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EEHT Q= FAEolt), TEED Q= BARALE B9l 54 &AL og = Q=
HiHo| 11, BARERLS] 7g-& & =(Duchin and Levy, 2009; Tu and Zhou, 2011)D

@} AlelAm]ojEsHHYU A9 ARI1(1596), Markowitz, 1991, 1999; Rubinstein, 200
220 & AFEE= QEE F8FA7 S ol 3 7HAolt}. Markowitz(1952)& 919
o o] AN ZAREARS Tk AR Rl sk optimization
function) & Ao A Hf ZEEL]Q o] 29] T3 IXh AT, 11 322
1991 ZBASE il S jiglt}. 17 AIRKt X 43k Froi 2l 913l dish 7y &
TS 2L g F2 ozl o] tisl 7 2R S A= ZEET Q9] F/dF4

=
=0l tiek FARISS 2743 &, FokleiY HddH EET = AT

37HAott. oj22l ez, mer|zte] g0l FoRIthd, YT R RAoA A]uj

oJE2 TEAVIE B B4 BAE A4 RESQS THY 4 k. 1Y, B0,

S} St olA 2 REZ QS sk HHSPSLE AT HESQ £4
oA Waz h= 37H 1, 2 Aol AMEAIE, AR FolA A2

atd oz Al Zoz 7Rt S8 2olA Fama(1970, 1991)= F47H A%

D) 24 9 A gREolA Z4le] B& A BEOZ Urojgl ARES] A2 EXof|, 2L A
2 Ao, 283 Y] ARRe] 42 dF0 = Heoit = iR BEARA fdS
AAE. &, 5L71s ZEETQ o o3t B4R} sfgeltt.

Rubinstein(2002, p. 1041)= ¥UAQ] ARl ZgHE thArE Ql-8ote] AR 7id
< AR wUA ARI19 diabe ot Bk AR SIS B2 4 gitiMy
ventures are not in one bottom trusted,). W AAEE 3t 3o BF AALY Hol &%
Zo} 52| Yo Nor to one place, nor is my whole estate). TetA Aol &4 gt
9] 2o dHUA PoHUpon the fortune of this present year.).
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& 2] Ao BRI e A7HEE ARSIt Brinson, Hood and
Beebower(1986, 1991)= vl=r 91715 HEMUA A A& 521} Ak g8 o]
AT VGl offth= 43 3|, 1715 HE ATPASEE] 90% oVdol ARt
o] oJsto] HgHrh= AFH FAE ARSI &, AMHIE7159] S8/ 4%t
o} 3HA, o202 7zt JYRpEo] FolXl A= 7PYsh= Markowitz(1952)
9] H ARl 2, A= S FE A WS E o186 4ol §ick 1

Pue HHRieE s ORdE BTek 4 2 BAE A nEZelog 7

YW 7o tigt 2F2H glo] 2 Aslpol Aok A9, AR XEE
2 Q FAjof mfe- RAHet bl JEE AFeths 22 A A5tk Best and
Grauer(1991), Jorion(1992) 5% Michaud(1989)2] A& A|A|sh= SAS AAI5HA

o}, Bgol, oE0RE 2 AASCIS, EXHNES ARsiao] A gshd,

£ A7e s 7l itk HEsiele] WidE FAIRS Aol ot 24
SlRlrol ARIA Adoddo] 579 JFES Bt A W= 8 ejdos It
Fz|olelro] ] tigh AoddS FAdroll S5dT F2oklrziE A
e A XEZZ= fHFoRE FHAREAN ZEEFQ(GMVP: global minimum
variance portfolio)2} 4 LEZEZ|Q(TP: tangency portfolio)7} It FHAEAL 3
EZTRE fF Aol AR E UEAT =S HIFAES FAMISS A4Sk,
A REET e FAVIIHARL G HA]) Fdiote] Z2ldrE UEAT =S 454
=9 FARISS 243 A #aste] FARkeol| JloiM ZEET R A HF

A50] BEHEA} A E I AR 27E =, A9 Hasle] Bk
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ZIEIHFA (AR T ZEED Q. EFHHREFE)O] o8] AAHt TV

Hrjste] BAPSE EESQ THIAS FoH £ 7Hoe e 2AE B2

F|25RRkro] Qo] loiA Al HRol EAsHe w7 RIS A&k P
52 duky o & HARRE o]83It) Ledoit and Wolf(2004)= 717 471 &
Aol ozt AAHZ7HY] A1 Qlo] HARERES o8-Sl FASAIERE 417149

S22 7Idiol] olgve A= AFsIAth AN SAIS AR BAREE ol-85t]
AR D)ol TRt 783t FHEE AlSE 5 7] dheol, SRAHEGEE) A
FAANE Wdsks AL v Atk A& AAsHiH: Elton, Gruber and
Spitzer(2000)= o B&2] API7FoIA Agdhs 22 AAFEERE nlgf F45

A ] PP AScH=E YARETT F-85HA] YTt
7o) opd2 A|AstaL, AHFE ] oS WS Aol AHEES

L A2 ot

S} 20 AoIA] Kol TSP EEE QS THsHT FA% 2409
ofck. SHE EESe| 0 THRAIE he] HPBL oEuRe] O£ Y]
threl, EEMADO Do, THTAE 10] TR Tk Z4K|o]] uho] e 4

So] gt AAS olEshe AL AR ol TRERE AT Lo
Gl Ao £ Dot ARl FPue A4 EES00] §84S

Asher] Fasleh theb B AT AuYE YUl 38 £ 14 ZESY)

AEEE S Bl 23 ZEEZD] Q9] EAIY S Barst 7|&d+E0]
A TEZFQ EAFE AAA LR AZSE Michaud(1989), Best and Grauer(1991),
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Jorion(1992) 52 UHAHFE FEATYPH(SC: sample correlation matrix)< ©|-85}
At & A= 7|EAolA AlRFe AJEEE S Al 72 B AA,
PLo| 71§ Aok= g0l Elton and Gruber(1973), Elton, Guber and
Ulrich(1979)= AZ0= REEDQ FFAE o] AHdE 2715 2783 9
S9E(CC: constant correlation matrix)2] S49H-E 119619t Elton, Gruber and
Spitzer(2006) AU AFHF L2 B3 o83t DTy E W] LS B st
At o] FAHHEE REETQ TS 11| AEES AR 1getol| wiet 245}

P i)y BEEARR] A Holet AR, S4, Jug Lol 2k Hefvt

HHES 2IRIE ZEELQ IFAE WollA 38d(commonality)e 2H= 4]
oz w2 AUTAE 27] dieol 4lekro] d=iva Aegadol wet ol 524
el E o= Qlek. ¥hdo] 35-d0] A9 gl 4= Tholl= W
HAE 27] dizol] 2SR ofs A0 B E w2 FAHISE HilEske
T 2=t o7 S8 FAVHE HEkE oAl s A9 o Qe 55all
AJof] g3ttt Chan, Karceski and Lakonishok(1999)%= Sharpe(1963)2] (A%
291%Y, Fama & French(1993)9] 38%1%3, 7|1l the] gQlo g A5 thaln
Y oM F99 552209 a5l factor loading) S ZHE] AP E-S 7oA
ot} gEFoZ WA HHE(MC: market correlation matrix)2F 3.8
(FF3C: Fama-French 3-factor correlation matrix)?] -85t} o] Ui e Z5Q
IE9] £/J9ES WGt A E S o8R0 A B2 FES 2= A0l gt A4
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ol et 584 et 2 7Rl 7 AlE 23S, W] Beolle W2 e A

Z 2AsItt o]l UAANTYE(CC, Ledoit and Wolf, 2003)7} ©A Q QA
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FYERHE | 27| LEET] Q0| Hlwslo] L9158 Z=the 52 TS A
2 AollA AETt g E RS 7Sl A9 ol A El X &4
<= 275k= RO, 7]EA7e} e A2 ARQ19 £/ AlARH AR EE o
B3Ith= Zolt. &6 woks A8 o2 SAA WHEF/IEEA 5ol Tk A
ACFE & 17AD), AARRIF HARE & 17418 59 $5830es FEsis
(King, 1966; Roll and Ross, 1980; Trzcinka, 1986; Brown, 1989; Connor and
Korajczyk, 1993 5). FAARZRE FE25E 358052 A8E 12 I7]0 JF
<= BARL 320 BARle] 7HE 2 AfAle ARSI £4
Kaizoji and Kim, 2009 5). AgollA A== 452 A5t oteo] A Hst
o 5H4Y & gl7] wheol AF8Ql $45 3824 0% AT 59], AP 7|t
of] 4150 xekE Aacle 354 7= F49] S7Iske BEe] ERlFHEom,
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ZHHEom and Park, 2017; Eom, 2017 ). B<0] &3}g9] s A5 AT
o &2 AHHAE 2= A FARIS e 71vdide] |k Eom and
Park (2018)2 AJAQ0Ql £A4S A|ASH Al H(non-market correlation matrix,
NC; HIAP IS o83t Hsleirae may 22 XEETD Q| B}
71& AJHE gl BlaLsto] 29100 Stk A4 SAE Harsklth

2 A7 U ES ol 8et 2 ZEET R A9 dFEA0R 1990d~201749
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3) Ledoit and Wolf(2004, p. 115)= ==2] B=9f shrinkage 7ISAIE A&k $84
S FAHCE AL, ELF =214 IPFo] et T2 3] FS(matlab m-file)E
Wolfe] Z#o]A|(http://www.econ.uzh.ch/faculty/wolf.html)ol] EAAZ  FJHoIAL
ULt 2 AtolA AR AFIFNlA shrinkage R0l BRE B2 50| Al
3t QEAAT TR0} o] 8519tk
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Q9 7H7HS ZEED 0] vl TES St &4, A4 TEolA ASEA o] ¥t
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Gruber(1973), Elton, et al.(1979) 5°ll 23 AIFE YGJHFE(CO), Chan, et
al.(1999) 5°l <l A8 Sharpe(1963)9] HARVIHFEMOT Fama and
French(1993)2] 38 VFHFA(FF3C)0Ich. 1e]aL Hl-2obe HR2 P E(SO)F +
Zobe FAFANC, CC, MC, FF3CRH] 7158w ABPE(GhNC, shCC, shMC,
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(Table 1) Performance of Optimal Portfolio in 3-month Holding Period

Return Risk Sharpe He_rfindahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0193¢ 0.0140° 3.10° 0.0200
EW (1.65) (12.67) (2.72) (0.00) 50.00
0.0169 0.0183° 1.49° 0.1654°
Vv (1.53) (11.46) (1.93) (40.87) 50.00
Panel B: Global minimum variance portfolio (GMVP)
-0.0076 0.0055° -3.56b 0.1519°
SC (117, (10.15) (2.14) (25.32) 18.32
-0.0131 0.0054* -5.68° 0.1834°
cc (-2.35) (10.66) (-3.60) (20.05) 17.27
shrinkage -0.0096 0.0053% -4.59° 0.1610% 18.38
CC (-1.58) (10.19) (-2.78) (24.18) ’
-0.0058 0.0058° -2.17 0.1199°
Me (-0.79) (10.12) (-1.22) (24.76) 22.35
shrinkage -0.0075 0.0055° -3.47° 0.1442° 1976
MC (-1.13) (10.07) (-2.02) (24.306) '
-0.0055 0.0055° -2.96¢ 0.1324*

F3C (-0.82) (10.17) (-1.69) (24.54) 21.07
shrinkage -0.0076 0.0054° -3.56" 0.1463° 19,37
F3C (-1.16) (10.09) (-2.09) (24.34) '
0.0053 0.0105° 1.59 0.0256°

NC (0.54) (11.79) (1.30) (79.56) 49.89
shrinkage -0.0073 0.0056% -3.15°¢ 0.1290° 22.65

NC (-1.09) (10.10) (-1.87) (22.55)
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Panel C: Tangency portfolio (TP)

S 0.4020° 0.0232° 28.61° 0.2963° 733
(18.68) (9.90) (14.62) (21.47) '
0.4405° 0.0258° 26.32° 0.3122°

cc (16.80) (10.98) (15.07) (22.29) 6.76

shrinkage 0.4182% 0.0240% 28.06% 0.3034" 709
cC (17.99) (10.35) (14.71) (22.03) ’
0.3884" 0.0215° 29.62° 0.2607°
Me (18.87) (10.36) (14.50) (19.62) 8.67
shrinkage 0.4007° 0.0229° 28.99% 0.2888" 7 64

MC (18.66) (9.90) (14.52) (20.80) '
0.3961° 0.0221* 29.24* 0.2753"

F3C (18.57) (10.22) (14.57) (20.45) 8.06
shrinkage 0.4016% 0.0230% 28.91% 0.2913° 754
F3C (18.62) (9.88) (14.53) (20.98) ’

0.2111° 0.0137° 23.98° 0.1020°

NC (25.54) (11.18) (15.98) 9.79) 2884

shrinkage 0.3829* 0.0213% 30.01° 0.2592? 8.70

NC (18.62) (9.80) (14.50) (19.50) )

Note: The t-statistics in parenthesis are presented as ‘a’, ‘b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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(Figure 1) Performance Distribution of Optimal Portfolio in the Whole Period
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Note: Figures show performance distribution for global minimum variance portfolio in
figures a, b, & ¢ and tangency portfolio in figures d, e, & f, along with equal-weighted
and value-weighted portfolios, using box-plot method. X-axis is divided by
equal-weighted portfolio, value-weighted portfolio, and optimal portfolio according
to estimation method of 9-type correlation matrix.
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(Figure 2) Relationship between Degree of Diversification and Level of
Concentration
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(Figure 3) Relationship between Degree of Diversification and Investment
Performance
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(Table 2) Sensitivity Test by Effect of Input Error on Optimal Portfolio: RMSE

GMVP Tangency portfolio
Risk error Return error Risk error
Return Risk Return Risk Return Risk

Panel A: error range by 1 stock in the portfolio

HEEATEA, SC 0.003190 0.000407 0.034187 0.001115 0.002739 0.000226
U-ATA, CC 0.003563 0.000618 0.034604 0.001157 0.002659 0.000239
shrinkage CC 0.003481 0.000518 0.034364 0.001121 0.002910 0.000227
NAATIA, MC  0.001456  0.000185 0.028914 0.000885 0.001495 0.000194
shrinkage MC 0.002940 0.000354 0.032990 0.001049 0.002604 0.000216
38244, F3C 0.002453 0.000274 0.033325 0.001076 0.002317 0.000199
shrinkage F3C ~ 0.003012 0.000379 0.034050 0.001117 0.002653 0.000222
HIAAREEA, NC - 0.000573  0.000035 0.018590 0.000474 0.000693 0.000059
shrinkage NC 0.002733  .000296 0.032551 0.001001 0.002263 0.000205

Panel B: error range by 5 stocks (10%) in the portfolio

HEEATEA, SC 0.009316 0.001029 0.087856 0.002201 0.007376 0.002027
AHAEA, CC 0.011699 0.001818 0.096478 0.002765 0.009361 0.002238
shrinkage CC 0.010690 0.001318 0.090213 0.002343 0.008217 0.002140
NAATIA, MC 0.006097 0.000556 0.081256 0.002315 0.006452 0.001826
shrinkage MC 0.008872 0.000942 0.086603 0.002181 0.007297 0.001995
380414, F3C  0.007677 0.000756 0.086396 0.002267 0.007273 0.001831
shrinkage F3C ~ 0.008910 0.000968 0.087772 0.002210 0.007438 0.001991
HIAZAEEA, NC  0.002231 0.000173 0.057238 0.001062 0.002875 0.000415
shrinkage NC 0.008304 0.000857 0.084023 0.001971 0.006410 0.001731

Panel C: error range by 10 stocks (20%) in the portfolio

HEEATTNA, SC 0.011373 0.001548 0.129992 0.003559 0.013102 0.003458
AGATTA, CC  0.015444 0.002427 0.143545 0.004391 0.015182 0.003602
shrinkage CC 0.012807 0.001785 0.133936 0.003761 0.014301 0.003528
AZAATEA, MC  0.009208 0.000923 0.122506 0.003741 0.012214 0.003172
shrinkage MC 0.011111 0.001440 0.128692 0.003612 0.012890 0.003385
38 A4FEA, F3C  0.009762 0.001193 0.128255 0.003752 0.012815 0.003353
shrinkage F3C ~ 0.011039 0.001464 0.129876 0.003624 0.013128 0.003412
HAAEA | NC - 0.004130 0.000448 0.084303 0.001600 0.005637 0.000928
shrinkage NC 0.011028 0.001443 0.124404 0.003323 0.011586 0.003019

Panel D: error range by 25 stocks (50%) in the portfolio

HEARTA, SC 0.022957 0.004480 0.232134 0.004907 0.140595 0.834732
YAZAITA, CC  0.031225 0.005710 0.254617 0.006507 0.169558 1.217873
shrinkage CC 0.024660 0.004800 0.24033G 0.005406 0.152382 1.003033
AAA, MC - 0.019238  0.003661  0.225481 0.005195 0.140524 0.806088
shrinkage MC 0.022519 0.004477 0.231460 0.005005 0.142762 0.873395
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320944, F3C  0.020803 0.004057 0.231255 0.005266 0.147074 0.921719
shrinkage F3C ~ 0.022572 0.004513 0.232375 0.005064 0.144354 0.900939
HAAREEA, NC 0.010475 0.001459 0.142201 0.001876  0.036492 0.035623
shrinkage NC 0.022424 0.004403 0.221299 0.004210 0.123922 0.640636

Note: The t-statistics in parenthesis are presented as ‘a’, b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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(Figure 4) Sensitivity test by Effect of Input Error on GMVP Portfolio with 25 Stocks
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Appendices

Appendix A: 8 TS

A, S8 HopollA HHA 07 ARESh= FEARIYZ(SC: sample correlation)S

TEMNo, )3 BEHRK o, 0)Z 0] §3le] Theo] 408 AEIY.

isj
0,

O'iO'j

Pij =

E4|, AALR219] £ AlATH AP E(NC: non-market correlation)2 random

matrix theory RMTMO 25 X219 4498 2k 7h 2 n642] 242 A
AstomA ABHT 1) &, F45008 Awde) 194 Bl At} 746

BOPIThR(RICF, A1 N—vco0, AAGARR |00 018, Q= L/NZ T4), BAH &

]

JoflAl FA9] ATy E IRV FEEETG( Py (V)= BHF0E thaat o]
HcHSengupta and Mitra, 1999). =,

Q@ VOI—N)(A-A)

PRJWT(/\) = o Iy

A2 219 A o] Sok= I-HA] FAW < A, < ANPNE A3t T
FE| Hdf 1/AWME Holuks 18X 7€M King, 1966, Brown, 1989;
FEom et al., 2009; Eom et al., 2015 &)°ll4] &RIFA=0] 588212 HAAH ou|&

2L, 7P 2 Ak =1)= APa1e £ 2=t wWEkA ARga”le] £/go] A1A

11) & Aol et RMTEHET 37 FAedE52RE 15X9t IqHEE o|8st

2442 BAlol= B FHEEA(PCA)T SVD(singular value decomposition)”}
o 7KK W2 IpR|e I5HEE o83tk TS ZAT, Atk 8 4t
ZEA AolE ERIth PCARHS 38 2ok %2 7|&A7E(King, 1966; Roll
and Ross, 1980; Brown, 1989 5)°IA ol-&=™, APgRll, 4189l 59 54 &4
< dHEske 8Q15eAES] AABARE AAdoketl R8ok, SVDERS 7IEAT
(Klwibergen and Paap, 2006 5)°A AEH 2219 £ BAIRE 78324 AAE
A=wE Aokt -89, RMTHHLS 7|&297Plerou et al., 2002; Eom 2017;
Eom and Park, 2018)°l4 4'8F 2219] &4 BAIRt Ay ES Ast=d -8t
o} wEtA 2 AFE Markowitz] | A5leeE vl AHgEd] 382 51 91
2o RMTHHES A8l A= o]-g=itt.

30 @ rle
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A ABFA(O)L THAN) TRHE(1,)Z 0]§3to] 52802 thet 2ol ekl

AojlA vI'E= Ax]E -84 E(transposed eigenvector)C|tt. £ A= Ao Al
8219] £/ 2= 78 2 27A1(k = 1)°] AlQE YA $48(k=2,..n)& ZIRE A
FYEZ AFARI19 £/4o] AlAH JHPL = ol-8rlth

AR, AFTYE(CC: constant correlation) nxn ATHPHo]| lolA] vz}

Bo| HE Q4SS WA ()02 BE gt 2,

-

U, 358219 £ Wt A dolch & A= Sharpe(1963)2] G484l
AQQL K=1, F,_)EgozRE FHH AAPL(MC: market correlation)zk
Fama and French(1993)9] 32 21(RMRF, SMB, HML; K=3, F,_,, F,_,, F,_,)%%
O 2 RE A% ANYH(FF3C: FF3 correlation)S Z¥2} 0|83t} =,
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o= —Oo

A, shrinkage B EY] S0k ZEZ RS Iolke Be F4E2
BHZS Eohe 2 FHFE(SC, Cso)oll S8 (7124, 44 B4 5)°f <5t
T2l AATPH( Oy, XC={ CC, NC, MC, FF3C }) 1] 7158702 AEE= Al
PZolct. Ledoit and Wolf(2003, 2004)2] At w=t 715A|(loss function, L(4),
ol oJsto] AAJE ¢, optimal shrinkage intensity)S AJ435}t0] ZHzo] 71525 1125}t
of YL F45h= Aolth &,

C=6Cyo+(1-0)Cq

L) = | 6Vyet(1=6) Vee— 2 || — (%:max{(),min{ Kl}}(f{: 7AT*’;)

O, 7 Vo TEALY BAL S Vi Ve AT ABIL, 7 Vo] B
Aol
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{Appendix B table 1) Performance of Optimal Portfolio in 6-month Holding Period

Return Risk Sharpe ngfindahl Nonl—zero
Index index weights
Panel A: Comparative portfolio
0.0192 0.0228" 2.26¢ 0.0200
W (1.51) (7.54) (1.90) (0.00) 2000
0.0144 0.0282° 1.12 0.1473°
v (1.29) (7.65) (1.32) (26.80) °0.00
Panel B: Global minimum variance portfolio (GMVP)
0.0005 0.0097° -0.71 0.1271°
S (0.06) 8.12) (-0.54) (18.49) 19:37
-0.0037 0.0097° -2.23¢ 0.1517°
ce (-0.53) 8.14) (-1.91) (1330 19:58
shrinkage -0.0005 0.0092° -1.31 0.1326" 20.08
cC (-0.07) (8.14) (-1.00) (17.13) ‘
0.0033 0.0101° 0.14 0.1021%

Mc 0.38) 8.16) 0.10) (16.32) 2358
shrinkage 0.0007 0.0096* -0.63 0.1198° 20.99
MC (0.08) (8.05) (-0.46) (17.29) '

0.0030 0.0096" -0.12 0.1107%

F3C 0.37) (8.12) (-0.08) (16.75) 22.14
shrinkage 0.0007 0.0095* -0.65 0.1214° 2058
F3C (0.09) (8.06) (-0.48) (17.38) ‘

0.0104 0.0178* 1.92 0.0240°
Ne 0.97) (7.53) (1.48) (70.70) 1989
shrinkage 0.0015 0.0098* -0.32 0.1065* 24.01
NC (0.19) (8.08) (-0.24) (16.15) ‘
Panel C: Tangency portfolio, (TP)
0.2904" 0.0354" 19.49° 0.3157°
S¢ (12.62) 8.21) (10.18) (13.96) 6.87
0.3114" 0.0394° 17.90% 0.3371°
e (12.03) 8.79) (10.49) (14.49) 6.27
shrinkage 0.2986" 0.0366" 19.09* 0.3238° 6.62
CC (12.27) (8.38) (10.26) (14.39) '
0.2846" 0.0341* 19.89% 0.2786"

Mc (12.99) (8.10) (10.15) (13.10) 798
shrinkage 0.2916" 0.0353" 19.68° 0.3070" 712
MC (12.76) (8.24) (10.16) (13.70) '
0.2832° 0.0342% 19.70% 0.2921°

F3C (12.82) (8.06) (10.21) (13.40) 7.50
shrinkage 0.2888" 0.0350" 19.62° 0.3092" 7.06
F3C (12.62) (8.16) (10.17) (13.73) '
0.1567° 0.0223% 16.34* 0.1116"

NE (17.40) (7.63) (10,92 (6.29) 28.61
shrinkage '0.2838" 0.0332° 20.39° 0.2765% 8.23
NC (12.52) (8.15) (10.08) (12.71) '

Note: The t-statistics in parenthesis are presented as ‘a’, b, and ‘c, representing
significance levels of 1%, 5%, and 10%, respectively.
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{Appendix B table 2) Performance of Optimal Portfolio in 12-month Holding Period

Return Risk Sharpe ngfindahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0131 0.0358" 2.05 0.0200
W (0.96) (5.25) (1.45) (0.00) 2000
0.0078 0.0400° 0.9732 0.1418°
VW 0.69 (5.84) (1.04) (21.77) 2000
Panel B: Global minimum variance portfolio (GMVP)
0.0056 0.0154" -0.21 0.1134"
s 0.52) (5.63) -0.11) (13.94) 19:67
0.0008 0.0146° -1.39 0.1325%
ce (0.08) (5.97) (-1.00) 9.03) 2036
shrinkage 0.0045 0.0144° -0.59 0.1160° 20.59
CcC 0.43) (5.78) (-0.34) (12.65) '
0.0076 0.0158" 0.31 0.0910°
Me 0.66) (5.47) 0.15) (12.05) 23-90
shrinkage 0.0057 0.0152° -0.12 0.1067° 21.30
MC 0.53) (5.54) (-0.06) 12.77) '
0.0077 0.0151° 0.19 0.0991*

F3C (0.69) (5.47) (0.10) (12.65) 2234
shrinkage 0.0057 0.0151° -0.16 0.1084" 20.89
F3C 0.53) (5.57) (-0.08) (12.93) '

0.0071 0.0254" 1.56 0.0235%

Ne 0.57) (5.90) 1.16) (56.99) 49.76
shrinkage 0.0054 0.0156" -0.09 0.0958" 24.22
NC (0.50) (5.60) (-0.05) (11.54) '

Panel C: Tangency portfolio, (TP)
0.2040° 0.0583" 14.73% 0.3528"
S¢ (10.78) (5.67) (6.64) 0.34) 6.08
0.2168° 0.0637° 13.65° 0.3827°
ce (10.11) (6.14) 6.75) 9.59) 554
shrinkage 0.2091° 0.0599° 14.45° 0.3629° 5.82
CC (10.57) (5.84) 6.71) 9.58) ‘
0.1985° 0.0552* 15.07° 0.3151°
Me (10.97) (5.48) (6.58) 8.22) 722
shrinkage 0.2032° 0.0575* 14.87° 0.3435° 6.35
MC (10.80) (5.63) 6.61) 9.10) ‘
0.2014" 0.0566" 14.94° 0.3304"

F3c (10.89) (5.59) (6.61) (8.64) 674
shrinkage 0.2037* 0.0578" 14.82° 0.3468" 6.27
F3C (10.78) (5.65) (6.63) 9.17) '
0.1164" 0.0363" 12.59° 0.1420°

Ne (13.61) (4.26) (6.97) (5.5 26.80
shrinkage 0.1959* 0.0537% 15.38° 0.3115° 732
NC (10.78) (5.40) (6.55) (8.24) )

Note: The t-statistics in parenthesis are presented as ‘a’, b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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{Appendix B table 3) Performance of Optimal Portfolio Constructed with 100 Stocks

Return Risk Sharpe ngfindahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0195°¢ 0.0129% 3.63" 0.0100
W (1.66) (12.37) (2.94) (0.00) 100.00
0.0176 0.0166° 1.79b 0.1168%
Vv (1.61) (11.32) (2.05) (38.91) 100.00
Panel B: Global minimum variance portfolio (GMVP)
-0.0096 0.0042% -5.97° 0.1310°
5¢ (-1.56) (0.24) (-2.58) (17.97) 2397
-0.0152% 0.0040" -8.81° 0.1792°
cc (-2.92) (10.11) (-4.13) (14.64) 19.29
shrinkage -0.0118b 0.0039* -7.45° 0.1443° 23.06
CC (-2.07) (9.24) (-3.09) (17.21) ‘
-0.0061 0.0045% -3.28 0.0960°
Me (-0.88) (9.45) (-1.40) (18.48) 32.66
shrinkage -0.0096 0.0042° -6.00° 0.1242° 25.96
MC (-1.55) 9.17) (-2.53) (17.49) ‘
-0.0072 0.0041° -5.04° 0.1086"
£3¢ -1.18) 9.38) (-2.08) (17.91) 28.96
shrinkage -0.0096 0.0041* -6.11° 0.1256° 25.49
F3C (-1.57) (9.18) (-2.58) (17.47) '
0.0052 0.0100* 1.67 0.0132°
NE 0.54) (11.45) (1.32) 61.74) .57
shrinkage -0.0096 0.0043* -5.62b 0.1152° 2858
NC (-1.55) (9.22) (-2.44) (16.80) )
Panel C: Tangency portfolio, (TP)
0.4413% 0.0182* 39.03" 0.2263°
S¢ (18.39) (10.02) (14.79) (1831 1017
0.5070° 0.0223* 34.42° 0.2510°
ce (15.95) (10.73) (15.26) (18.80) 8.97
shrinkage 0.4663" 0.0193* 37.97* 0.2346" 9.68
CC (17.44) (10.24) (14.89) (18.78) '
0.4237° 0.0168° 40.63* 0.1908*

e (18.72) (10.19) (14.56) (16.72) 12.66
shrinkage 0.4410° 0.0180* 39.49* 0.2202° 10.62
MC (18.43) (10.04) (14.71) (17.70) '
0.4335° 0.0174° 40.16% 0.2051°

FC (18.35) 9.97) (14.65) (17.42) 1154
shrinkage 0.4413° 0.0180* 39.45% 0.2222° 10.49
F3C (18.39) 9.99) (14.70) (17.82) ‘
0.2137° 0.0115% 27.42% 0.0550°

NC (24.86) (11.35) (16.65) (8.48) 56.46
shrinkage 0.4259° 0.0170* 40.62° 0.2008* 11.87
NC (18.46) (9.87) (14.58) (17.08) )

Note: The t-statistics in parenthesis are presented as ‘a’, b, and ‘c, representing
significance levels of 1%, 5%, and 10%, respectively.
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{Appendix C figure 1) Relationship between Market Situations and Level of
Sensitivity from Input Error during the Whole Period
b)

% S sample com.
- @ “HC: non-market corr

10g-GMWP Partfolio return by eror Risk

log-GMVP Portfolio risk by error Risk

lag-TP Portfolio return by error Return

log-TP Portfolio mturm by error Risk

tiollo risk by error Return

log-TP Portfolio sk by emor R sk

portfolio holding periods (3M) portfolio holding periods (3M)

Note: Figures show results for sensitivity test on the influence of input errors measured by
absolute values of difference between true and false values during the whole period, in
perspectives of sample correlation (SC, ‘O’ red in color) and non-market correlation
(NC, ‘O blue in color). Input error is the case of 10 stocks in a portfolio, which have
input error of expected return and standard deviation. The figures (a) and (b) are the
effect of standard deviation error on the return and risk of GMVP, and figures (c)~(f)
for the effect of input errors of each return and standard deviation on the return and
risk TP. X-axis indicates the portfolio holding period of 3-month. In the Y-axis, the
left sides indicate market volatility by monthly standard deviation (bar graph), and the
right sides for the absolute values of the difference between true and false values (line
graph). Figures highlight the 2-type market crash of 1997.12 Korean FX crisis
(1997.10~1998.10, yellow in color) and 2008.09 US credit crisis(2008.7~2009.7, yellow
in color).
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Abstract

This study empirically investigates the practical applicability of Markowitz
(1952) optimization function through correlation matrixes among stocks in the
Korean stock market. The proposed method is a correlation matrix that
removes the property of a market factor included in the sample correlation
matrix, that is, the non-market correlation matrix. For comparison with the
previous studies, the correlation matrixes that is known in the optimal
portfolio are utilized, along with equal-weighted and value-weighted
portfolios. According to the results, the optimal portfolio from the non-market
correlation matrix may construct better diversified portfolio, and then,
achieve lower risk and higher performance compared to other correlation
matrixes. In comparison by the perspective of prediction error from expected
return and standard deviation of returns, moreover, the optimal portfolio from
the non-market correlation matrix has much lower magnitude of sensitivity
from prediction error of input variables than those from the other correlation
matrixes. These results show the evidence supporting that the non-market
correlation matrix has a comparative benefit for improving the practical
applicability of the optimal function as well as for effectively reducing the

influence of prediction error from input variables.

% Key words: Optimization, Optimal Portfolio, Correlation Matrix; Certainty

Condition, Uncertainty Conditions, Sensitivity Test





