rise, both for
Core-Cities and Extended-Cities.

We conclude from Table 6 that the elasticity tests perform better in 2010 than in 2000
and more strongly for Core-Cities than for Extended-Cities.
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Table 6. Hypothesis 1 elasticity test: large locations are more education-
skill intensive.

a Weak test: Rejection if the elasticity of a higher skill level is
significantly lower (5% level) than of a lower skill level

Extended-City Core-City
Year Pairs # Reject Percent # Reject Percent
2000 15 2 13 0 0
2010 15 0 0 0 0

b Strong test: Confirmation if the elasticity of a higher skill level
is significantly higher (5% level) than of a lower skill level

Extended-City Core-City
Year Pairs # Confirm Percent # Confirm Percent
2000 15 9 60 7 47
2010 15 12 80 14 93

The null hypothesis is that any two elasticity estimates are equal; the test
used is two-sided at 5% significance; see the main text for details.

5.1.2. Pairwise comparison test for education
Next, we focus on the pairwise comparison test regarding location size and education
skills.

We use an example to illustrate the non-parametric pairwise comparison test. Sup-
pose we have empirical information on the distribution of 4 education types (ranked
according to skills) across 40 cities (ranked according to size). We can then directly
compare any two arbitrary cities and the associated two education types to see whether
inequality (2) holds. If so, we verify that the larger city in this pairwise comparison
has relatively more high-skill education. We call the comparison a ‘success’ if the con-
dition holds (value = 1) and a ‘“failure’ if not (value = 0). We can compare 40 cities
in (40 x 39)/2 = 780 different pairs, and each city pair has 4 education types giving
(4 x 3)/2 = 6 different skill combinations for each pair of cities. This gives a total of
780 x 6 = 4680 pairwise comparisons. For each comparison we find either a ‘success’
or ‘failure.” The extent to which the average success rate exceeds the random distribu-
tion benchmark of 0.5 (compared to the flip of a coin) can then be taken as an indication
regarding the sorting-predictive power of the model.

We expect that the comparison between a very large city (such as Shanghai with 23
million people) and a much smaller city (such as Wuhai in Inner Mongolia with 0.5
million people) is more revealing to test the prediction of the model than a comparison
between two similar-sized cities, such as Wuhai (532,902 persons) and Nujiang (534,337
persons). In this case the test outcome might be a random result. We therefore also report
‘weighted’ success rates, where we use the difference in log population for a city pair as
weight. We consider the weighted success to be the most relevant.

Moreover, we do not have to restrict ourselves to comparing individual cities. We can
also compare groups of cities that are allocated to ‘bins’ of different size. Suppose we
have two distinct groups of cities C and C’ with the smallest city in C being bigger than
the biggest city in C’" and two skill types with v > /. Inequality (2’) then also holds for

the bin:
D Lo/ Y L) =Y LW,/ Y LKV,C) 2)

ceC del ceC deC
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This inequality implies that if the cities are grouped into a series of bins ordered by city
size, then in any pairwise comparison of two bins and two skills the bin containing the
larger cities has relatively more of the high-skilled education. When we create 2 bins we
have just 1 comparison (the groups containing the largest cities versus the group con-
taining the smallest cities). When we create 4 bins we have 6 comparisons, and so on.
In the analysis below we divide the cities into 2, 4, 10, 30, 90, and individual bins.?’ If
m is the number of bins and # is the number of skills (education / sectors / occupa-
tions) the total number of pairwise comparisons is thus [m(m — 1)/2] x [n(n — 1)/2].
We report both the unweighted and weighted success rate of the pairwise comparisons
per bin.?!

Since we analyze 2, 4, 10, 30, and 90 bins as well as 296 individual locations for 6
different skill categories, we make 722,280 bilateral comparisons for each location type
for each year. The results are summarized in Figure 7 both regarding the unweighted
and weighted success rate of the pairwise comparison tests (consisting in total of about
4.3 million bilateral comparisons).

Consistent with the hypotheses, the success rates of these comparisons are significant
and higher in 2010 than in 2000 for both types of locations (the dashed lines indicate 95%
confidence intervals of tossing a fair coin; the random outcome). As with the elasticities
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Figure 7. Pairwise comparison of six educational attainment levels. The bins are 2; 4; 10; 30; 90; individual; the
associated number of pairs are 15; 90; 675; 6525; 60,075; at least 548,775; the dashed lines indicate the upper and
lower limits of a 95% confidence interval of tossing a fair coin; the interval is exact up to 15 pairs and based on the
Central Limit Theorem otherwise; each panel is based on more than one million bilateral comparisons, the whole
figure on about five million bilateral comparisons. Note if the condition holds; value = 1 and if not; value = 0; if
the outcome would be random the average value would be 0.5.
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test, the geographic differences are clear. The success rate is highest for Core-Cities. It
is also clear that the success rate of the pairwise comparison tests improves if we lump
cities together in bigger groups (and thus a lower number of bins). The smallest groups
of individual cities have a weighted success rate ranging from a minimum of close to
50% (for Extended-Cities in 2000) to above 60% (for Core-Cities in 2010). In contrast,
the success rate when we have only two bins (containing half of the sample per bin) is
100%. The weighted success rates are higher than the unweighted ones, indicating that
the comparison test is more likely to hold if the difference in the size of the populations
of the compared locations is big. Note that the gap between the weighted and unweighted
results is larger for Core-Cities than for Extended-Cities.

Our findings above suggest that the model works quite well regarding the sorting of
education skills in bigger cities. The tests perform better as we go from Extended-Cities
to Core-Cities level. In addition, the tests perform better in 2010 than in 2000. We take
this as an indication of China’s move over time to a more market-oriented economy
allowing for greater labor mobility and specialization.??

5.2. Larger cities specialize in high skill-intensive sectors and occupations

In this subsection, we tests whether larger cities are more specialized in high skill-
intensive sectors and occupations in 2000 and 2010. First, we estimate the sector- and
occupation population elasticities for the elasticity test. Second, we use the pairwise
comparisons test to identify the spatial patterns of sector- and occupation employment.
We include the agricultural sector in the analysis. Some agricultural workers can be
employed in cities, but not necessarily in agricultural employment, but also in jobs
such as ‘equipment operator’, ‘business service personnel’, or ‘production and trans-
port related workers.” According to Chan and Buckingham (2008, 583), in general, in
jobs, ‘that are considered dirty, dangerous, or low-paying’, but are part of the urban
workforce.

5.2.1. Elasticity test for sectors and occupations

We start with the elasticity test for sectorial employment. Figure 8 plots the 15 and 19
sector population elasticities against their corresponding skill intensities in 2000 and
2010. In general, the sector composition, measured by the size of the bubbles, shows
that manufacturing becomes more important for over time.?® Also note that the sector
Business Services, which was absent in the sector categories in 2000, accounts for the
largest proportion of total employment in Core-Cities in 2010.

The elasticity test for sectors performs badly in 2000. The fitted line is horizontal (see
Figure 8a). Real Estate and Research have high elasticities, while Mining, Public Utilities,
Utilities, Public Health, Public Administration, and Banking have low elasticities relative
to the average schooling levels. The elasticity test for sectors improves by 2010. All fitted
lines have a positive slope, indicating that in 2010 large locations house relatively more
skill-intensive sectors (see Figure 8b and 6d). The estimated elasticity for low-skilled
Farming falls considerably for all location types, particularly for Core-Cities. Perhaps
this reflects the decline of hidden unemployment in rural areas.

A summary of the formal tests of the comparison of the various estimated elastic-
ities is reported in Table 7, which again distinguishes between the weak test and the
strong test and reports the number of rejections and confirmations, as well as their
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Figure 8. Sector population elasticities and skill intensities. The size of the bubble measures the size of sectors;
the fitted lines are weighted by population shares; the vertical axis does not start at zero.

percentages. Since there are 15 sectors in 2000 and 19 in 2010, we have 105 elastic-
ity comparisons in 2000 and 171 in 2010. The number of rejections of the weak test
is considerable in all cases, ranging from 36% to 49% and there is no improvement over
time. The number of confirmations of the strong test is modest ranging from 23% to
44%, although there is some improvement as we go from 2000 to 2010 for both location
types. Also note that the highest scoring confirmation at the sector level is for Core-
Cities in 2010 (44%), which at the same time has a substantial number of rejections as
well (36%). Based on this summary, one would be tempted to conclude that the sector
composition of skills is too diversified to result in clear sorting of high-skilled sectors in
bigger locations.

Our data identifies only seven occupation categories. The estimated population elas-
ticities are plotted in Figure 9 relative to the average number of years of schooling in
2000 and 2010, with the size of the bubbles proportional to the number of people work-
ing in a particular occupation. As with the sector analysis, the slope of the fitted lines
for the elasticities of occupations is basically horizontal in 2000 for Extended-Cities. As
with the sector analysis, the predictions perform better in 2010. Also, the estimated elas-
ticity of Agriculture as an occupation declined substantially in 2010. In contrast to the
sector analysis, however, a visual inspection suggests that the overall performance of the
elasticity test seems to be quite acceptable by 2010, which is confirmed by the formal
analysis discussed next.
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Table 7. Hypothesis 1 elasticity test: large locations have more skill intensive sec-
tors/occupations.

a Weak test: Rejection if the elasticity of a higher skill level is significantly lower
(5% level) than of a lower skill level

Extended-City Core-City
Year Pairs # Reject Percent # Reject Percent
Sector 2000 105 51 49 43 41
2010 171 70 41 62 36
Occupation 2000 21 1 52 5 24
2010 21 7 33 2 10

b Strong test: Confirmation if the elasticity of a higher skill level is significantly
higher (5% level) than of a lower skill level

Extended-City Core-City
Year Pairs # Confirm Percent # Confirm Percent
Sector 2000 105 24 23 32 30
2010 171 67 39 75 44
Occupation 2000 21 3 14 3 14
2010 21 7 33 8 38

The null hypothesis is that any two elasticity estimates are equal; the test used is two-
sided at 5% significance; see the main text for details.

The occupation part of Table 7 summarizes the weak and strong versions of the
formal elasticity tests. Since there are 7 occupations in both years the number of bilat-
eral comparisons is 21. The number of rejections of the weak test ranges from 10% to
52%. The performance improves over time. It is reasonable for Core-Cities and weaker
for Extended-Cities. The number of confirmations of the strong test ranges from 14%
to 38%. The performance improves over time for both location types and is reason-
ably high for both Extended-Cities and Core-Cities by 2010 (namely 33% and 38%,
respectively). We conclude that the sorting of high-skill occupations in bigger locations
is more or less confirmed for Core-Cities (certainly by 2010), but not impressive for
Extended-Cities.

5.3. Pairwise comparison test for sectors and occupations

We next turn to the results of the pairwise comparison test for sectors and occupations,
see Figure 10 (see Figure B10 in Appendix B, available upon request, for the results with
respect to Prefectures). Since we have 7 different occupations, each figure for occupations
is based on about 1 million bilateral comparisons. Since we have 15 sectors in 2000 and 19
sectors in 2010, each figure for sectors is based on about 5 million bilateral comparisons
in 2000 and 8.2 million in 2010.

In general, both for sectors and occupations, the results are less pronounced than
for education skills. At the sector level, the success rate of the bilateral comparisons
improves from 2000 to 2010 for Core-Cities and are significantly different from a
random result. The best results are for occupations in Core-Cities, as Figure 10(d)
illustrates. This holds in particular for the weighted values. This confirms our earlier
analysis that performance improves over time, is better for more consistently defined
locations (Core-Cities), and that the model is more appropriate for occupations than
for sectors.
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Figure 9. Occupation population elasticities and skill intensities. The size of the bubble measures the size of
occupations; the fitted lines are weighted by population shares; the vertical axis does not start at zero; techni-
cal = technical personnel.

To summarize, we find some evidence that larger Core-Cities in China have become
relatively more specialized in skill-intensive sectors and occupations. This change may
be indicative of the more market-oriented economic development accompanied by more
labor mobility and rapid urbanization from 2000 to 2010. This transition is illustrated
by the improvement in predictive power over time of the model as tested in this section.
Our conclusions are not affected by sensitivity tests related to definitions of spatial units,
sectors, or the inclusion of peripheral units.>*

6. Conclusion

The traditional literature on China indicates that the concentration of economic activ-
ities is lower in China than in other industrialized countries. Institutional limits to
internal migration, such as the Hukou system, are largely held responsible for this
finding. Cities in China are, however, transforming rapidly. Urbanization is rising and
millions of new jobs are created in urban areas.

Dense areas and big cities are more productive than smaller cities and the question
arises whether also in China, as in advanced economies, more productive workers and
firms sort into bigger cities. This is the main question answered in this paper. We empir-
ically test if there is relative sorting of higher skills incorporated in education, sectors,
and occupations in larger cities. As institutional restrictions, such as the Hukou system,
are becoming less restrictive we expect that this sorting process improves over time.
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Figure 10. Pairwise comparison of sectors and occupations for Cities. The bins are 2; 4; 10; 30; 90; individual; the
associated number of pairs for occupations are 21; 126; 945; 9135; 84,105; at least 658,875; the associated number
of pairs for sectors are 171; 1026; 7695; 74,3855; 684,855; at least 3.3 million; the dashed lines indicate the upper
and lower limits of a 95% confidence interval of tossing a fair coin; the interval is exact for 21 pairs and based on the
Central Limit Theorem otherwise; each panel is based on more than 1.5 million bilateral comparisons, the whole
figure on 25.5 million bilateral comparisons; there are 15 sectors in 2000 and 19 sectors in 2010; there are 7 sectors
in both years. Note if the condition holds; value = 1 and if not; value = 0; if the outcome would be random the
average value would be 0.5.

Our analysis is based on two types of tests, namely a population elasticity test and a
pairwise comparison test, developed by Davis and Dingel (2020). We do this for two
types of Chinese locations (Extended-Cities and Core-Cities) and for three types of
incorporated skills (in education, occupations, and sectors) in 2000 and 2010. The elas-
ticity test holds if the estimated population elasticity is higher for higher skills. The
pairwise comparison test holds if the larger location is relatively more skill abundant
if we compare two (groups of) locations. In all cases, the results found by the elasticity
test are in line with the results found by the pairwise comparison test. Our main findings
can be summarized as follows.

e The predictive power of the sorting model is higher for Core-Cities than for
Extended-Cities.

e The predictive power of the sorting model is highest for education skills, followed by
occupation skills and sector skills, respectively. Note that — because of data availability
- we have no information on possible within industry skill-sorting.

e The predictive power of the sorting model improves over time, especially for
Core-Cities.
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Our results confirm that in China a similar sorting process of skills across cities takes
place as in advanced economies, which becomes stronger over time. A possible inter-
pretation is that the liberalization of the Hukou system in combination with agricultural
reforms and investments in infrastructure stimulate rural-urban migration. Our results
also indicate that care should be given regarding the type of location analyzed as the
sorting model works better for more coherently defined locations (Core-Cities) than
for more heterogeneous areas (Extended-Cities). Furthermore, the results indicate that
the sorting model works best when skill levels are measured as directly as possible,
which explains the sorting power of education skills, relative to occupation skills, and
sector skills.

Notes

1. For an in-depth survey on China’s economic history, see Brandt, Ma, and Rawski (2014).

2. The Hukou system, which is unique for China, is a visa system that regulates rural-urban migra-
tion and the sector of employment. For a description what it (still) implies in practice, see Chan
and Buckingham (2008), The Economist (2010), or Han and Li (2017) from which it is clear that
restrictions are present and restrict migration (see also Bosker et al. 2012). The Chinese govern-
ment is currently taking measures to relax the Hukou system (Su, Tesfazion, and Zhao 2018).
Other institutional limitations related to economic planning might also interfere with market
forces.

3. Alarge literature exists that illustrate these developments: Zhu and Luo 2010; Zhang and Song 2003;
Du, Park, and Wang 2005; Chen, Jin, and Yue 2010; Knight and Gunatilaka 2010; Bosker et al. 2012;
Jiang, Lu, and Sato 2012; Combes, Démurger, and Li 2013; Su, Tesfazion, and Zhao 2018.

4. The two lowest education levels (illiterate and primary schooling) have (strongly) declining shares,
not related to initial population size.

5. Note, that we do not discuss skill productivity and skill complementarity as in Eeckhout, Pinheiro,
and Schmidheiny (2014). This complementarity largely explains the urban wage premia for high-
skilled workers. In line with their results, we find evidence of a disproportionally large share of high
skills in large cities, but do not find evidence of a disproportionally high share of low(est) skills in
large Chinese cities.

6. Levels 4 and 5 are the township level and the village level.

7. Baum-Snow et al. (2017) analyze changes in spatial definitions over the 1990-2010 period in detail
and observe changes in the definitions over time (for example, some cities did not exist as a city in
1990, but were defined as such for planning reasons). To deal with this they introduce a ‘constant
boundary central city’ for consistency purposes. We, instead, use the official statistical bound-
aries. The potential bias in our results is limited because (i) changes in spatial definitions between
2000-2010 (our sample) are less pronounced than in the 1990-2010 period (Baum-Snow et al.,
2017), (ii) we do not compare changes of individual cities over time on a one-to-one basis (but com-
pare distributions), and (iii) we do not use - in line with Baum-Snow et al. - the entire prefecture
as the ‘city’ definition.

8. There are four municipalities in China at the provincial level (Shanghai, Beijing, Tianjin, and
Chongging). These four are also classified as Prefecture.

9. Some county-level divisions are administrated by their provinces directly. In that case, the infor-
mation of the divisions is excluded from the statistic of the prefectural levels. The population share
of these county-level divisions is about 1.7%, which explains why coverage is not 100% of total
population.

10. Appendix B (available upon request) provides a sensitivity analysis with respect to administrative
spatial changes.

11. Occupations are determined by specific skills, training and qualifications for work. These can be put
to use in various sectors. So different sectors can be home to the same occupation, and vice versa.

12. In 2000, there were two additional educational groups, literacy class and technical school. We do
not include them in this table since they are excluded in 2010. The data on educational attainment
only includes the population of at least six year old persons.

13. The third education level is stable for Extended-Cities, and falling for Core-Cities.
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14. The population of alocation consists of both registered residents and non-registered residents living
there continuously for at least 5 years.

15. We drop the sector International organizations because it has almost zero employment.

16. There is no educational information about sectors and occupations in 2000. Therefore, we order the
skill intensity of sectors and occupations only based on the information available in 2010.

17. Labeled ‘Urban’, in the left-hand panel of Table 3. We also have a Total category that describes the
skill intensity of the total employment. In some of the Region estimates we use this ordering (see
Appendix B, available upon request).

6

18. Years of schooling = Y s, X pje, where e is the educational attainment, i denotes the sector or
e=1
occupation, s, denotes the years of schooling of each educational attainment, and p;. denotes the
share of the educational attainment e in the sector or occupation i.

19. Appendix B (available upon request) provides more details (under the heading ‘paper’ for the loca-
tions in the provinces analyzed in Section 5 and the heading ‘all’ if all locations in all provinces
are included). Our selection largely coincides with locations east of the Hu Line (from Heihe to
Tengchong), except for Gansu and Ningxia.

20. Individual bins consist of one city per bin.

21. We use the difference of the log of the average population in a bin as weight.

22. Similar, but somewhat weaker, results hold when we analyze all locations (including the remote
provinces Xinjiang, Tibet, Qinghai, and Inner Mongolia), see Appendix B (available upon request).

23. This is consistent with the findings of Brakman, Garretsen, and Zhao (2016), who argue that local-
ization of firms increase over time, suggesting that firms increasingly benefit from agglomeration
economies in cities.

24. Appendix B (available upon request) gives information on the sensitivity tests.
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Appendix A. Description of sectors and occupations.

Table A1. Full name and short name of sector and occupation.

Short name Full name-2000 Full name-2010
A. Sector
Farming Farming, Forestry, Animal Husbandry and  Farming, Forestry, Animal Husbandry and

Construction
Public Services
Mining

Hotel
Manufacturing
Trade

Transport
Public Utility

Real Estate
Utilities

Culture

Business Services
Research

Computer
Public Health
Public Administration

Banking
Education

B. Occupation
Agriculture

Production

Others

Business Service
Unit Head

Clerk

Technical Personnel

Fishery

Construction

Social Service

Mining and Quarrying

Manufacturing

Wholesale and Retail Trade & Catering
Services

Transport, Storage, Post &
Telecommunications

Geological Prospecting & Water
Conservancy

Real Estate Trade

Production and Supply of Electricity Gas
and Water

Education, Culture and Art, Radio Film and
Television

Scientific Research and Poly-technical
Services

Health Care, Sporting and Social Welfare

Government Agencies, Party Agencies and
Social Organizations
Finance and Insurance

Agriculture and Water Conservancy
Laborers

Production, Transport Equipment
Operators and Related Workers

Others

Business Service Personnel

Unit Head

Clerk and Related Workers

Professional and Technical Personnel

Fishery
Construction
Personal and other Services
Mining and Quarrying
Hotel and Catering Services
Manufacturing
Wholesale and Retail Trade

Transport, Storage, Post &
Telecommunications

Water Conservancy, Environment and
public Utility Management

Real Estate

Production and Supply of Electricity Gas
and Water

Culture Sports and Entertainment

Leasing and Business Services

Scientific Research, Technical Services &
Geological Prospecting

Data Transmission Computer Service &
Software

Public Health Social Securities & Social
Welfare

Public Administration and Social
Organizations

Banking

Education

Agriculture and Water Conservancy
Laborers

Production, Transport Equipment
Operators and Related Workers

Others

Business Service Personnel

Unit Head

Clerk and Related Workers

Professional and Technical Personnel
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