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Term Premia in Affine Term Structure Models
with Unspanned Macroeconomic Factors: the
Case of Korea *

Jaeho Yun |

Abstract  Using the yield data for Korean government bonds, I examine sev-
eral discrete-time affine term structure models with unspanned macro factors,
such as output and inflation, and compares term premia implied from alternative
models with different combinations of output and inflation variables. Empirical
analysis shows that, except for 1-year maturity ones, there is little difference
among the medium- to long-term term premia across alternative models. The
model-implied term premium estimates do not show a significant pro- or counter-
cyclicality in relation to output variables, but show a highly positive correlation
with inflation variables. In addition, I test the traditional expectation hypothe-
sis by fitting Campbell-Shiller long-rate regressions to the Korean bond data,
the expectation hypothesis is strongly rejected as in the case of the US, due to
time-varying term premia, and an additional Monte Carlo simulation study indi-
cates that the term structure models considered in this paper show a success in
matching the regression coefficients estimated from the sample.
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1. 022

o) A& (B F}L L]
Q1= ol B2 G54 AT Higt HAS Uehf: “a]lAg Tajny
(risk premium)”2E 0 2 Bt &= girt. A go] ajAd malu|gde B 5}
= o] 1h4] Z shtel 7|7k a]u] Y (term premium)e i" o] t A] o] A n7]
1k7] FLo] F A|(zero-coupon bond) o] 2H-&olatw T}t Zro] A o3ttt
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n (n 1 (1 (1 (1
TPI( ) :lz( )_ZEI (lz( )+lt(+)l +"'+’z(+)n—1)

752 Q1 7]t 7} (expectation hypothesis) 0] 7} o A= 7|7t 2 n| g o]
EH5L7| w2l 7] o)A F4-23 o] A4t i AT Z1del
Ol A ut 53ttt 12| 4 Fama and Bliss(1987), Campbell and Shiller(1991)
SOl AlZHE of 2] AFEAo Ed 2jAT Zju|d, & 7|t Een| g2
AH5hH= A o= et AF5 4%l 7|7t o] 97 ¢F= Ao = Uehktth ot
2hA 7] o2 2] F-Eo] 7|t B ¥lsof ot AR, &2 7|t en|d
H5 ol oft ARIAE A= A|7F 585 A4 A= 545t

7] olag WE Yo A T2 S A QlojA &k T
= Q 5}t Bernanke 1] A% 9JAFS 2006 1]= 557-8-2] Economic Club 4
ol A &7] o]zF&o] mlE 7] o]zF&of ogt Z|Hjof o5 HEch= A QIA,
T2 71tz eju| e ofs HEsh=x]ol wheh F2g o] gt AJAF o] uf
& g2k shgick ghl Al g elst 7|7k meln) ) stete ojgt Zojehw
7124 Feg o] Baste, w2 ulele] 472 st w2 7)) ¥
o] sheto] ]3t Hojahyl haka Sakgalo] Was Aolakn 2ol
wetA o)7-g F|BTRRRE o] Hod YH 22S AL FojrEs
J7kmel] ] Hio @ o] A A Hal7h Fagh), ole} Pl A A5
T+Z = Hamilton and Kim (2002), Favero et al. (2005), Wright (2006), Ang et
al. (2006), Rudebusch et al. (2007), Dewatchter et al. (2014) 52 = 4= Q)th
Giirkaynak and Wright (2012)2] A H|o] 5of o]} 2| 2712 e AA 2§
(macro-finance) FHE-2 QI ZH o] B S A g4 ZeEn|d HE
ol £ felo W1 QEalold Beta g} 2l A2 Talulgl o] BAE
Fo FAR AT,

T2 5 AAG=o] 7|t nen| g o] Y E o] g5t At & ol = 7]
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ZrEeu|d-g JAg ojabg 7R B S o] g5t =Y B et k.
o710 A o E et 7|17t 2 B P& A-Sh= A7 7|t e n| o] A 2] o &
AgFS u] 4= 9l=g|, o] & o] Swanson (2007)T} Rudebusch er al. (2007)
= o whEf 4% RN E o4 Zfo|7t e e Ikl ST

FFE
oZi

Ao M= 7|7t eu| g o] et = o] ol 7|3 E
Qlste] vIAIA (unspanned) AXNZAA] 891 EZSGHGE ofu}Ql(affine) A /\]
A 7|17 B & ARESElT. ofwkel B2 £ (no arbitrage)
= 7H3517] dl2ofl o]l 24 et d ol FHold ditt Z7l & Hi(closed-form)
A7+ AR A2 Algshe 3ol et of 7)ol AR A |a71A] 717
7z 290] 27149 2910 2 FAStele o] o] & B tet IS S
2 S04 4 51
St AAFE 7R Bl )lolA 4=, &0l 5 AABAIH
Sdil ]X}E A Soll= FasHAT, A4 A9 o|Aa 7729 &
HH-S A/ (span)st= Hloll= F7F21<1 71917} n|m| st AR o] o il
(Duffee, 2011; Joslin et al., 2014; Ludvigson and Ng, 2009 5)ol| A A 7] =] o] £t
t}. o] 3 st Q918 3l 1 = H]AA & 2Ql(unspanned factor)2tal FE2t}. Yun
(2019)0f] = Fh=0] ok AAFA H 22 {54 "ot ot
HA/d 8.Q19] ks b= 49——% e T 2 Ao A= Jordan 5 E ©]
&3t 89l AghS Fot] 4 a&4dS A FFAIX Joslin et al. (2014)9]
2O HAAE 811& 2R AX T 71 FR B2 FASH | =

1o BN ool ox
r_E co e
(o]

)

: o B0 2 g7 REH
l AFEE Wright 201DE & 4 Utk & vl= 5 971=9] g Ho|H
BAoA QBeol M BEHIA Fart 7| nen| )l st AlE Vg R
38491 RS WAT GO, o]} 2L AT Eﬂ]“JM%ﬁﬂﬂﬂ
2 7] o) 7ke] QAT RS 3

skt

d

T = dlolHE ol g)t MAEE VIR BY S 24T AT Ee
A Y 2012y & 5 Qe ﬂ = OH?J =LA =e)Eoll Q&) A,
AR T AN BA a2 9 ofuiel 7|12 RS o]-8-5h

Il

o2} AR AW 7+ EH FOPAE VAR B o] SANS &=
£ ofo] RAsgik. 17 7% BY FA ol Akl go] BRA Aow
¢F2 % Hamilton and Wu (2012)7} A|FSF | A 7o | A5 H o] AF& = ATt
2 A7 71 e A o] 23-& B HE, FY R (2012)2 o] A4 A}
Ao 24°] 278 etk Aol A AT 4] 2Tl o]} ok, £
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o

ol g5t gHte] 0|21 717k eln|g]

A4ER 0122 1A Qe tiE 4 glol ANAAESE AR At
2 AA Ao erstar glo] 2 Aok w4 Ape] 2ol 7} glek.

2P Boho] 2AT G0l Tt 7T (0120 ANFAAFES
Bgo] e HsE TR QAL o, FY ATBHE |72

Q7o 2ol 7} glek

=Ul AT FollA v AXEE 7R RS
£ 714 9] (014), FES - BAE 2014) 5L 5 5 Tk ol S IPS W
HeEs Agoto] v AXAA AeES T8 =9 AXEE 71X
% RGL BAT ut Qlrt 0% 7A714] 9] Q014)0] A B <
24 WA AN FE 7177 E wge] 47 7o) wato] glrk. thit 2
Aol A= & o Bhget 7719 o2 Alefetal A E BRI o)
Gk HollA A714] 9] (2014)} Zpo] 7t 9lek. 77]4] €] (2014) 2002.1
9-2012.129 % 87) 19| o|4-& Ho|ES AF8F ¥hE, B 20011
U~2018.12¢ F 127} T+7] 9] o] 2}-& T o] 8§ & AHE-5FITh vt 24l 717F
mejn|glo] mg b Hlm 7t 5 B Ao]7] He] 71714 o Q014 B
0] B Y& TelohAE ghotct

2 Ao A= o] & APAT-ES Fxoto] d=t o2& 7|t
E](2001.19~2018.12Y9 3= 127 5t7] o] AF-2) = thAr o 2 H|AA Q91
A AR TS 71T E B2 EAR 7)E dE= xSt HlA
AZA M2 4t B IS0l i 22l Al shubi o] M5 aregh
o & oA 712 9] B2 24151 = =T, W A] Kim and Wright (2005)2] 3.8
ol w3t fASHA oA Al /1A FYRTE /0P E ROR LY
HPMTSMI1 0 &2 2] A)& 249 o3 0 &2 4H= 9 Q1&g oA FZof|A]
ShpA o] HapE 12 MTSM2(4HE 78 9 AB|AHE7F S71s), MTSM3(4
5709 29 A04E7L 37H8), MISMA Q5718 B n| 2187} 3
718), MTSM5(AF A4S 7He: 9 - 28|27 S7H8)S B4 $het vtA]
ok O 22 MTSM6+= Ang and Piazzesi (2003)2} FASHA AH& 9 E7} gid g| o]
B 271l s o] RS AEste] o2 WA 9o 4T B Y
oltt. o] & Al 7| REES o2 211 X (log-likelihood), AIC(Akaike
Information Criterion), BIC(Bayesian Information Criterion) 52] A X 7]|&1}
o|2& 4 A} T2 o8-St Pt S v ettt

gow o5 RY O R HE 45T |7tmu]gle] HlT B4

of, 97| ¥ = 7|k me|n|q] P27 By 1 dupt 2to) 7} QA Al
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hypothesis)” ¥} ZHARH BB/ AX T 710HFE BT
A4 © 2 Dai and Singleton (2002)2] 15 u}z2}
tation hypothesis)& 7% 5= Campbell-Shiller & 7] 0| A& 3] HEA(LTY (i)
A7) AsE AA doly 7|& 9 g 7|5 ZH2he S5t AMESto] g
dlole o] 7|Hi7Hd ofe Ak Bl 7IXtFE B o] glolH A S wtd A
oltt. of22] ¢ ¥ Z A (risk-adjusted) Campbell-Shiller &}7] o]z} S|
(LTY (i) )= Foto] AXFE 7IHF=E Y9 2laaxd
7|ti7Hd o] T2l E dupt Adohe Ak A 2t
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2.1. 7t2A[ SEY 7|22 &2

ol

H A2 Zalof|A 713t mein] o5 F45k= H AMEShe AX a6 oA
& = gttt o] FA| A 0 & ofuiQl(affine) P o] LF<QI
7t A FE A 717 & 23 (Gaussian dynamic term structure models, S;
=2 GDTSM) 2 2 A], o]4tA|ZH(discrete-time) R g o™ @ 2}5}o] tfgh F4t
(homoskedastic) 7}4-& EA o 2 st} o] P2 Ang and Piazzesi (2003),
Cochrane and Piazzesi (2008), Wright (2011), Dewachter et al. (2014) 5-0] &
T2 TR AL o|As TR WA B4 o Eeeto] B2 7 E
SEEPRECE: Y

A4 B"-g n7] gk7] 0] A (zero-coupon bond)2] t A4 7} o]}t o}
i = —in(P") /n& 010 ot o] A& 2 A olotat. 7)ol My B
£74] grolelx}, = SDF(stochastic discount factor)2 A 2]6}H, o] 0]-85kn



71 wk7] BolmAe) 1AL g3} ol AR,
P =E, <H, IM,+j) (1)
A (D9 7]' QAo oh=29] A )~AE F7Ford AL ofmgl
NTE BYe FAG 4 Ak WA m adl Me X7t et 2L 1]
VAR (vector autoregress10n) J}@% o=t} al kAt

Xt+l — ‘LL + (I)Xt + Zgz+1 (8[+1 ~ 11dN(0,I)) (2)

S, @] o|2§ 1 TF 7} o] 8 .91ME] X,9] ofnfel 4 (affne func-
tion) 2 714 St

r, =8+ 6/X, 3)
AA, SDF= o237} o] AR 2 71 A2 3 (conditionally lognormal)
Sapal Yo b A0 2 AT,
1
M1 =exp(—r — 527/% - )Ltlgtﬂ) “4)

o] 7)ol 4] $1% 2] A7} (market price of risks) A= A, = Ao+ MiXe(Ro B A
S A Ztmx 1 W mxmPB)Q} 7o) Qe X, 2] oju}el shy2 7HA S
019} & 2)~(#)2] 7|2 WA slol 4 A A AL A (5)9] 2|4 ojziel

g (exponential affine form)= Z A =t} o]} o] A4 712 A& A o] &3l
@ Hi(closed-form) = EA 5= -2 ofu}Ql 2 o] 4 - shtoltt,
P = exp(A, +B.X,) (5)
A7 A A2 22t B2 mx 1 HlE]o|T
StH A, ¥ B, o2 E% A2 HF A Al (recursion) 2 THESHA| H T}
1
A1 = —8+A,+B,(L—ZA)+ EBZZZ/B;“ (6)
By = (@—XA)'B,—6
A7 NA 27132 A1 = -8 E By = —6,°] "t
Al (5)E tha i 22 n7| ©H7] FolBAf ojxf& Ao & LUehd 4 Qlth
n Ay B;l
i =22 Cny, (7)
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for

Mo

s @9luH X7} Ao} T2 o 4] (8)2] T E VAR 7L w2
D EAEA T GEFDA, 2 Ao = 0(mx 1) D Ay = 0(m x m) © 2 71517

X1 =1 +P°X, +Xg 4y (8)

AN u* =pu—E4 Y &* = -2 2 A2t

o2t f=H A Stof| A 4 (1) H-gsto] 13t AA7LF o] AA A
H7HA I Fstth= Aol & &d=A Sk 4] (2) 2 (8)9] VAR 132 7Hz}
AA 9 185 TE ool A4 9] VAR Aot RE2c A4 9 9ESH

SFELEES Pl BUOIAE 242 P Y Q SEREY RE7]E G,
NBFY B 7] AW FAFA o] A LG L AT
2 Sol %7144 59 29108 FAFA ] Au7t FAT A HEL
Q19140 2 A SR EI A AA FHEL T HEo|t}. Fgo| 2]
w2 7442 A (no arbitrage)o] YHEFHH o] ef3t S| BFHEE sol A F
A4 742 2 mlel] 59 (pay-off) ] 7] HZHS FEIH o] L2 FAT ghO

B Ho|HL 7|7tz By o] @ olHE <l X, 0] A o] gt BA| S =05t
o A wol ARS-E LR A2 o A o] oAb e Ho| B 2R At
‘Y E|(Kalman fitler) S Foto] @ Al 9] X, & F4ohe= ZlojH. B & 42
= ok flolgof tiet FE £4= Fdt] FA5t= g0t BE Hx
Al 7o 32l AdelAe o] o WEe] i s dste Aoz o
HA e o5 s IR pElevel)”, "7 ]2 7] (slope)”, " E

(curvature)” @910 2 X 27| 5}, Cochrane and Piazzesi (2008), Joslin et
al.(2014), Adrian et al.(2014) So0] o] FAEEZ A A o|A}L 7|7 X 891
o= AAJghHF gt

o] Al o]zt& FA =0l et A A4 oAl of Wotof= HAFE B2 =
917} 91 ¢t} ®H & Mishkin (1990a and b), Barr and Campbell (1997), Dewachter
and Lyrio (2006), Rudebusch and Wu (2007) Sof Wt2H 4£F Q912 ZH7]
A= ol el diet 7= siAE 4 ot 7]1=7] 8912 7] ¢t T
o] ¢l 6™ (Estrella and Mishkin, 1996; Hamilton and Kim, 2002; Ang et al.,
2006, Rudebusch and Wu, 2008) 5) E35] ESA AT} A7} 9t} o & =
Rudebusch and Wu (2007, 2008)9]] wf=2H Zol235]o| 71=2 Q] B8
HH, 7]&7] 8glo] s olxte AR E9] Fa)ste] g 7ol 3=



oz Hek. vpAlEre 2 28 f9le] AAHS o] haAHE of ] F

2ot FA4 7 A5 o] QQA] ¢kt thelF Dewachter and Lyrio (2006)+= Z-&
agle Fahedol B84 7|22 MBI S4 S H ict.

2.3. BI4E AAEA 22l

o|& 717HE L] 8¢l Ao SloA oA Ho|ERhE o]-8-5HA H

A 717 xR0 GFE nA] = A 8219 EA4lo] o] #H It} o] & Fetotod

ANAA W45 A7 BE0) 27149 W Tejste ANR S 717

I,

L% H 3 (macro-finance term structure models, ©]5} MTSMZ 2] #])o] 5tA
T4 FollA &g A= Omr

H Q1A 9] (2010)0] = AAFE 7R B2 52, 44
5, AEH o)A 5 T3 AXNAA 8lE0] o|AFE 7R vl A= I
oL} o4& 7|71 BRI AL HTE 1T AX A alTe] T
E 1] Yo AFE A Qi FQ A5 A2 = Ang and Piazzesi (2003),
Ang et al. (2006), Diebold et al. (2006), Dewachter and Lyrio (2006), Joslin et
al. 2014) 5= & 4= Atk I Hrol = AAlF-& 7|7HE 25 9] Shb= VAR
B ot XA (structural) EA-2 £ ¢ 710 $F New Keynesian = o
F&) 11 Q=1 o]9} WA H A2 = Hordahl ef al. (2006), Wu (2006), Bekaert
etal. (2010) =& = 4 9th

2 5ol AXEE 7IFE Eoﬂ/l Aol lojA A&, IS0l 5
AF A G A A7} v]2 9] o]AgS 56 Hl FR5HAT, A A9
o|2+-& 7|17t 25 A/ (span)Sh= Hloll= 71017} v m|shot= /‘H:_‘ o] of g A
Tol| A FAHE] 2 tH(Duffee, 2011; Joslin ef al., 2014; Ludvigson and Ng, 2009).
ol et 717H4x Q15 W T A “H]AY/d (unspanned)” 2. 10 = 2] A
ettt

HIAd 8919] EA= 7]1&9] omdl oz2kg 7|Xtx 2ol A A <l
AR ReHvhE TAIE SN oA & &0 AA 71772 82919 AL
(M)} T A =2ko] 4 o2& = A4S Y WEE A2 H o4 714
A% A= vk 7). 18 ohd o] W o] 7 g & Sl wtr]of] st
A" gl B& o] g5to] AY (mx 1) D B (mx m) PHS T oh23 3 &2
veol g e 4 ok

fé

YS! =A4+BX, 9)
Bo] qgPo] ZA5tE -7} 2L X, 9] A& 4L 4 9k

(BY) (¥ —AY) =X, (10)
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for

Mo

S AANFE 7IHE Byl Aol HAototd o|zbg FTH(A (10)
oA YL 7|7+ E%x Q0102 T8 E 1 Qe BE AXAA M4 (10)9]
A Xpoll it e JRE 71A] a1 Qlojof gitt. & E 7|7HE 82 X, 7}
Y A9 o|ztg ] ool 4] (spanned)d 4 ¢lofoF gt

Yun (2019)2 H|A8A @ 1o S =95 gh=9] =1 11af djo] g of] X831
v} 1=, o] =82 Table 204 L& ¥H7](1, 3, 5, 109) 9] =113 H-Eo]A}
& 474-& 374 9] o] AH-g FAHAE(CHE", 77277, " HE”), CP 2.21(Cochrane-
Piazzesi (2005)9] =21 &= Q Q1), MF Q21 (3H2L9] AXAA W45 o] 4
2o=2 T3 ¥4, GLRE 2 54 HEs9 FAH4ECZ 143 ¥4
of AT AFE HoFa U} o2 7 3] g Al o] 2 A A
= A9 19 717k 71E9] o7& FAHEEC] oA dHHS wj¢- & A
Yol= Ao R YepTh 53 et A2 7t i Aol 4] MF 9 GLF 8
A Alg7t FolskA] A Lrebd A o]t Yun (2019)2] Ao w2 H AA|H
A9 229 {54 a<lo] nl ojzhg WE9] dSof A& uf-$- FaokA] T
E A9 o)ag ol Aol A9 7]of5tA] ok A2 e
o} wretA o] Ak gkt o] o|2hg 7| RO A e v A AAHA 8910]
EAotH o] & 7Rt 717 HE B3t T TS AlARRITH AL oFAlTt

olA| H]AHA] Q21-S o]B A B3Ster ZA x| Tote] =2lstr| 2 it
717 891 W X, B 225ty (X],,X5,))E U o] BHAE Xy, E X =
Y2 my x 1 D my x 1 E O] m = my +myE W53} o 7| ol A X = H|AY
4 2]l HEE Yepditt. o]A @r]o]ztg& A4 (3)2] 6 W E of| 4] mpx]da}
my 8A4E 002 5tal, YHFHEE o 49 VAR & Yerf = 4] (8)
O] ®* O] LA my x my 520 PP o2 HAsiat. §iH HA| &E Stof A
O] VAR 7}+<Q1 2] (2)9] ®ofl= oFF-& AoF: Hofstx] ef=t}. o]t A7
Stof| A 2§A71HA E o2& AA AR A (5) D (ol A B,2] ubAet my 84
£ 00] =¥ Bing B,9] Hx m 842 Ot QA 7142 th-2 3 2]
At

P = exp(A, +B), X1,) (11)
o] e AAFE 7|17 EE YA = HIAA QHE X, = n|2f o]zt

& o5 FaskAu, @A AF o] A ool JFS vAA ¢
Ltk 3 Xy 0 WS 7|5 HEa 71w n) o] ohsf vieh wake] Fagr
3719 GeL A7) 2o F Tkt Aotsl sl @A 10TEE
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2.4. AYEAH LYE

@77 777 BY 2] QlolHE 2Hu 8] we ZyrHes
55t 2] 2FA(maximum likelihood estimation) 7|H 5o
Joslin ef al. (2014, ©]3} JPS)S HIAA AXZE 7|7+ 722 Baof He

S ulhe B 2L A o Qck. JPS] HHEL E] Jor
dan B E o] &3t 7| 7H% Q91 429 A A (reparametrization) 42 T
dotH A 2o o] 08-S A W ]leh Wright (2011)= JPSO] W E&
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Table 1: Descriptive Statistics

e , Standard . Autocorrelation | Autocorrelation
Maturity Mean(%) | Joviation (%op) Max. Min. (1st order) (12th order)
3 months 3.152 1.294 5.800 1.225 0.978 0.673
5 years 3.992 1516 7.710 1.235 0974 0.746
10 years 4.267 1.503 7.850 1.382 0975 0.747
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32.28¢ 43
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Figure 1: Term Structure Principal Components, Output and Inflation Variables
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Table 2: Model Evaluations

A. Overall sample (2001:1-2018:12)

Model MTSM1 MTSM2 MTSM3 MTSM4 MTSMS5 MTSM6
Log-likelihood 14,324.0(6) | 14.474.03)| 14.525.0(1)| 14.428.0(5)| 14.486.0(2)| 14.459.0(4)
AIC -28.602.0(6) | -28.890.0(3)| -28.992.0(1) | -28.798.0(5)| -28914.0(2) | -28,860.0(4)
BIC -28.524.5(6) | -28.792.3(3) | -28.894.3(1) | -28.700.3(5) | -28.816.3(2) | -28,762.3(4)
Root mean square ) < )

fitting error (bp) 5.42 5.42 5.42 5.42 542 542
Relevance of macro - - -
variable blocks - 1.200.10 2.077.80 1,036.80 1,929.10 2,646.40
under P-measure

B. Subsample (before Global Financial Crisis: 2001:01-2007:12)

Model MTSM1 MTSM2 MTSM3 MTSM4 MTSMS MTSM6
Log-likelihood 5,572.7(6)] 55900 (3)| 5.625.9(1) 5.580.1(5] 5.612.8(2)| 5.580.5(4)
AIC -11,099.4 (6)| -11,122.0 (3)| -11,193.8 (1) -11,102.2 (5] -11,167.6 (2)| -11,103.0 (4)
BIC -11,0435 (4)| -11,051.5 (3)| -11,1233 (1)) -11,031.7 (6] -11,097.1 (2)| -11,032.5 (5)
Root mean square ) )

fitting error (bp) 471 472 4.72 4.71 471 472
Relevance of macro . . . ™ .
variable blocks - 287.83 512.46 251.65 475.24 481.45
under P-measure

Note: The first three rows in each table shows the log-likelihood, AIC, and BIC criterion values
for the corresponding models. The fourth row in each table shows the square root of the average
squared difference between actual vields and the fitted yields from the estimated model m
annualized percentage points. The last row in each table shows the Wald statistic testing the
hypothesis that all elements of the matiix ¢ that represents the interactions between
macroeconomic variables and yield factors are jomtly zero. * ** and *** indicate the
significance at the 10, 5, and 1 percent level. respectively. The numbers m parentheses indicate
ranking in each of log-likelihood, AIC, and BIC criteria. Bold letters indicate the best models in

the corresponding categories.
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Table 3: Parameter Estimates for MTSM3
A. Q-parameter
e A A, A
0.089 0.9973 0.9388 0.9238
(14.245) (34153 (41.6) (36.6)
B. P-parameter
X, n D
PC1 PC2 PC3 Output Inflation
PC1 -0.003 0.998 -0.073 0.865 0.001 -0.001
(-1.194) (71.059) (-1.282) (3.189) (1.439) (-1.833
PC2 -0.001 0.008 0.914 0.010 0.001 -0.001
(-1.594) (1.405) (41.705) (0.096) 3.308) (-2.682)
PC3 0.001 0.000 0.018 0.620 0.000 0.000
(2.750) (-0.017) (1.544) (11.395) (-1.245) (1.165)
Output -0.401 3.432 -4.275 -18.211 0.638 -0.212
(-2.063) (2.651) (-0.820) (-0.729) (11.756) (-3.250)
Inflation -0.158 1.022 4.360 14.549 0.031 0.948
(-2.229) (2.170) (2.300) (1.601) (1.552) (40.018)
C. Variance-covariance matrix for VAR innovations (£Z' x 10%)>
PC1 PC2 PC3 Output Inflation
PC1 0.060
(8.788)
PC2 -0.009 0.010
(-3.888) (8.320)
PC3 -0.004 -0.001 0.002
(-4.745) (-1.538) (10.365)
Output 1.089 0.063 -0.065 453.360
(2.773) (0.404) (-0.971) (10.358)
Inflation -0.101 0.076 -0.013 -16.210 60.039
(-0.721) (1.310) (-0.549) (-1.429) (10.329)
D. Adjusted market price of risks (x10%)>
S}'\,o S;‘q
PC1 PC2 PC3 Output Inflation
PC1 -0.294 -1.040 4.808 109.460 0.085 -0.130
(-1.393) (-0.740) (0.850) (4.036) (1.439) (-1.833
PC2 -0.174 0216 -1.655 28914 0.075 -0.073
(-2.127) (0.396) (-0.753) (2.743) (3.308) (-2.682)
PC3 0.082 0.049 1.621 -29.578 -0.015 0.017
(1.929) (0.173) (1.425) (-5.415) (-1.245) (1.165)

Note: The numbers 1 parentheses mdicate

t-statistics.
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Figure 2: Implied Yield Loadings (MTSM3)
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Figure 3: Term Premium Estimates across Different Models
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Table 4: Correlations among Term Premiums Estimated from Different Models

A. 1-year Maturity

MTSM1 MTSM2 MTSM3 MTSM4 MTSMS5 MTSMG6
MTSM1 1.000
MTSM2 0.779 1.000
MTSM3 0.610 0.860 1.000
MTSM4 0.861 0.944 0.794 1.000
MTSM3 0.636 0.841 0.990 0.822 1.000
MTSMG6 0.782 0.903 0.775 0.959 0.804 1.000
B. 3-year Maturity
MTSMI1 MTSM2 MTSM3 MTSM4 MTSMS MTSMG
MTSM1 1.000
MTSM2 0.943 1.000
MTSM3 0.862 0.941 1.000
MTSM4 0.953 0.996 0.928 1.000
MTSMS 0.859 0.940 1.000 0.926 1.000
MTSMG6 0.885 0.967 0.905 0.970 0.903 1.000
C. S-year Maturity
MTSM1 MTSM2 MTSM3 MTSM4 MTSMS MTSMG
MTSM1 1.000
MTSM2 0.976 1.000
MTSM3 0.949 0.980 1.000
MTSM4 0.979 0.999 0.976 1.000
MTSMS 0.947 0.979 1.000 0.975 1.000
MTSMG6 0.942 0.984 0.961 0.984 0.960 1.000
D. 10-year Maturity
MTSMI1 MTSM2 MTSM3 MTSM4 MTSMS5 MTSMG6
MTSM1 1.000
MTSM2 0.993 1.000
MTSM3 0.986 0.995 1.000
MTSM4 0.993 1.000 0.995 1.000
MTSMS 0.985 0.995 1.000 0.995 1.000
MTSMG 0.982 0.995 0.990 0.995 0.990 1.000
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Figure 4: Yields, Expectation Components, and Term Premium Estimates
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Table 5: Forecasting Error Variace Decomposition of Term Premia (MTSM3)

Bond Forecasting
maturity horizon PC1 PC2 PC3 Output Inflation
(years) (months)
1 12 48.7% 1.2% 10.4% 23.5% 16.3%
24 59.1% 2.9% 11.5% 14.2% 12.3%
3 12 74.9% 3.4% 14.0% 54% 2.2%
24 72.7% 6.8% 13.2% 3.0% 4.2%
5 12 75.4% 6.4% 14.1% 2.2% 2.0%
24 73.0% 8.9% 13.4% 1.3% 3.4%
10 12 74.8% 8.1% 14.0% 1.0% 2.1%
24 72.5% 10.1% 13.4% 0.6% 3.3%
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ing average representation) 2] jHA| A|4=
G A P el S ao] Bl T a7 A 6 L A1
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Figure 5: Cross Correlations between Term Premiums and Macroeconomic vari-

ables (5-year maturity)
A. Output gap B. Core inflation
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Table 6: Correlations among Term Premiums and Output/Inflation Variables

A. MTSM3
Output gap IP growth Output PC CPI growth Core CPI growth Inflation PC
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(10 year) 0.042 0.346 0.253 0.706 0.670 0.445
B MTSM1
Output gap IP growth OQutput PC CPI growth Core CPI growth Inflation PC
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(3 year) 0.075 0.383 0.265 0.552 0.505 0312
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