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Abstract

The purpose of this paper is to find the desirable R&D policies in defense area by analyzing
causality between GDP and R&D investments in government, private, defense sectors. We have five
variables which are composed of GDP, total R&D investment, R&D investments in government,
private and defense sectors to figure out the causality between R&D investment in defense sector
and other components. In the course of analysis on causality, we took the unit root test of variables
to prevent spurious regression. Also we need to take cointegration test about non-stationary
variables before the causality test. According to these test results, we took the causality test using
ECM{Error Correction Model) for the models which have cointegrating relations. And we took
ordinary Granger causality test for model which doesn’t have a long-run stationary relationship. As
a result of the causality test, it was shown that there exists the long-run causality to GDP and
R&D investments in government and private sectors from other variables. However, there doesn't
exist the causality to defense R&D investment from other variables. We found that there doesn't
exist the causality between R&D investments in defense and private sectors, and that they are
independent.
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e J] 2t vOld x22| gt AX, =0, (Y, _, —BX,_ ) +uy, (6)
- SRES]
= fedd=13-13
aA | o HrS = e o)A E W% V% X9 FHAR BAYE
o o | X YE HZ 23t glou, Y, =BX,+¢e ~10)°lth. 949 713 ded
e H e N5 =2N

FHoz A% 9AA e
g B8 49 Wez HOS F EEHY
Granger WA FAE ANl oo, o AY =ated .+ B AN+ 16,4,

EFAYU Granger QWA FHE A% )
AX/:‘b+%€/——1+2”/2i‘3)(/---1+252jAYr—j+u2r
=1 =1

@8
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QoI ;& BHEO EAY W Are 31 HU AY A

ook Aol SERLAS IFL LA pong A AR Agd A% H7A 9
Ae =, =hn ol WA e 00 aae opst) A g A 94 B9l
ojtt. olefd LAEARYM AT E o ARG Agsian o] w §o4Re 5%
At ApEred TgE ANTYCE SR sjzom st asle BAREe 43Ry

T2 n

iA]?;] Z= ke :L%l-gl.;;_ 9= ;—\]o]r:}_
(e}

A (e x71 Y& A =Xl o8 AA (1987)7} Monte Carl

)

g uwj AFEEY 2 (8) Bl yrb xE ¥ HHe Wt EQAsite AFHEs v)14s)
A offe dis] AAT o AHgHh A (7) T A%(Type-1 22)S ZshAl ztx ol7] Wi
S 28 B o QAFARRFS o] &3 A o RAHAE H3ted ADF gAY o4& A
A AR g9 A 7HAE A8dE ¢ gtk ¥ stz Q7] wEeitii4l. o W #AF HAL
A ax_.o FAAES(y,)0] BF EAHoE  EViews 412002) 574 Z2I8E ARt
folEtd x= vE @792 2 Granger-9 33t

G
ta gt £33 0AFATY FAAFL o0 e Azt AAE AsE AHEE] o

gAdez foaw xt vE3 ArlHes

G2 HA AR AR & =EdA A

AAE 9712 Ajgtel 1, Schwarze 71&

Ax .9 g SC g& AR ste AIRE A4t =

2RAc 2SR FAAS o0 mE T FEE AT WAY 244 Qo) A5d %
EARo® Fostd xolA vz Z(strong) AAFA wTE wASAT wTeE aEe
Granger-1#Hdo] EAgttL @k &, kg AL Aedte e Zo] Brh dubH o)y
1 = JE & o

AEae Besel urld And gy am etk AUFAS 2HR S E AT
] 2= 2871 AARZA AEAE 71

4, 2R 7 AR A A BE Anw
2 9e Aogw wuslddr] wEoltH17]. UA

A AAol 7hssoHl7].

3 5= 23

els SR P e i ,
GDP —1.446499 (0) 0.8275 -3.552973 -5.942593 (0) 0.0001 -3.557759
RDT -2.924371 (8) 0.1721 -3.603202 -4.750210 (1) 0.0033 -3.562882
RDG -0.050506 (0) 0.9937 -3.552973 -3.612651 (0) 0.0445 -3.557759
RDP -3.170096 (9) 0.1137 -3.612199 —4.180403 (0) 0.0125 -3.557759
RDD —2.302841 (0) 0.4209 -3.552973 ~7.402995 (0) 0.0000 -3.557759

() SC e Haw she A g

x A" YAIRE MacKinnon(1996)9] -3 5%l 3t
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NAE Azg dugE €5s 79
AR WAV 24T A%
Wol @Ebnz AnwA AAl &
ARe ANE Best Aok
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47 o
Nox

& 32
o
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rir
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o
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Az
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V
X

3.2 3HE Ad &3

Aegxlojopst dirh oA AFsIA
d+e AAE A% GDP, RDT, RDG, RDP,
RDDE 4| 714 B¥ o2 FAsto AfdA £
He 4 10}71] Flmi Ztzke] PAo g F=

o

a3 7 Wl A S A%
#7  Johansen (1988)%
Juselius(1990)7F A2 & ¢

wod o
Johansen and

FAUEE A8

Ak
THE AL Al gM dse 3A
3 abR AR HPAIRE BAHo] ofFojFop
o THE AAdME EAY FEUTFER
TA4HE VAR EdA AICH SC @& Ha
B oREE AR pdA ] ARE Z2AZ
5 AAAAE AHEFET duskE priY

=3
.
)

(av)el Aol p—174e] AA7E £357] o
tH191 01 of wet WA VAR(p) ZENAY A
A pE AAsteiok gnf, Alxe SCE AHE3A
o 1 olfre AICE 4&FEA 4A4& WA
FgeoZ
397t FF 71 WEelt19]l VAR
G Az pE ZAFI] AT SC @2 <E

B T JoH, A pE 2dasA &

A
=]

GDP-RDT 52.83209 46.66193 47.08306 47.43144 47 81 056 48.31049
GDP-RDG-RDP-ROD 87.589 81.19843 82.93013 84.91605 85.29273 85.37533
RDG-RDP-RDD 60.14306 54.92403 55.79087 56.81584 57.82532 57.50046
RDP-RDD 40.84931 36.39085 36.66309 37.04706 37.25602 37.31506
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<E 3>oﬂ el dEol SC #e A 3

‘:’3391 Aabe ZF 1A= %“351‘215}.

Alggste] 2lo] 9 AlAGAE A
Al(linear deterministic trend)”} 21tk

é AR(D)

He AR }“ 027} 51‘:} 9, 53
< q
2

2% B](likelihood ratio) AR EA
ZFoll A trace 7AE A Hltrace statistic)S 7]
oz AAL A3 FHE AA 2
<E 4> AAEo] T

re FN

e
= (* {None) 0.380017 16.58660 15.41 20.04

GDP-ROT
r <1 (At most1) 0.024262 0.810514 3.76 6.65
r = O {None) 0.703398 62.33334 47.21 54.46
7 < 1 (At most1) 0.340198 22.22633 29.68 35.65

GOP-RDG-RDP-RDD

< 2 (A most?2) 0.217323 8.504411 15.41 20.04
r < 3 (At most3) 0.012594 0.418257 3.76 6.65
7= O {None) 0.581213 42.43439 29.68 35.65
RDG-RDP-RDD r <1 (At mostt) 0.321932 13.71143 15.41 20.04
r < 2 (At most2) 0.026629 0.890656 3.76 6.65
7= 0* (None) 0.313118 19.82491 15.41 20.04

ROP-RDD
= 1w (At most1) 0.201613 7.430333 3.76 6.65

# YAAE Osterwald-Lenum(1992)°]9, Johansen & Juselius(1990)3 vhd Ao} 9lg
H ) - K SE %1% Ao vl

oo AR

WA GDP-RDTY #AE HHEY FHE
HE 7t 2A8A] dede AFH(r=0)
AREAF| 5% YAAETG
%6 A A 7H o]
 HEgert Hd ekt gl
Vel dsiA e trace HABE
Aol 1% 2 5% YAXEG A YeRt &
AFE 1% 2 5%NA AFIVEE 7148 F
A}tk =, GDP-RDTY @AM E #oF
5%AA 712 kA stupe] HEFH
7 EA(Y, 1%AA =

A= trace

27 ekt §95% 5

Solvh ¥k 33
e ARG <

Lt

2 w8IYE

2] 4*(cointegration rank)

T

¥

7%

A

th& 22 GDP-RDG-RDP-RDD] #7Ale o
3 FHE ARE AAF A% AL Hert
AR Feve AT ddMe ol
£ 1%e 28 SxelMx AR ol 712499
o aARE TR AT Ao sk ST
AFMEL Frods#E 1% 2 5%AA 7148 +
$ii7] W E-o GDP-RDG-RDP-RDD®] #Ae]
AE FAFFE 1% 2 5% st THE
g o] EAstE AR e

GDPE Al9stzr R&D FAol A3t
RDG-RDP-RDD9} #Al] sl F4E HAS
A& A2 GDP-RDG-RDP-RDD®] #7419} vk

O
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E FASE 1% D 5%A htel §4
B4Ae] B,

7¢u RDP-RDDY #Ao] tie 882 2
AIHE FATE 5% 3HE BARN ¥
A e AR, 1%IAE FAR geow
et &, ¥ RDP, RDD AAY As7h o
AHolete AE QA H9th ol A2 A
Adel I1)WHelgs ADF B2 B4 23}
g el Agolth olPA AFRAAN T
2 A7 ¥Re ASEE dEte F9E B
Y84 BR T ARAL, A8 HE
of 2ERo|AH FAL A AYHo) ol
A7) dgQ A7} woHgl olel w3l 1
e o A8 T ot Ao) TAE WA
9 ARge] BT AP, ool 1
¢ RDP-RDDY #AId: 338 B4 =
Ash getha Bosa.

F4% 44 Z%l wWeN GDP-RDT,
GDP-RDG-RDP-RDD, RDG-RDP-RDD?| &7
o dEdE eAcdREe BEE Anws
43¢ 4483, ROP-RDDS} BAlo] chafA =
EF49 Granger A4aA A4 9% <3ty
gqlo] d@siojor Bek

Moo 2k

3.3 olntaA M 23

FTHE A3 47 3HE HAHA st EA4
+ GDP-RDT, GDP-RDG-RDP- RDD,
RDG~ RDP-RDD E¥] disjxes 34w
e BF JAEA BAE A o ¥
HE AR HAANAL 022 Yebdo gy
Ukl AFARHEL] A (1) £ @& AHE
&7 Z@sid uEbq 9|1 AdgaEA 2 7
A#AAA FAE AL, 71 ved oA
BEYYU A 5 2 6)F B39 FVFH <3
#A AAE $935c o) W FHE FAY
IR E A AAEde 4% 843 FA0t

L

Atk 7Hsg e, 3HE FRdE AEF
AL sy, 4882 23U =
g oAFARY e dHEE ¥}

4 6), 0 71222 A9 Mg £F
718 QA BRE A8 Az HAE oW
F AR L olgs} g

AY, =¢, +oy (¥, ~BX_, ~b)+u, )
AX, =cy+ay (Y,_, —BX,_, —b) +uy, (10)
A9 2 Q0 xR ge FAAST
(ap, ag)ell dg t-44E& 53 A4 94
& wdstd ¥M4E e Ay AHA
(long-run causality)& ZAdHc. o u

GDP-RDG-RDP- RDD ¥ RDG-RDP-RDD %
F2 49, 105 &% H8sided, 44 2
o= e 2o

w4 GDP-RDT 2¥g Auwpd A5
(ay, ay)dl dg 44 27 F5$8 1%44
Granger #3817 Gevhes AFNMEE 7148
4 glomg GDPSt RDTE #Ar|dog opursr
o ARBAZE EAFTT & F ok olH@
Fake] e A= Hsiao W42 Granger ¢!
18 AAEE 4T 24F - YFR - 49
2002) 2 2AFARYE AR PAE - o
2(2004)2] AFAel A= g

GDP-RDG-RDP-RDD E¥AME A (4-1)
2 (4-2)F 485 m¥ow st FHASF
of e t-HAE dAEck A3 A7 RDG,
RDP, RDDl|A| GDP&¢] #7184 Granger ¢!
#AA FFFE 5%00A FA=J e, GDP,
RDP, RDDA] RDGZ2] #7134 Ad#AE
TIFE 1%4 A" F QIid a8z
GDP, RDG, RDDeIA] RDPE¢ #7159 <z}
#AE FAFE 1%0014 A" ¥, GDP,
RDG, RDPel4] RDD&¢] #7139l AxuAE
FFE 1% L 5%elA UEA] gkl o)
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. RDT = GDP 0.127619 3.09437 %
GDP # RDT 0.007554 4.35905%x
RDG # GDP -0.174456 ~2.33538+
GDP # RDG -0.006420 7679215+
RDP = GDP -0.174456 ~2.33538
GOP % ROP -0.008624 ~3.14238xx
RDD = GOP ~0.174456 -2.33538+
GDP # RDD 0.000407

GOP-ROG-ROP-ADD ROP = RDG ~0.006420 ~7.67921xx
RDG = RDP -0.008624 ~3.14238xx
RDD = RDG -0.006420 767921 xx
RDG = RDD 0.000407 112408
ROD = ROP -0.008624 -3.14238%
RDP = RDD 0.000407 112408
RDP = RDG -0.293866 -5.24706x
RDG > RDP -0.572086 ~4.21358xx
. RDD = RDG -0.293866 524106
RDG = RDD 0.011736 059187
RDD = ROP -0.572086 -4.21358%
RDP = RDD 0.011736 0.50187
B L FARE S%(1%AN AFHE F)A :
A3+ GDP, RDGolA RDP& X}7] A Granger g A7

AF#/A7}L EAsA Fevte HAZ - o9
(2004)°] A+AH 9} tha ol ;igg o= 3
W 2ol opd 4WS ELE ALE-3H 79

& oz FAATh

th&o® RDG-RDP-RDD EdoAE AA
Z3 RDP, RDDelAd RDGEY #7139
Granger ZBATE Fo5E 1%4 EJAHIA
onj, RDG, RDDollAl RDPZ9 713 Qs

AL 5943 %A El=gith whdd] 49
T YA ¢} vha7bA 2 RDG, RDPYIA RDD
29| A714 ARBAE FAFE 1% R 5%l
A dERA @gkeh o]& RDGelA RDPE 9

Qapgdute]  EAgtE ¥
(2003)8] AT-Ze} vha Aol7t e A
A% R&D FAE #F AF R&D FAHRDG)
9} =4 R&D FAHRDD)E T&3te] 288 A
Ao WE AR AlRHT

Ao Al 7HA 2¥F g FHE A
A 474]*‘01 EAsHA ¥geta
RDP-RDD Rl tjgt Qlx}aA
ARol old TFH Granger
S B3 Arsteor dth o
RDD7} 7+zt BetAsly] wjiol
3l Granger %434 AAHS
A AR e] HAY ¢ len
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%3 ¢+84¢ Ad AEL85E(DRDP, DRDD) =
HES 3 4 @Q), @9 o XFE Z&5}0]
Granger (437 H7e 2A8AT

of W HARAAE 13 AE MFEER TAHE
VAR B394 AIC #ol 7H¢ &AL 13z 2
AR oo wE JAAA HA dHe v
3 2

<H 6> EFEXHQ! Granger Ol 33 21

0.48834
1.88524

DRDD = DRDP
DROD | pROP = DRDD

AE #YE & g%tk =, DRDPSE DRDD+
43 593U #AZgL & F Ak

ojde AFHEA HA ZARE BYS W 29
4 %2l GDP-RDT #AAME Ay
YA A71H o2 P Granger A3
At EATE AT F ANeH, ol R&D
T8 Aol AT 2HT #AVE Ao
R&D 59 Z7l= GDPY F7tE 7HALx,
GDP %7t oA R&D F2ke & #dst
= #AE veiddn & ¢ Aok

GDP-RDG-RDP-RDD 2 RDG-RDP-RDD
FACAE dEE ¥MFE B AVHQ

By gttt aEln 3EE dAE 2R
RDP-RDD #AINA+ Granger 134#A
HatA] Zateith

o] Azlsl 2d GDP-RDG-RDP-RDD®] 4
Aa= 283} RDG-RDP-RDD9) 3W5 Z3 oA
GDP, RDG, RDP= A2 2HE J3BAE A
i e Zoz #9d §d, du¥es

o

1

i
"

RDDell Wislxe U2 HEESREY AR
7} Fglo]l YehdA] ebsieh. olefst Ax}rt on|
e A =W R&D FA7L oJEl ¥Ee]
Bohe F7iotRe AAEY oha Sy A<
A AAE AUe Rolg & £ ok 8 F
3 F7)¢] 23eA RDDE U REOoZ]
HEe Ad Ao BEMHJEY, o IW
R&D FA7t B HEo] JdFE v dhie]
A8 AEAN ] A9E Zevn HHE F 3
< o)ty 183l RDP-RDDE 24 R oA
T Wz R&D FA9 =% R&D FA A3l
Af#TA glo] A2 SHH #AE
2 Yehged ol o7 &&3<
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AEzre] 7lesdte] wEdtie Aol &
+ At

E ATE 53 Jehd 4FEY A2 EE
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Avta A Eh

rO me 4m

k

A5y, 2 R&D A: RZEWES 185y
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B =82 3% R&D FAY FE AT
R&D FAisbe] @A F GDPe] Ao
g ZES 1 29 g AAH P A
ANEoEA 3 RED T FAERE v}
B3] gtax *12’3}%14

ol& o] £
AN TR %t SHW HARLE
Agelr] 8 B A7 AHgse 4 ¥y
i B AFE ARG F, 2 =2
A} &483 GDP, % R&D %4, B+ R&D T4,
77t R&D F4l, 5% R&D £ F oAl 744
Bl i g2 AAE B B o458
FEY 27 BE ¥5Eo] BURT Aog 4
Bgon, 13 e 3 dAde %
AFHQ] MR FAFHA

uebA A A4
F olg B&std dAAY BAHE dofof st
B8 WsE Tl AL HFAF o] &
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