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1. B -]

BHRBEBBICLFOCTHAHRBREONBRHOH AR D LICEEMALTE T
5, ¥, BAPWYBEBWEFBEOCHENWFHOEE#.RLXUWITHATALL, LIHBK
CUSIKRASFM - HWFEAROBARLT LT HEREAL V. X4 H
By COEIBRBE~OHKRELT, ERMY-—EXMBRCFRBARBEE NI
REOFRKBHMFEOHMRERSADZ L LI, MR UL FHLH L T. 195-1993
FORVEORNEEZNRLLALKREINET. BAOLEOHREMARI O
BHENERZHSMIK L. FFEPERBEBRBRIF AN THLI L 2R LT,

2. HAFZORR Table 1 Data C i
- B A T B B O able ata Construction and Sources of Data
Data Construction

AXMMEB BBV —EXXMBEKE Pt .
Y (production) = (1985 gross cost™) 1985 gross cost: gross cost at 1985 fixed prices
L (labor) = ber of employed ") x (working hours™),

RROLSKRSN S (2, 3], Pt K (capital) = (capital stock™) x (operating rate™),

(1-gs)(Ris * DI+Rms « Dm+Res * De)+Rks » Pstc (1) M (materials: intermediate inputs except energy) = (1985 intermediate inputs') - (1985
gross energy cost™™"),

Pstc & ¥ — E (encrgy) = (final energy consumption™), and
Ko ks s, T T el R
el -m: gross techrology cost in time t-m
Zk n 6 ° m: time lag from R&D to commercialization™
Pstc = (r+p)(1-gs) ® p: rate of obsolescence of technology™
1-ct
( ) L (labor for technology) = (number of hers™?) x (working hours™®)
. Kr (capital stock of R&D: KR) x (operating rate™)
.. Dk(1-gs) roan gy PSEC KRt = GTCkt + (}-pkn)KRt-1
v =I Pstc x ero¥dp=_—— oK rate of obsolescence of capital stock for R&D (inverse of the average of lifetime
cr) ) (r+p) of angible fixed assets .’:'or R&D™)
Mr (materials for R&D
Rls, Rks, Rms, Res X H e gt & ™™™
GLC (gross labor cost) = (i of employed p " + income of unincorporated

BT I2AGR-BEE - FHH - enterprise™)

3 GCC (gross capital cost) = (gross domestic product™ - gross labor cost)
ITXNVF—OD ﬁ ;ﬁ ’db.‘ ~ Dl, Dk, Dm, De GMC (gross materials cost) = (intermediate input) - (gross energy cost)
GEC (gross energy cosl) = expenditures for fuels and electricity™

‘i ~ ‘{' ﬂ ‘Eb 1‘1 ()] 7‘: 7V - 57 —_ 75': ~ £s, GTC (gross technology cost) = R&D expenditure and payment for technology impont”
GTCl (R&D expenditure for labor)™

CRBAXBOHANASRUVEABRR L, ggmmmmmmm“

r RO o 3B ERARIBEANNE GTCe (R&D expenditure for encrgy)™
RRUBHOBMBILEERT, f?"":'..i..‘.’.'."&i'mo..-» 1A (Economic Planning Agency)

= *2 Year Book of Labor Statistics (Ministry of Labor)
m ;E Bﬁ % W gﬂ m ﬁ $ r ‘i m @ it T *3 Suatistics of Enterprisers’ Capital Stock (Economic Planning Agency)
on Indices on Mining and Manufacturing (MITI)

ﬁ X n A *4 Annual Report
: ° *5 Industrial Statistics (MITI)
*6 Economic Statistics Annual (The Bank of Japan)

en= .(.me -t ”"dt=@ /(r+p) *7 Comprehensive Encrgy Statistics (Agency of Natural Resources & Energy)
(o7) (oD 8 Report on the Promotion of Research Industry (Institute of Economic Research, Japan
(6)] Society for the Promotion of Machine Industry, 1990)
. *9 Report on the Survey of Rescarch & Development (Mansgement ad Coordination
mV,TRHAHERBRI»OSEBIAET  Aweny
+10 Survey on Researchers for the Promotion of Basic and Leading Science & Technology

DY = K5 A Ly A0 B B ot for o Techology, 1590

= — *11 Corporate Tax Law (MITI)
HFpBA by 7 Z2FT, +12 Quarterly Report on Unincorporaied Enterprisc (Management and Coordination Agency)
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OROEDA*—-KROFA5—RBRHATEMUTHE., QAR ROIIKESIN S,

""bl...mr: +, =(0V)I
e T 1+mr @D (r+p) @

AmmEE VokEics T, O¥%@ O RUVEELXby 7 KRTFIZEZEHE
Nnoazxbh GLCGGCO XN 3EMA by 7HBBERERELT (R18HE)
BERA#Xtry 2 MEREFZEDaXM GIC) toBEHEZHRT 5 & & HITI6].
QEHRIZXF GIC) 2HAMA RO —EXERBR L D ET S (GTC - GTC#)
clitkh,. T HEHoAxARY—-EXE2bEBLUIL., LKEBAWLTEEER
FELTRICENRTE, O, OFIAIMRFAFHICREFSATNE LT 5 L.

@RAELO L BROLIKEREN B,

av_ GTCH 1+
o (GLC+GCC+GTCHy (D ®

S GTC# HEWRTBZR by 75Kk (BEM) Y-EXMMEEORBRL
E#RY—EXaIXbTHD. [BEAMBIFMOERMBGHE L [2] P (= GTCK) &
H#Y—E Xl Pt & Dl Pt/Pt(= PCT: potential contributability of technology to production)
ZRAVWVTRO LI ICERETIh 5, :

GTC# = GTC*(Pt'/Pt) ()
GG DIRATEII LIV RANB SN B,
(Pr') *GTC*V
t+mr= ) -
[GLC+GCC+.((’;+)) % GTC] » [T * (r+p)] D
—FH. @& WIRATAEZEiIcED, EHRY—-—EXMEH PPRIRATERSIN 5,
Pt=(1-gs)[(Rls * DI+Rms » Dm+Res * De) +Rks * Dk(r+p)/(1-ch)] ®)

DAOOHELFBERXNEMS I EITLD, o3 :
BRFY—EXME Pt RURRMAR 0% 1 nternal Rate of Return to R&D Investment
HEARREE r NEABHMSAD,
3. A - EEE 015
MD,@®EHNT,. BFEOHEXD 1955

193 QWY —EX@EE Pt, HRMR
Rp@EABMEEr (IRRDRURER&E
£ (RFAEEM: RRR) ZF ALK ons&'s‘r's’o'c‘n'c’s'lo'ss'o'v'c""1'3'»'15'1'1'1"a'n'a's'm'as’a‘?s'g"ﬂx’nﬁ‘zo'a"‘
RBIR2ICATHEITHS (FHAOT

— S -HMERUR-ZF -y —REI1E E FF E
ATHEY) .

0.05 | Average rate of banking loan *

3. IREFARBEABNGEE
H1icHEMARBREABNREREUR
BHOSERTRELFHENOREE .
FA A, AW, 1960 4 A& el Trendsin Internl Rate of Retum to RED nvestment
a Source: White paper on the Japanese Economy (Economic Planning Agency).

J20US UOXIN
SIS 433309 ST
SISLD £21009
JoIwIBe
Awouooe Iqnq 9 Jo
£monood Aqqqnq I Jjo

—193—-



CRKEZH#FEL. SHNAEELZRECEASZ S, 70 FREA-TRAEL., FHR
BWE®ZO 1974-8] ORI ERNOKEEZ THBIICE >N, 70 ERXKI>SEHE
Lio UL NTLVEEH®D 90 FRICADBUREL. €MAKkEITEEREST 3

IZE-Z
Table 3 Comparison of Internal Rate of

EnfAbh  Table 2 .
i ice Price of Tech , Return to R&D Investment in
Trends in Service Price of Technology the Mantfacturing Tndusiey. in

%o Internal Rate of Return to R&D Invest—
& 32 50 ment, and Rate of Return to R&D Inve— Japan and the USA
- stment (Marginal Productivity of Technol: . .
R 5 e O oy oo oll))  Period - USA Japan
70 R #ibh 1958 14  Terleckuj (1974) 182
. Pt IRR RRR 1957-65 16  Griliches (1980)  18.6
PToXEHE 1958-75 7 Nadiri (1979) ) 167

1960-77 10  Mansfield (1980) 153

14.50039 0.23418 0.56081
15.17078 0.22312 0.58787 a Source: [4].

15.81006 0.21483 0.53461

14.8350) 0.18182 0.44772 ou o
16.38419 0.17671 0.43491 L °
16.01028 0.18889 0.468320 61
16.03878 0.21100 0.52440 1]

17.58238 0.19688 0.406985 o1
[ S

11
18,96808 0.18097 0.44887 o1

E2LOHUBEAE R 15
T, BEAOHR 2

57

MEERKEEZ
XEHOKEELE *

HoTHED. B o
FEREZOE o

B REBREE
EOHEND R 10

18,6209 0.18733 0.46171

o° Rate of return to R&D investment

to R&D investment
-]
Q

18.09798 0.13087 0.33728 .08
20.32478 0.12708 0.32141 0.0

Internal rate of return

o o7 21.52500 0.15082 0.37267 g4 4 «® (marginal productivity of technology)
a8 23.57001 0.18098 a0 em o . N T o
[ 1] 28.42309 0.20218 0.50048

b2 BERRR 1070 30, 43808 0-3308 o 4 Rate of return to R&D investment

J

20.70831 0.10688 0.48978

!
!
!
!
!
|
!
!
!
!
|
!
!
|
|
!
' E n o
.s \ -
mesmwy Doimonm o NVN A
B 2 M E I [T 46.23367 0.09308 0.24977 o ¥
MR R GRT AN
|
!
!
|
!
|
!
!
|
!
!
!
|
!
H
{

78

RAEEHIEDOHE =
REUEAREE T

7

W DORAEEN 100
toHgEDHBE »

R 7 -

IhhsAb
nNB@EH. M
&3 WINEEE SR
SV~
YTHB Ll 1
WORBEER

49.22074 0.08651 0.20082
54.30420 0.05002 0.17248
57.14369 0.04210 0.18987
58.42387 0.03617 0.14863
82.38423 0.04952 0.17183
68.78236 0.06819 0.18820
71.62845 0.07171 0.20088

0.22388
0.24392

73.31712 0.07938

T4.820681 0.00004

76.24850 0.00734 0.25808

76.82673 0.11603 0.20697 o

73.92110 0.10217 0.26768
73.45994 0.10381 0.27054 'TE

0.27675 . .
76.56504 0.10880 Margmal P roducthty N
78.21811 0.11360 0.20111 42 X Y
80.26114 0.11019 0.30261

80.56682 0.11385 0.20103

of capital NN

ol

80.53193 0,08704 0.23820 0
AN RN L N N A M A N M

. ﬁ XD ZEh :: 79.76580 0.05829 0.18838 e T N n?n"’vl"?o"1l’fu3'u"ﬁ"io"u'? nu
Ly, R Service Price of Technology Fig. 2 Relationship between Internal Rate
T WF 2 B 3 B¢ B (index 1985 capital price of technology = 100) of Return to R&D Investment and

DHEHE R IRR: Internal Rate of Return to R&D Investment Rate of Return to R&D Investment
- RRR: Rate of Return to R&D Investment in the Japanese Manufactunng Indu-

TN NI (Marginal Productivity of Technology) stry (1955—1993)
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REFAK. 80 FRCHDITHFHMARBEROAEZ ZHEET 2. 90 EFRICAD
HBURAEXEL. BEA0RRAAEEHRZ THMAIICE-TWSE, Zhidt,. B4, %
KhU3 TERHEEELE2EITED 52 H K 0
ARERREOHOVAEVORBRAEN] OF oz -
BHEO—WETRTELDOTH 5,

Internal rate of return to R&D investment

0.2

0.15

J.IFEWY—EXMEK
R3FIWMAMBIH(FLEMRGBAX [
HBHELERABX by 7 08 A I & o |
5 4R #6 CPU: [0 00 A8 B U 00 BUOR B e o
B1D2DRUERY - EXMH#& P # s
BERT. A—EWTESUIHKOY o |
—EXMEELLT. WNERBFOHNEN X
REXHEERAOCAHULDORBLTRW(#ES
HAOBRBLERABILAFMLUCLAEL [2]) ¥
DICH U THEFEEILNEZIHLINRES B '
THMNBEFOY—EXoMEELRBEL .5 4
TWwd, M3iICi3MmEDEE PU/PODH ".m';,'s'.'.'.'.','..'as('afa.'ﬁ'1';'..'15'1'1'1'.'.'.'.'s'u'.s'.':'a'e'o'n'o'a'
ﬁ#}/ﬁ% l/‘(b‘éb‘l@%ﬂ’%(i rﬁ%j’ﬁ 56 S8 1060 62 &4 66 63 1970 72 T4 76 78 1980 B2 &4 6 88 1990 92 W
Y — E XK | (PCT: potential contributability of 9% ‘ R&D intenslity (I'Q&D expen(;iiture.per sz'ales)

o1 -

PCT (potential contributability of technology
to production = Pt'/Pt)
‘ |

35
1
l: /,./'I"*"" "\\ .
% Capital price of technology 25
:j @) RN .
" ,
40 . LS -
. ,
e of tectrology (P AR T R
o
................ > 1 — 5
.'”305";" t 'ﬁ"‘.’:"".’."’c’."r.)i';"'{l"’2'."’5’!..3'“".1"3."..'!..8'.:".. § w { External factors Energy * Yen rate, %
IS w0 ' 128 | / o%’
' 23« “ R
20w ! )
s £280 - o
=1
. Qri € 90.
E5 w0 | L %
L5 E g ] =
§9 » R
1 . ~ SR S |
Ratio of capital price of technology and 5, B 1lﬁl ...... lﬁ %
05 1 (spir::.'faflQﬂf&ﬁf.ﬁfaﬁ&"ﬂﬂ&ﬂi&%& tiom) k= LM N AW T S MO MR 7
s T e e T —— . .
LA MO LAC M MV AN N A MO Fig. 4 g%lg%l%?éggﬂnﬁagig%ggzug
Fig. 3 Relationship between Service Price of Governing its Change in the Japanese
Technology (Pt) an d Capital Price of Manufacturing Industry (1955 1993)
Technology (Pt)) in the Japanese a Ratio of R&D ex;lnlenditure for environmental prot—
Manufacturing Industry (1955— 1993) ection and total R&D expenditure,

— index: 1985 capital price of technology = 100 b Prices of energy.
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technology to production) & 3 E IR E LD T, (BUIZEABRBLRIRU-7) HEH AR

DY —-—EXDVRNVERTHIDOTHDI, RI3ERBZEIDOY—EXDLURIL b,

MEBNEBRERKE. 70 FRICAZF L. 80 FRICPPEBE L bDD. 90 EH
A-THUSEBBIZAD, RETH., EHBEEOY-—EXMERNIFTEALED
NE3KERRSNBICE-> T 3B, »

4. BHERAE - Y—EXBHRIEER

HFHEOBBPHNN  Tiled Correlation between Internal Rate of R&D Investment and
Yayw BB HES Factors Governing its Change in the Japanese Manufacturing
EHER - WML TS Industry (1955—1993)
ol oLzl PCT (potential contributability of technology to production = Pt/Pt)

- hel In (PCT) = 73.756—0.038 t+0.999 la (RS)—0.200 In (Pe)—0.065 In (Env)—0.354 In (YR)-0.146 D
manTake 5 (-8.84) (7.59) (—8.58) (-3.79 (—4.65) (-3.87

THBEMWAR. F. gr* 0977 DW1ZB
Kramer (1992))[(& 1 ),
3.TCAKLERNE IRR (internal rate of return to R&D investment)
0559 D

& D In (PCT) =140.346—0.075 t+2.831 In (RS)—0.287 In (Pe)—0.091 In (Env)—1.038 In (YR)-
u R O BN 2 (-7.71) (9.46) (—-542) (-233) (-5.99) (- 6.50)

PY—-EXMBOE adjiR* 0943 DW 163
BbIhooERLE ‘

e 3 O where t: time trend, RS: R&D intensity, Pe: prices of energy, Env: ratio of R&D expenditure
RBRFRIZEIEZ SN for environmental protection and total R&D expendrﬁxre, YR: Yen value (US$/Yen), and

5, D: dummy variable (1976—78 =1, other years =0).
4 TWrAB R c on of coefficient
. o€
B E LIS R R O omparison of coefficients
t RS Pe Env YR

WEAY - EXEIE per  -0038 099 -0200 -0065 —0.354
HbeT. 10 4y IRR -0075 2831 -0287 -0091 -—1038

u

BENEERLZEBELLLLAE 1
R, XNV F-RUMHHB py
D 3 KfE B O B B RS "

1
Environmental R&D
N Energy prices

hoblvFE2RLEEbODT 'gu-
» 5o g ) Y§ﬁ$§

ShoD T -Amea g \. J
;{Z;igﬁiﬁiimz\a@‘: :;; &\\ >\\\\\ >\\\\ ——R&Dintensity
V;Q;WZE;EZ\UFH Wga@%ﬁ&ﬁg— gz N//%' \Exchnngeratconen
EXEIEBHTHOVCEBEES & w%%_ .
T3, £4 ;g‘:n‘;tm.&fg:::ila Environmental R&D
FLOBBEROFBATEALL ::pgz:;iy Average change rate of IRR

TEETRBRLTL S, : _| Yearly obsolescence

and miscellaneous

[# ] "As innovation research has shown, crises _ _ _ _
and external shocks stimulate not only to a high 1956-70 1971-80 1981-90 1991-93

degree the emergence of solutions to technical Fig. 5 Factors Contributing to Change in Internal Rate
problems, but also structural change and economic of Return to R&D Investment (IRR) in the Japanese
developments" (Research Policy 21, No. 5, 435). Manufacturing Industry (1956—1993)
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Ukto s H - S HSRBEFEFRICBUAIAMAHREAENBRNEROH
ﬁé&liﬁgﬁgiﬂo)ﬁﬁﬁéﬁfﬁbk%)03'1‘5)60 TERICEFT IR REROZ
Fiz. tx A F—BEB. OBCIMA. 2EMBiIc LM bh 5, HLMbA*R
B T R e LA VLR P S B PRBHR R G
®\ * _ \:b S ~
Iz &gfib\ﬁgfiﬁﬁiﬁg%%ﬁﬁiiBhflﬁlﬁzﬁ@ﬁ'ﬂhb‘@ ol &hfab
néQﬁjwﬁﬁﬁgﬁgﬁ%%°E¥§§¥fﬁﬁﬂ¢%ﬁﬁ%ﬁ%€¥%
gi%%igﬁﬁgmﬁgﬁ%ﬁbrmacaa\%ﬁmégaurmbb%%
ﬁ 4 b o
5. & -3

BEHREEBBIIAH TBRLXIHE] 22800 TLEEELNTN 5,

DEHIEHRT, ¥ B - ERNLEHEHRBEERIOLLDO, WY — E XMl
gém%%;&ﬁ%ﬁﬂﬁ$oﬁﬁ$gmﬁ%@i%ﬁﬁiTi?%ioT§T
W3,

2':5}#? B, ALOREL E‘} x5 Table 5 Correlatidn between R&D Intensity and Internal
%%%;ﬁ%g%?ﬁggg%% Rate of RI%Id) Investlrgggf_ i{]gst’}:n;)e Japanese Manu—
BEHOEES T L BN XS facturing Industry (
@E%%fég%gﬁ’f%?@‘?ﬁ Time—WE LS = 1420 + 14,883 1ag0 (RR) e 029
Bhhhd. & < &N - 198 ' '
A L TE i 1
%gg;fﬁﬁ%ftggé%%g?fgg 1 year RS=0.474+2(%%%1;lag1(IRR) 0.766 0.7

5 ; - 5 .
TOLEFRLCED. BEEO 2years RS = 0.804 + 22546 lag2 (IRR) 0945 132
R iy L s
%ﬁggﬁggﬁf}%?—cgbg 3 years RS=1.050+%1130'}g)lag3(IRR) 0935 203

] \b b .
REBAo [ERBRE] 2 l: P24 where RS: R&D intensity and IRR: internal rate of return to R&D
éégg@%%%”ﬁ%iﬁgﬂr inv;estment.
7]'; A 4 o

References

[1] R.E. Hall and D.W. Jorgenson, "Tax Policy and Investment Behavior,” American Economic
Review 57, No. 3 (1967) 391-414.

[2] M. Nadiri and M. Schakerman, "The Structure of Production, Technological Change, and the
Rate of Growth of Total Factor Productivity in the U.S Bell System" in Productivity
Measurement in Regulated Industries (Academic Press, New York, 1981) 219~247.

[3] Japan Development Bank, "Economic Impacts of R&D Investment," in Capital Investment
Study 81 (Tokyo, 1981).

[4] Japan Development Bank, "Changing R&D and Capital Investment," in Capital Investment
Study 84 (Tokyo, 1984). :

[5] A. Pakes and M. Scankerman, "The Rate of Obsolescencé of Knowledge, Research Gestation
Lags, and the Private Rate of Return to Research Resources,” in Zvi Griliches (edt.) R&D,
Patents and Productivity (University of Chicago, Chicago, 1984) 73— 88.

[6] C. Watanabe, "Trends in the Substitution of Production Factors to Technology," Research
Policy 21, No. 6 (1992) 481— 505.

[7] C. Watanabe, "The Interaction between Technology and Economy: National Strategies for

Constrained Economic Environments — The Case of Japan 1955-1992," IIASA Working Paper
WP-95—16 (Laxenburg Austria, 1995).

—197—





