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1. :lBXBOl»lCntllt 
R$$.efLrch :e'\tp;luat:;'pn :hlll$ be~l\ith~ :f;Sub5:ect, Qf .,~~t.nlive 

l,nqu iry II 'Inllo.ert . :of 'the $tudi~$ .tb~ba,$io :,rtode IDft~i1etu:ch 
ben'efi,t$'ba~ed'()ntbep~1n¢tJ;>16()t :eootu)j1!Q:'$ujfplus' htU~ been,\u,C!d 
t()jloasur~tbe ,:$.i~" !_ntf41st~ibutional 'Con$~qU~J'Ul~fi1\ ;of);c;$,~(l.t()h .... 
induced tecbnQ-IQSic;..:1~lu~nae'!1bf'llte~at1.l,rf:iQn t:ht "'#ubject ',SO 
f'l1~ ,hap noverei' ~arl'nusta¢tpX'iS;Buch 'Ar;s, ,.tbe: 'PtQblb,11ttyot 
r~$,earcbsucce~s. .,tl(h>~tiQnt'f1te$"and'lev,&'1$, 'i~eitiob~l .,,~dJ 
1nternat'iQ,nal, $p,illover$ and the .flect$of' gQ¥~~n_ent :eQont).io 
PQli'c$;es ,on ;reU'e~rch b~n~f'.it$ (~ .. ;Bjo"; 1)avi~h .O,rAIt;and 1\j71.J,D- . lSa? 'I 
and~;r,$on 196&, '8ant:i.lt\n ,.'anCl ,D8.v,1$, 19~1;, Al$ton::1 Ed"Jrda ,apd 
F,l"t\leb~i~n . ,leaS,?, .,llY .. ~nd l~r.~,. . tbem1al'Ysi~ ,.In ,t>rev,to~f$: .,\ior~$'li~" 
be$ncOnfinedwitbin;the ;c()nt~~t 'Qf ;~:d.n'l~p1:J)dll:ct ,.a~:k~t;. Tbe 
inveat:1'aatlon .o~ the PtQblnJl;Rithlna~Q:lti-produotootrt~xt3j' 
'Vet in 'the initialsta~e$. Fo~exam~le# .,8. ~eoentwork by ... Al$tpn, 
(leSOl ,b~s.,xtend~d. the lUl$iQ ,model 'to ~·ll()tf. ;~nanalysis ,;(l:t 
we lfa..rechanSesw1th. 't'bec,onsid~t 1\t;1(JnQf~.n~~al· ;eQU 11'$.1)):',1U_ 
'type -adjeustllonts takins,p'lac*, "in ,11 .111;ti,~p~,o~hl¢t .tfett~n.1' '.elle 
,PUl:l:1()f3~. ,of this :P.P~t. iJ,to exallin~ .two"$~ects . ,that,., ;Il~" ·llflVO' 
s:l.lIli ficant bea.l'init lnthe.e~$U~,e_ent.of !~ot~nt1$.1 ,~,o$en;r.Qb 
benefits, , :i.e.,~ ,opporttUlj,ty co~t. :t\n4eu:~~~$f$"'c(r~od~t1 .."$pilrtQv~ut: 
effeots. Possiblepr'Od1.tc:t$UD$t.itution i~. . hlghl.;i.lbted,in ,tb.~ 
process of e~J?l8.tninit . the unde:lring l'tll'nt1on$b~l> . of.,., the 
:ag:eicultural;r-esPQnseand ,c.o$tstructutes. in ,.'~" ... $lu~ti-pl:'oduc:,t 
production -env1r,on~ent~:ttexten4sthe :SCOPE:t ot inq~·ir¥ of ,1)~vis, 
and 'Bantilan (':1:991) ,thatexPl,Qre~the "ol)tput. c(),stlink,?~ft$ in 
various single ..... olltp.t.1tprodUotionscenariOs .. 

Seotion 2. ;sives ,a, hackS round .Qn. . :s,pillov.e~ .. ~,fl'eQt$,ot 
:!lgl!'icultu~al j:.eseal:'ch. S~otiQn .3 !J,1 "'a. 'discus$i~n 'of ~ ,tbe 
'tb~oreticaleconolli\;. ft'ttJte·wo~kd~lion$t~,tting 'th~r$latiotus;b1p 
between the outputtespons~ . tina ttn~cO$t ;$trueture ,ill £aJlulti­
'output~ul'ti~lnput llroduotion \envi~QnIl8nt. ~lt ;shOW$;how . :pl'odubt 
SUbstitution ~n this 'setting cQlu!ns~nt·o p1'11;1'io 1nfluenoin& ;the 
Ot1tput~cost linkages. This . section 8;lso (li~cu$$~$t~h~ .:.olet(lt 
technoloaicalobange" :Mel spillQv8'reffect$ ~and ith~i~ 'c.Qn$e.qiteno~fJ 
on theoost$t'ruutur.e .SeotIon '4 devel'ops,the llath$Jtaticll 
rel~tionships iJDpli.,d. insectiQn 3,.'l'hepep . .,~ oQnclu:d~s with ia 
:sullmar~ottbe :resul.tsabte, ineq. 
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'N",w iknowledg~ iO.ra 'tecbn.olo.icQ.'lbttft",ltt:h~oUlh .• ener,atod v!a 
qri¢llltu.l!'alt~$etl~ch 1~8.ds ,to in¢~~a.ed .1£elds .• :o~ ';".I>;r()ve$t'b~ 
qualitYOf'J.)llt,pt;atJ :Qrenb~nce's ,thet~ttici~.nQ" !ot1n,PQt Qsevia \~ 
%'~du-otion :in :unj.t~Qst·" 'T.ben~w t,~ohni:qUeso~ P~I,)C~ftt~' 
d~v~'l'pp,ed'llay ..b.v~ .tt.Plll1ci1bili't't :beyond. ,th~ .. ' ,oQnfin~$'Qf ,·:th~ 
lo,cs,'t'iQn. !orwhicb ·the it~cbnQ'lo'YR~s'.t)tl.;r:_te't, io~.;b$)"Qnd:. tb~ 
c.ol1liod.i ty fo~.wbi'Qb theteQhnolQgy '~a.d,ovelQped~ ~betu~:' 'effect." 
have. :poen .l:,.,t~~red:to .. as spil'l<:rv.er ett~pt$J;;md·di:tt~,~(fnt tY:Pf5$ 
a~ed!$tifiguisb"d. in ,t'h.· .• ,liribplture riepe~t¢b t~'1;e::.#.tu~~'~ 

,The. d1tt,e}!',ont ... typc;as.,of .. SPil'lov$l:. ..~El~tects .. 'may ·be 
sY$temat,ically :tf1$Qus$edbJ'. nains ·t.he t.r,.l1e~o~kQu'i;.lineci in 
FiiUre.1,.. .Thi:$gener"':I..,fra~ewQl'k,tr~c,e$. 'tbt: .. ctevel,Qi'JOent. ;of tb~i> • 
different Qt)Il~on~nt·$o.f .tb~ r"$eato.h~rooess 'I . :itsQutput.nd 
,logioal . pOPsequf!nces,.. ..Tbooonc~ptUf11i~fft*Qn()fth~'. ;f;-$.i~I1ft)l:lf. 
starts.. wi'th ... the c·Qn side)!ttt ion 'n! . :~ese~l'¢b :investlSlftll't$ . '(bo~ .. 1) 
',tbatfunds theiJQP lellen tation·.ofre$~$.rQhp:t'p5ept$(bQx2J. 'fh~ 
newknpwledg~a.ndtechnol'ogy ·ge,nerat~d ('bOlt a" Jlr.,elCP$oteQ' to 
b;ing 'f·o~th oharlltes in the 'produotion ;and tbecotnlum£it19n 
environment (bo~ 4) ... as,the .cOJlIl.Odi ty ' .. boCQ"oS . .ilQ'rO .. 11nd. '. ;)lC»)!I$ 
availableintheIlArket.a$ a~e!'Jult oftheut'ili~ati'()nQf ,tbe :new 
technology. To bemoX',e sl?(!cif'l.o)theappllcatlonQf .sclE)ne~~ 
b~sed technolpgies inair:iQultt;1r~ . is ,e~peotecl to.br:in' ,about 
increases incroP¥i~ld$ .avel."age,claily ~$ight,'flin 'of poultry ~ 
tbe average li.t·te~size of live$tpckal." incl-b8.Sed fi:~h 

I production . R~searchis ~lso expect~d. ,to iJlPrpv,e the ~tficient;Jy 
of var.ious inputs inol\ldinsiu:t~us.ge!1ent. U.ltill~telv" the ;",hovo 
changes in the produ,ct,ion an.d c()n,su~ptionenvi.;onllent :ate 
tr:tn51uted into the :uPJtr.ading ntthe itelfa2!e ,of$ociet:y (box 5). 

But# before 'thefina.l benef1tsof resea,rch :acc~ueto the 
merberf'4of sOOiety ( i ~ e. $pl:oducn'X'$ ,and consu~e~$') J '* 'tbr.,e 
iJDPortant oonditionslll)stbe ·~et. First ot's.ll, the ,ri!u,~~~cb 
underta:kenllust be ·succe.sstul In :I:\ohieving :ltstlttget~d 
objeotives; ThiS! introduces thenQt~ionofthe ;piQbabilit'y ;of 
sucoe$s or relative reseal:'oh .oapa.bl1tty (bole· 28.) .SeoQnd11t tb!' 
potontie.l 'ino:ee.aseinproductionprolli$edby ·.$,Dot-rtophnQloSlT i$ 
.ulti£lately achieved only when ,theteobnQloay is 'adQptedand 
utiliz~d by fa~.JDer$. Thi~,c(mdi ticn . .necess1"tat~s the 
oOU$iderationofther.ates . of teclm0loSY$.dQ.ptionanclthrf.ao.toJ:s,. 
constrain,ins it ,(box 3Q.). Th:i.:-<lly, the ,rleasure~ent ,of the 
welta%'.e gain to society is inoollplAt'Sit .it, doem JiQt take intI) 
aooounttbeexternalit:i.es (ppthp·osit,.:" .. eandnegatlv.e) $ibich t'he 
teohnology involves .. 

Classio examplesofanegatlv.eextel!'nali,ty (b'ox4a) .ate ,the 
hUJQan-induced .soil erosioninagrioulture.o.nd the detril1ental 
effects of chemical-batSed ·technolosy. Tbe long list of the 
effects of the latter exa~ple inoludes the deiet.el:ious effect of 
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'pt;stlci,deB on ,tbebeull.tb 'of f~~ •• ~$' .~lld ihi'$ . fQi1lV, ·tn. 
tran~~itt~l ,o,f 'Q·h'.'lQa~res1<ll1e~,ti1'~oP'b~h~'" 't()Qd' "eJnd.tttd 4 

conau~~t$., ,t::h~tQxlc "~ft~ot()f',, ;~hoJ;\ioal$ :pn~ni*f!.il:" "like' ,~$,hl 
'~~1:iIlPS, ,'f)!'Q,$und, ,h~,:l:pf,ul, !n$Ot'tas, ,t:nthttpaddt ,ertY'lJ.'pn~.,n,t», 'th~ 
contal11n ... tlon ,of '.round ~nd,stl~f~«Qe wAt~:r.~:andth" 't$duction 'Ott 
)Il1o~o,o,~.anj.s ... ':p.otJll'1,.t1on~n ,th~,p.addy's.()i~tb3jihe'1$'~su:d~~i;n ,.C)'11 
:f~rtili ty * 

~ , ,1"h~ . p,O$,1t,1ve·elCte~nJ;\l.i.t'ie,$ ,a.t~'in¢~:n:p'Q~.tf)d~ttbln:th~ ,aboy,. 
:tt,aJlewo'~k, vi~~on,;ritl(tt .. t~on4f ,tb,concfJPt ,of.~,111t'tY~r , ,ptfe,()"t",ll' 
ti,u,relS 2 ,and' 3, , 41l);l$trClte 'bow ,tbey' 'a~e1nt~.rat.di" rin,t.ho 
anf;ilY$;i$ii "Thl:~f> ,types' J)t ,,'tJPi,llQVfJ~ 'etf.ot$,',a1:o. ,·~on..f$ipe~.,d •. " ,'l':~­
t~tstt'l~~, ,'(bP~;~) ".lnYQlv(:)~ . 'tb~ ~Ol'Q~l'-3.Qoa~ionJSP$l:aQYft~~ 
~he~,ein ,_ technolQ'Y'Q~v~lQPedt,h~QUitbfe1iloa:Qb fO.J'Qn~' 'Pt.OQuct, 
in , a ~p~citic lc)cat'i.on c.an ,.b,e. ~qt1Pt,~d, to:l~l!':Q~etbe.. ,;p~QduotiQn 
el~ficiencyotthe J!Qle~t()du()ttn()tbe: l(),ct%t~Qn$; ",(:I~()oioo)?ol;tlcltl, 
OX' :~i~9-~colQ,iof11,) cO',,, :r'no' Qonai(h~~~fit~o.n ,Qt th1'$tygo tof·lS.p111()'v.~t 
eft.ect'1 ,:is ·t~l~vfUltb«'QaU$etbe, , (tlPpl~ct\b11i t,'of . 1;h$ "l'J$W·. 
techllo1()gYllaY 'nQtbe'tbe $Q~~ot' :tJ:l~lloc_t~~ns«s" tb~'$G 
looat.~Qnsr$t.~r , ,tQP;-.()dgct~onettvl1:9n.entt$dlff$rent;."t'dbY 
~iX'QnOllio, oliJl)atolQ.glQal4tnd~c.ol()SiQAl.f.-ot(»);'$,* . ." 

Th~ ;s~cond typot,lt $~; llQy~):ettf:Qt8:;r.e:~t$ tQ ,aCi'~f$~~ 
CQllllodity tl,pp:lic",b"lity 'Qttb~t~.¢hno.1Q.y(lovolQ,~ed (box'l).'i!fJ~ 
exaJlP l~, 'a ·,cultl.lr~l ;~an~~~ull$nt ,tephniqu~ deve;l¢ped", ,$p$Qlfip'~llr 
for', , 'rice p~Qdt1ct,t()n )l~1J,lso. ,potenti'all¥~I1~tQvetbflf:tf1'o.1~nQY 
o.tpr,QdUctiontor .p():I!'Jl '4ncl iQthte1~' 'Q~re.~'l ;jtr",1n$ .• 

'" 
The nature ot t'h~ ~ti~,stltlf()t1P~$ ·Qf:·SIl.:t:l,lQ".e~ 'etf~ct$" 

X'ef'lect$:thed1r,t!et~ppl;.c$;b':t1'1.ty· Qt, ~ teQ'bti·).'lo'YAorQ$~· 
tjj.fferent loca,t1on~/prodl.l~tj.Qn 4,envtr()n~fJnts :~nci ,actos" d;fte~Ch'~ 
cQlll10cltties ..Thu$;t,beY4;r~ :rAfe,~"""dt:o:,",$ d1~~ct $t}\~llov$#e 
effect,s. 

Athirdt}r'pe 'pt$pil,l,pver ;et,teoti$t~t~~r.edtoat$tbe 
,indireot or Pl!1ce ;~pi'llov~J:~tfeQtf:1 (bp~ 8.)... ~a,~,O~ll$e. 
technologic.al oh!U1~f), 'fo% ,a l>~rtiQular'coQ();(U.t,y, in ·A$P,~citS:.Q 
looatlqn brln,sfort.hinere~!'I~d~suPI?lywbich ~~¥, caUf3~ ",J:'tiQe 
,pnanse$1 then cth~p:t'1c~ ~ffeQtQn'other location$ (if tbe 
COJlllod1tles ,,' '«~e ,t~aded) ",0):", it·s p~~.'Oe'Q,ft~Qt ion ,~el'Clt~d 
OQ}DI1()ditieslllayhav~ ~flsnifi(Hinpe., ,Thi'$ ,.~"p~:rtiQula.r:ly ,~~lov~nt 
whe:n theelasticitiesQf t:he pl:'(lduot de~a,nd ,a:r:~ ~~lativ~,lY$llall 
f:\ndlo~ tbe rat~ ofproduc,t trar:usforJlat·;'Qna~ongoo~.od~ti~$ i" 
sillnl tic an t .. . 

The tbeoreticalconsideratlons in thi$p~per, fQO\UlOn "the 
~econd type ot spil1QvOl:'etfects~ ,tbat iSlthe.~c~Q$$~QQllmQd1ty 
appl'j,cabili;ty ofnewtecbnolOi'ies. 

4 



,O.'.tQH .t 
00"'Mol).I11 :J( 

. 1 

,f(,1t ... ".... . 

l-lpqf·~QQ~·~·t 

IItI,EAftO».r,HJt,PU'f 

..... ou.~ 
OO'~MOPJtt' 

,.1\QAf"'V,­
'.u:aIAftoJ( 
;8U.CQIf\'.J 

...... ~llOM 
~.'''.~~"Ilil. r-.. . 

'.' '" 

O .... "'<;p.TY 

'''~ODUCTI()Nl 
:OOHeU.HPTJQN ~ 

, •• O·P"'l.tTICAI. ....... 08,.' .. ' 

'.ItJf"'~._ 

• 

}L"~'~"'" .".1 
~ __ l~~ 
W.LM'Ut(JHAN~¢ 
PUI 10 ".,IA"08 

~. 

5 

I 
·,WIU"A".lOH~N'~ 

PUs 'to 
1,~"r::AI9H'''' J 

J 



. 
FIGURE 3. 'RES'EA:AOH \S:VAL'UAT'IO,N, PROCESS ~ 

;R.~"O", t 
QOMNOD'l'V'l.. 

I 

1l ..... 0R 

">'L~." 
7 

e 

,~I~J,f)," :. 
~OMMOP'1YK 

rz'~~JtQH our"u1' 
'!" ;i(NQWl.EDee 

'-TIQHHOLQGt 

o .. uoprtv 

P'*ODUctU:uu 
CQH'tJ,,..,rJQM,4 

"In.MltSOH"NOIi 
I)U£TorUuur~RCH 

,1$ 
I 

6 

... ~J 

'fJfa! ....... ' 

• 

,,$,. OJ., ~ 
;O .. ..,Q~U·yft ' 

.1. 

I 



$', eSQOUC'l'lQN ABQgast'LliJKA!lBS, ANJ)QPeQ,8%Uu.:!~~PQ~ ,llt·4 
<"UJ.L.:rl~e~QtUICT1eBQIlPpWIgU,Bti!lX;2Q1UiJ3lJt, . . c· 

1'bo ·l,i:l.1tt.$ " of ·,tbo.to,ol)n1calpr9dgotlQnp"Q$$tb";11't;'o$ . in ~ 
,Jiul ti""outpttt-JlUlt,1~1nPQt.t~ ... e~o~kcan 'bfo' ,~~p:ol~nt~d' 'by"", 
't.t'arusto~"atip,n~~n¢t1I)n,itiv~n by, .~Yl " 

Q(l1.1, ,y:~, •. ~. "",).;: l()t~, ~,... It.~"' fl,) 

wh~r,e ,y~, "I~, ..... '1m r~pl:O$,ent the allounts p~.p4uoed for eachQf 
tbe ~ outpu CS and ~~, X= I '* 10.. Xn aJ!8 tbe a.punts used of ,f:UlQI') of 
th". n .. inPQtJS,T,ho :bQ\lnda~VJ;el~tipr.s.hlp,·liv~n ·,bt.~9U$.t,i.Qn .1 (1) 
eXpre~$e$ ·tlle Qonstr,.,.tn,t,I'th;'oh .. 1 i~1ttb~f 1~~ ":~tre,ru,t.p~Ji~t1QfJ~ 
tJfaset of .inputstntt> ,8, :$.ototf~nal ;J;>:t:o,ductfl.lt,ln<:U.o·at,. ;,thO' 
sub$tit~t:~b~11:tYQfQn<o ,input,to'&P..nQt.h,,~ :(~h11st.ot;al ,ou~put1$ 
'b~ld CQn$tant)~$ well ~$t'ho ,.ub$t·£t\Jt$bi.litYQt,Qnootd:~pilt!fpj; 
",n(ith~t (wh11c,holcl1ng ·tho ,tot.$l 'l1!!~g$(itlnput.~f'ix'Q)·.~ 

W~t.hQut lost;; ,ot.g$n·~.r~1j;t1, th.e; ·effioient .~tl()Q~:ti~" ,~t: 
input$~tnQrutalte.rn$tive ;p·f~'d1.1Qt~, .QM;b~,"Q.~t~.$~11 d~llon'tX',t).tfld 
forA tWQ~,inJ:')tl,t .. twO-()Jltput 0s'$.8.A SJ'$.phiPQevisQ lut.Qwna~ :tn& 
Eds~wo~th .... aowl~.y llQ:K (l1ia~re. '.) QQ~O$ .b~nd'1fot tbi$ ~PUt".PQ$"'~ 

Th~idsew(lrth~aowle)T 'Bo.lt ,~ta.r~ .. ,J>(!ltm't~$ ,~ll .. PQ$stple 
Illlo,cationsQf the tllP'in~uts betw"..,n ,twQP.:QdUQt$ :(Y;i.. ,Mc;i: ,.~)tQ 
b~ .vi$ualiz..,d .. '" A.tir~ (QrfaX'.lle~). ··Jli/tb. tilted l~\lMtl;t1t$ ·.Qf 
l:'rodU9tive ~r~$our·¢et$ ($$.Y /I labQl: #ndo~pttl1IJ .t~ :a$r:Julled. in t'tlO 
;t1nal'$i~,. The .c.l:iJl)~n$ipnr;C)ttbE;) :b()x~t'esivf=n 'by. tbe .. f~~)C~d 

, qUantit1~$ ,of ,inputsa"~il~ble~. I$Qq\U~\nt 'lJlaJ?sf1l,:~' d;ra~J) to 
r.eprosent the prQduQt.iQn tt.'obnoloitt"fI ll~ed II 

Intheconte;Kt oftbe. conditiQJUllivf)n . above, et~i¢i~i1t 
rallo(Jation of ,~e~QqrQe. i.saohieved :by ~be 't;';r·_ wh~n t.~$P\l:r."c.e.s 

$.reallocatedf;UUonIt ~lt~+'nati1{e ·Qutp~tU$o.$ ,in 31,lQ'h :~~af 'that 
thetflte pfte(:ihnjcalsub~t;'tuttt:)not· the~nJr?ut$ ).$th~'·$~lle in 
tbep;rod-uot1on ,ofev$ry Qutpgtwh~cb ,beP~Qduge,$ ,In:oth~X"w();rd$, 
tbelpQUsof~ft~oientpoints 1$.SiV',en :by the ;~o~htsof .t8.n.~nQY, 
.of the tJofo;'f$oqUan'tfh This t+~OQs.o\1ttheQPti.al. ,cQIlPination, ot 
theptoduot$, .. Y12. and 'Y~, ...wh:LQh .Jl:Lghtb~ . 'pt'QduQed~ .. Tbe$~ 
;possib11itieJ!arO$boHn .. bytbe ,prodQctiQI}. t"QfS$ibilit1~$ f;rQntt";J 
Y;'i..Y:UI., showninl,iiure5 ."ovinll~lons th~se,tf1o~ency 1.QQU~, 
·f.tQ~ I?~ to}?, ;'oput,$ .ar""p~tn$ ·i:;r.At1ste.rX'ed f;l::ol). the~t()duction 
oty ~ to the p.rocluQtion .()f~~. Th~$lope. ,<Qt ..tho. ·prQ(iUc.ti,pn 
PO$sib11,ityfrQntle.r ,calledthe )!',ateotJ.l~.odUQtt1!,$n$fQJ'Jlatt()D 
(afT ),.JleA.$llX'etJ tbe l:l1t~ of ,PX'QQu.ct :SUb'1t1tution lnp;rodu.ct1Qn. 

Let u$nowfJx~ .. inethe' .il,lpll.CAtioJl$oi '.8. 'n~»to¢bnplQgy 
thatba$ be~n devolopedtQ·r ~on$'J?todu¢t ,$ay y~,on . ·the .'. tii;rJn f :$ 
produQtioncleoislon ~nd OQ~t st:rUQtUto. A$sUJl~ it'l.r;st tbat the 
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In,. \t~r~$'Qfti~uJ:,e-Q ,tbt .tecbni,Qa). .cn~Jt,~~:.;t>u,,:boJ$; . ill" 
p~Qd\lcti()n;.p,o~$)'billtyt1:Qnt1f~ ,Q.qtRa~,d$ .,,~:(i~pi~t,~d,~Jl .l1'al1~oi6!! 
Conc~ptt,ltlllY;, tho .pr<>d\lQti;oD 'fl;'on,t:1~~ ,shlt't$ ,a$ :biih~t .1~v,01.g; ,t>" 
QutputQf,,,, :o~nnow be 'P:rQ~uced.w1,tb tb"1J1P~~'toa ,e,tt1Q.t~n;01 r'in 
produoin, tbat'p~QdJ1Qt .Notetb~tth~~f;1.u,..e, £ll,\l$t~;"to. a t .\'0 
wh~f'~ -the .t~cbl1QlogV· 4Q~$'not .• t!~~t .t,he- 'Pt:od,uot1'y~ .• t~~o1~n¢1'ol 
th~ Qthf);r p:od\l()tr,l.:o, }th.E;)Jlo.l(.;:'llu~',(n;\tP\lt ,:oxp~,otod) .' !fall 
il1J)t)t$ N~ro lllloctlt,ed ,t·Q~ th$ PfQQuct,iQn,ot :If'#:, ,..e~a.in,$ ,,!Jt l~Y~il 
'p~. 

The iJlPf,oved,otf,lclenQYin .tb¢\~tQdu.,Qti·Qnot ¥:f. . 'induce8 .. 'Q; 
deo,l,ipein '~h~$ub3t'itut~biltty 'Q.t ·th" two. :Ptoducts 1ntb. 
p~od.uQtiQn ,.p~OQtl!iS~ . This .).$. ,illu~trated.:1n i·iltuJ-~.:6,,:fih~l"~ tbQ 
f;.llopeot th~ f~ontier l.a.pel~dC::.A i$~t~oP,o~tbMtbeslQPOQttb. 
f:~Qn ~i~r CBwh1cb .• "an$ t.hattbo. 'tat., .. It.b~Qh ,~. !()an \b~ .tr~d~d 
,fot y.t.:in t'beproductiV'e.p~.Qce~~· ,bb~OJAe$ ,.ulllSl: than 'b~tQ~~ tnt;; 
technl·oalchanse. ., 

lftbe newt~obJl.olQgy \wor., ~.l'sQ ;~pp11Q~blo ~Q f;o;l ('1 l,$~ '" 
positive spll.10y~reffeots .at<' !I?;r~~ent) :,Q :th~tit$p~Qch~ctiv" 
~ffiolerioy . :aleo ino+,,~u~sOfl .... th~ntbe. ~pro4ucti()n .. :po$$ibi11tr 
frontic:]:' f·o~ '1.~,nd y;:t;j;sptn=6~dt'utth~r ollt~lrd$tro,,*,O»tQP8'1i 
(Refer to P·;1Sufe 7.) It. ').~natedtlu\tt:he '.Jlo..xlJlQ~ <J?~Q.d1,\Qt,.io'n :Qf 
Y:s., • if al,l '~esou~·ce~ w,e;r.e '11Qo~tedtoit.,+"eJl.a1n$' o.tpoint :~i 

• "While thell$xil1umpl:oduotiQntQr 1~inorb~S~$t:P. 'D"jl"()r~()v~r,l·t 
i$noterj that the frpn.tje~ l.".b~leQ .:DB.(".ep.~c2\u~ntinsth~(uun!~r;)t .'~ 
pO$itive~pillQve~elf,f1Q·t·Qt t~ohnQl'QiY) hils a hi'ber$lQP~tban 
thf). tor, Ca,(whlc.lt a$$.U~e$atlQ .$pil1Qve;' ~ff"ct'),_This 

I Qb$ervAtion ... in4ic~te$ that .tbe~pjl..1Q.v#r ~fteQt,$ ;of . $t)A~ 
teQbnolQSYd~Yl;lOP"dfoJ." Qt'>X'tain ~c¢JOOQditl,.~$~aJl1ntfiot"'lt~~ 
theextenttJf$QP$t:itutabl:l.'i ty,aI10n,~ptoduQt$...ndben'ot ,;f1ft"ct 
the deoif:rionpx-oOe'SJ!lef$ ·Qfthe.f irJl f' . ,. • 

Tbis observation 'I1Qt~vAte$ .Qili,nyeutiS~t..1Qnoftho 
Dpportllnl..ty ,CO$t$ thfi1t .J.lflY be 1:tt:f ;leo·ted b'tb~ ,possible 
substitut1ona~Qn,Sprod1'l9ts inth~ ,p;t'()duot~o',lprPQe$$wbich ;.JrlIlV 
uncler li~thet QQststruotureof a 1I)ul'~~.~p):odu(Jtti~Il.Tbe ;'J1\p1101t 
co.$t involved .Jl~yb(t inadvert.entlyi.,not~din th~P$Q~·l ... ~nl,f..1Y$.i$ 
:of a firm ~ $ .QO$t .$tr.ucturea$ th1~ l.:J U$Ual,lYdQn~ w~ tb1naGtnslo"" 
pr,Qduct frallew9tk, tat Ul;;uao ,FiSJ;u;e8 a.s a :r"'f'cr:enQef;tlJlft. 

In te~Jns ola one ... output~~u·ltJple~input l;r,alQ"'w()~k "d"p,iQted 
in ,Figure 5, aprQdt)ot.ionfunotlQQ.IlAY bed~tinod by 

:;, )1'~)=I( ~ '\. X~ .. 

The 'figur.e i tlufltrat~$the ~f;t~c. w ,..techno19i;'oal bre.akthl'QUih 
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so,tbat.the:Pl"QQuotioll r.e$pon.",. ,shiftsa$ bi'h~t ,l~v~l$ 'o.,t:outt;>ut. 
·a1!'ep~Qdu.oedwi·tht~e, ilOPtOV~d'P~Qdu¢t1Qfi~t~iQ1:en¢y. A$shown 
sraph±o3-11y,,f tb~S"",~~. 1#t1~lotint>u~ ·(c()m!;),o$lteJ U$e';, $!$;Y, l'C>'i 

brinS$ tort!"~ .. an 1nor~a$e. inpt:oduct"ton .fl;fQit 1,~i. t()Y.f..t II ., 'he 
enhanQel'tent Q,f' . 'th~ P~od'Qc,tiQn. ;eifi.ciency (~hpRn in :F.,lgtu:~', :8:;:, 
ipanela) i:!ltran$l~ted intochanQ"Eus inth~ f·i~~A',s .QO$t'.$t1:Uct.U!:',*" 
'that .i'~h . in, tet'lbsot a lQwer tbt$l Q·Q$,t l!ifid, '13; oownfitardtdttft ',in: 
thefi~Jh ~:s ~flrg~ntl.lco$tor .$u:p~.IY fUJlQti,nn., . Thj$, :phan~e:.in tho, 
CQst :structure i$4'epiat'~d ~fl;~igtlr~e (~~rl'els 'b 1\nrJQ,). 

Wh$p .' the .flf$.ll~work 1$ext~nd~d to' ,g. ~l1ulti~p:t()duot .f'i'tnt, 
con$1deX'ation. 'mu~t bel{ivento th~~fte()ts "ot tb~: new . tecfinQlf")" 
on theool!lllocU.'ty fo): which ItlulS dtveloped ,!ltl 'Well~$th~l 
pO$$1bltt . $ubstitut;'onaJ1ong pr~dllQt$artd 'the .. $pll1:ov,,~ .ett:~Qt$ 
the nefti .t~ohnol'flt .Jla,y :h'lve ortthe:oth,.t',Qo~J1octitit~ th~ :ti;t".~ i~ 
proQlJoing • The PQ$$lble $ubstitutional)Qntitprodu<it$invol've ..an 
11lpli'c'it 'oorstor ol?po:rtun1 t:v,)ost, tot tbe, 'prodl,loe.J" ·.sheQlloQ$~$ 
to. .prod.uce .. auXli tor . onE\!: product 've.t$U$ano:th"r"f .' .'1h~ 
spillov$reffeots".e~\llt i.n ·thealt~%'~tj:cn :Qf 'tbeX'a.t~ ofprQdUc.t· 
transfo~mation{RP'l')andhencech'arute th$fit',Il"scostst'tUctUl:'b. 

,It .. li1as$hown in Figure.6~hattocbnioal .chAI1,ge .enh~Q:4tlg 
tnel;)).'!oduotion of producty~ (w,ithno$p11J.ove~ieft~otcn72) 
reciuoes tb~llPT between Y::&. .. and Y2; .1. e ,:dY2/cl¥~ f~llswith . t:be 
technioal change. '1&i$ meanstbat the Itlu:."(ina'l. :Ct)'$tuf .prQ,duot.!), 
¥,1. (measured in. terlls of th~8;ltel"natiV'e. ,prtlducrt y:z). d~¢ll.ne$ 

• with tbeapplioatiQn of .. ,theuetf teohnQl<>syastbe .. ftrllUOw . lO.$t#$ 
18.S$ of y~ wben itproduQe.,3 1';1. instead •. Th~ 1~plioation .of this 
oha'n~e .. onthe firll~stostst.~lloture .. is . J:eflect.ed in paltel cot 
:FigureS .1n thisoase, the downRt\rdshift in tbe.llari1nal, iQQ.S.t 

. is expressed in te.rms of how_noh of the otnel!'P:rpduct (y~).. is 
saot'ifiQed when one product (y.2. ) i~prQduc~d ins'toad.. Tbi$ 
opportun:i t,yoo~t:. .llaY8.1sobelleasured in 'tO~llS Qtthevalll~ (If 
the inputsu.sed. 

fh$impli'clttions of tecbn1~al change onth., ;P:odubt·1bn·e.nd 
QOsts.tr-uctureotpr.oduotyz are di$Qe.rne·d in •. 8;. slatl1at 11.anU$l! .. 
In this ca$~ ,teohnical. change (which :enhanc.ed only '1;" inc,..e~$es 
tbeopport'unitYcost of pl:odtlcing· an additional unit of y= 'as it 
lnay beln..,,f.\sul:edin terJlsoftbeal'tern§tiv~,product, i."e:" :Y'~ • 
This luty 'also be Il.ea.$ured interJn$ Qfth~ inJ;>utsu.sed :in 
produotion * This Ilea.nsthat~vefl if ,the ;p:roduct.1on r~sp()ns~ 
~urfaoe 0·£.,= does not chanSe (tl.o.spillovereffe.Q't), the:mJ3.l:'lt1'nal 
cost of :p): .. oduoinlau'nit ·qf 'r~inoreases :as the ~Iulrginal 
pl:oduot1vityof the input .jllptQveSvia ·teohnlcal ch~nue, 

'Now» letu$ ttl..kethe '.ca$e where ;po$itlve ,aprQ~:ns~co:nlllodity 
$pillQvetr·effeots8.x-etealizsd_ Reoall F1l{ure'1whi4hdepictstbe 
(tutwatd .' $h1ftof .the 1?l:'Odutltion t;;ossUli.lity frontiel!,ftolQOSto 
bB due to the spilloverefteoton product )'.~ ... ·:liotethat "RPTp.> 
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lWTt;_li ~,e. ,·gteat$:,ptdduct$uP$t,itution l$tfteo't,:6d.. 'Tho 
,$p,illover~ff~Qt i$ '~lsQ:r:eflt:pt~~:b,anupwa,~d ".hi'ft ,in th~ 
PtPduQtioll$u;t:f,ac~,Qf 'f~ 'lofhioh.cau$,~s tb.,: :.a~gino:'lcP'$t 'to 
d~clin~,~ This .(l!,~$ ,that, :th~m.tgine.:1Qn,qt ,:ot' "pr,QduQina , ,"tit 
'(J1ea$u;r·~d 'irt,t$X'JIlspt :hQwJ\uc,h of'lYi$.i15 :sadfitl:Q~d:o,r " nOR'J)ucb 
in1?\l,t ,1$ used it 'thefirJl,pl"()duc~$ y~ in$ten(}) 1$ ,l,es,$when: 
paaltive :$pillov~l: 'e""tects, :~ .. r~r~ali~ed,Qo' ... pa't.dto the ,n,o; 
spillQyer"pa$e~, 

~ 

'~h~~na.l"$is~~veals·tba.t ,aoro$~~.¢PIi"OQ,tt., ,$pil1dY"~ "ef,tect$ 
,pftochniQal,ohanae,f1nd,$ :itsway .into tb(!tfirlt,'"s 'CO$t.#~~uct\1re 
via C'h·l!iseS, in the :produots,llQstitut"ion' 'tUlong, ,tb~:til!~"'$ Qutpnts .. 
Whileteohnics.lohangespecitlcto ,t:he~;rQductlon'Qf' Qne 
.QOJl1:lQclitvi sa,yyl, l'~duoo$tbellaX'~inal :cos,t,of producinst:that 
commodit,__ fu~ther welfa~es:ainsare1\ctuul·l.Y aQhieved by tb,., 
'firm if sllcht,eQbnQIOSY ha$:solne applicab$l.itY $tlchthat :tho 
et.fioiehoY inproduQ,t1on' isal!~o ~~pr,oved: itltlth$f pr·odUQt;s,·", 

4.1 QQ$t~ in .. 8 MU1't'lplf!9utt>nt-8ul.t.ilU~'lnputerodnct,lQn, 
Enyironment 

'Given a t:tansformationfunct:ion ,. .1" e<l, "equation (1) I t.na.t 
constrains the fi't"JQ"$ abl,llty to choose- .QoJlbinations (),f l.'nttut$ 

tand outputs ,the 'oPtimal production ,deOi'sipns Qta "ptoduce;w.- .' ;~ay 
be dete:rmitled with :the :f).ssutQ.ptionth1\t ,he :Il~:i'illi2t.H$prpfit2h 
Thus. the de:rivation ,of optimalinpu~ demand :and optputsupply 
levelsma,y logioallystart f'roJ;n a f~~on$iderat'ioh of :~sbort run 

. profit fUnctiongiv·en by 

· m n 
n =2 Pi~"i ~ l Wj~J -110 

1=1 j;::l 

wherep.i. =~r,ice ~of 'out~ut i; 
~j =prio~ 0 f' input:); 
FC ;: 'fixed ('.O$t 

In t)ther 'Words, in the context of p;rock1.ction stpdies) ..opti~al 
in.putandou tpu tl evels i1l1P1 led, bythete"bn1ca.l ..transforJt1ati.pn 
funoti'on :and the neoessa.ry conditions al'~e.quiva.lently obt~i,n~d 
by 'the optimizatlonofits dual 'profftfunotion .. 

Acon$trained lQ.4~ill,i~ation 'is solved 'by ·speoifying.a 
.Lagrangian funotion 1 say j 
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)1 ' 

!m' 'n 
L '';;!, ~PiYl" .~·WJ);';j .... :P'O ~ A(Q{Ylf.hrm); ~ 'ltxl'~".'~n») 

1=1 .j=l 

:C3L ... ·. ..' 8Q' _ . 
,.~. ~.' -,Pc'" l~-.. ,...,.0, 
uYt ;;\. Off 

Fl!',OlD theseneoessa~y conditions, the ;f:Qllowing' equi·l:ib.r:iu~ 
solution is obtained, i .. e., 

In principle, the11l+n equati;,on$ implied ;by~gQation :(3) plus' the, 
oonst~aints rep.resented .. 'by equation ~l)are the bf1$i$fo~th~ 
optilllaltalues .oftbe ~.putPu,ts, n inputs andthe$h~dowpr1c~ 
which maximize the firms pre.f.its .. 

T.heoost st:-uQture .ofthe fir.l1ca.n betrarU31ated int~r~s ,pf 
,the t:z,-·ansfoX'mation funotiondetinetl in equation ('1). To do t.h1$1 
take the total differ·ential ·ofthe 'tr.ansfo~.mationfunctio.nto 
obtain 

(4) 
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s.ot'hat 

:Substitutipn ofeq.uatiQn (3)int()e~ufAtion (S), :giY~$ 

<11 =~-. -/~-"'" .[ .. \';!. dxj .. ~z: ~~~-. d:r:k'· (6), 
1 .oQ(1Y 1 £.. , .. '. .• .. k J 

. 'lQil 

n 

TC= bWj.Xj+FC 

j=l 

tthe total differontial of TO i.s()btained.; i ... e. I 

n 

d.Te = '~WJ QXJ* 

J=l 

By dividingequat'ion (7) bYequatiQn (6) I 
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:1\::1' 
k~ '1 

~ ;::sh~dow p;r::i.ce ,Qf tbere$.otirc~s :i~plied·br ,the 
:L,agtM;tian funo~"i,or)'; 

Otcl6y~ :; le,.,r~inalinput ~eQ~1~.,d fOJ!an In¢~eJt~nt~l :ch#'ng~ 
.. ~ ,in .Qutput ~ 'land ~ 

i> 1Ioppo;t't~l).);tY(;~$t ~\llt~plle:):" 

Ifhe1nt~rpr,etatiQn ~ot 6lilOy.1. '·CQJJ:1~$ tiolt$Qlvj;nt ,the 
t·~an$fot,;latipn:fllnctiQn , i ~ e ~ I 

In otherwo~ds OQ/Oy;t. ilS; th~ aUlnof the ,111arginal. changes intb$ 
inputsl:equired top;r:odUce 'an incr~1nentof ,output,,$.. In sb()~tJ 
8Q/8y,,- is a oOJIlPosit~measureofthe 'marginal input requiX'~·d ;tor 
output i. 



!II 

Ftom :$,9uat'lpn (3) And (8)>> 

! 1 

B~sed(:mtha dc:!):'1vation ~,bQv$.# dTC/cit#; ,or th& ~ 'm~t'ginal¢o$t 
r,,$u,l tins ,tt!OJll.. ,f.1n1n,Q~ef:lse .in. ,PllOPqtput ."".,<1,1$ '. eqg'fJ"l. '. to th:~ 
mar.sinallnpu.t reqtfi:r:edfQfP~tPllti»ll\f!~. (t)Q/01~ )AV~·lUAt.~dby 
the shadQw J;ll:iae;\., f.1nd~dju$t~Qb:(~n 1nde~ ofpJ>.p<)ttunitYQ,Q$t 1, 

S;I whose value i~ nonne.gati~/e :~ndhf!,$ ,~ Jn~.n,;'tu(lt'-' 'whl..Qb. .Qt'pepd$' 
Qn 

Note that in a one Qutput, p~QduQtiQnenYl~otunent., cl'i.'C:/dv.L i$ 
equiY:~lentt() a ,OQ/ay, i.e .. , '6=1~Ho~eve~~whOfi 8,. tltll~$ 
;produotion deo1sion tnv<>lye~twQ. 'b.r Jno')Z~'P):'odUQt$" then ,t.'h~ 
oppcrtuni'tyoo$t$l.nPtlrted due .to tbf)l?O~$ibil'1ty .. Of Ptodu~1ng 
otbeX' ,p;roducts out of the :availabl~ :s~tof inp\lts .~,3 ;:; 1:., ~ '. Ion,· 
",u:.e're J;~v$.nt. XnQtheX' word$ .~thelttarg1nalinpl.l tt'equi;t,',e~¢nt$ Qf 
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"tl'le oth~t .Pi'QQuQtsj.n ,prOp.Q'rtiQn t:o thG . tQtlf.l,Q:hflhB~ l·n.tottiJ. 
o <:J$t, cannot ,be iinc;))!'~dt . 

. 'Tll~ .~bJ)v,e:, ·'fQfJl'Qlu,ti<:m. ()fthe.:ll~~g1n~1c'Q$t t~n6ti'()n'''1(lQw$'fJ;,' 
,il1Qr~ .. :S~Jt~;~l. ;M~ltv,s.i$·. ,Qf' . the ·outP.llt#sllPp:l~ :gf#.Q~$,1'Qn$ ,tn! .. ",ll 
.pl,tipl~, .pJ:'o.du(:t~~Ultipl~ .... 1.rUM,1t . lt~Od\lQ;t1on' ... {JJl~llr.~n~'rtt~· .... ,:An' 
agc1ttiQn~lpel:#3pe,p:t~v,e'pr()vi(!~d'~b,Y' ;this :ft'pnut,u:l(~f$:tb~t . ~,t 
~t\k~$ .~.~plj.91t . ,pon~,id·~;f).tiQn 'o;t. tb«;l~pI?QrtQnl,ty,g9~t, . i.fl'QU:;~~d' 
wh~n aeQj$~on$~:t"~· ,:Il2J.Q$'in J!:avQ~ ot 't110 ;J>rod.g·~ttJ,Qn ,Qf'pn~ ip,t'QdQot 

• '~:(1~s"sanQthf)r.~ , . 

:4;,2 :r~pbr!ical'¢bf1nUet/ .. 1?pjll~y'e.x: .r:f.f~'pt' !~pg' ·g9D$Cg~l1Qgef$ ... qll.: .' Jth~ 
gQ~tpttugtQr(:. '. ' 

'" In t:tl$C()ote>ceot th~ .fra"."HotkpreJ~nted itl :tbe' t>~,~v,~OU$ .. 
$~ctton j.this· ,~~etion .eJ(aJlin$$ .. th~ . ~;JlJ?l).¢ati:()n~, t)ttechnplQ$fioall 
;oh~ng"r ,on thef'~~iQ 'flJ?roduott;Qn deQi$i.on'and,QoFJt ;$trUqtu~c i 
1,C,h~()retical .oon$icte~ation . :ts:fQ¢up~d()n ;~h~$eJQona . ty.p,~ 'of 
spillov~r .eff~Qt; . that .. is, tb~,f1ctOf;J$"'90~Jnod1,ty. :f;lt;lplto~b.tlityot 
~ neR·pr.OQe~s QttecbnigUe'dev~lopedfr;i:e J.)n~ .QO~~Qg~tYI wb1..cbJee;v· 
beapplloabl~ ,tpothet,i'elatedco'.~o.d.i'ti:~~ .. . 

In .te,l"J1s of 'equp.tion f~}';, tb~:Jfltlrglnal :(lQst ·Qf 'th~ ~tl~Ji .~;$ 
lIle&.sured ,by th~ valu~ ,oftbema,:st.1na1. in~ut'r~gU;:t.ed 'fQ~~Vf!J:~' 
inQrementalchanS'e in .'~. .~na:llQnoQ~ltu~~. (o.n~""p~,Qduot) .. 
e.nviro.n .... ent, ,the opportuni't, QO$t ltlultip11e.r';~s'~f·d.$ eqU~l 't.Q 3: • . 

Tha' oo;,rr$~pondln.g1inalY$i$ .for .• 8, "llult!p).,e .... putpu't-J1ult,tp'le"" 
inputenvit:on~ent i$ 'illustrated 'byus;'ng ;atwo~ot1tputj tbJ!'~e 
input J?l;'oducti()n.f!:cenarlol~h~~e thet·~t!ln$fol:'lnat~onfunptj,9n i$ 

!X"ept'esentecl 'by 

Theon~"'\' ... ~()neoo;rrfj$PQnd,~n~ebetweenthe output v~ctQ:r ,Qand the 
input veotor I te~leot1ngtbe trtlru;;for .. a't:~()n exp~~$se(1by 
egtlatipn (10)isshoHll inFisureS. 

aye9u~tion (.9), the prQdqctiQnconstr~int$S'iven ,by 
eQQation (10) i.s inoc;)l;J;>orat~d inth~ following.margina.l .cQ$t 
function Biven by 
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Figure 9 • Atwo-output-three-lnputtransfQtmation function. 



It i$ noted' that ,t:he ,marginal :CO$.t in thl#;1:,!flu'ltJ.ple.-p;c;)Q~Qt 
s'o.ena.~iio is ti,i~nifioaotl,t " (hi~h~f ~;fthe ... o~po~tunitY .ca~tQf 
prQd~oingthe"'l ter,n@.tiv~ Qutputif?~t;lb$t~nt1,~l,J ;'.0. " ,g'r,C/dy,;l, > 
'~, * O~/by,j., ,Thisrelati()n$.biJt~bQQtt~e ,t~~$"~lQa~sina,lQQ$t 
retleots ,th~ohanre inth~ totAlo,o$t"lnQlll:,~edpy th~ fil!ln"hen 
it dec,ide,$ toino;t'ea$~ l'tPd~otiQnQ:t Qutput!l4- ;by :QJl$:un1t. t(',h$ 
,ontuute;, ,in .totalQo~t invQlvestb~ ~l1)a~Jt1nal 1nput,( 'indfj~)tdqp;',irf)d: 
to ,produoe ~ninc re~eJltal;il1Q~e:a~elnQll,tPQ.,t14,. va.luod t;lt 'th~ 
$baQ,oR price, ,;\. ,', ~1th~djU$t~.;tnt~ .. ad$ 'to ·JtQooQnt,fot .~'hQ 
oPPo,J:'tunltYQPstirtYolv.ea wbenooe ,P~Oc:luot is '~rQd\lQ~d in tav.Q~ 
of 'another ~ , 

:rJDPQrtantiJtlPlieation$.areI41,,~n by th~ ·~9:qatiQn ;~bov.o.. t.rh~ 
fit's" iJtlplicAt~on 1$ tbAt .... 'with t~bhnQlo#iot).l ,cbani~", .th~ 
lOarg).n~l oost decr~a$e$ with ;thei,,lQPJ'ovem~nt ,-,n ;theeffic1~nQ¥()f 
input u:,s~ ~s 6Q10;V4-, HhiollJlea$tl:r:esthe~~~ltip~l :1nPtlt 'tequ;t~.~d' 
f·Qt~n .incr"mental inoreas~ in ()\1tput 1, 1toe3dQ.Nn; , . 

Second " .ifth~ new p1:Qqe~$des14tneg tp~Qn~ ,I?l:.pduo,t .,$4,­
ou,tput y~ l?rdduo~s.a s~ll1over,ett.~cton .. Dtb~r'pr.odUQt$.', .i.i~., 
the teohnoloiY is ;.al$oappl~ .. cAPl~ .tQ ~nothel;prQdUQt) f$AY .,QlJ,tPut 
k,tho.n.OQI6Yk Qe.cl5.nes due ·tothe enb~nQ~¥lQnttn th~ .etf~c:.t~nQ.Y 
csf input u';se bro~!tbt~bollt by ,th~:J;1$J.1 :J;)li.oOe$$, 'Thi$ 'Q1tPu~stinQ" 
~11oRS a deolincin thf)QPpottuni~y:.Qo$t~'.T.ln~s, th~ JJ,,~,sln~l 
.QQst lncul!'t"ed ,pyal1ulti .... Q~.'tput pr.oduoe~ l,a :~f,e~otively "'l,e.s$ 'l.ng 
po~itive .I'acl"oss"'OQlr1lttoctity $p11l.pvJ~r" :tegiJ18 cQJJParf:Qto t'he Q~$$" 

• where the teohnolosy i:s :eXQlqsiv~ly ",ppli,Q~ble :QnlytQQn~' 
produot. 

Thl~d J ina nel,lt'JZaltEH;:hnQ:iQS'loalobanse env~ronlll:lnt)thQ 
. r",lativa P1arSinalpr,odUQt1vlties,of tbelnputs; qO ,not Oh~SEh 
i, e. • the Jlu1.X'it'inal ):at,e :of tsobniot!;1$l,lQ$,t1tutionQf pne input 
for anotheralons a fixed inputplio,J;lorti<>n l:$~alrn:qn(:tbang~d!SQ 
tbat the relatiV~f$haretJal:'enQtaff'ect~d. 

HOJlever Jinthe oa.seof b~~$ed t(=!Qhnib~l· :Qhan~e, the 
Jlarginal p:fQch.Jot of one or,mQ~~ 1nput~t;\relnot~~$~cl~el~t1vet~ 
the I,la~ginalproduct ofothe;c,$. :T:hl,$lQeat}$ that ,the prQQlll.lttt R~ll. 
h~vethe inQentive to. us~Jt)o:eot~Q,me iIlPut~l~~l;\tiv~ 'tp, ,,()the~ 
inputs .Th~$ is ·tant~IlQuntto (~".yingthattQe ,pr.ic(;J$ ·ofsQlQ.f' 
inp.uts Hill:tenc:i to illQ~ea$e~ela'ti:vE;t to Qthe): inpu·tJ;>.rice.$;a.nd 
tbattbe ,;elelttve sha',..eof $oJtl.e inputs .accor.dingly ,in.c.t'.~af;$~$ 
wbile others deoline. 

'The. Qhanfl~ in the' ~elat1vei.np,f.lt priQeseft,eot~v~,lY :cha,:nSB$ 
,the f'irm'~· ,oofSli stl"uctu)!e ~ I'ftho ,t¢'1~t1ve' ,sha~~ofthelnputs 
toJ' Whi¢hptioes .inp~~a$e i,sle1rse.t.henthe: ilnll~gin8,: ,¢Q$t· may 
$.hlft ,upwatd.$subst~nt'iallY,. ~ff,eotiv(:},ly. +:.he PQ~t $t;r~Qtur~, 
unqer-a :n.~ut·~al t$obnol¢iY chanse"'~$11l~deYia,\"~s.fl'oJnthe 'QO$t 
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;~tructlute utt.d~);' $. ·b'ia~~dtbPhnolQsip~l Cf)ang~" .tnv·i,t.QnJrient bOCA1J$,$ Qf' tb~' :po$$ibl,e ";input.Ptlp~ ;$ptll.Qv~r,e3n tbatJl.ai' QPQU~" 
5' .»lHn~A:aX 

In ;),!~~~~~" . ,a~e~e~a~in~tiQnQttn~ l~nk.~S~, b~tw~~n ,tb~ fi:rm·'$ ,prod~cttitm '~~$.~o.o$e t1Jrtctr~on ~ncltbe !cQJ'.:re~t1on4init, QC$fj .$.tr.uotu.%',~ withintbe ,Q.t;:)Qt~~tof ",$ ;~"1:t1~pro,duot '~':9QUot'tt>n fJlnY1~c:mrn~nt ,~ndioate$ .tbatth",uJ$~~l,. ..Jla~'inAl .. , .OQl1t fo):,,m,ulAtion i~ :def'1¢i~nt ~~ it ;un.d~;eQtiJ!l~te$ t;he, lJll\~l,i.na'l .,QQst.~ It i$¢le~u: 'tb$.t thi$rjQfiQ1eno¥t;u~i$e$,tJ:Q!)q thettl,pttb~t., "tb~, :Qs.ual antt.ly,si~ j.gno~e~the~QPppl;'t'Uniti, Q,Q~t ,Qt.':pr9qu'~ins' ~:lterl'n~tiv~pl:oduct$ uainstbesalttEIJ input .?"hi$ :l.$ e9Q1val~,nt 1fQ l:lettins the'Q¥?Port.~n~tYQo$tind.e)¢ ~ ~qu(J,ltfJ Qne:~ t-thtn;" ln ~aQt...S :i$ ".eo.f!~~.~~ilVi~~fJ.t~:r· tbanon~, ins. lQu:l'ti .... Pli'Qdqct ~nvi.rQnment ,,' ' 
1he f.raltl.f$~'{Srk dev.elQped i's ;11· 11l0J:~ ~en,e.»~l .. tQ tltlulat.'l., ,on· that 8.ccomJJj()datesP,osl.t l"~ .e)tt~1:nal;i. tio:3 . like ,aorQ$$:~o,Q,i#"()d~ty $pillQve~ ~tfects... In.p.art1cular" ~pil1Qv~~eft.~¢ts.; Q.¢).-.Q~~ ¢Qmlnodit;ie$;a~ .. etr4n$lat~d intO$lnalle~vs.lue$ ,qf ~S):~lA't~ve to theaQ.seinwhi¢h no :spillov.er.effeot$ $.r·e inv·olv~d', 
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