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Empirical Research on Cyclical Patterns of R&D Investment
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Abstract : The researches on cyclical patterns of R&D investment has a long history

in developed economies since the Schumpeterian hypothesis that long-term productivity -

enhancing innovative activities increase during recession. But in Korea the cyclical

patterns of R&D investment is one of the unexplored academic areas. Unlike theoretical

explanation of R&D’s cyclical pattern, empirical results has shown that R&D investment

1s procyclical to business cycles in developed countries. This paper investigates whether

Korean R&D investment show procyclical or countercyclical pattern to business cycles.

The empirical results show that Korean R&D investment in private area is procyclical to

business cycles with statistical significance, which confirms the credit-constraint theory’s
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prediction, while public area’s is not sensitive to them. Public R&D investment has
long-term investment characteristics and can be utilized to stabilize procyclically—

fluctuating private R&D investment.

Key Words : public and private R&D investment, business cycle, pro—cyclical, credit—constraint
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2] (specific embedded knowledge) S =
A= T4 (process innovation)9] -9, &5 A (retooling), A& H (retraining),
) Z 2] (reorganization) ¥ 2o FAAAGFE stofytia et ¢ vhH(Francois and

Llyod-Ellis, 2003).
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® ool AR ARE $Eveie] 20009 71E 22714 GDPSE 471 R&D
54 Agolt. 2000 7% A7 GDPE 1970978 20054744 A=} o §7bs
shul @ealel s P ARtk 247HA R&D B4 ARE @3 3elr] 4799
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AXZBA AB71HE 3 R&D T2 47845 ddatr] f1eke] Walde and Woitek
(2004)7F G7 =7F=°] R&D 72| 47|84 545 gotelr] flato] ARgstaid W
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and King(BK) filter(1999)& A}-8-3to] 24 GDP 57H&3} 7+7ke] A4 R&D F4F 57
&9 FAH 9 FgaiE 7H7 FAlskinhD
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2) ¥ Ao A= Walde and Woitek(2004) 2] <
2} F71e 3k A7k 3RS A
& AH R et Aoz QA st

& wela] 47 GDP 27183 44 R&D
]‘_} F AR ARAAE B BAH
BA e oA B e Fol 2 gt}

fwﬂm

154 71507 169 2%



ARERXEE

A GDP T7Hg9] 3849 F R&D FAF T7FHete] 47|84 dadis=
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oF 134, 234, 1 a0 A 9] AaaiA F-57t 4714 A9 FEe loj A diFiE b
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Jot. 5983 593 F71= F R&D FAF A4 GDP S7Hetel 471ee4dS 7L
kil deret 5= Q1S Aol ol 2d % 3d e A v HAL s §
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S 2t e Ao %
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&A% 5A4E A vt 28 5 gl
< 2>9F o] R&D FAk¢F GDPol| thall Granger Causality A €S 3 4

I & R&D T4+ 49 GDP7F R&D FAbel Granger Causality7} £414 2.2 #9st
Al EA3h= Aoz yepdth vbd R&D FA= GDPol HisiA Granger Causality 7}

AR FosHA F= Aow Yedt o= A= $2uete] F R&D FAe 4
$- GDPell tjsjx] F3st= AAIZF At As BofFe slolth SFA s Erpd 5
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3) 438 GDP 57F&¥ CPIZ e A4 R&D F&F S7Hee] gaaAxe GDP Deﬂatori
v 2% R&D A4 S7hEte] A ge AHaAd videtH gk 283 4
ARl A 28 ¢ . ol vE A HAEdA R viRbrbA Y.

4) o7]olA] 1 AS 194 R&D FAk9} 71 dwe] GDPrrel Aeabs ojujsi 1aFe 7]
T+ %9 GDPe 7IEdE tiv] 1d 9] R&D FAREe] #AE 9ngh ®olA= lagZt -1

R&D FA¢] 19 lag W55 ov|eby] dd%E R&D T4 ©FE on|gh

FARe 1 - Wl ﬂ%ﬂ‘: R&D F2 M5 e Flag 1 2
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<% 1> #% GDP &7t2= & A& R&D FAHPPI) S7t=22tel dl|=& 54
Lag 3 | =2 | -1 | o | 1 | 2 | 3
HPC 002723 0006646 0012387 0036505 0027073  -0.0511  0.002692

(-1.09642) (0.813261) (0.581925) (1.925782) (3.078108) (-4.21593) (0.151197)
[0.2806] [0.4217] [0.5645] [0.0628]*  [0.0043]  [0.0002]**  [0.8808]

HPC E -0.02994 0009176  0.013245  0.038021  0.028716  -0.05368  882E-05
(-1.13473)  (1.036997) (0.607675) (1.917439) (2.990305) (-4.05045) (0.004604)
[0.2644] [0.3071] [0.5474] [0.0639]  [0.0053]  [0.0003]**  [0.9964]

BKC -001736  -0.012904  -0.01528  0.059655  0.025506  -0.07805  -0.03627
(-057495) (-1.05808) (-0.56295) (1.92416) (2.399297) (-3.32242) (-1.58805)
[0.5699] [0.2991] [05779]  [0.0649]«  [0.0239]++ [0.0027]**  [0.1254]
BKC E -0.02248  0.002846  0.002181 0.027714 0017302  -0.08572  -0.00463
(-0.84861) (0.279908)  (0.104747) (1.617307) (1.361486) (-3.11985) (-0.22692)
[0.4033] [0.7816] [0.9173] [0.1174] [0.185] [0.0045]  [0.8224]
F1: BKC9 HPCE 27 WiE ¥ Baxter and King filtere} HP filter2 F&3¢ 32 Ax(cyclical
component)$} A& GDP S7hHe =8ka2o sl A4S A8 a& onste] B &5
JAFR v 1919 BKCoF HPCE A4 GDP $7H w8840 3] AR S S
ofm] gkt
20 7F 3914 AUA 2] g2 3T Asgkoln ()9 #&2 o] Ak t-value, [ 19
& pvalueE 97| 3tch

0

O

<x 2> AlZ GDPEZtgx sAZR&D FAI 57232 Granger Causality &4
Granger Causality F-Statistic Probability
A2 TOTAL R&D R&D->GDP 0.7899%5 0.46408
(CPD GDP->R&D 4.56483 0.0196*
A4 TOTAL R&D R&D->GDP 1.22272 0.31022
(PPD GDP->R&D 3.72719 0.03721*
214 TOTAL R&D R&D->GDP 1.04515 0.36543
(GDP DEF) GDP->R&D 466971 0.01813*

! Granger Causality Test: lag 2014 A% #2]0] o]Fojxch

Al R&D 74 S7He9] w@aart 44 GDP S7hee weha
B ZheAE ARt <& 3>0lA Hi whel 2ol F R&D FAH]
AAA e wgt 71044 R&D FA47F 471584& Holar 9
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Granger Causality HIZ=Ed| Qojx &= o] st FaAaAA7E W} #4402 vepdt)
% R&D FAF9] 9ol GDP S7H&2] =3X7} & R&D FAF 7189 &8 o

(¢}

Z7+e 3= W7 R&D T4 2718 +28kx] o] @l Granger Causald}A] €& wt

hil
Aol WA= FAHLR frovste] RIZE R&D F4 S7He 847k GDP S7H %
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HPC -0.04299 0.020497 0.03061 0.046666 0.000494 -0.01817 -0.03175
(-2.88974) (2.191292) (1597364) (2.490858)  (0.06758) (-1.789)  (-1.81258)
[0.0079]**  [0.0376]** [0.1218] [0.0192]** [0.9466] [0.0848]* [0.081]
HPC E -0.04424 0.022767 0.032443 0.047976  -5.44E-06 -0.0183 -0.03461
(-2.90667) (2.204144) (1.711578) (2.456281) (-0.00071) (-1.73016) (-1.7548R)
[0.0075]=  [0.0366]**  [0.0984]+ [0.0208]** [0.9994] [0.095]* [0.0906]*
BKC -0.01991 -0.03578 -0.03593 0.231712 -0.01591 -0.0992 -0.11671
(-0.43) (-1.15062) (-0.63439) (3.488588) (-0.60443) (-2.6286) (-2.38125)
[0.672] [0.2635] [0.5327] [0.0022]* [0.552] [0.0157]  [0.0268]*
BKC E -0.04647 0.00944 1.77E-03 0.156121 -0.03913 -0.03184 -0.11414
(-0.98005) (0.272836) (0.029375)  (6.00479) (-1.4053) (-0.89442) (-3.08012)
[0.3394] [0.7878] [0.9768] (0] [0.1746] [0.3812] [0.0057 ]
F1: BKC¢ HPC:x= 77t wdw® Baxter and King filter®t HP filter2 F53F <82 2 (cyclical
component) ¢} A& GDP 57+ ¢3a4d ti8) 3+A24S AN eS ovlste] E= 23 9A
= UE 1919 BKC9F HPCE 23 GDP Z7He: £8ha2o tia] 37848 31925 ov|gt]
20 7y AR A E9 32 sAREA ] Alggkel™ ()9 #2 o] AT t-value, [ ]9
e p-valueE 9w stk

R&D FAte] 714 540 a3 A4 157



<E 4> AZGDP &7tz 2Z7 | AZR&D F£AF E7F22e| Granger Causality =49

Granger Causality F-Statistic Probability

A4 w7k R&D R&D->GDP 11.0365 0.00053*
(CPD GDP->R&D 0.78016 047117
A7 w7k R&D R&D->GDP 11.1623 0.0005*
(PPD GDP->R&D 2.04212 0.15474

A4 W7k R&D R&D->GDP 10.6017 0.00066"*
(DEF) GDP->R&D 0.35817 0.70314

: Granger Causality Testi= lag 2914 &A% #4jo] o]Foj A}
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A A= Bl A oAl YERhE Ao kst
Granger Casuality A&l 9= R&D FAtet GDP 7189 A7|dsEe 4
Granger Causality”7} A& ¢l Ao 2 Veta go] &35 R&D &

Bl A% GGl ke F4S SwAs) Fau ek

el

<¥ 5> Z GDP 37I22 4% 53 R&D FAHPPI) S7tE2te| g7+ 54

Lag 3 | =2 | 1 | o [ 1 ] 2 | 3

HPC  -0.03404  -000502 0015162 001722 0015127 003833  0.034357
(-1:22476)  (-0.26901)  (0611106) (0.636749) (1.341276) (-191712) (1.552874)
(023211  [079] (054621  [05207] 00911  [0.0659)  [0.1321]

HPC E  -003704 -0.00239 001791 0015701 0015095  -0.04066  0.036%
(-120764)  (-0126)  (0.684805) (0.582477) (1.357888) (-1.83907) (1.652503)
(023851 [09007]  [04993]  [05651]  [01857)  [00769)  [01]
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Lag -3 -2 -1 0 1 2 3
BKC -0.01173 -0.0307 0.002058 0.0502 0.009443  -0.06556 0.01261
(-0.4875)  (-1.99582) (0.074695) (1.608674) (0.70102)  (-2.60996) (0.528825)
[0.6315] [0.0598] [0.9412] [0.1226] [0.491] [0.0164]* [0.6025]
BKC E -0.03201  0.008759  127E-02  0.003983  0.004232  -0.05066  0.045746
(-1.15756)  (0.531363) (0.493697) (0.349713) (0.320683) (-2.46302) (2.225684)
[0.2614] [0.601] [0.6266] [0.73] [0.7516] [0.0225]  [0.0371]*

F1: 1. BKCe} HPCE= Z+2F ¥ 3% Baxter and King filteret HP filter= 353 32 2 (cyclical

component)$ 4 GDP $7h& w8820 thal 817124 A oIvlste] B 54
QA e 1919 BKCS} HPCE A7 GDP 27H wfazol tal S84 aaes
o vk,

[\

DZh EEA A 2] g TR e Algkeln ()] g2 o] AlFake] t-value, [ ]9
e pvalues ongich

<i 6> AZGDP &7t A2 Z3R&D FAEI7HEnte| Granger Causality 24
Granger Causality F-Statistic Probability

AA TZ R&D R&D->GDP 0.35557 0.70491
(CPD) GDP->R&D 1.17677 0.32779
24 22 R&D R&D->GDP 0.32338 0.72724
(PPD) GDP->R&D 0.96439 0.39747
24 FF R&D R&D->GDP 0.26409 0.77042
(GDP DEF) GDP->R&D 1.4799 0.25045

F! Granger Causality Test: lag 2004 A% #2]0] o]Fojxch

weassl oud AAE 2EAS Auugkth 9wl R&D FAE <E 7>olA
= nio} o] WO AAE $eutet /199 R&D FAHS thi ThE S4L 7HA
o
o

I gl Ao etk 959l R&D FARe] Aolle A4 o2 A7eeAel 44
& 7HAAL glekaL < AR T 5717 §-eue) zE7]9de] R&D FAE 5] 5
715 Zhs Whdel] 4delehs 5718 7ML gl e R Belr 1d AR F34E 7t
AL A7is et ARl ARRAE 7 s AR YERdTh 9=9] R&D F4
T7hee] Melae A3 GDP 37k Meadel oM 1d A 345 7
Al A AHAAE 7L glew] SAM e vl fofngk £AE 758k glrk
Wb Granger Causality Al&elA = 257 RRD FAFet A7[W-sditels 4%
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Granger Causaldt #A|I7} gl o2 Yehal glo] 9o AadaA EA4 o~

AARQ FoAdE 7HA oL Mddo] HARJA T oA R&D T4 A 71547k
dukx o g A3 A3 ATAAAE &= oJES Aow Holt

<x 7> 4% GDP
Lag -3 2 | 1 | o [ 1
HPC 0002036 000195 -0.00232 000056 0002504  0.001062  -0.00189
(1.349374)  (-120604) (-1.63206) (0.476064) (2:89683) (0.525351) (~1.08158)
(018931  [02387]  [0.1143]  [0.6379]  [0.0074]*  [0.6036]  [0.289]
HPC E 0002076  -000197  -0.00238 0000582 0002571 0001105  -0.00195
(1349085) (-1.19262) (-16288) (0.430061) (2.862743) (0537198)  (~1.09976)
(018941  [02438]  [0.115]  [0.6344]  [0.008]**  [05955]  [0.2811]
BKC 0004981  -000779  -000119  0.000467 0004278 0002685  -0.00493
(2345755)  (-1.99067) (-0.70913) (0.271591) (4.434403) (1.027961) (~1.44331)
003" [00604]  [0486]  [078%6] [000021 [03157]  [0.1637]
BKCE 000319  -000203 -191E-03 0000459 0002631  0.00083  -0.00155
(1727522) (156111 (-141820)  (035227)  (2751748)  (0.369202)  (~0.94065)
(010031 [01342]  [01708] (072811  [0.012]*  [0.7157)  [03576]
38 A (cyclical

==

—1 O

Jbem AW 9ol R&D SAHPPI) B7HEtel B2 8 54

F1: BKC® HPC+= Z+7 W3 ¥ Baxter and King filter®} HP filter® %3

componentsh 417 GDP 371 @00l o3 37 EAE DAAALE Al B 54
A4 = e 1919 BKCS HPCE 214 GDP 2718 <@ azd da) 519248 sase
of v g},

2. 77 3 AEA AHA F9 2 AT AFgkeln ()9 #e o] AFHY] t-value, [ 19]
ZHe p-valueZ ojn| it}

8> AZGDP &7l AMZFE o=l R&D FAt E7+2 22| Granger Causality &4

<E ALl
Granger Causality F-Statistic Probability
27 9]a-9] R&D R&D->GDP 2.05907 0.15256
(CPD GDP->R&D 1.89488 0.17516
27 9]a-9] R&D R&D->GDP 1.94127 0.16843
(PPD GDP->R&D 1.78633 0.19211
27 9]a-9] R&D R&D->GDP 2.04054 0.15494
(GDP DEF) GDP->R&D 1.76392 0.19583

: Granger Causality Testi= lag 2014 &A% #4jo] o]Foj ]
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FAE 22 BASEY 2o A7|WAs s Mgt A jEE-atr] wiitol] Fujell A
o] 7] R&D FA7} o+ dvh WA o]=AE o R&D FA5 F48 49+
R&D 7ol A7A&x0E F-astAY 7] R&D FAtel sl F7H4¢] QIAlE Bs
AFsh= 5 A7IHEo] NstA vkgEhe 9=kt R&D FAke] &
=so] Fasit)

2 AT+ Walde and Woitek(2004)7F G7 = 7FH=2] R&D F#+¢] 4734 54&
gletslr] 9ol AFSeE Y W EY 5 Y3HAl Hodrick-Prescott(HP) filter2} Baxter
and King(BK) filter(1999) 7|"& €-&3t] 44 GDP F7+&¥ 244 R&D 4 S7H:
S FAl(trend) <} "‘_F%J‘ii(cyclical component) 2 FA38}al o5 7] Alxpze| wE
X

o
o
e
5
FF

JHAAE AR Fagte] AP FFY, FHHS Fotstr] $8te]l Grnager
Causality A5& —%—7}@2& AR AN &% FItAF oA = HEHY TIHS
531 A7|eske o] B3 Bl olug} Two-variate state-space model (unobserved—component

Sl GDP< R&D FAe] A AA|D& F4staL o5 e daaAE +

AR setal wdgol Wad Ao uoln ol FEATHAZ WAETO

6) Anomynous refree”} 7]&2] E3 o)A U]%/] GDPe} A9l E #AE Two-variate state-space
model (unobserved-component) = #2433+ AL o|& 59, GDP2] <43 (stationary component)
BB (=W ER)) AQEe] obga REZ A (okun's 1aw>§ FAskcol A7 Ey
R&DY] =3 HFX 7 TAE FAHL = S 7)\ o2 ARtslal Aol A= o= £ AT
o] Y 7|HE BT o3 EA FH Hslo & _,—7]—OﬂerJ,}xﬂi Agste e A2,

pud
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