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Foreign human capital, cultural diversity and urban innovation in
China
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Abstract: From the perspective of cross regional flow of human capital, this paper
studies the impact and mechanism of foreign human capital on urban innovation in
China, and reveals the innovation effect of foreign human capital. The theoretical
research shows that the efficient allocation of innovation elements brought by foreign
human capital and the diversified externalities associated with it are the source for cities
to maintain innovation vitality and competitiveness. The empirical study matching the
individual micro data of Chinese census with the urban patent data found that foreign
human capital has a significant role in promoting urban innovation, especially in the
innovation of invention patents with the highest technological content. Further research
on the mechanism reveals that the externality of cultural diversity brought by foreign
human capital is an important channel to promote urban innovation. Therefore, the
absorption and integration of foreign labor is the key to the city full of innovation and
vitality.

Keywords: External human capital; Allocation of innovation elements;  Cultural
diversity; creative City Innovation

1. Questions raised

Urbaninnovation is a hot topic in recent years at home and abroad. Scholars study
the factors that affect urban innovation from different angles. Among them, faggian and
mccann (2008), glaeser and resseger (2010) and caragliu et al. (2016) studied the factors
affecting urban innovation in the United States and Europe from the perspective of
human capital, carlino et al. (2007), lobo and strumsky (2008) and sedgley and elmslie
(2011) from the perspective of urban size or population density, ottaviano and peri
(2006) and Lee (2014) from the perspective of international migration, zhu Ying and
Tu Qi (2016) from the perspective of industrial structure.

In contrast, the research on the influencing factors of urban innovation in China
has just started, and the relevant literature is very few. Caoyong et al. (2013) conducted
empirical research on four municipalities directly under the central government in
China from 1997 to 2009 and found that urban economic scale and innovation
investment have a significant positive impact on their innovation ability. Wang Meng
et al. (2016) used the panel data of 20 major cities in China from 2007 to 2012 to test
the experience and found that human capital, the concentration of employed population
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and the proportion of government expenditure on science, technology and education
significantly promoted urban innovation.

It is worth noting that for China, an emerging market economy in the process of
system transformation and rapid urbanization, a prominent phenomenon is the large-
scale cross regional labor flow. During the planned economy period, china implemented
a strict registered residence system to restrict the interregional mobility and migration
of urban and rural residents. Since the 1980s, with the market-oriented transformation
of the economic system, the single plan control system of labor factor allocation has
been continuously relaxed, and the role of the registered residence system in restricting
population mobility has been greatly weakened. Market forces are playing an
increasingly important role in the allocation of labor factors, and the scale of cross
regional labor mobility and even broader population migration is growing. According
to the national census data of the National Bureau of statistics over the years, the size
of China's floating population increased from 6.57 million in 1982 to 12.1 billion in
2000, 22billion in 2010 and 24.7 billion in 2015. Among them, the proportion of highly
skilled floating population with college education or above increased rapidly, from 14%
in 1982 to 943% in 2000 and 1204% in 2010.

The  impact  of  this  large-scale  cross  regional  labor  flow on  the  economy of  the
inflow region has attracted the attention of many researchers, mainly focusing on the
regional income gap (Zhong Xiaohan, 2006; chen Zhao and Lu Ming, 2008; cai Fang
and Wang Meiyan, 2009;  meng, 2012; wan Haiyuan and Li Shi, 2013) Employment
income of local workers (yuanzhigang, 2006;  liuxuejun and zhaoyaohui, 2009;
shenkunrong and yujixiang, 2011) and city size (Liangqi et al., 2013;  duyang et  al.,
2014). There is a relative lack of research on the impact of cross regional labor mobility,
especially the cross regional mobility of highly skilled labor, on innovation in the inflow
region.  A  large  number  of  facts  about  China's  urbanization  show  that  cities  with
concentrated migrant population have stronger innovation ability or innovation level
than other regions, which can also be found from news reports and intuitive comparison
of urban economy. For example, beijing, shenzhen and Shanghai, which have a large
number of immigrants, are listed as the cities with the highest innovation level in China,
whether it is the "ranking list of China's cities with the highest innovation power"
released by the new first tier cities Research Institute of first finance and economics in
recent years, the "30 cities with the strongest innovation power in China" released by
Forbes, or the "evaluation report on China's innovative cities" released by the China
innovative cities evaluation task force.

In view of the above understanding, this paper studies the impact and mechanism
of cross regional mobility of highly skilled labor on urban innovation in China from
both theoretical and empirical aspects, so as to reveal the innovation effect of foreign
human capital. First of all, from the perspective of spatial allocation of innovative
production factors, we study the internal influence mechanism and logical connection
between external human capital and innovation in the inflow cities. Secondly, the
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individual micro data of China census is matched with the urban patent data to test
whether foreign human capital promotes urban innovation. Finally, with the help of the
theory of cultural diversity, we further investigate the mechanism of external human
capital on urban innovation.

Our theoretical research shows that urban innovation is an open process, which
requires that the input elements of innovation should also flow and open. As an
important input factor of innovation, the spatial migration and allocation of human
capital affect the innovation ability and efficiency of cities. Based on the actual data of
China, this paper finds that foreign human capital has a significant role in promoting
urban innovation. This conclusion is still robust after adopting different regression
models, different measurement indicators and investigating the endogeneity of
instrumental variables (IV). Further research on the mechanism shows that the
externality of cultural diversity brought by foreign human capital is an important
channel to promote urban innovation.

Compared with the existing research, the innovation of this paper is mainly
reflected in: first, although the importance of human capital to innovation has been
demonstrated by scholars at home and abroad, the issue of "what kind of human capital
can better promote innovation" has not been specially studied. From the perspective of
spatial migration and allocation of human capital, this paper examines the impact of
foreign human capital on the innovation of cities in the inflow area, more objectively
and carefully combs the innovation effect of human capital flow, and also clarifies an
important constraint of decision-making: hindering the free flow of highly skilled labor
will lead to resource mismatch in the process of innovation production, which is not
conducive to urban innovation and the improvement of its efficiency.

Second, the existing research on the effect of labor mobility in China ignores the
regional cultural heterogeneity of migrant labor, and thus ignores the resulting diversity
externalities. From the perspective of China's regional cultural diversity, this paper
studies the mechanism of foreign human capital promoting the innovation of cities in
the inflow region by constructing the index of urban cultural diversity. Under the
background that China's urbanization has entered a climax period and the report of the
19th National Congress of the Communist Party of China proposed "stimulating
cultural innovation and creativity", this study has important theoretical and practical
significance.

Third, at present, the empirical research on China's innovation is mainly limited to
the national, provincial and enterprise levels, and the research on the urban level is
relatively lacking, and the innovation effect at this level is precisely the expectation of
China's urbanization national strategy. Compared with the existing innovation research
focused on individual cities, we use the large sample patent database of the State
Intellectual Property Office to sort out the city level patent data, covering all prefecture
level and above cities in the country. The sample coverage is more comprehensive,
which provides data support for the study of urban innovation. The conclusions also
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provide policy enlightenment on how to build innovative cities and stimulate urban
innovation vitality.

The rest of this paper is arranged as follows: the second part is literature review
and theoretical analysis; the third part is the description of samples, data and empirical
models; the fourth part is regression result analysis and robustness test; the fifth part is
the research on the function mechanism from the perspective of cultural diversity; the
last part is the conclusion and policy enlightenment.

2. Literature review and theoretical analysis

The innovation effect of external human capital has always been one of the
important topics in economic research. Saxenian (2002) found in the case study of
Silicon Valley that foreign immigrants are conducive to the establishment and
innovation of new companies. Ottaviano and peri (2006) conducted a panel data study
based on American cities, which showed that the inflow of foreigners to the United
States had a positive impact on American productivity, especially on the highly skilled
labor force. Peri (2012) also found that overseas immigrants promoted the improvement
of total factor productivity in American states based on the U.S. census data. In addition,
faggian and mccann (2008) studied the innovation effect of the cross regional flow of
British college graduates based on the questionnaire survey of the Bureau of higher
education statistics and patent data, and found that London and Scotland, as the main
places of inflow of graduates, benefited the most. Hunt and Gauthier Loiselle (2010)
conducted a study on the innovation effect of American immigrants based on state panel
data and found that every 1% increase in the proportion of immigrants with college
degree or above can promote the increase of per capita patents by 9% – 18%. Lee (2014)
used 2000 small and medium-sized enterprises in the UK to investigate the impact of
foreign entrepreneurs on the innovation of their enterprises, and found that enterprises
with foreign entrepreneurs or partners are more inclined to develop new products and
new production processes. Similarly, bosetti et al. (2015) conducted empirical research
on 20 European countries and found that highly skilled immigrants with college degree
or above promoted the increase of patent applications in the inflow countries. Fassio et
al. (2019) also found in their empirical research on Britain, france and Germany that
highly skilled immigrants with college degree or above can increase patent innovation
by 009 percentage points in the inflow countries.

However, most of the existing studies on the innovation effect of foreign human
capital are based on the international migration of developed countries, and lack of
studies focusing on the transitional and developing economies such as China. In view
of this, this paper takes China, where the labor market is relatively closed to the outside
world, as an example to examine the innovative value that the interregional flow of
domestic labor brings to the inflow cities. From a new perspective of cultural diversity,
this paper studies the mechanism of foreign human capital promoting innovation in
inflow areas by constructing relevant indicators to supplement the existing research.
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Before carrying out empirical research, it is necessary to make a theoretical
analysis on the innovation effect of external human capital. As a key input factor and
an important carrier of knowledge in the process of knowledge production, human
capital plays an important role in knowledge creation and innovation in a region. Its
cross regional flow largely determines the efficiency of resource allocation and
innovation results in the process of innovation.

First, external human capital contributes to knowledge spillover and diffusion. An
important source of innovation is knowledge spillover, which is essentially a regional
and local phenomenon, that is, knowledge spillover decreases with the expansion of
geographical scope. As an important carrier of technical knowledge, especially tacit
knowledge, cross regional mobility of highly skilled labor force can undoubtedly
promote the spatial proximity of human capital, increase face-to-face contact and
interaction, reduce the exchange cost of knowledge information, especially tacit
knowledge, and promote the diffusion and overflow of knowledge and ideas. As
Marshall (1890) mentioned in his classic book Principles of economics, "when a person
has  a  new  idea,  it  will  soon  be  absorbed  by  others  and  combined  with  their  own
experience to generate more new ideas." The interaction between people, knowledge
exchange and their previous experience constitute the local knowledge base, which in
turn contributes to the generation of new local knowledge.

One of the typical cases in this regard is Silicon Valley in the United States.
Saxenian (2002) pointed out in his research on Silicon Valley that the flow of highly
skilled labor plays an important role in the establishment and innovation of new
companies in Silicon Valley. By comparing Silicon Valley and Boston highway 128,
two computer industry clusters, saxenian found that compared with the isolated internal
technology R & D and transformation of enterprises in Boston highway 128 area, the
"job hopping" culture in Silicon Valley created conditions for the flow and diffusion of
knowledge and technology among enterprises, which was conducive to industrial
expansion and growth, and finally contributed to the innovation boom in Silicon Valley.
Moreover, as an international open community, about half of Silicon Valley's high-tech
enterprises have immigrants in their innovation teams, which not only promotes the
cross-border flow of knowledge, but also expands the scope and ways for enterprises
to acquire new knowledge and ideas.

Secondly, external human capital can also increase the supply of human capital in
the inflow area and expand the human capital pool, which is conducive to knowledge
creation. On the one hand, from the input and output of knowledge production and
innovation, the increase of human capital input will undoubtedly improve innovation
output. More importantly, knowledge production and innovation is an open process.
This openness also requires that the input elements of innovation (such as human capital)
flow freely, introducing and applying new ideas and insights from outside to the local
market, so as to promote innovation;  at  the  same  time,  it  can  avoid  duplicating  the
existing innovations in other regions and improve innovation efficiency. From this point
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of view, human capital flows connect knowledge production and innovation
everywhere, forming an interdependent and interactive network. On the other hand, an
interactive mode of two-way learning and co creation can be formed between foreign
human capital and local human capital. In fact, as the research problems and technical
bottlenecks in the real world become more and more complex, the era of personal
invention and creation has been gradually replaced by team creation with different
backgrounds and diverse knowledge perspectives. Innovation is no longer a closed
process. The diversity of research teams has become a key factor in innovation. When
the foreign high skilled labor force and the local high skilled labor force work together,
they can gain experience and knowledge from each other and enrich each other's
knowledge base. In other words, the knowledge flow between external and local human
capital is not one-way, but interactive and two-way, forming a kind of cumulative
learning effects emphasized by ACS and Audretsch (1990). Innovation is the result of
the interaction between human capital and knowledge spillovers.

Finally, foreign human capital can also help to improve the innovation ability of
enterprises in the inflow area, and then promote the innovation of their 1industries.
From the classical labor demand and supply theory, human capital is an important input
factor of innovation, and the success of enterprise innovation largely depends on the
availability of appropriate labor. The inflow of external human capital can increase the
supply of labor factors in the cities where it flows into, expand the local human capital
pool, provide more new choices for local market enterprises, better meet the needs of
enterprise innovation for talents, and improve the matching quantity and quality
between enterprises and human capital, thus contributing to the improvement of
enterprise innovation ability. At the same time, foreign human capital is also an
important source of local entrepreneurs. The level of entrepreneurs' human capital
directly affects enterprise innovation (gennaioli et al., 2012), and the improvement of
enterprises' innovation ability undoubtedly further promotes the improvement of the
innovation level of their industries.

In addition, there is significant skill complementarity between highly skilled labor
forces (eeckhout et al., 2014). A large human capital pool facilitates local highly skilled
labor forces to find partners with the same skills or at the same level, reduces the search
cost of professional skills, and realizes skill complementarity and matching between
the two. Since the output of the combination between high skilled labor is usually
greater than that between high skilled labor and low skilled labor or between low skilled
labor and low skilled labor (Venables, 2010), the innovation output level and efficiency
of enterprises with more high skilled labor inflows are correspondingly higher.

Through the above theoretical analysis, it is not difficult to see that the cross
regional flow of human capital plays an important role in promoting the innovation of
the inflow cities. As an important input factor of innovation, the spatial migration and
allocation  of  human capital  affect  the  innovation  ability  and  efficiency  of  cities  to  a

1The author thanks anonymous reviewers for their suggestions.
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great extent. Next, this paper will carry out empirical research on the urban innovation
effect of foreign human capital by constructing an econometric model and using China's
actual data.

3. Empirical model, variable definition and estimation method

3.1 Model setting, variable definition and data source

In order to further quantify the urban innovation effect of human capital flow, we
matched the individual micro data of the Chinese census with the urban patent data to
build the following measurement model:

(1)

Among ctP  them, it represents the innovation output of City C in year t,

specifically measured by patent intensity, that is, the number of patent applications per

capita, which reflects the innovation efficiency of a ctMhc city;  indicates the level of

external human capital that city C has in T, which is measured by the proportion of the

external population with college degree or above in the ca  total urban population;

indicates the unobserved factors related to the specific tg city C; represents the cte time

effect;  is the error interference term. Controlsct represents other control vectors that
affect urban innovation output. Specifically, it is consistent with the research of hunt,
gauthier Loiselle (2010) and Bosetti et al. (2015), including the local human capital
level (localhc) of City C in T, which is measured by the proportion of local people with
college degree or above in the total urban population, and the total human capital of the
city is expressed in HC; the openness of the city is measured by the proportion of the
actually used foreign capital in the city's regional GDP (FDI share) and freight volume
(freight);  number of colleges and universities;  s & T spending;  industrial structure
(Indus), measured by the proportion of the secondary industry in the city's regional GDP;
population density, expressed by the number of people per square kilometer of land
area; the level of urban economic development (gdpper) is measured by per capita GDP.

The patent data used to measure urban innovation in this paper comes from the
State Intellectual Property Office. The database contains all patents applied by China
in 2000 and 2005 (invention patents, utility model patents, and design patents). We use
the address of the applicant to calculate the number of patent applications at the city
2level. The number of migrant population with college degree or above and the number
of local population are from the micro data of the 2000 and 2005 national population
censuses. Consistent with the methods of hunt and gauthierloiselle (2010) and Bosetti

2According to China's patent law, patent applications are filed according to actual innovation.
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et al. (2015), we selected all the workforce in the working age group (16 – 65 years old).
Since China implements a strict registered residence system to control and restrict

the flow and migration of labor, we use the location of registered residence as the
judgment standard for the floating population by referring to the practice of the National
Bureau of statistics and the existing literature on labor mobility in China (WAN
Haiyuan and Li Shi, 2013). Specifically, the micro data of the 2000 and 2005 national
censuses respectively reported the education level and household registration provinces
of each person. There were 31 provinces, autonomous regions and municipalities
directly under the central government except Hong Kong, macao and Taiwan, china. If
the registered permanent residence of highly skilled workers is not in the province, it is
defined as migrant population. The data of other control variables are from China Urban
Statistical Yearbook, and the urban statistical caliber is prefecture level and above cities.
See Table 1 for statistical description of main variables.

Table 1 Statistical description of main variables

Variable Number of
samples

Mean
value

Standard
deviation

Minimum
value

Maximum

ln P 486 049 062 001 470
Mhc (%) 509 017 052 000 730
Localhc (%) 509 591 376 082 2272
HC (%) 509 608 400 119 2786
FDI Share (%) 476 256 374 000 4540
ln Freight 486 828 084 576 1117
ln College 480 136 088 000 438
S＆T Spending (%) 507 1675 602 198 4974
Indus (%) 484 4543 1180 1570 8970
ln Density 486 579 079 277 789
ln gdpper 484 918 076 773 1251

3.2 Model identification and estimation methods

Since the proportion of foreign highly skilled labor force (mhcct) in the regression
model (1) may be related to the unobserved urban characteristics, its estimation
coefficient is biased. To solve this problem, we use panel data, introduce urban fixed
effects to control the individual effects that cannot be observed in each city, and use
fixed effects regression to estimate formula (1). At the city level, the standard error
cluster is used to control the sequence related problems that may exist within the city.

On this basis, we also use the instrumental variable method to further solve the
endogenous problem of the proportion of foreign highly skilled labor force (mhcct)
caused by missing variables. For the construction of tool variables, the common
practice is to adopt the shift share methodology (Ottaviano and peri, 2006;  hunt and
Gauthier Loiselle, 2010; bosetti et al., 2015; zhang Cui, 2018). Card (2001) first applied
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this method to the study of the economic effects of immigrants. In order to further
improve the exogenous nature of instrumental variables, considering that low skilled
labor does not directly affect innovation, we use the predicted proportion of foreign low
skilled labor as the instrumental variable of the proportion of foreign high skilled labor
(Bosetti et al., 2015). We first count the number of people from other provinces with
different levels of education in the base period of a city (2000), and then take the
population growth rate of other provinces from 2000 to 2005 as the population growth
rate of the city from these provinces with different levels of education. On this basis,
we predict the proportion of migrant low skilled labor in the city in 2005. The idea
behind the construction of this instrumental variable is that the existing floating
population from a province in a city will attract more people from that province through
the network of hometown relations, which is the phenomenon of migrant enclaves in
sociology. Therefore, the tool variable is relevant. Obviously, the predicted proportion
of foreign low skilled labor force only uses the proportion of the base period and the
overall population growth rate of other provinces at the national level. It does not
depend on the actual number of low skilled labor force flowing into the city, and has
nothing to do with the unique impact of the city during this period (independent of the
error term), so as to meet the exogenous requirements.

4. Empirical results and analysis

4.1 Regression results

The  fixed  effect  regression  results  based  on  sample  data  are  shown  in  Table  2.
Among  them,  column  (1)  is  the  regression  result  of  the  impact  of  the  city's  overall
human capital (HC) on innovation. The coefficient of human capital is significantly
positive, which means that the level of urban human capital has a significant positive
impact on innovation, and the level of urban innovation increases with the rise of the
level of human capital. This result is consistent with the research conclusions of hunt,
gauthier Loiselle (2010) and Bosetti et al. (2015), which proves that endogenous growth
theory emphasizes that human capital is an important input factor for innovation.

In order to investigate the urban innovation effect of external human capital, we
split the overall urban human capital into local and external human capital. Column (2)
of Table 2 covers the regression of these two human capital to urban innovation. The
urban innovation effect of external human capital is significantly positive. Every
additional unit of external human capital will increase urban innovation by about 027%.
Based on the above theoretical analysis, it can be seen that foreign highly skilled labor
not only brings new ideas and skills to the local, but also increases the supply of local
human capital, expands the human capital pool, improves the matching efficiency
between innovation factors, and then promotes the local innovation output level and
efficiency. In contrast, the impact of local human capital on urban innovation is not
significant. In fact, simonen and mccann (2008) also found in their research on Finnish
enterprise innovation that human capital hired from other regions plays a very
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significant role in enterprise innovation, while human capital recruited locally does not
play a significant role in enterprise innovation, thus supporting the classic human
capital flow theory proposed by Hart (1975). In addition, it may also be the partial
substitution effect of foreign human capital on local human capital, resulting in the
insignificant innovation effect of local human capital (Borjas and Doran, 2012; kerr,
2013).
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Table 2 Benchmark regression

Dependent

variable

(1)

Number of patent

applications per

capita

(2)

Number of patent

applications per

capita

(3)

Per capita number of

invention patent

applications

�

Number of design

patent applications

per capita

(5)

Number of utility

model patent

applications per

capita

HC
0.0290＊＊

(0.0132)

Mhc
0.2666＊＊＊

(0.0565)

0.3750＊＊＊

(0.0627)

0.1608＊＊

(0.0632)

0.1889＊＊＊

(0.0566)

Localhc
0.0038

(0.0132)

0.0086

(0.0121)

0.0080

(0.0085)

－0.0020

(0.0087)

FDI Share
－0.0055

(0.0094)

－0.0032

(0.0083)

－0.0023

(0.0058)

－0.0045

(0.0069)

－0.0052

(0.0077)

Ln College
0.2064＊＊＊

(0.0421)

0.1609＊＊＊

(0.0427)

0.0899＊＊＊

(0.0264)

0.1028＊＊＊

(0.0324)

0.1208＊＊＊

(0.0339)

S&T

Spending

0.0021

(0.0032)

0.0046

(0.0030)

0.0039＊＊

(0.0020)

0.0028

(0.0017)

0.0034

(0.0025)

Ln Density
－0.1786

(0.2085)

－0.3375＊＊＊

(0.1313)

0.0750

(0.1777)

－0.3840＊＊＊

(0.1000)

－0.0559

(0.1010)

Indus
－0.0060

(0.0042)

－0.0026

(0.0039)

－0.0045

(0.0030)

－0.0017

(0.0027)

－0.0003

(0.0029)

Ln Freight
0.0538

(0.0541)

0.0464

(0.0512)

－0.0227

(0.0323)

0.0625*

(0.0357)

0.0372

(0.0330)

Ln gdpper
0.2062

(0.1642)

0.2090

(0.1495)

0.2108＊＊

(0.1055)

0.1167

(0.1059)

0.1128

(0.1076)

Time effect Control Control Control Control Control

Urban fixed

effect
Control Control Control Control Control

Observed

value
471 471 471 471 471

R2 0.4696 0.5109 0.5998 0.3302 0.4691

Note: the values in brackets are the standard error of the robustness of city level clustering, *, ＊＊

and ＊＊＊ indicate the significance level of 10%, 5% and 1% respectively. The following table is the
same.

In addition to analyzing the overall innovation of the city, we further divided the
overall patent into three categories: invention patent, design patent and utility model
patent for regression to investigate the impact of foreign human capital on different
types of innovation. The regression results are shown in columns (3) - (5) of Table 2.
The results show that no matter what form of urban innovation, external human capital
plays a positive role in promoting. From the regression coefficient of foreign human
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capital on different types of innovation, it can be seen that the impact of foreign human
capital on urban invention patents is significantly greater than the other two types,
which means that foreign human capital has the most obvious impact on the innovation
of urban invention patents with the highest technology content, further highlighting the
innovation effect of foreign human capital.

4.2 Robustness test

In  order  to  test  the  robustness  of  the  estimation  results,  we  mainly  discuss  the
following aspects.

First, replace the dependent variable index (P). We use the number of urban patent
applications to replace the original number of patent applications per capita for re
regression.  The  results  are  shown  in  column  (1)  of  Table  3.  It  can  be  seen  that  the
coefficient of urban external human capital is still significantly positive, indicating that
external human capital can promote urban innovation, and the result is stable.

Table 3 Robustness test
(1) (2) (3) (4) (5) (6) (7)

Number of

patent

applications

Fixed effect

regression of

negative

binomial

model

Proportion of

external human

capital in total

local human

capital

Remove the

immigrant city

with the largest

proportion of

migrant

population

Remove small

cities with a

population of

less than

500000

Remove cities

with

centralized

headquarters

Nonlinearity

Mhc
0.1923＊＊＊ 0.1532＊＊ 0.2957＊＊＊ 0.2443＊＊＊ 0.6276＊＊＊ 0.5143＊＊＊

(0.0654) (0.0756) (0.0964) (0.0581) (0.1398) (0.1188)

Mhc_ alt
0.0214＊＊

(0.0092)

Mhc2
-0.0333＊＊

(0.0137)

Control

variable
Control Control Control Control Control Control Control

Observed

value
471 446 471 467 465 465 471

R2 0.6401 0.4689 0.4985 0.5238 0.4746 0.5238

Note: other control variables are consistent with column (2) of Table 2. The following table is the
same. All regressions control the time and city fixed effects.

Second, since the dependent variable number of urban patent applications in
column (1) of Table 3 is a non negative integer measurement number, which cannot
obey the normal distribution required by the ordinary least squares (OLS) method, we
use the negative binomial regression model in column (2) for regression (Wooldridge,
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2002). The coefficient and significance of external human capital have not changed
significantly, indicating that the benchmark regression results are robust in the
estimation method.

Third, replace the external human capital index (). ctMhc  Referring to the practice

of Bosetti et al. (2015), we adopted the proportion (mhc_alt) of the external population
with college degree or above in the total population with college degree or above in
City C to replace the original mhcct. The regression results are shown in column (3) of
Table 3. Since the proportion of local human capital is 1 minus the proportion of foreign
human capital, there is a complete collinearity with the proportion of foreign human
capital, so regression cannot be added. The results in column (3) show that the impact
of external human capital on urban innovation is still significantly positive.

Fourth, shenzhen and Dongguan, the two cities with the highest proportion of
migrant population, are excluded (the proportion of migrant population exceeds 60%),
in order to test whether the relationship between migrant human capital and urban
innovation is affected by it. The regression results after excluding the two cities are
shown in column (4) of Table 3, from which we can see that the coefficient of external
human capital is still significantly positive.

Fifthly, referring to the practices of peri et al. (2015), we excluded small cities with
small migrant population from the sample to further investigate the robustness of the
benchmark regression results. According to the classification standard of the national
new urbanization plan (2014 – 2020), we classify cities with a population of less than
500000 as small cities and remove them from the sample. From the regression results
in column (5) of Table 3, we can see that the coefficient sign and significance of foreign
human capital have basically not changed. In addition, considering that some R & D
may submit patent protection through the headquarters, we also removed Beijing,
shanghai and Shenzhen, which have concentrated headquarters. The regression results
are shown in column (6) of Table 3. The coefficient of external human capital is still
significantly positive, indicating that the empirical results of the benchmark regression
are relatively robust.

Sixth, although the previous theoretical analysis shows that external human capital
can promote urban innovation by bringing complementary skills and ideas to the local,
there will also be preference conflicts, mistrust, discrimination and other issues between
external human capital and local human capital, which is not conducive to cooperation
and innovation (Ashraf and galor, 2013). In view of this, we introduce the quadratic
term of  foreign  human capital  (mhc2)  on  the  basis  of  formula  (1)  and  re  regress  the
sample data. The regression results are shown in column (7) of Table 3. The coefficient
of the primary term of foreign human capital is still significantly positive, and the
coefficient of the secondary term is significantly negative, indicating that there is an
inverted U-shaped relationship between foreign human capital and urban innovation.

Seventh, considering the endogenous nature of external human capital, in addition
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to using fixed effect regression to control the unobserved urban characteristics, we also
use instrumental variable regression. Column (1) of Table 4 shows the regression results
of two-stage least square method (2SLS) for instrumental variables constructed based
on share transfer method. The dummy variables of provinces are introduced into the
regression to control the regional fixed effect. Column (2) is the regression result on
this basis, excluding Beijing, shanghai and Shenzhen, which have relatively
concentrated headquarters. A series of tests on the effectiveness of instrumental
variables show that in the first stage regression, the coefficient of instrumental variables
is  significantly  positive,  and  the  statistical  value  of  Cragg  Donald  Wald  f  in  the
correlation test of instrumental variables is much higher than the critical value of 10%
significance level 1638, indicating that there is a strong correlation between
instrumental variables and endogenous variables, and there is no problem of weak
instrumental variables. In the regression results, the coefficient of external human
capital is significantly positive, and there is a strong innovation effect of external human
capital, which again shows that the benchmark experience results are relatively robust.

������������������������������
Table 4 Instrumental variables and post innovation regression

�

Regression of

current innovation

instrument variables

(2)

Regression of urban

instrumental variables

with headquarters

removed

(3)

Fixed effect

regression of

innovation in the last

phase

�

Regression of

innovation instrument

variables in the last

stage

Mhc 0.5819＊＊＊

(0.1755)

0.7937＊＊＊

(0.3014)

0.2344＊＊＊

(0.0730)

0.7675＊＊＊

(0.2529)

Stage 1 Tool

variables

0.0354＊＊＊

(0.0103)

0.0245＊＊＊

(0.0043)

0.0354＊＊＊

(0.0103)

Phase  I  f

inspection

11.70＊＊＊

(0.0007)

32.21＊＊＊

(0.0000)

11.70＊＊＊

(0.0007)

Cragg Donald

Wald F value

79.801 176.612 79.801

Control

variable

Control Control Control Control

Time effect Not controlled Not controlled Control Not controlled

City and

province fixed

effect

Control Control Control Control

Observed

value

229 226 468 229

R2 0.5690

Eighth, considering that innovation has a certain periodicity, and in order to avoid
the reverse causal relationship between external human capital and urban innovation,
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we further replaced the number of urban per capita patent applications in 2000 and 2005
with the number of urban per capita patent applications in 2001 and 2006 respectively.
The results of the re regression are shown in columns (3) and (4) of Table 34. It can be
seen that the coefficient of external human capital is significantly positive whether it is
fixed effect regression or instrumental variable regression, indicating that external
human capital still has a positive effect on urban innovation in the later stage.

Ninth, the micro data of the national census respectively reported the permanent
residence of each person five years ago. This paper uses this indicator to replace the
registered residence used above as the judgment standard of foreign human capital to
test the robustness of two kinds. The first is to use the place of permanent residence five
years ago as the measurement and definition standard of foreign human capital. If
highly skilled workers lived outside the province five years ago, it is defined as foreign
human capital. The second is to define the external human capital by combining the
permanent residence and the registered residence location five years ago. At this time,
if the highly skilled workers do not have the household registration of the province,
they are defined as the external human capital; highly skilled labor who have registered
permanent residence in the province but lived outside the province five years ago are
also classified as foreign human capital. The regression results based on these two
criteria are shown in Table 5. It can be seen that no matter what form of migrant
population measurement standard is adopted, foreign human capital plays a positive
role in promoting the innovation of the cities where it flows in.

�����������������
Table 5 Instrumental variable regression of different external human capital judgment criteria

Standard of permanent
residence 5 Years ago

Combination of registered residence
and permanent residence five years

ago
(1) (2) (3) (4)

Current
innovation

Innovation in
the next phase

Current
innovation

Innovation in the
next phase

Mhc
0.7424＊＊＊

(0.2133)
0.9970＊＊＊

(0.3476)
0.5240＊＊＊

(0.1484)
0.6870＊＊＊

(0.2314)
First stage regression

instrumental
variables

0.0294＊＊＊

(0.0093)
0.0294＊＊＊

(0.0093)
0.0400＊＊＊

(0.0118)
0.0400＊＊＊

(0.0118)

Phase I F test (P
value)

10.06＊＊＊

(0.0017)
10.06＊＊＊

(0.0017)
11.57＊＊＊

(0.0008)
11.57＊＊＊

(0.0008)
Cragg donaldwaldf

value
61.167 61.167 69.959 69.959

Control variable Control Control Control Control
Provincial fixed Control Control Control Control

3The author thanks anonymous reviewers for their suggestions.
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effect
Observed value 230 230 232 232

Tenth, as for the definition of external human capital, in addition to taking
provinces as the region, we further define the floating population by taking cities as the
region. If the registered permanent residence of highly skilled workers is not in this city,
it is defined as external human capital. The regression results based on this definition
standard are shown in Table 6. Column (1) contains the fixed effect regression results
of all samples. Column (2) is the fixed effect regression result after removing the two
cities with the highest proportion of migrant population (Shenzhen and Dongguan), and
columns (3) and (4) are the regression results of corresponding instrumental variables.
It is not difficult to see that whether it is fixed effect or instrumental variable regression,
the  coefficient  of  foreign  human  capital  defined  by  the  city  as  a  region  is  still
significantly positive, indicating that there is a strong innovation effect of foreign
human capital to promote the inflow cities.

Table 6 Return of external human capital defined by cities as regions

Fixed effect regression Instrumental variable regression
(1) (2) (3) (4)

Whole
Remove the

largest
immigrant city

Whole
Remove the largest

immigrant city

Mhc
0.1952＊＊＊

(0.0354)
0.1998＊＊＊

(0.0500)
0.4883＊＊＊

(0.1341)
0.8521＊＊＊

(0.3267)
First stage regression
instrumental variables

0.0427＊＊＊

(0.0122)
0.0310＊＊＊

(0.0091)
Phase I f inspection

(P value)
12.17＊＊＊

(0.0006)
11.68＊＊＊

(0.0008)
Cragg donaldwaldf

value
69.470* 47.264

Control variable Control Control Control Control

Time effect Control Control
Not

controlled
Not controlled

Provincial fixed effect Control Control Control Control
Observed value 471 467 229 227

R2 0.5067 0.4931

Finally, we introduce the micro data of the 1990 national census to test the
robustness of the regression of the above instrumental variables. Consistent with the
share transfer method mentioned above, we first count the number of people from other
provinces with different levels of education in the base period of a city in 1990, and
then take the population growth rate of other provinces from 1990 to 2000 as the
population  growth  rate  of  the  city  from  these  provinces  with  different  levels  of
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Education, on this basis, we predict the proportion of foreign low skilled labor in the
city in 2000. Similarly, we calculate the number of people from other provinces with
different levels of education in the base period of 2000, and then take the population
growth rate of other provinces from 2000 to 2005 as the population growth rate of the
city from these provinces with different levels of education. On this basis, we predict
the proportion of migrant low skilled labor in the city in 2005. Through the above two
steps, we get the instrument variables of external human capital (mhcct) in 2000 and
2005. The regression results of panel tool variables on this basis are shown in Table 7.4

��������������������������������
Table 7 Regression of panel tool variables based on 1990

(1) (2) (3) (4)
Number of patent
applications per
capita

Remove the
largest
immigrant city

Number of
patent
applications

Remove the
largest
immigrant city

Mhc 0.9048＊＊

(0.4297)
1.2936*

(0.6911)
0.9027＊＊

(0.4502)
1.3275*

(0.7384)
First stage
regression
instrumental
variables

0.0245＊＊

(0.0102)
0.0167＊＊

(0.0080)
0.0245＊＊

(0.0102)
0.0167＊＊

(0.0080)

Phase I f inspection
(P value)

5.82＊＊

(0.0170)
4.39＊＊

(0.0377)
5.82＊＊

(0.0170)
4.39＊＊

(0.0377)
Cragg donaldwaldf
value

45.777 28.335 45.777 28.335

Control variable  Control Control Control Control
Time effect Control Control Control Control
Urban fixed effect Control Control Control Control
Observed value 306 302 306 302

Column (1) of table 7 shows the regression results of all samples; column (2) is
the regression result after removing the two cities with the highest proportion of migrant
population (Shenzhen and Dongguan); column (3) is the regression result of replacing
the original dependent variable per capita patent applications with the number of urban
patent applications; column (4) is the regression result of removing the two cities with
the  highest  proportion  of  migrant  population  on  this  basis.  No  matter  what  form  of
regression, the coefficient of external human capital is significantly positive, which
plays a positive role in promoting the innovation of the inflow cities, and once again
shows that the benchmark regression results have strong robustness.

5. Mechanism analysis: from the perspective of cultural diversity

From the previous empirical study, it is not difficult to see that foreign human

4The sample size decreased due to the lack of data in some cities in 1990.



City Diversity Research (2023) Volume 4 Issue 2, pp.1–10. 
doi:10.24294/cd.v3i1.1956

capital has played a significant role in promoting urban innovation. In this part, we will
further investigate the mechanism of the impact of foreign human capital on urban
innovation, that is, through which channels foreign human capital has an impact on
urban innovation. We will conduct theoretical and empirical research on this issue from
the perspective of cultural diversity.

The innovation effect of diversity has been an important topic in economic
research in recent 30 years. Urban economist Jacobs (1969) first proposed and
systematically investigated this topic. Based on the systematic study of urban economy,
she put forward the viewpoint of diversified externality, and believed that the diversity
of urban economy is more conducive to stimulating innovation and economic growth.

As another important manifestation of urban diversity, the role of cultural diversity
in innovation has been increasingly concerned by scholars, and has been strongly
supported by a large number of theoretical and empirical studies. Ottaviano and peri
(2006) pointed out that immigrants from countries with different cultural backgrounds
constitute the diversity of urban culture in the United States. Due to differences in
cultural backgrounds, immigrants from other countries have different skills and abilities
compared with the Native American labor force, and promote innovation and economic
growth through complementary skills. In fact, people from different regions and
cultural backgrounds also have different cognitive abilities, and their views,
understanding and solutions to problems are also different. Lazear's (1999) empirical
research shows that when people from different places interact in the same workplace,
their different skills, experiences and problem-solving abilities will produce new ideas
of comprehensive innovation.

China is a country with a vast territory and a large population. It is also a country
with a long history and rich cultural resources. Previous systematic studies by
sociologists Moser (1985) and Du Yu (2010) have found that people from different
provinces in China have different living habits, temperament, values, abilities and skills,
and the regional culture of different provinces has left a "birthmark" on every Chinese.
This leads to the question: will the flow of human capital promote the agglomeration
of highly skilled labor from different provinces and regional cultures in cities, produce
cultural diversity externalities, and then promote innovation?

In order to test this mechanism, consistent with the research of Ottaviano and peri
(2006), we use the origin of labor force as its cultural identity. On this basis, we use the
index of fractionalization commonly used in urban economics literature (Ottaviano and
peri, 2006) to measure the cultural diversity of Chinese cities. The specific calculation
formula is as follows:

(2)

Where, is c
ite the proportion of labor force from province I in the total labor force

of City C in year t, and the value range of this indicator is between 0 and 1. When all
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the labor forces in City C come from the same province, the value of this indicator is 0;
when no  two labor  forces  in  City  C come from the  same province,  the  value  of  this
indicator is 1. Therefore, the larger the index value, the higher the degree of cultural
diversity of city C. We still use the province where the registered permanent residence
of Chinese labor force is located to define its source. We first introduce cultural
diversity into formula (1) to examine the impact of cultural diversity on urban
innovation in China. The estimated results of fixed effect regression and 2SLS
regression including instrumental variables are shown in columns (1) and (2) of table
8. The results show that no matter what form of regression, the coefficient of cultural
diversity is significantly positive, which means that cultural diversity promotes urban
innovation in China. As the previous theoretical analysis reveals, the labor force with
different regional and cultural backgrounds gathered in cities, bringing diverse skills,
knowledge and ideas to cities, and promoting urban innovation through the skill
complementarity and matching between local and foreign labor forces. This result is
consistent with the existing research based on the innovative effect of cultural diversity
of international immigrants in developed countries.

Table 8 Functional mechanism test of introducing cultural diversity

Introducing cultural diversity
Basic regression without introducing

cultural diversity
(1) (2) (3) (4)

Fixed effect
regression

Instrumental variable
regression

Fixed effect
regression

Instrumental variable
regression

Div
2.4437＊＊＊ 1.9522＊＊＊

(0.4488) (0.6476)

Mhc
0.2022＊＊＊ 0.0011 0.2666＊＊＊ 0.5819＊＊＊

(0.0527) (01994) (0.0565) (0.1755)
Control variable Control Control Control Control

Time effect Control Not controlled Control Not controlled
City and province

fixed effect
Control Control Control Control

Observed value 471 229 471 229
R2 0.5655 0.5109

We  compare  the  regression  results  of  introducing  cultural  diversity  with  the
benchmark regression results without cultural diversity (columns (3) and (4) of Table
8) and find that the coefficient of foreign human capital in the benchmark regression
without cultural diversity decreases significantly after adding cultural diversity
variables, indicating that cultural diversity is a mechanism for the impact of foreign
human 5capital.

In order to further test this mechanism, we take the urban cultural diversity index

5The author thanks anonymous reviewers for their suggestions.
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as the dependent variable of formula (1) and carry out fixed effect and 2SLS regression
with instrumental variables. The estimated results are shown in Table 9. Among them,
columns (1) and (3) are the regression of the overall sample, and columns (2) and (4)
are the regression excluding the two cities with the highest proportion of migrant
population (Shenzhen and Dongguan). It is not difficult to see that foreign human
capital has played a significant role in promoting urban cultural diversity. It can be seen
that gathering highly skilled labor with different regional and cultural backgrounds into
cities, bringing diverse skills, knowledge and ideas to cities, and complementing and
matching skills between local and foreign highly skilled labor is an important channel
for foreign human capital to promote innovation in local cities.

Table 9 Test of action mechanism of cultural diversity as dependent variable

Fixed effect regression Instrumental variable regression
(1) (2) (3) (4)

Whole
Remove the largest

immigrant city
Whole

Remove the largest
immigrant city

Mhc
0.0263 0.0509＊＊＊ 0.2975＊＊＊ 0.5475＊＊＊

(0.0160) (0.0145) (0.0817) (0.1608)
Control variable Control Control Control Control

Time effect Control Control
Not

controlled
Not controlled

City and province
fixed effect

Control Control Control Control

Observed value 471 467 229 227
R2 0.1670 0.2431

In  addition,  we  further  defined  the  floating  population  by  taking  the  city  as  the
region, and tested the robustness of the above results. If the registered permanent
residence of highly skilled workers is not in this city, it is defined as external human
capital. Taking the urban cultural diversity index as the dependent variable of formula
(1), the fixed effect and 2SLS regression including instrumental variables are carried
out (see Table 10). Column (1) is the fixed effect regression result including all samples,
column (2) is the fixed effect regression result excluding the two cities with the highest
proportion of migrant population (Shenzhen and Dongguan), and columns (3) and (4)
are the regression results of corresponding instrumental variables. The results show that
no matter what form of regression, the coefficient of foreign human capital defined by
the city as a region is still significantly positive, which means that foreign human capital
promotes urban cultural diversity, indicating that the mechanism of cultural diversity
has a strong robustness.

��������������������������������������

6. Conclusions and policy implications
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This paper discusses the impact of external human capital on urban innovation
from the perspective of cross regional flow of human capital. The main conclusions are
as follows: urban innovation is an open process, and this openness requires that its input
factors should also flow and open. Our theoretical research shows that, as a key input
element and an important carrier of knowledge (especially tacit knowledge) in the
innovation process, the spatial migration and allocation of human capital affect the
urban innovation ability and efficiency. It not only contributes to knowledge spillover
and diffusion, but also introduces and applies foreign new ideas and insights to the local
market and promotes innovation in the inflow cities; moreover, it can expand the human
capital pool in the inflow area, promote the matching quantity and quality between
enterprises and human capital, and improve the efficiency of urban innovation.

Table 10 Fixed effect regression instrument variable regression for the functional mechanism test
of external human capital defined by cities as regions

Fixed effect regression Instrumental variable regression
(1) (2) (3) (4)
Whole Remove the largest

immigrant city
Whole Remove the largest

immigrant city
Mhc 0.0153

(0.0104)
0.0275＊＊＊

(0.0105)
0.2461＊＊＊

(0.0658)
0.3534＊＊＊

(0.1008)
First stage regression
instrumental variables

0.0427＊＊＊

(0.0122)
0.0310＊＊＊

(0.0091)
Phase I f inspection
(P value)

12.17＊＊＊

(0.0006)
11.68＊＊＊

(0.0008)
Cragg donaldwaldf value 69.470* 47.264
Control variable Control Control Control Control
Time effect Control Control Not

controlled
Not controlled

City and province fixed effect Control Control Control Control
Observed value 471 467 229 227
R2 0.3609 0.1969

We matched the individual micro data of China's census with the urban patent data,
and found that human capital has a significant role in promoting urban innovation
through empirical research on the urban innovation effect of foreign human capital,
which proved that the endogenous growth theory emphasizes that human capital is an
important input factor for innovation. The empirical study of dividing the overall urban
human capital into local human capital and external human capital also shows that
external human capital has a significant role in promoting urban innovation. This
conclusion is supported by a series of robustness tests. On this basis, from the
perspective of cultural diversity, we further investigated the mechanism of the impact
of foreign human capital on urban innovation. The empirical research on the
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construction of urban cultural diversity indicators shows that the gathering of foreign
highly skilled labor with different regional and cultural backgrounds in cities brings
diverse skills, knowledge and ideas to cities, which is an important channel for them to
promote urban innovation.

This study reveals that if we want our city to be full of innovation vitality, we need
to encourage the cross regional flow of human capital and the absorption of diverse
talents. The efficient allocation of innovative production factors brought about by the
spatial transfer of human capital and the diversified externalities associated with them
are the source for cities to maintain innovation vitality and competitiveness. Therefore,
how to build a harmonious urban order and an open and inclusive development
environment, promote the labor force with different regional and cultural backgrounds
to form an organic whole of interaction and cooperation, and improve the city's ability
to  absorb,  gather  and  integrate  foreign  labor  force  undoubtedly  plays  a  vital  role  in
urban sustainable innovation, and is also an area that the government should do in
building an innovative city.

Due to the limitation of data, this paper only examines the innovation value
brought by the interregional flow of domestic labor force to the inflow city from the
urban level, and then verifies the externality of external human capital. Future research
can further start from the micro perspective of the enterprises in the inflow area to
investigate the impact of foreign human capital on the innovation of their enterprises,
so as to provide more direct evidence for this topic.
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