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

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

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

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

Pstc & ¥ — E (encrgy) = (final energy consumption™), and
e A I i R
z -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
( ) Le (labor for technology) = (number of hers™?) x (working hours™®)
. Kr (capital stock of R&D: KR) x (operating rate™)
.. Dk(1-gs) oo gy PSEC KRt = GTCkt + (}-pkn)KRt-1
v =I Pstc x e?ro¥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 HF B gt 5 ™™™
GLC (gross labor cost) = (i of employed p " + income of unincorporated

BT I2AGR-BEE-FiH - 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)™

CRBEAXBOANBSRUVEABRR L, ggmmmmmmm“

r RO o 3B ERRIBEANPNE 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 % *4 Annual Report
: ° *5 Industrial Statistics (MITI)
*6 Economic Statistics Annual (The Bank of Japan)

en= .(.me - ”"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 Rescarch, Japan
(6)] Society for the Promotion of Machine Industry, 1990)
. *9 Report on the Survey of Rescarch & Development (Mansgement and Coordination
mV,TRHAHERBRIOSEBIAET  Awenp
+10 Survey on Researchers for the Promotion of Basic and Leading Science & Technology

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

= — *11 Corporate Tax Law (MITI)
HFBA by 7 Z2FT, +12 Quarterly Report on Unincorporaied Enterprisc (Management and Coordination Agency)
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AmmEE VokEicks T, O¥%@ O KRUVEELXby 7 KERTFIZIEZEHE
Noazxph GLCG,GCO e EN3EMA by 7HBERERELT (X18H)
ERAa#xtry 2 MEREFZEDaXM GIC) toBEHEZHRT 5 & & HIT(6].
QE#KIZXF GIC) 2HAMA RO —EXERBR LI D ET 3 (GTC » GTC#)
clitkh, T HEHoAxRY—-EXE2bEBLUEL., LEKEBANWTEEER
FELTRICENRTE, O, OFIXAIMRFEFHICRESATNE LT 5 L.

@RAELO L BROLIKEREN B,

av_ GTCH 1+
o (GLC+GCC+GICHy (D ®

Sk GTIC# BHEKAMB APy 7 XKD (BEWN) yY-EXMMEEZ O RBRL
EHY-—EXaXbThh, TEAMBIBOEKMEH ] [2] P (=GTCK) &
BE#HY—E X#H Pt & ol Pt/Pt(= PCT: potential contributability of technology to production)
FRHODTRDOEHIICERZI N B, :

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

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

193 OEWY —EX@E Pt, HRMRA
Rp@EABMEEr (IRRDRURER&E
£ (RFAEEM: RRR) ZF AL H ons&'s‘v's’o'c‘n'c’s'n'ss'o'v't""1'3'»'15'1'1'1"a'l'a's'm'as'a‘?s'g"'x'l;zo'a"‘
RRBIR2ICATHEITHS (FHFAOT

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

0.05 | Average rate of banking loan *

3.1 IREFARBEABNGEE
H1icHEMARBREABNREREUR
BHOSERTRELFHENOREE .
FA A, AW, 1960 4 & el Trendsin Il Rate of Retum to RED nvestment
a Source: White paper on the Japanese Economy (Economic Planning Agency).
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BWE®ZO 1974-8] ORI ERNOKELZ THBIICE N, 70 ERKI>SEH
Lio UL NTLVEEE®D 90 FRICADBUREL. €Mk ITEEREST 3

IZE- Z
Table 3 Comparison of Internal Rate of

EhRfAbh  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 Coeell))  Period - USA Japan
70 R R bh 1958 14  Terleckuj (1974) 182
. Pt IRR RRR 1957-65 16  Griliches (1980)  18.6
HToXEHE 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
18.38419 0.17671 0.43491 L °
16.01028 0.18889 0.488320 61
16.03878 0.21100 0.52440 17

17.58238 0.19688 0.406985 816
[ S

[N
18,96808 0.18097 0.44887 o1

2LORBEAE R 15
T, BEAOR 2

57

MRERKEEZ
XEHOKEELE *

HoTHED. B o
FEREZOE o

B REBREE
EOHENT 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

i o7 21.52500 0.15082 0.37267 o84 4 o® (marginal productivity of technology)
a8 23.57001 0.18098 o.use0  em o . N y o
(1] 28.42309 0.20218 0.50048

b2 BERRR 1070 30, 43808 03308 o b Rate of return to R&D investment

J

20.70831 0.10688 0.48978
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REUEAREE T
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WOMRBAEEN 100
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5T, -
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SV~
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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
71.82845 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

0.27678 . .
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 N2

ol

82 80,63193 0.08704 0.23820 L OO
[ g8 ﬁ 2‘: DEHh 82 79.75580 ©0.05829 0.18838 i T e A nﬁ'nj’vl“%"u’fuz'u"d"io"u'? Pt
LY, R Service Price of Technology Fig. 2 Relationship between Internal Rate
WM ERREEE (index: 1985 capital price of technology = 100) of Return to R&D Investment and

O K ¥ ) %5 & 4  [RR: Intermal 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 Manufacturing Indu—

TN NI (Marginal Productivity of Technology) stry (1955—1993)
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o1 -

PCT (potential contributability of technology
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‘ |
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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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DEHIIWLRT, X B - ERNLEHEHRBEERYOILDO, WY — E XMl
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EZaofid, AEORBIZDIE s 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 E S facturing Industry (
@E%%fég%gﬁ’f%?@‘?ﬁ Tibe~18 b 1420 + 14863 lagd (RR) 0183 015
R O E z ZEN o 1.98 ) '
At 1 TR i 1
%gg;fﬁﬁ%ftggé%%g?fgg 1 year RS=0.474+2(%%%1;lag1(IRR) 0.766 0.7

56 ; - 5 .
ToLEFRLCED. BEEO 2years RS = 0.804 + 22546 lag2 (IRR) 0945 132
R SRRy G e s
%z’%’igﬁg%ﬁf}%??%bﬁ 3 years RS=1.050+%1130’}2)lag3(IRR) 0935 2.03

= \b b .
REBAO BB l: P24 where RS: R&D intensity and IRR: internal rate of return to R&D
é;gg@%%%”ﬁ%iﬁgﬂr investment.
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technology to production) & b E IR E LD T, (BMUIZEABRBLRIRU-7) B AR

DY —EXDVRNLVERTHIDOTHD, RI3BERBZEIDOY—EXDLURIL b,

NENEBRERKE. 70 FRICAZF L. 80 FRICPPEBE L bDD. 90 R
A-THUSEBBIZAD, RETE., BEHBEEOY-—EXMERIFTELEALED
N3KERRSNBICE-> T 3B, »

4. BRRHEE Y- EXBHIEER
H#HOBBLAM  Tapled Correlation between Internal Rate of R&D Investment and
Yayw BB HES Factors Governing its Change in the Japanese Manufacturing

LHESR - MBLTE Industry (1955—1993)
ol DEic PCT (potential contributability of technology to production = Pt/Pt)

- el 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
manTanhe 5 (-8.84) (7.59) (—8.58) (-3.79 (—4.65) (-3.87

THBEMWMAR. F. gr* 0977 DW1ZB
Kramer (1992))[(& ] ),
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
RBFRIZEEZ 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 TWrAEBE R c con of coefficient
. o€
B E LIS R R OB 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
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N Energy prices
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N gﬁﬂ%&;& U T Wga@%ﬁ&ﬁg— é : N//%' //%N% Exchange rate of Yen
CALILEMDTHMBEH & ‘%%—mm 1 R&D
Th RA B IS EFETE#] e
FLOBBEROFBATERLL :: prices Average change rate of IRR

CEEFRBRLTL 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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