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Abstract Within the framework of endogenous growth theory, the dynamic relation between age structure of population and resident consump-

tion was studied, and explicit relation between resident consumption and dependency coefficient was obtained through Hamiltonian function

method. Then, an empirical study was carried out based on panel data of 31 provinces of China in 2000 —2013. The study gave following re-

sults; there is negative correlation between child dependency coefficient and resident consumption and there is positive correlation between eld-

erly dependency coefficient and resident consumption ; urbanization level weakens the negative effect of child dependency coefficient on resident

consumption but it increases the positive effect of elderly dependency coefficient on resident consumption; social expenditure weakens the nega-

tive effect of child dependency coefficient on resident consumption, but it intensifies positive effect of elderly dependency coefficient on resident

consumption. These results indicate that current population structure of China is favorable for growth of resident consumption demand, but in

such aging population structure, economic development may lose demographic dividends.
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1 Introduction and literature review

Due to the strict family planning policy in the past three decades,
the fertility rate of China keeps falling. The percentage of 0 — 14
years old population constantly declines, while the percentage of
the population older than 65 continues to rise, which deteriorates
the problem of aging, as shown in Fig. 1. China’s population has
entered the new normal state with accelerated aging and extremely
low fertility rate. Although China still wears the hat of " largest
population in the world" , great changes have taken place in the
population structure. Communique of the Third Plenary Session of
the 18th Central Committee of the Communist Party of China offi-
cially approved the second child policy, thus, it will be of great
realistic significance to study issues related to the age structure of
population. Theories connecting the age structure of population
and resident savings include: (i) life cycle hypothesis introduced
by Modigliani and Brumberg'''| and (ii) household saving de-
mand model developed by Samuelson"’ and Nether’'. According
to Modigliani and Brumberg, there exists positive correlation be-
tween the age structure of population and the resident savings,
while there is negative correlation between child and elderly popu-
lation and savings. In the opinions of Samuelson and Nether, the
number of child in a family plays a decisive role in savings. In
other words, if a family has more children, this family will have to
reduce savings for endowment and increase current consumption;
otherwise, the family will reduce consumption. Foreign scholars
discussed the relation between age structure of population and resi-

dent consumption mainly from the macro and micro perspectives.
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In macro national total data, typical researches are as follows:
Modigliani'*’ | using transnational cross-sectional data, made an
empirical study on the relation between the age structure of popu-
lation and savings, and found there exists significant negative cor-
relation between child and elderly population and rate of savings;
also using transnational cross-sectional data, Leff'”’ studied and
found there exists negative correlation between both child depend-
ency coefficient and rate of savings and between elderly dependen-
cy coefficient and rate of savings, and he further verified results of
Modigliani. In micro household survey data, there are following
typical studies. Demery and Duck' studied the household data of
the England in 1969 — 1998 and found that if the sample selection
bias was corrected and certain adjustment was made to the endow-
ment from household income, there was positive correlation be-
tween labor age population and savings, and such conclusion is
close to life cycle hypothesis; Kraay!” | on the basis of household
survey panel data of resident savings in different provinces of Chi-
na in 1978 — 1989, using two stage OLS method, studied the effect
of age structure of population on savings, and found the effect of
dependency coefficient on resident savings is not statistically sig-
nificant; Horioka and Wan'’ | using household survey panel data
in different provinces of China in 1995 —2004, with the aid of dy-
namic panel GMM estimation method, studied the effect of age
structure of population on savings, and obtained conclusions simi-
lar to Kraay.

Many domestic scholars also studied the effect of age struc-
ture of population (child dependency coefficient and elderly de-
pendency coefficient) on resident consumption. Results of studies
are quite varied. Here, we just list some typical ones. Li Wenxing
and Xu Changsheng"’ made an empirical study on panel data of

29 provinces in 1989 —2004, and concluded that there is negative
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correlation between child dependency coefficient and resident con-
sumption rate, while there is insignificant positive correlation be-
tween elderly dependency coefficient and resident consumption

! on the basis of panel data of 30 provinces

rate. Fang Fuqian[]0
in 1995 - 2005, found there exists negative correlation between
child dependency coefficient and urban resident consumption and
rural resident consumption, while there is positive correlation be-
tween elderly dependency coefficient and urban resident consump-
tion and rural resident consumption. In the empirical study of pan-
el data of 29 provinces in 1993 —2008, Chen Chong'"’ obtained
the result of negative correlation between child and elderly de-
pendency coefficient and rural resident consumption. In their
study of panel data of 31 provinces in 1996 —2010, Mao Zhonggen
and Sun Wufu'"”’ found positive correlation between child depend-
ency coefficient and urban and rural resident consumption, and
negative correlation between elderly dependency coefficient and
urban resident consumption, while its effect on rural resident is
weaker. According to results of Fu Bohang and Fang Qiyun'"’,
the decline in child dependency coefficient reduces China’s resi-
dent consumption rate, while the rise of elderly dependency coeffi-
cient impairs rise of China’s resident consumption rate. Gai Xi-
aomin and Geng Jun""’ obtained positive correlation between child
dependency coefficient and consumption level, and negative corre-
lation between elderly coefficient and consumption level.
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Fig. 1 Changes in age structure of population in 1982 -2013

In sum, most studies focus on empirical researches, while
few touch on theories. Besides, most domestic studies are based
on provincial panel data, few studies focus on the resident con-
sumption level of a specific province. Finally, most studies con-
centrate on the effect of age structure of population on resident
consumption, few studies introduce cross terms to determine the
effect of age structure of population on resident consumption, and
few studies elaborate internal action mechanism. In view of these,
we try to make up for the shortage of the above studies. Firstly,
within the framework of endogenous growth theory, through build-
ing Hamiltonian function, we derived the explicit relation between
age structure of population and resident consumption, to provide
theoretical support for empirical study. Secondly, our empirical
study was based on the data of a province. Finally, apart from
studying the effect of age structure of population and resident con-

sumption, we also introduced urbanization level, social expendi-

ture, child dependency coefficient and elderly dependency coeffi-
cient to elaborate the effect of age structure of population and resi-

dent consumption and their internal action mechanism.

2 Theoretical model
2.1 Production function A typical household serves as manu-
facture to conduct production. Assume production function con-
sists of two parts: physical capital K and labor L. For simplicity,
production function satisfied the requirements of Cobb-Douglas
production function ;

Y=AK*L'™® (1)
where A is constant technical coefficient.

Equation (1) is neoclassical production function. At this
time, the production function is:

y = Ak (2)

The marginal value of capital and labor in manufacturer bal-
anced condition is:

r=Aak"™", w=A(l —a)k" (3)
2.2 Consumer behavior Set u as total utility of discount, is u
(¢) is instantaneous utility function of welfare, ¢ denotes per ca-
pita consumption level of typical household in period t. p denotes
time preference rate and is constant. Unlimited life consumers
maximize their lifelong utility, then the maximum utility function
will be:
Q=[,"¢"u(c)dt (4)
where, u(c) =log c.

Assume total assets of household in period ¢ is W, the return
on capital is r, then the income of household assets in period ¢ will
be rW. At the same time, assume the household can provide labor
L for the society and obtain the wage return wL. According to
opinion of Chen Chong that the household income should deduct
the dependency coefficient of child growth period and retirement
endowment period, the household income after deducting depend-
ency coefficient will be wL (1 —s). The budget constraint of

household can be expressed as:

W=rW+wL(1-s)-C
where C is household consumption in period ¢.

Assume per capita wealth ¢ = W/L, and per capita con-
sumption ¢ = C/L. In the beginning, wealth of resident is 0, i. e.
a(0) = 0; when it reaches the period 7', the residual wealth lev-
el could barely support average per capita consumption level ¢, of
the year, namely, a (T) = ¢,. Accordingly, the accumulated e-
quation for per capita wealth will be .

a=ra+w(l-s)-c (5)
2.3 Solution of the competitive equilibrium In sum, the de-
cision making of typical household on the basis of per capita con-
sumption level ¢ is a dynamic optimization process, and the spe-
cific optimization growth can be expressed as follows:

max/, * ¢"u(c) d
{ a e.u c)at (6)

s. L. a=ra+w(l-s)-c

Building Hamiltonian function for equation (6) :
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H=logc+Alra+w(1l-s) —c] (7)
where A is Hamilton multiplier, and its optimum first order is:
(Zilzc’l -A=0
c
e ' (8)
% Ar=Ap-A

Combining equations (3), (5) and (8), we can get the resident

consumption function
o r-pt

e(t) =—2—— — +w(1 —s)e!" " 9)
1-e
Calculate the first-order partial derivative of s for equation (9),
we obtain ;
g <0
0s

According to equation (9), long-term consumption level is
function of dependency coefficient, and they take on negative cor-
relation. Thus, we have established basic theoretical framework
and logical ideas for dependency coefficient acting on resident con-
sumption level. In this study, we focus on the effect of changes in
the age structure of population on resident consumption level. The
dependency coefficient of resident includes child dependency and
elderly support. In the empirical study, we divide the dependency
coefficient into child dependency coefficient and elderly dependen-
cy coefficient, and discuss the effect of respective dependency co-
efficient, urbanization level, social expenditure and cross term of

dependency coefficient on resident consumption level.

3 Empirical study
3.1 Building of econometric model To verify accuracy of
theoretical analysis results, we take real per capita resident con-
sumption as dependent variable, child dependency coefficient and
elderly dependency coefficient as independent variables, and in-
troduce some control variables to the regression equation. The spe-
cific econometric model is as follows:

cons;, =, + a,cdr, + ayodr, + ascity, + aysoc, + asedr, *
city, +agodr, * city, + a,cdr, * soc, + azodr * soc, + ayrpegdp,
+apgap; +a,fg; + &,
where i and ¢ denote province and year respectively; o, (i =1,2,3
-=-11) denotes regression coefficient; &; is disturbance term.

Description of variable selection; real per capita resident con-
sumption (cons) and real per capita GDP (rpcgdp) are real values
excluding the inflation effect; child dependency coefficient (cdr) is
calculated using the ratio of population of 0 — 14 years old to popula-
tion of 15 — 64 years old; elderly dependency coefficient (odr) is
calculated using the ratio of population older than 65 to the popula-
tion of 15 — 64 years old; urbanization level (city) is measured
using urban population to total population; social expenditure (soc)
is expressed in the ratio of social expenditure to total financial ex-
penditure, and social expenditure mainly includes expenditure in
science, education, culture and hygiene, as well as social security;

urban and rural income gap (gap) can be calculated using the ratio

of per capita net income of rural residents to per capita disposable
income of urban residents. Financial expenditure scale (fgz) is the
value of total expenditure scale of each province and city divided by
GDP of the province. Here, the introduction of cross term is to
study the effect of urbanization level and social expenditure on child
dependency coefficient and elderly dependency coefficient, and
their relation with resident consumption.

3.2 Data source and empirical results The data of variables
were selected from Statistical Yearbook of China, National Data-
base, and MacroChina DataBase. The sample interval is 2000 —
2013, and total samples are 434.

Since the panel data were used, it is firstly necessary to identi-
fy the model, to determine whether the fixed effect model or random
effect model is suitable. From Table 1, in Hausman test of equations
(1), (2) and (4), P value is lower than 5% , so it rejects original
hypothesis (random effect model ) , then we adopt fixed effect model
to estimate the above equations; however, in Hausman test of equa-
tion (3), P value is greater than 10% , so it accepts the original
hypothesis ( random effect model ), then we adopt random effect
model to estimate the above equation. Meanwhile, at the 10% sig-
nificance level, except the government expenditure scale in equation
(1) and the cross term coefficient of social expenditure and child
dependency coefficient in equation (3), other coefficients pass the
significance test, and P value of F statistics is lower than 10% of
significance level, indicating the regression model is also signifi-
cant. The regression results are listed in Table 1.

From Table 1, we can see: (i) There exists negative correla-
tion between child dependency coefficient and resident consump-
tion. Possible reasons are as follows. Firstly, due to the influence
of traditional culture of "hoping children to succeed" , most resi-
dents would rather economize on food and clothing and reduce cur-
rent consumption expenditure than cultivate and educate their chil-
dren. Secondly, current family planning policy leads to decline of
children number, but residents will increase human investment in
children to improve overall quality of their children due to the
thought of "raising children to support them in their old age". Be-
sides, transformation of such thought to socialized endowment pro-
motes residents to increase savings. When the increase in current
dependent care expenses is lower than the increase in savings due
to decline in children number, resident consumption level will de-
cline. (ii) There is positive correlation between elderly dependency
coefficient and resident consumption. This is similar to conclusion of
Wang Xia'*'.
growth of age, the elderly will not create wealth any more, but they

Possible reasons are as follows. Firstly, with the

still need consumer goods such as foods and medical care provided
by the society, and they need caring to enjoy their remaining years.
Modigliani stated that marginal consumption tendency of the elderly
is very high. Secondly, China remains at the early period of aging,
and China is a country of valuing the filial love. With deterioration
of aging, dependency expenditure in the elderly will exceed the sav-

ings, then there will be growth of resident consumption.
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Table 1 Results of effect of age structure of population on resident consumption

Dependent variable ; real per capita resident consumption

Independent variable —
Equation(1)

Equation (2)

Equation (3) Equation (4)

rpcgdp 0.3157% * * (32.043) 0.3173% * * (30.962) 0.3141% * * (16.794) 0.2796* * * (22.967)
fe 0.0359(0.481) 0.0545 " (1.705) 0.1300 " (1.752)
gap -0.5283 """ ( -3.025) -0.5375** " ( -3.128) -0.5130" " " ( =3.775)
city 0.2753 " ** (3.176) 1.0190 " * * (3.326) 0.2720" " * (3.458) 2.5763 " " * (5.307)
soc 0.4278 * * (2.224) 0.2881 " (1.883) 1.3525% % % (4.013) 0.2344(0.427)
cdr -0.0065( —0.604) -0.1908 " ( -1.813) —-0.0468( —1.458) -0.1349" = ( =2.271)
odr 0.6878 * (1.823) 3.3648 " " (2.549) 3.5776 " * (2.757) 8.3136" " * (3.446)
city * cdr -0.0040 " ( -1.892) -0.0364 " * * ( -5.595)
city * odr 0.0578 " * ( -2.171) 0.1164" ** ( -3.486)
soc s cdr -0.0012 ( -1.631) -0.0445* " * ( -=5.338)
soc * odr 0.0771 " * (2.288) 0.0591 " (1.716)
Number of samples 434 434 434 434
Adj - R* 0.93 0.93 0.93 0.93
F 153.20 152.18 145.75 152.23
P(F) 0.00 0.00 0.00 0.00
Hausman 16.04 16.79 14.09 21.13
P(H) 0.02 0.03 0.12 0.03
Note: “, ** and * " * denote significant at 10% , 5% and 1% respectively, value in parenthesis is ¢ value.

The cross term coefficient of social expenditure and child de-
pendency coefficient is positive, while the cross term coefficient of
social expenditure and elderly dependency coefficient is negative
and it is significant at 10% level. This means that the social ex-
penditure weakens the negative effect of child dependency coeffi-
cient on resident consumption, but it intensifies positive effect of
elderly dependency coefficient on resident consumption. Possible
reasons are as follows. Social expenditure includes expenditure in
science, education, culture and hygiene, and social security.
When government increases input in science, education, culture
and hygiene, resident will reduce such expenditure, but increase
consumption in other aspects, thus the social expenditure will
weaken the negative effect of child dependency coefficient on resi-
dent consumption; with increase in social expenditure, govern-

ment provides higher quality public services, which will reduce
burden of residents in endowment and then increase resident con-
sumption, accordingly it intensifies the positive effect of elderly
dependency coefficient on resident consumption. (iv) Other con-
trol variables are also essential factors influencing resident con-
sumption. There is significant positive correlation between eco-
nomic growth and resident consumption level. Government scale
takes on positive correlation with resident consumption level. The
significance is varied. Besides, there is significant negative corre-
lation between urban and rural income gap and resident consump-
tion. Social expenditure takes on significant positive correlation
with resident consumption, and urbanization level also takes on
significant positive correlation with resident consumption.

Table 2 Results of effect of age structure of population on economic growth

Dependent variable : grpegdp

Independent variable -
Equation (5)

Equation (6) Equation (7)

cons 0.0373 " ** (11.475) 0.0380 " " * (11.936) 0.0383" ** (11.194)
city 0.0393 " * * (3.693) 0.0408 * " * (3.906) 0.0413* " * (3.764)
soc 0.1658 " * * (7.621) 0.1302" " * (5.628) 0.1279* * * (5.223)
Jfg -0.0556"* " ( -6.832) —-0.0394 " " * ( -4.402) -0.0385"* " ( -4.160)
cdr -0.0002( -0.121) -0.0012* ( =1.736)
odr -0.1790* * * ( =3.962) —-0.1893 " * * ( -4.230)
Number of samples 434 434 434
Adj - R* 0.51 0.53 0.53
F 14.10 15.11 14.70
P(F) 0.00 0.00 0.00
Hausman 68.41 98.31 94.45
P(H) 0.00 0.00 0.00
Note: *, ** and "™ denote significant at 10% , 5% and 1% respectively, value in parenthesis is ¢ value. grpcgdp denotes economic growth rate. In this study,

the average real per capita GDP growth rate of the current year and following three years is used as indicator for measuring the economic growth.

Current population structure of China ( decline in children)
is favorable for growth of resident consumption demand, but is

such aging population structure favorable for economic growth Now

we carry out test for this. Since the panel data were used, it is
firstly necessary to identify the model, to determine whether the
fixed effect model or random effect model is suitable. From Table
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2, the P value corresponding to Hausman test of equations (5),
(6) and (7) is lower than 5% , indicating it rejects original hy-
pothesis (random effect model) , so we employ fixed effect model
to make estimation. The results are listed in Table 2. According to
Table 2, child dependency coefficient exerts negative effect on e-
conomic growth, while elderly dependency coefficient exerts sig-
nificant negative effect on economic growth, thus in such aging
population structure, economic development may lose the demo-
graphic dividends. At present, child population constantly de-
clines, while elderly population constantly rises. In future, labor
age population will gradually decrease. Thus, the negative effect
of age structure of population on economic growth will last for a
long time.

4 Conclusions and recommendations
4.1 Conclusions Within the framework of endogenous growth
theory, we studied the dynamic relation between age structure of
population and resident consumption, and obtained explicit rela-
tion between resident consumption and dependency coefficient
through Hamiltonian function method. Then, using panel data of
31 provinces in 2000 - 2013, we made an empirical study and
came up with following conclusions. There is negative correlation
between child dependency coefficient and resident consumption
and there is positive correlation between elderly dependency coef-
ficient and resident consumption; urbanization level weakens the
negative effect of child dependency coefficient on resident con-
sumption but it increases the positive effect of elderly dependency
coefficient on resident consumption; social expenditure weakens
the negative effect of child dependency coefficient on resident con-
sumption, but it intensifies positive effect of elderly dependency
coefficient on resident consumption; economic growth and resident
consumption level take on significant positive correlation. Govern-
ment scale takes on positive correlation with resident consumption
level. The significance is varied. Besides, there is significant
negative correlation between urban and rural income gap and resi-
dent consumption. Social expenditure takes on significant positive
correlation with resident consumption, and urbanization level also
takes on significant positive correlation with resident consumption.
4.2 Recommendations (i) Properly controlling age structure
of population. There is negative correlation between child depend-
ency coefficient and resident consumption and there is positive
correlation between elderly dependency coefficient and resident
consumption. Therefore, government should properly control age
structure of population and pay attention to the effect of population
structure on resident consumption and economic growth. (ii) Pro-
moting benign development of urbanization. Since urbanization
level weakens the negative effect of child dependency coefficient
on resident consumption, but it intensifies positive effect of elderly
dependency coefficient on resident consumption, urbanization lev-
el is favorable for promoting resident consumption. In the process
of urbanization, it is recommended to stick to the principle of co-
ordinated development of large, medium and small sized cities,
make effort to guarantee rights and benefits of migrant workers and
urban households with financial difficulties, and promote equalized

basic public services, to make contribution for expanding domestic
demands. (iii) Optimizing public expenditure structure. Empiri-
cal study indicates that social expenditure exerts significant posi-
tive effect on resident consumption, so the increase in social ex-
penditure will promote improvement in resident consumption level.
In this situation, optimizing public expenditure structure and prop-
erly increasing the percentage of social expenditure are of great
significance for lifting resident consumption level. (iv) Develo-
ping elderly industry and cultivating and developing elderly con-
sumption market. This not only solves problems of the elderly in
foods, medical care and other consumer goods, but also expands
consumption market, promotes domestic demands, and according-
ly realizes stable and healthy economic growth.
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