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AAE ZEulgl dA4e] Zeko]d (driver) ol dist ofg Hd A7}
Z& =3 gtk Moskowitz et al.(2012) & A|AG ERlE &7fo] A%
H5A (market volatility), H=A (liquidity) o 2R}
2] (investor sentiment) ol o3t B0 =ZE= AHd & goes 3E
B3t Andrei and Cujean(2017)& AAIGRAY A A2
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Pitkajarvi, Aleksi, Suominen, Matti, and Vaittinen, Lauri. (2020),

Zhang et al.(2005), Domian and Racine (2006)2] 2tA -5 of A

A FoE] AT F7he Ut JeFe o] HFH A

mpA et o 2 3A FAAY] FAeE QA FolEY ()9
OJHE= SR Aol 3t
RkeF FAAGY FolEo] v Sl o8 FEErh
Zola, #5129 e A9 E (bond yield) o] A= doA A4
Al 49 & (bond market return) @] deto® FJowH A5 F AG
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A 5 F AALD =X (Time series predictability)
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+1, ()9 @ 7Y —12 FA3H
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ot ¥ F24, AP F ALY AAE Y58 5 AAE JEhda vk 1670 A5 A1
MSCI equity total return index, S&P Sovereign bond index® €¥WxgE T4 % do] g Ao A
4l FAAE) 237 EH 1~6071E W 1(lagged) @ 44 FA W EE 23478 F
gk, ZE 71 Y1lagged) ® AUGA]) €8 =27 o8 FIgs S5HHATE 3o 37
EA kst olw] ¥ Z¥2H (clustered) ® pooled panel 37 49 t#ks YERSIT #ld
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A 3AE FA FA ©BE FIE

A 18T A 284 7 AT S

E
wotthd, Al 3"elME AR FXE Kol Zb ke EulE

FAlel g meje] Bt ArbgrelE 3} AFZH|E (Sharpe ratio) ol o8l
gl st}

ol ATkl Hal 1671 =7ke] FAAE, AAAG 4 Qs
To]E AEE pooled MHEE ARESIQTE [E1]1> ZH2He F2, AHA

o

A oA FolE FAlel WE Arte] Bk dxay

AFZ A< (annualized gross Sharpe ratio) S UERHTH RdE A=
HA t=128% 8 t-171kbsske] A 23 gejEo] d(H) 9 #he
7EAA F(+) 2] FA (positive regime), & (—)°] & Holw S (-)
M (negative regime) &2 3FATE vRR7MAE (2] £ UES
HA t=-39FH t-17138 FAE AAse #SFVoE 2

=45,

m

119 g Av @ AT A FARte: 1Eds o

oAt ke UehiTh Y BE el Az A FAZY 45

F(H)9 FAY W FA Folgo] 0.85%%1H, ANAG Al Ea

T (S (=) 9 ZAjo]H) FolgS ] 2o 1.19%L HolTh
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2 5 ook A, F

AL fgEs T B W FAXNZY FATE () olHA
Al AAALY FAVE FEH)E "o FAFYgES v o4
FAE T MY w252 FYES B =4, AAAZY
FAZE S (@ oldA FAANGY FAZE (D W A FE]
7P s () we Bk olHd A= 54 AT FoES
A5z Aol 3o &d A 3 FANE aYss ARvs
A= A #AA FAZEA nEetE O w2 FES ¥S F
Ath=s Z& BoAEn
<E 1. 7F Bl FAel g ol E

ola) i 7 ;
. HA -129%H 1974

[

o =
T 2

Arbre] Bl Aol wE AAe] Hit 2ol ER A&std AFEZHES UEhd
Folgo] F(H)old 1 Aate] muly FAF &

(&) olgtar 3k h 1670 A5 A2l MSCI equity total return index, S&P Sovereign bond index
ol g Ar=E FAE dolHAS vgoR dd Ax 9 AT AAIE Buy FAld e 4
2, 9d B AEE AAE 2Hy FAe e X5 YEATH

HE A G AT AAE BE FA

Positive bond

Negative bond

Positive equity

Negative equity

N 1545

Equity return -2.52%
Equity Sharpe ratio -0.44
Bond return 0.32%
Bond Sharpe ratio 0.60

790

-6.67%
-0.89
-17.78%
-1.60

1386

0.85%
0.49
-5.84%
-0.84

949
-10.89%
-1.15
-5.74%
-0.82

IE B, Az AAE BRlE A

Positive bond

Negative bond

Positive equity

Negative equity

and and positive and and
negative equity equity positive bond negative bond
N 547 388 998 402
Equity return -9.27% -0.03% 1.19% -13.08%
Equity Sharpe ratio -1.03 -0.02 0.72 -1.30
Bond return 0.40% -21.59% 0.28% -14.10%
Bond Sharpe ratio 0.90 -1.81 0.48 -1.38
¥ oy
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A 6 F AALE By EEZT Q2 (Time-series

Momentum Portfolio)
b Wl AALEe] ] FA welshs Anc oS Adkre] 9]
FAAA melshes Zol o U o= mol: AL At A

AN oleld 5 S uFoR TEZYLE Py I ANE

Skl vgd J1E 34 e Mgy /1F AW A9ag we

dolg e waddth. 28 24 g FoEelA did =7ke] F94

—

b 9 E (risk—free rate)s 2Hst Al 23 59 & (excess—
return) S T3tk 1 3 A AL V=0 ® HA k7])HE<H(look—back

period) & Aprke]  ZIpEelEo]l  k(+)old vigr EX] A (long

e

position) S, S(-)ol" wx XA (short position)S FH3tl 187
el EZAA-E h7]FE<t(holding period) &9shH vl € AR
AR FAS aEA Al HAA = (overlap) o i
FEZZe FES TU7MSB (equal-weighted average) shoq

‘G ZaE AAIE XEZE e 9 E (single—asset time series

9

iy

momentum returns)” & otk olglAl FElx 4+ gk

A e dd Ak AAlE XEEZS FYES

i
N

& 9757 (equal-weighted average)dte] “Fat®l AAE mwld
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(XTSMOM®M ) 7} &+ zAkE A AE EEZT Q2 (TSMOM®&A ) of 1] 3|

HAd Fols Bol=us #S5staa 39 &gt tghe Btk

XTSMOM¥™ = o + g, TSMOM*™ + B, MKT, + B;BOND,
+B4SMB; + BsHML, + UMD, + &, (4)

o] 219 xTsMOM®M = ko] #Z 7]7H(look—back period) 2 he]
£v  7]%r(holding period) 2.2 HWFEo]z XTSMOM®M o]  tA] 7 2]
255 9ujsty TSMOM®M &= k9 #= 7]ZF(ook—back
period) & he &4 7]7F(holding period) & & wWEo]z TSMOM&N 2
tA Y 2HFES gudttl MKT,S S 29 F2AF2 o] =&
MSCI World total return index2} MSCI emerging market total return
index®] tAHe] ZyFdES ov|dth. vR7EAZ BOND, = =249

APAIEe] dige] =i S&P US Bond Index® tAlH A<

P

o) ES ou|sith. SMB, , HML, , UMD, & Fama—French—

Carhart®] size, value, momentum = Ejo|t},

g9 AARHS Bl & BAE ANTH AAD A
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Asko 2 Ei(diversified) 9tk Zt AgER FAHE TEZ
Felgel wazk gl a7 sl 7t ¥EZYee Agnd
MEYS 10902 B34 £o8S ndgoz 2yagt

o4
XTSMOM2D 7} 34 TSMOM(2D | LONG Ht} =& Fo5S xgr)

<GE 2> AREERE AAQ BRY XEZ L Ay

b

obef = Z47] e k, h7IZF 2f el g #Z 24k AEt AAE Rd" (XTSMOM) XEZ
oo P 2HFES AAANLI FAANG A& L FAETN & Takd GY AT A

Ad Ewle (TSMOM) 2EZ2] 2, 12]1 Fama and French(1993) ¢} Carhart(1997) 9 size,
value, momentum WEEZR 3| A48l Aol &ute] tghe] AAH ] ot Buly YEZZQ
= 1670 2E 3712 MSCI equity total return index®} S&P sovereign bond index® &Y 7}5%
3ol AT dld BE dld A9l AwWwl4 F MKT, SMB, HML, UMD 291 emerging
market® 7 A3 HolHZ vty 3AEAT Ao},

g A AR AAE EAlE

e

EXge A3

=971 o)
1 3 6 9 12 24 36 48
1 1.93 3.10 4.98 485 397 4.62 5.78 4.67
3 279 389 423 3.23 266 354 4.14 4.08
6 3.50 3.89 257 170 222 259 3.52 3.62
9 118 172 1.07 1.18 1.10 1.86 2.59 2.46
12 167 199 1.88 1.61 153 1.06 1.90 1.99
24 289 267 214 220 286 3.21 3.05 1.96
36 3.09 336 2.64 214 208 248 1.63 0.87
48 1.17 1.45 174 1.13 1.12 0.90 0.48 —0.30

e
e
N

122 N8)

g B, Az AAd mEly

b

EZe e A3EolE WA)

=9 71 o)

1 3 6 9 12 24 36 48

#4571 ) 1 1.96 2.61 451 4.26 3.74 4.49 553 4.06
3 222 385 3.65 347 3.27 344 385 3.63
6 273 255 173 182 244 253 3.05 3.07
9 028 032 023 1.18 1.07 219 219 214
12032 099 0.96 0.81 1.05 1.31 1.83  2.08
24 3.03 251 1.95 2.04 249 227 217 155
36 2.30 251 1.60 1.53 1.62 2.30 1.38 0.88

48 1.86 1.99 225 190 1.74 1.05 0.38 0.28

25 a-:rﬁ-! -'"F - 1l| ‘J!



i}

<19 3>. 2yg ek

ke

EZYe 74

B

e

2

1o

9 v

obg] I1¥L vl & HH A FEZZL(LONG), ©@d ARt AAE XEZE 2 (TSMOM),
AR AAE ZEZ QL (XTSMOM) o 782749 ES Helya vk 72 LEZIE 16
M AIEAZL FA A A O R FUTEEEAete] ARSIt e 7o) dEke 1271499
A5 717 1€ =Y VIte R FAENIY 3 EEEZZ e FAEY Hlurt golskA 3]
3 HeAds 10%02 1Aste] olo @A Zb FolES A3t 167] =7F] MSCI equity
total return index®} S&P sovereign bond index @o]E]7} AEE] S},

$10

‘sll~v~-~s"""~~“

Growth of $1 (Log scale)

9,
ff"ov."\' vl N

1994 1997 2000 2003 2006 2009 2012 2015 2018
=== TSMOM XTSMOM LONG

[2H4]2 ASAG &t =7t AGERE 'ofalo}, 'gtd ol 2] 7,
AA =7F ANe A A B AMZ (subsample) & Yo] XTSMOM(2D)|
TSMOM(12D  ©] &3}l AFZH] S (gross annualized Sharpe ratio) &
TS HUTE. ofAlof Aol &3k =Tt T, Ak, IvlAlo}, g,
oot HeA, B, divtolw, Zielopug gl Aol &9t H7lk=
v, A, #F, WAa, FEHlotelty. I 9o ofZelgt, sfH el
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AFZH]E (Sharpe  ratio)&  RHAthHE  F8HS Hth

geletulgfzl Aol F o muld  dege]  BE 22 g
AR H] S (Sharpe ratio)= H.Ql HEH ofAjo} X oA AjAYE Edy
ko] 9] AFXH| & (Sharpe ratio) S Holil A7 AAE 2dly
ek ot =4 d5S st}

37k agxE RE Fde dolgAlolxnt 7zt 3 7S

EEZeoE EFW oY WHER FAG IARNS  Fe

XTSMOM12D) L E Z¢] @ o] 93X 4A 7} (risk—adjusted performance)

It

= W53 ddoltt. FAIRSFE AREE® MSCI World= F2], A4
NS &3t #E|o]n VAL everywhere, MOM everywherei= Asness

et al.(2013) 9] #Elot}, mpxut o Z XSMOM2 Asness et al.(2013) 9]

HkAlo]l whel A3 Cross—country EHE #HEolth, #id Al B
247 v HEE AYHSRE Sto] 3924 s Aol

(3319 =Y A9 FHAA IJAFY AYE HWHE XTSMOM
EZges 474 BHZ AEEFI ST &3t 0.39%% ot
dutgte HAY oju FRA FAEAe AyE B, TSMOM HE 7}

F7 ek olwl A" AAATHe]  0.22914 0912 &g
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dastlov ods] Fog ()9 wger Holdlas It
g B #e B FAWMSTE VAL everywhere, MOM everywhere,
XSMOM o2 v gole sid Ael 2 A¥E Hole Zlg 1T
31tk XTSMOM Y E X2+ TSMOM XY EZZQ FoEZ FH T
et 0.31%14 0.13%%F 0.43%°14 0.14%% 23 I3z
Btk sid Co} #id D= WiAvpa Rz 2221 ARk A ] ff & QlE A
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td

_4

A& 3t spanning test® A¥E YERAT. AWAA 2FQ1S X XTSMOM

rr

TSMOM, XSMOM ¥ EZ g RTFE AL E431 0.18%2)
fFole dukgts 7ok v, T ol% o] oAlwA ghele] 0.49% %W
dutgrol XTSMOM EEEZZ 7l F7HEo=24 -0.21%, —0.18%%
w9 gtol #o wpxZEAE 8WAl #le] -2.61%%W FelEC] -
3.82%, —2.95%= oAl ol o]E 3 XTSMOM
FEZ Q9 $£9EL TSMOM , XSMOM °] 2l&] span¥#] ¢For

Htj 2 TSMOM, XSMOM X E X2 & XTSMOMel| 9]&l span' O= 4
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<A™ 4> AFAE AE AALD 2l EZe A3 Hu

o
m

olgl 1ML ©d xAE AAIE  BEHYE(TSMOM) XEZE 29t AAATE AAYE Zdd
(XTSMOM) XEZE Q9] ARZH| &S Yehfa it ZH7he] X EZ v dolEMe) &3k Zh
Aoy Fhe] £, A0 ANTOR FUNFAIT] RRRUL. oo} Aol L #rhe
=, A%, O]EH]*]O}, st ol Aol deElH, =, divtolw, gElotdg] g A e &gt =7}
= BEpd, A, #15, AAIF, ZE0olelth. 1 Q]9 AN HEE IUES 443 $Ald X E
ZP e E sl 2 F7F Ao Akttt Emerging all& 1670 =7} B+5 x3ste] 74
3 TEZZ o|t}h 1670 =+7F2] MSCI equity total return index2} S&P sovereign bond index H
o 17} AgE 9 g A, 9d B, @Y C= BulY YEZg e HEo = 77y B4 7|7
Zvzy (12,1), (6,1), (3,1 o2 Este] A= A& el

of

3

g A (12, D)2 2oy XEZQ AREHE

0.6
0.5
0.4
o 03
S 0.2
E 0.1
5 0 —
0.1 TSMOM XTSMOM TSMOM XTSMOM TSMOM XTSMOM
-0.2 Asia Latin America Emerging all
-0.3

Hfe B. (6,1)F¢ Ty FEZTQ AFZH| &

0.4
0.3
0.2
0.1

0
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Asia Latin America Emerging all

Shape ratio

g C. 3,1 FFe 2y FEZQ AFZH]E
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CE 3>, AR AAG BUY TEZYC 98 23 43

S B0R Y Y RAY EETALKTINOW S 8 ZALOIEE S
2ola % BAE Wl AR A BAE TEZao (TSMOM)® € Z#4el&3 MSCI

World total return mdex, MSCI Emerging total return index, 1@ il 01 2 A7t A AR HE S
AR 3to] 3|t dyolty. Buly YEZFEL 1671 EE 77F8] MSCI equity
total return index9} S&P sovereign bond index® 510‘21_7]"5‘ ?0}01 ‘%‘—/\M 1A%, #d A= Fama
and French(1993)¢} Carhart(1997) 9] size, value, and momentum ZHEZ 121 ¥ B
Asness et al. (2013) 2] value and momentum everywhere #E 2} Asness et al.(2013) ] W=
o7 npgro g A% XSMOM HE]E AFEIIT) Asness et al.(2013) ¢ w29, XSMOM= 74
skouf] Z} zRAbe] st v, wlE EAALS A 127125k £ E9 AdAQ =9 (ranking)
5 ugo® A g Co g D= g A9 #d B AWHS S MSCI World, SMB,

HML, UMD £2¢1S emerging market® & J-A|3l¥ to]gl & v}y 3 ]—E.—éﬂ, 2 vo|t},
3ld A. Fama and French(1993) and Carhart(1997) factors
MSCI )
Alpha TSMOM World SMB HML UMD Adj.R
Coefficient 0.39% 0.10 0.16 0.12 0.33 0.22
(t-stat) (2.25) (2.22) (2.07) (1.58) (7.58)
Coefficient 0.14% 0.59 0.07 0.02 0.05 0.07 0.91
(t-stat) (2.44) (40.22) (4.43) (0.85) (2.18) (4.43)
@9 B. Asness et al. (2013) factors
MSCI VAL MOM .o
Alpha  TSMOM World everywhere everywhere XSMOM Adj-R
Coefficient 0.31% 0.10 0.05 0.60 0.20
(tstat)  (L73) @21)  (0.28) (5.54)
Coefficient 0.13% 0.60 0.06 0.01 0.10 0.91
(tstat)  (2.08) (39.86) (433)  (0.12) (2.56)
Coefficient 0.43% 0.10 -0.18 0.04 0.38
(tstat)  (2.80) (259)  (-1.60) (9.88)
Coefficient 0.14% 0.60 0.06 -0.08 0.002 0.91
(tstat)  (255) (3405) (3.96)  (-1.74) (1.14)
¥ C. Fama and French(1993) and Carhart(1997) factors(do]&l H7A)
Alpha  TsmMom _MSCl SMB HML UMD  Adj.R?
Emerging
Coefficient 0.35% -0.020 -0.011 0.320 0.188 0.06
(t-stat) (1.96) (-0.67) (-0.10) (3.15) (2.85)
Coefficient 0.23% 0.564 0.020 -0.030 -0.040 0.014 0.76
(tstat)  (248)  (2431)  (1.28)  (0.58)  (0.74)  (0.40)
g D. Asness et al. (2013) factors (do]E ¥H7A)
Alpha  TSMOM EMSC.' VAL MOM v smMoM  Adj.R?
merging everywhere everywhere
Coefficient  0.57% 0.007 0.190 0.380 0.05
(tstat)  (3.42) (0.24) (1.06) (3.22)
Coefficient  0.22% 0.559 0.020 -0.038 0.011 0.76
(t-stat) (2.59) (24.66) (1.40) (-0.42) 0.17)
Coefficient  0.65% 0.013 0.016 0.019 0.07
(tstat)  (3.99) (0.46) (0.12) (4.05)
Coefficient  0.22% 0.555 0.021 -0.025 0.002 0.76
(tstat)  (2.65) (2426)  (L5) (-0.35) (0.88) _
30 A =TH



<3} 4>. Spanning test

olg] ¥+ AAFEZF AAIE EWlg (XTSMOM), @ ARAE AAE 2dle] (TSMOM), 18a 3
o 2ElE (XSMOM) o] € &S AN 495 Yehdth LTEZIEL HolgHA F
2 A JQYAES g oz FAkEoH 127129 #F 713y 1€ 9 Ve Zeth
XSMOM XEZT 252 Asness et al.(2013) 9] WHEE o] g3sto] A3} dlolE Al 1671
BEE =719l MSCI equity total return index2} S&P sovereign bond index® -4 ¥t}

Dependent variable XTSMOM TSMOM XSMOM Alpha Adj.R?

XTSMOM 0.6140 0.18% 0.8993
(43.32) (2.84)

XTSMOM 0.0454 0.48% 0.3608
(10.93) (3.08)

XTSMOM 0.6045 0.0018 0.18% 0.8992
(33.42) (0.84) (2.90)

TSMOM 1.4655 -0.21% 0.8993
(43.32) (-2.16)

TSMOM 0.0721 0.49% 0.3822
(11.44) (2.08)

TSMOM 1.3945 0.0089 -0.18% 0.9026
(33.42) (2.82) (-1.83)

XSMOM 8.0214 -3.82% 0.3608
(10.93) (-1.82)

XSMOM 5.3423 -2.61% 0.3822
(11.44) (-1.28)

XSMOM 1.9182 4.1646 -2.95% 0.3814
(0.84) (2.82) (-1.41)

A7d4d

B o= Pitkdjarvi, Aleksi, Suominen, Matti, and Vaittinen, Lauri.

(2020)9] W ZEo] oz}, F=S ¥33 MSCI 7 7]= 1670
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Abstract

A Study on Cross—asset Time Series
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This paper presents a phenomenon called “Cross—asset time
series momentum” in emerging countries’ bond and equity markets.
The paper finds that the past return regimes of assets are positive
predictors of the future return regimes. The paper further discovers
that past bond market returns are positive predictors of future equity
market returns, and past equity market returns are negative
predictors of future bond market returns. Also, the portfolio, formed
by using the cross—asset time series momentum strategy, performs
better than the single—asset time series momentum strategy. Lastly,
the cross—asset time series momentum strategy is not spanned by
the other momentum strategies and suggested a new way to capture

returns that were not explained by other strategies.
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