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Traditionally, the private wealth management industry has been dedicated to high-net-worth individuals due to
expensive service costs. However, robo-advisors are making sudden rises during the on-going FinTech revolu-
tion. Robo-advisors aim to provide personalized wealth management services for everyone by using automated
investment management algorithms and online distribution channels. To reduce service costs, robo-advisors
mainly use ETFs to construct investment portfolios. Therefore, Korean ETF market should grow in both quantity
and quality, in order for robo-advisors to succeed in Korea. In this study, we first analyze how vulnerable the
Korean ETF market is to external or internal shocks in comparison with the U.S. ETF market. Then, we derive
the optimal introduction sequence of ETFs in the Korean ETF market based on the modern portfolio theory.
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Ak 2013L4 1919, 9= Ao 2d 71 g #2k(Retail Distri-

bution Review, RDR)S AW A 02 A3}t o] AL 2}
TS0l S5 F FRARTH qHI FFEEE WS F
flaL, 24 iﬂ Aol A A E 3 AT AR 2o B Haegk 4
# 7}53t =2 A 333 th(Park and Lee, 2015). wekA A&
A2 EXP"H AFZE 2le de ASE 17t
& AZAHI2E HAskE ARl2E 2] AR, o] 9

ohE g z}?jxﬂ,gi D2C(Direct to Customer) = Fo] 443}
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EOE AR vT REFE 2017 42 1025 H

o] ¥ 7#4 (fiduciary rule) 7HL§ S g 2 FAS FE
AT Exs T 7)1E A 95 F8L BRIy Ak
&ate 71 HEAAE JF FAAY o] s HeAdHoE 1
g3 of gk &= ofu| & AU L Y Th(Gwak, 2015). Hd 42 7-H
AEA =98 894 = 9dA & A2 Employee Retirement
Income Security Act of 1974(ERISA)oI Al A 9J¢t =& 2 A
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5 At & o] th(Choi, 2016).
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Figure 1. Number of ETFs in Korea and the U.S.

T 9T AREE B Ao, deld ALt AFE PCA £l AHEEHAT <Table 1> A=EE 2 &
A e 260U AEoIth PCA B4 & A= AdEo] 2B o T4 &7 e 2 &3 A4S FaEA Y
T4k W (covariance matrix)e Al oF shvf, kA A WS Yehd Aoz, Ao ZE ol I gtol 1l itk A
HE e At 71 B4 W AR LA RIS AY & AT F U ole Y 2H TS &5 ANEY £
Aol st= 2o vigAsttt, s ol M AN HL U= ETFY & & 23 Yo] wf-¢ FABIT = 202, S8 2F 40| 2 5
= AT ARL(F2509) BTk 2ol PCA 4o BAI7FA7IA Aee BolEn
GAR, 159 ¢ A H = ETF 7+ 453 §7] Hﬂf°ﬂ
B Akl A7) @AY sk A B LA =
et al.(2015)9} 2] k-means clusterlngﬁ AF-8-3}o] U]iLoﬂ A A
1 YEETFE 5 79 $AYU0] Hl£E A& 701 28]A g2 ZAE 93| absorption ratioS A F 7}
TN A E = HolH & SATLETFY tiR &2 S8 A A PHOR AMS o 23tk A A ZE i 1fHE 5
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S 5l ZETFEY 542 Ao BAStHA At o & 0 LF9H 3/ E 78S 2 A4+ absorption ration
& TE A 29 7 AT T, k-means clustering 4 Al 3| AFo] PCAE B3l #4 H 3709 1 f ¥H oz d
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Table 1. Average Correlation between the Cluster Center and Cluster Assets

<91 0.99] absorption ratio
€ 2487 Hsl 22 i WE | 7t = ETF AFRE

ol 1 W &= ETF Al
Loy, A2gA gxgo] 9 F

HE 3 RE 6747 A3

<Table 2>°] L2350,

Year 2008 2009 2010 2011 2012 2013 2014 2015
Average 0.966 0.969 0.976 0.974 0.959 0.95 0.948 0.955
correlation
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Table 2. Absorption Ratio : the U.S. and Korean ETF Markets

(number of principal component n =3, 4,5, 6)

Do-Gyun Kwon -

Woo Chang Kim

Table 3. Minimum Number of Principal Components : the U.S.
and Korean ETF markets(absorption ratio = 0.8, 0.9)

Panel A. Panel B. Panel A. (AR = 0.8) Panel B. (AR = 0.9)
Absorption ratio(n = 3) Absorption ratio(n = 4) No. of principal components | No. of principal components
Year | U.S. | Korea | Diff | Year | U.S. | Korea | Diff Year | U.S. | Korea | Diff | Year | U.S. | Korea | Diff
2008 | 0.524 | 0.849 | 0.325 | 2008 | 0.576 | 0.888 | 0.313 2008 18 3 15 2008 31 5 26
2009 | 0.414 | 0.778 | 0.363 | 2009 | 0.441 | 0.826 | 0.385 2009 | 26 4 22 | 2009 | 41 8 33
2010 | 0.554 | 0.566 | 0.013 | 2010 | 0.550 | 0.618 | 0.068 2010 22 10 12 2010 40 14 26
2011 | 0.520 | 0.763 | 0.244 | 2011 | 0.514 | 0.790 | 0.276 2011 25 5 20 | 2011 44 11 33
2012 | 0.444 | 0.722 | 0.277 | 2012 | 0.469 | 0.753 | 0.285 2012 41 6 35 2012 63 15 48
2013 | 0.446 | 0.674 | 0.227 | 2013 | 0.464 | 0.712 | 0.248 2013 43 9 34 | 2013 67 20 47
2014 | 0.439 | 0.497 | 0.058 | 2014 | 0.484 | 0.554 | 0.069 2014 | 48 14 34 | 2014 | 74 25 49
2015 | 0.468 | 0.544 | 0.076 | 2015 | 0.458 | 0.589 | 0.130 2015 50 13 37 | 2015 76 24 52
Panel C. Panel D. Diff : Difference between the U.S. and Korean ETF markets.
Absorption ratio(n = 5) Absorption ratio(n = 6)
Year | US. |Korea | Diff | Year | US. | Korea | Diff  ETFAZIA B §om 1 Aol & ¢ 2 A& &AUT < 9
2008 | 0.646 | 0.922 | 0.276 | 2008 | 0.613 | 0.944 | 0331 Tk ol "= A& ule] F= AAo] 22 429 factorl
2009 | 0.591 | 0.854 | 0.263 | 2009 | 0.560 | 0.875 [ 0.315 - HTh= Zo|H, AWF A2dF gxad o Fsithe
2010 | 0.659 | 0.665 | 0.006 | 2010 | 0.583 | 0.707 | 0.124 7o)},
2011 | 0.630 | 0.815 | 0.185 | 2011 | 0.601 | 0.834 | 0.234 BT} 7AH 02 EX absorption ratio”} 0.8Y wl, T Al A9
2012 | 0.506 | 0.781 | 0.275 | 2012 | 0.545 | 0.803 | 0.258 8 18 WE & 2ol HiE 26125709k kAR 2014d
2013 | 0.524 | 0.743 | 0.219 | 2013 | 0.522 | 0.762 | 0.241 720159 B & 5 9l 5o] 2 50 1 AxbE 34, 3770
2014 | 0.458 | 0.597 | 0.139 | 2014 | 0.552 | 0.635 | 0.083 2 HAS IR 43 3}% SRR ZolHL S G STt B
2015 | 0.472 | 0.629 | 0.157 | 2015 | 0.588 | 0.660 | 0.072 absorption ratio7} 0.9% Wl 9 A] W 2ko] 39.257) Btk 20141
Diff : Difference between the U.S. and Korean ETF markets. 31]. 20151&0]] 7,]—71— 49 527]]; ho-] 1/1-1:]. t‘;]-u] 7]— absorption ratio
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P
QL

max w TH —Ty 3)
w wTDw
subject to Tw=1

w = portfolio weight vector

w = expected return vector of n securities
37 =return covariance matrix of n securities
7, = risk-free rate

1 = n-dimensional vector of ones

SPAIRE 9 A2 A2 H A3 FA| o LobA] 7] Wz,
Ak solver® E0< W S #H A (optimality) & G
4 itk webA] B Aol A= Tyengar and Kang(2005)0 A A
H AFZ A A3 ZA Y convex reformulations 28315
o1, o= 4 (4)9h 2ol Yetol At

% 314 ETF £ 2490 9 97 47
max T
it 1y )
Subject to Ty=t
t=>0
yToy <1

% = portfolio weight vector

i, = excessive expected return vector of n securities
X =return covariance matrix of n securities

A7 ARGy n-AH A HE o, = 08T AAY
22 Aol ¢ 412 QCQP(Quadratically Constrained Quadratic
Programming) EAZ 22 A5 B0l o], U
solverg &3l Zo|E w4 E&H 08 s 2S5 & 9o
I g HH g0l AT, B AT = ETFY du%
(short-selling) A7} E7Hs38tth= 714 skl weight vectord]
BE 247} 0 o)Aolgtes 27 F(constraint) S F713k]Th.
AA FENRAA FET E7bed A2 ofUY, B2 Al
xo] glo] 1 o] BA FSvy o AR e

Fohzol 0 FAZH U % 4 Holth whekAl =S 5
§3He A Boke RS H854 2 o] Brt A4
A 2HE W 5 YL AT BRI,

bl 1l
FFE YL F USRS AT =3} v ETF 6
1= A 2% £ 3} n}z7}A 2 Thomson Reuters Datastream
S B8l SURG O, BT ETF RS 357|220 mhet
A A4, AA, &3 Diversified Portfolio, Alternative ETFs,
H

&9 AFEAA 59

i
= ETF % 570 o]W 9] thE A Q] ETFE A3 % Th. <Table 4>
© ETFDB.com9] "= ETF &7/ & HI& 2 & W3 ETF Al &<
AR 152 B/ Aot £ A9 B2 &= ETF A%
o] =¢lo] Q3 u|= ETFE A- st 2 0] 7] wj&ol], &=t
ojH] % HoYAY £4 713t o] & H 2o A4 = ETFET
TYT 7 2ANE FFSE M= ETFES 1§ AR A 7|
2] W) A 3} 2.7 <Table 4>°ll W& F A3

gk ETF A 745, AR 434 29 24 J2s)
ol of gtk Jeon(2016) AFH A %ol =2 1= ETF Al
229 thekdl 7He 1e] o] ETFS0] 53] A YA A &t
wrebA vl =3} 2ol AR 15E AH Y7 R, A 214
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Table 4. U.S. ETF Market Classification
Bond/Fixed income(10)

(US) Corporate Bonds, Government Bonds(short-term), Government Bonds(long-term)*, Inflation Protected Bonds,
Mortgage Backed Security, Money Market, Total Bond Market, High Yield Bonds®
(Others) Emerging Markets Bond, International Government Bonds

Commodity(4)
Agriculture®, Metals”, Oil & Gas®, Precious Metals”

Currency(5)

US Dollar*, British Pound, Canadian Dollar, Japanese Yen, Chinese Yuan

Diversified Portfolio(1)

Diversified Portfolio

Alternative ETFs(2)

Hedge Fund, Long-Short

Real Estate(2)

Global Real Estate, US Real Estate”

Equity (34)

(Style) Large Cap. Blend”, Large Cap. Growth, Large Cap. Value, Mid Cap. Blend, Mid Cap. Growth, Mid Cap. Value, Small
Cap. Blend, Small Cap. Growth, Small Cap. Value

(Industry) Alternative Energy, Building & Construction, Commodity Producers, Communications, Consumer Discretionary, Consumer

Staples, Energy"*, Financials”, Health & Biotech®, Industrials®, MLPs, Materials, Technology®, Transportation, Utilities"", Water
(Region) Asia Pacific’. **, China", Emerging Market", Europe®, Global, Japan®, Latin America®, Foreign Large Cap.", Foreign
Small & Mid Cap.

Volatility(1)

VIX

*Underlying assets that corresponding ETFs are introduced in Korea during the test period(In total 20).
“Underlying assets that corresponding ETFs are introduced in Korea after the test period(In total 4).

AR 18 AAstgon o) AA ARY 29 14 420 Hol=x EAs Byt 181 £ &7} 744 Y 1%
2 ZA9 Zolth £ 100,000 9] k-means clustering= A A3} & 3= ETF Ao 713 H, & tA $9] 34 & wHE3sto
o 714 Y& %Eiilﬂ% gpom HEAO R APHE  FHARE =S A7t E 1FS 2, ol F & vhESte] 37b
A7 2O S ETF £ L A AZ A5 A 4 £ Z37h e bR BEe AT 1 A <Table 5>
A Y-S 29_15‘]'9\15}. 9} <Figure 2>9) 25t oh.
gk 3} "= ETF A4 el Ao Hof A= A& 0.1313%
34 84 A3 L1472 2 A7k Sl Ao 2 debih 5, v A% @
i”l*“ﬂ Hg) A& 5 e AF fﬂﬂl ’“0‘0] 2 39, o

A AL A A2 A 324 AHE ZYS ) o

ST

5 T2 YR ETF 152 SYAS A &= AZ 9A 3
o]%2m, 20159 1€ 1Y5H 20161 62 3047142 94X A LAE A2 des AUEE} o] =9 ETF 1§< 3k
JES AHESATE FHE T E(risk-free rate) 318 7] 2 F7b & A AFZ A E 7HE Bol $7HA171 212 Bond/
103 S= 13 A ES 7F 02 1.5%2 78S o Fixed incomedl| 43+ Corporate Bonds(CB), & "= AL E

&= ETF AR (S0 18)9] A AFZ A8 WA Adet  7|2ARECR 81 ETF 150Ut Pl = A ETF 159
3, o] AAHA ¢ vl ETF 25 shud F713l B 6& Ao 7 HAUE W AP AFE 07211 E o] 7E
o of® ETF 25| &= ETF A& AZ A& 7H8 2A gl A 78 0.59018H 74 2] oo,

m[o

Table 5. Optimal ETF Introduction Sequence

Korea + CB + C + GB(S) + CP + CS + Vol + U.S. Total
Sharpe ratio 0.131 0.7211 0.9355 1.0364 1.0838 1.1224 1.129 1.1514
Increment - 0.5901 0.2144 0.1009 0.0474 0.0386 0.0066 0.0224

CB : Corporate Bonds, C : Communications, GB(S) : Government Bonds(short-term), CP : Commodity Producers, CS : Consumer Staples, Vol : Volatility.
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Figure 2. Sharpe Ratios of Korean and U.S. ETF Market
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Figure 3. Efficient Frontiers of Korean and the U.S. ETF Markets
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