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0B, (1) IL(7)e,B.(r) 0 - 0]

~ 0 0 - 0
Var(q,(r)) =

_ 0 0 - 0

9 WEL kg x kg F-olth. 00] ot gha 2h= A kP kD FE2 oA

E-O}i]\:j [kxkg' %?*—'_1—8]":}- 2 x COU((SG(T)7:)7“(T))—]§ kq X kq %1—04 6&1?__,301] 160

Vaff (GGG, (U) = Vnf ' Dg

§ n-! n'W, n-1 X . n=21, (Uy(T))
x> |0 W, 0 'W W, niW,X, n=2, (Uy(1)) W,
t=1 t=1
n_%Xt n_%XtWt n72XtX; nildjT(Ut(T))Xt
FEot th A7 A H S

24



3

0, oM E-S G3tolt HF7] wjFolct. o] AL oA AT B Au)
A5 QARDL-ECMO] SH7A @7 B4 242 0,(7) o BEZ2 Lehd 4
it} 170 A 20|tk

el 2. 744 1, 714 2, 714 3, 714 4, 7H4 5, 714 60l what th-2o] A et

Z7ke] 7 € (0,1)°ll thated, /a0, (r) — 0°(7)) = N[0, M (7)] 7} g2kt

A7 M M(7) = L{Var(8,(r)) + Var(F,(1)) + 2 x Cov(84(7), 7,(r))] oI .
]
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47 285 npd7RA| 2 o] A Tt AT A= o8-Sl AR

G71ae ST SE AHEA LS T8 5 9k
HY QO (r)=q vs H?:Q6*(r)+q
W, (68) = n(Q8,(r) — q) (QM(1)Q")(Q8,,(1) — q)

o] Y= AHEAF BT F5/H slol ADHOR Fo|AFREES wEct

5 2 g2 294

of FolM= A Tt FAF, RETT AT ol wofl A5t ZH 2=
W o9 Foll E=gtell tl-8-5te patell 't Ate] =271 5% 714 9= 71E 2
= 5%l T sh=A] &1 Zoltt. T3t BE Y| £5 ST ZIHA HAF ol
ofEA WHol=A ke AEtt 8 Z2 ROHdY W82 thEoll ¢A Cho,
Kim and Shin (2015)¢] QARDL =& Higfo g2 I =5 o HP P2
ek AFSE4e OF dolA = QARDL Z=F 7|Hte s I= 5 SH,

A5 oA, QARDL(2,1) Bo& 9=
Y = (7)) + &1(7)Yee1 + 02(7) Yo + 01(7) Xy + 0o(7) Xy—1 + Us(7)

FAAHoR Y AL X, = Xy + Wy, Wy := pRiy+ (1 — p?)Ry, Ry ~
[ID N(0,1), aw = 1, é1 = 0.1, by = 0.05, 1 = 0.2, 0 = 0.1, p, = 0.50] 7
RO 0.25, 05, 075 o]tk 9] 4% 943ng o Mad 49 grlm

e 4G 1A 2 Hiet o) ¢*(7) = —0.05, 67(7) = 0.2 o]t}
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o
©
2
d
|
>
filo
jus)

teto g2 ;{HEo| zkzk 50, 200, 400, 600, 800, 1000,
2000719 ) 50008 ¥HEsle] 5% 717ke] sho] Afo] =& F@Th oA}l

12 St o] o), FRIH, ojYsAe cheat 2o
Héj)(‘I)) : 8,;®%(7) = 55 vs Hfj)(@) : 8,®7(7) # s

H(©): 8,0"(r) = 5, vs H(©) : ,0"(r) # 3,

714 S; = [1,-1,0], 8, = [0,1,—1],S3 = [1,0,—1], S, = [S’I,S'Z]’O]_Ti
s$1=0,8=0,83=0,8,=1[0,0] 22 =t}
o= AAEA ] 4Ao| wet AR ol A o (@), WP(@),
V@), W (©), WP (0), W (@)= Ak 1] Flo| Al FREE uf
2T W (@), W (0) = ARE 29] Tt A FEES

3

it
L

alt

wWEch E 1, 2
B §hEo] 5000MY uf EEA7} F7Hete] atet Afe] 27} 5% 779
Qlet. whebAl 47 4] T8 QARDL-ECMe] §7] 52

s
T
S Zhert

ﬂllﬂ]

o

s

ZAeral 1 B

rr

oA Ao Ta) A ECTE. ARAA St A 5 = 55 = 53 = 0 0] 1
sy = [0,0]/0]t}. @2 A UM s = 55 = 53 = 0.2, 84 = [0.2,0.2]'
o7 T O HF s =5 =53 =0.3,8,=1[0.3,0.3] &2 FIt}. 30001
HHERTE g w ®o] 50, 100, 200, 300, 400, 50071 = F7Foto]| whet g =2
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o|N
N

Ferok E2o] 50070 W] A o] A o] PR 1000 2HTL & 5 9lek
L oo Agyt Byttt &, © = of HYY() 9 A HYY (), HP()el
w8 Aol o 2tk AWg 2950t AHA Hojdo] Pt Aolng =
915 7ro] ztol7k 27] wjRof Aol Z-2 Aolck. 1)1 B () A1
w2 7 712 o] 1000] £t 5,9 F U4 o] tfirHEY o] gHES

F7] 2ol shud iRt o 1gshA wh-ett s 4 it

O

@)

—_—

T
o
o

By A%\ 50 200 400 600 800 1000 2000

v TR 37]
fﬁ(cp) 140 292 315 377 432 426 451
U~ N(0,1)] Wi(®) | 102 262 354 418 441 418 443
WS (@) | 026 196 252 358 337 3.74 3.82
W(@) | 033 196 262 3.69 374 411 3.91
(@) 088 280 345 430 441 4.18 443
U, ~ ts WP (@) | 071 244 346 337 391 414 4.55
G)(@) | 015 1.80 321 318 341 393 4.04
W(@) | 014 1.65 295 323 348 386 3.74

£ 1 W (@), WP (@), W (@), W (@) 9] Atol = (5% ol4%)
(i) 9FE ; 50004
(it) DGP : Yy = e + 1Y 1 + $2Yi o + 01 Xy + 02X 1 + Up, Xp:= Xy 1 + W,
Wt = p*Rt 1+ (1 — p*)Rt, Rt ~ 11D N(O 1)
(130) B : AY; = (7)) + C(7) (Vi1 — Bu(7) Xio1) + 95 (T) AYim1 + 05 (1) A X + Ui (1)
(iv) 51 = s9 = 83 =0,84 = [0,0]
() ax =1, ¢1 = 0.1, o = 0.05, §1 = 0.2, = 0.1, p, = 0.5
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o

By s 50 200 400 600 800 1000 2000

W(©) | 237 374 383 418 448 436 4.66

Uy ~ N(0, 1) W,z ) | 271 329 414 466 3.94 435 4.34

WP(@) | 070 298 332 397 3.99 4.08 4.21

Wh@) | 1.00 289 3.61 425 403 412 3.94

W(©) | 234 312 354 427 3.61 450 451

U~ t WwP(©) | 1.68 3.05 349 4.12 395 4.02 4.99

WP(@) | 043 227 289 346 3.80 3.87 4.24

W(O) | 058 219 288 348 342 3.77 464

7 2: Wi(0), Wi (0), Wi (©), WiP(©) o] Afol= (5% §-014-%)
wAle ® 13} 2t

By ;_?i\ﬂ 50 100 200 300 400 500

WI(®) | 3793 5333 7533 8746 95.6 98.53

U, ~ N(0,1)] W(®) | 3800 5050 7570 §9.00 95.10 98.40

WP (®) | 37.10 4273 57.6 7116 8116 89.56

W(®) | 6446 82.06 97.03 99.43 99.90 100.0

W(®) | 4816 61.93 86.80 94.60 98.80 99.60

U~ t W (®) | 4613 6216 842 9506 98.6 99.56

WS (®) | 4216 4890 67.33 80.03 89.30 93.90

W(®) | 73.03 87.80 9846 99.90 100.0 100.0

= 3: W(@), WP (@), W (@), Wi (®) o] A4

HEE + 30009, WA

fr
=

£
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© 20 100 200 300 400 500

M
H

wi! (@) | 3930 64.40 89.10 96.80 99.16 99.83

)
U, ~ N(0.1) W,gé(@) 39.63 63.23 88.33 96.66 99.36 99.93
WP (@) |36.00 5050 7296 85.56 93.50 97.36
wiP (@) | 67.56 89.56 99.43 100.0 100.0 100.0
wWi(©) |39.06 5826 81.86 93.63 97.83 99.26
U~ t WP (©) | 3726 5810 83.40 93.93 98.16 99.43
WP (@) | 3446 44.96 63.66 78.06 87.10 92.53
wM(©) | 6326 84.90 98.03 99.76 99.96 100.0

7 4 W), w2 ), WP e),whe) e Axe
wh 30004, UElA= E 13} 2o},

AZ B Aol af & =22 Cho, Kim and Shin (2015)3} 5Ug A 2E A}

gt} 90 & Cho, Kim and Shin (2015) 2F#}¢l CKS=Z X s}7] 2 3t}
CKSE 7hp 2 < o]-85te] OLS, #9142]7] A7 A==t
& =g MEH T2 Ye o8&l OLS, £H52H A& AEst]
CKS 2o} vlwetet. o] & MAT=; AJjtet. 8]l ojgA F4H o= OLS,

291559 AT 78] CKS, MAT Avhe} v]maiet. ol TSEe} et
5H 243

ChS etRE B AZAT i, A48 ofn] S ¥s| 1 CKS, MAT, TSE
A7 Al ad Zolt
Wi o] P 287 2] AAAE AEHE Lintner(1956)= 7G50
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(89.6% 5-2])
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bol WAt AHAL

. 1 A%, 59 gl
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& Zop x4

|

Brav et al. (2005)= 384 9] 2§ S92 AEXA}

Wl
o
v

HE7Fa7 @7

1

—

(88.1%F9]) o] wj&o|t}t. Leary and Michaely(2011)

ol
__OD

A A%

o)

@_
=

27F AAHA o] A H o]

Hd=0l

o 7

[e)

T

o

—

(2012)

o
-

St Chen et al.

SWTh

=1y
21

o

O
)

B
,.nqn_wo

bl

ofut}. CKS
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ofl 2

]
™

u2 o]

1

ADy = a, + Dy + B+ Y MuADj + 0.AE, + U,

9 AollA Dy



g Aokt ot
AD; = o, (1) + C(7)Dy_1 + 7, (7) E, 1+ZA]* VAD;_j+0.(T)AE, + Uy(7)

CKS:= Robert Shiller9] o] z]o] 9= 18714 3E7] - 20104 2E.7] 9]
Standard and Poors 500 521 9] A v+, A4 o] £7'8 2 =5 o83
1 ARDL(p, q) &4 A%} p=3, ¢=1 o] HeeL F4L Fo) HAck 2
=

Do o AT glot BYL A7, BEL AN jEPo R BAG
_i'_

AT} (MAT)E Bt o9 74 o] 3t TSER, WA 47] R4 40
BE A Dy = BB+ aa oA AR 61 F2E510] the Alo] T
OLSE Al3gre}.

2
Al)t = oy + C*etfl + Z /\j*Athj + 5*AEt + Ut
j=1
TSE®| OLS A¥}[9} CKS, MAT9] OLS A2 A}5 H|wa|Ha}. CKSe] 7
#E5 (a)ollA & 4 %ol ECM Al5=7F -0.040]tt. o]= 24 £E7F 4% 9

233 ofnjgitt. el 3 A7) BE ARAGFE 0.36 o2 AEE, F7 WS

7} glout CKS] OLS Ao} A o] |3k, TSE
OLS %A% (&7 () 4. 2 A9 CKS, MAT Z7tot 7 ¢] vl stk f,
wHg] CKS, MATS} w9 §AFeH molet @ha]ehie

B 617 wRel 24| 2pol7t GIeka s)AT 4 k.
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A BT CKSeF e A2, RS 7 vjEG o2 24T A}
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i
T,
o,
v
k]
HO,
>
re
U:U
r
z
=
f
%
w0
o
it
)
i
2
Eh
o
>
ol
)
i,
i)
i

ADt :Oé*( Gt 1"‘2)\]* ADt ]—{—(S ( )AEt‘I—Ut(T)

CKS, MAT, TSE 7}7te] 2914:5]7] 2712 ulaste Ao] & #o] 71g %
Qg 2aolth, 21 o] o] AA A o] B EEe}7] 98] Thg 271
A S T

oA B4 517 ATE L & 56,7, 90% A= P LT 1
1.20] T8l A2}, o] A9 CKSet MATZT} A 0] Fste] CKSe]
2o A ARRITh 17 1ol 4] ECM 540 237 [((r)]-2 e B 9lell A
6% O 2L S 23 BI7h ool wreh @k gaghch. TSEe] 2t 19

2% oAb ole) o] BHet Ft Re Byl ne 4 HE
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B4 B Arte ofulo] G AHER $0l0] £ HH 7| JL5E
s st Fwrt o Arke 7T QA e FAAR, 37 B8 X824
G B(7)-& MATOIA £9)7h harol what 5718131 0.3 Hw o] B9 E] 4]
B WIS @ Holuh 71 w2 B0l A tha] Zagith TSE] 7

<, B(r) 7k A% Z7hsiet 7P e B9A AT S 291E Aol
MATS} B3 5418 BTty s} 3 4= ek AR Z A(r) & MAT. TSE
A gk ol E9531H1E slord Way
3 3(7) & MAT, TSE 2504 297} o]
£ B4 72] 0olsh 2zttt e E9lolA
AR 250] 55| wiFF| Wste] A0 GFo] Qg HolFE Bt 2

£
O,
_}L

o
Hir

== 7170l 140do] o Bz Hy

ofl
o,
1
o
i
o
>,
i
=2
i)
o
o)

i
B8] 2 4 Gk 0|2 SAstEY) 23 S HES o] §ATh 24 Am 9L

CKS9] A% (. (7)] ] B9]4 AR A7ko] 2|o] wrat 37 Wghct.
d At & Al7ro] Aol what w2 BEshrt A1 Qe Beld e B,
2710 1(0.75)] > [¢(0.5)] > [¢(0.25)] o3 Tl |¢(0.25)] > [¢(0.5)] ~
C(0.75)] o] TAS 7=t} 287 27|17 T H o 2o wldgj A o] 74

)| > 1(05)] > [¢(0.25)| & CKS, MAT<}

~

4(0.75
7] 0] FYFH FAFo| 1 T ol &0l [((0.5)] > [¢(0.25)] ~ [¢(0.75)| 2F 2
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&
aQ
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JCD

Wsl7h 9tk Lejut Ao WSkt et gt Al Al
MATE 7] ZH5-2 7o]7} 7 2] glo] S5a] Lerd 4= Qi Aet pebeiy.
B.(r) ¢ B9l %4 CKS, MAT, TSE L% A|7bo] 2|yho] me} 7h4

=

and French (2001)9] 24 A7te} Jx|gch BoH2 Bl CKS9 MATO]
A7} o|Ho| T Tsitt. 27]0)% 5(0.75) > S(0.5) > 5(0.25) o] &

7)ol B(0.25) > B(0.5) > 5(0.75) BAS ZH=th TSES] At z7]0]
B(0.75) > B(0.5) > B(0.25) 0] F7] o]l 5(0.25) ~ B(0.5) ~ 4(0.75) 1d] 2L

oft
o
—|—l
H
w2
&
19

T
2

>

7 o] Wol thg-& AT 4 Ut} oA FHHES
37 At} ghHol A& CKS, MAT ] B9|4= 5|9 Aulr} 71 zfo] 7 L=
REo| Z71A% f(r)0]7] W] ol o] i Avtal B & gt s
A7t W2 2= 4|7} CKS, MATS} B|Z5H] e} o] = A& welAo] glth

R

A7) 2] - CKS, MAT, TSE 25 A 7bo]] et AHgE oA =ict. Tt
7% Fark EAE o] 9o ol B S4o] Ho|A] gieth Bojda 2

T CKS, MAT, TSE7} =% 27]0] 1(0.25) > A(0.5) > A(0.75) 0] 1L F7] 0]

|

rr

A(0.75) > A(0.5) ~ A(0.25) o] t}.

§()& CKS, MAT, TSE B A|7bo] whe} 7tagich. 71 2] opA s
72] 0ol =) FFL n A= A5t ofgtiE Bl 223 2o
whe} o] =7 th2 7] gih.

ol e gA 2, 0.25, 0.5, 0.75 2 B-9]0] w2 vt Ado] Alzte] o]
et o @A Hel=x] EA4skct 118 5,6, 7, 8,9, 10, 11, 127F 1A 0|t} WA
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7)ol el ok e AR ALt Hy -
8.(0.25) = £,(0.5), HY, - 5,(0.5) = B.(0.75), HY, : 5,(0.25) = £.(0.75), H, :
0

th-go] ge AA-Le Aggaiet Wi (8), Wi (B), ff”(ﬁ) W (8). ()t
Czko] p-3t 2 nE ulw A

=
Zoltt. Z1% 5, 69 2 g B, CKSeF MAT= 271 vtiA /o] 7JskaL

|7 A o] &etEl= FAl= CKS, MATS} -F-AlS}
)(€)E A2l CKS, MAT, TSE 25
of erstEtt WP (¢) 2AFE 2= Ajo] Al

A
|
o
g\]
o
=
r ol
rol
Ty
S
10
o,
o
=

|

9, 108] \.(7) 2F =I5, CKS, MAT, TSE K57 H|tjAdof oisf <t
wsty] ol gt & RhESrtE Y £33k gfiglo] gly] wiZolt
3 o] Ao CKS, MATS} TSES] 8= 74 o] tr2 Ho|t} z7]9
CKS, MAT 9] H|tj& A o] 73t vhd, TSE= vt A o] oFsltt. o] Egt 24
e 2ol ofXt Apol 7t Yt E Y Yehbe AatE Helth 19 11,

o} B s A=, CKS, MAT, TSE9] 1#j 27} §AHSH e S it

ASEA A W82 aoFstd, AA, ot EE T S E9olA
g BE3t ALrt o 3ok A 24, Aol Aol et s HE3)
A7t AA AL, FARES AlG7E 00 T A AR, BV B3 2B

Z] ol ekA 30% o5tz stefate] g ol mulsi A WA, Z9]

k)
M S
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(a) OLS 374 A%
¢ B By 5.
20.04 036 048 001
(0.005)  (0.013)  (0.039)  (0.007)

(b) £915:8]7 54 A3t
AT G(r) Bur)  A(r)  4u(7)
0.05  -0.06 027 058  0.02
(0.014)  (0.030) (0.043) (0.015)
010  -006 033 055  0.02
(0.006)  (0.020) (0.051) (0.012)
020 -004 037 055  0.02
(0.009)  (0.050) (0.057) (0.007)
030  -0.04 040 053  0.02
(0.007)  (0.027) (0.053) (0.010)
040  -003 036 048 0.2
(0.008) (0.041) (0.059) (0.012)
050 -0.03 035 047  0.03
(0.008)  (0.043) (0.066) (0.013)
060 -003 038 050  0.02
(0.006)  (0.023) (0.067) (0.013)
070  -004 036 045  0.02
(0.006) (0.022) (0.065) (0.012)
080  -0.04 039 037  0.01
(0.008)  (0.024) (0.053) (0.008)
090 -004 039 030  -0.00
(0.009) (0.033) (0.063) (0.008)
095 -004 039 030  -0.00
(0.008)  (0.039) (0.050) (0.009)

B 5: OLSe}t 91421 74 21} (CKS)
29715 Eof 1AL e S Fo) AR
d:AD = oy + D1 + VB + MAD + 0.AE + U, =
s + C(Di—1 — BuEr—1) + MADi 1 + 6. AE + Uy

9 2% 1 ADy = (1) + G(T)Di1 + ¥ (T)Er1 + A1) ADy +
04(T)AE4UL(T) = s (T)+ i (7)(Dyp—1 — B (T) Bt —1) + A (T) ADy 1+ 0. (1) AE + U ()
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(a) OLS =74 A3}

C B A. 5,
004 036 048 001
(0.005) (0.025) (0.043) (0.005)
(b) E915317 #7427
AT G(r) B(1) A1) 6(7)
005  -0.06 027 058  0.02
(0.01)  (0.019) (0.082) (0.01)
010  -0.06 033 055  0.02
(0.008) (0.022) (0.066) (0.007)
020 -0.04 037 055  0.02
(0.007) (0.032) (0.053) (0.006)
030  -0.04 040 053  0.02
(0.006)  (0.029) (0.046) (0.005)
040  -0.03 036 048 0.2
(0.006)  (0.037) (0.044) (0.005)
050 -0.03 035 047  0.03
(0.005)  (0.037)  (0.044)  (0.005)
060 -0.03 038 050  0.02
(0.006)  (0.029) (0.044) (0.005)
070  -0.04 036 045  0.02
(0.006)  (0.024) (0.047) (0.005)
080  -0.04 039 037  0.01
(0.006)  (0.025) (0.051) (0.006)
090 -0.04 039 030  0.00
(0.008)  (0.034) (0.063) (0.007)
095 -004 033 044  -0.01
(0.01)  (0.038) (0.078) (0.009)

T 6: OLS9} £9]5:3]7] 57 At (MAT)

ok

>
rlo
=

5} 2t
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(a) OLS 4 A7}
0.04 0.3l 0.51 0.01
(0.005)  (0.007) (0.042) (0.005)

(b) #-3H 4 21
=15 G(r)  Bu(r) A1) du(7)
005  -0.06 028 052 002
(0.01)  (0.011) (0.078) (0.009)
010 -0.06 028 057  0.02
(0.008)  (0.01)  (0.066) (0.008)
020 -0.04 029 059  0.03
(0.007)  (0.009) (0.053) (0.006)
030 -0.03 031 056  0.02
(0.006)  (0.008) (0.046) (0.005)
040  -0.03 032 049  0.02
(0.006)  (0.007) (0.043) (0.005)
050  -0.03 033 047 0.2
(0.005)  (0.007) (0.043) (0.005)
060 -003 034 051 0.02
(0.006)  (0.007) (0.044) (0.005)
070  -0.04 037 043  0.02
(0.006)  (0.008) (0.046) (0.005)
080  -0.04 040 043  0.008
(0.007)  (0.009) (0.051) (0.006)
090 -0.04 040 036  0.003
(0.008)  (0.01)  (0.063) (0.008)
095  -0.04 035 042  -0.007
(0.01)  (0.012) (0.076) (0.009)

B 7: OLSe} 29142 # 4 21} (TSE)
2 Qh2 BEAE XKoL AV AG= OLSS] AL V1 = B, X1 + 19
AbE 2 E13] A0 B Y = B.(1) X1 + e () ofl o5 AL
AR ADp = o + Ceep—1 + MADy 1 + 0, AE + Uy
A BY : ADy = a,(7) + ()€1 + M(T)ADy_1 + 6 (7)) AE + Uy(7T)
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ECM 2 == ({.(7) Il s2 NS4HdE 2= (4.(7)

-0.02 < 0.45
“ o O-4 e
. 0 .
oy 004 o35 /-
= = o
o3 [~
D 006 e
¥ 525
_0.08 R0 0.2
o 1 05 1
=2l
E=us 24 (5.(1)
o8 0.04
<+ e
<+ o6 o 0.02 e
B olo * S = K
<u'|i o) Ny R
S &M o BT
= K0 %
\
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Short-Run Parameter Estimation and Inference on the

Quantile Autoregressive Distributed-Lag Model

Cho, Kim and Shin (2015) extended autoregressive distributed-lag model into
the quantile autoregressive distributed-lag (QARDL) model. They analyzed
its long-run estimators and also obtained their asymptotic distributions. This
paper follows Cho, Kim and Shin’s (2015) research. I first convert QARDL
model into gardl error correction model and derive its short-run estimators
along with their asymptotic distributions. I next affirm theroretical results
of this study by Monte Carlo simulations. For empirical application, finally I
use the same data as analyzed by Cho, Kim and Shin (2015) and analyze the
dividend policy implications in the U.S companies. I apply two step estimation

of this study and compare the results with those in Cho, Kim and Shin (2015).

Keywords : QARDL, QARDL-ECM, Quantile Regression, Dividend Smooth-

ing, Time-varying Rolling Estimation, Two-step Estimation.
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