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4. A¥ T4 2%

Q3 FAE A4 (Johansen Cointegration Test) 2 =3l
HAE getstr]o A WgEo S glsok shr.
TAT AAS Adstr] fElAE v SR aolA

e 7Fw1+m&ﬂow<

o
~N
ry ogt

rr

o

(3 ok
:?L_',

oL F\‘N 1:0
AN

SRS

Ry’
ML do

03
S

:cl>l:
_&
ol
~
=)
Mg
o
_E
AU
do
rd
1o
O
1’.1
FU
k;
o
_0|L1
do
:(I)L_!‘
%E
e
)
|o
f
>
ofo
it}

FTEHAF RS

tgk  AlAk t3k A=}
AAA538E (q) -2.44 0  —8.16%x 0
AAo]zHE o] (id) -1.71 4 —8.22#x 3
2G4 v vaZgAH AA7E(nt) —1.07 0 —8.66%x 0
T EZA (tot) -049 0 =958« 0
Tt & 2 (nfa) -1.04 0  —9.63%=x 0
A7} (oiD) -1.37 2 —8.43sxx 1
&R {3 (res) -1.12 0  —9.30#=x 0
22 454 (@) -1.23 4 —4.43%x 3
1913 GDP(gpc) -0.99 4  —551%x 3
24 A (aca) -0.67 1  —5.84xxx 0

1) #xx 0 1% SAFTAA 72
2) A 2= SICol uwhel A4,
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4.2. 3A8FE AA — Part 1

J 8k (non—stationary) A|AIE Atolo = ojuldt APATS T3l

(stationary) Q1 AJA|Go] At WS Jhe] &7 27

7bAekar goh B oAM= Johansen(1995) 5 Fardted,
o

2o

»
o
)
y

o X 2
o o Mo ooxt me

&
2
i

)

o,

o

(ol
b3 ok
IR T
2 Mo

N
)
X
o o
oX,

|4+ Trace Test®} Maximum Eigenvalue Test
stoh, = A WS AdtE AdaE yEeRd
E=

ok 4, 2 (99 2 VAR

ok M
o
o
2

o
e
2

o
AI]\OD

4
|
o
9
N
o
Mo —
)
o
[~
b 2
v
il
o et
N
4
Y
>,

N
A

o
< Lo

o

oftt
£ of
=2
>
>,
L)

Xe =7 + X0 Aixe_; + & (9)

Axe =7 + 2?;11 D Axpj = ITxp g + & 10)

AN, Axe= x—x1 5, O, (nxn) AFFLEL gudtt &
(nxn) FHE o] FH rank7} FAE #AAL MFE ulgn. qhok
rankr = n (full rank) ©|AY, r=0 ¢ A52hd, AFE Atold FH&E
WA F2 A7) #FBA7 slvkes s gr stk

Q39 FAE HAAS AFHER didvbdel  wel Maximum
Eigenvalue Test®} Trace Test® gt} Maximum Eigenvalue Test
o] A%, AF7H rank(/7) =07 g 7Hd rank(/7) = 14156 A&
stot. whek 9l AFTRde] 71ZbEvkd, AF7HIS rank(/]) =1,2,3...
o7 Y¥7HdE rank(/7) =234..2 vHAH AFHEE 7148 7 4
S wj7hA] wrEScl, Maximum Eigenvalue Test® $%H Aoz A

g BAFS vt gol 78 £ Ytk
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LR(79,79+ 1) = —TIn(1 — A (11)

ro+1)

3, Trace Testq] #AF7HEE rank(/7) =reola, dH7MEL rg+

p

1 <rank(Il) <nolH 7A FAFS v 2

LR(ro,n) = -TXL, 11 In(1— 4) (12)

F718gedor AAHe AaE ¥
]

=
ol 2] At (nfa), Ao AHEA] (id) & Fgstod, B]WW 3714 4]

o Fo
E
)
fr
o
N
of
£
E —

4]~[6]= o5 =gl ﬂﬂlﬂmw_(res) A=
~[319] A&} vlaste] AAgkEof SlojA 9

duf1el JFL verstus s

[1]. q; = Bl_ltnt + Bl_ztot + Bl_ana + Bl_4id +c
[2]. g, = B 2_1tnt + 5 2_21:0t + 5 2_3id +c,

[3]. g3 = B 5Nt + B 5 ptot + B 3_3nfa +c3

[4]. q4 = ,[)’4_1tnt + ,84_2t0t+ ,84_3nfa + 34_4id+ ,84_5res +cy
[5]. q5 = B 5_1tnt + 8 5_ztot + 8 5_31'd + 8 5 4l€S + cg

[6]. q¢ = ,86_1tnt + ,86_2t0t + ,86_3nfa + 36_4res + ¢q
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FA7F F71E dvrdel VECM 28-S B v3 )
Ax; = Z?:_tl P Ax; +aB'x s Hu+pt)+y+tt+e; (13)

A7IM, 1 = ap'°l, a= =74 A5 (adjustment parameter) &, B+
4 WEE 9u|sttt. Johansen(1995) & FA|9 533 st
57FA1e] RS AAISL AT, oAM= vt 7 A A9k a1

o3

PN

A WA 28 @ AAE x, o 94 FA (deterministic trend) 7}
i + A9 (constant) W EAst=E 28 (r =0, 0 =

=0)°]™, <3 2>9 <E4>el| FAF A AHE AAsH
= - AAd

Y B
T WA 28 (b) AL x, v A FHAE 7HA 3, ¥4F A4
ApEs 7= A9 (7 =0, 0 =0)0]1, <X 3>7} <E5>A TAE A

A AR M=, A HA 2P @Y AF [1]~[6]4 EF
Maximum Eigenvalue Test & ZAol% 3t} HAE

At ) ol g e AR wAE EAR TS o]l mEHt W,
31, [6]4 A= F 7HA HAE BESFoA &

[3
AR dAZE EAEHA deve AFHE e 7148 5 }slth
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¥ 2 ZAR AA AFpart_1 (no deterministic trend) > ?

[1—a] [2—a] [3—a]
Ho=r trace max trace max trace max
91.60%x 31.00 68.09xx 32.30%x 59.51 % 22.16
0 [76.97] [34.81] [54.08] [28.59] [54.08] [28.59]
60.59%x 23.59 35.80%x 20.59 37.35%x 16.34
L [5408]  [2859] [35.19] [22.30] [35.19] [22.30]
37.00%x= 16.46 15.21 9.14 21.01 15.24
2 35191 [22.30] [20.26] [15.89] [20.26] [15.89]
20.55%x* 13.24 6.06 6.06 5.78 5.78
3 120261 [15.89]1 [9.16]  [9.16]  [9.16]  [9.16]
7.31 7.31
[9.16] [9.16]
LAz AIC7| el uket 4%
2= 5% TEelA FAASE §9, [] Y A= FY5F 5% 9A #

¥ 3 ZAHYE AA AFpart [ _2 (with linear deterministic trend) > ?

[1-b] [2—Db] [3—b]
Ho=r trace max trace max trace max
77.10%x 30.63 54.68#:x 31.26%x 45.04 16.90
O 69.82] [33.88] [47.86] [27.58] [47.86] [27.58]
46.47 17.56 23.43 11.75 28.15 15.24
1 [47.86] [27.58] [29.80] [21.13] [29.80] [21.13]
28.91 16.23 11.67 8.75 12.91 8.22
2 [29.80] [21.13] [15.49] [14.26] [15.49] [14.26]
12.68 7.31 2.93 2.93 4.69 4.69
[15.49] [14.26] [3.84] [3.84] [3.84] [3.84]
5.37 5.37
Y 3e4 13.84)
DAAR= AIC7] el whet A%
2= 5% ool EAACR #9, [] ]k A= FolTFE 5% ¥ #%
19



4 2AE AA AFpart [ _3 (no deterministic trend) V)’ ?

i [4—a] [5—al [6—al
0 trace max trace max trace max
135.83%x  59.85%x  110.30%x 55,46 81.63%:x* 31.86
[103.85] [40.96] [76.97] [34.81] [76.97] [34.81]
75.98 31.75 54 .8 3% 20.46 49.76 18.71
[76.97] [34.81] [54.08] [28.59] [54.08] [28.59]
9 44,24 17.48 34.37 16.09 31.05 17.50
[54.08] [28.59] [35.19] [22.30] [35.19] [22.30]
26.76 13.27 18.28 12.41 13.55 10.29
3 [35.19] [22.30] [20.26] [15.89] [20.26] [15.89]
4 13.48 9.94 5.87 5.87 3.27 3.27
[20.26] [15.89] [9.16] [9.16] [9.16] [9.16]
5 3.54 3.54
[9.16] [9.16]
LAz AIC7| ol uket 474
e 5%l FAACE f9, [] Y == FFF 5% 9A #

¥ 5 ZFE AA AIpart [ _4 (with linear deterministic trend) >’ ?

Ho—r [4—Db] [5—b] [6—Db]
0 trace Max trace max trace max
0 121.53%x  59.14xx  96.06%x  54.40%x 67.47 28.42
[95.75] [40.08] [69.82] [33.88] [69.82] [33.88]
1 62.39 27.73 41.65 18.68 39.05 17.51
[69.82] [33.88] [47.86] [27.58] [47.86] [27.58]
9 34.66 13.54 22.97 12.86 21.54 13.17
[47.86] [27.58] [29.80] [21.13] [29.80] [21.13]
3 21.12 12.31 10.11 5.87 8.36 5.19
[29.80] [21.13] [15.49] [14.26] [15.49] [14.26]
8.82 5.28 4.24 4.24 3.17 3.17
[15.49] [14.26] [3.84] [3.84] [3.84] [3.84]
5 3.54 3.54
[3.84] [3.84]
1Az AIC7| ol uket 474
%= 5% ool FAACE F9, [] 8 A= FAFE 5% A #®
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4.3. 9 X} Y (VECM) A3 — Part 1

.
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F7te [4—alH-El [6-al 749 7
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¥ 6 VECM AIFpart I_1 (no deterministic trend)

[1—a] [2—a] [3—a] [4—a] [5—a] [6—al

q 1 1 1 1 1 1

—-9.24 —-5.99 —5.69 -3.76 —2.45 4.25
tnt (1.80) (0.91) (2.29) (0.97) (0.90) (2.37)
[-5.12] [-6.60] [-2.48] [-3.86] [—2.74] [ 1.80]

—2.79 -1.11 —2.08 —2.96 -3.03 —-5.09
tot (0.49) (0.18) (0.69) (0.45) (0.42) (1.05)
[—5.67] [-6.01] [—3.01] [-6.52] [—7.26] [—4.83]

—-2.35 0.36 —-0.47 2.46
nfa (0.52) (0.65) (0.40) (0.99)
[—4.49] [ 0.55] [—1.18] [ 2.46]
—-0.37 -0.17 -0.22 -0.20
id (0.05) (0.02) (0.03) (0.03)
[-7.15] [—6.99] [-8.11] [—-7.55]
—1.45 -1.92 —-4.99
res (0.59) (0.39) (1.38)

[-2.46] [-4.95] [-3.63]

52.67 28.06 30.60 28.19 22.61 2.43
C (9.36) (4.62) (11.84) (4.51) (4.26) (10.09)
[ 5.62] [ 6.07] [ 2.58] [ 6.24] [ 5.30] [ 0.24]

D ()ske mAR= B4, 19k A= tike v
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¥ 7 VECM ZAIpart I _2 (with linear deterministic trend)”

[1-b] [2—Db] [4—Db] [5—Db]
q 1 1 1

-9.25 -5.93 —-3.87 —-2.40
tnt (1.82) (0.94) (1.04) (0.92)
[—5.09] [—6.30] [—3.85] [—2.61]
—-2.79 -0.99 —-2.96 —-3.08
tot (0.50) (0.19) (0.47) (0.43)
[—5.64] [-5.23] [-6.32] [-7.17]

~2.35 ~0.57

nfa (0.53) (0.41)

[—4.47] [—1.40]
—-0.37 -0.18 —-0.22 -0.20
id (0.05) (0.03) (0.03) (0.03)
[—7.10] [—7.24] [-8.12] [—7.59]
~1.39 ~1.99
res (0.61) (0.40)
[—2.29] [-5.01]
C 52.73 27.30 28.80 22.83

1) ()9 SAtE BZEoa) [19Fe] £AE t3he v
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4.4. 38F A -Part I

2 Fedes A Aol (tnt) & TR 191E GDP(gpe) =, i

AZxA(ton) o] NEHFE FAF7HoiDE ANYsAY, =28 F54
(gh<S F7lelEozn ojgst Afox rfurt &3 Fondh
BAS Z=A e s ﬂ%éﬂl‘i%‘:}.

4.27 7}

-

28 w7 R [7]~[9]= S8R FIE ALs A5, [10]1~[12]
< QR {IE FUIS A 1“/}.
[7]- 9, = B S tnt+ B 7_20il + 3 7_3id +cy
[8]. qg = B g 19PC + B g tot + B g 3ld tCg
[9]. q¢ = Bg_ltnt + ,6’9_201'1 + 8 9_3l'd + 3 9_4gl + cq
[10]. q10 = ‘810_1tnt + Blo_zoil + 8 10_31'd + ,810_41'65 + Cq9
[11]. 911 = ,811_1ng+ Bll_ztot + ,6’11_3id + ,6’11_4res +cq1
[12]. q12= 8 2 tt+ B 12_20il + ,812_3id + ,812_4gl + 5 12.57€s + iz

T3t [7-al~[12-al&= AAE xo GH2 FA7F SAsHA &
golar, [7-bl~[12-bl& AAIE x.o A FAE 71 st 2o
% 1>°ﬂ/‘1 AAlE wpel o], 1917 GDP(gpe), = Al4+7HoiD), 2%

FEAd ) HFEES (DS SRz Q3ks 43 fdAdS Alged
ATH 4.2 T YHoE AR AFS Mo
<E 8>~<FE 11> AAFHUT <& 8>~<E 11> W=, [8-b]
Aetae, A AR ZY F w2y [7]1~[12]4]
Test®} Maximum Eigenvalue Test oA &Hoj& 3t 7] o]4
HAZY EATGE Aot 2EHA

_gl rir
e A

M ff 4y do

© FAE WAL flve M S V1AdstE R o



¥ 8 ZAE AA AFpartlI_1 (no deterministic trend)?’ ?

[7—al [8—a] [9—al
HO =T
trace trace max trace max
0 67.41%%* 67.33%% 33.87%x 87.43%%  47.79%x
[54.08] [54.08] [28.59] [76.97] [34.81]
1 26.79 33.46 14.97 39.64 15.39
[35.19] [35.19] [22.30] [54.08] [28.59]
9 13.72 18.49 9.93 24.25 10.45
[20.26] [20.26] [15.89] [35.19] [22.30]
3 3.44 8.56 8.56 13.81 8.09
[9.16] [9.16] [9.16] [20.26] [15.89]
1 5.72 5.72
[9.16] [9.16]
WA A= AIC7| =l e 4%
)**L 5%FoTEolA FAMCE F9, [] A8 A= FY5F 5% A @

¥ 9 ZFE AA APpartl_2 (with linear deterministic trend) > ?

[7—-b] [8—Db] [9—-b]
HO =T
trace max trace max trace max
0 63.66%* 40.12%=* 46.33 23.56 85.76%%  47.72%x
[47.86] [27.58] [47.86] [27.58] [69.82] [33.88]
1 23.54 11.77 22.77 10.96 38.04 15.29
[29.80] [21.13] [29.80] [21.13] [47.86] [27.58]
9 11.77 8.33 11.81 9.56 22.75 9.44
[15.49] [14.26] [15.49] [14.26] [29.80] [21.13]
3 3.44 3.44 2.25 2.25 13.31 7.74
[3.84] [3.84] [3.84] [3.84] [15.49] [14.26]
5.58 5.58
4

[3.84] [3.84]

1A 2= AIC7]—r°ﬂ w2l 473

iz 5% ool AR R 9, [ 9] A= FAaE 5% 9 @
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E 10 23X A4 AFpartl_3 (no deterministic trend) > ?

- [10—al] [11—a] [12—a]
trace max trace max trace max
0 99.85%x  B1.67+x 102.09%x 45.61=*x  130.59#* 42.86%x
[76.97] [34.81] [76.97] [34.81] [103.85] [40.96]
1 48.17 17.06 56.4 8% 30.915x 87.7 4% 31.72
[54.08] [28.59] [54.08] [28.59] [76.97] [34.81]
9 31.11 12.93 25.56 14.30 56.01%x 27.40
[35.19] [22.30] [35.19] [22.30] [54.08] [28.59]
3 18.18 9.99 11.26 6.95 28.61 15.17
[20.26] [15.89] [20.26] [15.89] [35.19] [22.30]
4 8.18 8.18 4.31 4.31 13.44 9.38
[9.16] [9.16] [9.16] [9.16] [20.26] [15.89]
. 4.06 4.06

[9.16] [9.16]

A= AIC7|Zel whet 2%

2= 5% gwolA BAALCE F2o, [] e A= FYFT 5% 9A 7t

¥ 11 2AE A4 ZFFpart_4(with linear deterministic trend) > ?

Hy=r [10-b] [11-b] [12-Db]

trace max trace max trace max
0 91.965%:x 51.18#x  81.24=x  4550+x  125.34**x 42.49%x
[69.82] [33.88] [69.82] [33.88] [95.75] [40.08]

1 40.78 16.06 35.74 14.60 82.85%x 30.85
[47.86] [27.58] [47.86] [27.58] [69.82] [33.88]

9 24.71 10.74 21.14 11.46 52.00%x 25.82
[29.80] [21.13] [29.80] [21.13] [47.86] [27.58]

3 13.97 9.83 9.68 5.37 26.17 15.14
[15.49] [14.26] [15.49] [14.26] [29.80] [21.13]

4.14 4.14 4.30 4.30 11.03 7.38

[3.84] [3.84] [3.84] [3.84] [15.49] [14.26]

5 3.65 3.65

[3.84] [3.84]

A= AICT7] ol wet 474
2 5% o FEelA BAACE F9, [] &4 A= FAFTE 5% 9A wk
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4.5 HE XA RY (VECM) 23 — Part 1

43747 PR W5Ee]l gAY A g e A5
MR MEHeAFIRES Ba MEEe AFE FT F Yk <E
12> Al 854 FA7} 9l 499 [7-alFE [12-al747
VECM A2 molF3 gl

QB8R F (res) 7} XFHA &2 [7T—alFH [9-al2 A, 2A
oin] vl AL 74 (tnt), 1919 GDP(gpe), w37 (tot), = A
7 oil), AHolzg Ao (id), 229 F%4 (gh> FE
nletar o e Hoof dA G 3T E HERT

QSR {3 (res) 7} 89 [10—-al¥E [12-al9 74
T TR F5TF A A
o= (H)olv 2 FoAe] gr ol S8R fFiurt 22
S7FE QIgh A2 e fds olw] REgsta Qlof, AR ARE
b Aold LTRSS The
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¥ 12 VECM ZAFpartI_1 (no deterministic trend)

[7—a] [8—a] [9—a] [10—-a] [11-a] [12-a]
q 1 1 1 1 1 1
-8.19 -1.88 —6.65 ~1.34
tnt  (1.13) (0.36) (1.28) (0.58)
[-7.25] [-5.22]  [-5.18] [—2.30]
-3.86 -2.31
gpC (1.01) (0.65)
[—3.83] [-3.53]
-1.16 ~3.20
tot (0.44) (0.50)
[—2.62] [—6.34]
_ 1.06 0.43 1.91 0.50
oil  (0.17) (0.06) (0.32) 0.12)
[6.21] [7.12] [ 5.92] [ 4.22]
' —0.24 -0.13 ~0.12 -0.32 ~-0.22 ~0.12
id  (0.03) (0.04) 0.01) (0.04) (0.03) 0.02)
[-9.66] [-3.05] [-11.33]  [7.90] [-6.48] [-7.12]
~0.06 ~0.08
gl (0.01) 0.01
[—7.45] [-5.99]
~-1.16 -2.08 ~0.36
res (0.35) (0.44) (0.29)
[-3.31] [—4.74] [—1.25]
32.23 3.24 3.96 25.69 13.61 1.81
¢ (5.12) (2.511) (1.61) (5.83) (2.86) (2.51)
[ 6.30] [ 1.29] [ 2.47] [ 4.41] [ 4.77] [ 0.72]

D ()-Fe mAR= B4}, [19Ee] A= tike v
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¥ 13 VECM ZAIpartll_2 (with linear deterministic trend) "

[7-Db] [8—D] [9-D] [10-Db] [11-Db] [12-Db]
q 1 1 1 1 1 1
—-8.07 —1.88 -6.75 —1.44
tnt (1.12) (0.37) (1.32) (0.60)
[-7.20] [-5.15]  [-5.13] [-2.39]
—4.86 —-2.37
gpc (1.12) (0.66)
[—4.34] [—3.59]
—-1.29 -3.17
tot (0.49) (0.51)
[—2.64] [—6.24]
1.04 0.43 1.94 0.52
oil (0.17) (0.06) (0.33) (0.12)
[ 6.14] [ 7.03] [ 5.88] [ 4.18]
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E 14 3AE AA ZAFpartll_1 (no deterministic trend)

He = [13—a] [14—a]

C= trace max trace max
0 66.4 0% 37.45%x 87.93%:x 45,97 *x
[34.91] [22.00] [53.12] [28.14]
1 28.95%:x 20.8 8 41.96%x* 23.32%x
[19.96] [15.67] [34.91] [22.00]

9 8.06 8.06 18.63 12.92
[9.42] [9.42] [19.96] [15.67]

3 18.18 5.71
[9.42] [9.24]

DA AIC7] ol wet 474
e 5% FEelA FAACE Fo [] &8 A= FAFE 5% 9A @&

¥ 15 33E AA ZAFpartlll_2 (with linear deterministic trend)

H =7 [13-Db] [14—Db]

0 trace max trace max
0 50.27x 29.05%x 74.23%% 38.22xx
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Abstract

Estimation of Equilibrium
Exchange Rate and Misalignment

Considering Foreign Reserve
— Using BEER Approach

The Graduate School of Economics
Seoul National University
Wonju, Son

Since Korea is a small open economy exposed to external shocks, it
IS necessary to investigate the movement of its exchange rate. This
paper estimates the long—run relationship between macroeconomic
fundamentals and the real exchange rate of Korean Won using BEER
(Behavioral Equilibrium Exchange Rate) approach. With the
traditional economic fundamentals such as the relative price of non—
traded to traded goods, terms of trade, net foreign assets and real
interest rate differential, this paper included foreign reserves as an
additional variable. Johansen cointegration test and Vector Error
Correction model were used to identify the existence of a long—run
relationship and calculate the BEER. The current and permanent
misalignment of the exchange rate is measured by the difference
between the real effective exchange rate and the estimated BEER.

The result implies that there is a positive relationship between the
real effective exchange rate and most of the variables including terms
of trade, relative price of non—traded to traded goods, interest rate

differential, GDP per capita and global liquidity and a negative
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relationship with oil price. However, the sign and the significance of
net foreign asset differ by variable combinations. In addition, it is
found that the exchange rate and foreign reserve are positively
related.

For the case of suppressing the effect of capital inflow by including
current account as a variable, Korean exchange rate and foreign
reserve are negatively related. It could explain the intervention of
government in the foreign exchange market to prevent sudden rise
or fall of the exchange rate.

With the calculation of BEER and misalignment, since there was a
rapid accumulation of foreign reserve from the late—1990 to mid—
2000, the BEER considering foreign reserve shifted upward. As a
result, the real exchange rate had been overvalued longer for the
corresponding period. The most recent data showed that the real
exchange rate i1s not much misaligned from the BEER considering
foreign reserve.

For the case of suppressing capital flow, the BEER continued to
decline after the 1997 financial crisis. One peculiar result was that
the undervalued exchange rate in 1997 quickly rose again and was

overvalued from the first quarter of 1998 to the third quarter of 2007.
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