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Does Water Consumption Cause Economic Growth,
Vice-Versa, or Neither? Evidence from Korea
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Abstract

The purpose of this study is to examine relationship between water consumption and economic
growth in Korea, and to obtain policy implications of the results. To this end, we attempt to provide
more careful consideration of the causality issues by applying rigorous techniques of Granger
causality. Tests for unit roots, co-integration, and Granger causality based on an error—correction
model are presented. The existence of bi-directional causality between water consumption and
economic growth in Korea is detected. This finding has various implications for policy analysts and
forecasters in Korea. Economic growth requires enormous water consumption, though there are many
other factors contributing to economic growth, and water consumption is but one part of it. Thus, this
study generates confidence in decisions to invest in the water supply infrastructure. Moreover, this
study lends support to the argument that an increase in real income, ceteris paribus, gives rise to
water consumption. Economic growth results in a higher proportion of national income spent on water
supply services and stimulates further water consumption.

Keywords : Water consumption; Korea; Economic growth; Granger causality;Unit root; Co—integration;
Error correction model ‘

e x|

2 ATe) Bae fRolMe BaEs AAAGT WAE RAs 1 vl da AAH dels EFehe
Aok, ol2 @ B4E B4 913, ¥ ATE Bt AUF Granger A3 WS A3l AAy AR FT
A ARG 9912, FAE 193 eALHREE BT Granger A9 AR A A, dEolde) 2
avlsh A Aolo] PRge) Asbyol EAlFo] AR oleigt WAL St} WA A ALY
& AR B A FEE AN LS ATR APl 9FE TIE Be T 250 EAl
B BaHlE o B9 ARol7) ST, AANE e AR ool A4 A YES FEF 57
b RTEn wetd AFe] 44 ATHE B3] A 5T BE FAE AA9EE AT Aol B9 2

*

s st oekel At whabal

Ph.D. Candidate, Department of Economics, Korea University, 5-1 Anam-Dong, Sungbuk-Ku, Seoul, 136-701, Korea

kTS AFAEER 2
Assistant Professor, School of Business and Economics, Hoseo University, 268 Anseo-Dong, Cheonan, Chungnam,
330-713, Korea

wxx mEUSE AR AR @5 (ZUAR

Professor, Department of Economics, Korea University, 5-1 Anam-Dong, Sungbuk-Ku, Seoul, 136-701, Korea

(Phone: +82-2-3290-2217, Fax: +82-2-3290-2535, E-mail: sjkwak@Kkorea.ac.kr)

B37TH HI10% 20044 104 869



TE AEE TP} Bavle] 218 LT A% 4REE s AR A, o B v

il = =
o a50] A4E B Azl FA R o dobt FNEY 2ol A g3t AAAIN ] AARE 57} Fol

1. M B

2000 3¥ 17¢ HaguedlA 7RE A A2z AA &
2 #(Second World Water Forum)olA 2E 8 AA =
219 3)(World Water Council)®] BAE= 35 20254
Aol A AAlY & Fa3o] Ad 1969 FERT}
oF 40% 78 Aoy, whek HAl9 2 FAI7} X4
g A AeAe ofstel AEF g 42 FA
the] AEo] A 2 Aolgtn AuFch wehA
oy & FX d4g dusiy] e A 3%
FzkEol 2 IAFoz FHI dE 7R 2]
(1L,800$)2l T/ Ba g #HExPy &
oAl B Aoles JEsla B Hoke Axsld A
< 873k

53] f-EuTte] A 223 olE, Wyl S
@7 UNel A4 & RZ(water-stressed) 57142
ge] FA9 Aot & o Aoz nasid &
gubete] Ad SuEAAE 19603 el 2001l
2036W % et FE5T AAGGe] o]FolHon,
olgdt AAdEeR s E4HFE 196099 417,000
(E/8)l A 200189 15,857,000(2/Q) o2 ok 33024
U F590 9 s BEEL 19609 71F 169%
o4 200061 71& 87.1%= 5Hl F/HIAIT, F2 A

S 80del ou] 90%elde] ArE HEES |
ol glo} MXI=ell Hl3] Bggo] vl +
At Ackb $Eutete] F4d%E A5
o d 7] 70%7F E213l ¥ e
3, A FE] 0% AFEHE Ft E =AM
ZH frol X FRE F57F Erbsdte] A9y Bt
FE A3 Holtk tRo] I ol
TS A BAbA Ao wha) A
o 39 9 AArEE B3 A2
o} ole] ubel A
#sled 20113 0]
o gk, ol iugk 27719
HBIATHEFTALFAY, 2003).

e AUAE) BEA 249 B ozt A4

(R,

WA

)

&0

L
& i

ﬁ m{n

1) UNASE ZARJTFASDIA(PADE A7 Eol87F5 %3 Q179 AR AA zZ=e 9 193 A7 2o
3 ole e} & 7]ZE(Water-scarce), & %% (Water-stressed) 2 2 £ Q(relatively sufficient) =71

(Sustaining Water, 1993).

870

B

ol glolMz Hz ol 5919 4 o|th (Brookshire <+
Whittington, 1993: Yoo ¢ Yang, 1999). £3] 179
Aedo] AFH BAX LT FUA oA 5w A5
Zo] Al o]FolA|A| e=chH TAAAR Yol
= 2gaHq @S =A wd AolcHDupont S
Renzetti, 2001), oA §=& §54a7 FZa 9
Ak JrEuFEe] e AdTel Hl8 ue v,
SAgle] AR - NG BFEE 4§ WololA ol
AR Az Auteld AAS AAMAL 9% Fda
abe W 1Y W FE Yrse] oy gEge
F27F e E

olejat Aaeld Seltete A AAANES A5
= BASAe] g ANARe] B Aust Basy
g olo] W AFAbeE 2REA 2 Hold, wht
A B e 44E Bd =R e AHH A
AL 7] SlsiA, B anlsk AAAge] BA o
3 ATsmAt g

WA Bansh AAAge] BA B HAATA
w2k AAGe] plxE ek g

nE o

o
=2
A7-st BARE, & 25FEC] Edvld nXe

ol

¢

-5(;}:

z}oﬂ " z]&= o3

Fol o AT @
Apgatel AR

i)
o
)
fu'°1
:oli_A"
<
Hi
2
X
M
B>
z
)
oy
oM
¥
an)
;

9710 SO B AHls AANGS BAS LOREE
AHgstel BAstTh 2423, FEREA 19015

(o]
K
o
o
o
it
2
N
R
&
|o
re
Hi
g
o
E)
2
|o
fru
1L
[u—
o
to¥)

del FEAGuGo] WA 1993dwe] F 1z
FFAGI o] WARE Aom FH 5]
ERE 190lH9) Q4 Ei FAE F

u il
Aoz of 0666¢e] AL ERE JHeE A
oll

~N
&
)
dg
4 o

BEAERBEHNE



o7t AgrER G 2 TS w3 EH

aule]
fr - HrsE - Zﬂ% (1997)44 Abual- Foul(1994)—8— z+zt
B sbol I LEG0-L0)] A4
Al =

ol wet E4m ¢ %‘%01 741+14_03n m%}cq,

%3 A= 19961 o1 F A gl
A deficit)7h 20& Aol vegtt mEYa Ay
AN Fa8e} 2BAYAE FHso] L5 T
Z Ale o8 naAMgo] BT ol T 859
AR A9 - fxER tgsta gAsA FA7
AA=E o} ek,

3, AA ] Bavld pAE g BE AT
24 £ ) BAE B FEUzA FA FelA 2

HE Q77 EATT Cole(2004) 19004 ~20003 7]
7 Bok AR 1AL T3 AT Ol AES e
2 AA 7 SR, Bolulzh okzesl obrlel,
Foluleiztst oAlehlohel AA) Fam] 43 19)
G 25 ARE Fole] AT AW, 197 Bav ]
A% A% Aol £3 B Fzuza I

(Environmental Kuznets Curve)olzt E2l& #AZ &

A BASAL F B 257 E ‘o

UAM (inverted U-shaped)”&AI7}F EAgthes 202,

1919 &5 Z71ge] w1999 E4RE A
2 Z7I) ol AFE o|FREHE A4S E

g 2AHEH} VleaTY T2 QU 2

Z87F A ofujgith, old mEd, 5 it

™

ol
v
J et
o
ofl
froox Mo 2 o f

AF7HA AR vl os, Augom Bivsh
BARA Aole] Fe) FBRAT} EASE Ao]
Ak, ahA Bavlsh BAR Aol el FuBA
b EARE ARSI AR o|e] WA Szt
7t AREE orlahe AL opTh AR B

S0 FE Qow, W Baut BAEE

2) o] WE-2 u=x vArd oi*_rU“(Resources for the Future)oll A
B sAAET GRS AT F4 304

3) o] Wg&e Ay B4
Economist Limited(1996)9] HIAe} ZASI Atk

374 109 20044 10H

G AzEAd U BAE F o Zol QA ns)
2 9as} gu) o] FAS Avind me ga Biw
b ARG HF FFHe] HEsh ohu FAYG
o] Baulg fUsrl) BE A A7ISH ek
o] ARe] UE wol Foolvel wek HAH e
2 9%

S W=} (Munasinghe, 1992).
= E2H9} ARG Atole] A
Uk a3 AAA AAEE T 48 B0, &

AHERE AANGoRY] @ud AAEAV EAT

o B Ao ZaE A5 #AE ALty B
4= olt}, B AH|2RE Ao T L9 olnEA
7} Qthd B AH|E 7AAYE Ao AlYE o F
2Eo] 2718 Fojth ke AAYFOoZHE B &
v 29 whilsk Q@A EAFH & LHE 2E
sl GAo] AAGZ FFAA FFE VXA F2
mA A" 4 ok ol Wz w FA[|AI &
Ak gevhd, 29 594 7 (neutrality hypo-
thesis)o] AHGH & 402 Z7MA7)E, & 5%
Az TS T/ AFo] AAEE HoE

BEHE vAA] FE Aot

v, HAZ7HA E4neh AR Aleld] datw
Aol &3 ATE AMEHA Fghed, ol @3 A A
T2 F5E02003)2 197335E 20018714 EHH .
9 A9 Eau|9 AGAAGG Alole] #AE
Aeadk @9 THE, 1283 Hsiao’} Zﬂohﬂ
Granger?lZHd AA 7]W(Granger 1969; Hsiao, 1981)
& &3l EA A, BAH|e} AGAAAG ALl

of LS JAFBAV EATE ARG F 2
= =

u] ¢elZalol] tht TRt AGAHALLES sy ol
2 213t AAAaSe &=yl A B9 A5 B}
of Foldt Jge v XIAAGLE s AL

olel AT A4 SolA, & e BHe AR
THEE, 2009)) olo] AL BYs
o9l Bavlsh A Aele] AABAE 17
o ATERE A5 BARAC) tig AAH A4
2 Q= otk o] BAL FAH) s, E =
Granger-21344 7142 Hgste] nr} g
ool RA B4 QAR
urﬁloﬂ HSANE mReA B o714 A
o thest 2 gHos AR A, %
5k BAER) R stationarity) & AT,

o
<

ol o
N
o

B o & ot o o RO

o9 oL (O it F

o
L
©
o3
N

il
2

& Frederick et al.(1996)2] A#le] HiAjof AL 3}
Z+3 ADI Nolan davis and Gardner Pinfold Consultmg

ey
1=13
=

871



o2

ol Fl=dH jc?‘ “"?:(co -integration)¢] #A7}
Hro] ZAstw AT
130 Engle <} Granger(198’7)7]' A eksl @ 2}
A8t} ol
o X
A

e

B
it
b
o
=)
iy
W,
gé

ofr
-
N

23 (error-correction model)-&

AA, FHEY AA, AR
49l oL wiAlE & UEFH &
Zgste] H2 ol AAE AA S

o|Fo] £ =72 tgi ol :EL/“EJDP ‘?ixi 27
AME B ATl AR AEe e AEg &
H AEEd s AEErh 33| 1% ’%ﬂ
Aol iz w=ogich wixet e Ate] gof A2
A AL, AEAA ] el Er)

(EAE R A A A
oxl o o

A

==
E3
71

o
_L.N_,L

i oX
N

L o
tlo

Al

'
-
=

2 o
4 e 2

r1r

=

2. X ¥ APWHE

21 4 =

Aol AHEE AR 2] dwe) B
Abelt), Tav] ARE ATER B4R} L
B A45E B Zasoln Taich 29
7 AARE AFE FAE 1029717 A Bl
A s} ol Fas 83l wasa 9]
Witk o}7)4 BaHF Ane Qubl B4E

2 ASES
BFHE BUOE APYFE, toldTEs ¥

12 ol
;Oé,
of

A7 19609 ~2001L44 4271 Qx4
19609 A2 dER 48 AL s B AR
2 sus) 98 Tavlel #e) 7 5

e AE7E 1608 = FE 7] diolth B4H] AR
o] W= 1Y B F5HCd )02 e,
A g 19959 B0 Do 3, dhar
SWollA Fx3 FUFAE JEHJE(GDP deflator)
g o]&3t] B TuUlF LS 19959 BW 41 =)
AR BMBARAT olFA g olfE EWrIH]
OE 1970 oldd} o]Feo] RE IFUIFAA AEE
1995 EwiZtd o s Fdsly] fIsiM Ak

B =RdAE olgA T3 1Y Hd g5 47
SUEAS WO ¢ GDPE e o] ALg-3te
ol EAleH < 1>3 vl 19609 o|FE B
| Azt 42 GDP As #52 St F715Aol

2=
& @ & gk

Ol

T

o

2}]\

2.2.1 Granger 134 A AAA

AzhAA Y ko] gk AAL Granger(1969)° <]
3 Hx2 AEHUh Granger*‘:’]3’Jr"q AL T ¥F
Arolel Qlna BAY EA FEE
dieks] sAzskar v GubEel HI o“ﬂ"]‘:}. + A
of AAE W X Y7 e o,
9 X%k—% A ARt = A A9 Y°ﬂ g d&e
27} A4S TE X7t Y2 ‘Granger-A & gl whgt
o} Guilkey ¢ Salemi(1982)9} Geweke et al.(1983)9)
oa] By ZeZHE(Monte Carlo) 294 E Q747
of EH 53] AFATA A HE LFEY
B AL A= A8 A IHE Sl
Aol 7wk g 7%#% 714 sk

Granger— <1344
> o} A £ AFolAE Granger-A34 AA 71EE&
Q= AR o o]-&-3ht},
60616263646566676869707172737475767.7787980818283848586878889909192939495969798990001
ol
e 1UTHT (HE) ~m- YBU A (10052, 10212)
a2 1. Aol ALEE Skl E4H| X2t DU EMAL XIZ

BEKERBSHNE

872



Q

ranger-21 344 A8& #8387 AME
o] AAge] kg Holofof gtk QNI
AdHnon-stationary) AHEE ©|-&3}A
(spurious) <134 ZAA AHE THS
2 Ao JFHUAHGranger 9
Newbold, 1974; Stock ¢ Watson, 1989). whA],
Engle ¢} Granger(1987)9] A7-dx&8 wha}, HA AlA
g X Y9 kA, & 24 W] 99 (unit root)S
B2 gelsjol sty @S AAE WdE ZA
DF-74%, ADF-7AA4H, Phillips—Perron(PP) A
(Phillips ¢+ Perron, 1998)°} Sith. DF-#74%-& 717
T L olate] EATA Feg AAZ sh7)el Ao
o] glo] FHtellx F ol &HA Ferh EY AHgEE
ADF-7A3g& A7|dste] #A8 BHAHog e}
E e 7HAAY oAbl flvkal M sk Al
S 7Hah wEbs # dTtelAs PP-AARE o3tk
ol PP-HAo| thst FH At Ak

FE7 Q1 oAt diEl] g Aog duA

otk ofw Wgehw EergAol wAHW 14 4
£

m
= A
ox
oz e
-

fBood o

[e]

o =
v
S
o

2 e
= e

4 oHom o

ol ]
=

O

£

o

o

il

olA, Alae} AR Fad FAlehe ot 3,
Azbel 918 Aol ket Bl Aol el e W
ge gebac Wetd Hd 12E olgstel ABAR
2 A%k Aol Basith B ATl e AZATol
A 744 ) ol 45 AIC 23 7)&Pantula et al,

W

(Co-integration)?] 71\d-2 A7\l Z2A F+ 7l
1 o)l AAAAGe] AMAHeR TA 22

Hm

)

= 74(Systematic co-movement) 0.2 Ao 4 o

B, o]y d WAV} EAFY W FAR] EAFT F
o}, whek XoF Y7b 247 Eqb AjAdeldhd, XoF Y
o] MPAFLE A FFH 3 (random walk)d AoZ
o’ viEngle ¢ Granger, 1987). 3F7%t ©] & ®4
29 B 2 Z=X-bYe GHAY AL 7H

& ik wehA] ek gde] AYeEnH e Xot
Y7F FAEH Advkar gtk

olgA Xt Y7t 44 B8R
wo] Jrhd 29 Granger-<134] HAH o2 HE] ]
FES fEskA R 2AH(error-correction
model)oll A% B} T2HQ b HAE sfof g
CHEngle ¢ Granger, 1987). Wkdol X} Y7} 2442 =

=

A A AGelHA o] F AALY AFAHE HA
Aot EFAQ] Granger-13Hd 2 %
of #TtHToda ¢ Phillips, 1993 w&id m&
Granger-217Hd A4S F93b7lo] A B39l 2
Hloh AAAF ALY FAR Ao sy 7&*36}%
Aol Hgasir}
AR Aol

M)
E_lﬁoko—’
DA 7

A Enger ¢ Granger(1987)

o] WA Johansen ¢} Juselius(1990)9] =we] Sl
Axe FHE @A vt AztsEe WeEs 349
ANAX FH8 HEE 73 o, o] JANNAN f=
B Al ga G 1AE FAste] 34 #
T2 gddste AAgolvh Fale HEAEHARA B
ol Al AR AP E F83 & FAAF P
o] FAR AG(rank)E SAFOEA FTAR SAF
& AAsk=w, ’5—-_-%‘ ?Oﬂfﬂ XVM] Hja] 2ot g
A&t 285t

223 eAFA 2y AR AA

ot
fio
0
DR
o &
& A
e >
o o & 9

oX,
Ke3
dr
=2
=
e}
)
i
ljo
F =
o,
)
o
it
4
2
>
>
o
2

= BTEE $4

Z_4|

719 4892 P14 WS ¥
A hsd

ha

_]

o,
o

g 7P A

A Hok spARE QakA B

o g0 2
ofo o
AP

ol v
g o r_ﬁ o,
~

e
Jn
2
=

oft

Ly
AY; =B+ Eﬁm‘A Y.,
i=1 (1)
Ly .
+21512jAXt—j+’Ylft—1+U1t
j=
Ly,
AX, = Pyt EﬁQMA*Xt—i
. i=1 (2)

+ Eﬁn]’A K—j+'725t—1 + Uy
j=1

A A%,

L&
a8,y FAYsord F——T—, UF: AFF oIt} o2

4) EZA9 Granger-3A ZA dxk @ Ao HalME Yoo 9 Kwak(2004)8 e = vk

}37H H105K 2004% 104

873



£, 2 UL o] FAHE FHE FF2 A9
Zapgkel Al Zhlagged value)©)th

Yi=ntmX +e, )

SHAFY AATEE JIE 7R A uz
g FFE vAth AR £E zejHoz FA s
A FHAFE T8l ZFED ARg FEo o]
E 7 Utk wEbA AAS(Lyy, Ly Loy, Ly, )2 AA o)

T TRIEE B AFANE AICE A UEY
E FEoA HF AxsE 2w
AL X7t YE AFshs A oo dis) g4
i AREEE, A(2)F Y7F X& A3shs A oo o)
3 A8 W ARETh (DA AX,_, 9 FAATE
o] BF BAXoR {FoIdW X+ YE wWH
Granger-Q1#HghthaL ek B A(1ollA] x4 &
o FAATAY 0] FAXLE Fofatd X& YE A
Ao % Granger-21#sttha dic} o] 3¢ 7] 49
AZFE ] ojgho] FE&BG P Fi=
b el ol Ar|EAE dYiita 1
th ek AX,_ ol FAAFT xR FAAS
7b B FAHCE o5t XollA YR Z(strong)
Granger-Q13gdo] EAgtta g} vz 2(2)
ANA AY, ;¢ FAAFTEC] BF FAHoE fostd
Y& X& 971322 Granger-#gtia o), w3
Q)M eaEAFe FAATAy, ] TAHLR
st YE XZ A7)14 02 Granger-¢1#sttla s},
UHOEAY, o] FAAF QAFAEe] FAAFI B
¥ BA-ez foshA YoM X&) ZHstrong)
Granger-¢13}44do] & slcta g}

K

X M
a

re

Granger-17Hd AAoNA = Aol 4
MRS ARTAX, U AY, o) 237
o% F% A ¥ hROBA ATy
fe dstuArt dehd 5 9E st
g RRAE Bo1H AR op
ANBHE FEE 7S B8 %

o A A7 EBANA L o

,\
&
2

o

i

L do
N
o]

[0}
o
[o]
ro o
oy X

L o
LS =T )
lo

3
N,
)
o,
it
1

ol
)

oo
53]
to
R
o

>
2,

w@ D
oxl
H
ol
)
g
5
2
oft
0%

fr e
ol
2
o}
>
&Y

Y oft uf
rJ

X

ox
Nk
ot

oy

TolNE AX,_, AY, , QAF

S
S
+
e
® ol

ox
odt
fo
o
p
N
N
o
lo
o
B
g
)
ox
ol
o
N
do
g{é
K
b
o,
H
rir

Kwak(2004)¢] 4575 uet 992 3
Bt JoAA FArEE 10%= s
AT Zo] e o] FH Hgs)
bogsoln &l B AR A AME
£ AAsted ol AAEE HAse o
S AHEE d ALE 1F AE3| =
& ATENA AAEnatural logarithm) &
Fe ARRET mEgA 2B A B4
(WC)st ZUFSAAHGDP) NAE W] A=
HS (LWC 2 LGDP)Y| di] 492 2 4
AR A} gk & 12 PP-AANE o] &3 w9y

HA443E gofsta gk

o __I{Zi
Sh

o

=z FUIO

N
o X

)

>

o ®oo 2
o g
-

b

)

=k

tdoale ap

1. ool g4y

o Phillips-Perron(PP) A&
TE 1A g
LweC 0.74[5] -3.75[107*
LGDP -1.15[2] =5.71[2]%x

F) =G wxz 22 ol 5% 2 1%30lM ARIIe] 7)ZEe Yebdrk Phillips-Perron B2k} 943 109, 5%, 1%l
A9 QAR Z4zE -3.19, -3.52, -4.20 otk BF ¢ke] £x1= Pantula et al.(1994)94 4A)E AIC(Akaikes information
criterion) & ol-g3td ZAA A A)A} Frolnk YAXE MacKinnon(1991)o] A3 A=k

5

<

LHAE AR g F9H Hagh AICE FAA YEE FEI 24 2L £ Aok 2R AEATAM ATV 1y

2 5 e Al ARG AFE ) AAL AR AAe) 4 R ZRE9 FY2e] TaEE We sige] 9%e w) vy
olth. £ AFolN A AAL A= 42940 ErEuz usHE HU AAsE 85 Ao

6) g &°l, Glasure 9 Lee(1997)2 &5 Y7tE =29 UA &uish AAGA Alolel AztdAle] e BA sl e, 124
2 Granger-A3Hd A4 714& A8 Wt AdBAZ 2AHA @, LATYTIS Fesduiy Pustel AnwA
7t EAHYEE AHIEA REHQ Granger- A AA71Yol obd ASARG 2AF Ang AHIHS Hgaof

03 FAA

874

BEKERETHE



A= 9 PP-SAH
X1 -3.198t} A oA

Ao B o] 37&6}&1 ﬂwgoa g3 =2
2L gt Eg
Abzol dojAE
4 7ol Ko
2ol FUF AL
ojA|"t 12} xHiE-& shA
AEE g8 A3

g

Aol A,

10%°1 41

fd

Sz Fe 5
3 )

AN, 1

ol
-1
T

r ﬂ-HlI _—y:

o
whaa
| g

1=

.

<= 10%

ox

e

os e—g— 7
5

Granger OJ -

o 2L g2 o 2 Mo

ko] HE ololrol= F Al AEH
Bt 4 /\1741%91 AgdTo] IAHAA ARE A
5 WC 2 LGDPAAD tar 3%
oﬂ AA= ] 9t #ao] we, 2
A AANA FAHE WA Al ﬁﬂo}gig

ST o L w
@3t o] FolM & 5 3l

+ 9
o, FHE WMEIt glke ATANAH r=0)
M) 204002 FAGE 19604 TAEe &
& dlek aEt FHE WE7} 7 Askek st ek

= AR (H i r £ 1) o THlEA o] 74260 2 %
o 5% 1%l 7]zke 4= glt)h uleld &

(o]

oA RHS 2Asl7]d] GA, A()H} (R HE

He 2AFAHREe] ok (model stability) 2 A3
Ha7F vtk 2o EQMHAHL EAZANE AF e
01

HA st FH FAGAE Hojz=gA ok 2 4
4371 913l Brown et

al.(1975)° 98] AlAl" CUSUM(curmulative sum of
recursive residuals) FA# CUSUMSQ(CUSUM  of
Squares) #8E o]-&3t3tt o] HAHE AAE 28
of A3tsl T2 3K structural break)7F YA A&
T AHE & F e AoE AHRE S o At}
T3 Aot Aol il mlE e Bavt ¢l
= HollA g dvty o]t Greene, 1997, p.355). <
g 0 2 CUSUMY CUSUMSQ7F 5 71¢] 5% #-2<
Fo| A Hro = Hojdthd, o] o] EQMAA
g gugt) <Y 2>9 <19y 3L 47 A ()}
( ] EH‘JL CUSUM A 24_,,]_ CUSUMSQ pal ?G‘,] @
I}F "}EW* aglolvh Byl <t AN 44

K}

>

Atolols el 19%014 10 FH% @A} &xﬂ € =gl FA7I0M AR AL S A
FrheE AES WE F Utk B3 oV &9 T 34 SAAN malo] 5 2o
B #AAGTEE 388 A2 19 19 dA s
A0 AAGE el de] AdmA EAgcE AL ARA Y wWE2d 7 ARES AY|HL
349 o]F(eg, Abual-Foul, 1994; Yoo ¢ Yang, FEAE YelaL 9t} olE o] &3t A AHRY
1999)3te A g webd @) E4n|9t A < TS VI AlrE 78 T Adth E 3& B4
< M2 FAEE vt A& " 5 itk 7t BAREE AFse A ARE AR 9 23
ol 7 Wl 7|4 #AA(ong—run relationship) FAEY FAHAAE AASIE lom, E 4= AA
7t AEEE viske, Aol & W0 2 9] Granger- o] BEAHE IFsHE A FE HAI] 9% 2
Aapde] EAE & AUtk obgd F /Y AALE ArRRYe] FAANE T ok
# 2. Johansen 3&& A& Z3}
B4 S EA \ ; e A
PSR ES ) 9% o % 9 Az
TR (Eigenvalue) (LR} 5% AAA 196 SA BAe] A
=0 0.4667 29.4300 19.96 24.60 Nonex:x
r<1 0.1912 7.4264 9.24 12.97 At most 1
A AL 2 1 LGDP=—66.202+6.026L WC

) $xv)(likelihood ratio) EAITHEA .. (r)

T Y5 1%04 ARl 717k
criterion) & ]88l AL

i=r+1

#3748 B10%%F 20044 10H

—TE In(1-}) o), AR/ “FAR wlEe] s7} rojun) FA ook
& veRdth HFAARE Pantula et al. (1994)o4 AAE AIC(Akaikes information

875



15 186

B et 12 L
5]
0.8
0
0.44
N [
a0 T 0.0 =
-15 T 1 1t v 1 v r 11T 1T 7 7T T-F 17177 —0'4 T rr 1 11t 1 11+ 1 1T 17 1T T 1T T 7T 1T 770
80 82 84 86 83 90 92 94 96 98 00 80 82 84 86 88 90 92 94 96 98 00

— CUSUM ---- 5% Signiﬁcancel | — CUSUM of Squares ---- 5% Significance

' 2. (1Al gk CUSUM Z& 2t CUSUMSQ #Eel Zxt

-15 UL T T T T -0.4.,.---..--. T T T T T
1980 1985 1990 1995 2000 1980 1985 1990 1995 2000

— CUSUM ---- 5% Significance I F— CUSUM of Squares ---- 5% Significance

a2 3. (4ol thish CUSUM Adat CUSUMSQ ddel Zot

IF 3. SAH|oM R Re| oY HME 2t 2RMTEEE e FEAD

s A -5A1%
e 0.195 0.39
ALGDP,_, 0.207 0.93
ALWC;_, 0.294 1.86
ALWC,_, -0.252 ~1.50
ALWC,_, -0.304 -0.02
ALWC, ., 0.013 0.08
ALWC,_, -0.404 -3.03
ALWC, 0.118 0.99
ALWC,_; 0.076 0.66
ALWC, 4 -0.238 -2.86
- -0.739 -0.24

R? 0.628
F—3A% (p-30 3.682(0.018)

) AIC(Akaike information criterion)Z 24371 $5ollA Azt A= 3Uk

876 BEKERRSRNE



E 4 HHHToA S4H|2o e AYE 2l LRI FHAD
e FAAF t-EA%
s 2.220 3.88
ALWC, 4 -0.037 -0.17
ALWC,_, -0.247 -1.35
ALWC, 4 -0.535 -2.69
ALGDF,_, 0.468 158
ALGDP, _, 0.388 1.30
ALGDP,_, 0.287 1.05
ALGDF,_, 0.179 0.61
ALGDF, 0.279 1.02
ALGDP, -0.328 -1.64
6 4 0.047 3.85
R? 0.677
F-3A% (p-3b 4.791(0.006)

) AIC(Akaike information criterion)S FA3N71E 50
T FARAT] AAE F-% =
E R Oelek % B} AR
Feth el ARG BEANE st g

/\4 0 7_}71— Fo

Bias!
= ARFP). zwﬂ <E 3>°ﬂ/‘1
A7 B Oolgke AR}
g 3] 2art A i

O]E‘r‘“ ?’1~r7}’“°ﬂ thal
4HlZ Granger-$12}3}
@71 13d(short-run

o wn <

< 2*% 3] BAH fAA
)\H]7} AA44S Granger-<1 & 3}5 Ag HAG3h
ulR7IA 2 3 40 AAE AT
3 t-AAE Hg3td TAH fox
2H Aol EA4HE Granger-2Adshs A& A
geh o] HAHL A
AAske Aolrh”

i
N

13 (long-run  causality)-<-

AR, R AR 94T F A 2R FRHoE ¢
|30} F, F 394 ALWCRAFES] FAAS59) A
7 FE <E 3> 2 <E oA 2xeAste Aert 073 20,0472 F

7h @7l 2FHH vUuREs ol 24Ee njgich

E374E SE105% 20044 104

|4 A7} A= ick

u}xwm % 4

3
7}

A A4 o] %iﬂl = Granger—ob}o}—— 22 AR}
A7l ¥R olmE wr|E#(short-run
adjustment), & 7 <134 (strong causality)& AR

o] g9 MK AAAAE AL A¥E T 59 &
okEle] ok WA EAiH|oA ATz AT
< fFoEE 10%004 Drlel= SRA=A, 7)o
EAA @tk d AAGelN BauRe] oz
AL FFE 10%0A Drlols #A8A 2w 3
ZlelE S AR 7 Al e Awn
W, QlFgo] glrke AFIMEE +
o] E4n]g ﬁx-]]/dx]— /\}OloﬂE Fpake] 7
tzﬂf&‘:}i A8
kel ABT{ATF EABA R %

=
}8ko) 01447:]]7} EAg). ol

2E Fushs Wy
@ Avhe, WlelE Bau) AR S8 A

azAe] Ggo] ZaATE Abe] A} 712 7P
SERLE REIESE

s

Ere} JiA o w2 njFE 2t

e, ol ArlEPelAel o=l 73%UA 47%

877



I 5. Granger-

o|plAd 747%{7:1;:_}

97 A7 A
Granger—2%134d Granger— 21941 Granger- 34
=Bt _ N (ALGDP ®xALWC)

Aasde ALGDP E=ALWC LAY A

F—%A% t—EA)2F F—SA%
2] 3.68sx% -0.24 2.19%
AN (0.018) (0.809) (0.093)
ARG - 4.79 3.85%x 3.15%x%
2 (0.006) (0.002) (0.022)

) oxErAEe GDPOl Ulgk TEE WEE AFsKnormalizing)3E E=EE 2eRS vepdd, #HAHAREE Pantula et

al.(1994)¢l14 AA1E AICel
= BZk(water cost)®] F3goz EAH|ZT AR
o

avlsh AARE Aolols el %
she, ol F70] Jg dekeh Faviu A
WzAS sl PTYS BT
o Seudel Qolx BaBlst ARG Abelole %
ware] QaEAsL A,

A
ool 73 ¥ JHaAAVF EATL HHEgky, =3

= Yol A 7oz UzAlE #AI7F )
2 Eav)e} AR Afolel
Granger-Q @A77} &4 A ARE 2y
el AF5Hoz HAsSIATE QoFskAtd,
g AAE HE3sl7)el

=
[N
oW
di
2
[0 oX

A3 Abololl FEke]
Aupdel EAFE WASAT B4 AR A
olo] W& Granger-<l¥Hgel HHAL suet Al
g A3 ALY FL AAZANA F A /87
A NS AFch WA e £F Exve
B2 FE FAEEE AT RS e Tk
Bgo] AANTE AAE 5 UES Auigth BE
AAARG) FFE miAle BE o 8RlEe] EAst
I BAHE o] F9 ARl A, AR
A% YME Are EFES 2ol AT ¢ B2
F27F aEthe g2 By welth
878

28] NHASHATE *, #x, wexiz 2L FOJFE 10%, 5%, 1%904 FroldE vehddk

Udo s ALES HUET, IUEF F
d FAe e g4AETel $71E
W, o dorh 7h o Avte) f91e HAsEA B
WA fAE ERsAl Boh teb AABFE wrt

A

ol

L
i)
o
oy
5
i)
)
o
=
o
g
iC)
ro
oz

s oe g &

=971

o A%
Ashe
stk 2ely Pelwr SlE §FFHE BAEAEF o

‘ oz F5E, Arai,
& oAl SAtge) )
AR g BE

AEZF 572 Aol 5 M=

= AAL A R

K ATHREE fEE Aol
dEtht ¥ a7e 2ujdae] 2445 2717

2 714 & Rl Ae AnAols & 4 gk a9
ve P EE 259 ASH o) e Ba
u] 27} tiAslel, savel AA AFEFEE A4
o] Ar)H oz WAHE Qo] BT FET AOE B
whe,

7y, B A7e Fag WAL e B

BEKARESHIE



o} BAEN QoA e AR P <
HAdo] EAgTHE Btk Cole(2004)9] AFolA 24
o), ditgoz sEyele 22 Az A=y
ol dolM EaH] Qxete] gH AAdel 2l

A el Fask 84de BHdith Axd, #BAY

S AQABAS AL FFA el Bo] Basin
[e)

B oA welm Qe Balsh AARG Aol
o] 7

Al A AAPRo] Selveow

sk
®
ol
2,
o
ol
L
>
rhe
I
Jn
=
o

= =1 =
stk HETht Zeid BAe AFa5T 2ot A

2 AR g AFH T2E weled V9 F de

Y Yot B mRelME BavlEe ABE5d @
o

F7lele] zt7}e)

S 88 FHATH A Fold) wAgon gau
b AR Fefete RS nrt dustn FAH
oz AFTEE ATE & 4K /5T TSR] 9
Aol

A" ST AEEE =88, A30E, A4zE,

pp. 367~371.
S (2003). ‘N - ZEAFY] Ean|eh AFAAA
A ZEHS A39H, pp. 117~120.
SR AFAL (2003). 22 olali(Water for the Future)
SR (2000). A=A
Abual-Foul, B. M. (1994). Water Consumption and
Economic Growth in Jordan: An Input-Output
Aralysis. Ph.D. dissertation, University of Utah.
Akaike, H (1969). "Fitting Autoregressions for Pre—

3T F109E 200449 10A

diction”, Amrals o the Institute o Statistical
Mathermatics, Vol. 21, pp. 243~247.

Brookshire, D. S. and Whittington, D. (1993). "Water
Resources in the Developing Countries”. Water
Resources Research, Vol. 29, No. 7, pp. 1883~1834,

Cole, ML A.(2004). "Economic Growth and Water Use”,
Applied Economics Letters, Vol. 11, pp. 1~4.

Dupont, D. P. and Renzetti, S. (2001). "The Role of
Water in Manufacturing”, Environmental and
Resource Economics, Vol. 18, pp. 411~432.

Engle, R. F. and Granger, C. W. J. (1987). "Co-
integration and Error correction: Representation,
Estimation and Testing”, Econometrica, Vol. 55,
pp. 251 ~267.

Geweke, J., Meese, R. and Dent, W. (1983) "Comparing
Alternative Tests for Causality in the Temporal
Systems: Analytic Results
Evidence”, Journal of Econometrics, Vol. 21, pp.
161 ~1%4.

Glasure, Y. U. and Lee, A-R. (1997). "Co-integration,
Error-correction, and the Relationship between
GDP and Energy: The Case of South Korea and
Singapore”, Resources and Energy Economics,
Vol. 20, pp. 17~25.

Granger, C. W. J. (1969), "Investigating Casual Re-
lation by Econometric and Cross—sectional Method”,
FEconometrica, Vol. 37, pp. 424~438.

Granger, C. W. J. and Newbold, P. (1974). "Spurious
Regressions in Econometrics”, Journal of Econo-
metrics, Vol. 2, pp. 111~120.

Guilkey, D. K. and Salemi, M. K (1982). "Small
Sample Properties of the Three Tests of Causality
for Granger-causal Ordering in a Bivariate
Stochastic  System”, Review o FEconomics and
Statistics, Vol. 64, pp. 668~680.

Hsiao, C. (1981).
Money-income Causality Detection”, Journal o
Mornetary Economics, Vol. 7, pp. 85~106.

Johansen, S. and Juselius, K (1990). "Maximum
Likelihood Estimation and Inference on Co-
integration with Applications to the Demand for
Money”, Oxford Bulletin o Economics and
Statistics, pp. 169~210.

MacKinnon, J. (1991), "Critical Values for Co-
integration Tests”, Long-run Econorric relationships:

and Experimental

"Autoregressive Modeling and

879



Readings in Co-integration, Edited by R. F. Engle
and C. W. J. Granger, Oxford University Press.
New York, pp. 267~276.

Munasinghe, M. (1992). Water Supply and Developing
Applications, Boulder: Westview Press.

PAI (1993). Sustaiming Water: Population and the
Future Renewable Water Supplies, Population
Action International, Washington, DC.

Pantula, S. G, Gonzalez, G. F. and Fuller, W. A
(1994). “A Comparison of Unit-Root Test Criteria”,
Journal of Business and Economic Statistics, Vol
12, pp. 449~450.

Phillips, P. C. B. and Perron, P. (199%). "Testing for a
Unit Root in Time Sertes Regression”, Biometrika,
Vol. 75, pp. 335~346.

Stock, J. H and Watson, M. W. (1989). "Interpreting
the Evidence in Money-Income Causality, Journal
o Econometrics, Vol. 40, pp. 161 ~182.

Toda, H Y. and Phillips, P. C. B. (1993). "Vector
Autoregressions and Causality”, Econometrica, Vol.
61, pp. 1367~1393.

880

Tortajada, C. (1999). "Workshop on Challenges to
Urban Water Management in Developing Countries”,
International Journal of Water Resources Devel-
opment, Vol. 15, pp. 533~5&5.

World Water Council (2000). World Water Vision-
Making Water Evervbody’s Business, Second
World Water forum, Hague.

Yang, L Y. (2000), "A Note on the Causal Re-
lationship between Energy and GDP in Taiwan”,
Energy Economics, Vol. 22, pp. 309~317.

Yoo, S. H and Yang, C.-Y. (1999) "Role of Water
Utility in the Korean National Economy”, Inter-
national Journal of Water Resources Development,
Vol. 15, No. 4, pp. 527~241.

Yoo, S. -H and Kwak, S. J. (2004). "Information
Technology and Economic Development in Korea:
a Causality Analysis”, Intermational Journal o
Technology Marnagement, Vol. 27, ppo7~67.

(=29 5:04-72/%57:2004.07.26/ 4 A+ 5:2004.09.15)

BEAERREHNE



