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CREHRBNIEL S hE X R
—E TR E GRUHZ 4%
To|F R B
[FHEIRCKARETERET 2 T (GRUOBE W &Rt = D AR GEEN 4.
BHEM AR A E2EA)WELUMEXR, GRU BAEREFIFEALRICIL. BE
FNFBREBAEAFME. A, KXERAZEAN 6 HHEF I L6 E A EHKE2HATT
% M4 Johansen BT . FREH, LEEEZNEFEATZ B FEELEDERR, A
M T RAERAEEEELA G THERNE, URAHNEEF I TAARREFELFH
17 %,
[cmiE] D&, MR, F&EME; FE GRUMENL

TEERARFN AN W T b 50— [l (R Bk s, ABOUR 1 FEE B 5 B 3 PO AR
i, Y ZE B AL A AT I TG B I S BUR S B AT 3 R S AR K%
R AR THT 52 M Y1 38 Bl (A 72 T LB 21 20 40 L+ H 1, Frenkel (1976) [1], Mussa
(1976) [2] A1 Bilson (1978) [3] #2ih 1 tEfirds e ALY (FPMM #2410, MBS Bt 1
TR« SEBRION B AR S0 K S X 26 3 RIS o 2 J5 8 22 1 SCHR S FZ BB AR
H IR AT T SHEWE A (BFESTIEREE P, IR AR RSN Lit . Hcker ik
W, B AR R of S ] 58 BEAN e 1) B PR B0 A Rk, LA PR TRIAR B R i S D% 5

GO AR B KM O R, Hrh A B (FDD. A= S 2L 5,
WL I B TS AL o BT A 2 FCAAR AL [4-8] . i A A IR AL X 7, Meese
and Rogoff (1983a, b) [9-10] A1 Cheung £5(2005) [11]#R+E H % A2 () ke 112 AR5 22 1,
X [12-1413— D IAIE T BESARRURG L6 RO AN . Dinger Afat (2015) [15]NUX&FF&1E 5K
JRHZ (OECD) RS EAHE AT 7 A5, 4R AL SR B EA 2 .

BRKRE, BRI IT, ToUe A SCRFT B RO 5+ R BRF IR A6 36 Bl K i

VTR, mEARKFEP S MHT A ARZ R, IR PR 5 2 Bt 7R B
2 flie%, Ll e e A
3 Y, bW R aihAb



SN RE , B SCRR L BEORTEIC A8 5 G B H AT 2 W) KRB AR o IR 2 P ] A T ke
PER B B0 45 RABAR BB DL R, AR U A B BB AATE R 30 SR TITIL SR 2 0% R,
RN R A B, RO IER, R IE RO I[16]. B DAL PEAG 50 45
AFLAE, SEOATREIRE T AT A R DR E IR A RN 2 MR R ? Hk L,
SR YA 3 ) 2 W0 A T ARV 28 30 3 2 [AFAE AR S P R, B 2 A T B PO ) S 3~
g, WYNICEME I AR Z AFFAEIRLRIE ISR, TR T AR A — S i P A 2
RN FR NG WBEAT 2 (8RR E AR R R o LR, A QIR AR A
THI I AT, AR ) R LR R 00 R [17-18] THELHLATUNL S 2 21 ) R i B & AR T 26
AN AT 2 18] B 2R 1R 5 R SR S T $E 1 TR o A SCE B ARl 3 L &2 =T i
GRU TR HHEMZ%, DAY AT Z A AF MG R, SR AR B R SR AR
(FIE o

AELR MV BE B IR0 FU T 1 2 (R IR R PRI 0 R, -t Meese and Rose(1991) [19].
Granger(1995) [20]iz F e 1t T I A0 23047 1 40 e - 5K B W45 (1999)[21]. #hiE #£:(2000)
[22155 X IR LA PRI AFAE . S L% B B R AR 2 e W A IR B AT 1 ORI AT AR AR
PEPD BRI SCHAE T AR R P BB AE . Jitl, SKREAE (1999) [21]42 i F P22 i 4%
KM AR LM AL . X 2 AR AR ¢ R IR FUER A T 38 TR . ARG SCIR
MZEZERT 1999 4 1 H 4 HZ 2001 4F 12 H 31 AR EIELRSTREL (SH) AIRIUER )
TREL (SZ) Bt T AR AR TR, R IR IR S5 IR LU E N P A 0 25 SR A, FESRNE P 3R
HR R RAVELL T, 18 E AR T P RS A KRR b B G R [23-
24].

AR, BEAE R AR I S e s W TR $E T, IR 2% 51 CU oy < Rl isk iy 2
BV [25]0 TR 2 21 rhond i 7 as BAT BORAC 12 5 %8 R I& AT 8 77 1K A 3310 12 4 22 1) 2%
(Long Short-Term Memory, &#% LSTMD, [THEfEIERITHZEM L (Gated Recurrent Unit,
R GRU D SF{EIFAAIZE N LEAEIY, b AR L E DR BRI, RN i) e 21 B A 2R )
LML R R AR B T — 2N B O SCIRCR A AL G 22 I 5 SR F T2 A0 B 2 (AP AR 2 P 2
K7 [23,26]0 (HfEG AR 2% FSET B IR AESR I, HLAR S BT A 2B, A& S S
8] 81 2 IR L M 6 2R, DR Ji o ek R TR0 B O DG, Bz AR Giti 4 4%, GRU
A LSTM JEF 2 2% IOL AL T 0] LAEAT SN S5 0 2 JE RFAESR B, 240 I 17 el PO
P, BEIEER T T AR BOATREE LSTM Rl GRU 3R M 4% B 3K 1) 2% > g 1Al

TEFERE ST, AR P22 G AU AR s A B BRI s Bl AZR B 2 SCE A ) i P L SR 7R 25 73
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T ZE T AR IR K S5 45 [27-28]. JUH GRU BUAMENAEIR I 48 1 s BT AR 4, APk
TS5 R BE W A RO USRI 18] 7 91 B ARG B, ROKRRRAR T Is SR, 1Oy 1 I 4
PR A R T A [29-34] . ELBUEIRIE, B AT ICAT 2 FH GRU FI N AR b
AR TAES . ACAE A LGRS ERER, K GRU SIANAFF 3 LAES, LI REMN
G2 5 S R R S UEAS 6 ¥ LA

A RS GRU & W2 o g4 #% 02 fAR . (Flexible price monetary model) #if
BE M £ M AR (Forward-looking monetary model ) Al SZ R Fl| 3 22 457 (The Real Interest
Differential Model) —A~22 #t 1 1% 1% AR R BEAT AR LRI DR 06, 25 S4IF L 2] [E 5
FRN G WA 2 )2 AP K AR R I B0 R o T RO /N 255 (8, HHAR
HIAL BN AR PR, AL =B o i mxs, [ 5 IE 25 — RO 2w #E5u it Xt
TERRRTHE, ASCR IR T = SRTTIR Mo Birbh, ASCHFTER 7S ZH 5% s B R FR) [ 5K 7 93
R FEGHEE, LESHA. LESKE. #ESHEOCRIE., #§ESmER, w580
B WFFUKIL GRU M2 I 28 LU IR 4R 3 T3 5 3 AR 3 1 R K AR R M3 i R R, D
I TR AR AR LR 26 AR T A R

= CERREMERE

(=) CCEREMEEUNA

ANTIN A =P MG MR, 73500y S SRR (FPMMD. HiTREIE
RHRA (FLMM) FISgprflZR 248 (RIDMD. BRAERFHIEI, A0 pra 1A m %
[E A

55—, PAPEM A% TR TR (Flexible price monetary model), f&iFk FPMM 5% i #x Jy
Frenkel-Mussa-Bilson A&7 [1-3], 1245 R 1) B 2L il 2 LB B 0 7% =R ok B0 S 77 -F Ay
(PPP). AMH=#RIEAN:

.
R _MY e™
t T p* v K A-al,

P MY e™

_R_

D)

Horr, BoRMOYOR B miging, B, Semgs, BRI, K gtmg
SROTBNFIR] Z2 ()it R30I HARE B N AMHSE
5, BUMETESE AR (Forward-looking monetary model), f&iFk FLMM 57, %457

FEAE FPMM AL LA E3EATAEIE, JF BABCE BRI A W00, DU L 5% M /5 SR A A
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Rt REGHAE (Rpk=KLa=a’) gy,

-k
E, :_;(_1} 2
Mt Yt
=, SEPRA) 2R (The Real Interest Differential Model), fij#k RIDM A, %47 &
Dornbusch (1976) [35]F1 Frankel(1979) [36]# FPMM F#4 fil FLMM A& 8L i 257t E#E T8 1E .

RIEAN:

-« R
Eﬁﬂheﬂe“”ﬁ” (3)

Horpr S by BRI A KR, P BRI R BRI R, R

TR BRI VERE L o
(Z) M=MREWITE
AT HTEIR, =GB, YR E R A AR R MR R R, H

BORKERIA AL, A SCHRAEBEAT AR RIS I, AEAE R A B E 2R He—Bir e T 10 77 S04 31 4%
PERR, URWZMAVETTETHE (ngtthmle., LrEmiss) s BT 0. M
Zacwns (1 L (2 K. (3) AR BT RIS IR, 2R HA L N R,
Bl 1.

x 1 AXEHEAETIERAMEIER

1E# W % R SR vk SRS
Meese and Rogoff Eatemat (EEE. H FPMM. RIDM  ZRMEEAKE Lt fsm s
(1983) [9-10] Jo. BT EEVEFH R SR T-REAL
T E R
Baillie and Selover & nfemxf (&5, H  RIDM OLS. VARTf To & A
(1987) 12 JG LT, BNIG. W, JohansenZiit: AH, LML
HiP) P P Nibus
Kearney and BItIZE TG FLMM. JohansenZBVEbhaE AT @I 2
MacDona (1990) FPMM. RIDM e
[13]
Cheung et al EILEMA (. H  FPMMAZS (K 2 AeAEVERIN B% AR 2R i
(2005) [ g6 Grw. ige. Bt (LA HESR JohansenMEPREE R KTRENL
NS £ TEE R
[ AR ML RIDM RENEMERATH 1% TR TR
(2010) 04 ] AE TR TR
TEE R
Dinger Afat OECDf. it [E ¢ Ifi FLMM. JohansenZiVE B R4y 07 X
(2015) 9] FPMM. RIDM WA B 2R
R

B TS A RN BRI R, ARG AT LUE BT i 7k (AR RlA, 4k
LRSS SR FIRAF R EZ MMM A, BAVEEHE TRELERT AW A R L,
B, RENCR G EIEA T Z WKL R R ? 58— BURSHIESSE? GRU
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SEPEI R IR R J, WA A NATTAT IO B g AT IR 22 2, b — By i i et o
FICAZIRE. A, ASCEEA IR GRU SR 2 5 U AR T 2 18] AR e ik
R R

= BEEXEE

RLLNE PG IG TV E AT E-G PIARE. BREERIA . RIS 2
4RET . e, WAL T7 AT DU RGE T R AR AR AR S5, B SR TV S A A
SRR, NI, ALK EMAS (1999) [21]. BEELE (2005) [23]. ¥FiE Kk (2007) [37]-
TS (2014) [38]HHHA ML K i AR L M U BE R B 7508, IR S ENR TP AR
BRI 2 (B AR LRI P G 2R o B SRt I A AT KACAZ R MRS 5%, DR 9 T SRR 17 41 2 TR A7 AE
FRLME IR R, A BRE A —E ERA KSR A W L. Hk, BACRATARRE
GRU #HZ M2 (1) T2 R A 2 AR M B ek 8. TR GRU #2484k 7Kk | — AP & N 25 |
F5 o) R RGELTRE /1, RIS B I8 e 22 W 2% Bt AN R 4 i AL 2 12 DR, S8 B X I
PR R B . e, RIGETIER GRU BRIFR 2 &S ONEICIZ TS (SMMD. #5
BREENFACICFSY, WU GRU B B 1 AR AR Ze itk IR R 8 I A7 AE 4G

PR,
(=) FHHKIBIZHLE
S FKACTZ A (LMM) A 36, B 5 B Hurst(1951) [39]42 H FH E AR 22 73 i (rescaled

range analysis, fAjFRZ: i RIS Skoy it i il Keaniz i, s i Lo(1991) [40]HEAT1EIE

o_lvge 1w R(N) 4
& Z;g pgain(q)

Hr, R (n) = E&)T(Zn:(xii _Yi)_mignri(xji X))
o (@) =+ 3 (X XY+

ns
S b)) 3 000 )

=s"(n>+ziw; (ay)

SN

_int[T
22T g, st P A A, e, 4

TRAXMGEEARNE, Bl ergl A TreAxm, @<nsT i=12L1)



o' (@) =1-—— 2
O+1, Qogpe i, 75 o A TR i P 2 o (”)ﬂa/l\%ﬁé

Al . AR A U ER RIS g sl
fe Xt =R 2o g i L e s R R B IE /S it O o e

F(v)=1+ 2i(1—4k2v2 )e'ZW
= o Sorb, v B SIS AT R BT LA B R K

NI FE

Lloyd % (1966) [A1]WF50FEM], 4n KRN, BhsES R D T HZmARE

Q, =R/S=6n" (5
b, 0%, v oA Hurst 3680 0 (5) RPTIABUGEL, 5
log(R/S) =log(a)+H log(n) (6)
25 tog-log 1, oLs fi O (RS)I0B(M) e b Hurst 0. 24 Hurst B
T 050, WHFIEA KDz,
A3 (1999) [42]F 7846, Hurst #5405 20 mid im et Rt %. H=05+d,

t, i Hurst #8507 LR %0 . 2R d s O=9 =D iy hEs g K
TOAZAEE

o TR ) 20 T B0 (0 KT AZ A, R SCAE R 5 1K ATAZ A B0 I8 6t L 36 I 52
F(Q (1. Hurst 4850 2 2540 B8 04 = RS R 7 B2 R 2 1O K A2 A B0 45

(Z)  RE GRUMBIELMMNEE R
GRU M5 1 Cho,etal. (2014) [29]#2 1, H TPl 8 dii. AR RS
RS AL MR 1A GRU FREE P8 Y

1 AT M EEREY GRU HZMEREY
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el (=120 T) s s i R BRI R SR, AR SRR
a2 S R 2 1 R A (ke e, R, R X = (ool o) 26 N gty
A (=120 N g e oA L (B 1 Rt g M=z n g
B, ZAEG IR E A AN, I RS R R E B A R A B ET D, e
(M=12L M) o pgg 1 Y, ASCfE FLMM B G, S8 A2 hpi R %, fe gt
Y2 . WNZ ERIERI 3 4E (N=3) s Xa = @M ¥a)T | EPMM BRI, BE
NEHFEEICR, R % . WAL 2RI E M 4 4 (V=4 g
Xa =@M Yoo k)" | RIDM #BR, SRR HEICR, RTHREZE, AL E,
45 B 26 2 S K BRI 22 AL 5 4 (M=5) g g Xo = @ Mae Yoo S )™, 3
T2 28 TO MO R L TUE = 43 2 = B WA 2 1 SO, 6 B2 o 2 T M U 150
(m=12L M, M =<150) i) py 47981 #1460

IR, A0 RN 2 16 B m R T L BB A Ty Vo, A m AN
270 L BB R By O, (12120T) (n=12L,N) - (m=12L M)
Ik FLMM. FPMM & RIDM A5 8 op 75 B2 2% 5] (1) AR S5 553 ) g Vome | O

25 AR IR 2o 25 LREER L — A tanh BRSL, T GRU 1% L U S 44119 TR SS

1, MIEZEAMUE E 152 50 9F IR DL E BRI S5 &, IR B SR RoC IR P E
1y BT ik ic iz o S Hun &, Bes A T2 s T g2 ohae . AR E

Gty L GBI M =10 papr, HCszml A R TR B R

EEI‘—J: Z[ = 5(\an1 xnt +Wztht-1 + bzt)
E?ﬁﬁl‘] I :é‘(\NnnXm +Wrtht-l+brt)
PRI 76 D= tann(Woy (1 #0) + W *X,,)

AT h = (12)*h, +2,*h,
HtZ: Y, =5(a*h)

b, 0 eE R Gl 8 R, YEFRAEZE 1 sigmoid B8 %L tanh B¥0). & Al

Cgy ) g B TR 1T W A Wor 53 ) £t 22 8 B 1T AR S TN i T

7



Xoo = (o0 b o) g, WM Wospsmipe s a8 81 2R sER7 11 ° bt b — I 2042 3 e g
tE, DM s ) A T R E GRS, Wom B Won 43 555 50
2T I 202 45 R Mo i sgig A i X = (o %ol %) gt o L B, FLMM,

FPMM J% RIDM KT ZE kb o 7 b 5 0 SRR g W . Wore 1518 B B
5 23% 2 51 42 BT /I 25 50 S

1 T
:Ez (D, yt (7
=1

Horb 2 1 SR AL O e B8 LU SR AR X 17439 181 9 459 181 667 1 e 75 B 1) P 97137
i 35 SR BCE AR LA TR IBUE,  RENS U U SEBLM 28R ZER/ME, SEEI
XEAEAE SRR EACIZZE T, AT R A A A e 2 e £

FERRIIME R ZZ R, AR SCEEERA] RMSprop MRAGERKSEIL, £ T3R5 St i
[R5 T, A Nadam (A28 47 818 . RMSprop Pk 28242 1 2 T8 o i AP
FEHIFRHBOE T BB . T Nadam D A688 20t 2 51 AR RET7 [ HR AN 1 380800 X AR
MBS RER LI 8] Py 21045 A% i A o Sl AL, BAT SE e R 22 ST RIS, O TR
R, BATMERMANZERE T EA % dropout (ZERFAE 0.2-0.3 BHATIHILD, BIER E 574
BRI BTT PR R S R

BB RFEIE RIS giit8 P ad bl I GRU MEHY 5k 22 5 51 E AT 40 1T AL B A 3G

(—) BERAIEEUR E AR

AR 5 B0 RVE R BT AR RUAN S =80 (IR AT T, AN 5% FLMM. FPMM,
RIDM = AFORR AT IR RS . ASCEICGEE 595 E (USA-UKD, EE5HA
(USA-JP). E[E 5B (USA-EU). #i[H 5 AHMIL (KOR-AUS). #h[E 5715k (KOR-
CAND. #[E 525745 (KOR-MEX) 7N ZH ity )y A ] [ 5 A B 6 #EAT SEUEAR 6, R
I B REAT 70 Hr e ML A DAV AR P8 8000 O AR B o (1 B AR5 2tk (M) SR
BB (Y), G MEERE . BRAAY b R S AR 355K B OECD B M4
EH AR A 2 0

JITA Bl KT OECD B, B 1 88 7Y S A 3 T 28 04 =F AT 3R L 3 R ol
8



a BN, E£IoHMITIEE H Wind i A gs 1 1) H AR DUSER ] jAh, AR
A, B0 55T MATFEA X (B4t —Jy 2000 4F 10 H £ 2017 4 10 A, KE53EEHK)
FEAIX ] 1986 4 10 A 2 2017 4 11 A, SeE 5 HARIFEA XAy 2002 4 4 A 2 2017 4
11 7, EESEERIFEAX Y 1999 48 1 % 2017 4 11 /.

B R ZR IR BT B L SRR B, 25 PR B B AN R B R UK, SR
WIS INGRAGRE, PRI, G EEA b XS B Hs AT 0 — A AL 2.

K Koin (8)
Xt X X

max ~/“min

Hoop, KO HEARLE © H ISEBRR, e 43 B RS HEART 6 0 N

ﬁﬁ%ﬁﬁoﬁﬁﬂﬂ%ﬁﬁﬁ~%5%ﬁoﬁq,M,Wsuhﬁ%ﬁﬁﬁﬂﬁﬁ\ﬁ
fhag ML 222, SRl (k™ HR%0D 222 BRI 2 2RI R 2 72, FFE 5
H— AL B

T HE R, AL AL Johansen ZeMERKIGIG T IR, W =M LSRN H bR T
XEEATEANE PR . R 2 VAR 7 ARNVE VMR IR AL S R A R (RO HE A R 6 25 AT
[, ATRERE], BAILR, A EREE REERE. Bk 2 Tk, oot
TR R =A BB, oo RTes; BT mxs . #hoeAin e Bl Eh 7o M EE 2R BT X ) 38 70 B 1R A
TUHR VAT TS S D ARG - 3K U8 AN AR AGLI6 T V2 A5 A2 DA S 2 W B A T ATV 2 2 A

Ko B, HUEBE—SIRIF I FAELIE B R,
®2 LM EREER

it , Ut 5%l
He ik o [FAR 1 -
pigiips) e SRR FFIEE T A pE
None 0.046 25.403 29.797 0.148
FLMM
At most 1 0.017 8.068 15.495 0.458
None * 0.101 69.912 47.856 0.000
USA-UK FPMM
At most 1 * 0.055 30.645 29.797 0.040
None * 0.109 85.966 69.819 0.002
RIDM
At most 1 0.063 43.198 47.856 0.128
None * 0.165 50.591 29.797 0.000
FLMM
At most 1 * 0.084 17.236 15.495 0.027
None * 0.178 73.294 47.856 0.000
USA-JP FPMM
At most 1 * 0.125 36.940 29.797 0.006
None * 0.185 88.176 69.819 0.001
RIDM
At most 1 * 0.123 50.248 47.856 0.029
None * 0.182 57.691 29.797 0.000
USA-EU FLMM
At most 1 0.045 12.385 15.495 0.139
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None * 0.214 83.488 47.856 0.000

FPMM
Atmost 1 0.080 29.421 29.797 0.055
None * 0.222 97.178 69.819 0.000

RIDM
At most 1 0.095 40.769 47.856 0.196
None 0.044 17.668 29.797 0.591

FLMM
At most 1 0.034 8.6756 15.495 0.396
None 0.101 38.899 47.856 0.264

KOR-AUS FPMM
At most 1 0.037 17.562 29.797 0.599
None 0.138 64.266 69.819 0.128

RIDM
At most 1 0.087 34.471 47.856 0.476
None 0.074 24574 29.797 0.177

FLMM
Atmost 1 0.037 9.101 15.495 0.356
None * 0.131 54.233 47.856 0.011

KOR-CAN FPMM
At most 1 0.083 25.705 29.797 0.138
None * 0.154 84.124 69.819 0.002

RIDM
At most 1 * 0.117 50.184 47.856 0.030
None 0.080 23.560 29.797 0.220

FLMM
At most 1 0.031 6.717 15.495 0.611
None * 0.154 58.763 47.856 0.003

KOR-MEX FPMM
At most 1 0.077 25.064 29.797 0.159
None * 0.145 73.357 69.819 0.025

RIDM
At most 1 0.120 41.825 47.856 0.164

(Z) FHBKIZIZ R
SIEBESE (2005) [23]. YA (2007) [37]. 4% (2014) (38t (@ (o
157 91 - A7 P 75 SO Lo(1991) [40T3 i iyt iE /S it & e 53847 LMM

W%, 3 MATLAB 2016 4ifs, witiEFESIS, Mo, Y, S, bg itz nse, Het g,

% 3.
% 3 LERENEFEAAFTINKIIZRE

el (E5 i 2 g, m, Y, 5, I,

& 41532 52545 05426 8.2434 7.9930
USA-UK F (&9 1 1 1 1 1

NEALY SR 0 0 0 0 0

& 42511 52333 3.2827 3.0424 4.6032
USA-JP F (& 1 1 1 1 1

i EPEKCF 0 0 0 0 0

(iy( 3.7538 4.1352 4.1123 2.8590 5.8039
USA-EU F(& 1 1 1 1 1

5 KT 0 0 0 0 0

& 5.0489 3.7904 7.3167 4.9899 2.5260
KOR-AUS

F (& 1 1 1 1 1




wE KT

0 0

0

0

0

KOR-CAN

&
F (&
B KT

5.8984 4.1241

1 1
0 0

1
0

1
0

7.3479 4.1166 4.1543

1
0

KOR-MEX

&
F (&
B MK

3.2799 4.5105

1 1
0 0

1
0

1
0

1
0

7.1266 4.3424 7.7891

HI3 3 TN, FE ROV RLICIZ I R E AT #R08 0, Ui IR 26 IR B e () A ER O O,
PN oK R R AT & 7 A # O RACAZ 7 5

BOIEAEFIETH (2009) [43] WIARFIEINA (2012) [44)525 30 m F (@ fisieiy

FEAHACIZR R RS, N4ESER Hurst $5BOR AT 512 5 9 KAid 12551 ik, T

s A K 199 (R79)08(n) st oL iy 29 (R/S):loa ()

HEATIMA OLE 2), Hep AR RIETE R/S Giit-Brr JIHU A, BEARKR Iyt LA TR

FIn B, A OLS Al pe s R 20.98 | gl 2 Wi, /b i if o &

) (OO (RIS)I0O(M) et 6, Murst S5 81k 2B K R 2. L 2 AT Hurst
FEH CRBLRNR) BIRT 0.5, B2 5 I 5 4% 2 S A T 9 g KA 7 91

‘

ik e
1

1

By M

Ay

sEE S
1

SR

J=-1.4386+0.8356x
~l

y=-2.5430+1.3022x

~

y=-2.0310+1.1361 /

y=-1.6311+0.9874x /

y=-1.8837+1.0592x A/

’ / ’ ' / ’
a @ a a z
< F =4 =4 -4 P < e
Y e 3 1 5 a1 - 5 P E .
g 5 g g - / g . B ®
Sample 4 ~sampie T samme : re—— e
A d curve ) P Fitedeuve | | | Fitedcurve R Fitted curve Fitted curve
o 1 2 1 2 3 1 2 3 o 1 2 3 o 1 2 3
log(time) log(time) log(time) log(time) log(time)
e . Wi WA Y KRz (S T
1
¥=-1.6673+0.9808x y=-2.0610+1.1825x ¥=-1.2109+0.8220x y=-1.2234+0.7402x V=-1.5328+0.9540%
0 o 0 /
@ iy @ p 2y
& =4 4 . d 3 2
B 1 5 1 3 E 5 = .
2 AT sample 2 A samme 2 - sample ~ sample 2 : .~ sample
Fitted curve Fitted curve Fitted curve ) Fitied curve Fitted curve
2 2 E
o 1 2 3 o 1 2 3 1 2 3 o 1 2 3 1 2 3
log(time) log(time) log(time) log(time) log(time)
# e HTgks ™ Heny SRR S KR

y=-1.5824+0.9771x
-

y=-1.8067+1.0034x 4
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USA-UK 0.3356 0.8022 0.6361 0.4874 0.5592
USA-JP 0.4771 0.5134 0.4664 0.5182 0.6724
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FLMM 130 tanh, tanh 0.3 rmsprop 0.00067
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13



F (& 0.1292 0.0372 0.1056
KT 0.8708 0.9628 0.8944

() xFEEsr4h
IRE ST BB AS ST BRI R IO R, 3520 SRR ek P B AG B0 45 SRAN AR 2 1 D BE AR

ZORBHATX A CRARILER 7). HZR 7 WlAL BPXTER > B mxty, SAERIgHA oA E
VR, (ERTA BT LS GRU RIS . XA, TERAE A
T Z (A AL 55 2 M D B AL I8 T TOVA SR U AR RV E P B R R . ARSI HISEER GRU B RER

ARELF R TIEHR S R IEA T 2 R AR et &R, B0iiE 1 BB B A 2k
R7 EMMESIELMNERIESIE XL

L) Hip g 21t JEZ
FLMM KRisd bibus
USA-UK FPMM <2 biiibul
RIDM <1 piiipul
FLMM <2 bibus
USA-JP FPMM <2 bibus
RIDM <2 jiiiful
FLMM <1 bibus
USA-EU FPMM <1 bibus
RIDM <1 jiiijul
FLMM Risd biiibul
KOR-AUS FPMM KRisd bibus
RIDM Risd piibus
FLMM R biiibul
KOR-CAN FPMM <1 iiBUK
RIDM <2 piibus
FLMM R biiibul
KOR-MEX FPMM <1 biibus
RIDM <1 piibus

Er <1 PRBRAAIRTE 0.0 EREAT L, REEE | MR EFRBLEELEBESE,
SeAh, 5O SCREBEAT U, FRATAR AT R A SO I =436 e B Xy, SCBRAEIREAT
EERG IO, EERA %458 . W Georgoutsos and Kouretas(2017) [47]4& 135 765 Rk T 1%
X FLMM BRI R, AT SRA A= R R0, WAE/E D E &, Dinger
Afat(2015)[15] & B 1Z A B2 X ) FLMM 28R FPMM SRS EAAELE 4G &, {H RIDM #E
RIEAE DI EESE & Cerra,V.and Saxena,S.C (20100 [6]&FI3E 05 H ot 270 58 6% )
FLMM HARUAZAE PR 5C 2, {H Baillie and Selover(1987) [12] & BLiZ41 6% X ) RIDM A& AIAS
FAAEMER R o ASCAEBHT 2 BRI, RIS c 5 WOt HIo. 8508 mx i) FPMM

B RIDM HRAUEAELR MR, £o05 H It BT i) FLMM B8 A7 fE R PE T 8,
136 70 5 JE B 35 T ) FLMM BOAUAAEAE O R o (HS AU GRU #HER R 48 HEAT 4G

14



Kf, P B AR AR G &

TSR M TR — R SR SRS AR R . B4, R E M5 RHE R 1 1
BALHAT R VRS, HAE AL NIHR . AR 0 R R B IR 1O R, AR
S0 (R 220 i 2 A R A 18] (R AR ARSI 6 R o A SO R T ARZRME VMR AL A SRERIIE 2
5 R WA R AR Z ARG R W SCORIL, EREAT V3 — AL S5 I 57 91 R A7 7E KD AL s
PER, &SR A AR B B AT R

(LR P B ok B A e — AN . I, ASSCE M TR, GRU
L2 SR T AR LR PE P BE SR AU, X 7N 2H SR E Bl b [ K Bk o) (& o0/ 3E 0/ H It
FEITIRRTC TRt #oo SN, #oo/tb ) TR R, %% FPMM. FLMM
A1 RIDM =ANFERHALARLR IS T ROE M. AT SE SRR RS WA T EATH P
HIFBRACALITH, GRU #0220 2 B A 31 1 V3R b5 BEARTHI 37 471 18] (¥ ST AR 2 M2 5
Fo B, ASCWAE T EARGME AT, IERM IR RRALRAT RN . 2, @il 5 kst
DIV 6 45 SR S IAT SR B, ASSCAMUIGAIE 1 VR TE GRU AR FE AR Lt 8 b b 4 2k
M, HRE T A SRR IR IIRIE GRU HARTE LU B (34 .

AL FE N E F T GRU B REHARR I S IR B A Rk, (EfRSm TiEh, &
T — PR TR S Z AR 5 B —E MTEE . 550, BATHSHRK GRU HA
32 F T30 0% T 3 2 At ] 5 B TS ORGSR AN T, DARE — 2B B0 E A SCRTHR 7 I E S0 . A3

S
Ei

15



S B Hk
[1]1 %%/, 4. DI AR P ERCERRSS LI, FEFEASE, 2012, (20): 404-408.

[2] &/, FT. CABIEABERTMARTEIRCEOZ RTLI]. FREFEMAFE, 2014, (22):
247-252.

[B1F-F, F¥. ARPILESENAAT: K ALAGIEHE]. #REHF, 2010, 33, (9): 28-45.

[4]1 T4, #I¥. CERIFZMEEZLARI>THNE PILETGHE—RRWE A FHE0H 5k
[J]. M=%, 2010, (2): 4-14.

[B17KEM, FhFE, K3k AFEABMEXRALLRFZFATI]. FARIALFR, 1999, (1):
59-70.

[e]7h A i, REM, R@E FAMWMEXZOAAMITTII]. FEAFFIR, 2000, (3): 65-88.

(713 %, fR#3E. ARG W F AT AP R T RIENAT[I]. F A F SR, 2005, (1): 73-77.

[B] LKA PR IRAGH AN WM AT 7 [J]. HBLEFHRAKLGFAFL, 2002, (9): 103-105.

9175, F %, F/&4F. REFINERFIELA NS, TRERZ[J]. &R, 2017, (5):
111-126.

[10] 4782 &. e M thEetiF 7 09dE AR T ERAL R AAFTD]. S0 BhRFHIELRL,
2010.

(M1 & 5. 2HEARHBORALID]. #riz: Iz kPWLEL L, 2017

(12] 4 L%, ATRENBEERE LAY 2R 5058 R R RAER[I]. &H aahiksd, 2018,
(5): 36-42.

(131 FFTZE. AFIAREAAZRLLL T A BITREFHR (AARHFRKR) , 2017, (2):
237-243.

(14135 % AT GRU A2 & A MA W Z R LB X R R[], HHE AFFR, 2019, (10): 1-7.

(15148 &, #HEfk, KEE AT DESZOHONMONERELZR ST EOY R, BT,
2007, (8): 92-96.

(16148, #mm. A TREDEIHAEG T LML MER T[], FREAFFR, 2014,
(4) : 158-206.

7140 AT Hagitske 57 M. AL SFA S dmtt, 1999.

(1814t B4, &b KB M FHMEAHKICETTII]. MTEF, 2009, (7): 127-133.

1913, BRF. CREKBZER ALK BB A FEFLERITCEDI—ETFTARFILEfRTICENYZ
AT [J]. iR, 2012, (4): 135-144.

[20]424m &, fKHE3E. @K FFIMEF L[], RATAEFIR, 2000, (3): 253-266.

[21] Frenkel J. A monetary approach to the exchange rate: doctrinal aspects and empirical evidence[J].
Scandinavian Journal of Economics, 1976,(76): 200-224.

[22] Mussa M. The exchange rate, the balance of payments, and monetary and fiscal policy under a regime
of controlled floating[J]. Scandinavian Journal of Economics, 1976,(78): 229-248.

[23] Bilson J F. Rational expectations and the exchange rate[J]. Economics of Exchange Rates, 1978: 75-96.

[24] MacDonald R, Taylor M P. The monetary model of the exchange rate: long-run relationships, short-run
dynamics and how to beat a random walk[J]. Journal of International Money and Finance, 1994, (13): 276-290.

[25] Wong M A. Monetary Approach to the Sterling-US Dollar Exchange Rate[J]. Middlesex University
Business School, 2004.

16



[26] Cerra V, Saxena S C. The monetary model strikes back: evidence from the world[J]. Journal of
International Economics, 2010,(81): 184-196.

[27] Meese R A, Rogoff K. Empirical exchange rate models of the seventies: do they fit out-of sample?[J].
Journal of International Economics, 1983a,(14): 3-24.

[28] Meese R A, Rogoff K. The out of sample failure of empirical exchange rate models: sampling error or
mis-specification?[M]. Exchange Rates and International Macroeconomics, University of Chicago Press, 1983: 67-
105.

[29] Cheung Y W, Chinn M D, Garcia Pascual. An empirical exchange rate models of the nineties: are any fit
to survive? [J]. Journal of International Money and Finance, 2005, 24, (7): 1150-1175.

[31] Baillie R T, Selover D D. Cointegration and models of exchange rate determination[J]. International
Journal of Forecasting, 1987, 3,(1) : 43-51.

[32] Kearney C, Macdonald R. Rational expectations, bubbles and monetary models of the exchange rate: the
australian/us dollar rate during the recent float[J]. Australian Economic Papers, 1990, 29,(54):1-20.

[33] Dinger Afat. The failure of the monetary model of exchange rate determination[J]. Applied Economics,
2015, 47,(43): 4607-4629.

[34] Grote C, Sibbertsen P. Testing for Cointegration in a Double-LSTR Framework[M]. Empirical Economic
and Financial Research. Springer International Publishing, 2015.

[35] Imad A, Ming Ma. Linear and nonlinear attractors in purchasing power parity[J]. Economia
Internazionale, 2018, 71,(2): 149-172.

[36] Meese R. A, Rose A. K. An empirical assessment of non-linearities in models of exchange rate

determination[J]. International Finance Discussion Papers, 1991, 58,(58): 603-619.

[37] Granger C W. Modeling nonlinear relationships between extended-memory variables[M]. Essays in
econometrics, Cambridge University Press, 1995.

[38] Xiong R, Nichols E P, Shen Y. Deep learning stock volatility with google domestic trends[R]. Papers,
2015.

[39] Cho K, Merrienboer BV, Gulcehre C, et al. Learning phrase representations using rnn encoder-decoder
for statistical machine translation[J]. Computer Science, 2014, 1724-1734.

[40] Dey R, Salemt F M. Gate-variants of Gated Recurrent Unit (GRU) neural networks[C]. International
Midwest Symposium on Circuits and Systems, IEEE, 2017,1597-1600.

[41] Li L, Wan J, Zheng J, et al. Biomedical event extraction based on GRU integrating attention
mechanism[J]. Bmc Bioinformatics, 2018, (19): 177-184.

[42] Dornbuschn R. Expectations and exchange rate dynamics[J]. Journal of Political Economy, 1976, (84):
1161-1176.

[43] Frankel J A. On the mark: a theory of floating exchange rates based on real interest differentials[J].
American Economic Review, 1979, (69): 610-622.

[44] Hurst H E. Long Term Storage Capacity of Reservoirs[J]. Transactions of the American Society of Civil
Engineers, 1951, (116): 770-799.

[45] Lo Adrew W. Long-Term Memory in Stock Market Prices[J]. Econometrica, 1991, (59): 1279-1313.

[46] Lloyd E H, Hurst H E, Black R P, et al. Long-term storage: an experimental study[J]. Journal of the Royal
Statistical Society, 1966, 129, (4): 591.

[47] Baillie R T, Chung C F, Tieslau M A. Analysing inflation by the fractionally integrated ARFIMA.-
GARCH model[J]. Journal of Applied Econometrics, 1996,11, (1): 23-40.

[48] Georgoutsos D A, Kouretas G P. The Relevance of the Monetary Model for the Euro / USD Exchange
Rate Determination: a Long Run Perspective[J]. Open Economies Review, 2017, 28, (5):1-22.

17



Testing the nonlinear cointegration relation of monetary
models of exchange rate determination

----An analysis based on the deep GRU neural network

Ding Jianping  Lu Xiaogin Feng Ling

Abstract: The monetary model of exchange rate has been the focus of academic that many scholars
have conducted linear cointegration test on it, which the results are not satisfactory. In this paper,
We test three versions of monetary models of exchange rate determinations (Flexible price,
Forward-looking and Real Interest Differential Models) for six selected countries with floating
exchange rate regimes, by applying the nonlinear Johansen cointegration tests, facilitated by the
Gated Recurrent Unit (GRU) neural network technique. The GRU technique has the advantages of
intelligent memory, autonomous learning and strong approximation ability in deep learning. Based
on country-by-country analysis, we found evidence of nonlinear cointegration between exchange
rates and macroeconomic fundamentals. This suggests the validity of monetary models and the
advantage of advanced deep learning tools in testing economic theory.

The concrete steps of the nonlinear cointegration test in this paper are: First, the long memory
characteristics of the sequences are tested, because if there is a nonlinear cointegration relationship
between the data sequences, it means that the sequence data must have the long memory
characteristics. Secondly, the deep GRU neural network method is used to construct the nonlinear
cointegration function, which has the transfer memory function that the ordinary neural network
does not have, and has the advantage on the time series data mining. Finally, test whether the
residuals of the constructed GRU model are short memory sequences (SMM). If the residuals are
short memory sequences, the GRU can extract the non-linear characteristics between the sequences
and prove the existence of nonlinear cointegration relationship between the sequences.

The results show that: (1) The original sequence after normalization has the feature of long memory,
which is suitable for the discussion with the nonlinear cointegration theory. (2) The residual of the
nonlinear cointegration model constructed by GRU neural network is short memory sequence,
which found evidence of nonlinear cointegration between exchange rates and macroeconomic
fundamentals.

In this paper, advanced deep GRU technology is introduced into nonlinear cointegration test, which
can play arole in attracting valuable contributions to expand the tool box of cointegration empirical
test.

Key words: exchange rate; monetary models; nonlinear cointegration; the deep GRU neural network
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