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Abstract    Is Chinese urbanization going to take a long time, or can its development goal be achieved by the government in a
short time? What is the highest stable urbanization level that China can reach? When can China complete its urbanization? To
answer these questions, this paper presents a system dynamic (SD) model of Chinese urbanization, and its validity and simulation
are justified by a stock-flow test and a sensitivity analysis using real data from 1998 to 2013. Setting the initial conditions of the
simulation by referring to the real data of 2013, the multi-scenario analysis from 2013 to 2050 reveals that Chinese urbanization will
reach a level higher than 70% in 2035 and then proceed to a slow urbanization stage regardless of the population policy and GDP
growth rate settings; in 2050, Chinese urbanization levels will reach approximately 75%, which is a stable and equilibrium level
for China. Thus, it can be argued that Chinese urbanization is a long social development process that will require approximately
20 years to complete and that the ultimate urbanization level will be 75–80%, which means that in the distant future, 20–25% of
China’s population will still settle in rural regions of China.
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1.    Introduction
Urbanization is a symbol of modernization and is a social
transition process that can turn an agricultural country into an
industrial and city-oriented country. Parallel to this process is
the profound transformation of culture, social structure, em-
ployment structure, individual lifestyles, distribution of pro-
ductivity, and changes in human settlement patterns. Chinese
urbanization as a critical national process of social develop-
ment, economic growth and environmental change, has un-
dergone a rapid evolving pace, turning China’s urbanization
level from 18% in 1978 to 56.1% in 2015; however, urban-
ization has also created a series of problems, such as loss
of agricultural land, reduction in biodiversity, unaffordable
urban housing, problematic transportation, uneven regional
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economic development, political influences, etc. According
to the reports presented at the 18th National Congress of the
CPC and the thirteenth Five-Year Plan, urbanization has been
set as the central task for China to be completely recognized
as a well-developed society by 2020. However, is Chinese
urbanization going to take a long time, or can its develop-
ment goal be achieved by the government in a short time?
What is the highest stable urbanization level that China can
reach? When can China complete its urbanization? All of
these questions cannot be answered without comprehensive
and scientific exploration.

2.    Review of relevant literature

Early research (Gu, 1992: 348–350) on Chinese urbaniza-
tion by the Logistic model predicted that China’s urbaniza-
tion level would reach 61% in 2010, 65% in 2030, 69% in

http://earth.scichina.com
http://springerlink.bibliotecabuap.elogim.com
http://crossmark.crossref.org/dialog/?doi=10.1007/s11430-016-9022-2&domain=pdf&date_stamp=2017-03-20
https://doi.org/10.1007/s11430-016-9022-2
https://doi.org/10.1007/s11430-016-9022-2


2040 and 73% in 2050. According to Chan and Hu (2003),
in 2050 it is likely that the level will reach 60–66%. It is un-
derstandable that, using different approaches, the predicted
urbanization levels in certain years can be different. For in-
stance, by referring to the relationship between per capita
GDP and the urbanization level in foreign countries, Chen
et al. (2013) concluded that the urbanization level in China
would be 59–60% in 2020 and approximately 68–70% in
2030. The Research Group of New Urbanization with Chi-
nese Characteristics (Xu, 2013) applied a quantitative analy-
sis of the transfer of the agricultural labor force to non-agri-
cultural industries, the newborn population number, and the
new rural labor force to the projection. They claimed that the
urbanization level would reach 60% in 2020 and 65% in 2033.
An integrated method, which combines curve fitting, eco-
nomicmodeling and growth rate of the ratio of the urban-rural
population, led to the conclusion that in 2030 China’s level
of urbanization would be 68.38% and in 2050 it would be
81.63% (Gao and Wei, 2013).
In the “National NewUrbanization Plan (2014–2020)”, the

goal for Chinese urbanization level in 2020 was set to 60%.
However, the China Research Team at the Economist Intelli-
gence Unit (2014) proposed that the urbanization level should
be 61% in 2020 and 67% in 2030. By reviewing the literature
at home and abroad, Hu (2013) concluded that China would
have an urbanization rate of 58–63% in 2020 and 60–79% in
2050. In “Urban China: Toward efficient, inclusive, and sus-
tainable urbanization” prepared by the World Bank and the
Development Research Center of the State Council (China)
(2014), in 2030 China’s urbanization rate will be 66% with-
out changing the current urbanization policies, and 70% in a
reformation scenario. The differences between the predicted
urbanization levels by different research agencies and schol-
ars, as has been noted, is significant and, as a result, incurs
the question of which conclusion to follow while formulating
China’s national policies of economic development agenda.
By referring to relevant theories and observed evidence,

specialists in urbanization from all over the world have built
a series of prediction models and simulation models for
urbanization. Prior to the 1950s, the main prediction/mod-
eling approach was time series analysis, which relied on
trend extrapolation by methods such as arithmetic average,
weighted average sequence, moving average, weighted
moving average, trend forecasting and exponential smooth-
ing based on historical time series data. In the 1960s and
1970s, static demographical analysis entered the analysis
domain with demographical statistics and linear analysis at
its core. Northam (1975), an American urban geographer,
proposed “Northam’s Curve” after exploring the develop-
ment of urbanization levels in developed countries using a
logistic regression. From the 1980s onwards, research on
urbanization was fundamentally influenced and improved by
systems science, operations research and metrology. Systems

approaches such as synergy theory and self-organization
theory were introduced to urbanization studies on topics
such as population distribution, industry evolution, facility
distribution, spatial patterns of traffic behavior and urban
simulation models (Zeleny, 1980; Batten, 1982; Allen et al.,
1984; Pumain et al., 1986).
In the 1990s, the means to acquire urbanization data was

significantly improved, which further facilitated the advance
of urbanization research. What was available not only in-
cluded a multi-scale earth observation system and network
capable of monitoring natural data but also databases of mul-
tiple types and agencies specializing in the acquisition and
processing of socio-economic data. These developments, as
a result, fundamentally improved the precision and scientific
process of examining Chinese urbanization. In a book pub-
lished in 2000, Portugali (2000) systematically explained the
concept of the self-organizing city based on the principle of
self-organization and synergy and proposed the framework of
Free Agents in a Cellular Space (FACS). In a GIS modeling
environment, Batty (2005) successfully applied fractal the-
ory, cellular automata and agent-based modeling to the simu-
lation, as well as visualization of the spatiotemporal dynam-
ics of cities. SWARM, a modeling package developed by the
Santa Fe Institute, is one of the most widely used modeling
platforms for scholars to apply agent-based modeling to ur-
ban studies (Li, 2011). For instance, in China, Xue and Yang
(2002), Xia et al. (2002), and Shen and Wu (2006) have pre-
sented models of urban spatial economics and urban trans-
portation built up in SWARM. The most recently reported
Multi-Agent System (MAS) integrated with GIS was devel-
oped by Li and Gu (2015): a dynamic geo-simulation model
dealing with emergency response for urban public security.
As a further step in this research stream, this paper probes the
complex system of Chinese urbanization by system dynamic
(SD) modeling expecting to generate more scientific, more
precise and more reliable conclusions to serve as a reference
for macro national policy making.

3.    SD model for Chinese urbanization

System dynamics modeling provides the solution to practi-
cal problems by integrating qualitative and quantitative anal-
ysis (Wang, 1994), which reduces subjectivity in analysis and
shifts modeling from static simulation to dynamic simulation
(Jia and Ding, 2002). In addition, the structure of the system
dynamics model is flexible rather than fixed, which enables
combinations of dynamics of sub-systems as well as compar-
ative analyses of different solutions (He et al., 2006). For-
rester was the first to study the interactions between natural
resources, technology and economic sectors (Meadows et al.,
1972; Georgiadis and Besiou, 2008). In the 1970s, Forrester,
together with the Club of Rome, published World Dynamics
(Forrester, 1971) and The limits to growth (Meadows et al.,
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1972). Since then, SD modeling has been booming and is
widely applied to the fields of earth science, economics, re-
source studies and urban and regional research. For example,
it has been adopted to study urban systems and urban land-use
expansion (Wolstenholme, 1983; Mohapatra et al., 1994; Guo
et al., 2001; He et al., 2005; He et al., 2006; Liu et al., 2007;
Shen et al., 2007; Chang et al., 2008), to explore the cou-
pling of urbanization and the eco-system (Bockermann et al.,
2005; Jin et al, 2009; Zhou andMi, 2009; Egilmez and Tatari,
2012), to examine single-element systems (Cai, 2008; Armah
et al., 2010; Venkatesan et al., 2011; Guan et al., 2011; Qiu
et al, 2015) and large complex systems (Haghshenas et al.,
2015; Xu and Coors, 2012; Tong and Dou, 2014; Ying et al.,
2015) by SD modeling.

3.1    Model boundary and structure

The SD model needs to be built within a closed-system
boundary, within which system interactions occur, giving
the system its characteristic behavior (Forrester, 1969).
Therefore, to build the SD model of Chinese urbanization, it
is fundamental to define the model boundary.
The urbanization mechanism in China varies across differ-

ent periods. From the start of the reform and opening policy
at the end of 1970s to the middle of the 1990s, China’s urban-
ization was predominantly driven by the growth of a surplus
rural labor force, the rapid development of the urban tertiary
industry, and the disparity between urban and rural education.
Henceforth, the mechanism of Chinese urbanization diversi-
fied, with increasing driving forces emerging from the cir-
culation system, foreign investment and trade, and construc-
tion of urban infrastructure. The circulation system referred
to the movements of both goods and people; foreign invest-
ment deeply impacted China’s production system, and for-
eign trade contributed to the total GDP China achieved. Con-
struction of urban infrastructuremainly related to the building
of urban water supply and transportation services.
The mechanism of China’s urbanization, in fact, is far more

complex than what has been recounted above. In rural China,
there are thousands of township enterprises. These enter-
prises have contributed to the employment of the surplus rural
labor force. Thus, these employed rural populations engaged
not only in agricultural production but also in the production
of goods and services subject to the secondary and tertiary
industries. In this regard, we need to treat the production sys-
tems of the secondary and tertiary industries in rural China
as one important part of the dynamic system of Chinese ur-
banization. Moreover, environmental problems caused by re-
source exploitation have deeply impacted people’s lives, pro-
duction activities, and migration behaviors. Therefore, the
environmental system (water, air and solid waste) should be
integrated into the SD model of Chinese urbanization as an

indispensable part so that the urbanization mechanism can be
well modeled and interpreted.
In addition, the sub-system of energy should also be con-

sidered, as without its support, the rural living system and
the rural production system cannot operate properly. More-
over, the fossil fuel consumed by the energy production sys-
tem can generate CO2. This is a key factor contributing to
global warming, climate change and the rising of sea levels,
which in turn influence urbanization in coastal regions. De-
spite the importance of these aspects, the influence that comes
from urban and rural sanitary conditions, food production, in-
vestment resources, land policies, fiscal policies, agricultural
production policies and family plan policy should not be over-
looked. These elements exert their power mainly upon two
crucial sub-systems of the dynamics of Chinese urbanization:
the population system and the production system. All of these
elements constitute the basic sub-systems of the SD model of
Chinese urbanization. The range of these sub-systems is what
the boundary of the SD model refers to.
By synthesizing these sub-systems, including population,

industry, capital, infrastructure, social facilities and environ-
ment, we have proposed the model framework as depicted by
Figure 1. In addition, Table 1 lists all of the parameters of the
SD model. As it is difficult to describe the industrial restruc-
turing process and its influence upon urbanization directly,
in the model we instead examine the change of the factors
of production in the primary, secondary and tertiary indus-
tries. By considering the redistribution of capital and labor
force, the two key production factors in the three industries,
it is then possible to capture the overall structural change and
value change of the three industries. These changes, in turn,
exert an influence upon the urbanization process by transfer-
ring more people to the urban population, most of whom are
engaged in the secondary and tertiary industries.

3.2    Variables and parameters of the SD model

By referring to the critical elements in all the sub-systems,
the key performance indicators are depicted in Table 1. In
SD modeling terms, these parameters can be classified into
three types: stocks, flows, and auxiliaries. Table 1 gives de-
tails of the notation, meaning, type and unit of each of these
parameters.

3.3    Causal-Loop diagram

The structure of a system in SD methodology is exhibited
using a causal-loop diagram (CLD) (Georgiadis et al., 2005),
which reflects the major feedback mechanisms in the system
(Appendix 1 (available at http://earth.scichina.com)). Figure
1 shows the causal-loop diagram of the Chinese urbanization
SD models, within which the cause and effect relationships
among parameters are clarified.
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Table 1        List of parameters of the Chinese urbanization SD model

Variable notation Variable meaning Variable unit Variable notation Variable meaning Variable unit

CSRK Urban population 10000 DYCYCZ Output value of primary
industry 100 million Yuan

NCSRKZC Annual growth of urban
population 10000/year DYCYZDCZ Maximum output value of

primary industry 100 million Yuan

NCSRKDJ Annual decrease of urban
population 10000/year DYCYCZZCL Growth rate of the output

value of primary industry No unit

CSJKYXYZ Influence factors of urban health No unit DYCYZCZ Output value of primary
industry 100 million Yuan

CSRKSWL Urban population death rate No unit NCGD Rural arable land 10000 ha

CSRKCSL Urban population birth rate No unit DYCYZBCL Capital stock of primary
industry 100 million Yuan

CSJHSYYXYZ Influence factor of urban
family planning No unit DYCYZBCLBL Percentage of the capital stock

of primary industry No unit

ZDRKCZL Maximum population capacity 10000 CSSCZZ Urban gross product 100 million Yuan

CSJYYZ Urban education factor No unit GNSCZZ GDP 100 million Yuan

CSZXXSZZCXS Growth index of urban primary
and secondary teachers No unit DECYCZ Output value of secondary

industry 100 million Yuan

CQCSJYSZSP Initial level of teachers for
urban education 1/10000 DECYZDCL Maximum output value of

secondary industry 100 million Yuan

CSZXXWMXS-
YYJSS

Number of urban primary and
secondary school teachers

per 10000 students
1/10000 DECYCZZCL Growth rate of the output

value of secondary industry No unit

CSZXXXSS Number of urban primary and
secondary school students 10000 CSDECYZBCL capital stock of urban

secondary industry 100 million Yuan

CSZXXJSS Number of urban primary and
secondary school teachers 10000 DECYZBCLBL Percentage of capital stock

of secondary industry No unit

JYYZ Education factor No unit NDECYZCZ Annual value added of
secondary industry

100 million Yuan
/year

CSCYLDLXQ-
ZCXS

Growth index of the demand of
labor force in urban industries No unit DECYCYRYZCL Growth rate of labor force

of secondary industry No unit

CSCYLDLXQYZ Factor of the demand of labor
force in urban industries No unit DECYLDLZJL Increment of labor force of

secondary industry 10000/year

CSCYLDLXQ Demand of labor force in
urban industries 10000 DECYLDL labor force of secondary

industry 10000

CQCSCYLDLXQ Initial demand of labor force
in urban industries 10000 DECYCYXS Employment index of

secondary industry No unit

YLYZ Medical factor No unit ZZBCL Total capital stock 100 million Yuan

CQCSWRYYYSS Initial number of doctors
per 10000 citizens 1/10000 JLL capital accumulation rate No unit

CSYSS Number of urban doctors 10000 ZZBCLNZJL Annual increment of total
capital stock

100 million Yuan
/year

CSWRYYYSS number of doctors per
10000 citizens 1/10000 SJDECYCZZCL Real growth rate of the output

value of secondary industry No unit

CSWEYYYSS-
ZCXS

Growth index of the number of
doctors per 10000 citizens No unit DECYLD-

SCLZCL

Growth rate of labor
productivity of secondary

industry
No unit

CSYLSP Urban medical level No unit DECYLDLXQ Labor demand of secondary
industry 10000

DSCYLLDL Labor force of tertiary industry 10000 person DSCYCZ Output value of tertiary
industry 100 million Yuan

DSCYCYXS Employment index of tertiary
industry No unit DSCYZDCZ Maximum output value of

tertiary industry 100 million Yuan

(To be continued on the next page)
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(Continued)

Variable notation Variable meaning Variable unit Variable notation Variable meaning Variable unit

DSCYCYRYZCL Growth rate of the number of
employees in tertiary industry No unit CSDSCYZBCL capital stock of urban

tertiary industry 100 million Yuan

DSCYLDLZJZ Increment of labor force in
tertiary industry 10000/year DSVCYZBCLBL Percentage of capital stock

of tertiary industry No unit

NYLDSCL Agricultural labor productivity Yuan/person NDSCYZC Annual value added of
tertiary industry 100millionYuan/year

NYLDLXQ Demand of agricultural
labor force 10000 person SJDSCYCZZCL Real growth rate of the output

value of tertiary industry No unit

NYLDSCLZCSD Growth rate of agricultural
labor productivity No unit DSCYLDLXQ Demand of labor force of

tertiary industry 10000

NYLDLZCSD Growth rate of the number of
agricultural labor force No unit DSCYCZZCL Growth rate of the output

value of tertiary industry No unit

NYLDLQYSD Migration speed of agricultural
labor force No unit DSCYLD-

SCLZCL

Growth rate of the labor
productivity of tertiary

industry
No unit

NNYLDLZC Annual growth of agricultural
labor force 10000 NCRK Rural population 10000

NYLDLXS Index of agricultural labor force No unit NNCRKZC Annual growth of rural
population 10000/year

NYLDLTR Input of agricultural labor force 10000 NNCRKDJ Annual decrease of rural
population 10000/year

CSHLYZ Factor of urbanization No unit NCJHSYYXYZ Influence factor of rural
family planning No unit

NCRKCSL Birth rate of rural population No unit NCJKYXYZ Influence factor of rural health No unit

ZRK Total population 10000 NCRKSWL Death rate of rural population No unit

CSHL Urbanization rate %

3.4    Stock and flow diagrams

The causal-loop diagram of the sub-systems can be assem-
bled into a stock and flow diagram, includingmain factors and
subsystems such as industries, population, cities and towns,
education, etc. (Figure 2). Stock variables reflect the re-
sults of accumulation, which illustrate the states of the sys-
tem, while flow variables are adopted to capture the redis-
tribution process of stocks, depicting the flows in the system.
Supported by packages such as DYNAMO, iThink, Vensim®
and Powersim®, it is possible that the theorized Chinese ur-
banization process illustrated by Figure 1 can be modeled us-
ing SD methodology.

3.5    Equations in the Chinese urbanization SD model

Economic growth is the foundation of economic develop-
ment, and the advancement of labor productivity is the core of
this process. Changes to both factors can fundamentally in-
fluence labor demand. To describe this relationship, themath-
ematical model proposed by Zhou (1994), which explores the
interactions between economic growth rate, labor productiv-
ity, and labor force demand of different urban industrial sec-
tors, is applied to this SD model. Moreover, with the devel-
opment of agricultural labor productivity, the surplus agricul-
tural labor will be turned into working force in urban sec-

tors, such as industries, transportation, business, education,
etc. The net labor force transferring rate in this process is
closely related to the scale of agricultural production and the
increase rate of agricultural labor productivity (Yuan et al.,
1987). Considering these relationships, the equations in this
Chinese urbanization SD model are formulated based on the
Cobb-Douglas production function, and Table 2 gives details
of the equations for each of three sub-systems: the economic
sub-system, the population sub-system and the social service
sub-system. Within the SD model, the dynamics of Chinese
urbanization are described by the combination of both linear
and nonlinear equations. Thus, the nonlinearity of Chinese
urbanization is captured by and embedded in the SD model,
which fundamentally improves the objectivity of the urban-
ization rate predicted by this model. In addition, the model’s
accuracy in simulating Chinese urbanization can be further
enhanced by iterative parameter calibration and model vali-
dation against real collected data.

4.    Validation of the Chinese SD model

Validation of a system dynamics model generally consists of
two aspects: structural validation and a sensitivity test. Struc-
tural validation of the model seeks to determine whether it
highly conforms to the real world. A sensitivity  test,  on  the
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Figure 1            Causal loop diagram of the SD model of Chinese urbanization.
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Figure 2            Stock and flow diagram of the SD model of Chinese urbanization.
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Table 2        The groups of equations of the Chinese urbanization SD model

Sub-system Main equation

1. The main
equations of
the economic
sub-system

DYCYZCZ=DYCYCZZCL*(1−DYCYCZ/DYCYZDCZ)*EXP(10.5)*(NCGD^(0.4589))*(NYLDLTR^(−0.743)*DY-
CYZBCL^0.24)

DYCYZBCL=ZZBCL*DYCYZBCLBL
CSDECYZBCL=DECYZBCLBL*ZZBCL

NDECYZCZ=DECYCZZCL*(1−DECYCZ/DECYZDCL)*EXP(1.003)*(DECYLDL^(−0.1958))*(CSDECYZBCL^0.967)
ZZBCLNZJL=GNSCZZ*JLL

CSDSCYZBCL=DSVCYZBCLBL*ZZBCL
DECYLDLZJL=CSRK*DECYCYRYZCL*DECYCYXS
DSCYLDLZJZ=CSRK*DSCYCYXS*DSCYCYRYZCL

NDSCYZC=DSCYCZZCL*(1−DSCYCZ/DSCYZDCZ)*EXP(−8.76)*(DSCYLLDL^(1.095))*(CSDSCYZBCL^0.6766)
DECYLDLXQ=DECYLDL*(1+SJDECYCZZCL−DECYLDSCLZCL)

SJDECYCZZCL=NDECYZCZ/(DECYCZ−NDECYZCZ)
DSCYLDLXQ=DSCYLLDL*(1+SJDSCYCZZCL−DSCYLDSCLZCL)

SJDSCYCZZCL=NDSCYZC/(DSCYCZ−NDSCYZC)
CSCYLDLXQZCXS=CSCYLDLXQ/CQCSCYLDLXQ

GNSCZZ=DYCYCZ+CSSCZZ
CSSCZZ=DECYCZ+DSCYCZ

NNYLDLZC=NYLDLXS*NCRK*NYLDLZCSD

2. The main
equations of
the population
sub-system

NNCRKZC=NCRKCSL*NCRK*NCJHSYYXYZ
NNCRKDJ=NCRKSWL*NCJKYXYZ*NCRK+NYLDLTR*NYLDLQYSD*CSJYYZ*CSCYLDLXQYZ*CSYLSP

NCRK=NNCRKZC−NNCRKDJ
NNYLDLZC=NYLDLXS*NCRK*NYLDLZCSD

NCSRKZC=(1−CSRK/ZDRKCZL)*(CSRKCSL*CSRK*CSJHSYYXYZ+CSCYLDLXQYZ*NYL-
DLQYSD*NYLDLTR*CSJYYZ*CSYLSP)
NCSRKDJ=CSRKSWL*CSJKYXYZ*CSRK

CSRK=NCSRKZC−NCSRKDJ
CSHL=CSRK*100/(CSRK+NCRK)

CSCYLDLXQZCXS=CSCYLDLXQ/CQCSCYLDLXQ

3. The main
equations of the
social service
sub-system

CSZXXJSS=JYYZ*(0.00705*CSRK+105.995)
CSZXXWMXSYYJSS=(CSZXXJSS*10000)/CSZXXXSS
CSZXXSZZCXS=CSZXXWMXSYYJSS/CQCSJYSZSP

CSZXXXSS=0.027943*CSRK+1976.11
CSYSS=YLYZ*(0.010885*CSRK−257.88)
CSWRYYYSS=CSYSS*10000/CSRK

CSWEYYYSSZCXS=CSWRYYYSS/CQCSWRYYYSS

other hand, aims to verify model stability and assesses its
degree of confidence.

4.1    Structural validation

Prior to structural validation, the preliminary values of the
model’s variables were examined and defined by referring
to real data. In addition, the dimensional consistency of all
involved variables was tested to ensure the model’s accuracy
(Sterman, 2000). Then, through structural verification and
extreme condition analysis, structural validity was examined
by checking the simulated data against real historical data, to
ascertain the reliability and accuracy of the model (Xu and
Sun, 2008).
The complexity of China’s urbanization requires the use of

a series of variables to describe China’s urbanization process.
To illustrate the structural validity of the model, this paper fo-
cuses on the validation results of nine key variables by check-
ing the simulated values against data from 1998 to 2013.
These nine variables consist of the urbanization rate; total
population; GDP; the output value of the primary, secondary,

and tertiary industries (price in 1990); and the labor force of
each of these three industries. Table 3 give details of the val-
idation outcomes.
The average error rate of each of the nine variables, as de-

picted by Tables 3, does not exceed 10%. In addition, the
average difference rate between the simulated urbanization
level and the real urbanization level from 1998 to 2013 is only
0.774%. This indicates that what the model describes and
simulates are congruent with China’s urbanization process,
which justifies the model's conformity, credibility and robust-
ness. By visualizing the real data and the simulated data as
shown in Figure 3, one observes that the simulated urban-
ization levels have a very close fitness to real levels, which
means that this SD model is applicable to the simulation and
forecasting of China’s urbanization process.

4.2    Sensitivity analysis

The purpose of the sensitivity analysis is to verify the level of
influence caused by the change of the model structure and/or
values of model parameters (Jia and Ding, 2002). Generally,
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Table 3       Model validation against historical data
Urbanization rate (%) Total population (10000) GDP (price in 1990)

Year Simulated
value Real value Error rate Simulated

value Real value Error rate Simulated
value Real value Error rate

1998 33.35 33.35 0.001 124761 124761 0.000 42876.6 42877.45 0.002
1999 34.37 34.78 1.191 125692 125786 0.075 46608.1 46144.64 1.004
2000 35.54 36.22 1.881 126590 126743 0.121 50810.3 50035.22 1.549
2001 36.89 37.66 2.033 127446 127627 0.142 55518.5 54188.31 2.455
2002 38.35 39.09 1.884 128267 128453 0.145 60772.9 59109.73 2.814
2003 39.82 40.53 1.744 129065 129227 0.125 66618.6 65035.7 2.434
2004 41.33 41.76 1.035 129834 129988 0.118 73105.8 71594.58 2.111
2005 42.83 42.99 0.370 130579 130756 0.135 80290.3 79691.95 0.751
2006 44.32 44.34 0.041 131302 131448 0.111 88233.5 89794.12 1.738
2007 45.8 45.89 0.205 132004 132129 0.095 97002.8 102511.1 5.373
2008 47.22 46.99 0.489 132692 132802 0.083 106672 112387.7 5.086
2009 48.59 48.34 0.507 133368 133450 0.061 117321 122743.4 4.418
2010 49.90 49.95 0.107 134035 134091 0.042 129038 135566.3 4.816
2011 51.15 51.27 0.230 134694 134735 0.030 141917 148173.9 4.223
2012 52.37 52.57 0.383 135340 135404 0.047 156060 159512.8 2.165
2013 53.55 53.70 0.283 135976 136072 0.071 171577 171749.3 0.100

Average error rate ‒ ‒ 0.774 ‒ ‒ 0.088 ‒ ‒ 2.565
Output value of primary industry (100 million

Yuan) (price in 1990)
Output value of secondary industry (100

million Yuan) (price in 1990)
Output value of tertiary industry (100

million Yuan) (price in 1990)Year
Simulated
value Real value Error rate Simulated

value Real value Error rate Simulated
value Real value Error rate

1998 7527 7527.545 0.007 19814.6 19814.63 0.000 15535 15535.27 0.002
1999 7947.74 7600.134 4.574 21377 21114.43 1.244 17283.3 17430.08 0.842
2000 8388.59 7536.823 11.301 23161.9 22974.44 0.816 19259.8 19523.96 1.353
2001 8849.73 7798.631 13.478 25185.5 24467.49 2.935 21483.3 21922.18 2.002
2002 9331.45 8123.301 14.873 27466.2 26475.13 3.743 23975.3 24511.3 2.187
2003 9834.12 8322.848 18.158 30024.2 29896.24 0.428 26760.3 26816.61 0.210
2004 10358.2 9588.764 8.024 32881.8 33094.84 0.644 29865.8 28910.97 3.303
2005 10904.1 9661.073 12.866 36063.6 37747.17 4.460 33322.6 32283.7 3.218
2006 11472.4 9979.227 14.963 39596.4 43054.94 8.033 37164.7 36759.95 1.101
2007 12063.7 11040.15 9.271 43509.7 48527.52 10.340 41429.4 42943.46 3.526
2008 12678.6 12060.97 5.121 47835.2 53324 10.293 46158 47002.76 1.797
2009 13317.8 12683.26 5.003 52607.8 56758.44 7.313 51395.6 53301.66 3.576
2010 13981.9 13685.72 2.164 57864.8 63267.86 8.540 57191.1 58612.76 2.426
2011 14671.6 14872.45 1.350 63647 69032.21 7.801 63598 64269.2 1.044
2012 15387.8 16082.28 4.318 69998 72210.78 3.064 70673.7 71219.71 0.767
2013 16131.3 17196.81 6.196 76965.1 75386.28 2.094 78480.4 79166.2 0.866

Average error rate ‒ ‒ 8.229 ‒ ‒ 4.484 ‒ ‒ 1.764
Input of agricultural labor force Labor force of secondary industry Labor force of tertiary industry

Year Simulated
value Real value Error rate Simulated

value Real value Error rate Simulated
value Real value Error rate

1998 35177 35177 0.000 16600 16600 0.000 18860 18860 0.000
1999 34466.4 35768 3.639 16922.8 16421 3.056 19335.1 19205 0.677
2000 33761.4 36043 6.329 17258 16219 6.405 19828.3 19823 0.025
2001 33064.1 36399 9.161 17607 16234 8.459 20342 20165 0.879
2002 32376.8 36640 11.635 17971.9 15682 14.603 20878.9 20958 0.378
2003 31701.1 36204 12.438 18353.6 15927 15.236 21440.6 21605 0.759
2004 31037.4 34830 10.888 18752.4 16709 12.227 22027.4 22725 3.069
2005 30386.4 33442 9.137 19168.7 17766 7.896 22640.1 23439 3.409
2006 29748.5 31941 6.863 19602.6 18894 3.748 23278.7 24143 3.580
2007 29123.8 30731 5.230 20054.2 20186 0.653 23943.2 24404 1.888
2008 28512.3 29923 4.716 20523.2 20553 0.147 24633.5 25087 1.809
2009 27913.8 28890 3.381 21009.4 21080 0.336 25348.9 25857 1.966
2010 27327.8 27931 2.158 21512.1 21842 1.511 26088.8 26332 0.925
2011 26753.9 26594 0.601 22031 22544 2.276 26852.4 27282 1.575
2012 26191.7 25773 1.625 22565.6 23241 2.906 27639.1 27690 0.184
2013 25640.8 24171 6.081 23115.5 23170 0.235 28448.4 29636 4.007

Average error rate ‒ ‒ 5.868 ‒ ‒ 4.981 ‒ ‒ 1.571
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Figure 3            Simulated urbanization rate against real urbanization rate from
1998 to 2013.

the outputs of a robust model should have low sensitivity to
most parameters. However, a model’s robustness cannot en-
sure good performance regarding sensitivity, which is the ba-
sis for model improvement and optimization (Zhang et al.,
2008). Formulas (1) and (2) are the general expressions of
the measurement of the sensitivity level of a certain parame-
ter.
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where t means time t, Q(t) is the value of Q at time t, X(t) is
the value of X at time t, SQ is the sensitivity level of status

variable Q to parameter X, ΔQ(t) and ΔX(t) are the increments
of variable Q and parameter X at time t, n is parameter for
status variables, SQi

is the sensitivity level of variable Qi, and
S is the average sensitivity level of parameter X.
For sensitivity analysis, 22 variables are selected to con-

firm their influence levels towards the simulated urbanization
rate (Table 3). The method is to check the resultant change in
the urbanization level when the value of each of the 22 vari-
ables decreases or increases by 10% annually from 1998 to
2050 (Pei et al., 2010; Xue et al., 2011). According to eq.
(1), each variable's sensitivity towards the urbanization rate
for each annual variation can be calculated to express condi-
tions of both an “increase by 10%” and a “decrease by 10%”,
thus producing 44 sensitivity values. Then, with eq. (2), it is
possible to calculate the average sensitivity level of a certain
variable, which can be regarded as its influence level upon
the simulated urbanization rate (Table 4).
The results presented in Table 4 demonstrate that only four

of the 22 variables have a sensitivity higher than 10%, which
include birth rate of rural population, influence factor of rural
family planning, education factor, and growth rate of agricul-
tural labor productivity. This indicates that the simulated ur-
banization rate is insensitive to the majority of variables, and
that the driving forces for China’s urbanization in the next 35
years will mainly come from the  transformation of  agricul-

Table 4        The results of sensitivity analysis

Variable Average sensitivity
by increasing 10%

Average sensitivity
by decreasing 10% Variable Average sensitivity

by increasing 10%
Average sensitivity
by decreasing 10%

Birth rate of rural
population 11.49 10.98 Birth rate of urban

population 3.78 3.83

Influence factor of rural
family planning 11.49 10.98 Influence factor of urban

family planning 3.78 3.83

Education factor 23.68 5.99 Medical factor 6.1 7.93

Influence factors of
rural health 3.95 4.01 Influence factors of

urban health 1.94 1.95

Growth rate of the output
value of primary industry 0.004 0.004 Growth rate of the output

value of secondary industry 0.86 0.87

Growth rate of the output
value of tertiary industry 1.36 1.38 Growth rate of labor force

of primary industry 8.35 8.07

Growth rate of labor
force of secondary

industry
0.35 0.36 Growth rate of labor force

of tertiary industry 0.59 0.62

Growth rate of
agricultural labor
productivity

25.58 27.37
Growth rate of the labor
productivity of secondary

industry
0.66 0.67

Growth rate of the
labor productivity of
tertiary industry

0.97 0.96 Maximum urban population 2.57 3.11

Maximum output value
of primary industry, 0 0 Maximum output value of

secondary industry, 0.01 0.01

Maximum output value
of tertiary industry 0.01 0.02 Accumulation rate 0.34 0.34
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tural productivity, quality of education, and the development
of the rural population, with the transformation of agricultural
productivity as the most influential one.
The results of both structural validation and sensitivity

analysis show that the SD model presented above is not only
robust, accurate and credible but also stable and effective.
Thus, it can be concluded that this SD model can be applied
to the exploration of practical issues such as the prediction
of China’s urbanization rate and the assessment of China’s
urbanization policies.

5.    Simulation and results

5.1    Data resources

Since the reform and opening its policy, China’s economy
has developed at an unprecedented rate. In 1978, China’s
GDP was 364.52 billion Yuan, while in 2012 it increased dra-
matically to 51.8942 trillion Yuan. During this same period,
China’s per capita GDP also increased tremendously from
381 Yuan per capita in 1978 to 38.4 thousand Yuan per capita
in 2012. Parallel to this economic boom is China’s rapid ur-
banization, with the urbanization rate increasing from 17.92%
in 1978 to 52.57% in 2012. In recent years, the increase of
the urbanization rate has been even higher at 1.4% per year,
which means that China has already entered the stage of rapid
urbanization as described by Northam’s Curve.
The data required to build and validate the SD model

was collected from “China Compendium of Statistics
1949–2008”, and “China Compilation of Historical Statis-
tics of Provinces, Autonomous Regions and Municipalities
1949–1989”, as well as the “China Statistical Yearbook”,
the “China City Statistical Yearbook”, “China County Sta-
tistical Yearbook”, and “Statistical Yearbook of the Chinese
Investment in Fixed Assets” for all examined years. Since the
requisite data pertaining to Hong Kong, Macau, and Taiwan
are unavailable, the geographical territory covered by the SD
model only pertains to mainland China.

5.2    Data property and data type

In a period of socio-economic transformation, China’s urban-
ization mechanism is influenced by many factors, including
not only population and labor force but also China’s economic
scale, stage of development, available capital, education ser-
vices, medical services, etc. Therefore, China’s urbanization
cannot be properly described and modeled without using a
series of variables and data. In our research, we categorize
all the collected data into three groups: demographical data,
economic data, and social data. Since the socio-economic
system is highly complex and non-linear, and China’s urban-
ization is deeply engaged in economic development and so-
cial reform, the relationships among all the collected requisite

data are characterized by high nonlinearity.

5.3    Parameter setting of the model

By referring to the readily processed data from 1998 to 2013,
the values of the model’s parameters are decided by the meth-
ods briefly outlined below.
(1) Values calculated using the arithmetic average of his-

torical data include the following: birth rate of urban popu-
lation (0.0111); birth rate of rural population (0.014); death
rate of urban population (0.0052); death rate of rural popu-
lation (0.006); index of agricultural labor force (0.436); em-
ployment index of secondary industry (0.333); employment
index of tertiary industry (0.4137); capital accumulation rate
(0.49); growth rate of the output value of the primary indus-
try (0.0552); growth rate of the output value of the secondary
industry (0.094); growth rate of the output value of the ter-
tiary industry (0.117); growth rate of the agricultural labor
force (‒0.0196); growth rate of the number of employees in
the tertiary industry (0.0233); and growth rate of the number
of employees in the tertiary industry (0.0276).
(2) Values of five parameters are set by extrapolation of de-

velopment trends: influence factor of rural family planning
(1.15); influence factor of urban family planning (1.05); in-
fluence factor of rural health (0.95); influence factor of urban
health (0.92); and medical factor (0.98).
(3) Variables whose values are determined by table function

include the following: factor of the demand of labor force in
urban industries; urban education factor; and urban medical
factor.
(4) Variables whose values are calculated through regres-

sion analysis are the following: number of urban doctors;
number of urban primary and secondary school students; and
number of urban primary and secondary school teachers.
(5) Capital stock and labor elasticity index of primary, sec-

ondary, and tertiary industries are calculated by Cobb-Dou-
glas production function (CD function).
(6) The value of arable land is calculated by the GM (1,

1) model. As the difference between the predicted value by
this GM (1, 1) model and the real value can be exaggerated
gradually towards the future, we designate 1.8 billion acres
of arable land (one acre equals approximately 667 m2) as the
threshold value for the model. That is, when the predicted
arable land reaches 1.8 billion acres, it will not change after-
wards.

5.3.1  GDP growth rate
According to an article titled “Asian economic center: pre-
diction on China” published in the “Frankfurter Rundschau”
by Robert W. Fogel, by 2030, China’s per capita GDP is set to
reach 85 thousand dollars and by 2040 its GDP is scheduled
to reach 123 trillion dollars. Many Chinese specialists view
this prediction as unattainable, since its actualization would
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depend on an annual GDP growth rate of approximately 10%,
as well as an appreciation in the RMB rate of exchange. Since
China’s economy is now at a “New Normal” stage and a lag-
ging in GDP growth is predicted, it is unlikely that China’s
annual GDP growth rate will exceed 8% in the future. More-
over, since 2013 China’s industrial structure has transformed
from a pattern of “secondary, tertiary and primary” to one of
“tertiary, secondary and primary”. This means that the ter-
tiary industry will overtake the secondary industry and be-
come the leading industry in China (Liu and Cai, 2015). In
addition, now China’s economy is stepping into a stage of
structural economic slowdown (Han et al., 2016). By tak-
ing into account these new developments and the fact that
the average growth rate of China’s primary industry was only
4% from 1996 to 2013, we predict the urbanization level to-
wards 2050 in three scenarios. In the high-growth scenario,
the growth rate of the primary industry, the secondary indus-
try and the tertiary industry is set to 4%, 7% and 8%, respec-
tively. In the medium-growth scenario, for each of the indus-
tries the corresponding growth rate is assumed to be 3.5%,
6.5% and 7.5%; and in the low-growth scenario the respec-
tive rate is assumed to be 3%, 6% and 7%.

5.3.2  Family planning policy
In 2007, the China Population Development Strategy Re-
search Group launched the “Research report of China’s pop-
ulation development strategy” and stated that China’s popu-
lation will reach 1.45 billion in 2020, reaching its peak value
of 1.5 billion in 2033. However, by reviewing the current so-
cial issues caused by the one-child policy, such as a shortage
in the labor force and an aging population, the central gov-
ernment is preparing to adjust its current family planning pol-

icy. By referring to the population data (1998–2013) from the
“China Population Statistics Yearbook”, “China Population
and Employment Statistics Yearbook” and the Fifth Census
Data (2000), we can obtain the child-bearing status of urban
and rural women in China (See Appendix 2 for details).
The one-child policy in China experienced no adjustment

between 1998 and 2013. Therefore, if the central government
modifies the one-child policy to a 1.5-child policy or even
a two-child policy, the consequential impact on the variable
of “influence factor of urban/rural family planning” could be
significant. The effects on the “influence factor of family
planning” resulting from a two-child policy and a 1.5-child
policy are calculated using eqs. (3) and (4).

Effect on “influence factor of family planning”(two-child
policy) 1 (number of child one

number of child two)/number of child one,
= + (3)

Effect on “influence factor of family planning”(1.5-child
policy) 1 (number of child one/2

number of child two)/number of child one.
= + (4)

Table 5 provides a detailed account of the “influence fac-
tor of family planning” resulting from a 1.5- and two-child
policy from 1998 to 2013. It shows that in urban areas the
average effect is 1.81 for a two-child policy and 1.31 for a
1.5-child policy. By contrast, in the rural area the effect on
the “influence factor of rural family planning” is 1.44 for a
two-child policy and 0.94 for a 1.5-child policy. Therefore,
it can be inferred that turning the “one couple, one child” to
a “1.5-child” family planning policy will have no significant
influence upon Chinese urbanization but with a “two-child”
policy the influence will be evident.

Table 5        Influence factor of family planning on Chinese urbanization (1998–2013)

Urban area Rural area
Year

Two-child policy 1.5-child policy Two-child policy 1.5-child policy
1998 1.84 1.34 1.54 1.04
1999 1.86 1.36 1.48 0.98
2000 1.84 1.34 1.50 1.00
2001 1.88 1.38 1.47 0.97
2002 1.86 1.36 1.45 0.95
2003 1.87 1.37 1.47 0.97
2004 1.85 1.35 1.46 0.96
2005 1.75 1.25 1.33 0.83
2006 1.80 1.30 1.42 0.92
2007 1.83 1.33 1.41 0.91
2008 1.83 1.33 1.44 0.94
2009 1.82 1.32 1.44 0.94
2010 1.72 1.22 1.36 0.86
2011 1.77 1.27 1.45 0.95
2012 1.75 1.25 1.42 0.92
2013 1.69 1.19 1.42 0.92

Average 1.81 1.31 1.44 0.94
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5.4    Scenario analysis

The SD model of Chinese urbanization was developed using
Vensim1 PLE, a fully functional system dynamics software
package from Ventana Systems, Inc. (Harvard, MA, USA).
The unit time frame is one year and the model was run over a
period of 35 years, representing amedium-term security plan-
ning horizon. Attempting to conduct a meaningful scenario
analysis for a longer period would be fruitless, since uncer-
tainty embedded in the model can reduce the prediction ac-
curacy and create further difficulties when interpreting the re-
sults when the simulation spans too long of a period of time.
For the purposes of scenario analysis, 2013 is set as the base
year. Therefore, all of the parameter’s initial values are copies
of the corresponding values in 2013. Using scenario anal-
ysis, this section seeks to explore the possible urbanization

rates between 2013 and 2050 under different population poli-
cies and GDP growth rates. It is expected these conclusions
can serve as the scientific underpinning of the macro deci-
sion-making of the urbanization agenda in China.

5.4.1  Scenario 1. High GDP growth rate and the one-child
policy

If we suppose the one-child policy does not change and the
GDP growth rate is set high, then the current influence factor
of both urban and rural family planning will be maintained,
and the growth rates of the primary, secondary, and tertiary
industries will be 4%, 7% and 8%, respectively. Under these
conditions, we can see that after 2035, China’s urbanization
rate will increase to 70% or higher and to 77.08% in 2050
(Figure 4; Table 6).

Figure 4            China’s urbanization rate in five different scenarios (2013–2050).

Table 6        The projected urbanization rate in different scenarios (2015–2050)

No. Scenario 2015 2020 2025 2030 2035 2040 2045 2050

1 High GDP growth rate, one-child
policy 55.8625 60.613 64.7493 68.3447 71.4142 73.8208 75.6662 77.0765

2 Low GDP growth rate, two-child
policy 55.9801 60.9496 65.1846 68.7679 71.773 74.0341 75.6839 76.8673

3 Medium GDP growth rate,
1.5-child policy 56.121 61.4804 66.1899 70.3022 73.6693 76.2679 78.2901 79.8624

4 Low GDP growth rate, 1.5-child
policy 56.1207 61.4799 66.1885 70.3009 73.6681 76.2668 78.289 79.8614

5 Low GDP growth rate, one-child
policy 55.8621 60.6123 64.747 68.3424 71.4119 73.8186 75.6641 77.0745

6 High GDP growth rate, 1.5-child
policy 56.121 61.4806 66.1908 70.3032 73.6701 76.2687 78.2908 79.8631

7 High GDP growth rate,
two-child policy 55.9804 60.9503 65.1866 68.7699 71.7749 74.036 75.6857 76.869

8 Medium GDP growth rate,
one-child policy 55.8625 60.6128 64.7483 68.3437 71.4132 73.8199 75.6653 77.0756

9 Medium GDP growth rate,
two-child policy 55.9804 60.9501 65.1858 68.7691 71.7741 74.0352 75.685 76.8683
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5.4.2  Scenario 2. Low GDP growth rate and a two-child
policy

If the population policy changes from a one-child to a two-
child policy, and the growth rate of the three industries is set
low, then the resulting “influence factor of family planning”
for the city will be 1.44 times the current urban value and
1.81 times the current rural value for country-side areas, with
growth rates of 3%, 6% and 7% for the primary, secondary,
and tertiary industries, respectively. As depicted by Figure 4,
under these conditions, after 2035 the urbanization rate will
be higher than 70%. In 2050, this value can be expected to
reach 76.8673%.

5.4.3  Scenario 3. Medium GDP growth rate and a 1.5-child
policy

If the central government implements a 1.5-child policy, and
the GDP growth rate is maintained at a medium level, the “in-
fluence factor of rural family planning” will not change, but
its urban counterpart will be multiplied by 1.31; correspond-
ingly, the growth rates of the primary, secondary, and tertiary
industries will be 3.5%, 6.5% and 7.5%, respectively. Under
these conditions, the simulated urbanization rate after 2035
will exceed 70% and reach 79.864% in 2050, as seen from
Figure 4.

5.4.4  Scenario 4. Low GDP growth rate and a 1.5-child
policy

Given the assumption of 1.5-child policy and low GDP
growth rate, the “influence factor of rural family planning”
will not change, but its urban counterpart will be 1.31 times
its original value, and the growth rates of the primary,
secondary, and tertiary industries will be 3%, 6% and 7%,
respectively. With these configurations, China’s urbanization
rate, as demonstrated by Figure 4, will exceed 72% after
2035 and reach 79.8614% in 2050.

5.4.5  Scenario 5. Low GDP growth rate and the one-child
policy

Scenario 5 assumes that the GDP growth rate is low and the
family planning policy is one-child. Then, the “influence fac-
tor of rural/urban family planning” is equal to its original
value, and the primary, secondary, and tertiary industries have
growth rates of 3%, 6% and 7%, respectively. Under these
initial conditions, China’s urbanization rate will be higher
than 70% after 2035 and by 2050 it will increase to a value of
77.0745% (Figure 4).

5.5    The simulation results

In addition to these five scenarios, another four scenarios with
very low likelihood of occurrence are also simulated. The re-
sults of all nine scenarios illustrate that China’s urbanization
rate will be higher than 70% in 2035 and reach 75%or an even

higher level in 2050, regardless of what combination of GDP
growth rate (low, medium and high) and family planning pol-
icy (one-child, 1.5-child and two-child) is enacted. This out-
come coincides with the urbanization process experienced by
foreign developed countries. As has been justified theoreti-
cally and testified in practice in foreign countries, the devel-
opment trajectory of the urbanization rate can be described
by an “S” curve. When the rate reaches 70%, urbanization
will enter a stable stage, which is the general trend and law of
urbanization. In fact, most foreign developed countries have
already reached this stage.
Compared with the GDP growth rate, we found that change

in family planning policy has a more evident impact on
China’s urbanization. Moreover, among the three different
family planning policies, the 1.5-child policy makes a more
significant contribution to increasing China’s urbanization
rate than the currently implemented one-child policy. In-
terestingly, the impact resulting from the two-child policy,
compared with the other two policies, is less significant.

6.    Conclusions

This paper presents a Chinese urbanization SD model to ex-
plore China’s future urbanization rate towards 2050 in differ-
ent scenarios. It generates four key conclusions, discussed
below.
(1) Structural validation and sensitivity analysis using real

data from 1998 to 2013 justifies that this Chinese urbaniza-
tion SD model is robust, with high credibility, validity and
simulation practicality. According to the simulated results,
it is found that more than 20 years are still needed for the
completion of Chinese urbanization. Therefore, we can con-
clude that urbanization as a goal in China cannot be realized
in a short time, but must undergo a long social transformation
process.
(2) Scenario analysis (2013–2050) through the SD model

reveals that China’s urbanization rate will be approximately
70.0–72.0% in 2035, regardless of the settings of the GDP
growth rate (6.5%, 7.0% or 7.5%) and the family planning
policy (one-child policy, 1.5-child policy or two-child pol-
icy).
(3) Sensitivity analysis indicates that, compared with the

GDP growth rate, a change in family planning policy has a
more significant impact on China’s urbanization. In addition,
regarding family planning policy itself, a 1.5-child policy will
impact China’s urbanization more fundamentally than a two-
child policy will.
(4) In 2050, the urbanization rate will be approximately

75%, an equilibrium level for China in the long run.
Thus, it can be summarized that Chinese urbanization en-

tails a long social development process requiring approxi-
mately 20 years to complete. The ultimate equilibrium urban-
ization level will be 75–80%, which means that in a foresee-
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able long future, 20–25% of China’s population will continue
to live in the countryside of China.
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