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Population Aging and Its Impact on Economic Growth™
—Implications for Korea—

Hyun-Hoon LEE** Kwanho SHIN** and Donghyun PARK**
Abstract

In this paper, we systematically assess the impact of population aging on economic growth us-
ing Penn World Table 9.0's newly available national-accounts growth rates, which is recom-
mended by PWT for comparisons of growth rates across countries. Our empirical specification
is an extended partial adjustment model which allows us to estimate the effects of demograph-
ic change in both the short run and long run. We use both five and ten year intervals for the pe-
riod from 1960 to 2014. We find that population aging hampers economic growth in both short
run and long run. We also find that elderly participation in the labor force has a positive influ-
ence on economic growth, which suggests that the harmful effect of aging can be mitigated by
more active participation of the elderly in the labor force. Interestingly, we also find that the
future level of population aging, not just the past level, has a detrimental effect on economic
growth. Future aging may raise concerns about future growth prospects and thus adversely af-
fect current economic activity.

In addition, we project how aging will affect Korea's future growth prospects. The projected
growth rates decline continuously to —2.7% twenty years from the last year of the sample (in
2034), which is even lower than —1.6%, Japan’s fitted growth rate for the most recent year.
One possible explanation for why aging has a bigger impact on Korea than Japan is that aging
is progressing even more rapidly in Korea than it did in Japan. Korea's economic future may

thus be even gloomier than Japan's present because its demographic prospects are even worse.
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Lastly, we offer a number of policy options for Korea to mitigate the pronounced impact of
population aging on economic growth. The Korean government has already actively taken a
wide range of policy measures to address the aging challenge. Those measures are centered on
efforts to boost fertility, but also include support for the elderly. Unfortunately, those measures
have not been effective so far, as evidenced by the continued rapid progress of population ag-
ing. Going forward, one especially promising area of government intervention, in light of our
empirical findings, is raising the participation of women in the workforce through a holistic

package of policies that will enable women to better balance work and family.
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1. Introduction

During the past few decades, most countries in the world have experienced a rapid demo-
graphic transition from high fertility and mortality to low fertility and mortality. This transition
has resulted in a pronounced increase in the share of old population in many countries, particu-
larly in high-income countries such as Japan. Such a demographic transition is expected to
have a negative impact on aggregate economic growth. However, some previous empirical
studies examining the direct impact of population aging on economic growth have failed to
uncover a negative relationship. For example, using a panel dataset for the period 19602005,
Bloom, Canning and Fink (2008) find that the effect of old age on growth is negative in the
short run, but insignificant in the long run. The authors argue that much of the negative effect
of aging may have been mitigated by behavioral responses such as higher savings for retire-
ment, greater labor force participation, and increased immigration of workers from developing
countries. This line of argument can also be found in Bloom, Canning and Fink (2011) and
Bloom, Canning and Finlay (2008).

Similarly, using the partial adjustment model in a panel framework and a dataset of 80 coun-
tries in 19602005, Lee et al. (2013a) find that unlike the share of the youth in population, the
share of the elderly in total population or relative to the working age population, does not ap-
pear to hold back economic growth. The finding holds in both the short run and long run.

However, some other studies that examine the link between population aging and economic
growth have found detrimental growth effects of population aging. For example, using a sam-
ple of over 100 countries, Park and Shin (2012) find that population aging has a negative im-
pact on labor force participation, total factor productivity (TFP) growth, and the savings rate,
even though it does not affect capital accumulation.

Therefore, it is important to re-assess systematically the impact of population aging on eco-
nomic growth using data that have become available recently. In this regard, we use the Penn
World Table 9.0's newly available national-accounts growth rates (RGDP™*), which is recom-
mended by PWT for studies comparing growth rates across countries. Second, we test whether
population aging affects economic growth only when it reaches a certain high level. For this
purpose, we split the whole sample into two groups: aged-country group and non-aged-coun-
try group. Third, we investigate if greater participation of women and the elderly in the work-
force mitigates the negative impact of population aging on economic growth.

The rest of this paper is organized as follows. Section 2 provides information on our key
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variables such as demographic changes and GDP per capita growth rates. Section 3 explains
the empirical framework, and Section 4 reports and discusses the main results. Section 5 proj-
ects Korea's future growth based on our empirical framework. More specifically, we use our
empirical estimates to project Korea's future growth trajectory and compare it with Japan's
past growth trajectory. Policy implications for Korea will be discussed in Section 6. A summa-

ry and concluding remarks are provided in Section 7.

2. Data and descriptive statistics

In this section, we discuss the data used in our empirical analysis and their descriptive statistics.

2. 1. Population aging

This paper aims to assess if population aging has a detrimental effect on economic growth, fo-
cusing on implications for Japan and Korea. Data on age structures are collected from World
Bank’s World Development Indicators online data base. We use data for the period from 1960 to
2014. Japan has been the most aged nation in the world. Korea is also in the midst of an unprec-
edented demographic transition toward older populations. Indeed, Korea is closely following in
Japan’s demographic footsteps and has already reached advanced stages of population aging.

Figure 1 illustrates the trend of old-age share and old-age dependency ratio for Japan, while
Figure 2 illustrates the same trends for Korea. In case of Japan, the share of old age population
(aged over 65) has been increasing, while the share of young population (aged below 15) has
been decreasing. Since 1997, old age share has been greater than youth age share. As of 2014,
Japan’s old age share was 27.5%, more than twice its youth age share of 12.9%. A similar pat-
tern is observed even when we use old age dependency ratio, or the percentage of old age pop-
ulation relative to working age population (aged between 15-64).

As Figure 2 shows, the pattern of increasing old age share and decreasing youth age share is
also found for Korea, but as of 2014, Korea's old age share (12.6%)was still slightly smaller
than youth age share (14.3). A similar pattern is also observed for dependency ratios.

Appendix Table 1 ranks 171 countries according to old age population share during 2010—

2014.'J apan ranked top with the old age share of 24.3%, followed by Italy, Germany, Greece,

' In empirical analysis on the effects of population aging on economic growth, we use data on five-year av-
erages for eleven periods of (1960-1964),(1965-1969),(1970-1974),(1975-1979),(1980-1984),(1985—
1989),(1990-1994),(1995-1999),(2000-2004),(2005-2009), and (2010-2014).
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Figure 1. Trend of population aging in Japan
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(B) Old-age population dependency rate (%)
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Data Source: World Bank's World Development Indicators (WDI) online database

and Portugal. Korea ranked 48" with an old age share of 11.86% during 2010-2014. Appendix

Table 2 reports

tween period 1960—1964 and period 2010—2014. Japan stands out as the fastest aging country.
Its old age population share increased by 1.84% every five years between 1960 and 2014.
Korea ranked 25", with an increase of 0.82% in its old age population share every five years.
Thus, the speed of Korea's population aging speed has yet been slower than that of Japan.
According to the U.N. (2015), Japan is projected to remain the oldest in the world with a

median age of 51.5 years in 2030 and Korea is projected to become the 10™ oldest nation in

country ranking of five-year average changes in old age population share be-
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Figure 2. Trend of population aging in Korea
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(B) Old-age population dependency ratio (%)
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Data Source: World Bank's World Development Indicators (WDI) online database

the world in 2030, with a median age of 47.5. However, Korea's population aging speed is pro-
jected to be faster than that of Japan and overtake Japan as the oldest nation in the world in
2050, with a median age of 53.9. Japan will be second, with a median age of 53.3.2

The main underlying reason is, of course, the rapidly declining fertility rate and increasing life
expectancy, as illustrated in Figure 3. Korea's fertility rate (births per woman) has been declining

very rapidly and has underperformed Japan since 2001. In contrast, Korea's life expectancy at

* World's projected median age is 33.1 in 2030 and 36.1 in 2050.
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Figure 3. Trend of fertility rate and life expectancy at birth
(A)Fertility rate

Trend of fertility rate (births per woman)
7
AN
5
4 - Japan
3 K Korea
2 World
1
0 T T T T T T T T T T T T T
gt ™ O N W O NN O A N0 M WO N
W W O SIS0 00 ) OO © © O
A O O O O O O Oy O O O O O O © © © O©
™ e e e e e e NN N NN
(B) Life expectancy at birth
Life expectancy at birth (years)
90
80 ——
o0 _
50 = Japan
40 Korea
30 World
20
10
ot
g N O N W O AN WM O = I~ 0 N WO N
O O O SIS0 0000 O OO © O O o
A OO O Oy Oy Oy Oy Oy O O) ) O O O ©O © O
™ e e e e e e e e e e e " NN N NN

Data Source: World Bank's World Development Indicators (WDI) online database

birth has been increasing faster than Japan and is expected to reach the level of Japan soon.

2.2. GDP per capita growth rates

In caluculating the growth rate, we use per capita GDP reported in the Penn World Table

version 9.0, released on June 9", 2016.* The table increased country coverage to 182, and the

* As population aging progresses, GDP growth rate is more likey to be adversely affected than GNI growth
rate if past savings were invested in foreign countries, generating interest income. Since we want to exam-
ine the impact of aging on real economic activity we use growth rate based on GDP data rather than GNI
data.
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Figure 4. Trend of GDP per capita growth rates for Japan and Korea
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Data Source: Penn World Table (PWT) 9.0

time span to 2014. Most studies on determinants of economic growth have defined economic
growth rate based on GDP per capita in US dollar terms. However, what matters most to
the national wellbeing is not GDP per capita in US dollars but that in local currency units at
constant prices. Therefore, among the five types of real GDP reported by the Penn World Ta-
ble 9.0, we calculate economic growth rate using real GDP at constant 2011 national prices
(RGDP™). PWT website recommends RGDP™ for studies comparing growth rates across

countries (http://www.rug.nl/ggdc/productivity/pwt/).*

* Five types of real GDP are: RGDPy, (real GDP at constant 2011 national prices), CGDP, (expenditure-side
real GDP at current PPPs), CGDP, (output-side real GDP at current PPPs), RGDP, (expenditure-side real
GDP at chained PPPs), and RGDP, (output-side real GDP at chained PPPs).
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We use data for the period from 1960 to 2014. Figure 4 (A) and 1 (B) present the trend of
Japan and Korea's annual GDP per capita growth rates, respectively. Blue real line represents
real growth rates based on national accounts (rgdpna), while red dotted line represents real
growth rates of output-based GDP at chained PPPs (rgdpo).’ In both countries, real growth
rates of output-based GDP appear more volatile than those based on national accounts. This
may be due to the fact that real growth rates of output-based GDP reflects changes in real ex-
change rates to some extent, even at chained PPPs.

While most previous studies use growth rates of GDP expressed in US dollar, we use real
GDP per capita growth rates based on national accounts because as PWT recommends, it bet-
ter reflects changes in national wellbeing.” Bloom, Canning and Fink (2008) and Lee et al.
(2013a) also use GDP growth rates in US dollar in their study on the effects of population ag-
ing on economic growth and this may be one reason why they did not find a strong detrimental

effect of population aging on economic growth.

3. Empirical specification

In this section, we describe our empirical model.

3.1. Theoretical consideration

Following Lee et al. (2013a), we adopt the partial-adjustment model to regress the per capi-
ta GDP growth rates on a set of independent variables, including demographical variables. Lee
et al. (2013a) assume that the aggregate output obeys a three-factor Cobb-Douglas production

function:
Y=AK"H’L"** (D

where Y is gross domestic product (GDP), K is physical capital, A is human capital, L is labor
force, and 4 is the productivity level. Dividing both sides by population, P, and taking the nat-
ural logarithm of both sides, they get

In y=In A+aln k+gln H+(1—a—¢) In (L/P)—(a+¢) InP )

* For more information, the reader is referred to User Guide to PWT 9.0 data files and Feenstra et al. (2015
and 2016).

¢ See the explanations on recommended uses of different GDP measures on the website http://www.rug.nl/
gedc/productivity/pwt/ (accessed on June 4th, 2017).
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where y is GDP per capita and k& is physical capital per capita. Equation (2) suggests that as a
country's working-age population increases, it is likely to grow faster.

It is assumed that L is proxied by the working age population, so that

P-C-0

lny:InA+oc1nk+¢lnH+(1—oc—qﬁ)ln(T)—(a—k(p)lnP (3)

where C is the youth population and O is the old population. Thus, Equation (3) suggests that
as a country’s youth-age share or old-age share increases, the country is likely to grow slower.

Following Lee et al. (2013a), we estimate the following growth equation.
(Iny~Iny,)==0 In y + X1, +(X,=X-1) o tu, 4)

where 0 is the rate of adjustment (or speed of conversion) which is bounded by zero and one,
Xis a vector of explanatory variables, which are summarized in Equation (3), and g, is an error
term.

In this partial-adjustment growth model, the A coefficients on each level variables represents
the long-run coefficient (f3), while the A coefficients on the first-difference variables represent
the short-run adjustments to contemporaneous changes in the determinants of In y. Bloom,
Canning, and Finlay (2008) also estimate an equation which includes both lagged and
first-differece terms of demographic variables. However, their equation includes only the

lagged terms of the control variables. Therefore, our equation is more general.
3.2. Empirical specification

We use a panel data set of 142 countries for the period 1960—2014.” In order to minimize the
yearly fluctuations due to business cycles, we use five-year averages of variables for eleven
sub-periods of (1960—1964), (1965-1969), (1970-1974), (1975-1979), (1980—1984), (1985~
1989), (1990-1994), (1995-1999), (2000—-2004), (2005-2009), and (2010-2014). We then cal-
culate the growth rates of GDP per capita for 5 year interval (i.e. 1 period interval) and 10 year
interval (i.e. 2 period interval).

Most studies use economic growth rate based on GDP per capita in US dollar terms. How-
ever, growth rate of GDP per capita in local currency units at constant prices is the one that
matters most to the national wellbeing. Therefore, we calculate the dependent variable (GDP

per capita growth rates) with RGDP™*, real GDP using national-account growth rates of PWT

7 2014 is the latest year for which PWT version 9.0 is available.
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9.0. Figure 1 illustrates trend of Japan and Korea's GDP per capita growth rate using 5-year in-
terval. As seen in the figure, Korea's growth rates have been higher than that of Japan but have
also been slowing down after it peaked during 1986—1990.

We control for country-fixed effects. We also include period dummies to take account of
factors such as the global business cycle, global capital market shocks, and so forth. We as-
sume that the productivity of the economy, In (4), is a function of trade openness and time-in-
variant country fixed effects.

Then (4) becomes the following empirically testable equation:

(In RGDPnay—In RGDPnaj_)=—01In RGDP0o;_ + i In Popi,_i + > YoungShy_ + :0ldSh;,,
+ BalnCapiy—y + Pshci—1 + e InTrdy
+ f7(In Popi; —In Popi—1 )+ fs (YoungShy, — YoungShy_.)+ Po (OldSh;, — OldSh;_y)
+ fio(In Cap;, —In Capy1 )+ pri(hci—heq—ny + po(InTrd,, —In Trdy,
i+ Q)

where

(In RGDPna;—In RGDPna,,-,)= Difference of log of real GDP per capita between ¢ and
t—1 (in 2011 national prices; PWT 9.0)

In RGDPo,-,= Log of initial level of output-side real GDP per capita GDP (in 2011
USS$; PWT 9.0)°

In Cap= Log of capital stock at PPPs (in million 2011 US$; PWT 9.0)

hc= Human capital index (PWT 9.0)°

In Pop= Log of total population (World Bank's WDI)

YoungSh= Population aged below 15 (youth age) as % of total (World Bank's WDI)
OldSh= Population aged above 65 (old age) as % of total (World Bank's WDI)

In Trd= Log of trade as % of GDP (World Bank's WDI)

Thus, Equation (4) will be estimated using Ordinary Least Squares (OLS), with inclusion
of country-specific and period-specific effects. We restrict our analysis of 19602014 to
those countries where all series of interest are available for the full sample period, resulting in

a panel of 142 countries.

¥ For the sake of comparison across countries, the initial level of GDP per capita in the equation is real GDP
per capita in US$, instead of real GDP per capita in national prices.
° For details of human capital index, see http://www.rug.nl/ggdc/docs/human_capital_in_pwt_90.pdf
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4. Empirical results

In this section, we report and discuss the main results. Reported in Table are the benchmark
results when working-age population share is included as a demographic variable. Columns
(1) and (2) are our preferred results when real GDP per capita growth rates are calculated us-
ing PWT 9.0's GDP based on national accounts (RGDPy,). Column (1) reports the results
when growth rates and all explanatory variables are calculated with five-year intervals using
five-year averages, while Column (2) reports the results for 10-year intervals, as explained in
Section 3. For the sake of comparison, we also report in Columns (3) and (4) the correspond-
ing results when growth rates are calculated using GDP per capita in constant 2010 US$
(RGDPyypy), obtained from World Bank's World Development Indicators (WDI) Online database.

Let us focus on Columns (1) and (2). The coefficient on the initial level of income per capita
is negative and significant at the one percent level, indicating that high-income countries grow
slower than low-income countries, in line with much of the existing empirical literature on
growth. The coefficient on the initial value of the log of population is negative and significant.
Population growth does not appear to have a significant impact on economic growth in the
short run. On the other hand, both the initial working-age population share and its change over
a 5 year period carry positive and highly significant coefficients, suggesting that countries with
grater shares of working-age population grow faster not only in the short run but also in the
long run.

In addition, we find that countries with larger amounts of physical capital enjoy higher rates
of economic growth both in the short run and in the long run. However, human capital does
not have a significant impact on economic growh. This is consistent with existing literature
and is perhaps due to the close relationship between the level of GDP per capita and the level
of human capital, which are both included as regressors. Countries that are more open to trade
grow faster.

When economic growth rates are calculated using WDI's real GDP per capita, as reported in
Columns (3) and (4), the key results are qualitatively similar. But the magnitude of the coeffi-
cients for the working age population share, both lagged level and change, appear larger.

Using economic growth rates calculated with PWT'’s real GDP in national accounts, Table 2
reports the estimated results when the working-age population share is replaced with young-
age population share and old-age population share. As seen in Column (1), both the initial
youth population share and its change over the 5 year period carry negative and significant co-

efficients, suggesting that countries with greater youth dependency ratio grow slower both in
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Table 1. Effects of working-age population on economic growth

PWT9.0's RGDPy, WDI's Real GDP in USS
VARIABLES (1) (2) (3) (4)
5-yrinterval 10-yr interval { 5-yrinterval 10-yr interval
InRGDPo . ; -0.214%** -0.429%**
[0.034] [0.054]
INRGDP ;.1 -0.197%** -0.433%**
[0.027] [0.055]
InPop +; -0.088* -0.285%** -0.148%** -0.348%**
[0.045] [0.093] [0.041] [0.077]
Work 4 0.012%** 0.021%** 0.014*** 0.029%**
[0.003] [0.005] [0.003] [0.005]
Cap +., 0.054** 0.147%*** 0.035%** 0.121%***
[0.022] [0.044] [0.014] [0.027]
hc 4 -0.043 -0.045 -0.054 -0.077
[0.048] [0.097] [0.049] [0.105]
InTtrd ., 0.065** 0.140%** 0.070* 0.138*
[0.030] [0.053] [0.039] [0.080]
InPop , - InPop . ; 0.168 -0.099 0.296 0.159
[0.250] [0.198] [0.264] [0.307]
Work , - Work . ; 0.016%** 0.017%** 0.021%** 0.026***
[0.005] [0.006] [0.005] [0.006]
Cap, -Cap ., 0.122%** 0.110%** 0.160*** 0.194***
[0.035] [0.039] [0.028] [0.039]
hc, -hc; -0.174 -0.168 -0.122 -0.153
[0.113] [0.126] [0.114] [0.128]
InTtrd ; - InTtrd ,; 0.076* 0.122%** 0.053 0.096*
[0.045] [0.054] [0.036] [0.057]
Observations 1,144 559 1,188 534
Number of countries 142 141 139 138
R-squared 0.348 0.496 0.338 0.504

Notes: 1. Panel estimation with country-specific and period-specific effects. 2. Robust stan-
dard errors are in parentheses. 3. K EE and * indicate th esignificance levels of 1, 5, and
10 percent, respectively.

the short run and in the long run. It is also found that the coefficients on both the initial value
of old population share and on its change are negative and significant. Therefore, population
aging may have a negative impact on economic growth not only in the short run but also in the
long run. More specifically, a 10 percentage point increase in the old age share will decrease
the five-year economic growth rate by 0.2 points (or 20 percentage points) in the long run,

leading to a lower steady state income per capita. If the change in the old-age share increases
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by one percentage point over a 5 year period, the five-year economic growth rate will decrease
by 0.034 point (or 3.4 percentage points). In fact, population aging has a bigger negative im-
pact on economic growth than the share of youth in the population.

Because Equation (4) does not specify the exact form of demographic variables, we also re-
port the results when the old and young population shares (YoungSh and OldSh) are replaced
with old and young population dependency ratios (YoungDep and OldDep). The results, shown
in column (2) are similar in the sense that the old-age share has a negative impact on economic
growth. For further robustness checks, we also report the results obtained from data for ten-
year intervals, rather than five-year intervals, of all dependent and independent variabls. The
results are reported in Columns (3) and (4) of Table 2. The results are qualitatively the same.
Old-age share has a negative impact on economic growth not only in the short run but also in
the long run.

For the sake of comparison, we also report the corresponding results when economic growth
rates are calculated using WDI's real GDP per capita. The results are reported in Table 3.
When growth rates are expressed in USS$ rather than in national currencies, the demographic
burden of young population share appears bigger and becomes more significant, while that of
old population share appears smaller. However, the coefficient of the old age share is negative
and statistically significant at the 1% level. Further its size is quite comparable to that estimat-
ed in Table 2. Therefore, while the evidence of the negative impact of aging is more significant
if we use economic growth rates calculated with PWT'’s real GDP in national accounts, we also
obtain more or less consistent results even with the WDI data.

As a second step, we test if the negative effect of population aging can be mitigated by be-
havioral responses. In particular, we test if high labor participation of women and elderly help
increase economic growth. For this purpose, we add two sets of variables: labor force partici-
pation rate of females aged 15 and 64 (LbrPtc_f) and labor force participation rate of people
over 65 (LbrPtc_65), which are both taken from International Labour Organization (ILO)'s on-
line database (ILOSTAT).

Column 1 in Table 4 reports the results when the dependent variable is economic growth
rates based on PWT9.0's real GDP in national accounts. The labor force participation rate of
women does not appear to have a positive impact on economic growth. In contrast, labor par-
ticipation rate of the elderly is found to influence economic growth positively and significantly
in the long run as shown in Columns (1) and (3), and also in the short run as shown in Column
(1). With the inclusion of labor participation variables, old age population share continues to

enter with a statistically significant negative sign both in the long run and in the short run. Be-
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Table 2. Effects of population aging on economic growth (PWT9.0's RGDPy,)

5-year interval 10-year interval
VARIABLES (1) (2) (3) (4)
INRGDPoO ., -0.212%%* | -0.209%*%* | -0.417**%* | -0.419%**
[0.034] [0.034] [0.053] [0.054]
InPop ; -0.175%*%* | -0.168*** | -0.370*** | -0.362%**
[0.054] [0.053] [0.101] [0.098]
YoungSh ., -0.012%** -0.021***
[0.003] [0.005]
OldSh ., -0.020%** -0.041%**
[0.006] [0.012]
YoungDep ., -0.004*** -0.006***
[0.001] [0.002]
OldDep ., -0.008** -0.019***
[0.003] [0.007]
Cap +4 0.057** 0.060*** 0.151%** 0.158***
[0.022] [0.022] [0.044] [0.045]
hc 4 -0.035 -0.026 -0.024 -0.016
[0.049] [0.051] [0.102] [0.104]
InTtrd 4 0.067** 0.066** 0.144%** 0.142%**
[0.030] [0.031] [0.053] [0.054]
InPop ; - InPop ,; -0.037 -0.048 -0.243 -0.220
[0.260] [0.260] [0.189] [0.191]
YoungSh ; - YoungSh ; -0.014** -0.014**
[0.006] [0.006]
OldSh ; - OldSh ., -0.034%** -0.046***
[0.011] [0.012]
YoungDep ; - YoungDep _, -0.002 -0.003
[0.002] [0.002]
OldDep ; - OldDep ., -0.020%** -0.023***
[0.006] [0.007]
Cap: -Cap ¢ 0.119%** 0.120%** 0.105*** 0.108***
[0.036] [0.037] [0.038] [0.039]
hc: -hc, -0.160 -0.151 -0.146 -0.137
[0.112] [0.113] [0.126] [0.127]
InTtrd ; - InTtrd ., 0.078* 0.079* 0.127** 0.125**
[0.045] [0.046] [0.053] [0.054]
Observations 1,144 1,144 559 559
Number of countries 142 142 141 141
R-squared 0.351 0.343 0.505 0.499

Notes: 1. Panel estimation with country-specific and period-specific effects. 2. Robust stan-
dard errors are in parentheses. 3. Ak ** and * indicate the significance levels of 1, 5, and
10 percent, respectively.
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Table 3.  Effects of population aging on economic growth (WDI’s Real GDP in US$)

5-year interval 10-year interval
VARIABLES (1) (2) (3) (4)
InNRGDPo ; -0.196%** | -0.191%** | -0.425%** | -0.417%***
[0.027] [0.027] [0.055] [0.055]
InPop 4 -0.150%** | -0.154*** | -0.355*** = .0.367***
[0.048] [0.046] [0.093] [0.087]
YoungSh ., -0.014%** -0.029***
[0.003] [0.005]
oldsh ., COIDAIGREEE -0.032%**
[0.006] [0.012]
YoungDep ., -0.004*** -0.009***
[0.001] [0.002]
OldDep , -0.005 -0.011*
[0.003] [0.007]
Cap +4 0.037%** 0.039%** 0.123%** 0.128***
[0.013] [0.014] [0.027] [0.028]
hc 4 -0.052 -0.042 -0.074 -0.063
[0.050] [0.051] [0.106] [0.109]
InTtrd ;4 0.071* 0.070* 0.139* 0.138*
[0.039] [0.040] [0.081] [0.082]
InPop ; - InPop .4 0.245 0.199 0.042 0.033
[0.292] [0.283] [0.348] [0.330]
YoungSh . - YoungSh ., -0.020%** -0.024***
[0.006] [0.007]
OldSh , - OldSh . -0.033*** -0.048%**
[0.010] [0.012]
YoungDep , - YoungDep -0.005** -0.007***
[0.002] [0.002]
OldDep , - OldDep -0.019%** -0.023%**
[0.005] [0.006]
Cap; - Cap ¢4 0.160%** 0.161%** 0.193%** 0.197***
[0.029] [0.029] [0.039] [0.040]
hc, - hc oy -0.119 -0.112 -0.148 -0.144
[0.115] [0.109] [0.127] [0.122]
InTtrd ; - InTtrd 0.053 0.053 0.098* 0.097
[0.037] [0.037] [0.058] [0.059]
Observations 1,098 1,098 534 534
Number of countries 139 139 138 138
R-squared 0.356 0.346 0.509 0.500

Notes: 1. Panel estimation with country-specific and period-specific effects. 2. Robust stan-
dard errors are in parentheses. 3. kKX and * indicate the significance levels of 1, 5, and
10 percent, respectively.
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Table 4 Effects of population aging and labor participation on economic growth
(PWT9.0’s RGDPy,)

Five-year interval Ten-year interval
VARIABLES (1) (2) (3) (4)
InNRGDPo ., -0.265*** -0.262%** -0.613%** -0.620%**
[0.064] [0.060] [0.115] [0.114]
InPop ., -0.227 -0.217 -0.743** -0.747**
[0.153] [0.156] [0.291] [0.297]
YoungSh ., -0.018***  -0.018*** | -0.041%** -0.039%**
[0.003] [0.003] [0.009] [0.009]
OldSh ., -0.016** -0.016%** -0.043%** -0.043%**
[0.007] [0.006] [0.011] [0.010]
LbrPtc 65 ., 0.004* 0.009*
[0.002] [0.005]
LbrPtc f., -0.002 -0.001
[0.002] [0.004]
Cap ¢4 0.073 0.058 0.194%* 0.171
[0.066] [0.061] [0.108] [0.108]
hc -0.059 -0.088 -0.094 -0.159
[0.128] [0.143] [0.185] [0.215]
InTtrd ;4 0.053 0.059 0.002 0.019
[0.051] [0.052] [0.127] [0.120]
InPop ; - InPop ., -0.745%** | -0.693*** -0.599 -0.621
[0.230] [0.225] [0.417] [0.441]
YoungSh . - YoungSh ., -0.021%**  -0.021*** [ -0.028***  -0.028***
[0.006] [0.007] [0.010] [0.010]
OldSh ; - OldSh ., -0.029** -0.022* -0.034** -0.028**
[0.013] [0.012] [0.014] [0.012]
LbrPtc 65, - LbrPtc_65,;i 0.005** 0.006
[0.002] [0.004]
LbrPtc_f. - LbrPtc_f, -0.002 -0.001
[0.002] [0.003]
Cap; - Cap 4 0.110** 0.097* -0.009 -0.026
[0.055] [0.055] [0.059] [0.057]
hc, - hc, 0.043 0.057 0.020 0.067
[0.113] [0.140] [0.183] [0.215]
InTtrd ; - InTtrd -0.032 -0.027 -0.076 -0.060
[0.065] [0.066] [0.090] [0.094]
Observations 357 357 154 154
Number of countries 80 80 72 72
R-squared 0.575 0.563 0.819 0.807
Notes: 1. Panel estimation with country-specific and period-specific effects. 2. Robust stan-
dard errors are in parentheses. 3. Rk R and * indicate the significance levels of 1, 5, and

10 percent, respectively.

—176—



Population Aging and Its Impact on Economic Growth—Implications for Korea—

Table 5. Effects of “future” population aging on economic growth (PWT9.0’s

RGDPy,)
Five-year interval Ten-year interval
VARIABLES (1) (2) (3) (4)
InNRGDPo .4 -0.216%** -0.217%** -0.361*** -0.364***
[0.040] [0.040] [0.082] [0.080]
InPop .4 -0.273%** -0.274%** -0.485*** -0.488%**
[0.066] [0.065] [0.155] [0.147]
YoungSh ., 0027 -0.026***
[0.005] [0.008]
OldSh 4 0.019 -0.045**
[0.014] [0.023]
YoungSh ¢, 0.011* 0.003
[0.006] [0.008]
0IdSh .. -0.041%*x* -0.007
[0.013] [0.014]
YoungDep ., -0.008*** -0.007**
[0.002] [0.003]
oldDep ., 0.013* -0.020
[0.007] [0.013]
YoungDep .,, 0I005E 0.001
[0.002] [0.003]
oldDep ., -0.022%** -0.004
[0.007] [0.007]
cap 1 0.060** 0.063%* 0.106 0.114
[0.026] [0.026] [0.074] [0.073]
hc -0.053 -0.044 -0.043 -0.036
[0.064] [0.065] [0.132] [0.134]
InTtrd ;4 0.065** 0.064* 0.124%** 0.124%**
[0.032] [0.033] [0.057] [0.059]
InPop , - InPop .., -0.171 -0.165 -0.387 -0.444
[0.276] [0.276] [0.434] [0.448]
YoungSh . - YoungSh ., -0.031%** -0.016*
[0.009] [0.009]
oldSh , - OldSh 0.040 -0.025
[0.025] [0.020]
YoungDep , - YoungDep _, -0.010%*** -0.003
[0.003] [0.003]
OldDep , - OldDep ., 0.022 -0.010
[0.013] [0.012]
cap . - Cap 1 0.120%%* 0.124%%*x* 0.112* 0.116*
[0.044] [0.045] [0.060] [0.061]
hc, -hc4 -0.194 -0.187 -0.188 -0.179
[0.146] [0.147] [0.175] [0.168]
InTtrd , - InTtrd .., 0.091** 0.090** 0.126** 0.126**
[0.044] [0.045] [0.059] [0.060]
Observations 1,005 1,005 421 421
Number of countries 141 141 134 134
R-squared 0.378 0.368 0.486 0.479
Notes: 1. Panel estimation with country-specific and period-specific effects. 2. Robust
standard errors are in parentheses. 3. Rk HE and * indicate the significance levels of

1, 5, and 10 percent, respectively.
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cause the inclusion of labor participations rates in regression results in the loss of many coun-
tries in the sample, Column (2) and (4) report the results without these two labor participation
rate variables but using the same sample group as in Column (1).

Even if population aging has not yet reached an advanced stage, but is expected to reach
such a high level in the foreseeable future, business firms and consumers alike become more
pessimistic about future growth prospects, adversely affecting investment and consumption.'
In fact, future demographic structure can be predicted with reasonable accuracy. Therefore we
test if tomorrow's demographic structure affects economic growth today by re-running the re-
gressions with inclusion of the lead variables of young and old shares (and dependency ratios).
Table 5 reports the results. Indeed, the lead variables for old population share and old depen-
dency ratio carry significant negative coefficients when growth rates are calculated using a
five-year interval, as seen in Columns (1) and (2). Therefore, interestingly and significantly,
we find that the future level of population aging, not just the past level, has a detrimental effect
on economic growth. In contrast, future population share of the young has a positive effect on
current growth. The prospects of more future workers and consumers boosts confidence and
economic activity today.

In summary, our major empirical findings are:

(i) Population aging hampers economic growth in both short run and long run.
(i1) Elderly participation in labor force has a positive influence on economic growth.
(iii) The future level of population aging, not just the past level, has a detrimental effect on

economic growth.

5. Projection for Korea'’s future growth

In this section, we will examine Korea's future aging trajectory and compare it with Japan's
past experiences. We will also investigate how aging affects Korea's future growth prospects.
In order to check whether the trends of Korea's other demographic charateristics closely
Japan’s trends, with a lag of about twenty years, Figure 5 places future projections for Korea’s
old dependency ratio, young dependency ratio, and working-age population ratio in parallel
with Japan's, with a twenty-year-lag. In other words, the figure illustrates future projections of
Korea's three ratios from 2016 to 2036 along with Japan's actual ratios from 1996 to 2016. The

figure confirms that the three pairs of old dependency ratio, young dependency ratio and work-

' We thank Shin-ichi Fukuda for this very insightful comment.
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