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Optimal Asset Allocation for Defined Contribution Pension
to Minimize Shortfall Risk of Income Replacement Rate

Dong-Hwa Lee * Kyung-Jin Choi'

This study aims to propose an optimal asset allocation that minimizes the risk of insufficient realized replacement
rates compared to the OECD average replacement rate. To do this, we set the shortfall risk of replacement rates
and calculates an asset allocation plan to minimize this risk based on the period of enrollment, the income level
and additional contribution. We consider stocks and deposits as investment assets, using Monte Carlo simulation
with a GBM model to generate return distributions for stocks. Our result show that, for individuals with a enrollment
period of less than 30 years, participants should invest a minimum of 70-80% of their funds in risky assets to
minimize the shortfall risk. However, the proportion of funds that need to be invested in risky assets declines
significantly when participants contribute an additional premiums. This effect is particularly pronounced among
low-income individuals. Therefore, to achieve OECD average replacement rates, the government needs to incentivize
participants to invest more in risky assets, while also providing policies to encourage additional contributions,
especially for the low-income population.

Key words : Retirement Pension, Income Replacement Rate, Monte Carlo Simulation, Asset Allocation
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Table 1. National pension’s A, 0.5A, 2A values
(Unit: won) 7] A,
Years A 0.5A 2A Tf = 793 ol
0, = 74 FAHT
2023 2,861,091 1,430,546 5,722,182
u = F4] gz elu] g
Source: National pension service homepage. o=F29 gFHA}
7 = 3] 001 4to] 19) EEATHAE WS
Table 2. Wage growth rate assumption
H ool BAS 93 2003~2022 7|7He] o 2
Years Wage growth rate
e} MSCI ACWI(F2) & =& tlo[&lE 283}t
2023~2030 4.1% 24 Glo]lo] %8 EAL Table 37+ 2k
C +— Table .
2031~2040 3.9% - T =
2041~2050 3.8% Table 3. Descriptive statistics of investment assets
2051~2060 3.7% et N Standard Chckiton
2061~2070 3.6% 58 etum deviation | Deposit | Stock
2071~2080 3.6% Deposit 3.13% 1.35% 1 -0.28
2081~2093 3.5% Stock 7.71% 17.74% -0.28 1
Source: National pension finance estimation expert committee Note: The table reports the returns, standard deviations and
(2023). correlation for asset classes.
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Table 4. OECD Income replacement rate (average)

A 0.5A 2A
57.6% 70.10% 50.40%
Source: OECD(2021).
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Table 5. Income replacement rate for National pension

Enrollment period A 0.5A 2A
25 years 25.00% 37.50% 18.75%
30 years 30.00% 45.00% 22.50%
35 years 35.00% 52.50% 26.25%
40 years 40.00% 60.00% 30.00%

Source: Author’s calculation.
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Table 6. Target income replacement rate for retirement
pension

Enrollment period A 0.5A 2A
25 years 32.60% 32.60% 31.65%
30 years 27.60% 25.10% 27.90%
35 years 22.60% 17.60% 24.15%
40 years 17.60% 10.10% 20.40%

Source: Author’s calculation.
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Table 7. Optimal asset allocations

Enrollment Stock:Deposits

period A [ 05Aa [  2A

25 years 100.0%:0.0%

30 years | 86.5%:13.5% | 75.8%:24.2% | 88.3%:11.7%
35 years | 40.7%:59.3% | 0.0%:100.0% | 51.3%:48.7%
40 years 0.0%:100.0%

Source: Author’s calculation.
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Table 8. Replacement rates distribution at retirement age

EnroltmentiSST S ontile A | 05A | 2a
period
95th 40.8%
75th 23.3%
25 years 50th (50% VaR) 16.3%
25th (75% VaR) 11.4%
5th (95% VaR) 7.1%
Variance 1.27%
95th 46.9% | 41.2% | 47.9%
75th 27.5% | 26.0% | 27.8%
30 years 50th (50% VaR) | 19.6% | 19.4% | 19.7%
25th (75% VaR) | 14.1% | 14.5% | 14.0%
5th (95% VaR) | 9.0% | 9.8% | 8.9%
Variance 1.61% | 1.06% | 1.72%
95th 32.5% 37.8%
75th 25.2% 27.3%
35 years 50th (50% VaR) | 21.2% | 18.0% | 21.9%
25th (75% VaR) | 18.0% 17.8%
5th (95% VaR) | 14.2% 13.3%
Variance 0.32% | 0.00% | 0.60%
95th
75th
40 years 50th (50% VaR) 20.3%
25th (75% VaR)
5th (95% VaR)
Variance 0.00%

Note: Replacement rates distributions are calculated by applying
optimal asset allocations in Table 7.
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Table 9. Optimal asset allocations with additional contribution

Additional | Enrollment Optimal stock weights
contribution period A ‘ 0.5A | 2A
25 years 100.0%
30 years 61.1% 46.9% 62.1%
+2%p
35 years 3.02% 0.0% 15.6%
40 years 0.0%
25 years 86.5% 88.0% 82.1%
30 years 34.0% 17.5% 35.9%
+4%p
35 years
0.0%
40 years

Source: Author’s calculation.
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