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Abstract: Population aging is an irreversible changing tendency of urban population age structure at present and for a 

long time in the future, and this tendency inevitably has significant and continuous influence on urban economy in future. 

Therefore, it is necessary and important to make clear the action mechanism and the influential effect of population aging 

for urban economic growth. On the basis of previous researches as well as intermediate and microcosmic data, Shanghai 

is taken as an example in the article to discuss and analyze the influence of population aging on urban economic growth 

by virtue of Solow growth model from the new view angle of closed city and open city. Meanwhile, the article focuses on 

disclosing the aging dilution effect generated by the labour mobility under open city system, the restraint effect on the 

negative influence generated by continuous high R&D investment to population aging, etc. 
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1. INTRODUCTION 

Generally speaking, if the population of 60 years old or 
above in a country or a region occupies 10% of the total 
population and the population of 65 years old or above occu-
pies as high as 7%, then the country or the region is judged 
to enter population aging society. Based on the above stan-
dard, China has entered aging society ever since 2000. As of 
February 2014, there were more than 200 million old people 
above 60 years old in China, occupying 14.9% of the total 
population. For example, Shanghai Municipal as the first 
largest city in China entered aging society in 1982, the aging 
average of the whole country at that time was about 5% but 
the aging level of Shanghai Municipal had exceeded 11%. 
Till the end of 2013, there were 14.3234 million registered 
people in Shanghai Municipal, including 3.8762 million old 
people of 60 years old or above, namely 27.19% of the total 
population; obviously, the aging level thereof was two times 
of that of the whole country. According to the Forecast of 
China’s Population Aging Development Tendency, the 
population aging degree in China will be about 18% in 2020 
and will be promoted to above 30% in 2050. 

The increase of the aging degree of a city essentially re-
flects the change of the population age structure of the city, 
and the change of the urban population age structure directly 
reflects the change of urban labour force or employment age 
structure. Viewed from Solow economic growth mode (also 
called new classical economic growth model), the three fac-
tors, namely invested capital, labour resource and production 
technology, are the source power for driving urban economic 
growth.  

The population aging is transferred to and accordingly in-
fluences urban economic growth through influencing the 
above three factors. 

 

 

 

2. RESEARCH SUMMARY OF THE INFLUENCE OF 

THE POPULATION AGING IN CHINA ON ECO-
NOMIC GROWTH 

Scholar Tian Xueyuan [1] in China is one of the scholars 

who all along pay close attention to the relationship between 

population aging and economic development for a very long 

time. Tian Xueyuan, et al. [2] believed that the direct influ-

ence of population aging on economic development was pre-

sented in the population change of different age groups; sin-

ce the proportion of the dependent population of the society 

and the labor supply depended on the change of the adult 

population, thus the change of the adult population would 

directly act on economic growth; additionally, Tian Xueyu-

an, et al. also proposed the opinions that population aging 

negatively influenced scientific and technological progress, 

caused talents’ knowledge aging and was unfavorable for 

scientific and technological progress, etc. Yu Xuejun [3] 

gave the quantitative research on the influence of the popula-

tion aging in China on economic growth. Jiang Xiangqun 

and Du Peng [4, 5] analyzed the influence of population 

aging on such economic aspects as labor dependency ratio, 

labor resource supply, pensions and social consumption qu-

antity according to the sample survey of the population cove-

ring 1% of the total population in 1995 and the survey data 

since 1990. Zhao Jinwen [6] established econometric model 

to empirically analyze the internal relation between popula-

tion variable and economic variable during the period of 

1952~2001. Peng Xiujian [7] adopted People’s Republic of 

China’s Computable General Equilibrium Model to quantita-

tively analyze the macroeconomic consequence of the popu-

lation aging in China. Wang Jinying, et al. [8] established 

multiple regression model to analyze that the change of the 

population age structure in China gradually reduced the labor 

burden and had obvious promotion effect on the increase of 

saving level and the improvement of labor input efficiency. 

On the basis of the population forecast data issued by the 
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United Nations in 2008, Qi Chuanjun [9] respectively inves-

tigated the influence of the population aging in different 

countries on the three factors, namely labor supply, capital 

formation and all-factor productivity. The author believed 

that the negative influence of population aging on economic 

growth was mainly presented in the following three aspects: 

firstly, the aging of labor age structure and the contraction of 

labor resource would cause the reduction of labor supply; 

secondly, the international mobility of capitals and the re-

duction of saving ratio would cause the reduction of the capi-

tal formation in the region suffering from severe aging; 

thirdly, population aging would damage institutional innova-

tion and technological progress and would be unfavorable 

for improving all-factor productivity. On the basis of Solow 

growth theory, Hu Angang, et al. [10] adopted Cobb-

Douglas production function containing human capital to 

analyze the influence of population aging and population 

growth rate on economic influence and accordingly obtain 

several conclusions: firstly, the increase of human capital 

investment and the improvement of labor efficiency could 

more or less relieve the impact brought by population aging; 

secondly, the low saving ratio under aging tendency could 

cause economic downturn. 

In conclusion, viewed from the time sequence, since the 

aging level did not significantly influence economy in the 

early period, the researchers were usually focused on the 

quantitative judgment based on population forecast result, 

the researches in middle and later periods were focused on 

the significant influence of population aging on various eco-

nomic factors through econometric models, multiple regres-

sion analysis and other technical measures. Viewed from the 

data, most data were the closed data of the countries or the 

data hierarchy was too macroscopic to cause the formation of 

relatively closed data (e.g., Qi Chuanjun [11] adopted exten-

sively multinational data), and the aging dilution effect gene-

rated by population mobility was not considered in interme-

diate and microscopic hierarchy (e.g. city). Viewed from the 

research details, the research data of Zhao Jinwen [12] and 

Wang Jinying [13] were mainly focused on structural com-

parison or rough regression analysis, and the research con-

tent was not detailed enough. Although Qi Chuanjun [14] 

established model through Solow equation, the data was too 

macroscopic to lack of details. Through comparison, Hu 

Angang, et al. [15-17] researched the details, especially rese-

arching the interaction between aging and human capital 

investment and the interaction between saving ratio and la-

bor participation rate trough Solow growth model and trans-

mission mechanism. 

Therefore, on the basis of above mentioned researches as 

well as intermediate and microcosmic data, Shanghai is ta-

ken as an example in the article to discuss and analyze the 

influence of population aging on urban economic growth by 

virtue of Solow growth model from the new view angle of 

closed city and open city. Meanwhile, the article focuses on 

disclosing the aging dilution effect generated by the labor 

mobility under open city system, the restraint effect on the 

negative influence generated by continuous high R&D in-

vestment to population aging, etc. 

3. ACTION MECHANISM OF THE INFLUENCE OF 
POPULATION AGING ON URBAN ECONOMIC 

GROWTH 

Population aging is not only a static concept but also a 
dynamic concept. Statically, population aging means that the 
proportion of the old people in the total social population in 
a country or a region has reached or already exceeded the 
internationally specified population aging standards and the 
whole society is in aging state. Dynamically, population 
aging means a process that the number of the old people in a 
country or a region is relatively increased and the proportion 
of the old people in the total population is continuously inc-
reased, and population aging actually reflects the relative 
change caused by the population age structure of the whole 
society in the number of different age populations. The po-
pulation aging emphasizes the aging of the population struc-
ture of the whole society rather than the aging of individuals. 

By virtue of Solow economic growth model, the popula-
tion aging is transferred to and accordingly influences urban 
economic growth through influencing the three factors, na-
mely invested capital, labor resource and production techno-
logy. The details are as follows: 

Influence of population aging on capital input: capital in-
put is one of the source powers for social economic growth, 
and along with the deepening of the aging degree of the 
whole society, the continuously increased pension expendi-
tures will certainly cause the reduction of the capital input of 
the society for production and undoubtedly influence eco-
nomic growth. 

Influence of population aging on labor source: aging me-
ans the reduction of adult labor resource percentage; under 
the condition that child-bearing concept and the total popula-
tion of the region are relatively stable, the reduction of adult 
labor resource percentage means the insufficiency and shor-
tage of labor resource available for the whole society which 
will certainly influence urban economic growth. 

Influence of population aging on production technology: 
aging may generate two distinct influence effects on produc-
tion and accordingly influences production technology pro-
gress: firstly, aging may cause the reduction of the new 
knowledge absorption efficiency of the whole society and 
further cause the reduction of innovation capability as well 
as influence social production efficiency and technological 
progress; secondly, under social aging state, the relative 
shortage of labor resource will oppositely stimulate the who-
le society to realize production efficiency improvement and 
technological progress through technical innovation. 

In conclusion, the action mechanism of the influence of 
population aging on urban economic growth can be express-
sed in the following figure (Fig. 1). 

4. MODELING ANALYSIS OF INFLUENCE OF 
POPULATION AGING ON URBAN ECONOMIC 

GROWTH 

According to the analysis of the influence of population 
aging on the three aspects, namely capital input, labor re-
source and production efficiency & technological progress, 
in the second part, the action factors of population aging for 
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labor resource, capital input and production efficiency & 
technological progress will be put into Solow economic 
growth model in the following paragraph in order to research 
the aging action effect on economic growth through model 
deduction. Establish the models needed in the article on the 
basis of Solow growth model 

Solow growth model as a standard economic growth 
mode in economics is actually the basic model for establish-
ing and discussing economic growth. According to the 
model, economic growth is determined by three factors, 
namely capital input, labor resource and production effi-
ciency & technological progress. 

Under the precondition of constant returns to scale and 
progressively decreased marginal output as well as replace-
able capital and labor, the general function is given as fol-
lows: 

)]()()([)( tLtEtKFtY =           (1) 

Therein, )(tY
 
denotes the gross output of the whole so-

ciety; )(tK  denotes capital input quantity; )(tL  denotes 

labor input quantity; )(tE  denotes production efficiency & 

technological progress situation. 

1. The net input quantity of the newly increased capital is 

recorded as )(tK  

)()()( tKtsYtK =            (2) 

Therein, )(tK  denotes the net input quantity of the 

newly increased capital; s denotes the proportion of output 

for reinvestment,  denotes asset depreciation rate, s and 

are exogenous variable. 

2. The changes of labor resource and production effi-

ciency & technological progress are respectively recorded as 

)(tL  and )(tE  

)()( tLtL =               (3) 

)()( tgEtE =               (4) 

Therein,  denotes labor growth rate; g denotes the growth 

rate of production efficiency & technological progress. 

3. Under the condition of constant returns to scale, for-

mula (1) is converted into following formula: 

=           (5) 

Therein,  denotes per capita output; 

 denotes per capita capital. 

4. Per capita capital and per capita output are respectively 

recorded as and . 

=)(tk
             (6) 

)(ty
=              (7) 

5. Carry out derivation for formula (6) to obtain: 

( ) ( ) ( )
( )

( ) ( ) ( ) ( ) ( )

( ) ( )

( ) ( ) ( )

K t K t L t
k t

E t L t E t L t L t

K t E t

E t L t E t

=

       (8) 

6. Put formulae (2), (3) and (4) in formula (8) to obtain: 

))(()()( gtktsytk ++=          (9) 

Introduce the aging influence on capital input into the 

above model 

Aging influence on capital input is mainly presented in 

the substitution effect of the output part used for pension 

security on the capital reinvestment along with the deepening 

of aging degree. 

1. L is assumed as the total population of the aging popu-

lation and the non-aging population, wherein 
r
L  denotes the 

number of the old people and  denotes aging degree. 

Then, the following formula is available: 

L

L
r

=
              (10) 

2. is assumed as pension expenditure coefficient and 

denotes the distribution proportion of the output for the pen-

sion expenditure of the old people, and it is also the function 

of aging degree t  
at t period. The expression formula is as 

follows: 

)( tf=              (11) 

 

Aging 
Capital  Input  

Labor  Resource  

Production  

Urban Economic  Growth  

 

Fig. (1). Schematic diagram for influence of population aging on urban economic growth. 
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Therein, is the function increasing along with the in-

crease of variable . 

3. )(r tY is assumed as pension expenditure, then 

)()()()(r tYftYtY t==        (12) 

4. Along with the deepening of the aging degree of the 

whole society, more outputs will be used for pension security 

and the continuously increase pension expenditure propor-

tion will certainly cause the proportion reduction of the so-

cial capital input for reproduction. Put formula (12) into 

formula (2) reflecting capital change, then: 

)()())(1()( tKtYfstK t=       (13) 

Introduce aging influence on the labor resource of the 

whole society into the model 

1. Along with aging deepening, the aging degree rises 

from 1t  
to 2t , then 12 tt  denotes the labor short-

age rate of the whole society during the period and is 

recoded as , namely 12 tt
= ; meanwhile,  

is assumed as the immigration rate of migrant labor. Obvi-

ously, the difference between the above two is namely the 

net urban labor growth rate: 

= -              (14) 

2. Viewed from the labor resource supply of the whole 

society, the labor supply of the whole society will be 

changed along with the change in population structure. 

Therein, the change caused by aging in the population struc-

ture leads to the relative labor resource insufficiency and 

shortage in the whole society. Put such change in formula (3) 

to obtain: 

)()()( tLtL =           (15) 

For the aging influence on production efficiency & tech-

nological progress, according to the analysis in above para-

graphs, the aging influence on future production efficiency 

& technological progress has not been clearly defined, so it 

is temporarily assumed to be neutral. 

For the aging action effect on economic growth, it is nec-

essary to put the aging action effect regarding capital input, 

labor resource and production efficiency & technological 

progress in formulae (2), (3) and (4) into the economic 

growth model as shown in formula (9) to obtain: 

  ()())(1()( += tyfstk t
g

+ - )  )(tk
  (16) 

Analysis of aging influence on economic growth effi-

ciency 

According to the analysis in the above paragraphs, the 

population aging theoretically negatively influences capital 

input and labor resource and has caused the continuous re-

duction of per capita capital input )(tk . In other words, 

formula (16) tends to zero and even negative value. 

The critical point thereof is: 

  ()())(1()( **
+= tyfstk t  

g
+ -

)  )(*
tk =0          

(17)
 

Under the precondition of s and  as exogenous variables, 

the critical point is namely the economic balance growth 

point. 

Then, formula (17) is further converted as: 

=
++

       (18) 

Therein,  denotes capital input and output effi-

ciency under economic balance growth state. 

In case of a closed city system in which migration rate 

 of the external population is 0, and production efficiency 

& technological progress is neutral ( g =0), and s are ex-

ogenous variables, namely: 

=0, g =0, and s are unchanged.      (19) 

Under such state, is gradually increased along with 

the continuous depending of the population aging of the city, 

then: 

0-  ++ g < 0        (20) 

In other words, in a closed city system, the urban eco-

nomic recession gradually becomes severe along with the 

continuous deepening of the population aging of the city. 

5. EXAMPLE ANALYSIS BASED ON THE ABOVE 
MODEL: TAKE SHANGHAI AS AN EXAMPLE 

Shanghai entered aging society in 1982, with the aging 
level thereof exceeding 11%, but the aging average of the 
whole country was about 5% at that time. After 90s, along 
with the further reduction of birth rate in Shanghai Munici-
pal, the proportion of the old people above 60 years old in 
both the total registered people and in the total population 
has exceeded 14% and accordingly approached to or even 
exceeded the aging level of some developed countries. 
Meanwhile, along with the formation of the Yangtse river 
delta economic area and the economic promotion of Pudong 
new area development as well as the population migration 
policy change, the number of the population in Shanghai 
Municipal was sharply increased due to school graduates’ 
move-back and the immigration of external population, thus 
significantly changing the population structure of Shanghai 
Municipal; therein, the huge immigration of external popula-
tion increased the total number of registered populations and 
accordingly diluted the proportion of the old people in the 
total population, which is reason for the slight change in the 
proportion of the old people in the total populations as 
shown in the 4th (1990) and 5th (2000) population censuses. 
Although the external population has diluted the proportion 
of the old people in the total populations, the extremely low 
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growth range of the registered population during the ten 
years (average annual growth rate of the registered popula-
tion during the ten years was only 0.3%) and the relatively 
large growth range of the old people (average annual growth 
rate reached 2.67%) have finally caused the significant in-
crease of the old people in the registered populations. Till the 
5th population census (2000), the proportion of the regis-
tered old people above 60 years old in the total populations 
in Shanghai Municipal has reached 18.60%, and this indi-
cated that the aging level of Shanghai Municipal had ex-
ceeded that (15%) of the developed countries in the world by 
about 4%. Till the 6th population census (2010), the propor-
tion of the registered old people above 60 years old in the 
total registered populations in Shanghai Municipal reached 
23.4%, namely 10% higher than the national aging level. It is 
predicted that the proportion of the aging population will 
reach 29% in 2005 and 40% in 2030. 

However, in substantial economy, the urban economic 
growth does not tend to reduce along with population aging, 
and the present economic development situation of Shanghai 
Municipal during the aging stage has at least verified this. 
The reasons mainly lie in the following three aspects: 

Firstly, in ++ - g  is positive value, indicat-

ing the continuous immigration of external labor resource 

which has supplemented the labor shortage caused by popu-

lation aging in Shanghai Municipal in recent years, as shown 

in Fig. (2). 

Data source: collated and obtained from relevant data of 
2013 Shanghai Statistic Yearbook (similarly hereinafter) 

Secondly,  value in ++ - g  is diluted: in 

recent years, Shanghai has relatively strong economic com-

parison advantage and urban employment capacity and ac-

cordingly attracts lots of external high-quality labor re-

sources, so the introduction of the large amount of external 

labor resources has substantially diluted the urban aging 

level calculated on the basis of registered population. Actu-

ally, such dilution effect can be easily understood through 

the following figure (Fig. 3). 

Thirdly, g  value in ++ - g  is continuously 

increased: in recent years, R & D investment is continuously 

increased in Shanghai, thus to effectively promote technical 

innovation and improve social production efficiency. As a 

result, the specific value of R & D investment in the gross 

production output is increased year by year, as shown in the 

following figure (Fig. 4). 

Fourthly,  value in ++ - g  is increased: in 

recent years, Shanghai Municipal has focused on energeti-

cally promoting industrial upgrading and has accordingly 

accelerated the elimination of obsolete equipment and re-

dundant production machinery, namely the acceleration of 

asset depreciation rate . 

However, along with the continuous aging depending, 

due to the gradually increased  and the saturation condi-

tion of urban population introduction, only technical innova-

tion and industrial upgrading can be relied to improve output 

migrant population in Shanghai

 

Fig.(2). Number of external permanent resident population of shanghai municipal in main years. 

aging degree of diluted degree of aging is not diluted

 

Fig. (3). Dilution effect of external labor resource to aging degree of shanghai. 
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level especially in the old aging stage; if continuous techni-

cal innovation cannot be realized, then 

++ - 0 g  may appear. In other words, the criti-

cal point of economic balance growth is broken and then 

economic recession and welfare reduction will take place. 

CONFLICT OF INTEREST 

The authors confirm that this article content has no con-
flict of interest. 

ACKNOWLEDGEMENTS 

Declared none. 

REFERENCES 

[1]  J. He, Y. Geng and K. Pahlavan, “Modeling Indoor TOA ranging 

error for body mounted sensors,” IEEE 23rd International Symposi-
um on Personal Indoor and Mobile Radio Communications (PI-

MRC), pp. 682-686, 2012. 
[2] J. Dingde, Z. Xu, P. Zhang, and T. Zhu, “A transform domain-

based anomaly detection approach to network-wide traffic,” Jour-
nal of Network and Computer Applications, vol. 40, no. 2, pp. 292-

306, 2014. 
[3] J. He, Y. Geng and K. Pahlavan, “Toward accurate human trac-

king: modelling time-of-arrival for wireless wearable sensors in 
multipath environment,” IEEE Sensor Journal, vol. 14, no. 11, pp. 

3996-4006, 2014. 
[4] L. Wubin, J. Tordsson, and E. Elmroth, “An aspect-oriented appro-

ach to consistency-preserving caching and compression of web ser-
vice response messages,” IEEE International Conference on In 

Web Services (ICWS), pp. 526-533, 2010. 
[5] L. Zhihan, and S. Tianyun, “3D seabed modeling and visualization 

on ubiquitous contex,” Journal of Network and Computer Applica-
tions, p. 33, 2014. 

[6] L. Zhihan, L. Feng, L. Haibo, and F. Shengzhong, “Hand-free 
motion interaction on Google Glass,” In SIGGRAPH Asia 2014 

Mobile Graphics and Interactive Applications, p. 21, 2014. 

[7] L. Zhihan, L. Feng, S. Feng, and L. Haibo, “Extending touch-less 
interaction on vision based wearable device”. 2015 IEEE Virtual 

Reality, 2015. 
[8] S. Tianyun, L. Zhihan, S. Gao, L. Xiaolong, and L. Haibin, “3D 

seabed: 3D modeling and visualization platform for the seabed,” 
IEEE International Conference on Multimedia and Expo Work-

shops (ICMEW), pp. 1-6, 2014. 
[9] Y. Geng, J. Chen, and K. Pahlavan, “Motion detection using RF 

signals for the first responder in emergency operations: A PHASER 
project,” 24th International Symposium on Personal Indoor and 

Mobile Radio Communications (PIMRC), 2013. 
[10] Y. Geng, J. He, and K. Pahlavan, “Modeling the effect of human 

body on toa based indoor human tracking, ” International Journal 
of Wireless Information Networks, vol. 20, no. 4, 306-317, 2012. 

[11] Y. Geng, and K. Pahlavan, “On the accuracy of rf and image pro-
cessing based hybrid localization for wireless capsule endoscopy,” 

IEEE Wireless Communications and Networking Conference 
(WCNC), 2015. 

[12] Z. Mengxin, L. Zhihan, X. Zhang, G. Chen, and K. Zhang, “ Rese-
arch and application of the 3d virtual community based on WEB-

VR and RIA”, Computer and Information Science, vol. 2, no. 1, p. 
84, 2009. 

[13] Z. Chen, S.M. Arisona, X. Huang, M. Batty, and G. Schmitt, “De-
tecting the dynamics of urban structure through spatial network a-

nalysis,”International Journal of Geographical Information Scien-
ce, vol. 28, no. 11, pp. 2178-2199, 2014. 

[14] L. Zhihan, A. Halawani, S. Feng, S. Rehman, and L. Haibo, “Tou-
ch-less interactive augmented reality game on vision based weara-

ble device”, Personal and Ubiquitous Computing, vol. 11, no. 2, 
pp. 8-12, 2015. 

[15] S. Dang, “Efficient solar power heating system based on lenticular 
condensation,” International Conference on Information Science, 

Electronics and Electrical Engineering (ISEEE), pp. 26-28, 2014. 
[16] L. Zhihan, L. Feng, S. Feng, and H. Li, “Extending touch-less 

interaction on vision based wearable device,” Virtual Reality, vol. 
2, no. 5, pp. 2178-2199, 2015. 

[17] Y. Geng, J. He, H. Deng and K. Pahlavan, “Modeling the effect of 
human body on toa ranging for indoor human tracking with wrist 

mounted sensor”, 16th International Symposium on Wireless Perso-
nal Multimedia Communications (WPMC), Atlantic City, NJ, Jun. 

2013. 

 

Received: June 10, 2015 Revised: July 29, 2015 Accepted: August 15, 2015 

© Shi and Xu; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the (https://creativecommons.org/licenses/by/4.0/legalcode), which permits unrestricted, non-

commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

Research and development expenditures total production 
value is equivalent to the proportion of Shanghai

 

Fig. (4). Specific value of R & D investment of shanghai municipal in gross production output during 2001~2011. 


