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Summary

 This study examines how two factors of population aging, changes in fertility and mortality, will respectively
affect South Korea’s economic future.

 This paper applies a simple decomposition model measuring the respective effect of fertility and mortality on
separate aspects of the economy.

 This paper uses South Korea’s recent population projections and National Transfer Accounts.

 The results show that the consequences of the two sources of population aging, low fertility and low mortality,
are very different in direction, magnitude, timing, and impact by age group.

 Labor income will decline sharply after the year 2045, owing to a decline in birth rate; on the other hand, the effect of
an increase in life expectancy on the aggregate labor is not significant.

 Consumption by the elderly is expected to increase considerably as life expectancy rises; on the other hand,
consumption by young people drops much more rapidly when fertility rate declines.

 The only effect of an aging population that is the same in all circumstance is the effect on the public pension system:
low fertility and mortality will increase pressure on the public pension system of South Korea.
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Summary

 Research Question
 Examining how two factors of population aging, changes in fertility and mortality, will

respectively affect South Korea’s economic future

 Data
 Recent South Korea’s population projections and National Transfer Accounts (NTA)

 Identification Strategy
 Applying a simple decomposition model to measure the respective effect of fertility and

mortality on the economy

 Main Results
 The effects of low fertility and low mortality on the economy are very different in direction,

magnitude, timing, and impact by age group.
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Research Motivation
 A debate over the source of population aging

 Does fertility or mortality drive population aging?
 In high-income countries, a decline in fertility is the largest factor in population aging has been widely

accepted since Coale (1957) or Keyfitz (1975).
 In some advanced economies, population aging is mainly due to a decline in mortality. (e.g., Horiuchi and

Preston 1988; Preston, Himes, and Eggers 1989; Preston and Stokes 2012)
 However, Lee and Zhou (2017) argue that this conclusion misrepresents the analysis.

 They demonstrates that fertility decline is still largely responsible for past and current population aging, regardless of
mortality trends.

 The economic impact and policy implications are far from clear.
 Pension expenditures in a nation with a pay-as-you-go pension system are closely linked to the longevity of

older people, while total contributions to the pension system are more likely to be related to past fertility
trends, which affect the size of the workforce.

 Education expenditures are more likely to be affected by fertility trends of the previous two decades, but not
by mortality trends.
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Research Motivation
 How would future changes in fertility and mortality affect the South Korea’s economy?

 This research examines how two factors of population aging, fertility and mortality, will affect South
Korea’s (hereafter Korea) economic future.
 This research calculates the changes in aggregate values for several economic variables given the base

year per capita age profiles and the projected population age structure under various age-specific fertility-
mortality scenarios.

 This research expects that the consequences of the two sources of population aging, falling fertility
and mortality, are not the same.
 Although both factors contribute to population aging, their effects on the economy are very different in

direction, magnitude, and timing.
 In addition, the effects depend significantly on economic variables themselves: labor income, consumption,

public and private transfers.
 Only the pension system is affected in the same way by both low fertility and low mortality.

 Both of them will increase the pressure on the public pension system of Korea.
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Low fertility and Population Aging in Korea 
 Low fertility and aging population

 Korea is an interesting case study in large part owing to its exceptional speed of population aging.
 Korea is aging much more rapidly than other countries primarily because its fertility rates have declined more

rapidly.
 Total Fertility Rate (TFR) : 4.530 (1970) → 2.060 (1983) → 1.480 (2000) → 0.977 (2018) → 0.840 (2020)
 Life Expectancy : 62.3 (1970) → 67.7 (1983) → 76.0 (2000) → 82.7 (2018) → 83.3 (2019)

6

Source : KOSIS (KOrean Statistical Information Services) –Vital Statistics & International Statistics (Table) , Statistics Korea (2021.08.08)

Year India

5.90
5.72
4.97

4.27
3.48
2.80
2.24

Japan

2.17
2.04
1.83

1.65
1.37
1.34
1.37

France

2.70
2.65
1.86

1.80
1.76
1.98
1.85

U.S.A.

3.58
2.54
1.77

1.91
2.00
2.06
1.78

South
Korea

6.33
4.65
2.92

1.57
1.50
1.17
1.11

1960
1970
1980

1990
2000
2010
2020

Total Fertility Rate of Major Countries (Including estimates)
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World

4.90
4.98
3.86

3.44
2.78
2.58
2.47

2.05
1.92
1.82
1.76

1.40
1.49
1.55
1.59

1.84
1.84
1.83
1.83

1.79
1.80
1.81
1.81

1.09
1.25
1.39
1.48

2030
2040
2050
2060

2.38
2.29
2.21
2.14

India

39.9
46.1
52.5

56.7
61.5
65.5
69.3

Japan

66.4
71.4
75.4

78.5
80.5
82.7
84.4

France

69.4
71.5
73.7

76.1
78.4
81.0
82.5

U.S.A.

69.7
70.4
73.3

74.9
76.5
78.2
78.8

South
Korea

52.9
59.3
65.0

70.3
74.9
79.5
82.8

Life Expectancy (Total) of Major Countries (Including estimates)

World

49.4
55.4
60.3

63.7
65.6
68.9
72.3

71.4
73.1
74.6
76.1

85.6
86.8
87.9
89.1

83.8
85.1
86.2
87.4

79.8
81.7
83.1
84.4

84.2
85.5
86.7
87.9

74.0
75.5
76.8
77.9



Methodology

 This research considers two economic scenarios.
 One is an economy with a low fertility rate, a low mortality, and a medium immigration rate.

 The other is an economy with a medium fertility rate, a medium mortality, and a medium immigration rate.

 The country is unambiguously aging more rapidly in the first scenario than in the second scenario.

 The difference in economic resources of a group of age 𝑥𝑥 between the two scenarios is then given
by the following equation:
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𝐺𝐺 𝑥𝑥, 𝑡𝑡, 𝑓𝑓𝐿𝐿,𝑝𝑝𝐿𝐿, 𝑗𝑗𝑀𝑀 − 𝐺𝐺 𝑥𝑥, 𝑡𝑡, 𝑓𝑓𝑀𝑀, 𝑝𝑝𝑀𝑀, 𝑗𝑗𝑀𝑀
Total Effect

= 𝐺𝐺 𝑥𝑥, 𝑡𝑡, 𝑓𝑓𝐿𝐿,𝑝𝑝𝑀𝑀, 𝑗𝑗𝑀𝑀 − 𝐺𝐺 𝑥𝑥, 𝑡𝑡, 𝑓𝑓𝑀𝑀,𝑝𝑝𝑀𝑀, 𝑗𝑗𝑀𝑀
Low Fertility Effect

+ 𝐺𝐺 𝑥𝑥, 𝑡𝑡, 𝑓𝑓𝑀𝑀,𝑝𝑝𝐿𝐿, 𝑗𝑗𝑀𝑀 − 𝐺𝐺 𝑥𝑥, 𝑡𝑡, 𝑓𝑓𝑀𝑀, 𝑝𝑝𝑀𝑀, 𝑗𝑗𝑀𝑀
LowMortality Effect

+ 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
Interaction Effect



Korean NTA Results : 2016 Per Capita NTA Results

 National Transfer Accounts Results (2016, South Korea)
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01

02

No.

Life Cycle Deficit

Consumption

Classification

Life Cycle Deficit, Consumption, Labor Income

Public Consumption, Private Consumption

Specifications for NTA Components ( i Item )

03 Net Transfers Net Public Transfers, Net Public Pension Transfers, Net Private Transfers

(Age Profile Result – Per Capita, Unit – Thousand Won)

Age
2

Age
83∙∙∙ Age

84
Age
85+Component Age

0
Age

1
Life Cycle Deficit

Consumption
9607

9607

16984

17190
∙∙∙
∙∙∙

17219
17321

17424
17452

Public Consumption 3918 8125∙∙∙ 8310 8495
Private Consumption 5690 9065∙∙∙ 9011 8956

Labor Income - 206∙∙∙ 102 27

Age Reallocations 9607 16984∙∙∙ 17219 17424

Public Age Reallocations
Public Transfers

3425

3626

10751

11531

∙∙∙
∙∙∙

11163
11936

11566
12332

Public Asset-based Reallocations -200 -780∙∙∙ -772 -766

Private Age Reallocations
Private Transfers

6182

6182

6234

5633

∙∙∙
∙∙∙

6056
6119

5858
3187

Private Asset-based Reallocations - 601∙∙∙ -63 2672

9333

9333

9470

9470

4090 4004

5244 5467

- -

9333 9470
3724

3905

3575

3765

-181 -190

5609

5609

5895

5895
- -



Population Projections for Korea : 2017~2067
 Population Projections for South Korea : Special Scenarios, 2017~2067
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Total (Left)

Age 0-4 (Right)

Age 85+ (Right)
Total

Age 15~64

Age 65+

Age 0~14
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Estimation Assumptions
 Assumptions for Age Profiles & Population

 The per capita age profiles to person’s age x in year t are (approximately) the same as the per capita age profiles for 2016.
 Year (t) = 2016, 2017, … , 2066, 2067
 Additional assumption : The annual rate of change for per capita age profiles is the function of its past history. (Robustness)

 The population structure for year t follows 4 special scenarios of population projections for Korea.
 Medium-growth, Low Fertility, Low Mortality, Low Fertility & Low Mortality
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Year  t
(Projection) Population
by single year of age

(Age  x)

𝑃𝑃(𝑥𝑥, 𝑡𝑡)

Year  t, Low Fertility Scenario
(Projection) Population by single year of age (Age  x)

[ j = ② ]

Year  t, Medium-growth Scenario
(Projection) Population by single year of age (Age  x)

[ j = ① ]

Year  t, Low Fertility & Low Mortality Scenario
(Projection) Population by single year of age (Age  x)

[ j = ④ ]

Year  t, Low Mortality Scenario
(Projection) Population by single year of age (Age  x)

[ j = ③ ]

𝑃𝑃𝑗𝑗(𝑥𝑥, 𝑡𝑡)

< Assumptions for population structure >

𝐹𝐹 𝑡𝑡 = �
𝑥𝑥=0

85+

𝐹𝐹 𝑥𝑥, 𝑡𝑡 = �
𝑥𝑥=0

85+

𝑓𝑓(𝑥𝑥, 𝑡𝑡) × 𝑃𝑃𝑗𝑗(𝑥𝑥, 𝑡𝑡)

< Economic measure for each scenario >

< Assumptions for per capita age profiles >

Year  t,  Item i
Per capita age profile

(Age  x)
≒

Year  b = 2016,  Item i
Per capita age profile

(Age  x)

𝑓𝑓(𝑥𝑥, 𝑡𝑡) ≒ 𝑓𝑓(𝑥𝑥, 𝑏𝑏)



Population Projections for Korea : 2017~2067
 Population Projections for South Korea : Special Scenarios, 2017~2067
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①

②

③

j
Medium-growth Scenario
Low Fertility Scenario
High Life Expectancy (Low Mortality) Scenario

Scenario  j
Medium

Low
Medium

Fertility
Medium
Medium

High

Life Expectancy
Medium
Medium
Medium

Intl. Migration

④ Low Fertility & Low Mortality Scenario Low High Medium

Calculation for Scenarios
⑤

⑥

⑦

j
Low Fertility Effect
Low Mortality Effect
Total Effect

Population Aging Effect

⑧ Residual : Interaction Effect

=
=

=
④ Low Fertility & Low Mortality Scenario=

② Low Fertility Scenario -
-
-

③ Low Mortality Scenario
① Medium-growth Scenario
① Medium-growth Scenario
① Medium-growth Scenario

⑤ Low Fertility Effect + ⑥ Low Mortality Effect - ⑦ Total Effect

01
05
08

No.
Medium-growth Scenario
Low Fertility Scenario
High Life Expectancy (Low Mortality) Scenario

Scenario
Medium

Low
Medium

Fertility
Medium
Medium

High

Life Expectancy
Medium
Medium
Medium

Intl. Migration

26 Other Scenario Low High Medium
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 The effect of the decline in mortality is not
large, although the aggregate labor income
becomes larger as the older labor force
grows.
 The per capita labor income of older people

is substantially smaller than that of working-
age adults.

 Life Cycle Deficit : The economic effect of sources of aging (2016~2067)
 Labor income

 Labor income declines sharply after the year 2040.
 The decline in fertility has no impact for about 20 years after 2020 because those born in 2020 are unlikely to

enter the labor market until 2040.

Empirical Results
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 Life Cycle Deficit : The economic effect of sources of aging (2016~2067)
 Consumption

 Consumption by the elderly is expected to be higher considerably under the low-mortality scenario.
 However, in comparison with the medium-fertility scenario, consumption by young people drops much

more rapidly under the low-fertility scenario.

Empirical Results

13

 This suggests that the lower consumption
by young people due to low fertility is far
greater than the higher consumption by the
elderly due to low mortality.

 This might be a unique Korean phenomenon
because of very high private education
consumption.

 In other countries, consumption increases
rapidly as people age, in large part owing to
health care consumption, which is not the
case for Korea.



Empirical Results

 Life Cycle Deficit : The economic effect of sources of aging (2016~2067)
 Life cycle deficit : (Consumption) – (Labor Income)

 Overall, the lifecycle deficit should continue to shrink until the mid-2040s, due to the substantial
decline in young population.
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 After the mid-2040s, however, the decline
in the lifecycle deficit will gradually slow as
the labor income of the younger cohort
becomes larger.



Empirical Results

 Life Cycle Deficit : The economic effect of sources of aging (2016~2067)
 Life cycle deficit : (Consumption) – (Labor Income)

 The lifecycle deficit of young people to decrease sharply, largely due to the decline in the fertility rate.
 The lifecycle deficit of older people to increase substantially as a result of the low mortality.
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Low Fertility Effect by Age Group Low Mortality Effect by Age Group



Empirical Results

 Life Cycle Deficit : The economic effect of sources of aging (2016~2067)
 Life cycle deficit : (Consumption) – (Labor Income)

 For people aged 15–64, the effect of different mortality scenarios is negligible; however, the effect of
different fertility rates is quite substantial.
 The lifecycle deficit under a low-fertility scenario decreases until mid-2040s.
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 However, as the low labor income exceeds
the low consumption, the deficit under the
low-fertility scenario eventually exceeds the
deficit of the medium-fertility scenario
around 2060.

 Since the working-age population usually
has a lifecycle surplus, the lifecycle surplus
of the working-age population will be lower
over the long run.

 The lower lifecycle surplus of the working-
age population would be an issue for
Korea’s support system since children and
the elderly also rely on reallocations from the
lifecycle surplus.

Total Effect by Age Group



Empirical Results

 Support Ratio (SR) and Demographic Dividend (DD)
 Support ratio (SR) : (Total Labor Income) / (Total Consumption)

 The low-fertility scenario actually leads to a higher SR than that of the medium-fertility scenario until 2058.
 In contrast, the low-mortality scenario yields the lowest SR.
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 This is consistent with the labor income and
consumption simulation results.
 The country’s economy would be better off

by having fewer children for a few decades
because the private education costs are
very high in Korea.

 After 2059, the SR under a low-fertility
scenario drops more rapidly as the size of
the working population drops.

 The effect of low mortality always has a
negative effect on the SR because the
elderly consume much more than they
produce.



Empirical Results

 Support Ratio (SR) and Demographic Dividend (DD)
 Demographic Dividend (DD) : Change of SR (based on Medium Scenario)

 The mortality effect is negative and small, and fertility effects fluctuate substantially.
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 The effect of low mortality reduces the
growth rate by 0 ~ 0.05 percentage points
during the period.

 The positive effect of low fertility on DD
peaks in 2033 but declines thereafter.

 The effect of low fertility on DD turns
negative in 2044, and it further decreases
up to 0.225 percentage points in 2058.



Empirical Results
 Consumption : The economic effect of sources of aging (2016~2067)

 Public Consumption vs. Private Consumption
 Both public and private consumption is smaller under the low-fertility scenario than under the medium-fertility scenario.
 On the other hand, both of them are higher under the low-mortality scenario than under the medium-mortality scenario.
 The magnitude of variation under different scenarios is much bigger for private consumption than for public consumption.

 The difference between public consumption and private consumption is small under the low-mortality scenario.
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Public Consumption Private Consumption



Empirical Results
 Consumption : The economic effect of sources of aging (2016~2067)

 Public Consumption vs. Private Consumption
 The difference appears more substantial for people aged 15~64 than for people aged 0~14.

 This is largely due to the fact that Koreans aged 15~64 rely more heavily on private consumption than on public consumption.

 For people aged 0~14, the effect of low fertility on private consumption is very similar to public consumption.
 Because this age group is more likely to be supported by the government than people aged 15~64.

 In summary, lower consumption due to low fertility may be more pronounced than higher consumption due to low
mortality, and this pattern can be expected to be stronger in private consumption.
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Empirical Results

 Transfers : The economic effect of sources of aging (2016~2067)
 Net Public Transfers

 In comparison with the medium-fertility scenario, public transfer expenditures under the low-fertility scenario are
significantly lower in the short term because government spending on education decreases substantially.
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 Low fertility also leads to a decline in the size of
the working-age population in the medium to long
term, which means a significant reduction in the
taxable income of the age group.

 In contrast, the proportion of older population is
larger under the low-mortality scenario, which in
turn leads to a higher government spending than
that under the high-mortality scenario.

 Hence there will be a much larger fiscal deficit
caused by low tax revenues resulting from low
fertility and low mortality in the mid to long term.



Empirical Results
 Transfers : The economic effect of sources of aging (2016~2067)

 Categories of Public Transfers
 Public transfers in the NTA are divided into various categories, including education, health, and pension.
 In practice, it is meaningful to look at how the results by category affect the fiscal balance.

 Net Public Transfers : Education & Health Care
 The low fertility rate reduces government spending on education.
 On the other hand government spending on health care is significantly higher under the low-mortality scenario.

 The reason is that most health care beneficiaries are older people.
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Empirical Results

 Transfers : The economic effect of sources of aging (2016~2067)
 Net Public Transfers : Pension Scheme

 The pension is affected by both low fertility and low mortality.
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 Government expenditures on pensions is
higher under the low-mortality scenario
because pension beneficiaries are also
mostly older people.

 A smaller working-age population means a
smaller tax base, leading to a larger
government budget deficit under a pay-as-
you-go system.

Pension



Empirical Results
 Transfers : The economic effect of sources of aging (2016~2067)

 Net Private Transfers
 Private transfers are important support system for children everywhere.
 Private transfers have also been important for supporting the elderly in Korea, although transfers within families

have declined rapidly in the past few decades.
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 While the overall patterns of private transfers are
similar to those of public transfers, the magnitude
in the different scenarios is quite different.
 The higher net private transfers under the low-

mortality scenario is smaller than the higher net
public transfers under the low-mortality scenario.

 Whereas the lower net private transfers under
the low-fertility scenario is larger than the lower
net public transfers.

 This suggests that low mortality has a relatively
more significant effect on public transfers, while
low fertility has a relatively more significant effect
on private transfers.

Private Transfers

Public Transfers



Conclusion

 Only a few studies have investigated the relative importance of decreasing fertility vs. decreasing
mortality (increasing life expectancy) on population aging.
 Even less is known about the economic impacts of these two main sources of population aging.

 This paper attempted to analyze how the two factors of population aging, fertility and mortality, will
affect the Korean economy.
 In this paper, we demonstrate that the economic consequences of each of these major demographic

factors does not show a uniform picture, except for the pressure on the pension system.
 Both factors may contribute to population aging, but their effects on the economy are very different in terms of their

direction, magnitude, and timing.

 The results should shed light on the appropriate policy responses.
 Given the results of this study, it would be desirable to determine the budget and project various economic

variables, including labor income, consumption, and public transfers, based on different fertility and
mortality scenarios and simulations.
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Limitation
 The study has some limitations, in large part due to the assumption of constant age profiles.

 With favorable demographics, a country may implement generous transfer systems that ultimately prove to
be unsustainable.
 The welfare expenditures in Korea have been increasing very rapidly over the last few decades, in large part due to

increases in per capita welfare expenditures.
 If this continues, the magnitude of the demographic effect in the future could be much more than what is projected

in this paper.

 On the contrary, when population age structure is anticipated or experienced, countries are likely to adjust
public consumption and public transfers if the growth in government is viewed as a problem.
 Lee et al. (2021) argue that the worsening fiscal health of Korea suggests that current tax and expenditure systems

will lead to very large increases in public debt, which would impair the future fiscal sustainability.

 The paper also does not incorporate other changes in the economy such as the role of savings or
capital deepening.
 Goldstein and Lee (2014), for example, estimate the magnitude of the effects on inequality of factors

related to capital intensification, changing population age structure, and increasing longevity.
 It would be very interesting to develop our model by incorporating changes in savings and capital.
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Thank you
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