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{Figure 1) Stock Allocations of DC Participants
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Notes: Horizontal axis means the stock allocation weights(%) in each participant’s overall
portfolio,

Source: An Analysis for the Behavior of Asset Allocation in a Defined Contribution Plan,
Hyesung Kim, Kyonghee Lee(2013)
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(Table 1) Investor's Subportfolios & Goals(Example)

Mental Account Dollar A.m_ount Weights Types of
Sub portfolios & Goals (KRW millions) Goal
Health Care 94.5 45% essential
Recreation 65.1 31% discretionary
Social Expenses 50.4 24% extra
Total 210 100% -

o2 SAIE 3l 7P 53 52 (Table 1) 9] A4 2 (Type of Goal) o]t}

AFAAS FAA BT S G JRTNAEES AYsHed] QlolA g 2

GL VAT E AL HF HEARE B2 B A% LA
o) FAlA 4 sl BRYRT YIS, AFHAS AHSAHAF 6
=)

8) T=7hAe] SEEH] e AR 9 2, 20009 HERA AT F 2F o]F
A&0] 7P W AoR YZEE uGEE 1590 2ty 2 EAmm) 71EA S
7FA3I AT F8 FES HA0RH|(36,1%), JA1H](24.500), w19 5 7N ﬂﬂi
TgEle] ek &2 Aol sid 7/ 2 Al wet (Table 1)1} 0] s7P<l
HFato] ARgaIlch
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(Table 2) Risk Tolerance for Each Goals

. . Maximum
Types of Risk Maximum -

Goals Probability
Goal Tolerance Loss .

of Failure
Health Care essential conservative 0% 0%
Recreation discretionary moderate 10% 10%
Social Expenses extra aggressive 20% 20%
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b S ARl A B Aok BH 7SR Al Ed ol e B 4
YA EAFR A M0 ATEL FHSERES S Blsh Aoltt o
o QLA FAHR FA} AR ALS: (Table 3T} o] Szt A
7422 AL, A7bs Exekat alsto] ofd) (Table 4) o A4 E F4)
A B u1FL 7F 010007 AT WA 0.2 F 1017 0] FAekE v}

B

—
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(Table 3) Statistics of Available Assets

Domestic Stock Domestic Bond
Expected Annual Return(p) 11.27% 5.55%
Annual Volatility(SD, o) 20.99% 2.31%

Notes: annualizing monthly return and standard deviation from 2001 to 2016
correlation: 0.8845(p value = 6,31442E-64)
domestic stock: KOSPI
domestic bond: Hankyung-KIS-Reuter composite bond index

(Table 4) Investment Strategy

Strategy Stock Bond Notes
No.1 100% 0% These allocations are for
) . research, Stock weight over
No.2~No. 100 stock weights 1~99% 70% is not allowed by law.
No. 101 0% ‘ 100% -
O] % 7} =XQPE R (Table 5) ¢} o] ZHIZ7IE= Al=d oA 2H¢S Adgitt
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{Table 5) Market Environment for Monte—Carlo Simulation

domestic stock — KOSPI

assets
domestic bond — Hankyung-KIS-Reuter compostite bond index

parameters according to the past time-series
(time-series: monthly data(2001, 1 ~ 2016, 12)

correlation, expected return, standard deviation of two indexes

GBM model with Wiener process

forecasting 5,000 scenarios of 30 years forward correlated time-series of the

model12) above two indexes
(using R S/W, 2017)

Slot g T AR BB ABolde AN & Skl 7 Xl
g2 AR EMV)7F B2 (goal-threshold) S EAISHA] Hols FHSEREE
(CDP: cumulative distribution plot)+= o}2] @] (Figure 2) &} ZrT} 13)
{Figure 2) Cumulative Distribution Plots for Two Strategies
S
—— stock
«Q _| bond
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0 10000 20000 30000 40000 50000
Note: x-axis: Threshold at retirement year after 30 years of working period(unit: KRW 10 thousands)
y-axis: cumulative probability of failing to reach the threshold in 5,000 scenarios
12) A #9459 dFol= olfE By B8k WY AAASE ol8sh= ol
AUtk oA HFPoA= #oE FAS FASL T AuEle BEREDS oS3t
T EPEe AASeE S AXA "ok oleh @ AEASE Eésh= HHe
AA7IAE TEAE " O 2 Log-Normal H325 HAAZ 3t GBM 2¥S AEsl= A

o grjHew et ol & Apolx ¥ Hesior,
13) (igure 204 BEAS GAT FEE Lin(' YL oJulgick
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(Table 6) Simulation Results

Maximum
Goals Maximum Loss | Probability Selected Strategy
of Failure
Health Care 0% 0% No matched strategy
Recreation 10% 10% No.82(stock 19%)
Social Expenses 20% 20% No.29(stock 72%)
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{Table 7) Final Results of Investment Decision

Maximum Probability -
Goals . Investment Decision
Loss of Fail
Health Care 0% 0% risk free asset
Recreation 10% 10% stock 19 : bond 81
Social Expenses 20% 20% stock 72 : bond 28
Allocated Risk Free
Goals Stock Bond
Amount Asset
Health Care 45% - - 100%
Sub- ]
. Recreation 31% 19% 81% -
portfolios
Social Expenses 24% 72% 28% -
Aggregate Portfolio 100% 23.2% 31.8% 45%
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{Appendix) Prob(EMV > Threshold)

Strategy Weights Threshold
No. Stock | Bond —20% —10% 0% +10% +20%
1 1.00 0.00 0.7432 0.6720 0.6036 0.4914 0.3408
2 0.99 0.01 0.7442 0.6726 0.6036 0.4902 0.3392
3 0.98 0.02 0.7454 0.6730 0.6038 0.4888 0.3370
4 0.97 0.03 0.7474 0.6740 0.6040 0.4874 0.3362
5 0.96 0.04 0.7486 0.6750 0.6046 0.4868 0.3344
6 0.95 0.05 0.7494 0.6754 0.6046 0.4852 0.3338
7 0.94 0.06 0.7518 0.6758 0.6046 0.4842 0.3324
8 0.93 0.07 0.7536 0.6758 0.6050 0.4832 0.3308
9 0.92 0.08 0.7542 0.6774 0.6054 0.4828 0.3288
10 0.91 0.09 0.7560 0.6784 0.6062 0.4822 0.3260
11 0.90 0.10 0.7580 0.6792 0.6066 0.4816 0.3238
12 0.89 0.11 0.7598 0.6812 0.6068 0.4808 0.3214
13 0.88 0.12 0.7624 0.6822 0.6074 0.4804 0.3202
14 0.87 0.13 0.7652 0.6830 0.6082 0.4794 0.3178
15 0.86 0.14 0.7670 0.6852 0.6086 0.4780 0.3158
16 0.85 0.15 0.7696 0.6866 0.6088 0.4760 0.3138
17 0.84 0.16 0.7722 0.6876 0.6094 0.4748 0.3122
18 0.83 0.17 0.7742 0.6890 0.6098 0.4734 0.3098
19 0.82 0.18 0.7770 0.6906 0.6104 0.4728 0.30066
20 0.81 0.19 0.7790 0.6914 0.6112 0.4714 0.3056
21 0.80 0.20 0.7806 0.6936 0.6120 0.4694 0.3030
22 0.79 0.21 0.7832 0.6958 0.6128 0.4682 0.3010
23 0.78 0.22 0.7854 0.6976 0.6138 0.4672 0.2974
24 0.77 0.23 0.7878 0.7004 0.6146 0.4666 0.2950
25 0.76 0.24 0.7896 0.7028 0.6148 0.4648 0.2918
26 0.75 0.25 0.7932 0.7048 0.6150 0.4628 0.2900
27 0.74 0.26 0.7962 0.7066 0.6156 0.4618 0.2866
28 0.73 0.27 0.7990 0.7076 0.6168 0.4608 0.2844
29 0.72 0.28 0.8004 0.7096 0.6172 0.4598 0.2824
30 0.71 0.29 0.8024 0.7112 0.6176 0.4594 0.2798
31 0.70 0.30 0.8064 0.7132 0.6182 0.4582 0.2768
32 0.69 0.31 0.8086 0.7156 0.6186 0.4570 0.2750
33 0.68 0.32 0.8122 0.7176 0.6190 0.4558 0.2724
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34 0.67 0.33 0.8146 0.7186 0.6196 0.4548 0.2700
35 0.66 0.34 0.8180 0.7208 0.6204 0.4530 0.2662
36 0.65 0.35 0.8212 0.7222 0.6206 0.4516 0.2644
37 0.64 0.36 0.8244 0.7242 0.6212 0.4506 0.2608
38 0.63 0.37 0.8280 0.7258 0.6218 0.4500 0.2586
39 0.62 0.38 0.8298 0.7264 0.6232 0.4474 0.2556
40 0.61 0.39 0.8326 0.7286 0.6246 0.4460 0.2520
41 0.60 0.40 0.83064 0.7304 0.6250 0.4448 0.2488
42 0.59 0.41 0.8388 0.7326 0.6256 0.4426 0.2472
43 0.58 0.42 0.8422 0.7336 0.6264 0.4410 0.2448
44 0.57 0.43 0.8404 0.7356 0.6208 0.4396 0.2436
45 0.56 0.44 0.8500 0.7378 0.6284 0.4378 0.2402
46 0.55 0.45 0.8550 0.7414 0.6296 0.4350 0.2366
47 0.54 0.46 0.8586 0.7444 0.6306 0.4322 0.2332
48 0.53 0.47 0.8630 0.7482 0.0316 0.4300 0.2300
49 0.52 0.48 0.8654 0.7506 0.6324 0.4282 0.2272
50 0.51 0.49 0.8694 0.7524 0.6328 0.4206 0.2242
51 0.50 0.50 0.8726 0.7542 0.0346 0.4236 0.2206
52 0.49 0.51 0.8770 0.7576 0.63560 0.4218 0.2188
53 0.48 0.52 0.8818 0.7612 0.6366 0.4200 0.2152
54 0.47 0.53 0.8854 0.7642 0.6376 0.4164 0.2112
55 0.46 0.54 0.8902 0.7678 0.6384 0.4140 0.2076
56 0.45 0.55 0.8954 0.7710 0.6392 0.4100 0.2046
57 0.44 0.56 0.8990 0.7748 0.6400 0.4072 0.2010
58 0.43 0.57 0.9044 0.7784 0.6412 0.4032 0.1974
59 0.42 0.58 0.9082 0.7824 0.6420 0.4002 0.1936
60 0.41 0.59 0.9116 0.7872 0.6434 0.3970 0.1898
61 0.40 0.60 0.9158 0.7914 0.6440 0.3942 0.1834
62 0.39 0.61 0.9210 0.7946 0.6452 0.3918 0.1790
63 0.38 0.62 0.9264 0.7974 0.6464 0.3874 0.1738
64 0.37 0.63 0.9316 0.8016 0.6470 0.3848 0.1702
65 0.36 0.64 0.9364 0.8056 0.6484 0.3814 0.1660
66 0.35 0.65 0.9426 0.8110 0.6500 0.3774 0.1626
67 0.34 0.66 0.9464 0.8164 0.6522 0.3738 0.1568
68 0.33 0.67 0.9504 0.8220 0.6530 0.3698 0.1514
69 0.32 0.68 0.9546 0.8264 0.0558 0.3660 0.1464
70 0.31 0.69 0.9592 0.8326 0.6572 0.3636 0.1428
71 0.30 0.70 0.9630 0.8368 0.6594 0.3598 0.1378
72 0.29 0.71 0.9652 0.8438 0.6610 0.3548 0.1320
73 0.28 0.72 0.9686 0.8500 0.6628 0.3512 0.1276
74 0.27 0.73 0.9720 0.8552 0.6654 0.3474 0.1232
75 0.26 0.74 0.9752 0.8596 0.6674 0.3412 0.1176
76 0.25 0.75 0.9784 0.8656 0.6698 0.3368 0.1114




SIEXHIE &=et DC

sixioizel 2mo sxtret TN

od

77 0.24 0.76 0.9798 0.8704 0.6720 0.3316 0.1070
78 0.23 0.77 0.9834 0.8766 0.6750 0.3246 0.1016
79 0.22 0.78 0.9866 0.8814 0.6792 0.3182 0.0952
80 0.21 0.79 0.9886 0.8890 0.6834 0.3104 0.0894
81 0.20 0.80 0.9910 0.8952 0.6874 0.3030 0.0834
82 0.19 0.81 0.9924 0.9022 0.6912 0.2958 0.0760
83 0.18 0.82 0.9940 0.9090 0.6944 0.2890 0.0712
84 0.17 0.83 0.9952 0.9172 0.6986 0.2806 0.0640
85 0.16 0.84 0.9966 0.9236 0.7020 0.2722 0.0576
86 0.15 0.85 0.9974 0.9300 0.7078 0.2634 0.0510
87 0.14 0.86 0.9984 0.9350 0.7138 0.2544 0.0446
88 0.13 0.87 0.9986 0.9412 0.7186 0.2442 0.0400
89 0.12 0.88 0.9990 0.9472 0.7236 0.2340 0.0340
90 0.11 0.89 0.9990 0.9532 0.7284 0.2242 0.0288
91 0.10 0.90 0.9996 0.9592 0.7344 0.2128 0.0242
92 0.09 0.91 1.0000 0.9630 0.7410 0.1998 0.0194
93 0.08 0.92 1.0000 0.9670 0.7496 0.1858 0.0156
94 0.07 0.93 1.0000 0.9708 0.7582 0.1694 0.0110
95 0.06 0.94 1.0000 0.9756 0.7676 0.1558 0.0088
96 0.05 0.95 1.0000 0.9806 0.7760 0.1400 0.0052
97 0.04 0.96 1.0000 0.9846 0.7840 0.1208 0.0030
98 0.03 0.97 1.0000 0.9870 0.7924 0.1006 0.0008
99 0.02 0.98 1.0000 0.9892 0.8008 0.0794 0.0002
100 0.01 0.99 1.0000 0.9914 0.8070 0.0566 0.0000
101 0.00 1.00 1.0000 0.9940 0.8170 0.0310 0.0000

Notes: Goal-Threshold = (Sum of Contributions during 30 years) X 80%, 90%, 100%, 110% or 120%
No.29, No.82 Bold type each are selected according to each sub portfolio strategies.
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Abstract

There exist lots of difficulties for individual investors to apply the
mean-variance framework to their investment decision making, although
the framework has been the mainstream of modern investment theory.
According to the recent research papers, many of DC participants’
portfolios are carelessly focused on risk-free assets with low expected
returns. In this paper, we introduce Goal-Based Investing using
stochastic dominance for DC participants. GBI is an investment theory
that integrates the advantages of traditional Markowitz theory and
Behavioral Portfolio Theory. Hereby, the investment risk is measured as
not the standard deviation of return but the probability of failing to
reach goals. Also, GBI investors can divide their aggregated assets into
the subportfolios which have different investment goals. Through this
solution, investors will be able to make the more accurate estimation of
their risk attitudes and invest their pension assets to the appropriate
financial products. We hope that this paper could contribute to asset

allocation strategies for DC participants to achieve investment goals.

% Key words: goal-based investing, stochastic dominance, mental
accounting, DC pension plan, investment risk, subportfolios
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