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2B25 Dynamic@Process@of@Technology@Spillove@@     A@Transfer@Function@Approach 

計 九位， 0 渡辺千帆 ( 東工大社会理工学 ) 

Abstract 
req Ⅰ     red@ to@ rai   e@ technoogy@ stock@ (T)@ by@ u Ⅱ     t@ @@   a@ certa@@   sector     

Th@@   paper@ anal   zes@ and@ demonstrates@ t   e@ sPl@   ver 

    Gener8@   ,@when@we@estimate@technol   gy@stock ．Ⅰ   e phenomenon@roated@to@techno@gy@stock@@@terms@of@mathemati8 modo model ・ It@uses@a@transfer@functin@approach@focuSng@on@dynami                 
re@   ti   ns Ⅱ     p@ demonstrati   g@ how@ technol   gy@ $ock@ responds@ with 
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A@ quantity@ balance@ on@ the@ contents@ of@the@ technology 
stock@gl   es@us@the@rel   ti   n@between@t   e@i   put@and@output@techno@   gy 

flows: 

弩 I Ⅰ C Ⅰ pT, ひ )+  CpT"(l)-g(T れ } 一八 ( り ) 一 p 「 ) (3) 
where@ T(I)@ @@ ・ Technology@stock@at@time@t   

r ， (t)@ @@ ・ Input@technology@flow@by@own@R&D   

T@@(t)@ ・ @@ Input@technology@flow@by@spillover ・ 

F ， (/)@ :@ Technology@stock@of@host@(surrounding)   

      Ther;ateo Ⅰ lobsolescence   

9@ ， @@ Appropriability@of@technology@(shared@portion) 

C,@   :@ SpeCf@@   capaCty@of@a@certa@@   sector ， 

This@ equation@ is@ a@ first-order@linear@ordinary@ differential 

equati   n@ that@ pro Ⅴ     des@ the@ re@   ti   nsh@@   between@ the@ i   put@ and 

output@technoogy@flows ・ @@   th@@   equati   n@there@@@   on@@   one@unknown   

び り・ 丁 he  input  technol0gy  打 ows.  乙 ㈹ ， ㌔㈹・ is  an  input 

vari   5e@and@thus@@@   not@conSdered@as@an@unknown@because@it@@@   up 

to@us@to@specify@how@it@will@change ・ Equation@(3)@can@be@rearranged 

aS ヰ 0l@oWS     

，ミ 。 。 ， 穿， " + 「。 ，， Ⅰ 胡 ㌦ (T,(t)+  ㌔ (,))+ 両手 刀 T, ㈲ (4) 
and  @t  ユ一二 r.  刀 C リニ Kl.  棚二 K2 ,S0 

タ + Ⅰ   (5) 

Since  this  is  a  linear  di 併 e ァ entia@  equati0n.  taking  the  Ⅰ aplace 

transf0rm  ofequati0n(5)gives, 

穏 r( の +  r( の 自 Kl( Ⅰ (J)+  八， (s))+  K2 「， ( の (6) 

where Ⅱ 0) Ⅰ 0 ・ 

Rearranging@this@equation@yields   

  

T( Ⅰ )= K 一一一 てほ + 。 Ⅰ ( 乙 (5)+ 七， (5))+  一 てⅠ +1 「 ,(J) (7) 

Every@positive@change@of@input@variables@can@increase@the 

technoogy@ stock   Th@   @   because that al the equati   ns have 

positive@ signs@ concerning@ the@ technology@ stock@ and@ K@   are@ all 

po$ti   e ， Here@we@can@make@a@qui   k@check ， The@equati   n@i   di   ates 

that@ @@   *   e@ i   put@ techno@   gy@ flows@ i   crease   the technol   gy stock 

increases ・ It@shows@that@if@host@ (@=@ surrounding)@technology@stock 

i   creases,@the@techno@   gy@stock of‥onor‖l   o（   creases ， Si   ce（f 

the@ technol   gy@ stock@ of@ host@ i   creases   the rate of technology 

sPll   ver@from@the@technol   gy@stock@to@the@host@will@decrease ． At@the 

same@time,@as@techno@   gy@stock@of@host@i   creases,@own@techno@   gy 

stock@becomes@dependi   g@on@own@ i   vestment@rather@than@sPll   ver 

午 om け sbordde ァ SSbytheconsequenceoftechno@ogygapreduced   

@   order》o understand》he quantitati   e beha Ⅴ     or｛f》he 

technology@ stock   l   t us assume t   at the l   put technoogy f@   ws 

(own@investment@and@input@technology@spillover)@to@the@technology 

stock@ increases@ by@unit@step@function ・ The@use@of@inverse@ Laplace 

tansform@gi   es@foll   wi   g@equat@   ns@with@respect@to@t   e@u Ⅱ     t@i   crease 

Of  Ⅰ (/)+ エ ， ( り and  T, ㈲・ respectively.3 

「 (/) 二ひ ひ W  (l-  e ヅ )  (8)   丁 (/) 拮 Ⅰ タ (1 一 e  - 九 r)  (9) 

2.3ゝhe‘conom@   poi   t｛f Ⅴ     ew｛f｝arameters 

Rew 冊 ng the K ニ Atee ん一 sfocA     the  magnitude  of 
Ainp び f 

technol   gy@stock@to@the@change@of@i   put@varia5es ． @@   other@words   

K@@ is@ the@ sensitivity@ that@ specifies@ the@ amount@ of@ change@ of 

technol0gy  stock  perunltchange  0f@np Ⅲ var@ables  ( 毛 ㈹・ ハ ， (f))   K １ lne ア eeases as l creases Because @ at the 

merCCyof タ       thesmaller タ and n   the @arcgerthesenslt@ は @y   

A 白 other  expressl0n  0f  the  equat@on  (8)  is     

Th@s  means  ln  ㏄ se  タ approaches  0  and/or  Ⅰ m0ves 

t0  0 ・ the  tech Ⅲ 0logy  st0ck  would  respo れ d  more  sensltlve@y  to  the 

change@of@input@flows ・ It@does@not@surprise@for@us 。 and@this@behavior 

is@also@applicable@to@ K ・ :   The｝roblem（s》o［easure》he［agnitude 

of  spec 市 c  ㏄ pac@ty  (C"  )  and  approprlab ℡ y  ( タ ).  H0wever,thls 

analysis@will@not@directly@deal@with@these@capacity@and@appropriability 
relatedtotheir kactors 正   

Next ， l   t's@c@l@ r@ as@time@constant ・ The@time@constant@i   

related@ to@the@ speed@ of@response@ of@the@ technology@ stock ・ If@the 

val   e@of@ r@ @@   l   rge,@then@the@speed@of@technoogy@stock@responds 

to@a@change@of@i   put@varia5es@ @@   Sow ・ Ⅰ Ⅱ e@faster@the@speed,@ the 

smGl   r@the@ vaue@ of@ r   Based on th@   characteri   ti   s   Ⅰ haS the 

same@ meaning@ as@ lead@ time@ (m)@ between@ R&D@ and 

c0mmer 引引 @at@n. 丁 herefore.f 引 @w@gform Ⅱ at@ncanbeder@ed     

  

  
(10) t 一一二Ⅰ二 クタ 十 P m  0 「 タニ - 一 

As@ introduced@ in@ earlier@ study@ (Watanabe ・ 1996@ and 

Pakes@and@Schankerman ・ 1984) ， the@rate@of@obsolescence@and@lead 

time  areg@en  as 市川 @w@g  mathemat@ 引 form Ⅲ ae: 

p 二 メノ oe(7%) 。 ・ m 二 
  

+1 
In(l+g) 

Whe 「 e   @   @   creaSng rate｛f R   @   the（   iti   l peri   d   R is》he 

R&Dexpendlture   

  

objecti   e@of@th@@   paper@@@   focused@on@response@with@respect@to@the@change@of@input   

anal   @ng@the@equation@(9),@response@with@respect@to@the@change@technology@stock@of 
host,@@@   beyond@the@scope@of@th@@   paper ・ 
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where@a ， b ， c@and@d@:@constant@coefficients ． 

In@ line@ with@ previous@ approach@ (Hur@ &@ Watanabe ・ 2000) ， these 

appro Ⅹ     mati   ns@ cQnCde@ with@ emPri al@ resUts@ @@   the@ Japanese 

manufacturing@ sectors ・ Similarly ・ equation@ (10)@ gives@ us@ the@ same 

linear@relationship@as@equation@(11) ・ Taking@Maclaurin@approximation   

日ぇ何 xed  援 ・ then 

( Ⅰ 2) 
百二万一声 1  1  p Ⅰ c . 一 イ   p 三 m 

Comparing@ equation@ (11)@ and@ (12) ・ their@ mathematical 

structure@@@   very@Smi@   r@to@each@other ， Thus,@the@li   k@between@m@and 

r@can@be@proved@@@   terms@of@mathemati 8@   expres$on   

By@ applying@ lead@ time@ and@ time@ constant@ relationship 

(r@=@m)@to@equation@(8) ・ following@equation@can@be@obtained     

T(t) 二 m<CW  (l 一 e""") (13) 

Accordi   g@to@th@@   equati   n,@ it@ex Ⅰ   Gns@that@techno@   gy@stock@$ows 

its0f@down@due@to@the@shoL@ @   ad@time,@so@that@it@@   ads@to@stagnati   n 

of@ technoogy@ stock   However, due to the comp@   mentary ro@   of 

techno@   gy@sPll   ver,@techno@   gy@stock@can@i   crease@@@   s Ⅰ     te@of@Sow 

@self down chara 目 erlstlc under the c0nd@lon that @s capac Ⅱ y ls 

enough@ to@ as3mil   te@ and@ ma Ⅹ     mi   e@ the@ sPll   ver@ effects   Ⅰ ig l 

descri   es@the@mechani   m   

Pig.].Slow  l は elfDown  Mechanism  ofTechnologyStock 

3.The  Es Ⅱ ma 朽 on  ofApp ァ nopnab Ⅲ ゆ and  Speci Ⅱ c  Capaci 蚊 

3 Ⅰ Theestimateofapprop 「 nab Ⅲ 呼 usingtechno 、 economicda 伍 

Using@equation@(10) ・ g@=@--@p@ ， given@m@and@ p@ that@it 
m 

is@ possible@ to@ compute@ the@ appropriability@ of@ technology ・ To 

est@mate タ   dynam@   p and［『ere…a@   ul   ted「Sng》echnoogy 

stock  (i.e ‥ Ⅰ 二 R, 所 +U  一 p) 乃 -@  )  fr0m  the  Ⅰ apanese 

manufa ぬ uringsectors( 「 970 一 ]996). 

円 na Ⅱ y,  on@y  a 且 er  ge Ⅲ ng  p  and  m.  タ could  be 

estimated  and  it  was  shown  in  Ⅰ i9.  2.  Fig  2  indicates  that 

appropriab 冊 y  level 0f technology  けヰ sha Ⅰ ed  fraction)  goes  on 

inc Ⅰ easing  stead Ⅱ y  fr0m  Ⅰ 970  t0  「 996.  ln  ㏄ se  of  」 apanese 

manufacturing@industry ・ portion@of@shared@technology@is@around@0.2 ・ 

(1970:@ 0.1965 ・ 1996:@ 0.2267) ・ On@ the@ one@ hand ， thinking@ about 

h@h-tech se ひ 0r @n whlch the splllovers are h@her   it  might  be 

expected  that  lts  タ ( キ shared  fractlon)  would  lncrease  rapldly 

compared@to@the@other@i   dustries   
  

023   

0 な 一 一一一一一一一     一一一一一一 
  0215 " 一   一   一 
02@   一一一 - 一 - 一一一             
0 ・ 2 ㏄ 一一 一   
  02 一 一一一一一一一一一一一一一一 

0.l95 一一       一一 一 - 一     @     
  Q'. 9 一 " 一 "" 一 " 一 """"   
0 ・ l ㏄ " 一 一 " " " 一 一 " " " " " 一 
  018 
    安之 再だ 三 % お % 安お目おきま     

Ⅰ - @ Ⅰ """ m 0) -" ウ -" @ ウ - @ 俺 - m 目 - @ 0m -" 0l - Ⅰ -" j ウ ""- m ウ - m Ⅰ - @ Ⅰ -" j     
Fg 、 2.@Trends@in@Appropriability@in@Japan's@MFC@(1970@-@1996) 

First@ two@ columns@ in@ table@ 1@ show@ lead@ time@ and@ rate@ of 

obsol   scence@of@each@Japanese@manufacturi   g@sectors4.@Almost@Gl 
t   e@ l   ad@ times@ are@ l   cated@ around@ 3.3@ except@ CH   O@   sector ・ On 

the@other@hand ， rate@of@obsol   scence@@@   the@ l   west@val   e@@@   PM@ and 

the@ hi   hest@ one@ @@   P&P,@ CR@ of@Gl@ sectors   On the bas@   of》hese 

data@ sets   average 0 was computed by sectors   The resUt i   

illustrated@in@Table@15   

Table@1     p and・stimated 6 byヾectors・ 

Compa 「 dng タ   sector‾M”as》he”ighest」alue‖nd》he 

lowest@rate@of@obsolescence@of@all@the@other@sectors@in@the@Japanese 
manufacturing@ sectors ． We@can@ i   fer@that@PM@ sector@cont3ns@a@ @   t 

of@ technology@ stock@ that@ is@ shared@ by@ other@ sectors@ (25.3%@ of 
technology@stock) ・ This@implies@that@inside@the@PM@sector ・ there@may 

be@l   rge@source@of@technol   gy@sPl@   ver@and@it@can@be@conSdered@as 

the@ most@ potenti   l@ donor@ @@   the@ Japanese@ manufacturi   g@ sectors   

However ・ estimated@ 0@ @@   TaUe@ 1@ @@   not@ representati   e@ to@ draw 

imPi ati   ns ， because@it@on@@   shows@the@average@val   es@of@Japan ， s 

MFG@sector@during@the@1970s@and@1980s   

Although@ shared@ porti   n@ of@technoogy@stock@ @@   memory 

sector@ @@   somewhat@ Si   ht@@   l   rger@ than@ that@ of@ the@ Japanese 

manufacturi   g SeCto 「 S         should be emphasized that       the 

Japanese@manufacturing@sectors@ 6@ @@   not@so@Sg Ⅱ     f@   ant@@   Ufferent 

fromotherse ㏄ ors. lnordertoseeandcomparethetrendsln 七 % ln 

det   il ・ it@will@ be@more@usefU@   to@ compare@other@sectors@ li   e@ser Ⅴ     ce 

sector,@ i   formati   n@ &@ commu Ⅱ     cati   n@ sector@ and@ computer@ sector 

and@so@on@that@has@@   rge@rate@of@obsoescence@and@short@l   ad@time   

3.2ゝhe‘stimate｛f《pecific…apacity 

Asdef 旧 ed ln sec む oon 2.]   speCf@   capaCty　   equi   al   nt 

  

Firms 柏 nde 「 takeninAp Ⅲ 1990 ． supW 「 nedbyAlSTofM Ⅰ り   
5 P&P.CR:pulp&paper.l.Ceralam@;CH.0%chemiCal.oil;PM:priin 血 a け me 目     
GM.EM.TM.pl:generaal.electriclC. け anspo 「 tatlonma ㎝ ne サ 
precisioninstrUment;andFD.MP:food.metalprcoduct. 
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@@   eff@   i   ncy@ that@ speCf@   s@ the@ amount@ of@ i   put@ own@ effort@ and 

sPll   ver@effect@that@i   crease@ technoogy@ stock@ by@ u Ⅱ     t ・ Here@ if@we 

Y   i   k@ of@meani   g@ of@ sen$ti   ity,@ it@ @@   the@ amount@ of@change@ of@t   e 

technol   gy@ stock@ per@ u Ⅱ     t@ change@ @@   the@ i   put@ vari   bl   s   On the 

bas@@   of@t   e@ above@ def@   iti   n ・ the@ rel   ti   nsh@@   between@ senSti   ity 

and@speCf@@   capaCty@can@be@li   ked@each@other ， That@@@   Ⅰ   say ， they 

have@ inverse@ relationship@ to@ each@ other ・ Mathematically ・ it@ can@ be 

expressed@as@follows     

一一二 K  C s Ⅰ   where                         
Thus.  C ゐニ 6+p 。 C,p ニ Ⅴ ぼ 丁丁 (14) 

In@ order@ to@ understand@ the@ trend@ in@ specific@ capacity 

i   Cudi   g@sPll   ver@capaCty ・ speCf@@   capaCty@@@   estimated@and@then 

was@ab@@   to@get@fol   wi   g@resUt@uSng@dynam@@   data@set@of@ p@ and 

タ ・ 斤 l9. 3 shows the tre Ⅱ d 0f spec@c Capac は y ln the り apanese 

manufacturi   g@ sector@ and@ F@   ， 4@ i   di   ates@trends@@@   growth@ rate@of 

speciic@capaCty@and@technol   gy@stock@shared   
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Ⅰ     g ， 4.@ The@ Growth@ Rate@ of@ Spe0fic@ Capa Ⅰ     ty@ and@ Techn0ogy 

                                                                CJp) 

Refe ㎡ ng  to  the  円 9. 4, 9 「 owth  rate  of  タ (a  portion  of 

shared@ technology@ stock)@ and@ specific@ capacity@ decreased@ from 

1975@ to@ 1982@ and@ after@ 1995   The above trends suggest the 

following  interp ァ etations:(i)a@though  タ and      .      i れ c ト ease  steadily   

there@ exist@certain@ periods@that@spillover@is@ not@ so@ active;@ and@ (ii) 

the@ gap@ between@ 6@ and@ <"@     i   creased@ mo Ⅰ 9@ Sg Ⅰ     f@ant@@   from 

1985.@These@ imp@@   that ． 3though@potenti   l@sPl@   ver@poo@   i   creased 

      Japanese manufacturi   g SeCto 「   specific capaCty was 白 Ot 

sufficient@to@assimilate@technology@spillover ． 

4.@ Conclusion 

4.] @nte ア p ア e 垣 Uons 

(@ i@ )@ Upgrading@ specific@ capacity@ and@ restoring@ the 
approoPrl lab 。 冊 y play an lmpo は ant Ⅰ O@e     accumu@   te the 

technoogy@stock@eff@   i   ntl   ・ 

咀 (O)U,r; 八 。 ) 弓 C" 吟 n(f)T 吟 P Ⅰ 吟 m 小弓 r 丁 ， 窩 Ⅰ 

  
Negativefeedba 侠 toT ㈹ d 。 Ⅰ。 "" 。 

SenSti   i@@   of@techno@   gy@stock,@ T{t) 
モ 

(ii)@ Due@to@self@slow@down@ trajectory@of@technology@stock@ by 

means Of Sho Ⅱ lead time   e 丘 ectlve utilizing of  technology 

sPl@   ver@ Pays@ a@ com Ⅰ   ementary@ ro@@   to@ i   crease@ technol   gy 

stock(F@ ， 1). 

( 田 )  ㎞ Japa げ s  manufacturi 旧 g  sector. w 卜に potent@l sp Ⅲ Over 

@creased  stead Ⅱ y.  spec 市 c  ㏄ padly  was  not  su 伯づ e Ⅲ め 

as 引 mi 旧 te  potent@lsp Ⅲ Ove Ⅰ po 引 (F@ ・ 4). 

4.2，oncluding〉emarks 

Th@@   paper@ has@ i   troduced@ sever8@   parameters@ as 

governing  fa け ors  such  as  approp 「 hab Ⅲ y  and  spec Ⅲ lC  ㏄ pac 町   

Among@these@ parameters ・ the@i   crement@of@appropria5lity@and@the 

Ⅰ     mi   uti   n@ of@ technoogy@ di   tance@ become@ spontaneous 

phenomena@ that@ we@ are@ not@ ab@@   to@ contro     However, upgradi   g 

speCf@@   capa0ty@ i   CuUng@ as6mil   ti   n@ capaCty@ never@ occurs 

automati   6l   ・ It@needs@cost@and@ efforts ・ Th@@   paper@di   n't@treat@the 

fact0rsco Ⅱ sls 億 ngofspeclncCapac は yandapproprlabll@ylnadlrect 

way ， For the purpose of understandi   g th@   dynam@   process of 

technol   gy@sPl@   ver@more@quantitati   e@   ,@it@@@   necessary@to@know@and 

de 何 ne  the  characte Ⅲ stl ㏄ ofspec 市 c  ㏄ pac@ty  and  approp Ⅲ ab ℡ y  ln 

detGl   
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