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2B23 Empirical、nalysis‖nd・conomic！mplication 

for@optimal@R&D@Investment@Control 

0 米 兵，渡辺千切 ( 東工大社会理工学 ) 

Abstract 

Some@new@methodologies@are@developed@to@measure 
the@core@factors@in@the@optimal@R&D@investment@control 
model ， By@utilizing@the@developed@approach ， evaluation 
of  R&D  intensi け in  m 勺 or  Japmese  manu ぬ cmring 
sectors@ is@ conducted@ by@ comparing@ optimal@ and@actual 
levels@ identifying@ "pseudo@ innovation"@ in@ high- 
technology@and@its@sources   

2.1｀easurement｛f》he・lasticity｛fヾubstitution 

Under@ the@ condition@ of@ the@ equilibrium@ between 
demandand@supply ， the@elasticity@of@substitution@measured@by 
demand-side@ factors@ (e ・ g ， substitution@ between@ innovative 
goods)@could@be@interpreted@by@the@ elasticity@of@substitution 
measured by supply-side factors (e ， g ， substitution among 

production@ factors)@ (see@ [1]) ， Given@ that@ production@ is 
represented@by@GDP@(value@added) ， the@substitution@elasticity 
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1.@ Introduction 

R&D@ investment@ decision@ making@ has@ become@ a 
cruci   l@issue@@@   the@era@of@mega-competiti   n ・Ⅰ   the@first 
one@ of@these@ dual@ papers ， a@ model@ for@ identifying@ an 
optimal@R&D@investment@is@developed@on@the@basis@of 
the  observation  of  structural  change  in  Japan's  techno- 
economic@behavior ． After@the@ model@ is@ constructed@ and 
the@analytic@optimal@solution@is@obtained ， the@key@process 
of@ this@ research@ moves@ to@ the@ measurement@ of@ core 
factors@in@the@model@and@to@the@empirical@application@of 
the@model@to@actual@industry   

In@ this@ paper ， section@ 2@ develops@ the@ measuring 
approaches@ for@ core@ factors@ @@   the@ optim3@   R&D 
investment@control ， Sec Ⅰ     on@3@conducts@the@ev3uaton@of 
R&D@ intensity@ in@ Japan ， s@ major@ manufacturing 
industries@ by@ comparing@ optimal@ and@ actual@ level   
Section@4@briefly@summarizes@the@conclusions   

    Measurement@of@Core@Factors@of@the@optim8@   R&D 
Investment@Control@ Model 

As@developed@in@the@first@one@of@these@dual@papers ， the 
optimal  R&D  intensity  can  be  obtained  by  solving  the 
optimal@R&D@control@model     

    ワ - "-- ワ (1)' 
V    f-l+op,+A,) ・ 一 9  笘 
Equation  (I)  suggests  that  the  0pt ㎞ aI R&D  intensity 
dependson  the  elasticW  ofsubs 田 ution  &,the  discount 
rate  ヮ and  the  discounted  marginaI  productiv 町 of 
tec ㎞ ologyg,and  itsleveIincreasesas ど and  g  decrease 
and@77@increases   

should  be  between  labor,  capital  and  technology.  By  using -a 
technology@ incorporation@ model@ to@ treat@ technology@ (T) 
embodied@ in@ labor@ (L)@ and@ capital@ (K) ， the@ substitution 
e Ⅰ   sti   iy@ could@ be@ treated@ as@ a@ bilater3@   substiuton@ @   sue 

only@between@labor@and@capital@@(K(T) ， L(T))@(see@[7])   

On@ the@ basis@ of@ technology@ incorporated@ production 
functi   n ， the@ e Ⅰ   sti   ity@ of@substituti   n@ between@ caPt8@   K(T) 
and@labor@L(T)@can@be@formulated@as@follow     

@K(K;T) 
ど二 L( ム， ， r) 

イ ln 弓 

RA (2) 

      

where 
        labor『ithout》echnology（ncorporation; 
        capi3   w@hout》echnology（ncorporaton; P @ pFce｛f〕aboF and 
Pk     p Ⅱ     ce｛f…api3     

Fo@owing  regres 引 on  equadons  are  used  to  measure  the 
dl 什 erenttermsin  equa Ⅱ on  (2 ン 

n Ⅰ㍗り二クル +bl/InT 十みぱ 7 れ 1(PPPP, が (3) 
n Ⅰ㍗ K/ 二 aA0+  bki アれ r 十み k2 ノれれ グメ P, リ (4) 
ル (GG 屯 C/GGTCC/ 巨み ㌦ 十ゐ 五加 r (5) 
ル蜂 CC て T り 二も妬 + も k, 肋 r (6) 
ル什 l 侶 y/PkT り り二ヵ +i ぬ 「 (7) 
where 
P,0     price｛f》echnology; 

G ん C     gross〕abor…os Ⅰ     

GCC     gross…api4   cos Ⅰ     and 

GTC     gross》echnology…ost   
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2.2 Measurement of the Discounted Marginal 

Productivity@of@Technology 

In@case@using@value-added@(V)@as@production@output, 
the@ discounted@ marginal@ productivity@of@technology@ (g) 
can@be@formulated@as@follows     

jf - P 一ヴ (8) 

(9) p  一 -Z LK ． aZ  -I-" み @  8@ 8r ， 

ワニ一一 ド 8 8r (marginalproductlv れ ty  oftechno@ogy) (10) 
where@ X ， are@ L ， and@ A";@ and@ @7@   are@ L/@   (labor@ for 
technology)@and@K ・ i@(capital@stock@for@technology)     

In  order  to  measure  the  discounted  marginal 
productivity@ of@ technology ， it@ is@ requested@ to 
simultaneously@solve@the@following@equations@(11) ， (12) 
and@(13)@in@advance@(see@[6])     

七 Ⅰ (1 一段 ).[(R ね ・ D/+  Rms  .D 加十 Re$.Dg)(lI) 

+Rks ・ Dk ・ (r+p)/(¥-ct)] 

  GTCC  .(P.,7 月 )   ( Ⅰ 2) 
るげ QT    GLC+GCC+G 刀 C    (P.,/Pl)  ・ 一 T 

(13) 
， ",7% 。 - 。 ・ " ぬ，王 /( 。 +p) 
where P @ serv@ e｝Fce｛f》echnology; 
P ，， :@ capital@price@of@technology; 
化 ね、 R 魅 ， RmsandRes     

shares@ofR&D@expenditures@for@labor@costs ， tangible 
fixed@assets,@mateFal   ,@and@energy@respec Ⅰ     voy; 

Dl ， Dk ， Dm@and@De     

wage@ index   i   vestment goods deflator ・   wholesale 

p Ⅰ     ce@indi   es@of@mateFa Ⅰ   and@energy@respec Ⅰ     vCy; 

gs     ratio｛f“overnment’inancial《upport; 

        ratio｛f…orporate》ax;‖nd 
  
      rate｛f（nternal〉eturn》oヽ&D（nvestment; 

      time ， lag’romヽ&D》o…ommercialization;‖nd 

  rate@of@obsolescence@of@technology   

Assume@that@factor@input@directing@to@R&D@(XT@=@Lr ， 

K れ， M"  E り which  composes  r  and  consists  of  labor, 
capital ， materials@ and@ energy@ takes@ similar@ marginal 
productivity@as@production@factors@at@the@initial@year ・ By 
introducing@price@indices@Dy,@Dx ， Dr@(here@Dy@   is@equal@to 
P,)andD 雅 (in Ⅲ alyear 二 ])comesp0ndingto  乙ぷ r  and 
X ， r   ， finally@ we@ can@ develop@ equation@ (9)@ into@ equation 
(14): 

(14)   
As@ shown@ in@ equation@ (10) ， term@q@ is@ exactly@ the 

marginal@ productivity@ of@ technology ・ The@ discounted 
marginal@productivity@of@technology@(g)@can@be@obtained 
fr0@@the@b8ance@of@term@p@and@q ・ 

2.3@Measurement@of@the@Composite@Dscount@Rate 

Normally@the@discount@rate@was@treated@as@the@average@rate 
of@bank@loans ・ However,@in@recent@years@there@@@   an@argument 
to@introduce@weighted@average@capital@cost@for@discount@rate 
(e ， g ， [5]) ， Stimulated@ by@ this@ argument@ an@ attempt@ to 

introduce@composite@discount@rate@was@conducted ， Composite 

discount@rate@77@can@be@measured@by@the@following@equation     

ワニ ハ ・ w7 千り， w2/  ⅠⅠ 冗待 /  千り・ w3 (15) 
where 
  interest〉ate・ 
  real@dividend@yield@(=@DIVD/(CAP+CAPRV)@); 
  risk@free@rate@(government@bond@yield); 
W Ⅰ the《hare｛f（nterest ・ bearing〕iabilities》o“ross‖ssets 

(=´I/GA); 
w;@ the@share@of@capital@stock@and@capital@reserve@to@gross 

assels( 二はア P+C え PR4  イ G ノ ); 
W ノ the《hare｛f》he｛ther〉eserves》o“ross‖ssets・ 

Ⅰは ズ co 甲 o Ⅰ atetaX  rates@ 

0 ル @D dividend; 
C ノ P capi3   stock; 
CAPRV@ capital@reserve; 
ム Ⅰ interest-bea@ng〕i   bili@   S     

ざ E shareholders ， equity; 

PS@ the@other@reserves@(=@SE-CAP-CAPR@V@);@and 
GH  gr0ssassets(= り十 C Ⅱ P  +C ア PR げ十 PS= ムれ SE)   

Our@ analysis@ demonstrates@ that@ the@ composite@ discount 
rate@ introduced@ here@ seems@ to@ reflect@ the@ reactions@ of 
respective  sector's  behavior  in  the  market   

3.@EmPrical@Analysis@and@Evaluation@of@the@Res4ts 

3.1@Resuts@of@EmPric4@   Ana Ⅰ   ses 

On@ the@ bases@ of@ the@ measurement@ of@ core@ factors 
(elasticity@ of@substitution ， discounted@ marginal@ productivity 
of@ technology,@ and@ composite@ discount@ rate),@ Table@ 1 
evaluates@ the@ optimal@ R&D@ intensity@ of@ Japan ・ s 

manufacturing@industry@(manufacturing@average@(MA) ， food 
(FD) ， che Ⅲ     cals@ (CH)@ and@electrical@ mac Ⅱ     nery@ (EM))@ over 
the@ last@ two@ decades@ (1975-1996) ・ The@ evaluation@ is 
conducted@ by@dividing@the@ period@ of@the@ analysis@ into@ five 
periods:@ 1975-1978@ (after@the@first@energy@crisis@and@before 
the@second@energy@crisis);@1979-1982@(after@the@second@energy 
crisis@ and@before@the@ fall@ of@international@ oil@ prices);@ 1983- 
1986@(after@the@fall@of@international@oil@prices@and@before@the 
bubble@ economy);@ 1987-1990@ (during@ the@ period@ of@ the 
bubble@economy);@and@ 1991-1996@(after@the@bursting@of@the 
bubble@ economy) ， In@ addition@ to@ R&D@ intensity@ using@ the 
1990@ fixed@ prices ， the@ nominal@ value@ (current@ prices)@ of 
opti   8@   R&D@i   tensity@is@also@calcuated   
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Table・   alヽ&D！ntensity（n｀ajor゛apanese 
Manufacturing@Sectors@(1975-1996) 

1975 1979 1983 1987 1991   
MA             8.45 8.55 7.21 6.11 4.70 

  1.01 1.0l 1.01 0 ． 7l 0 ． 42 

  1.05 1.23 1.23 l.20 1.42 

l990  似り 弔           7.97 6.88 5.80 7.17 7.88 

              け ん ワれ (%) ,1.36 '.72 5 ウ 0 6."  6. 刀   

            「 r/y り叫           6.15 6.05 5.34 6.87 8.20 

              ㍗ り沌カ リ (%)  3. 揃 J.75  5.J Ⅰ 6..1 ク 7. け 

FD             9.12 8.94 758 6.02 4.60 

  069 069 0 ・ 691 0 ． 59 041 

  2.4l 2  55 2.31 1  90 1.13 

@990 % ル イ ) 呵   (%) 5.48 5.07 4.75 5.33 532 

              Ⅳりれ (%) 0 ・ 7@> /1. 鮨 /. 搬 167 7. 臼   

              伸 ⅠⅠ @ 珂 ． (%) 6.@8 6.l0 5.04 5.l3 5.05 

              れ ・ /V4 回   (%) 0 ・ 85 Ⅰ・ リ Ⅰ Ⅰ・Ⅰ り Ⅰ 6% Ⅰ Ⅰ・ 56 

CH             8.45 8.49 6.96 6.14 4.76 

  1.31 1.31 1.31 l.12 0 ． 63 

  0.34 0 ． 51 0.63 0667 0 ． 87 

1990@ (r/V Ⅰ   ． (%)@ 18.97@ 12.71@ 8.43@ 8.18@ 8.68 

              れ， @v り 。 n  (%) /8.28 /5. 窩巧 ・Ⅳ 朽 ・ 26 14. け   

            (r/y)@, ． (%) 9.24 8.13 6.88 7.47 9.73 

              Ⅳ り旺 (%) 8. ヴ 0  10.09 12.35 /3. 刀 朽 ・ 穏 

EM   (%) 8.87 8.93 7.30 5.95 4.62 

  l.69 1.69 1.69 1.65 0.57 

  0.18 0.27 0.30 0 ． 42 0 ． 81 

l990  似り 弔 (%) 29.16 19.57 14.40 8.59 10.01 

              れノ Ⅰ ワぬ (%) 33.93 23.70 20.5 ク 77.35 1T ウ Ⅰ   

            俵 @y ワ弘 (%) 8.02 8.92 9.03 7.54  l3.23 

              fr/KI@, (%) 9.33 10.80 12.91 15.24 17.12 

a@ (r/V)@,:@ measured@ optimal@ R&D@ intensity:@ and@ (r/V)@ ， : 
actu3@   R&D@i   tenSty   

b@Since@the@period@between@ 1975-86@is@relatively@homogeneous 
in@compaFson@to@the@other@two@peFods@examined,@in@order@to 
use@the@elasticity@of@substitution@of@longer@period@as@possible 
(see@[2])@the@elasticity@of@substitution@for@three@periods@is@used 
廿 o Ⅰ thisevaluat@on  町 nalysis   

3.2@ Comparative@ Analyses@ between@ Opti   al@ and 
Actual@R&D@Intensity 

Based@on@the@calculation@results@summarized@in@Table 
1 ， comparative@ analyses@ between@ optimal@ and@ actual 
R&D@intensity@for@secors@MA ， FD ， CH@and@EM@in@the 
Japanese@manufacturing@industry@over@the@period@ 1975- 
1996@are@illustrated@in@Fig ， 1.@By@looking@at@the@trends@in 
R&D@ intensities@ of@optimal@ and@actual@ level ， the@ quite 
defferent@ observations@ can@ be@ found@ between@ FD@ and 
other@two@sectors ・ Whie@the@Smilar@observa Ⅰ     ons@can@be 
found@between@CH@and@EM   

3.3@Allowance@of@R&D@Intensity 

It@@@   gener3   Ⅰ   poi   ted@out@that@Smi Ⅰ   r@to@the@safety 
allowance@of@the@machine,@ in@order@to@secure@sustainable 
development@ trajectory ， certain@ allowance@ between 
actural@R&D@i   tensity@and@opti   al@R&D@i   tensity@level 
is@necessary ・ Fig ， 2@illustrates@the@trends@in@the@allowance 
of@R&D@intenisty@(the@ratio@of@actual@and@optimal@ R&D 
intensity) ， Looking@at@this@figure ， we@note@the@following 
observations:@(i)@Alowance@ofR&D@intensity@has@been 

R&D！ntensity・ 82G         
    

  
Ⅰ 36         

1975 1977 1979 1981 1983 1985 1987 1969 1991 1993 1995 

6l8  6l0  R 伍 D  lnbns.W  (FD) 
    コ l3   

  
085         l0 Ⅰ                                                                           
      

1975 1977 1979 l ㏄ l 1983 1985 1987 1989 1991 1993 l 的 5         
  R&D  lntensW  (CH)  .--"? 打                 

      
Ⅰ 2 ヨ Ⅰ         

    924                                       
    

        

R&D@Intensity@(EM)@ ， --'7.'2.           

@S2J       
@2 ク l       1323 

  
        クⅠⅠ               892       

802 7 円   

1975 1977 1979 l ㏄ l lS03 l9 ち 5 l ㏄ 7 1989 1991 l ㏄ 3 1995 

" 一                                                                             

Fg ， 1@Comparison@of@opt Ⅰ   8@   R&D@Intensity@and@Actual 
R&D@Intensity@of@Lea4ng@Sectors@@@   the@Japanese   

  202   
  1 80   

l ち 7 
  163       

  l 43   
  1 16 1 24 129     

  096 1 2) 1 02 
094 OB Ⅰ     

055 069 

0l4         017                           Q よユ             03) 031       
            
  l975-178   l979-882   1983-886   1987-90   l991-996       

Fg ， 2@Trends@@@   the@Rat@@   between@Actu4@   and@optim4   

R&D@Intensity 
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increasing@ steadily@ until@ 1987@ in@ all@ sectors@ examined; 
(ii)@However ， this@ratio@changed@to@the@decreasing@trend 
from@ 1987@ in@ manufacturing@ average@ and@ chemicals   
While@ the@ ratio@ of@ electrical@ machinery@ continued@ to 
increase@ until@ 1990 ， it@ changed@ to@ dramatic@ decrease 
from@1991;@(iii)@Contrary@to@the@above@trends ， the@ratio@of 
food@ continued@ to@ increase@ and@ maintained@ the@ same 
level@ after@ 1987.@ Noteworth@ trends@ depicted@ in@ (ii) 
demonstrate@the@hypothetical@view@of@the@fear@to@vicious 
cycle@between@R&D@and@growth   

3.4@Interpretation@of@the@results 

In@ this@ empirical@ analysis ， three@ leading 
manufacturing@sectors ， FD ， CH@ and@ EM@ are@ examined   

FD  is  one  of  the  typical  biological  resources  dependent 
industry ， while@ EM@ is@ knowledge@ intensified@ industry   
CH@ can@ be@ c Ⅰ   sS     fied@ between@ FD@ and@ EM@ as@ it 
encompasses@ such@ nature@ as@ resources@ dependency@and 
knowledge@intensified ， FD@is@generally@classified@in@low- 
tech@ sector@ while@ encompassing@ some@ high-tech@ nature 
as@ depending@on@ advanced@ bio-technology ・ Contrary@to 
FD ， CH@ and@ EM@ are@ generally@ classified@ in@ high-tech 
sector@as@they@depend@high@level@of@R&D@intensity ・ Pavitt 
(1989)@ [4]@ contrasted@these@ three@ sectors@as@ wih@ sca Ⅰ   - 

intenSve@ characteFs Ⅰ     cs@ (FD)@ and@ wih@ sci   nce-based 
characteristics@(CH@and@EM)   

Fig ・ 1@suggests@the@f@loWng@interesting@observations 
Wth@respect@to@clear@contrast@@@   three@sectors@exami   ed     

(i)@ Optimal@ R&D@ intensity@ in@ EM@ and@ CH@ (typical 
high-tech@sectors)@are@higher@than@FD   

(ii)@ Actual@ R&D@ intensity@ of@EM@ and@ CH@ are@ much 
higher@ than@ the@ optimal@ level ， while@ FD 
demonstrates》he｛ppoSte ， Th@   @   conSdered‥ue 

to:@ (a)@Among@ priority@ strategies@ for@EM@ and@CH 
firms@ to@ seek@ ma Ⅹ     mum@ profit@ i   Cudi   g@ market 
strategi   s,@ process@ management/control,@ and 
strategic@ alliances ， the@ decision@ for@the@ investment 
option@ is@ one@ of@the@ most@ crucial@ issue ， (b)@ The 
results demonstrate that in order to achieve 
maxi   um@ return ， R&D@ investment@ plays@ a@ more 
slgn Ⅲ cantro@e  than  manu ぬ cturmng  investment 飴 Ⅱ 

EM@ and@ CH@ in@ which@ speed@ of@ innovation@ is 
crucial ， While@ manufacturing@ investment@ plays@ a 
signiicant@ role@ for@ FD@ in@ wHch@ mass@ volume 
production@of@variety@of@goods@ is@crucial ・ Another 
reason@for@the@lower@level@of@R&D@intensity@in@FD 
is@because@it@mainly@depends@on@other@sectors@R&D 
rather@its@own   

(iii)@ The@high-level@of@R&D@intensity@in@CH@and@EM@is 
due@to@the@typical@nature@of@high-tech@sectors@under 
severe@ competition,@ encompassing@ not@ only@ really 
essential R&D intensity but also Pseudo R&D 
Intensl 句ノ ( Ⅱ Pseudo lnnova 百 on, ハ see [3]), slmHarto 
the@safety@allowance@in@a@machine   

(iv)@ However ， these@ allowances@ have@ dramatically 
decreased@after@the@bursting@of@the@bubble@economy 
in@ 1991@ leading@to@the@vicious@cycle@between@R&D 
and“rowth   

(v)@ Motivations@ for@ Pseudo@ innovation@ include:@ "Feint ， " 

"decoy"@to@rivals;@ Posture@to@be@really@high-tech@ firm 
demanding@customers;@"Cheaper@propaganda;"@"Cannot 
stop;"@and@"Innovation@hungry"             

These@ observations@ remind@ us@ a@ postulate@ of@"pseudo 
innovation"@postulated@by@Mensch@[3] ， He@pointed@a@source@of 
this@pseudo@innovations ， particularly@in@high-tech@sectors@time 
discrepancy@of@customer ， s@reaction@to@such@characteristics@of 
high-tech  productsas 伍 nctiona ℡ y  ofthe  product,sa 驚 けぬ r 
the@ user@ and@ durability@ of@ the@ product ・ Due@ to@ this 
discrepancy@in@high-tech@products@he@pointed@that 
"It@ is@ important@ to@ note@ that@ in@ advanced@ stage@ of@brand 
growth ， important@ innovations@ are@ replaced@ with@ increase 
frequency@by@pseudo-innovation ， " 

4.@Concluding@Remarks 

㈲ Methodologies for the measurement of core factors 
essential@ for@ the@ practical@ application@ of@the@ optimal 
control@model@are@developed   

(ii)@ The@ empirical@ analyses@ demonstrate@ the@ practical 
significance@of@this@approach ・ Evaluations@of@the@R&D 
intensity@ level@ in@ major@ sectors@ were@ conducted@ by 
comparing the optimal and actual level ， "Pseudo 
innovation"@in@certain@high ， tech@sectors@and@its@sources 
are  ident 苗 ed   
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