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directly affects a country’s aggregate demand and, thus, the country’s income level. This paper
investigates the impact of an aging population on the size of government spending. Using an
updated dataset of 87 countries from 1996 to 2017, we study the aggregate level and each
composition of government expenditures. Furthermore, we investigate whether the aging popu-
lation influences the allocation of government spending toward different categories and economic
growth changes. The paper uses the generalized method of moment (GMM) model for the dy-
namic panel data analysis to address the endogeneity problem. Our main findings suggest that an
increase in the old-age population significantly induces higher aggregate government spending
but only in developed countries and in particular on the spending in the social protection and
environment categories. However, the aging society leads to lower government expenditure on
education. Other critical findings reveal that changes in some compositions of government
spending toward cultural expenditures impact growth slowdown, while an allocation toward
education spending positively impacts economic growth.

1. Introduction

The demographic transition toward an aging society is a global phenomenon. According to Ref. [1], the global fertility rate for
women of childbearing age dropped from 3.2 births per woman in 1990 to only 2.5 in 2019. Even in Sub-Saharan Africa, the region
with the highest fertility rate, it dropped from 6.3 in 1990 to 4.6 in 2019; furthermore, fertility rates in other areas around the world
also declined.! In addition, the average life expectancy at birth increased from 65 years during 1990-1995 to 71 years during
2010-2015 [2]. The decline in fertility rates and a longer life span are the main reasons countries worldwide have an increasing
proportion of their aging population and are continually moving toward an aging society.

As the life cycle theory says, the most productive labor is in middle age, and most aging people and children consume much more
than they produce. An increase in the aging population influences the slowdown in economic growth through the shortage of effective
labor participation and changes the patterns of consumption and investment [3,4]. Moreover, a more significant proportion of the

E-mail addresses: navarat.te@ku.th, navarat.temsumrit@gmail.com.

1 In North Africa and Western Asia, the fertility rate dropped from 4.4 to 2.9; in Central and South Asia, from 4.3 to 2.4; in East and South-Eastern
Asia, from 2.5 to 1.8. In Latin America and the Caribbean, from 3.3 to 2.0; and in Oceania, from 4.5 to 3.4. In Australia and New Zealand, and in
Europe and North America, fertility rates in 1990 was less than 2.0 births per woman. However, in 2020, the average birth rate in Australia and New
Zealand was 1.8 births per woman and just 1.7 in Europe and North America [1].
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aging population also reduces the effectiveness of fiscal policy shocks and shoots the healthcare and social security budgets to the
ceiling (see more in Refs. [5,6,7], among others). The aging society substantially increases the pressure on public expenditures, as an
increase in the elderly population results in a higher demand for programs and support for older people (See more in Ref. [8] for Brazil
case; Ref. [9] for both advanced and emerging G20 countries) [10] reports significantly larger US healthcare spending to GDP by 30%
as the aging population increases. Accordingly, the government requires more income to support the old-age pension system, public
health services, and health care for the elderly directly affects long-term economic growth.

Research has shown the relationship between the size of government spending and economic growth in various ways. Ref. [11,12]
report a non-homothetic relationship between government spending and economic growth; the impacts of government spending on
economic growth are varied according to a different stage of country’s development (See more supportive arguments on [13];
interaction with political system [14] and [15] among others. Although many studies focus on the effect of government spending on
growth, it remains to be seen how an aging society and the reallocation of government spending categories affect economic growth.
This raises interesting questions of whether an increase in the aging population would impact an increase in government expenditures
and thus, long-term economic growth.

Therefore, this paper analyzes the impact of an increase in the aging population on the size of government spending using both
government spending at the aggregate level and in each spending component. Additionally, I compare developed and developing
countries, since the impact of an aging population on government spending and economic growth in different countries may vary with
income levels.

This research makes three main contributions to this field. First, this study analyzes the effects of a growing elderly proportion on
government spending at the aggregate level and each composition of government spending. Second, we explore the interaction effect
between aging populations and government spending as they affect economic development. Lastly, this study uses the generalized
method of moments (GMM) for the dynamic panel data model to address the endogeneity problem and obtain an unbiased estimation.

The remainder of this paper is as follows: section 2 provides the stylized facts and reviews the literature; section 3 presents the data
and identification strategy; section 4 shows the main results, together with discussion; and section 5 delivers the conclusions.

2. Stylized facts and literature review

Entering the 2020s, many regions of the world face a demographic transition toward an aging society. As shown in Fig. 1, the old-
age dependency ratio projections of the selected countries have been increasing since the 2000s. Before 2000, most countries still had a
ratio of old-age population to a total population lower than 20% (a ratio that is applied to classify a society as a complete aging so-
ciety), but this ratio gradually rose after 2000. In some countries like Japan, the ratio indicates that the country entered into a complete
aging society even before 2000. The critical point is that demographic transition is not a process happening only in the high-income
countries; we also observe that now middle-income countries, such as Thailand and Vietnam, will reach an old-age dependency ratio of
50% by 2050.

An increase in the old-age dependency ratio stems from different factors. From the demographic perspective, as countries become
more developed, the marginal cost of staying at home and taking care of children would be higher than entering the labor market. The
female population attends higher education, thus, participating more in the labor market. This leads to a delay in bearing a child(ren)
and a higher cost of childbearing. Furthermore, the greater the female population accessing higher education, the fewer children they
decide to have. This affects a reduction in fertility rate and lowers the replacement rate worldwide.” In terms of public health,
improving access to health services helps to increase life expectancy at birth. Theoretically, Refs. [17,18,19] suggest that investing in
human capital also improves self-caring knowledge, thus, longer life expectancy.” Overall, a reduction in fertility rate and having a
long lifespan are the main reasons for the countries’ aging society.

A shift in the demographic transition puts pressure on government policies and public finance. Ref. [20] finds that the aging
population positively affects the size of government spending, especially in the categories related to the elderly, such as social pro-
tection, health care, and defense, using samples from OECD countries from 1990 to 1997.

Following ref. [21], the preference for public policies differs radically in different periods of life due to self-interest. Support may be
required mainly for education during youth, while we may need a better infrastructure and social security programs in older age.
Similarly, ref. [22] states that an increase in the old-age population raises social security and healthcare expenditures. Apart from
government expenditures, ref. [23] show that a shift in the demographic structure toward an aging society affects other macroeco-
nomic variables, such as investment, consumption, and income level.

In dynamic population literature, ref. [24] suggest that a greater proportion of the working-age population compared to other age
ranges could help support higher economic growth. As the income level increases, savings are also increased, and the country can
accumulate more physical capital for growth. On the other hand, a higher proportion of children or the old-age population than the
working-age population hinders long-term economic growth, as expenditures related to children and old-age supportive programs
have increased. This spending does not affect workers’ effectiveness directly and reduces each country’s savings. (See more in Refs.
[25,26,27]). In addition, ref. [28] highlights the same issue in Japan using simple single-country regression.

Regarding the theoretical perspective, ref. [29] use an extended exogenous growth model with population dynamics to show that

2 See more on the children quantity and quality trade-off in Refs. [63-65].
% An increase in life expectancy reciprocally affects individuals’ decisions on investing more in their education. This affects positively the long-
term economic growth, as a higher level of human capital helps the economy acquire more effective workers.
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Fig. 1. Old-age dependency ratio projection of selected countries. Source: Adapted from Ref. [16]. Notes: The figure presents eight the old-age
dependency ratio for selected countries, where actual data are presented up to 2021 and thereafter the projected data. The old-age dependency
ratio is calculated using the percentage of the population aged above 65 years to the working age population (age 15-64 years). Data sourced from
the World Bank Databank.

an increase in the old-age population instead helps increase the incentive to accumulate human capital. Although the accumulation of
physical capital may be reduced due to less savings, investing in human capital sustains economic growth in the long run. Refs. [30,31]
support that educated people tend to be more concerned about personal health issues, increasing their ability to work greater pro-
ductivity; this induces higher economic growth. Nevertheless, ref. [32] argue that healthy old-age people come with a high cost of
health care and other age-related expenditures. Many empirical works demonstrate that an increase in the old-age population tends to
push public expenditures up, especially public health expenditures (see more in Refs. [33,34,20]).

An increase in government spending directly relates to a country’s economic growth, especially at the beginning of development.
Ref. [35] argues that the relationship between government spending and economic growth may not follow a homothetic direction. In
addition, ref. [13] uses models with the simultaneous equation to empirically test both industrialized and developing countries to show
that higher government spending induces higher growth only in the short-term.

Moreover, refs. [36], and [37] find that not all types of public expenditures enhance growth. Specifically, ref. [36] show that
spending related to protection of property rights, law enforcement, defense, economic stability, and competitive market environment
is essential and limits government duty. From a different perspective, ref. [37] focus more on the revenue side, where a higher
government revenue affects the output level and government spending decisions.

Different allocations of public expenditures also matter to growth. Ref. [38] use the panel dataset of 56 countries (both developed
and developing) from Government Fiscal Studies (GFS) and the International Monetary Fund (IMF) between 1970 and 2010 to test
whether a change in the allocations of government spending affected growth. They find that a new allocation from other categories of
government spending toward educational expenditure supports long-term growth, while an allocation to other categories does not
significantly affect growth.

The literature focuses more on the aggregate perspective of government spending and growth. At the same time, there are few
studies on each particular government spending component, not to mention in the context of an aging society. Once a country moves
toward an aging society, a change in government expenditure allocation may differently impact long-term economic growth.

Therefore, this paper aims to investigate the impact of aging on economic growth through the channel of government spending at
the aggregate level and each spending composition. Furthermore, we test whether a reallocation of government spending across
categories affects economic growth when the country is aging.

3. Methodology
3.1. Data

We use unbalanced panel data from 87 industrialized and developing countries from 1996 to 2017 (see list of countries in Table 1).*

4 We exclude from the samples: all islands; countries depending heavily on oil exports; countries with a population less than one million; and
countries with special authority, since these countries may bias our estimation.
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Table 1
Selected countries classified by continent.
Continent Country
Asia Afghanistan, Armenia, Azerbaijan, Bangladesh, Bhutan, China, India, Indonesia, Iran, Israel, Japan, Jordan, Kazakhstan, South Korea, Kuwait,

Kyrgyz Republic, Macao, Malaysia, Mongolia, Myanmar, Nepal, Pakistan, the Philippines, Russian Federation, Singapore, Sri Lanka, Thailand,
Turkey, Viet Nam

Africa Algeria, Egypt, Ethiopia, Jamaica, Kenya, Liberia, Madagascar, Mauritius, Namibia, Nigeria, South Africa, Tunisia, Uganda

Europe Albania, Belarus, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Georgia, Germany, Greece, Hungary, Ireland,
Italy, Latvia, Lithuania, Moldova, Netherlands, Norway, Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzerland,
Ukraine, United Kingdom

North Costa Rica, Dominican Republic, El Salvador, Guatemala, Jamaica, Mexico, USA
America

Oceania Australia, New Zealand

South Argentina, Bolivia, Chile, Colombia, Uruguay
America

Source: The author, data from and classified by the World Bank.

The primary independent variable is the old-age dependency ratio from World Bank Databank. For dependent variables, we use final
government consumption (USD constant per capita) as a proxy of public spending. As we analyze the aggregate level and each
component of government spending, we acquire the government spending classified by function from the GFS and IMF. Those
spending categories include expenditures on general public services, defense, public order and safety, economic affairs, environmental
protection, housing and community amenities, health, recreation, culture and religion, education, and social protection.

From the World Bank Databank we also include GDP per capita (constant USD), trade to GDP (%), total expenditure (constant USD),
financial openness (from Ref. [39]), and control of corruption (from WDI) as control variables. In addition, we do a stationary test’ on
our panel dataset before using these data to analyze the relationship between the aging population, government spending, and growth.
They all become stationary after transforming to logarithmic form. The total sample descriptive statistics for all variables used in the
econometric model are shown in Table 2. From the 2388 observations, 935 samples are from developed countries, and 1453 are from
developing countries. The average GDP per capita of the total sample between 1996 and 2018 is 17,713.81 USD.

The higher the income level for trade and financial openness, the more open the country. However, when considering the
descriptive statistics for all interested variables classified by income level, as in Table 3, we find that the average income level diverges
between groups. The average income per capita of developed countries is around 38,496.65 USD, while it is about 5091.61 USD and
634.89 USD for middle-income and low-income groups, respectively. Other variables also present the same picture; if the income level
is high, the country usually has relatively high government spending. The average government spending for the high-income, middle-
income, and low-income groups are 6932.08 USD, 838.38 USD and 78.51 USD, respectively.

The average of all samples for the old-age dependency ratio is 2.465, while the average old-age dependency ratio of the high-
income group is the highest (2.784) of the three income groups. We can see from the statistics that richer countries face dealing
with an aging society before poorer ones.

3.2. Empirical strategy

This section illustrates the empirical strategies for analyzing the relationship between the old-age population, government
spending, and economic growth.

3.2.1. Analysis of government spending at the aggregate level
We use the following Model (1) to answer the first objective of testing the relationship between government spending and the old-
age population.

Gi =0+ PGyt + B,0ldi; + By Yis + B, X,
+|1i + }\1 + & (1)

where G;, is government spending of entity i at time ¢, Old;, is an indicator related to the aging population (e.g., the old-age de-
pendency ratio or the ratio of the old-age population to the total population), Y;, represents the GDP per capita, X;‘[ is the set of control
variables, including financial openness, trade openness, and control of corruption, y; captures the country-specific effect, ), is a time
dummy, and ¢;, is the shock for each period. The set of control variables using in this model usually have impacts on the fiscal policy,
especially government spending. Ref. [40] suggests that the quality of political institution induces the way government spend their
money over the short-run fluctuations. Corrupted governments are more likely to spend more during the boom period and lowering
their expenditure during recession. Moreover, countries with political instability cannot easily access to the international capital
market during bad time. This means that financial openness also affects the government spending. Therefore, I include financial

5 We use the panel unit root test from Ref. [66].
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Table 2

Descriptive statistic of selected variables (full sample).
Variable Unit No. Obs Mean Std. Dev. Min Max
Year year 2388 1996 2018
GDP per Capita USD constant 2388 17713.808 20784.559 187.52 111968.4
Government Spending per Capita USD constant 2281 3254.587 4002.767 12.49 21977.28
Financial Openness Index 2169 0.626 0.364 0 1
Government Expenditure to GDP Percentage 2019 30.109 13.396 3.05 128.37
Expenditure on Public Administrative to GDP Percentage 1885 6.901 3.978 0.46 38.82
Expenditure on Defense to GDP Percentage 1787 1.898 1.796 0.02 17.33
Expenditure on Order to GDP Percentage 1885 1.704 1.223 0.11 20.38
Expenditure on Economics to GDP Percentage 1914 4.145 2.653 0.05 25.36
Expenditure on Environment to GDP Percentage 1494 0.474 0.577 —0.26 6.53
Expenditure on Housing to GDP Percentage 1884 0.727 0.686 —0.35 8.94
Expenditure on Health to GDP Percentage 1919 3.212 2.555 0 12.7
Expenditure on Culture to GDP Percentage 1796 0.685 0.574 0 5.03
Expenditure on Education to GDP Percentage 1913 3.857 2.069 0.04 23.55
Expenditure on Social Protection to GDP Percentage 1853 7.427 7.145 0 25.65
Old-Age Dependency Ratio, In Logarithm 2369 2.465 0.685 —0.223 3.832
Old-Age Population, In Logarithm 2369 2.028 0.719 —0.371 3.317
GDP per Capita, In Logarithm 2388 8.955 1.441 5.234 11.626
Government Spending per Capita, In Logarithm 2281 7.14 1.59 2.525 9.998
Trade to GDP, In Logarithm 2333 4.361 0.66 -1.772 6.093
Control of Corruption, In Logarithm 2078 3.815 0.828 —0.755 4.605
Democracy Dummy Variable 2388 0.722 0.448 0 1
Growth Rate of GDP per Capita (4 years), In Logarithm 1656 2.317 0.999 —4.237 4.839
Government Debt to GDP, In Logarithm 759 3.661 1.249 —3.912 5.285

Source: The author, data from GFS and the World Bank.

Table 3

Descriptive statistic of selected variables classified by income level.
Level of Development Unit High-Income Middle-Income Low-Income
Variables No. Obs Mean No. Obs Mean No. Obs Mean
Year 935 2007.589 1208 2006.91 245 2005.894
GDP per Capita USD constant 935 38496.647 1208 5091.605 245 634.893
Government Spending per Capita USD constant 930 6932.08 1146 838.381 205 78.506
Financial Openness Index 824 0.876 1106 0.489 239 0.4
Government Expenditure to GDP Percentage 847 38 977 25.62 195 18.321
Expenditure on Public Administrative to GDP Percentage 842 6.306 871 7.659 172 5.982
Expenditure on Defense to GDP Percentage 803 1.939 820 1.852 164 1.93
Expenditure on Order to GDP Percentage 841 1.577 886 1.896 158 1.302
Expenditure on Economics to GDP Percentage 842 4.224 892 4.144 180 3.78
Expenditure on Environment to GDP Percentage 728 .631 647 0.368 119 0.093
Expenditure on Housing to GDP Percentage 840 0.733 881 0.753 163 0.557
Expenditure on Health to GDP Percentage 841 4.977 897 1.976 181 1.133
Expenditure on Culture to GDP Percentage 825 0.953 826 0.507 145 0.166
Expenditure on Education to GDP Percentage 842 4.547 890 3.45 181 2.645
Expenditure on Social Protection to GDP Percentage 842 12.188 843 3.97 168 0.919
Old-Age Dependency Ratio, In Logarithm 935 2.784 1189 2.347 245 1.819
GDP per Capita, In Logarithm 935 10.436 1208 8.329 245 6.383
Government Spending per Capita, In Logarithm 930 8.683 1146 6.405 205 4.242
Trade to GDP, In Logarithm 930 4.546 1181 4.317 222 3.82
Control of Corruption, In Logarithm 826 4.418 1043 3.576 209 2.623
Democracy Dummy Variable 935 0.857 1208 0.684 245 0.392
Growth Rate of GDP per Capita (4 years), In Logarithm 624 1.989 873 2.513 159 2.537
Government Debt to GDP, In Logarithm 262 3.495 454 3.727 43 3.978

Source: The author, data from GFS and the World Bank.

openness and corruption control as the control variables. Trade openness is also included as a control variable since many developing
countries depend mostly on trade, which affect the budget position, and thus, government spending.

For the identification strategy, I analyze the impact of the old-age population on aggregate government spending trying various
models. For example, first, we perform the ordinary least squared (OLS) and panel data with fixed and random effects to estimate the
parameter p,, which are both of interest regarding their relationships with government spending. Both fixed and random effect models
show that the coefficients for the old-age dependency ratio and the percentage of the old-age population are positively significant at
95%. The results imply that an increase in the percentage change of the old-age dependency ratio and the old-age population positively
affects the expected value of government expenditures at the aggregate level (see Tables 4 and 5).
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Unlike the ordinary least squared (OLS) estimation, panel data with fixed effect helps reduce some unobserved common factors,
which are time-invariant and common to all units affecting each. To choose the model with fixed or random effects, I perform the
Hausman test with the null hypothesis that the difference in coefficients is not systematic. The statistical testing suggests rejection of
the null hypothesis with 99% confidential intervals for both models using the old-age dependency ratio and the model using the
percentage of old age population as main independent variables. This implies that the fixed effect model is preferable to the random
effect model.

After testing which panel data model specifications fit more to our data (fixed or random effects), we further perform the dynamic
panel data models with the generalized method of moment (GMM) estimators. I utilize the Generalized Method of Moments (GMM)
estimator, initially introduced by Ref. [41]. Subsequently, it was refined and enhanced by Refs. [42,43]. The advantages of using GMM
estimators are overcoming the endogeneity problem, which causes bias in the OLS and usually in the panel fixed effect model.
Moreover, using GMM also helps to correct the heteroskedasticity and autocorrelation within individual units’ errors.

In this model, we are interested in the coefficient §, which represents the marginal effect of the old-age population on aggregate
government spending. We expect a positive sign: the more the old-age population increases, the higher the demand for public
spending.

3.2.2. Analysis of each government spending composition
To analyze how the old-age population affects each government spending composition, we modify Equation (1) to Equation (2) to
test the relationship between each government spending category and the old-age population.

Gipy =0+ PGyt + BrO0Mdi + By Vi + BuXi, + 1y + A + 80 @)

where G, is government spending to GDP in category m of entity i at time t. Categories m include public spending on general public
services, defense, expenditure on public order & safety, economic affairs, environmental protection, housing & community amenities,
health, recreation, culture, & religion, education, and social protection. G .1 represents each spending category m to GDP of the
country i from the previous period. Old;; is an indicator related to the aging population, e.g., the old-age dependency ratio or the ratio
of the old-age population to the total population, which is the primary independent variable here. Y; represents GDP per capita. XLt is
the set of control variables. p; capture country-specific effects. A is a time dummy and ¢; is the shock for each period. Once again, we
are interested in the coefficient p, which represents the marginal effect of the old-age population on each government spending
category. We expect an increase in the old-age population to induce higher public spending on health and social protection categories.

3.2.3. Could reallocation of government spending enhance economic growth in the aging society?

This study further analyzes the reallocation of government spending that could enhance economic growth in the aging society (see
Equation (3)). We modify the model from Ref. [38] to test whether the reallocation of government spending could enhance economic
growth in an aging society. The model testing our conjecture is:

Yio = Yirn=6Yirn 48X, + 8B 0 +8:0di o+ Y (1) Gijon+ D (60)Gijon * Ol ws Yy +p+4 + & 3
=1 j=1

where Yi; — Y;,_n represents the GDP growth rate per capita between year 0 and year n. In this case, we follow [38] and set n to 4 as
many administrative periods last for four years, and it may take some time for government spending policy to be reallocated. Y;;_, is
the GDP per capita of the previous period n. X;_[ is the set of control variables. In this model, we also add total expenditure to GDP E;; ,
of the previous period n to control that although there is some reallocation across spending categories, the overall expenditure remains
unchanged. y; captures country-specific effect. A, is a time dummy and ¢;; is the shock for each period. G;jj,_, represents each gov-
ernment spending category j as a proportion of GDP.

We omitted one component of the government spending to avoid exact multicollinearity. Consequently, the index j only represents
spending categories m — 1, and the model is transformed into the following Equation (4):

Yii—=Yin=(61 +0,)Yion+ 52X’,;, +683E;,_, + (64 +6,,)01d; .,

m—1 m—1

0= Y)Giirn + D (6= On) Gijuon * Ol kYo +pt + Ay + €1 “
Jj=1

j=1

where Old;_, is an indicator related to the aging population, e.g., the old-age dependency ratio or the ratio of the old-age population to
the total population. We expect the coefficient (64 +6n) to be negative as an increase in the old-age population may reduce workers in
the system, so as economic growth. j; capture country-specific effect. A, is a time dummy and ¢;;, is the shock for each period.
Zj";l (65 —61m)Gij—n * Oldj_nxY;,n denotes the interaction term between each category of government spending and the old-age
variable. We are interested in the coefficient sign of this term as (¢; —6,,) shows the marginal effect of and the interaction between
the old-age population and the reallocation of government spending in the previous category m (as we omitted it) to the new category j
in affecting economic growth. That is the derivative of Y;; — Y;;, with respect to G;j_s:
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Table 4
Regression results using various econometrics methods with old-age dependency ratio as a proxy for old-age populations).

Variable (OLS) (FE) (1IDGMM) (2DGMM) (1SGMM) (2SGMM)

Old_depend, In 0.0199%** 0.0539" 0.0913 —0.0154 0.0609** 0.0642%**
(0.000) (0.069) (0.386) (0.731) (0.001) (0.000)

L. Gov Spending 0.912%** 0.714%** 1.021%** 1.061%** 0.794%** 0.798%***
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

GDP per capita 0.0835%** 0.200%** —0.261 —0.204** 0.147* 0.137%%*
(0.000) (0.000) (0.579) (0.001) (0.027) (0.000)

Trade to GDP 0.00844" 0.00345 0.0272 0.0199* 0.0199 0.0170**
(0.069) (0.785) (0.715) (0.015) (0.193) (0.003)

Control of corruption 0.0116* 0.0556*** 0.0246 0.0246** 0.0813** 0.0879%***
(0.015) (0.000) (0.384) (0.005) (0.001) (0.000)

Financial Openness —0.0134" —0.0167 —0.0421 —0.0238 0.0384 0.0304*
(0.095) (0.348) (0.438) (0.448) (0.199) (0.026)

Democracy_dummy 0.0025 0.0298* 0.0270 0.0205 —0.0150 —0.0211%***
(0.706) (0.010) (0.552) (0.117) (0.494) (0.001)

Constant —0.214%** —-0.134 —0.399" —0.362%**
(0.000) (0.475) (0.064) (0.000)

N. Obs. 1705 1705 1428 1428 1705 1705

R-Squared 0.996 0.854

Adjusted R-Squared 0.996 0.843

AR (1) p-value 0.00396 0.00462 0.00424 0.00842

AR (2) p-value 0.262 0.261 0.319 0.329

Hansen p-value 0.0908 0.0908 0.0831 0.0831

Note: This table estimates the relationship between Old-Age Populations, using Old-Age Dependency Ratio as a proxy, and Government Spending at
the Aggregate Level. The Total Final Government Consumption per Capita in Logarithmic form is Dependent Variables. The Old-Age Dependency
Ratio in Logarithmic form (Old_depend, In) is the main Independent Variable. OLS represents the Ordinary Least Square Method: FE id Panel Data
Model with Fixed Effect; 1DGMM and 2DGMM are one- and two-step Difference Generalized Methods of Moment, respectively, and 1SGMM and
2SGMM are one- and two-step System Generalized Methods of Moment, respectively. The p-value of Auto-Correlation 1st and 2nd order, including *
’Hansen’s post-Estimation Tests for Dynamic GMM are presented at the bottom Panel. The p-values are presented in parentheses and+p < 0.10, *p <
0.05, **p < 0.01, ***p < 0.001.

Source: Author’s calculations.

a(Yi,& - Yi.r—n)
a(C}i.jx—n)

This equation presents the effect on economic growth of the reallocation of government spending from the last category to the new
one. The effect is the function of GDP per capita and the old-age dependency ratio.

= ("/_, —Vm) + (91 - em) * Old;n*Yisp

4. Results and discussion
4.1. Effects of old-age population on government spending at the aggregate level

Table 4 shows the results of the baseline model using various econometric methods. This tests whether a change in the proportion of
old-age population would affect government spending at the aggregate level. Almost all the regression results have a positive coef-
ficient for the old-age dependency ratio (the main independent variable) except when we use the one- and two-step dynamic GMM
with first difference. These indicate that an aging population significantly induces higher total government consumption. The dif-
ference GMM models show no significant results because the endogenous independent variable, which in this model is GDP per capita,
has a Random walk distribution. This makes the system GMM model more favorable than the difference GMM models [44].

The system GMM model utilizes both the level and first difference of endogenous variables as internal instruments. In contrast, the
difference GMM uses only the first difference of endogenous variables as an instrument. So, we have fewer observations for the first
difference GMM model than for the system GMM model. Furthermore, after testing the post-estimation diagnostic, we can see from
Table 4 that the system GMM model also overcomes the second order of error term auto-correlation as the p-value of AR(2) is higher
than 0.05, and we can accept the null hypothesis based on the Hansen overidentification test at the 95% confidence level. Therefore,
from now on, we will use the system GMM model as a method for further analysis.

Table 4 (columns 6 and 7) show that an increase of one percent in the old-age dependency ratio significantly induces an increase in
government spending at the aggregate level of about 0.06% points at both the 95 and 99% confidence levels. Apart from our main
interest in the independent variable, other control variables, such as trade to GDP, financial openness, and control of corruption, also
positively affect government spending, while democracy induces lower public expenditure.

I also replicate all baseline models from Table 4 but uses the percentage of old-age population as a proxy for aging society instead of
the old-age dependency ratio. The results, which are shown in Table 5 (in Appendix A. section), are quite similar and robust to the
exercise from Table 4 as a higher proportion of aging population significantly affects a higher government spending for the 87
countries in the sample from 1996 to 2018.



N. Temsumrit Heliyon 9 (2023) e19521

The results from Tables 4 and 5 are consistent with the literature, which indicates that population aging presents a notable federal
budgetary challenge, given that a significant portion of the federal budget is allocated towards old age entitlement programs, notably
Social Security and Medicare, while simultaneously projecting per capita health costs to outpace GDP per capita growth in the future
(see, for example, [45,46,47,48]).

However, there are interesting results when we group the countries by their income level into two groups (countries with income
higher than 12,000 USD and those with an income level less than or equal to 12,000 USD). Table 6 illustrates that the old-age pop-
ulation would only cause higher government spending in the high-income group, and not for the middle- and low-income countries.

These results correspond to the other studies where, unlike in developed countries, the elderly in middle- and low-income countries
usually depend on their own savings or family support rather than on public welfare [49,50,51]. Therefore, when we separate these
two groups, the results show that an increase in the old-age dependency ratio leads to higher government spending only in developed
countries.

4.2. Effects of old-age population on each compositional government spending

After testing the relationship between old-age population and government spending in total, we further analyze the effects of old-
age on each government spending composition. Regarding the previous section, we again choose the system GMM model to estimate
the parameter explaining the marginal effect of the old-age population on compositional government spending.

Each composition of government spending is a dependent variable, and the old-age population (proxied using the old-age de-
pendency ratio) is the main independent variable. All control variables mentioned in section 3 are included in the model. Table 7
demonstrates that an increase in the old-age dependency ratio significantly leads to higher government spending, particularly in
health, environment, and social protection expenditures. A one percent change in the old-age population induces a 1.626% change in
the expenditure on social protection (see column 11 in Table 7). These results are consistent with the previous study on the positive
effects of aging on health care and social security spending (see Refs. [52,53] for the study in Southeast Asian and European countries,
respectively). Especially as people age, there is likely a decline in the transition rates from disabled states to the no-disability state [15].

Furthermore, we can see from the estimation results in Table 7 that as the country moves toward an aging society, the public
spending on public administration, housing, and education are reduced perhaps because that once the country becomes aged, fewer
children are born and spending related to education and public administration are lower. A change in the demographic structure
reshapes how a government focuses on each spending category. In addition, housing spending reduces as the country has a larger aging
population. There will be less demand for houses in aging society.

Furthermore, we also present the post-estimation tests in Table 7. The results suggest that our model does not suffer from second-
order serial correlation and there is no problem with the weakness of instruments for model overidentification.

We also replicate a similar model using government spending composition to total expenditure instead of government spending

Table 6
Regression results: Effect of old-age population on aggregate government spending by income group.

Variable (Income < 12,000 USD) (Income >12,000 USD)

Old_depend, In 0.00605 0.178%***
(0.126) (0.000)

L. Gov Spending 0.918*** 0.750%**
(0.000) (0.000)

GDP per capita 0.00807 0.0938%***
(0.617) (0.000)

Trade to GDP —0.0101 0.0431%**
(0.114) (0.000)

Control of corruption 0.164%** 0.0849%**
(0.000) (0.000)

Financial Openness 0.0176 —0.0469*
(0.262) (0.028)

Democracy_dummy —0.00225 0.0139
(0.794) (0.110)

N. Obs. 702 1003

AR (1) p-value 0.00578 0.0222

AR (2) p-value 0.911 0.377

Hansen p-value 0.871 0.359

Note: This table estimates the relationship between Old-Age Populations, using Old-Age Dependency Ratio as a Proxy,
and Government Spending at the Aggregate Level. The Total Final Government Consumption per Capita in Logarithmic
form is Dependent Variables. The using Old-Age Dependency Ratio in Logarithmic form is the main Independent Var-
iable. We use the two-step System generalized Methods of Moment to estimate interested parameters. Income > 12000
represents the Group of countries which the Level of Income above 12000 USD. Income < 12000 represents the Group of
countries which the Level of Income below or equal to 12000 USD. The p-value of Auto-Correlation 1st and 2nd order,
including Hansen’s post-Estimation Tests for Dynamic GMM are presented at the bottom Panel. The p-values are pre-
sented in parentheses and+p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.

Source: Author’s calculation



Table 7

Effects of old-age populations on each compositional government spending (as GDP percentage) using two-step system GMM with old-age dependency ratio as a proxy for old-age populations.

Variable (Public Admin) (Defense) (Order) (Economic) (Environment) (Housing) (Culture) (Health) (Education) (Social Protection)
Old_depend, In —0.916%* 0.0166 —0.0246 0.342" 0.0277* —0.340%** 0.0410" 0.0923* —0.174%* 1.626%**

(0.004) (0.448) (0.184) (0.091) (0.027) (0.000) (0.089) (0.080) (0.010) (0.000)
GDP per capita 2.013%** —0.0699** 0.0328" —0.0512 —0.00157 0.116* 0.0976%*** 0.201*** 0.191%** 1.463%***

(0.000) (0.001) (0.052) (0.755) (0.879) (0.020) (0.000) (0.000) (0.004) (0.000)
L.exp_pub_gdp 0.212%**

(0.000)
Trade to GDP —0.166 —0.0329 0.0490* 0.792%%%* 0.0240" 0.114* 0.154%*%* —0.0407 0.0969 —0.0798

(0.708) (0.102) (0.018) (0.000) (0.053) (0.017) (0.000) (0.174) (0.141) (0.789)
Control of corruption —2.313%** 0.0701%** —0.0709%* 0.00346 0.00288 0.0988" 0.000984 —-0.0778" 0.0110 —1.238%#*x

(0.000) (0.003) (0.001) (0.984) (0.790) (0.090) (0.952) (0.090) (0.834) (0.000)
Financial Openness —3.115%** 0.173%*** —-0.0126 —0.0371 0.0297** -0.117 0.0355 0.0328 —0.0518 1.173*

(0.000) (0.000) (0.623) (0.896) (0.007) (0.188) (0.422) (0.628) (0.602) (0.010)
Democracy_dummy 1.158** —0.144%** 0.0363 —0.0752 0.0241** —0.140* —0.0520" 0.0625 0.227%* 0.329

(0.008) (0.000) (0.129) (0.662) (0.007) (0.034) (0.088) (0.136) (0.006) (0.322)
L.exp_def gdp 0.888%***

(0.000)
L.exp_order_gdp 0.857%%*
(0.000)
L.exp_econ_gdp 0.349%**
(0.000)
L.exp_envi_gdp 0.856%**
(0.000)
L.exp_housing_gdp 0.173%**
(0.000)
L.exp_cult_gdp 0.452%**
(0.000)
L.exp_health_gdp 0.874%**
(0.000)
L.exp_edu_gdp 0.792%**
(0.000)
L.exp_socpro_gdp 0.571%%*
(0.000)

Constant —0.0583 0.632%** 0.0431 —1.305" —0.167* —0.385 —1.346%** —1.325%%* —1.197** —10.48%**

(0.978) (0.000) (0.641) (0.094) (0.011) (0.165) (0.000) (0.000) (0.005) (0.000)
N. Obs. 1382 1344 1382 1407 1130 1380 1310 1409 1408 1354
AR (1) p-value 0.0205 0.0155 0.0397 0.00188 0.000456 0.0239 0.0105 0.00368 0.00000682 0.140
AR (2) p-value 0.169 0.782 0.358 0.0264 0.908 0.355 0.326 0.448 0.724 0.294
Hansen p-value 0.158 0.320 0.0791 0.0438 0.108 0.494 0.284 0.119 0.187 0.0695

Note: This table estimates the Effects of Old-Age Populations on each Compositional Government Spending using two-step System GMM. The Ratio of each Compositional Government Spending to GDP are
Dependent Variables. The Old-Age Dependency Ratio (Old_depend, In) is the main Independent Variable. For two-step System GMM, we let the Old-Age Dependency Ratio as Instrument, but put lagged
Dependent Variable as Endogeneous with collapse option. The p-value of Auto-Correlation 1st and 2nd order, including Hansen’s post-Estimation Tests are presented at the bottom Panel. The p-values are

presented in parentheses and +p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.

Source: Author’s calculation.

nmswaj, ‘N

[ZS612 (£20Z) 6 UoAoH



N. Temsumrit Heliyon 9 (2023) e19521

composition as a percentage of GDP (See Table 8 in Appendix B.). The results in Table 8 confirm identical implications to those from
Table 7. An increase in the old-age population significantly leads to higher government spending, especially in the social protection
and public administration categories.

As expected, aging also reduces the spending on education.® The results are consistent with previous studies. For example, ref. [33,
54] find that aging population induces higher spending on healthcare and social protections while contracting the spending in edu-
cation using the data of Brazil based on the forecasting model with change in the age structure. Similar to ref. [55] who reveals positive
effects of the proportion of elderly individuals on expenditure for pensions and social protection in 25 EU countries from 1995 to 2014,
using panel data with the system GMM. Compared to total government revenue, the more significant positive impact on overall public
expenditure reaffirms the adverse impact of population aging on the budget balance.

However, once we consider the different levels of income across the country (see Table 11), we find that the old-age population
does not cause an increase in social protection or health expenditures in developing countries. Rather, it pushes the public spending on
defense, which remains a puzzle as to why as the country becomes aged, there is a significant increase in public spending on defense.
Ref. [56] suggest that public policy satisfaction differs across ages. People are likely to satisfy policies that ensure safety and life
security as they age. Similarly, ref. [20] state that as the proportion of the old-age population increases, expenditure on defense tends
to be higher due to the high demand for life safety and security. Moreover, ref. [57] uses the data from Japan National Election from
1972 to 2016 to test the public policy anticipation. He finds that older people are likelier to show interest and express their needs
toward public policies than working-age people. As time passed, public policies related to aging became clearer, making old-age people
more interested in this issue.

From the Median Voter Theorem, policies chosen by the government will eventually follow the preference of the median voters.
Therefore, as the number of median voters becomes aged, policies become more conservative and less liberal. The idea of nationalism
and policies preference for defense become critical for aging voters, which is reflected in a rise in the spending on defense in developing
countries once the countries become more aged. Ref. [58] study the relationship between age and political ideas; they find that as
people become older, the political idea tends to move towards Social Dominance Orientation (SDO) and Right-wing authoritarianism
(RWA). SDO supports the thinking of social hierarchy, and the RWA supporters tend to follow the social norm and ruler’s order; in
other words more conservative ([59] for SDO definition and [60] for RWA definition as cited in Ref. [61]).

Looking at other spending compositions, the old-age dependency ratio still has significantly negative coefficients for spending on
public administration, housing, and education. However, the negative effect of old-age population on public spending in education is
larger in developing countries (44 countries) compared to the total sample of 87 countries. Comparing Column 10 in Table 7 with the
same column in Table 11, the reduction in education spending in countries with income less than or equal to 12,000 USD is higher than
for about 50% of the full sample. Although a shift in the demographic structure toward aging may reduce the number of children, and
thus affect lower spending in education, education can be provided throughout the people’s lifetime; for example, through training, re-
skilling or upskilling during working age, or even a learning program to maintain physical and mental health when individuals become
aged.

In summary, an increase in the old-age population is positively correlated to a higher government spending in health, environment,
and social protection categories, while it reduces the spending, particularly on education and housing using the full sample. However,
the results are different when we consider the income level of the countries, with an increase in the old-age population in the countries
with income less than or equal to 12,000 USD pushes higher spending on defense rather than the usual related old-age population
spending categories, such as health or social protection. For the countries with income higher than 12,000 USD, the results follow a
similar pattern as for the full sample. However, the reductions in public administration, housing, and education as the countries age are
shown in developing and developed countries.

4.3. Interaction of old-age population and government spending in affecting economic growth

We further analyze the interaction effect between aging population and reallocation of government spending on economic growth.
The model is modified following the study of [38], as presented in Equation (4). Another study suggests that a reallocation of gov-
ernment spending in the health care and social protection categories toward education enhances economic growth in the long run. This
study adds the aspect of an aging society to test whether a reallocation of government spending affects economic growth in an aging
society.

Table 12 presents the regression estimates from the model in Equation (4). The header for each column represents a spending
composition that has been omitted due to multicollinearity issues. Thus, those omitted spending categories will become the source of
fund financing for other public spending categories. For example, in the second column in Table 12, we omit the government spending
on public administration. We have the 4-year GDP per capita growth rate as a dependent variable.” The interest-independent variable
is the interaction effect terms between the old-age variable, government spending, and GDP growth. The results suggest that the

© For robustness checks, we try other proxies for the old-age population. That is we use the percentage of old-age population instead of using old-
age dependency ratio as the main independent variable. The results are robust and confirm that the old-age population induces higher spending on
particular categories e.g. health, social protection, and environment, while reducing public spending on education and housing. The results are
shown in Tables 9 and 10 in Appendix B.

7 We follow [38] to use 4-year GDP growth rate as a change in the government spending policies responses to aging may take some time to see the
effects.
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Table 11
Effects of old-age populations on each compositional government spending (as percentage of GDP) using two-step system GMM with old-age dependency ratio as a proxy for old-age populations (sample:
Developing).
Variable (Public Admin) (Defense) (Order) (Economic) (Environ ment) (Housing) (Culture) (Health) (Education) (Social Protection)
Old_depend, In —3.823%** 0.350%** 0.0509 —0.0856 0.0343 —0.473%** 0.0118 —0.000214 —0.390%** 0.199
(0.000) (0.000) (0.138) (0.764) (0.227) (0.000) (0.637) (0.997) (0.000) (0.291)
GDP per capita 3.872%** —0.413%** —0.0450 —0.0987 —0.00233 0.330%** 0.0186 0.0749" 0.154 0.873%**
(0.000) (0.000) (0.289) (0.676) (0.924) (0.001) (0.403) (0.095) (0.114) (0.000)
Trade to GDP —0.168 0.0788 0.0967** 0.915%** 0.0686*** 0.162*%* 0.0614*** 0.162%** 0.241%** —0.0956
(0.643) (0.166) (0.005) (0.000) (0.000) (0.007) (0.000) (0.001) (0.000) (0.506)
Control of corruption —1.671%** 0.116%** 0.00638 0.122* 0.0181* 0.0344 0.00955 0.0329 0.137** —0.224%*
(0.000) (0.000) (0.713) (0.073) (0.042) (0.410) (0.334) (0.138) (0.001) (0.001)
Financial Openness —1.544%** 0.138* 0.0561 —0.4417 0.00308 -0.171" —0.0179 0.170%* 0.0414 0.325"
(0.001) (0.034) (0.106) (0.059) (0.855) (0.087) (0.127) (0.002) (0.563) (0.089)
Democracy_dummy 0.464 —0.0861* 0.00180 —0.104 0.0297*** —0.0668 —-0.0186" 0.0335 0.0975"% —0.00636
(0.115) (0.040) (0.925) (0.323) (0.001) (0.299) (0.096) (0.310) (0.057) (0.956)
L.exp_pub_ gdp 0.447%%*
(0.000)
L.exp_def_gdp 0.898%***
(0.000)
L.exp_order_gdp 0.881%**
(0.000)
L.exp_econ_gdp 0.483%***
(0.000)
L.exp_envi_gdp 0.604%**
(0.000)
L.exp_housing_gdp 0.0959**
(0.003)
L.exp_cult_gdp 0.797***
(0.000)
L.exp_health_gdp 0.766%**
(0.000)
L.exp_edu_gdp 0.772%**
(0.000)
L.exp_socpro_gdp 0.734%**
(0.000)
Constant —12.17%%* 1.926%*** 0.000253 —0.709 —0.361%*** —1.730%* —0.378* —1.124%** —0.962 —5.896%**
(0.000) (0.000) (0.999) (0.549) (0.001) (0.003) (0.010) (0.001) (0.109) (0.000)
N. Obs. 746 710 748 771 576 746 688 774 772 718
AR (1) p-value 0.0388 0.00557 0.0657 0.00466 0.00951 0.117 0.00384 0.0179 0.0000350 0.0425
AR (2) p-value 0.119 0.635 0.423 0.355 0.643 0.675 0.869 0.424 0.919 0.482
Hansen p-value 0.621 0.638 0.354 0.681 0.618 0.286 0.380 0.539 0.526 0.399

Note: This table estimates the Effects of Old-Age Populations on each Compositional Government Spending using two-step System GMM. The Ratio of each Compositional Government Spending to GDP are
Dependent Variables. The Old-Age Dependency Ratio is the main Independent Variable. For two-step System GMM, we let the Old-Age Dependency Ratio as Instrument, but put lagged Dependent Variable
as Endogeneous with collapse option. The p-value of Auto-Correlation 1st and 2nd order, including Hansen’s post-Estimation Tests are presented at the bottom Panel. The p-values are presented in
parentheses and + p < 0.10, *p < 0.05, **p < 0.01, ***p
Source: Author’s calculation.

< 0.001.

nmswaj, ‘N

[ZS612 (£20Z) 6 UoAoH



4

Table 12

Effects of old-age populations and GDP per capita in affecting the allocation of compositional government spending (as percentage of GDP) using dynamic system GMM (with old-age dependency ratio as a

proxy for old-age populations).

Variable (Public (Defense) (Order) (Economic)  (Environ (Housing) (Culture) (Health) (Education)  (Social
Admin) ment) Protection)
L4.GDP per capita —2.131%%* —2.724%*%  _2.569%** 2 536%** —2.898%** —2.694%**  _2.318%**  _2600%** = —2.233%** —2.480
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Trade to GDP 0.0273 0.217 0.324 0.299 0.575% 0.386 0.283 0.215 0.496 0.131
(0.942) (0.553) (0.390) (0.468) (0.073) (0.319) (0.491) (0.556) (0.181) (0.740)
Control of corruption 1.670%** 2.080%** 2.070%** 1.957%=* 2.487%** 2.036%** 2.382%** 2.038%** 1.942%** 1.842%x*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Financial Openness 0.316 0.183 -0.136 —0.344 —0.395 -0.310 -0.139 —0.160 —0.0645 —0.326
(0.525) (0.708) (0.764) (0.477) (0.410) (0.534) (0.789) (0.743) (0.875) (0.497)
Democracy_dummy -1.279* —1.105* —0.802" —1.025* —0.828* —0.858" —1.414%* -1.027* —1.039* —0.903*
(0.012) (0.020) (0.084) (0.019) (0.028) (0.067) (0.007) (0.037) (0.021) (0.047)
L4. Expenditure to GDP 0.0278 0.0785 —0.226%* —0.0233 —0.230%* —0.145 —0.138* 0.0345 -0.179* —0.0190
(0.310) (0.281) (0.007) (0.539) (0.006) (0.115) (0.018) (0.685) (0.012) (0.579)
L4. Old_depend, In 0.781 -0.316 —-0.517 —0.325 —1.103 —0.496 —0.0655 —0.0262 0.00619 —-0.0711
(0.205) (0.612) (0.296) (0.589) (0.102) (0.418) (0.910) (0.966) (0.991) (0.909)
L4.exp_pub_ gdp —0.328%* -0.114 —0.316%* —0.247* —0.191 —0.0810 —0.310* —0.0747 —0.255%
(0.006) (0.309) (0.008) (0.014) (0.131) (0.306) (0.026) (0.463) (0.011)
L4.exp_def_gdp —0.256 0.326 0.0519 0.205 0.218 0.174 —0.0880 —0.0641 0.0200
(0.401) (0.321) (0.857) (0.431) (0.552) (0.319) (0.794) (0.829) (0.941)
L4.exp_order_gdp 0.164 0.0483 —0.00798 1.266* 0.187 0.193 0.0965 -0.234 —0.0266
(0.725) (0.918) (0.986) (0.018) (0.686) (0.710) (0.841) (0.576) (0.954)
L.exp_econ_gdp 0.0382 —0.0264 0.343" 0.275 0.197 0.504** 0.0984 0.177 0.133
(0.791) (0.883) (0.059) (0.153) (0.276) (0.007) (0.599) (0.292) (0.383)
L.exp_envi_gdp 3.188* 2.305" 2.003 2.070 2.455" 0.639 2.563* 1.459 2.307"
(0.011) (0.074) (0.119) (0.115) (0.068) (0.666) (0.037) (0.293) (0.096)
L4.exp_housing_gdp -0.229 -0.120 0.189 —0.200 0.445 —0.496 —0.342 —0.228 —0.168
(0.601) (0.792) (0.673) (0.647) (0.386) (0.351) (0.440) (0.624) (0.701)
L4.exp_health_gdp —0.180 —0.512 0.272 0.0777 0.115 0.0117 0.903 —0.197 0.429
(0.731) (0.380) (0.607) (0.891) (0.828) (0.982) (0.187) (0.717) (0.301)
L4.exp_cult_gdp 1.676%** 2.537%%* 2.541 %% 2.566%** 2.691%** 2.878%** 2.366%** 2.038%** 2.318%**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
L4.exp_edu_gdp —1.009%* —1.553%**  —1.124%* —1.195%* —1.522%%** —1.377%*%*  —0.973** —1.277%* —1.230%*
(0.004) (0.000) (0.002) (0.002) (0.000) (0.001) (0.004) (0.002) (0.001)
L4.exp_socpro_gdp 0.116 0.132 0.306" 0.159 0.444%** 0.317° 0.230 0.0387 0.305"
(0.402) (0.434) (0.086) (0.410) (0.006) (0.096) (0.261) (0.818) (0.067)
L4. Old_depend, In X L4.exp_def gdp X L4.GDP per 0.0157 0.00429 0.00660 0.0109 0.00420 0.00705 0.0105 0.0193" 0.00804
capita (0.206) (0.734) (0.580) (0.333) (0.770) (0.418) (0.422) (0.089) (0.489)
L4. Old_depend, In X L4.exp_order_gdp X L4.GDP per —0.0235 —0.0119 —0.0154 —0.0494" —0.0168 —0.0204 —0.0204 —0.00191 -0.0131
capita (0.346) (0.637) (0.545) (0.091) (0.501) (0.451) (0.451) (0.936) (0.605)
Variable (Public (Defense) (Order) (Economic) (Environ (Housing) (Culture) (Health) (Education) (Social
Admin) ment) Protection)
L4. Old_depend, In X L.exp_econ_gdp X L4.GDP per —0.00130 —0.00110 —0.00351 0.00155 —0.00112 —0.0139*  —0.00418 —0.000393 —0.00354
capita (0.794) (0.834) (0.471) (0.795) (0.821) (0.016) (0.446) (0.938) (0.497)

(continued on next page)
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Table 12 (continued)

Variable (Public (Defense) (Order) (Economic) (Environ (Housing) (Culture) (Health) (Education)  (Social
Admin) ment) Protection)

L4. Old_depend, In X L.exp_envi_gdp X L4.GDP per —0.0991* —0.0766" —0.0516 —0.0562 —0.0693 0.000690 —0.0685" —0.0304 —0.0622
capita (0.019) (0.097) (0.235) (0.209) (0.130) (0.989) (0.093) (0.514) (0.187)

L4. Old_depend, In X L4.exp_housing_gdp X L4.GDP 0.00374 —0.00489 —0.00121 0.00723 —0.000111 0.0203 0.0101 0.0138 0.00576
per capita (0.851) (0.811) (0.951) (0.722) (0.996) (0.364) (0.595) (0.537) (0.775)

L4. Old_depend, In X L4.exp_health_gdp X L4.GDP per ~ 0.00907 0.0173 0.00146 0.00371 0.00838 0.00839 —0.0209 0.0157 —0.00844
capita (0.641) (0.409) (0.942) (0.860) (0.659) (0.674) (0.414) (0.449) (0.557)

L4. Old_depend, In X L4.exp_cult_gdp X L4.GDP per —0.0665%** —0.112%**  —0.0900***  —0.0964***  —0.105%** —0.106%** —0.0945%**  —0.0579* —0.0886%**
capita (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.012) (0.000)

L4. Old_depend, In X L4.exp_edu_gdp X L4.GDP per 0.0389** 0.0648%** 0.0524%** 0.0497** 0.0705%** 0.0619%** 0.0410** 0.0504** 0.0506**
capita (0.009) (0.000) (0.000) (0.001) (0.000) (0.000) (0.003) (0.001) (0.001)

L4. Old_depend, In X L4.exp_socpro_gdp X L4.GDP per ~ —0.00436 —0.00740 —0.00272 —0.00509 —0.00738 —0.00577 —0.00225  —0.00179 —0.00201
capita (0.398) (0.210) (0.611) (0.412) (0.194) (0.331) (0.749) (0.659) (0.731)

L4. Old_depend, In X L4.exp_pub_ gdp X L4.GDP per 0.0131%* 0.0159** 0.0163** 0.0230%** 0.0160** 0.0114* 0.0141%* 0.0120* 0.0137*
capita (0.008) (0.002) (0.002) (0.000) (0.002) (0.037) (0.003) (0.013) (0.006)

N. Obs. 785 803 785 785 963 791 790 785 785 785

AR (1) p-value 0.896 0.306 0.250 0.245 0.285 0.190 0.661 0.339 0.381 0.347

AR (2) p-value 0.111 0.172 0.481 0.189 0.488 0.270 0.962 0.168 0.243 0.205

Hansen p-value 0.0000977 0.0000989  0.0000474 0.000135 0.0000987 0.0000942  0.000341 0.000327 0.0000778 0.000199

Note: This table estimates the Effects of Old-Age Populations and Reallocation of Government Spending across various functions on economic growth (4 years) using two-step System GMM. For two-step
System GMM, we put lagged Dependent Variable as Endogeneous with collapse option. The p-value of Auto-Correlation 1st and 2nd order, including Hansen’s post-Estimation Tests are presented at the
bottom Panel. The p-values are presented in parentheses and + p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.

Source: Author’s calculation.
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Table 13

Summary all results from Government Spending Reallocation Model.
Growth rate of GDP per Public Defense  Order  Economic  Environment Housing  Culture Health  Education  Social
capita (4 years) Admin Protection

Financing Component

(Public Admin) X o e e
(Defense) xk X sk e

(Order) x ™ e
(Economic) ER X e e
(Environment) e X e e

(Housing) x ek .

(Culture) _* X e

(Health) +* e X e
(Education) s X

(Social Protection) ek 1 X

Note: This table estimates the Effects of Old-Age Populations and Reallocation of Government Spending across various functions on economic growth
(4 years) using two-step System GMM. For two-step System GMM, we put lagged Dependent Variable as Endogeneous with collapse option. The p-
value of Auto-Correlation 1st and 2nd order, including Hansen’s post-Estimation Tests are presented at the bottom Panel. The p-values are presented
in parentheses and *p < 0.05, **p < 0.01, ***p < 0.001.

Source: Author’s calculation

previous 4-year GDP per capita (L4.GDP per capita) has increased, so the current 4-year growth rate of GDP per capita is reduced in
each model. Looking at the population aging variable (L.Old_depen), we find that the population aging alone has no significant
relationship with GDP growth. However, growth is impacted by the interaction between aging population and the reallocation of
government spending in specific categories.

Considering the second column in Table 12 once again, the coefficient of the interaction terms (L4ln_Old_depen X L4exp_edu_gdp X
L4ln_gdp_percapita) is positively significant (0.0389** at the 99% confidence level). When we trace educational spending (14exp_e-
du_gdp), it has a significant negative sign (—1.009**) implying that omitting the expenditure for public administration and reallo-
cating it to educational expenditure would help to improve economic growth by —1.009 + (0.0389*0ld_depen* gdp_percapita).® As
the population aging and/or GDP per capita increase, the reallocation of government spending from public administration to education
would improve economic growth.

According to the results shown in Table 12, we can summarize the implication of population aging and government spending
reallocation on economic growth as in Table 13. Note also that the first column represents the omitted spending category or financing
categories, while the header for columns 2-9 represent where the spending has been allocated.

The results shown in Table 13 suggest that the reallocations of government spending from any category toward expenditure for
education help to improve economic growth in the aging countries, as we can see from the significantly positive signs for the whole
column. The results are consistent to Ref. 38,62]. On the other hand, a reallocation of government spending from any category to
expenditure for culture would hinder growth. Apart from these two main results, reallocations from the economic and environmental
categories toward public administration also significantly promote economic growth. Here, the main result is that education is
important for long-term economic growth; even if the population in the country ages, reallocating the expenditure toward this category
can help to improve economic growth.

5. Conclusion

Population aging is a phenomenon that all countries are facing in this era. An increase in the old-age population challenges
government policies as there is an increasing demand for more health support and other related issues. This paper successfully in-
vestigates the effect of an aging population on economic growth through the channel of government spending. We analyze both in
aggregate and each government’s compositional terms and test how reallocating government spending across composition can
enhance economic growth in aging countries.

The main results suggest that first, an increase in the aging population does induce higher government spending in general, in
particular for components, such as health, environment, and social protection. However, the results are controversial once we consider
differences in income across countries. We find that higher income countries follow the same pattern as we suggest earlier, but not so
for middle- and low-income countries. An increase in population aging does not induce higher government spending in general.

Considering the government spending composition, the old-age population rather induces higher defense spending in developing
countries. I conjecture that it may be explained by an age-political preference. As the median voters become older, they are more likely
to prefer conservatism and nationalist political profiles. This would enhance higher spending in the defense category. On the other
hand, an increase in the aging population reduces education and housing public expenditures for all income groups because there is a

8 _1.009 + (0.0389*0ld_depen*gdp_percapita) when using average of old-age dependency ratio and GDP per capita of the 87 countries from
descriptive statistic in Table 2, the marginal effect of aging population and government spending reallocation on economic growth will be —1.009 +
(0.0389*%2.465* 8.955) = —1.009 + 0.858 = —0.150, which is better than the case for no government expenditure reallocation.
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reduced number of children and the elderly, resulting in a reduced demand for housing.

Lastly, we find that a reallocation of government spending from any categories toward education in the aging society would
promote long-term economic growth, while any reallocation toward the cultural category would induce growth slowdown.

These results could be used as guidelines for public policy makers to allocate resources across government spending categories
efficiently in the midst of an aging era.
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Appendix

Appendix A. Robustness checks using different proxies for model’s main independent variable

Table 5
Regression Results using Various Econometrics Methods with Percentage of Old-Age Population as a Proxy for Old-Age Populations.

Variable (OLS) (FE) (1DGMM) (2DGMM) (1SGMM) (2SGMM)

Percentage Old pop 0.0199%** 0.0827* 0.120 0.0253 0.0612%** 0.0641***
(0.000) (0.012) (0.393) (0.607) (0.000) (0.000)

L. Gov Spending 0.913%** 0.714%** 1.011%** 1.051%** 0.791%** 0.797%%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

GDP per capita 0.0819%** 0.196%*** —0.256 —0.207** 0.155* 0.142%**
(0.000) (0.000) (0.614) (0.002) (0.019) (0.000)

Trade to GDP 0.00772% 0.00327 0.0267 0.0199* 0.0183 0.0163**
(0.096) (0.796) (0.717) (0.015) (0.220) (0.002)

Control of corruption 0.0111* 0.0562%** 0.0247 0.0253** 0.0726** 0.0795%**
(0.021) (0.000) (0.376) (0.004) (0.002) (0.000)

Financial Openness —0.0123 —0.0171 —0.0428 —0.0261 0.0351 0.0312*
(0.126) (0.337) (0.432) (0.488) (0.202) (0.017)

Democracy_dummy 0.00285 0.0298* 0.0273 0.0195 —0.0132 —0.0204**
(0.665) (0.010) (0.551) (0.144) (0.546) (0.001)

Constant —0.130 —0.383" —0.339%**
(0.000) (0.476) (0.071) (0.000)

N. Obs. 1705 1705 1428 1428 1705 1705

R-Squared 0.996 0.854

Adjusted R-Squared 0.996 0.843

AR (1) p-value 0.00409 0.00453 0.00424 0.00800

AR (2) p-value 0.262 0.262 0.308 0.318

Hansen p-value 0.0526 0.0526 0.0846 0.0846

Note: This table estimates the relationship between Old-Age Populations, using Percentage of Old-Age Population as a Proxy, and Government
Spending at the Aggregate Level. The Total Final Government Consumption per Capita in Logarithmic form is Dependent Variables. The Percentage of
Old-Age Population in Logarithmic form (Percentage Old pop) is the main Independent Variable. OLS represents the Ordinary Least Square Method:
FE is Panel Data Model with Fixed Effect; 1IDGMM and 2DGMM are one- and two-step Difference Generalized Methods of Moment, respectively, and
1SGMM and 2SGMM are one- and two-step System Generalized Methods of Moment, respectively. The p-value of Auto-Correlation 1st and 2nd order,
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including * "Hansen’s post-Estimation Tests for Dynamic GMM are presented at the bottom Panel. The p-values are presented in parentheses and+p <
0.10, *p < 0.05, **p < 0.01, ***p < 0.001.
Source: Author’s calculation.

Appendix B. Robustness checks using different proxies for model’s main dependent variable

Table 8
Effects of Old-Age Populations on Each Compositional Government Spending (as Percentage of Total Expenditure) Using Two-step System GMM with
Old-Age Dependency Ratio as a Proxy for Old-Age Populations.

Variable (Public (Defense) (Order) (Economic) (Environ (Housing)  (Culture) (Health) (Education) (Social
Admin) ment) Protection)
Old_depend, In —0.0238**  —0.000843 —0.00427** 0.00768"  0.00187***  —0.0117*** 0.00288***  0.00522* —0.00607* 0.0318%**
(0.001) (0.555) (0.008) (0.071) (0.000) (0.000) (0.000) (0.019) (0.027) (0.000)
GDP per capita, In  0.0242***  —0.00286* —0.00192  —0.0209*** —0.000431  0.00276*  0.000125 0.00663*** —0.00444" 0.0272%**
(0.000) (0.041) (0.110) (0.000) (0.186) (0.027) (0.810) (0.000) (0.067) (0.000)
Trade to GDP —-0.00898  —0.00267" 0.00242"  0.0142***  0.00169***  0.00220 0.00460***  0.00255 0.00619**  —0.00188
(0.252) (0.088) (0.096) (0.000) (0.000) (0.134) (0.000) (0.237) (0.003) (0.716)
Control of —0.0449*** 0.000879 —0.00208"  0.0172***  0.000431 —0.000677 0.000568 —0.000744 0.00697*** —0.0188%**
corruption (0.000) (0.613) (0.069) (0.000) (0.127) (0.628) (0.293) (0.654) (0.001) (0.000)
Financial Openness —0.0468*** 0.00502** —0.00175  —0.00564  0.00181** —0.00119  0.00237* 0.00401 0.00766%  0.0150™
(0.000) (0.008) (0.379) (0.377) (0.002) (0.559) (0.034) (0.194) (0.055) (0.082)
Democracy_dummy 0.0158" —0.0112*** 0.00166 —0.0185*** 0.000283 —0.00130 —0.00296*** 0.00579* 0.00370 0.00235
(0.065) (0.000) (0.243) (0.001) (0.370) (0.522) (0.000) (0.015) (0.182) (0.623)
L.pub_exp 0.617%***
(0.000)
L.def exp 0.799%**
(0.000)
L.order_exp . *
(0.000)
L.econ_exp 0.544%**
(0.000)
L.envi_exp 0.646***
(0.000)
L.housing_exp 0.337%**
(0.000)
L.cult_exp
L.health_exp 0.634%**
(0.000)
L.edu_exp 0.729%**
(0.000)
L.socpro_exp 0.651%**
(0.000)
Constant 0.156%** 0.0512%**  0.0479***  0.123*** —0.00825*** 0.0140 —0.0227***  —0.0560*** 0.0261* —0.191%**
(0.001) (0.000) (0.000) (0.000) (0.000) (0.112) (0.000) (0.000) (0.029) (0.000)
N. Obs. 1489 1489 1489 1489 1489 1489 1489 1489 1489 1489
AR (1) p-value 0.0000794  0.000849  0.000344  0.0000915 0.0139 0.0185 0.000149 0.0108 0.000209  0.00213
AR (2) p-value 0.102 0.166 0.0759 0.0783 0.358 0.395 0.426 0.187 0.0721 0.142
Hansen p-value 0.00840 0.418 0.0990 0.119 0.210 0.454 0.313 0.126 0.548 0.392

Note: This table estimates the relationship between Old-Age Populations and Government Spending in each Composition by their function using two-
step System GMM. The Ratio of each Compositional Government Spending to Total Expenditures are Dependent Variables. The Old-Age Dependency
Ratio is the main Independent Variable. For two-step System GMM, we put Old-Age Dependency Ratio as Instrument, but put lagged Dependent
Variable as Endogeneous with collapse option. The p-value of Auto-Correlation 1st and 2nd order, including Hansen’s post-Estimation Tests are
presented at the bottom Panel. The p-values are presented in parentheses and+p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.

Source: Author’s calculation.

Table 9
The Effects of Old-Age Populations on Each Compositional Government Spending (as Percentage of Total Expenditure) Using Two-step System GMM
with Percentage of Old-Age Population as A Proxy for Old-Age Populations.

Variable (Public (Defense)  (Order) (Economic) (Environ (Housing)  (Culture) (Health) (Education) (Social
Admin) ment) Protection)
Percentage Old Pop, —0.0248*** —0.000603 —0.00366* 0.00734"  0.00186*** —0.0118*** 0.00285***  0.00380"  —0.00630* 0.0296***
In (0.000) (0.686) (0.030) (0.078) (0.000) (0.000) (0.000) (0.100) (0.020) (0.000)
GDP per capita, In ~ 0.0243*** —0.00286* —0.00190 —0.0202*** —0.000520 0.00281* 0.000101 0.00617*** —0.00459" 0.0262***
(0.000) (0.046) (0.135) (0.000) (0.124) (0.027) (0.849) (0.000) (0.062) (0.000)
Trade to GDP —0.00813 —0.00274"  0.00270"  0.0138***  0.00162*** 0.00256"  0.00451***  0.00270 0.00648**  —0.00293

(continued on next page)
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Variable (Public (Defense) (Order) (Economic) (Environ (Housing)  (Culture) (Health) (Education) (Social
Admin) ment) Protection)
(0.301) (0.080) (0.064) (0.000) (0.000) (0.084) (0.000) (0.209) (0.001) (0.578)
Control of —0.0434*** 0.000790  —0.00211% 0.0162***  0.000422 —0.000193 0.000456 —0.000244 0.00761*** —0.0185***
corruption (0.000) (0.646) (0.064) (0.001) (0.128) (0.884) (0.398) (0.878) (0.000) (0.000)
Financial Openness —0.0473*** 0.00490** —0.00220 —0.00554 0.00195*** —0.00144  0.00239* 0.00467 0.00748"  0.0174"
(0.000) (0.009) (0.268) (0.384) (0.001) (0.484) (0.034) (0.120) (0.062) (0.051)
Democracy_dummy 0.0161°" —0.0115*** 0.00141 —0.0184*** 0.000317 —0.00118  —0.00296*** 0.00639**  0.00387 0.00318
(0.062) (0.000) (0.327) (0.001) (0.330) (0.559) (0.000) (0.008) (0.161) (0.520)
L.pub_exp 0.614%**
(0.000)
L.def_exp 0.795%**
(0.000)
L.order_exp 0.621%**
(0.000)
L.econ_exp 0.545%%*
(0.000)
L.envi_exp 0.643%**
(0.000)
L.housing_exp 0.332%%*
(0.000)
L.cult_exp 0.514%%*
(0.000)
L.health_exp 0.638%***
(0.000)
L.edu_exp 0.728%**
(0.000)
L.socpro_exp 0.646%***
(0.000)
Constant 0.138%* 0.0515%**  0.0442%** (0.127%** —0.00637** 0.00567 —0.0203***  —0.0504*** 0.0219" —0.161%**
(0.002) (0.000) (0.000) (0.000) (0.002) (0.539) (0.000) (0.000) (0.077) (0.000)
N. Obs. 1489 1489 1489 1489 1489 1489 1489 1489 1489 1489
AR (1) p-value 0.0000804  0.000858  0.000339 0.0000901 0.0139 0.0187 0.000141 0.0107 0.000208  0.00216
AR (2) p-value 0.102 0.166 0.0755 0.0780 0.358 0.400 0.426 0.187 0.0721 0.143
Hansen p-value 0.00785 0.411 0.0917 0.114 0.216 0.484 0.332 0.120 0.537 0.408

Note: This table estimates the Effects of Old-Age Populations on each Compositional Government Spending using two-step System GMM. The Ratio of
each Compositional Government Spending to Total Expenditure are Dependent Variables. The Percentage of Old-Age Population is the main Inde-
pendent Variable. For two-step System GMM, we let the Percentage of Old-Age Population as Instrument, but put lagged Dependent Variable as
Endogeneous with collapse option. The p-value of Auto-Correlation 1st and 2nd order, including Hansen’s post-Estimation Tests are presented at the
bottom Panel. The p-values are presented in parentheses and +p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.
Source: Author’s calculation.

Table 10

The Effects of Old-Age Populations on Each Compositional Government Spending (as Percentage of GDP) Using Two-step System GMM with Per-
centage of Old-Age Population as A Proxy for Old-Age Populations.

Variable (Public (Defense)  (Order) (Economic) (Environ (Housing) (Culture)  (Health) (Education) (Social
Admin) ment) Protection)
Percentage Old Pop, —0.759** 0.0222 —0.0596* —0.103 0.0477** —0.281*** 0.0360" 0.0100 —0.0750* 1.516%**
In (0.001) (0.333) (0.035) (0.640) (0.004) (0.000) (0.073) (0.867)  (0.035) (0.000)
GDP per capita 1.410%** —0.0687** 0.0599**  0.425% 0.0326* 0.102* 0.0672*** 0.147*  0.0827" 1.318%**
(0.000) (0.002) (0.008) (0.057) (0.026) (0.026) (0.000) (0.016)  (0.072) (0.000)
Trade to GDP —0.416 —0.03427  0.104* 0.708*** 0.0585%** 0.164*** 0.136%** —0.0125 0.0640* —0.0948
(0.146) (0.088) (0.015) (0.000) (0.001) (0.001) (0.000) (0.788)  (0.036) (0.745)
Control of corruption —1.756%** 0.0656**  —0.118*** —0.320 —0.0181 0.0821 0.0123 —0.0379 -0.00637  —1.181***
(0.000) (0.003) (0.000) (0.297) (0.207) (0.131) (0.431) (0.442) (0.882) (0.000)
Financial Openness —1.754%%** 0.172***  -0.0137  —0.589" 0.0475* —0.137"  0.0381 0.0436  0.0398 1.362%*
(0.001) (0.000) (0.701) (0.084) (0.030) (0.092) (0.301) (0.557)  (0.485) (0.003)
Democracy_dummy 1.081%** —0.146*** 0.0823* 0.125 0.0429** —0.0934 —0.0433 0.0963%  0.165%** 0.419
(0.000) (0.000) (0.033) (0.595) (0.007) (0.133) (0.115) (0.077)  (0.001) (0.206)
L.exp_pub_ gdp 0.516%**
(0.000)
L.exp_def gdp 0.888%**
(0.000)
L.exp_order_gdp 0.717%**
(0.000)

L.exp_econ_gdp

L.exp_envi_gdp

0.307+
(0.000)
0.627++*
(0.000)
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Table 10 (continued)

Variable (Public (Defense)  (Order) (Economic) (Environ (Housing) (Culture)  (Health) (Education) (Social

Admin) ment) Protection)
L.exp_housing_gdp 0.243%**

(0.000)
L.exp_cult_gdp 0.575%**
(0.000)
L.exp_health_gdp 0.902%**
(0.000)
L.exp_edu_gdp 0.870%**
(0.000)
L.exp_socpro_gdp 0.573%**
(0.000)

Constant 0.729 0.643*** —0.0222 —2.624* —0.548*** —0.729**  —-1.073*** —0.946* —0.532* —8.567***

(0.666) (0.000) (0.904) (0.011) (0.000) (0.010) (0.000) (0.032) (0.016) (0.000)
N. Obs. 1382 1344 1382 1407 1130 1380 1310 1409 1408 1354
AR (1) p-value 0.0136 0.0156 0.0392 0.00214 0.000508 0.0186 0.0132 0.00330 0.00000124 0.140
AR (2) p-value 0.0224 0.783 0.364 0.0403 0.804 0.302 0.337 0.445 0.782 0.295
Hansen p-value 0.148 0.313 0.175 0.194 0.398 0.395 0.390 0.293 0.132 0.0921

Note: This table estimates the Effects of Old-Age Populations on each Compositional Government Spending using two-step System GMM. The Ratio of
each Compositional Government Spending to GDP are Dependent Variables. The Percentage of Old-Age Population is the main Independent Variable.
For two-step System GMM, we let the Percentage of Old-Age Population as Instrument, but put lagged Dependent Variable as Endogeneous with
collapse option. The p-value of Auto-Correlation 1st and 2nd order, including Hansen’s post-Estimation Tests are presented at the bottom Panel. The
p-values are presented in parentheses and +p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.

Source: Author’s calculation.
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