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Agglomeration and Employment Density: Test Based on Panel Data

of Prefecture-Level Cities of China
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Abstract Related factors for measuring urban agglomeration effect were studied firstly. Then, panel data of 283 prefecture level cities of Chi-

na were collected to analyze the effect of agglomeration on employment density. Besides, fixed effect model was applied to analyze static panel

data, and two-step generalized method of moments (GMM) estimator was employed to analyze dynamic panel data. Results reveal that per ca-

pita regional GDP, public medical care level, and population mobility have significant effect on employment density. Therefore, there exists

effect of agglomeration economy in prefecture level cities of China in the current stage.
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1 Introduction

In 1978 - 2013, permanent population of urban areas in China
rose from 170 million to 730 million, and urbanization rate rose
from 17.9% to 53.7% , with annual increase up to 1.02% . The
number of cities rose from 193 to 658, and the number of organic
towns increased from 2173 to 20113. Rapid acceleration of urbani-
zation absorbs numerous rural labor to transfer employment. It in-
creases allocation efficiency of urban and rural production factors,
drives constant and rapid development of national economy, brings
about profound changes in social structure, and promotes overall
improvement in living conditions of urban and rural residents. Dif-
ferent from many developing countries, in the rapid urbanization
process, China has successfully avoided many problems in megaci-
ties, such as slums, urban poverty, high crime rate, and social
turmoil. However, restrictive policies for urbanization have price.
Henderson stated that many cities of China have little popula-
tion'". According to data of the sixth population census in 2010,
in 283 prefecture level cities, only 10 cities had 5 — 10 million
residents, 21 cities had 3 —5 million residents, and 103 cities had
1 —3 million residents. According to Northam Curve, the urbani-
zation rate of China still remains at rapid development of 30% -
70% . By 2030, there will be one billion people living in cities.
How to properly guide population flow, orderly promote citizenship
of agricultural transfer population, drive coordinated development
of big, medium-sized and small cities and small towns, raise sus-
tainable development level of cities, and promote economic trans-
formation and upgrade and social harmony and progress are chal-
lenges faced by China. Unprecedented urbanization is a great op-
portunity. It is feasible to maintain economic growth and promote

urbanization through agglomeration economy.
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2 Literature review
2.1 Theory of urban economics Northam believed that the
development process of urbanization has stage rules, and he gener-

21 According to

alized the urbanization process into an S curve
Small Town Theory of Fei Xiaotong, developing small towns is of
great significance for China’s urbanization; numerous rural surplus
labor can be digested locally through developing small towns"™ .
Scholars holding views of small town theory stated that we should
focus on national conditions when studying development rules of
urbanization. There are several hundred million rural surplus la-
bors, so it is impossible for the existing 660 cities to provide so
many jobs. In some big cities, many problems become increasing-
ly prominent, including air pollution, water shortage, traffic jam,
garbage siege, and shrinkage of green land. However, Fan Gang
pointed out big cities have scale benefit much higher than small

[4]

towns'. Niu Wenyuan et al. compared new urbanization and tra-

ditional urbanization and came up with strategic idea of new ur-
banization development"’.

2.2 Theory of agglomeration economy According to theory
of urban economics, agglomeration economy is a reason for exist-
ence of cities'® . Glaeser studied agglomeration economy through
employment growth'”) | Rosenthal & Strange measured functions of
agglomeration economy using number of new enterprises and num-

[8]

ber of workers in new enterprises Bai Chongen et al. studied

factors influencing industrial agglomeration on the basis of statisti-

cal data of industrial enterprises in provinces'’

. Through spatial
econometric analysis, Jiang Lei and Ji Minhe found China’s inno-
vation activities take on regional state, have obvious spatial ag-
glomeration phenomenon, and are mainly distributed in coastal re-
gions with high urbanization level™. In the opinion of Liu Xiuyan
and Shaojun, the relation between agglomeration and per capita
GDP is subject to regional economic development level®’. The
study of Liao Xinlin indicates that in the context of urban and rural
dual economic structure and government excessively pursuing eco-

nomic growth, financial expenditure exerts positive effect on wide-
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ning of regional income gap, while urbanization and economic
growth exert negative effect on widening of regional income
gap'"”'. Nie Hualin and Hanyan found that there is significant
positive correlation between China’s population urbanization level
and economic growth .

The above literature about agglomeration economy is mainly
based on the data before the 1990s and from the perspective of
Marshall externality and Jacobs externality, but does not touch on
the effect of agglomeration on employment density (the number of
employed in one square kilometer). In view of this, we will firstly
discuss factors influencing urban agglomeration effect. Then, on
the basis of panel data of 2008 — 2012, we will elaborate the
effects of all factors on urban employment density through fixed

effect estimation and two-step GMM estimation.

3 Model setting and indicator selection
3.1 Employment density model According to Henderson’s
urban agglomeration and urban economic growth model™’ | we use
the employment density to express the employment opportunity,
namely, the number of employed in one square kilometer within a
city. Suppose the employment density of the city i is y,, the vector
related to factors such as city size and agglomeration effect is «,,
then the function of employment density of the city i can be ex-
pressed by following equation

y; =f(x;, 6, a;) (1)
where f(+) is probability transformation function, 6, denotes influ-
ence parameters of variable x,, a; is fixed effect of a specific city
and we suppose it does not change with time.

Because related factors of agglomeration economic effect are
positive continuous variables, units are different and values are
generally high, for the transformation function of equation (1),
using Cobb-Douglas function will be more significant than linear
function. Other functions, such as CES function and transcenden-
tal logarithmic function, are expansion of Cobb-Douglas function.
Using these functions, we can obtain more information, but non-
linear estimation or linear estimation may have the problem of
complex estimation or multiple linearity, therefore, for simplicity,
we treat the function f(+) using Cobb-Douglas function, then the
equation (1) can be changed to:

Yi= l/_.[x/i‘e"} (2)

Take the logs of both sides of equation (2), considering ran-
dom influencing factors, add the constant term. Apart from differ-
ent cities in the cross section, it is necessary to consider time
traced panel data, then we obtain the panel data econometric mod-
el.

Iny, =6, +a, + ;anx/‘” +&, (3)

The equation (3) only considers the effect of current explan-
atory variables on explained variables. In fact, the past of explan-
atory variables may also exert influence on explained variables.
Especially in studying the urban agglomeration effect and analyzing
the employment density, it is necessary to consider the effect of

current year explanatory variables, and also consider accumulated

dynamic effects of various factors on the employment density in
certain period. Besides, due to statistical data were collected by
year, and it is the accounting system, theoretically, the data over
the years can be accumulated through comparable price, but it will
lose some sample size and it will be impossible to measure dynam-
ic change effect of factors. Therefore, to survey dynamic effects of
agglomeration factors, take full use of the information volume pro-
vided by panel data in cross section dimension and time dimen-
sion, and utilize sample data in a high efficient manner, we make
expansion of infinite distributed-lag for equation (3), and obtain:

Iny, =6, + a, + ; O,Inx; ;, +p Z, Olny, , | +... +p’ 2,‘,
O,lnx; , , +&, (4)
where p € (0,1) is time decay factor. When the lag period of ex-
plantory variables p—c0 , we can get infinite distributed-lag mod-
el. Tt is easy to prove that the equation (4) is equivalent to one-
period lag explanatory variable model.

Iny, =6, +a, +plny, , + X 0,Inx, , + &, (5)

Equation (5) is first-orderjauto-regression dynamic panel da-
ta model.

3.2 Data explanation and descriptive statistics According to
existing literature, related factor indicators publicly available for
measuring urban agglomeration effect mainly include:

(i) Per capita GDP. Lu Ming, Gao Hong and Zuo Teng-
hong stated that, in current period of China, economic agglomer-
ation not only brings increase in labor productivity and per capita
income, but also realizes higher employment rate, thus more la-
borers can integrate into the process of economic growth and en-
joy benefits of urbanization and economic growth!”'. A city with
higher agglomeration effect will have higher per capita GDP and
per capita income. The agglomeration effect is accompanied with
high output and high income, as well as high employment densi-
ty. In return, the employment density will promote growth of per
capita GDP, so the per capita GDP may be endogenous, it is fea-
sible to solve the endogenous problem using GMM estimator. An-
other approach for solving the endogenous problem is to establish
simultaneous equation model. In this study, the explained varia-
ble is employment instead of GDP growth, thus, we use single
equation GMM estimator, and do not use simultaneous equation
model.

(i) Public service level. Chen Guoliang and Chen Jianjun
pointed out that the big gap between eastern and central and west-
ern regions in education and medical care especially in higher edu-
cation directly affects agglomeration degree of secondary and terti-

ary industries'".

A city with higher urban public service level
will be more capable of attracting talents. In this study, we use
urban education expenses and the number of urban hospital beds to
reflect urban public service level.

(ii1) Population mobility. In the opinions of Ren Xiaohong
and Zhang Zongyi, when the urbanization level is relatively low,
improving traffic facility can promote flow of production factors and
narrow the urban and rural income gap, but with production fac-

tors constantly flowing to urban areas, the functions of improving
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traffic facilities will be not significant any more; when production
factors flowing to cities reach to a certain critical value, the func-
tion of production factor to urban and rural income gap will take on
reversely expanding trend'”’. If in China, when urban agglomera-
tion effect is high, there will be more employment opportunities, it

indicates urban agglomeration effect is positive and it has not

reached the critical point of agglomeration diseconomy. In this
study, we attempt to test the effects of agglomeration effect on em-
ployment opportunity.

According to the above mentioned factors influencing agglom-

eration effect, explanation of variables is as listed in Table 1.

Table 1 Explanatory and explained variables of agglomeration economic effect

Variable Indicator Meaning Unit

y Employment density Number of employed in one square kilometer in a city Person / km®
X Per capita GDP Per capita gross domestic production of a city Yuan

X Public education level Urban education expenses 10* yuan
X3 Public medical care level Number of urban hospital beds Pes

Xy Population mobility Urban passenger traffic volume 10* people

From Statistical Yearbook of China and China Ciry Statistical
Yearbook , we select related data of prefecture level cities, delete
those lacking many variables, and use the mean value to replace

cities lacking data of some years, and obtain 1430 samples of bal-

Table 2 Descriptive statistics of variables

anced panel data of 286 prefecture level cities ( since cities are
different and location is varied, the fixed effect model of panel da-
ta can reflect inherent nature of each city not changing with

time). Descriptive statistics of variables are listed in Table 2.

Variable Mean value Standard deviation Min. Max. Number of samples
y 74.18 143.76 0.73 2322.62 1430
% 13885.31 12407.95 1660 140960 1430
%, 69491. 68 132683.40 39 2054600 1430
X3 10362. 15 9416. 67 865 92800 1430
EA 6159.68 7192.36 150 72793 1430

4 Empirical analysis

Firstly, we make econometric analysis of panel data for equation
(3). Then, conduct F test to determine if mixed regression or
panel data model is used. For the factor a; specific to cities, the
treatment is different. It is able to determine whether the fixed
effect model or random effect model is suitable for panel data
through Hausman test. F test value is 110. 3, the significance is
zero, indicating it rejects mixed regression hypothesis, so we
should adopt the panel data model. Hausman test value is —275.
04, the test fails. The efficiency of fixed effect is lower than that
of random effect, but the endogenous steadiness is higher than
random effect, thus we apply the fixed effect model.

Secondly, we carry out dynamic panel data estimation for
equation (5). The estimation method can select linear differential
lag variable as instrumental variable to conduct two-step general-
ized method of moments ( GMM) estimation. The first step is to
estimate the coefficient and make statistical judgment, and the
second step is to conduct Sargan test and analyze excessive identi-
fication restrictive conditions of instrumental variables. Roodman
summarized linear differential system GMM estimation and be-
lieved that two-step GMM estimation is especially suitable for dy-
namic estimation of data with small T but big N (i. e. short time
dimension and big cross section dimension). Since the data we
applied in this study have T = 8, N = 286, N> > T, theoreti-
cally, the linear differential system two-step GMM is better than

ordinary two-step GMM. In addition, for excessive identification

restrictive conditions of instrumental variables, the linear differen-
tial system two-step GMM is more steady in Hansen test than Sar-
gan test, so we make two-step GMM estimation and linear differ-
ential system two-step GMM estimation for equation (5).

According to results of two-step GMM estimation, the coeffi-
cient of first-order lag explanatory variable is 0. 627, which is rel-
atively high, indicating Sargan test is significant and excessive
identification restrictive condition is ineffective, i. e. instrumental
variables of GMM estimation are not valid. By contrast, the coeffi-
cient of first-order lag explanatory variable of linear differential
system GMM estimation is 0.225, much lower than GMM estima-
tion. Except the public education level that is not significant, all
other explanatory variables are significant at 1% level. Hansen
test is not significant, indicating the excessive identification re-
strictive condition is effective. Therefore, without considering dy-
namic influence, it is required to adopt the fixed effect result; if
considering dynamic influence, it is required to apply results of
linear differential system two-step GMM estimation.

For estimation of static panel data model, fixed effect estima-
tion results indicate that per capita income, public education level
and public medical care level exert significant effect on urban em-
ployment density at 5% or 1% level, while the population mobili-
ty exerts insignificant effect on employment density. In compari-
son, for estimation of dynamic panel data model, results of linear
differential two-step GMM estimation results reflect that per capita

income, public medical care level, and population mobility exert
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significant effect at 1% level, while the effect of public education
level is not significant.

The fixed effect model applies (least square dummy varia-
ble) LSDV estimation method, so if there is endogenous problem,
the estimation may be deviated. In comparison, linear differential

two-step GMM estimation improves two-step GMM estimation, and

Table 3 Estimation of the model

is suitable for treating endogenous variables. Estimation results
show that results of LSDV and linear differential two-step GMM
are significant in main explanatory variables at 1% level, model
results are steady. Thus, it can be considered that there exists ur-
ban agglomeration effect in China. Estimation coefficient denotes

the elasticity of explanatory variable x to explained variable y.

1. Fixed effect

II: Two-step GMM estimation

I Linear differential two-step
GMM estimation

Iny,, Coefficient Slar.]dérd t value  Probability  Coefficient
deviation
Iny;, 0.627 "
Inx, 0.121*** 0.023 520 0 0.061
Inx;, 0.033**  0.017 1.99 0.047 0.086 """
Inxs ; 0.199*** 0.066 3.0l  0.003 -0.016
Inxy 0.0003 0.021 0.01 0.989  -0.024
Constant term 0.417 0.552 0.75 0.45 0.349
R? 0.375 F\ =25.5 Probability 0 Chisquare
Hausman test — —261.7 Probability - Sargan test

Fixed effect F test = 110.3 Probability 0

j:?i?;i z value  Probability  Coefficient j:?i?;i z value Probability
0.174 3.61 0 0.225*"* 0.080 2.8 0.005
0.036 1.67 0.095 0.637 """ 0.093 6.82 0
0.030 2.89 0.004 -0.161 0.097 -1.67 0.096
0.109 -0.15 0. 883 0.253*"" 0. 085 2.99 0. 003
0.046 -0.52 0. 606 0.187*"* 0.048  3.93 0
0.803 0.43 0.664  —5.453*** 1.062 -5.14 0

98.8 Probability 0 Chisquare 549.9  Probability 0

17.9 Probability  0.003 Hansen test  3.42  Probability 0.49

Note: “* and *** denote significance at 5% and 1% level.

Due to possible endogenous problem, fixed effect model may
have deviation, so we mainly focus on results of linear differential
system GMM estimation results. Both estimation results indicate
that per capita GDP exerts significant effect on employment den-
sity. This is because higher per capita GDP brings higher labor
productivity and per capita income, and promotes more laborers
to get jobs, more laborers can be included in the process of eco-
nomic growth. This explains why economically developed cities
become more and more crowded at present. However, the effect
of public education level on employment density is not signifi-
cant, possibly because explanatory variables we apply in this
study are current year education expenditure, but the effect of
education may take a long time to manifest. The effect of public
medical care level on employment density is significant at 1%
level, which is consistent with present conditions of China. Hav-
ing excellent education and medical care resources will attract
numerous high quality talents, thus medical care and education
level exerts positive effect on industrial agglomeration, according-
ly bringing more jobs to laborers. The population mobility density
has significant effect of employment density at 1% level. More
frequent flow brings more opportunities for allocation of resources

and better play of market competition mechanism.

5 Conclusions and recommendations
5.1 Conclusions In this study, we apply fixed effect model to
analyze static panel data, and two-step generalized method of mo-
ments (GMM) estimator to analyze dynamic panel data. Results
reveal that per capita regional GDP, public medical care level,
and population mobility have significant effect on employment
density, while public education level exerts insignificant effect on
employment density. Comparing estimation results of dynamic

and static panel data, we can conclude that there exists ag-

glomeration economic effect at prefecture level cities. In general ,
the agglomeration effect indicators significantly support urban em-
ployment density with higher agglomeration level, in other words,
the employment opportunity will be greater. This reflects that at
prefecture-level cities, the agglomeration economic effect still re-
mains at the stage of scale economy. Moderately raising urban
agglomeration level is favorable for bringing into play efficiency of
urban agglomeration economic effect and accelerating urbaniza-
tion process of China.

5.2 Recommendations At present, the CPC Central Com-
mittee and State Council printed and distributed National New
Urbanization Plan (2014 —2020). In this context, empirical test
of agglomeration and employment density has important policy
significance. For cities with lower economic agglomeration level ,
we recommend increasing investment in public infrastructure con-
struction, improving public education and medical care, and pro-
moting population and economic activities to agglomerate in
downtown. Besides, we recommend formulating preferential poli-
cies in land, tax and employment, creating favorable investment
environment, and attracting more enterprises and laborers to
move to urban areas, so as to provide fundamental conditions for
economic liftoff and urbanization. For mega-cities with high ag-
glomeration level of economic activities, it is recommended to
bring into play their radiation functions, strengthen infrastructure
connection and public service sharing with surrounding cities, to

realize regional coordinated development.
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tion in paddy field, and enhance rice comprehensive production,
drought resistance and disaster reduction capacity. At the present
stage, the government should insist on using the minimum pur-
chase price policy to conduct macro-control of market price to real-
ize organic combination of market regulation and macro-control.
At the same time, disadvantages of the minimum purchase price
policy should be improved.
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