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~7fh' .AnllU(ll.··9~r!t~.t~11Q(),·.,6n'··;(:H§ 
AUSttbH~\~··AfkfI9UHm·tdn¢onOJnJ~~'a~.ofbty) 

UlliVbr$ity()rS~tJtiQy).S~'dn~~l O~l,l,I1~Ufu~u:~. 1.993, 

AusrrRACT 

Thcf'C hus boen n growing. domund fm' economic evaluation of ugriculfurul researoh ut the 
project levct In lhl~ puper tho wuy in which bunoflt-()()st nnulysts ~hould be upplicd to 
rosoarch projects is rot\ppl'ui~cd. Spcclficully J attempts ~\rc modo ttl ranoho cloaror 
undcl'l'ituncling of the benefits und C()SI~ of undortnking u glvon resoureh project at (l 

purticulnr time. In pnl'ticult\l't the import,moc of roc()gnising thnt u proposed proJoct nHly 
not be the sole source of rclovunt tcchl)(llogtctl} udvuncc Is highlighted, 

a~ollornisl Hm! Sp~uinl UCOIlmnhlt, NSW AgtilJultul'c. locntcd III YlIucn Agricuhurnl lnutllulc ntld 
WtllM~1\ W(I~gll AI~riculturc nc.solll'ch hl~lltule l'eRpcc'llvuty. 



1. INta~t)\;J~ttitQ~ 

t.t nt1cl<g~~QUtla 

~tltil .. roccntly,¢C01;1()mJ¢'Sl\l,n9S{)f (l$tl?uthtt~lt~;~dtn'ehl :lurs.~tyQOn¢ollt:t4~~~l'Qn 
,rch1tivcly. bruut! lSSUQSSt\QJt ,is ,th('\'Pp,tinnHH:~';pr QlH\te~~t hJY¢$tmQt)t·:hln~d¢Qltvrlt.Jr~$c~t9h; 
or the dlstdbuHon Ofb(lnQfitsrrnm',nsrieIJUur~~l·rr.s¢(lfOh;MuQhpt'lhf$ ",~rkit)V()lvc4 
hlShly. uggrc~m¢dindu$lry·'t)J' sootor~l~vQ.l studlcs(AnHmy. 4ndAi1dQrsonl,~9l()i. fOfltlY 
CAse tho studies hove 1l~n¢t(~lly ¢ith¢f ~x.t~mhl~~l{t~gt~S4t~()frcQt$()f rQ~cnt~Jlnet()SS'A 
~cctor (og, MuUcm ct (,1. 1989)()l'l!$Qdbl1tl¢Ht~cQ$tm1Alys'ls"tlr:pnt'HQutn~tc$¢'4f¢hfit~U$ 'l' 
dtuw inforotlcos fot wIder rcstmff.lh Ht'\t\S(og. o rUiehos, 1958, OUnetHll:9731 NU$Y ~ud 
l~urtun 1978). 

there h(1) been R ~roWillg donmnd, however. for oc(momJo cvuluuti(m of t'$rJQuIturul 
rcscnrch nt thQ projeot lovel. Tho dCtlHtnQ i~ OQnling iI'Qm roscuf¢h munugcts (tn rcsotlfoh 
institutions and In funding organisntil)ns) unci from rusonrohors thomsolves. The driving 
force Is the recont contmctiol1 in the levol of fumls uvniloble for ugriculturnl re~cur¢hilnd 
tho (lonaoqucnt iuorcns(J in oompetition for funding. 

Rcscnrch munngcrs oro hlcrcasingly recognising the udvnntugos to be gained itl uttructitlg 
futuro funding from dncutlliluting tho benefits of suooassful pust projects or from being 
{\blo to substtmtlotc the benefim of projects for which funds ore being sought, Research 
managers nls() huvc u brief to Ilwximit>e the net benefits from their rO$ctlrcih programs. OilO 
of tho muin W(lYS of uchicvlng this Is to undertake economic cvuJuutlons of ouch of tho 
projects oompetlng for the rOBOut'Cos nvnllttblc to a progrolll so us to be in n position tn 
suppOrt those projects with the hiUhost expected puy-()ffs, 

H~owcvcr, Cc,oflom!slt; huvc corne to recognise thut ussislhlg roscnrch munugcrs in maldng 
decisions llbout Imw to ulh)CElte Hvuilublc rcsulIrCes among possible research projects Is cI 

complex c,:orciso, · COtlccptuully t tho decisions modo by un udmluislrntol' of rascMch funds 
aro among the most difficult c(;ollomicdccisinns to nHlk" nnd to ovnluutc ... ' (Ol'Uichcs 
195H). The tusk rcmuins dnunting: · Undcl'tu\,ing evuluutions of thls lluturc is hurdcr thun it 
first uppcm'gl (Johnston tit al. 1992). 

1.2 Recent Oc\'nlopmcnts 

Benefit ... cost mltllYHis (BCA) is u technique for uggrogntlng. the preferenoes of individuuls 
itt l\ society In ordor to be uble to oompnre the bonefits and cmm; of uny notion in 
l11onc,tury terms (Pen rcc 1983). J ohmlloll (1990) llrgued thut aeA Is un uppropJ'i£lte 
technique fm' u~mJ6tlng J'(~scurch nlUlwgors to evuluuto projects. lssucs ooncerning the vuluc 
judsomcnts underlying tho tcchnlquo, the busio clements of lha SeA frnmcw()rk. the 
investment critcrill unt! the difference between an (tX unto and un ox post evtduution huvc 
been diRcusscd ut length elsewhere (og, John6ton 1990) und ute not discut;scU in this pllpor. 

I In this paper tho IeI'm 'l'uSOMch' Is uscd to C/lOOnlpUSS lU.~OIll'ch amI tkwolnpmunt. ndilptlllh!ll of !til 
i/lll()\ttltjull dUVQlupud clsuwhul'C. extullsiun. lIud m\lIphHiutl (If till Innnvtllinn tn prouucLI\,gl hHlivldwll 
SIl\IIIr10UIl. 



~t)W~~l~rt (h¢ $l~ltl$ t~q~itQ~ f()t":I}Q~J():!'C~R~l[~~ ·l'~s~r.Qij~lyl.~I.(')Jl"<)l¢{ml¢'i~ll$qpl,y. 
ld()ntJJio(lUl)ll.~n'l·li19U~\lX'~nl~'lJ'()f:·b(m~rhS ,t~(nih tl ;~p¢afn~:,r9:~¢~r¢.lr~·t~} Q~t;i~i~f~m;n~Q).ll~·a 
¢omplex¢xQt¢i,$o. ~~h¢rc' 'h(t$U~¢u,u,.rQ~~ilf;'jnt,~tQ~~; ;nl':$l~llBUr~~l!l$\"p .,,,' ...... ~ll()ni;~)~r;~ot\tQ 
rcsc(;tt~h projoQt QvalUt\ ti()!l~ntlhlQOr~ott,Hn~~'U\9:SimPJtrJ~d;m9Jbn~t : '. .'·~i;SR~~n~Sh9¢\$' 
which .¢~n be l'Cl\~m~uscdbyi t~~tM¢h.m~mpger$, .1fh~tlitnia'ft)tnnR~ i13Q~'l1l9t§WttJclY' 
undcrst()od. h)' l'~sQnrch nlnnl\~Qt'St n$ wcn,t'~tq~~dU~ethQc()st:()f tlpplyJllGItto .~·tcv~t·ijt 
which it con be u~lodns (1 foutine dcoi$tp.l~rllJ'klng tt)(lh 

Recent co()nomio studies or-this t}'r)Q· Jhulu4¢:Q\'t'ltH\nQi)()ftlSQtc~dont)fprQj~¢t$rf()m tb\1 
OSIHO InstHutc of Plnnt }'rOdlJ9tl(HltUld 11t()¢cS$hl~~U~Aly uud:t'On~H)~1"Jc)hns.tQ~(Jr41~ 
19~2);cv{\lulltkm of orc;)p te~c\tli'ehpwjcc\lS by th? Quc.btmhmd 'l~~1~4l,'tI~tem()f: PrJ":~~r~ 
lmtu~tdes (l}ugo tllld \Vttlsh 1.991; l~n&e<tra/~ .1 Q9.l); ntl~;~vtihtnq(muf: pliqJQ¢tfl.ry~QQd· by 
thoOi'uhlS ROSC,tlroh nndOevclopmcnt C()ll)(>rflthnl(c:lROC 1992),. ~'t'\\)l~ ~,l,()f tHule 
(t992) sumnHrriscs l'~C,CJlt cQ()t1omtQ cwuhHttions of Aostrnlhm ngttoulturnl r¢,sc~\r¢h, 

'rhe ~OOSI roductiou method' for simpUfylug nppllcutJ,m (}f OCA l() i'¢SQtifOhprojccts wus 
used in a number of IhQ nb()yc studies. Johnston al (II. (199,~) list £lnd jusdty t~ nmllbct Qf 
assumptions Ul1dtH'lylug this method. AccQptnncQ of it tfsl~ ()f upproximotion Ctt()r$Mi$in~ 
from silnpHf)ling tltibl1mptimls cun orton be justified by thair o()lltrlbutitm to InCJrcn$Jn~thc 
nppli'~mi()n of BCA by rcsctlrch mnnngcrs. Hmvcvcr, w~ CU'o concorned thLlttha method 
incorpnnl tc6 somo inlplic,1t utlsumptiol1s, pUflicularly r(.'snrtllng the \wltholll""'proJoo~' 
s~~llario. (hut h~lVC the potcntiul to r¢sull in signiJicmnt enol'S in (ldvioc c()Jlccrning h()w 
t'CS(Wt'C.CS should be nllncnted within n res"urch portf()lio, 

1,3 Aim ttl this Pnpc.· 

Th~ nirn in this popel' is to J'nnpprnls~~ the WHy ill which DCA should be nppUcd to 
rosanrch projects. tn ptu'tlculuf, the tum Is to clorify the bonefits nndcosls of unu(U'tnking n 
rcscnrch pmjcct ut u (;)tU'liculnr time. 

2, nl~NllHrlTS O};' TllCllNOLOOrCAL At)VANCltS 

"rlw aim of u n.H;;olll'ch project is tu Cl'ontc neW knowledge with which to solve tl ptutlcular 
PI'Obl\!lll,. New ~!m. \VlCt.'S:. is vuriously C.,ullod ,u .. 'technOlogical udvuncc'(.:>r n ~s¢icnUfic 
brcuKthrough'. 'I he benefits of n rtlf1ctlrch pn)Jcct derivQ fr()ttl the benefits of the 
tecllllc)l()gicul udvunccs Clxpc~tcd to bo uchlcvcd, lJCA of a rcsonl'ch project must thorefore 
be~~in wil'h 0 clem nppr4citHiol1 of the bCllaflts fl'om tcclwologtcnl udVlmact; g,cncrntcu b~t 
the pn1Jcctl, 

+fh" following tUsQu}i$llul\ Is lnl~ntl(ld tn nPI,I)1 equnlly IU ox fUll\.! lIud "'X P()st tlJ~JlHctltrou!; of nCA. 
t~()I' Iho. !)uku of ulnrily ()f u~pr~,s~lull, hnwl"wcr. lhu Ul)U of hUlSU wiil be thM whll,h iii npl11'uprintu rut 
disclJ~lilnu nn ux ilUhl II Pllli I;llll lon, 
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ltiS'"tt,tc ,tlmt .U~:qhn()l()gj~td'.,',.t),~{Ytm~¢s',A~~()JnplJ$h~:d:ht ',~, •. fc$¢tft¢h,;pr()J~,¢t'illlP1Qgi;~t~ly·'"r9$Un 
hltllQC,pmmQfctnJ. 'N\OU$fl ,~)ril'¢QtlXpl¢~~Q,<lnnpvntinnitlsuAtl¥ 'Jh~put~9fnf#l~41)¢()JltprCt~ 
ill th~ ~¢ll$C thmsubst!'IYQtlto ~pxt)e~$Shl*' 1~rcqUit4tlil)dor to ft\tin,Qr.$l'Qim,lWilUm,thliudQpt 
thQ hU1C)\tUUPll (Ql~.,uttQl·nmivQIY. print tOqllqg¢ll~Y b~tnJ;\wn!b'~lt()',r¢c;Omt\l~l'U, U$ 
adOpU{Ht)~ This . pr()oe~sutg 11.U\)' hlV()ly\)tlu:th~:rdev~h)pni(mt: (),F{hc,lncmllp.10,t~::illll()yun()nt 
(icldtt1sUng (lild hl~dsnH(m or tU1Qxtcllsi'Oll Qt:rtl(~l Atl~u$t$t)mc()f,thcs~~f()Q¢$sh~Stl\SR$ 
will uRulllly bo und~nukr:n os ptlfts of mhcrpl't)j¢ots ()r prQgrAm~. 

In geneJ"ul, thetcfmQ. U tCQhmllosiQul tlQV'AllC¢.ls mt interm¢(nt~t~g(n)d\ .RonlisoW)fi(lt 
bQucnts from tl teclm()log;icul OdVlmCQ d~pends Q.tlsubsC:~lucnlpt~)oQ~$ln~s'Qc;4~$s("ny 
c().mploting an hmoWltiO)l us woll 65tHl tha lev¢l of' demand fot tbe hltl()Vt\UOll when it 
ftnuU)' beoomes (wtlilabtu. 

The need to fOCOinise lUlcertuillty r(}gtmJlng the succ:oss of rC$(mrr.1h wnsdtscussQ4 by 
ORI:lC (1992). Um~cHninty us t() whulhor tl IlurticultJf rcscnrehpmjo¢t wUIOlQQt Us 
ohjuotivcs applins ub)() fO subsr:quent prujQcts r~quh~~d to l,rogressthc mttC()nlCS of the 
fOtmcl~ prOj,cct to the st.u~u .... of (j ,OUtl1.P1Q\cd inllOVtni(m. The .,pn,ji.',nbIHty O.f $,·u .. o, 0. oss,',.m Q{\oh 
step needs to be ucoountod for in l'l'cdlc,ning tho Qxpcetcd snln fn'1l) d¢vulopitl~tl 
t.c,cJuH)luUicol ndvuncQ. 'rho gnin$ from lcchlwl<>gicol ttdvtmccs wiU iJlorQ(lsf) in ccrtllhny 
the cluser the tec.hnolngictll ndvnn!Jc is tu COI\lpl.eting un hllH)'VUUC>J), purol)' bCQUUSO th(!ro 
ore fewer unccrtnin stops to be completed pilor to rOiCtl50 of tho hmuvutltm and 
~()nscqucnt "tmlisation of benofits from nn preceding tcchunloslanl ouvunces. Smuu ()f 
thc~c UJlcuf'tuin HCp~ relmo to whethor suhsequent r(lscurc:h funding wUI bu, suffiQiQut to 
nUn\\' ctHl1()low;m uf ml inmwntitHl. 

'l\v() types of InHtwtuic)U (p!ll(2UHS cutd produot) aun bo (.liSliIl8uish~d (Juhnston 1990). An 
illntwothm that lowers tlVCrugC f)roduCli(Hl costl is onllod u pr()(:ll;:rss hllmvlUhm. Dcncfhs 
urise rrom u rll~hlwm'tl/d()wnwnn.1 shin or the I)toduct supply curve. An ·inm)vnt.ion thtu 
rQsults in u product thut better suits Q,cmsumcr "cods is ctlHcd n pt'oduat fnu(wntlon. In this 
case henefits urisc frnm n riR,htwurd/upwurd shirt or the product demand curve. 

In this pupur lho cilflcu!.ision will hugely tQfcr (() projects contributing to dovelopment of 
process innovnti(HlS. However. the nrgumcnfs nrc also npplicnblo to projects cOlltributing to 
developmcllt of product innovmkms. 

Acc()rdtng tu wclfi:\t'c economics tilec)l'Y. thu cfrc.ct of nn inllovntion slmultl he vnlucd by its 
inl1ucnco on cconmnic surplus, whioh should uccount for the effc¢lH tho immvuti<m hus on 
uH industt'icu nncl not only the effects on the industry in which fho hmovu(ic)U III applied. 
'rhe co~t reduction mothod (Juhnston (!( (1/, 1902) providos em osthnntc nl' the luOrctlSC in 



T'h~ inltinl dOIlHUld und supply schodules fot, th(l Industry ofintofc:;t ute denoted by Do 
und So rcspactivuly. In line with tl 'suulll country sccnurio\ th~ c1cnmnd sohcdutcis 
rcproscnto~l nfi tH)riauuull (rollowing from nn assumption e)f un infinite PI I "0 olusUcity of 
dcrlHmd) unci tho tiUl)r)!~ schc\lulu inclines upwurdly to the right. AdnptJOU of Aproacss 
inllovuti<>n is csthnutod ttl result In n towering oJ the uvun1gc O(}st of prudllction b>' f{. 
111fs cost reduction is ussumcd t.o npply t() oU hlttu .... nmrginul produotion. Thus tho effect 
Qr the hm()vntion Is represented b>' u purnllcl downwnrcl/rishtwnrd shift of the supply 
SChedule to its now position denoted by Slt whore the siZe of the downwurd shift is c'llwl 
to R. Tille' puro cost roducnje))l' is (hut which is roullsad nt the existintt lovel uf production 
(ruprcscntcd by tim uron PoP,ub which. is cqunl ttl thu men xub)l), It is only this v~llu(,\ 
which is csthnutod whun using the cost rcducUoll JlHHhucl. 

The possibHi.t>' of tncfl~urom~nt errors Mising us (1 result of wrongly nmmming {l purall"l 
supply shift hus been disc.msscd b>' L.induc.w nnd Jrll'J'utt (t978). \Vhuru the cost rcdu¢rion 
uUribuflblo to nn illIlovHtioll is likely to vury signiflcuntly within the (nrget populutJou. 
Mursdcn at al. (1980) pmp{)~c that the populUtlull bo dls(l~gtcgotccl u(!cordins to foglon or 
som(% other oriterion into groups which urc relntlvoly hOUIOgcuous in furms of fhe CXpC(lH~a 
,m~t rcduoti(m. 

Hoim uud l.31nkcsloc (1086) observe Hun the hupaat of un (lgricullurnl iunovntlon hlY(lriubly 
dct)rccinlcs over timo us (l result of oblmlcsceuou flud blolOUiQuJ dcony. OhsolQSCCI1CQ 
ClOQUet; when un inoumbont tcolU1(lloS)' is rcplnccd by it nuwer one thOt prmJUQCh 6up~tior 
rcsu! .1 undpr the HUtllU ctmdltionu, An oxumplu is the fcpluotHmmt of 0 cr()p vntioty by tl 
ne:w hfghcr .... yicldins on.c. Obsolesconco QUll ohm ('CQUJ due H) roluusQ of tmhmovutl()U thnt 
ndtlru~lScs tho same problem in uu()th4!r wn~, Fn .. exmnplc. (I ·dl~(u~SQ .... rc8Jstunt oulNvtlt 



';"'>/'[:;';'d;\dn\(~li~ftj"fioti,:'i'" \,:, ·18it 
:'ii:;;;f6'r;1' ~'i1!\l'" ,', ",("i' 

resulting ,ttoll! usIng tHo CUUhft\~t lil ()tlWtl ctl$,e~'id 'HJ ' . ," ';>Jn~I"\'i'\".\j~:"~i; 'ii)':"}:~:\(~«' 
tllQ odShl~l. nt()lm~m .. Qtfo~UY~I~ disn~~¢tltS!. \." r~~gt ,../'lB~9~m~'tr~jl)jt~i~h?~~t~i~ , 
$pcoif:!c l() tl ui~td8ln1':W :bC~(nllO)ob.~{ll~~~~J.)~lk:n9ttb~ , ...... :{,',. 9A,~9,,4)ti}4:1,6\t~tJ9r 
teclnml()!.tY btltrnthcr b~¢UJf$Q·',dtrif:~hlsln:tJl¢:QJ~ltlQl.,¢~t~$e~i,OUgi·f'()inl~tu~l;d~tt$tif4¢ttll1 
¢losh1ll down. " 

~t;hc, o~tcle "f inQumbont: t¢clnn)h)g'~st)~e()rtltO&:()l)$t)hH~:nnd4b~II1&,l¢.l?lil~QUl)~'thw~r. ¢()~t 
hmovmJous isp(utrn~¢tl hlFi$;\lt¢ ~i ,1}ho,' ".' t~:tc,Pt~s'~t1t$.U1~:q:~~I);!()'fztl;~J~~tQ!p:ro~ue¢f,. 
At time l~ whon lo¢hn()l(l~Y A ,iHmndf>Pb~ .... et~b)'t¢¢hU().m~~'n,(dn¢;l(l'tllattl~V~~;~V¢rU$Q 
O()st nssocitttcd withtcrJhlH)I()IiY 13) lh~ n\~Orflgl) q,Qsts t~~uni'~s Jtt)tl~\lllpt~(ltmplQ~f~~Arc,Pl 
und p~ respectivel}', 'rho, gnin tn thnl Hmo fl'()m nd(),ptlOll is lhetQfn(.coqmH ,t(),;p,mttlus f),#i 

Avcl1nu 
C'lh1 of 
productJon 

J~, 

" ' 
l11l"w,or~~~_.'It'~I'I-.,t.\m~"""""",lrl~~~\IItIIo:I."_1 '1 __ • __ ;)l~",~~~~~~' __ '_' 

1, t2 '11 me 

moiogiCtll dcct'~' oceurs \Vh~n chtmgas in .the "t'()dllC~h)I') oHvil'cmmollt rOndtH' (tIl inoumbent 
technology loss pruductlve (SwnUow el all 1985). All ulse being OqlWl, tho fustcrlho rute 
of biol"Q.fcnl dC,lUY of u tQohll(.)logy, tho qutckor otul It bo CXpc(H,~d te) bocome l)bsolctu. An 
oxumplc 01 blolottiool decuy is the omcf'g.cllCO t)f u vll'ulc.nt struln of diseuse poth()~Jcn 
sonte )'cnrs Mtcr the f'~lcusc of u new crop cullivUl" 

In some cusos tho ineld(U1CC of blol0u.fcul dcony met)' be bJ'()tldor thun tho industry int,~) 
whillh the t¢ohuolclt~>' is introduced. Por instuncc, tho Incorpomtion ()C Icsuminous pU$turcs 
illlO rotations to build tmU fertility hus experienoed blologic!tl dQcn~' in mony MOOS due to 
its offoot of roi~illS the flJtQ of soil uoltHfiotlllou, '('he (lvcrngc COllt nut onl)1 of STowing 
pAsturQs but ohm of Ol"opsgrowl1 in nJU1Uoll hnN thus boon lllorctlsod over timo rchltlve to 
whut it wt)uld ()tilel'wiso hOVQ bC~H, H.owovcr. blol()gicul dcony is not u prc)btcm (If oil 
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'thoorr¢ot .() fbl(ll()~J¢~d.d~c{I~iOi):;Ol'~,il'V.¢(tlr";~\llt: ·l'g,~{tlihlg:;'iri',~)Ulj\;9.~l 41 V·~QbJ,Ql~)~~ ,}$ 
M$()HlUSlr(HQdhlrISfrrO~;. tmlO':{l9~r~~:~~,':Y" "~19'tf:~nli/l4~ml1tll ,1 '~I!.~( 
bQ&intltnsmfn~rQt)S~ .. ft(l'IU, ·.·th'~ttm~"p:~Il:~""'l";;'1 ,: I i~trl*;4~'1~r~f~~p$i~ln,'i:,., i""'?,,16(:;':;'!"" ,"( . ;lN~l:t.\gQ, 
Ct)st .c.Qns~'Yll~n JQQlln('ltl~~f. A.lts Ul.ti'~Q .. ()l)SO.l~t~!.i"':' ,;"t.Ul~;lnttldii~'¢~,fjby,::~a,Q~U~)UA ...... ,/' 
t¢CbI1(ll08)' ntut I U10 '(i~ . At.l"J)\hm,(1fleQil111()lr~~~: 'n,;r9~\In~\lll'i,li,~:g~~19n\.'!t~~~~'d')i' "i';':;'Rt(~~V.~,rASQ 
f\l\llt' . "t· j } 'Itt' .h ' .. It~ll~ ,fliUl}f',\!\I"s,,·\.tll'u' s·t't'(~\'~A';.h"'nr··(~p1j'P>t,·'it,·~\,,"r.;t'\·';'ll·i'i~"·"I1ft "' •. n ..... ' '~!n"1ill"."" "'''h"! n. ,h, ~Hl!,Q. a.)"", ~~;~~. ~tld'll,:",U~~1'.'H'~~~,!~~l:lS9QQk,g,~ttl~JQ~JQS"M,n ,~!!w~Ul,S 
toplUQ<ttl ,(U UU10st3 nnd t41'¢SP¢Qtfv~tYi .' " . 

Tha bonQhmurkrr(Ul\which thegnhlUC¢l'U hl~tt\llltn ll~Op~s~;Jnll()VtUit)i1;At'(l; ·~lnlhli,:tJtn'a 
is nlCU~Ul'cclls thQ nVCftiLtol1t()duQtiml ellst nssooim~a, with th~ JnQqplbQnttQijltl~Sl,n 
thot UmQ·, As Ulush'nttJ(l ubov¢.tht$bQ11QllmO~rk~nnl h~gXp¢~tQdt()iflOtQU~~f>ovo~tlfil~tt{hQ 
fllQumbQut tc~hm)h)9i)'ls suscnpt Ibl0 to bi()I(>gJonl d~(Uly ,WhQl1v~rn~~ cost IlSS()oJUt9~tWHh 
tho innovntiofl cum ohm btl expeoted tohl(.m1~~So over' time rftho JtinovntUm is t(tStlPtOOQfO 
bl(',oglotll dc,ouy. 

" hns t)'f)ictlily boan IlSSWllCd ht c:vnlutlllmlsof t~Hontch "t(lJcOlS (ca. Johnst<)U Of"/, lvg~) 
'lot t.he {l(lst reduoti()ll cnublcd by udopting on innovutloll remuins O()J\sttmtovcr th110. It Is 

n, ?Mont thut this ussul11ptiot1 is Implicitly bused (lU n furl'hor uSRmnpU~)n()f¢qurtl tAl~~ ()f 
btologlctll dO,(Ul)' for the old und now lechnol()~y (i.Q.\ that hoth ure c'tunl1~· 6u&~¢pHbIQ t() 

blolc)gfonl doon>I). The economio tifgnifioullco or dlfferenoes bctw~cJ\ th¢ 1'(ltOI) of bfoi<)${cnl 
deotl)' of un hU1urnbont tcclmulogy nnd un InnOV(ltion hos t'hU9 usul.llly bQcn 19nor¢o hllho 
mujodty of previous mu\l>t~(~~ ur ngriaultur!ll rosom~ch 1,mJtUnS, 

l?lt;ufc l cun be used ttl musU'uto this dl~cmlbl~m, ~Ph9tJvat'ngc costs nss<)chdOtl whh 
technolugios A und 13 in tho dlogmm fnot'ensa IJt 'h~ stlmc rnto .. ~rhus (hoy hnvQ th(.\ sume 
rntc of bfoloSicul dccny. Thus tho sl~o of the cost suvlng (~Utlibutnblo to t'elcn~Q Of 
tcchno)os.Y 1.3 rGll)uinl) comHtUlt ()VQ,l' lImo. The t'ute or btoh)gfcnl deooy f()t lOQhm>i(,gy 13 is 
grouter lhml (hut of Cwith whiQh it hi J'cploCQd. In this onse. tho {~()~, $UVhlS ((mll 
fct,lu¢itlg tQchnology 13 wllh C iuc(onscs oVQr time. ConvQfsQ,ly, thornt¢ or hlologfonl 
dccn~' of Icchnolog)l l'j exceeds thut of C. so the cost Buving ff()m rcplnolng [) with C 
d~el'cu!H';H over time. tn fUCl., tcolHl tllClU)' C would be rctlti(){Hod in ()ro(ofOnCQ to 0 nt time 
l~ un!QSS u tccIU'lotng>' rcsultins in un tlV(H'Llgc cost lowor thal1 OJ iii roh.msod by thilt Hmo. 

A ful'thoJ'lmpOI'tnnt point rolcwHlt to mouBurlng snfJl~ (rom nil hmovnUnn is thut m;sumod 
unimt must be rcuUstla undor C{)mnHH'~,ftll ofrcmn.suUlCQS, Cnution needs tollQ ~x(,,\r¢lscd tn 
ttSsl.m.ling thut furmors un ;JV(U'USC wiH J'C!it\Usu the sumo goins us. rocorded itl QX1,oriruonts 
(l,nvldson l1nd Mnrtill 19()S). OJU~C (1992) r(tpc)ltcd.lhc rosuhH of n Hurvoy or \~grioulturnl 
commltunts from thu mutu gruln 1)l'odulZhlL~ nrons ()r AUHll'ufilL Anmns (>thor flndlns», on"" 
fUl'm~llcld lnQrOUSCR from. ndopthltp n naw vorlel), Wot'c (.Isllnmtod t() I)Q bctwuon ",20 nud 
120 POt (:<.\n( ur )'icld hl¢I'Q(~HQS nohlQvcd In rC·Hout'eh ll'luJs'l,Murphy (19SS) f()uud Ihm 

Nu~'mu (!'Uln th~l pUblic. 61Wlnl', whOl'(I mmlt ur thl.l mlvlRf.wy offill'l h~ c(mc(mtl'llwd. wt~H hwhull.ld In 
Iho SUfV~)' .• 



~~~.3 l .. nOVMIQI\sfi'OmnnUJU(I'HU~¢~ :~~~'S'UUI'~n . 

'fhe bQllC.f'il Of~OmQlfml)v~'U{).nRdQl·lvQ~Qtlnr,~~~r'tt{Ull'.~luthitnlnltl,:; ''''f:pdtf¢flV;I~~ilf'~f91\SQa 
n~nQttltijcJ m dH) ()Uls~t byCfu\lh~t '{UllOvtUltmR!·P().r:h)~tnll'~~t . . . .......... hy,:l~'n~Wg9!l ""l,tm~~ 
uUOW tt r~ntttt to thIJ: yiuldndhf(tvcd WhQUlll~~$tstin~,~nlt'I.¥tlriwn,~ :fif~l tolQu~p~t ....... NQt~t¢h 
I':(m'ributin~ to ~\loh fmwvtnl(}IU'lsQuUcdmntlU~nnnQot\~$cutQ.h:(SwJdloW ,tUal!l:~8~)i 

t(,~hp b~norits or f)nldU¢tivity~mUiuHltnhlt; iunovnfioH$·Ut(}ftl.~S$Qtl¢f> ¢Ul~ultlt~d O() 
dlrfcro,ntly thnn}Queftls of pr()(;l\1'HlvH~~ln(trcnshls,hnmvnUnns •. 'rh~ l)~;nC'(U ~tUrC()fllC~ 
fmm 1.(;)wQring tho tmH 9\<JSl of'produetiun relnriv(l to whut It w()~dd htwQ bC(.ltlOfhctwtSQtU 
thot time. J':!OWftvur. in this on~~ tho l()wortnu OfCUstH (h,wlv'~8 fmm mnuUtH~tlth,gc()nlhl\~od 
inoronsos In produ~tiult costs os u l'~stJll of ()n~(lJus dUprQdlutlon ()t thQ ('l8lsting 
tcohnnl()gy. 

1"be till fUrtH1CC butw .. wn U J)rmluutlvItY"'!ncreuslnu untl u pf'oduQUvh~"'lnulnfulnlnu 
innt)wl dml oun bo Qxplon.ld uslrllJ P'lt~mQ 2, 'ThQ uvcrnSQ C()stfQsul.tillL\ ftom usc of 
tccJull.ltl~}' 13 who.n it ht firHt ud()fHC.d (tv hi luwor dum for tcclnmlouy A whon it wosfirst 
ntJ()f,f ~d (ta)' Thus tcohnnh)~y Jl it; tl Flroduetlvit),,,,.inorQushlll,t hlHovution (ev(,U) thnugh u 
siv.tlficunl proportion uf the cost I'Oductiml uc;dliovQd nl thue t~ netunU~ a.ompnuij(UC~ ror 
\a .. lh,ll' cost inCrCf:IMUS Ot\\.Hlth.t by biologi(lul deOtl>' or tuahnolog~A). tl~ho t)Vorngc C()st 
resulting frum use uf (cchn()l()li~ C whon II is first l\d()ptod (f~) Is (he smnc us for 
lCGlul(llollY U whon fh'$t ndup:od, <nnUi l.cchmlll>tW C is u pn)dLHJ,tivHy"'muilltninfng 
immvHtinfl. 1~calmology f) if$ ut~() n prudtlctfvit>t-nlllfnUtlllinu imwvuthm. 

In nltUl)' cnses un hmovntj(m nfr 'ctt-. tho pt'oduotlvHv of (I ninulu lndtrstry. 'l'hnt Is, It hus no 
oXlentul offocts on tho produclh lot uf Uil)' ulhul' imlustt'>I. This t)'ptt of' hnpu<lt CUll he. 
roprc~(l:ntecl within tt puniu! Qttulllbl'lum frlltnOwork ns u c!uwnwnrd/rightwurd 6hlrt ()f tho 
Industr>' suppl)' eurvc~. 'r'he incronSQ in oO(HlomiQ nurplus J'1J~hllthlIJ fl'mn Ihis slngl(l shift 
rcprcgants nlQ bellufit nc;cruln~ fn \(l\ un hmovntfoll; 

'l'hero ute fttrthcf boncflls (rum Iho humvnrlon due to tho Orroyt of the CUNt I'cduotlntl on 
gxt)tmdln~ ,he fJi20 of the Industl'Y. ~rhORU fUt'thuf b0f1oflt6 nrc ropnnioillcd b)1 tho welfHfo 
tduul~lc Nhmv/l In Piltur~ 1 UR nhe. trhu amu ... rcduotion method dues tlotinQludc the vuluo 
of Ihis wolfnrc trlml!!lo In ogtjnultlnl~ lho bo·nofft fJ'um Ull hmovnticHl) UOI' do'n~ It uccount 
fM the boneflts from Industry cxpnllulun bohll~ rmrtin!l~ offact by CCl!loununt doullnos ill 

Thllil 1.18$Um¢n Ihlll tho InnuVIIHull IN !lot InIl\HI'u.n'~d IU pl'mluuurn III ulhel' cU\mlrf~lIi, Olh~lwt~u thu 
ttuiuHhll;1 $UPJ1\Y shtflJ) In Ihmw ct)tlnll'iotJ wuuld nlRO IWI!.! to he IICCtHlIIIud fm, tI~ In lldwltl'ds Hili} 
Ph,l~hll.lt'n (11)84). 



the ·SI1.080,r uthQl' tndtJ~ldQs .~(U1Hl~~thl~,.t~(Jl~'"th,~;;tltl!11~'1~~aQYt¢.~$. 

rrllis 'Of,pl'onah is \ulUkgl}1 t()J¢~Jd H)lsi~JtU!i.¢(Ulhllir~~t\lgVJt,t{lmt()rh"n~.rns'\~h~~~:,gll . .", 
I un.' ovnt. i.'ll\ . tl,Pf.)tf .. C ... ,s . (C,l, l.\ a.'iZ¢U .. ,b: l.O.'.'·h. \(J(',I .• ,S..'.','I.'.'} .••... ,bQ.,.c.'.',t.J.,t.,.l$(i, ',t,! .. :.:.'.'.',".r .• ',· .. . · .... I .•.. l.l.·:~llr,Q.,., •. ,'x.'.,:.l.n .... ll.,\,.ll.~)n .• ,.'9.'.' ... r .. ·:,·.f.'.~). ',:Qt.).J.',., .. l .•. i .. ,\.,:,~., .•. ¢.,.·.· ..• :i., .• "u, .•.. '.'·.'s. \.g,.·',·.".,.A.',',':, . .1.:J.,.: .. ·~.' '.' c~pm~tc~1 \,0 bo smnll, t~huly,Qmlhu siz~ (If Ih~'I~utQ(Jo~l 't9~u~dou, J()hn~mil '~l9,QO):'4h~s 
Mtlrsdcu (U(.1i, (19aO)"s Qvltlonc~ fUJ" thtRiil(lrCX()nt{;lg,',nhluhpr Yl~'tJh)~Wll9t}tjVgrt¢ty 
l1my lond ttl wl\<U\t q181~h~0:Ing, bnrl~~'rl:om U()lllO ()fh~Qxl~thUlt)ton, Th(}JlQtcff(;Qt,O'l 
~¢()nmnIQ sUrl)lus or 'h~ mnrb\hlL1IQhunSQs .ltlCf(1,P tlr¢t\~wt)\tmbc' vcr>; :smnU 'CQlllPtU'Q~ 
with tho oft'Q¢t ()f th¢r~dueti(m ~n tho. nVQrogoQ()st OfwhctU PfOUUCUOl'. 

'this witt not bu th¢ qnno. h()WCVQf) whoJ.·~ tul tmmvn!t,m t\ppll~8 t')n~mt\U (Qro~wly . '. 
fmmcd) tnduso·y. tnsuQh (\ on~o thQpJ't'e.ooMro,tucUUt) mn>' bo t~dtniv~ly.amnll«()t nn Jr. 
r()rel~unmlo. tlnlml()YutiUI1 snloly t~npW$ uthtptnUonoC n oml)tt) tlQwra~l(m$). wHh tho 
tnujor hnpuct (mmiY\~lthl'()uSh tho o>;t~l.msj(,m oCthe hldu$tr~'. 'rho net Qrr~ot on coonmnhl 
surplus of srnwth or l'h~ imJustr)' tUttI any cmmponstltol'Y dooUnos In mhor JndustrlQs then 
bCQvmo "whlenl to M1SCSS!t18 the bcncfUtlo¢J'Uh1ll tl~()m lho inuovut,j()U, 

111 such CUl\I)S. nJ\ npprm;llllulc mf>thod of csthnntina the Hot bQnefH {!'mn mnrghlUlQlmnscs 
to siz.(lS of indusJrlot:i Is to c.stil11u(e tho nel incnlnsein CtR)Jl()lnlo: StH'plus frml'l o",oh ('titled 
hOOlure of Ull indm;try u!» b<ting Qqmd to th() slim h~t which th~ 1mBt .... hmovnHtHl gross 
nHlriin Ct~cr hcclnl'l.l) in thl: Industry uxc,!uds tho nrmn, 1l)tJ,rgln tn thu IlnrtiJdly diHI)It\o(~d 
industl')', NO\VOVCf'f this uSlinUHU UCCOUlll$ for 01'11>1 thu ShOl't tUrin uff'~Chi· on Jlroducor 
sUI'l'lul'l $tnec il IlMlOrc~ UIl)1 lunger tanH effects on limn ()vcl'h(.md (/.()st~ thntnHlY nrls(!. 
from (urnHu's shlfthltJ betwQen hulustf'los. It uhm frtBs tu (IOC<H.lI1t fot' ml)' Qrro,cts on 
C0118UflHH aurplus. 

In cnsus where un Innnvution uffuctH not onl}' tho productivit)' of the indu~try tu whioh It 
. is diroctly u[)pllud but ullm indirectly tho pl'mhJctlvlty ~)f um)thot indllslry lhut Rhm'oR 

rc.HiOUi't}CS with the fonnur Induf)tfY, mure CUI'U i~ nQ~,dQd. The Indh'oct offool nf un 
iml(Wmion npplicd tu um: orup Oti the ~UluH.tqU(mt (Iunllt)' or lund for puSlW'CS und other 
crops l~mwn ill rotution It! n typicnl cxumplc In ngricultut'o. Af'Lwt frum tho beno,fit of un 
innnvntion In terms of tbu Indufiilf)' t() which it IH directly lIl'pliod. sigllifh:mnt prmlucHvlly 
bc,nt\rlt~ cnn now on tu tho cntlrL1 furmlns S}'stOIll ul' whloh thm hltluNtl·~, iN n PM!. 

J10r In~mHlccl un illl10vtlliun that Icuds to nn hlcrcnsod usc of whom SI'()wlng Innd for 
~f'()winv. bnwdlcur CTUj:Hi (ell. LI now cunul« vur!oly) erm ho uxpected tu ,'uise, tho 
productivity or the lund fUf whe,ot !tl'uwinu, bucousc brondlouf crops CU'O u '\)r<mk ... crol)' for 
whunt. Pluntlng u bromllouf crop n!'ton lUlpnlvc,; WQcd c()ntrol in subsuqucnt whent oroP!) 
(by nlluwfn&~ dcprocintlull of tlH.l K(;!cd buul( for weeds uffco\il11! whaut und tlnubllng uSo or 
gmHs""(ml~Qlll1g hCl'bicldolii) mu;\ ullmvK decuy of the stock of !~rnss .... dopcndcl1t S()11 

puthou,cns (cU. tul\o<mtdl) which lower whuut yields, L.oUlImfnollH hrondlunf crop~ mny hnve 
the uddcd effect of improvinu soli nHJ'()l~Un fortUit)! for whout I],l'Owing (nJ' uvuldillS tho 
cwlt of UClliuving 0 \liml1m n~Bult by npplylng u fcrtiUsIJI'). 

tu thoso OtlSCS I the hlQI'(HlfIC In the I{lzo ul' Ollll imlustl'>' dlrc(~tly uttl'lbutublu to on lnnnv(lllon 
(uU, nnoX'pulldod UJ'(W of ctmolu duo to rul~t(\~tl of (J nuw vUl'ioty) tiignlfhm n substnntfut 
Qhnu!~c of ftlmllnl~ S),6tOIll 011 till: \dod onto which tho 'lldu6tl\~ oxpr.uulfi, Tho hnp0J'tunt 
cffect thElt the illcrouse in tho size uf nno tmluHtJ'y hus on tho produutlvHy of other 



, " ,J 

hldysttl~sr91?"Qs~n(9'd,"t'l'~11~'mt,)dln~;~'!rOrf}thl~~"~>!$l~in)n~An·$)iht~t··~nQU.Qf''Jh~~9· ..... 
r~~~~~II~:i~ . !lII !mlleQ ll!1I~1··bQ ('4~IlUt\fll!liril)t;wI\OJjl)w~allth1/.\'I)j\i·b\1IIQl!!s •.• rrMI.lllj· 

Amuthod ror (~ept'('~hnntfns lhQ Jn~r"n~.~ ht~~(,Hl()niIQ~Hn11U~ ftf)Ol tbl6fi~I~~(f~ hmOY(lthm 
is pr()vldo(l by J()htlstoum ({II {lQg~)trrhO ·m~tllmLtuvol¥~6rt:ir9U~f~~UnlnUl)~i·UU~ In¢i'QPSQ 
in lh¢nVQfuijc gr()~H, tnUt~hl'p\'whcQtnro (1,,)1\) Qhun~lnS,,·Ut~tt'rnlh\~,iG~S(QJn l()hl~nfl'()rAtQ 
tho hldustryboncflllna: dir~(JtW(t'Om·.U\Qhm~lntton} lnhQ"il~%hfaJlqnm)h st¢(ll~t() 
multtply t.his ostlmntod cbonuo In nvr.m)~9Ilt~)J~$morginp~r>hQotnl·C b~ thunumbcJl ()f 
hcotnt'o$ on whh~h tho nO\Vfnmllns s)'stcmlsoxpcQtod'mbu ndopted. 

Z~lt5 IJ~lU4.Wll of' gnlns f,'om uuhuuwntHm uv\wUmc 

An hmovutioll gCllcrnlly c~ll.orfcnocsino.rc(lsln~ l(WQls ()f nd()pUon foJ' some Umo.t'tlllowcd 
by dcafcnslug hwula us It is J'opluood by n 6\11'0l'l0)' luuovntJou. J()hnstoll ~t nl •. (lQ9~) 
nrg\J~ tlmt $Ubt;Cl.llHmt humvntlons tum b(;l <JxPQctcd tn build lIt,OJ, H\~Utlhts of tho (>l'ighml 
hmovuUtm nnd thot, thct'ofOl'C. the htm~flts out.ln~t tlw OflatuoJ tld()l)tton Q)'¢lQ.H J$.(lssort¢d 
thut hCl1cfit~ thereforo continuo ut the pr.ttd{ lovel for os ltmu ns dcvol()pm~m (If ~ubscqucnt 
Innovntiulls continuos to ulHisc the oddHlclIlol rcsout'ch cnt)itol (O/,l, Im()wlud!~lO 
nocuHlulntod in developing thu ()J'ig,in;llinnovtHlulll Page at al. (lO~H) USSlJlUO instcndthnt 
bonoflls only UC'CIlIC frol11 nn innovut\ol\ until it hQ¢,:m'lc~ ubsolo,t(l. 'l'jhQ dlfforonccs Or 
nPI')roClch ato 111{ol)' to loud to conskl'H'ublo divCfl.v;mco of csthtullu8 of botl(~fitu rf()nl tho 
sume ltHlovuti(HI. 

t('ho nuluro of the probicill belnu, "olvcd Is ImrmrtmH In dotonlllnillS which uppruooh ff! 
Iik().ly tu be uppl'olninlQ, At 0110 cxtl'ttmc. it mn)' be ,'QU601l0blu in SUIlH~ c.nSQ~ to nnticir)utc 
thtH Ihe cUl'rolll<L~oIlUS' of solutiuns to u problom will, wllh continuing Innnvution. rcnHlln 
CQ(lJl() III icull >' RlIpol'iur ill tht! fOl'cscctlblc flHme. If h is l'CHlsnnnblu (t) expeot thm d.ll,)s,~l"'" 
fuolled 'fuetur usc In rnoderu nurlclIlture will c()JHintto indeflnlto,ly. fur lustunco, 'hon it is 
I'cQsUlmhlo t() fullow tho uppronch of Johnston at (ll. (1902) when (l~tlm:\lln!& the bunpflt 
from £ttl inmwutlon il1('i"mslng tho fuol (!fflclollcy of dloscl .... fuollod trnotora. This if! bconusc 
It 15 Ilkcl~/ tllnt t.ho inll()VlItlnll will be inCOl'ptll'utud, probnbly with fllt'thcr rofhlCHucnt. in nil 
futuro ·~pc.HzIQSI of U'UClUr design, 

At the olher QXU'umO j tho curnmt !!Qllll~ of 6otutlm1s to u prublum nmy bo uxpcot.cd ttl be 
I'untlerod tlxtlnct by ImminuHt pmgrusfi wilhin unother ganuH of solutiuml, fJor instnnco1 tho 
bc.J)cfitB fronl U proposed h1lluvutlon Involving Insecticide protection of It curtain omp muy 
be oxpected to ccusc once the Inseoticlde is mude obsulote b>' rclcuse ()f u t;tcnetio(tlly .... 
cnglnccl'ud cuitivUl' 'villi naturul illfloct I'OShituncc. ThlR mny be tho cust! Jf lho typo ()f 
uddltionul Imuwlcdgu uO'lutnulntctl ill doyc,lopi.nt.t thu proposed illsecticido Is uuJII(cl>' to 
contrlbuto to the cvoluthm of fmlulluns in un)' othl:H' gonu~ of innoymloJls (¢t~1 duvclopnumt 
of un insectioide rul' ulHllhor CliO,,). lJnlo$B tlltH'O hi some olhol' usa for Ihe knowledge, tho 
uppwuch of Pugo 4?t (II. (109 J) Is npr)H)prlHH~. 

trhe ahLiolion for tho nwjurity of illIl()vt\tloll~ CUll bo expeoted to 11f> SOllluwhol'C hotweon 
these oxtronla~. In uonurul It Is n.u~sonublo to QXPC'H (hut the uddltimml knowl~d8to 
uQcumulutcd III (IQv~l()r)lllu. till 1,lIlovutIVt) Hohltloil to u prublmu will fOl'rll u fuundullon 
from whiQh (I ROl'le.s or further :mlutlollH of tha snllle uuuus will (.wulvo. 

9 



lJlJnnnY·¢l'$~6 .. It.cf\htlbi()bo.Q~t)C~l,,d,n'tlJ·th¢''S~rl9H,rt'nm.th~snm¢u~nnjswtlh:Jf()t,uu 
u'~knt)Wn·.· .• dUrntiplh¢onUnUc. to ()¢·4)r¢r91'tijU\)s'{\nfndusn·Y.HowOV~r: •• ·iHl~t:bt(),~r,t.~riprp,g~~$ 
(.)tl~QhnOh)stenl .. (lVOlutl()ll ()OCurtln~ .UQl¥(lSAml9¢(nlQJlWI641~oly t()Vqd~~~{~.tlUtt~~AH:\hlU 
pl'l,lf~rt¢~sOhHiun nclSfnihl unotlwrM~H1Ua,. At flnQh:Utu~·~t.hc knowleds(.} necnmulnt~U 
dur'lus ov()hHionof.~()hHlnns. wHhln:(hc. :(()tnlQJ' SOnl]}; may be expected to gQI)SC'BQ11ctln'lns 
b~nQfUs l~n19~S mQ.knt)wl¢t1l.\~ isUk~l~lO contribute to othor fiolcJ6()ftcqJrnohl~I¢~~1. 
ov{)lutlour). hl 60mu QOS¢~ it is tJlsnpussJbto Um~ (,w()lyUou withhlfh~ f(;ln~\~l;~~llH6~4tlns 
its hlutus wHl ovot1lunJl>l rQsl)U in llH\J!~mus (mou u~olu (l()nHtHlhl~ni~ed()s()fptcr9~r¢g 
Hohnluns. l~lcllO() bCIllltltS (meo tlUl\ln.bQgtn to,tleOtllc fl'onl thQ l~n()wl~dgQ uQounmhuQd 
durlns thu ourllor ~ reign'of th!) L~gnliSt . 

It is cleM that th(.l, oxlent to Which bQllQflts of on InnOVtltiOtl M~ lU,oly W J~~ralNJ ()vQrdrnQ 
nrcds u) bo dQtcrmlncd llS nltHis'louU~' n~p,)a~lblc fur cUQhhlll,WnUl)1l b~llnnovt\hmtc(h 
Conslstont uPr,UQntl(Hl of n unlfucm l'llh~ HQWSS nil Itln()vutlml~ (toes $hnpUfyllOA 
cvuluntlmlS 13ullsldorubl>l. H()W~WOI' it oelH bQ OX1)QOlOd to)'PRlIHln onlQulnllon ()fntlsl~udlng 
banafh-cmst rntkuh boHI fnf nssessing tiny alUJl,IQ lunovuUon nml fOl! oJwt)6in& umoug . 
oppmtunllic.u; to dovelop vnt'/uuti ()()sslblo Inn()Vutlolls; 

BVllluntlCll.l of whaliler to unti,:rtnkc n rosQurch pmjo.ct ut u purtloulUJ' time ruqutro6 thttt the 
bl)noflt~ nnd cObts of UndQl'tflkinu, Ihe proJoct HI thut thllfl bu dlslinsulshod from thoso of 
the tcchnutoaicul ndvnllcus It ~Ollo.rutos, Tho rouson rUt, thlR is thut it often thU(!Il$C thnl 
there me uhornutlvc possH\lo sources t)t n !Solution to u ptU'licuhu' problOIl"l, uvuI11f lhCol 
tcahnologlcnJ udvt\llccs uri1:llng ft'um u\tot'l1utlvc 60Ut'tWH me Hot Idolltionl to those turuct~d 
in tho proJect being ovuluntod. 

Pr~wious studios hnv,~ I'cco~pllNlJd tho IIkolihoud of fclovunt tuahllologlcnl ndvUllcC)R 
bccurnlns (lvullublo In the ubti\)nt~c uf u proposed proJoot (OS'I MUJ'sdcll (I( al. 19BO, Oru6s 
mal. 1991 und Morritt (if aI, 19~)2). a HOC (1')92) fa~()g.lllsc,d thul tho oornpnrnbfHly ()f thl) 
bonOnl~(.t{,)Mt rut!OH II roportcd for til(.! vn1'lou$ p1'OJI;)018 twulutllod wus limited duo to 
incolHihnullcy u.num!,!. unnlynts In def/nlna wllhout",pl'Cl,lC(.H Hconurlo6. 

It is tlwrcFnJ'u llUCQtiHUl'>' to ro(.mguhsc in bcncflt .. ,oost CVUlllUI\Oll thut rolOvullttochnologlcnl 
ndvnllac~ con bUCOl110 tlvtllluhlc without the projeot lind that I.hu benonts und OOSln or 
tuahnologlcnl ndvHncoN 1I1'1Hlng from lh~ PI'UjtHlt will thon bl~ IlHlI'U,lrwl to those nrhdllU from 
nlturnnth Q s(,nm:~cu, Only If it is unllk~ly IlaH rclovnnt tcchnoloLti(.!ul ndvtlllocs will arlso 
(rom nllcrnotlvo ti()urcot) is it npproprlutu to IIlcnsut'o th(.\ hOIlC·f1tfi ulld emns of lhe projoct 
ualnn tha cxl»lIll~ tCCJhnology i.l6 II bUllchnlMlc 

(, Rulullmltl mlnlnu within IIH~ furtlll.tl' uuuun may III IUHlW CIIIl~\~ (JUmhlUu to he IUorenud by II mltlOrlly 
of 1IH1(hIO~I'H dll" In Ihult' unlquv ch·l;·um~lilll(.lt!n, In IheliU ~~mleli til\! Imnwl~dllQ Ill.lcumulillud dill'lllH 
d~\Y~I()phlL~ n pllrlh.mlul' ~ultHhm may \JonHIIUU to gfm91'i!1\~ IhlIWI'lIH, bUI III 1I mu\>h IflW\J1' luvcl Ihnn 
(Ulnillcd III punk mlu!lt!tHl 
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(hI t'~hQ ~W'Ot~.if~iJ!pJ~~t,f lUl~l)'~"ntUnJnijihtQlc'Qtt i$~~.I1ql~lQ$:' 

~l'bQ . r9sQn~hrgndIU& .·dQol~ iOll·'i fWglY:~fiJtqh')l~*Jl~l\VS.¢jl·'fup~\ln~,Jl,P,J:,~)l~~)~t~~!;prpJ)o~t 
dndt1~ n~p~~in~'JJQl'tml{h¢:i lho \wlm~J?,t()J~¢'t,1$~~U'(ltlQ~.(n}~J!::ilt~.r.:fUU)~U1~lf·~lqrtn~:.~h~n 
porlt)d·. (hQ. th() 'WnhOl.'t~pr()j~Qtl .s¢annfjlc»)~.·tt!(fI'Qr"l '~pgQlfJ~mJnn\(},flll9WHhmJl~p~'~J~Qt 
SC(HltU'J(lis hnpottnnt·bcQl)USQ hPl'OYW08' fhQb~i\¢htiUlt'ktr()ht whlQhthcim.t)JlotQftl 
pr()~'()sQd "l'ojeO( is moua~u'cdf . 

Thcro nro nmny UXmnl?los. (lfnu~nl(lrmSCn~rtl'¢d (or'sp()n(nJUmY$lYQll1~1'~lfll;\!)kfj9wt~.gSg 
()r tochnulos)' Ul'iRfn~iu tho tlb~unQQ or fornull r¢sgmohpmjC¢tH,11()toxnmplc.M'orrI6 (~t 
ai, (1902) rCpMlQ.d NU1~oIQSQ t~mn~l's L~mwln~lndHmWh¢llt VA1~i¢1IQ8Wllt(Jhht)~ln~v¢tb¢CJl 
nt'nalull~' l'(}I(Htsc,ltn N~pnL M~n'6tl~n(lr (,1. (:IPSO) rQl")l't~dh()wn~t,pH(m ()rZ~~UQnHIQtn 
Austtntln bOgtul without l?rooodins funnnll1oSOt\fQhlnttllho U¢k~n~sI6l(lnQub¢tlQrlt~()f 
thPRQ braotlS. nnd how 6ubsQquom .'osoUfohby tho :1StROI)ivlsl()u of llnttltllolngy int() 
tills i~RUQ hlCJ'OU$odtho rnt~ of' ud()"t:iorh' 

tl~cehnolnglcnl spillovor fl'Ol'H 0111\,1' lnonllll)scm'ch or fl'oJ\1 mhor nrons ('spill-hl') moy tdRO 
bo tl sitlnlficunt UIlCl'lUltlvu SOUl~~O of toohnc,)1()IlIOu1l)l'OUl'CSS for the tursot tn'ou of 0 
rcsonn~h proJoot. POI' oxurnple, Tnblo 1 danwnst'l'utQS thol' whont Qultivnrfi bred IntQl'stnto 
have of limes ncommtod fur 0, InujOf' Hlmru of tho m'en suwn to wheut ill onoh muilllum! 
SUltc. duspllo brooding pn>gl'tll1,s within ouch 511,\to. 011 llvcmgo, 48 l)(~r Qu,nt of AusttnlltHl 
whom (HOn ill the 19808 wus sown to ouhlvUI'H dcvciuflOd outside lhe Stntn In whioh the); 
worQ 'brown. 

)II ..... !. jI'IIo"~." t ...• I, , III';! • ',iii,.' ~ ... I 
" 

1'nblo I; Usc by SUliof i)l' \V1UlH( CUUh'llt's l)ovclopcd In ()th(.l'~ 
StntcH, 1980~B l to 1989",90 .-...-,:, H ~'''!'I'. " -Ycur NS\V VIC 01. .. 1.) SA WA 'rotul 

1ii< .... ;Iq~~.,. ~ 

((Ill' of tHlOU !iown to Intcwstntc oulti'I'w~) 
,.rJ ,"I.'" ,.~,~_j~f~~~~~~ M*~ 

J980 .... Bl H,Q "'0,( jtl.t1 55.9 79,6 50.8 

1981..,,82 16J) 62.2 29.1 52,!) 80.3 'st.l 

1982 ... 83 3~.B 53,7 27.2 51.S 80.3 57.7 

1983-84 ~H),7 46.2 21,7 :39.~ 79,'1 $6.6 

1984 .... 85 53.4 3ft4 H).2 43,;3 73.0 S5.1 

198';",,86 45.() 4:3,8 20.1 3('.S S8l) 46.8 

19H()·M8"1 42.S 55.S 27,4 26.3 51 J) 44.3 

1987 ... 88 31.8 t'2.Q 28.2 20,S .56.2 4tMJ 

1988",,89 2().O 44.8 27.4 15.1 49.3 :341~) 

'lQ89~90 as ,·.1 42.8 28,2 lO,l s~.~, ~~S.3 
~ . I.~t' I .-r j;.,.'~_' :;£ , J 'i~~ 

Monn 34.2 51.2 26,0 34.1 (i',iil 4811 
." \" I,~ 
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(I) 

(U) 

tho fntc ut whioh tQolumJl)gJo'\llll'(nUIQ~Rt'ch.w~\nrt()$Qlvln& the l?t~)bl¢lWW<luld 
bo(.tonte ~lvnnt\blo ff(H\l(ll1tHt~i\mltivo$om'q6 if U1Q~tOJ~otw~rc not n)pf()cQcd 
dudn~ (ho ptoPOsCdPfH:ioQl1m4 '. I . . .' 

Ihec()st of ucquil'hlg {md {\'hlp~illg tbQbm)ltlgict\l pmgt'oss fr(nn ult()I~J1tlUV(r$()lh"oQS 
rOt' U$U in tho ttU'gct urem. 

1\vo of' lhcp<)sslblc t)tP0ti ()flmpoet of n t'(~sotU'phpt()J¢ot MO Ulu$ttnt~d h'i\17l~u.ro~\ 
Figure 3(tl)Uluslt'utO$ tl sltuntiut1 In whioh 0 solutionis (Jirond>' twtlUnblc. (~~qOpU()lt 
C(m.lJil~tlOcd nt timo to) und lh~ impuct ofot¢<.lhnologloul tldVdllc<> (rom l~ t'~sQ,t~r($hpt()JcQt 
is to inot'cnsc \ho rute (,)1' lldoptfon of tho solution trolll timo tt' In thtscrgump,le U1Q Cem})g 
ItWQI ()f ndoptiol\ Is tho sumo undor both. tlcomwios und it is «l('«incd nl timo ttl with the 
pr{).ioct nud nl tlmo tl without the IJr(,)joct7

• Morsdorl (1(. rd. (1980) ovulut~t¢d the tlb(>vc!'l> 
IllIlt1tluJ\cd CStRO I'(.l$cnrch intotiol, rctiiHtullcO of Zebu cuttlo using ·':ls typo t)f nwdcl. 

I~vel 
{,f 
lUJ(>}ltlnn 
of 
iioluUon 

(a) (b) 

------~----------
hI IWIHO CIISI,lS it mllY be Inure nllflimlc 10 nSHlItnl.l tllill Ihu culliuB \lwei uf l\doplhm uf tutlhuoh1lliuR 
fHHll nll.crillltiw NutlrCCfl will h~ luwul' lIum I/Iul lik(,lly f\'um t\ I'wponud l'L~s\lllrch proJ~M oJ', 
!Iltol'lwtlvcl>'. Ihtll ulln!nlllCtH uf Ihllnlll1l~ c~l/JnlJ lowl of' IIdoption would unly be I)OSHlhlu If thel'o 
WM nluniOclltl\ oXPOIHlIIlJH.), un lulnpllllU Ice,hIlOh)Uhm1 udwmci,ls frum nll\WllItllvu SUlII'CUI; 1<1 hlt'l'cl\l;u 
thulr ul1roc,tivuncsli t'tn- tltu turtlcl IIrOI\. 
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1'n~ 'P\ltll~)r$,~ppUgd:lm$;,J~U?~t!r,\J')9q¢t\il\i,:~>tl:\~UJ~,th1~;,tb9':\?~ltctnS.~;(>f,~,{~t\n?'V«.r\9l*Jrt~1$ 
l?r~JCQt ,illJ h~¢e,lltlql WQ$l'B·f:~S'~i. tn' 'p,Anl~qlg"'~Qf::)h~~~,Ytnl~!llb~l)¢Jl~flt,~:'~)~:lh(W~A~lm! 
the r~t~' ()tnd(lgfi ~mQfl:gl tlUv¢,t~fll,~>v:iQtf~P:l¥~~S':$\lQh<~~:.ft,\ 1~tV:bQAI1~'\tlntt::91ii9R,~B~~~ 
(OR'~C H)Qa),Th~ t.r~Q$(lWl"m n~~l;'¢J~Qlr{>'pcswP:~<'iH~YJUc~to/'itl'p.rQ~~~;~'PY$';R~rccn~ 
p¢r ~I¢l\r wUlrlho prQJcQt 1.IntUtho tldopllQjl CQ.iU\l~ WAsrQ,ueh~ai tHl~:by2!S 'p¢~¢¢nt, pc,r 
y~nr withQut tbe) proJ¢ct. 

}liguro3(b) Hlustrutcs U Si.nUltl~Hl.IJl~vl,ftlhtJ R()llltlm~tQu;rr()bJQJ~)lS y¢tt~)\}~¢(lt'l¢ 
uv{\it~lbl¢. The tQolmologicul t\dvnl1¢e~e)lI~l'qt¢d b>~ pl',)r;9~atn~Wlthfho' r>fnJt¢tl~~~p.~(lt~d 
to .fQSult ill rclcn.so of 0 SOllHiOl! ut thUe·t41 YVnhl")\ltthopr9J~¢t." $()llJJl'(mJ$Qxp¢¢tc.~lt() 
bocol1)Q twnUublo ot rime t~, The l'L\tc of iubsoqu~nt adoplipn:i~th¢ smn~ ill b()th:ct~~l¢S~ 
Onoo usnin tbccoiling lovel ()r mtoptioniS tho sumo u,nacr b(){hs~cnt~rk)~4hdJ{ isuttutm~d 
ot timo t6 with the Pl'ojcot nnd nt tim~t~ wHhoutthoptoJ¢¢t.trhJsty~c()r m()cJel WtlS AlsQ 
used by tho nuthofs in cvtdtlUtiug tho boncfitsof thcQf()p vuriQtytduh~Pi'OJp¢t dl$Quss¢4 
nbovo. in purtlcultu' (tH' fnou~mrint\ the bQnofHs ()f Q.nublingcurUpxconu1lOn¢CmCl1t of 
adoption of now vuriclics of ttmUti()nully~~rt)wn OtOps suoh ns whcut And bntlcy~ 
Adoption of new vurloties of these orops wus ul'Isumod to begin tW(l ~'C41'$CLidict with the 
projuct than would bo tho cnsc Without tho project.. 

3.2 MCtlsudng the t\lnr'ginal hnpncls of' n Rosctu'ch 1~I'OJC(~t 

n~uHcr res~)lution of a problem us u rC~:lUlt of undcrtnkillS u propm;cd Pl't)j¢¢t cnn 
fcwsonnbly be tn:pccH.,d l() ollow (I wuolo chuin ()f succceding tlotivitlcs I.e) bo uddl'csscd 
sooner thun they wmdd otherwise hove hoen, For exmHplc, cruller de\ OlOPlllQut ()( n 
lcchnotogi<.;!ul udvnncc us (\ rosult of ptc,)ocotling with n project cull I)Q expected to bring 
forward P"()joctH8 r<:l)ulrcd tn process the ndvunco hWJ n c()t1lplctcd hmovtlti<)ll, A 
nulintcllnncc research project designed to pn:,tcct the gnins achieved by the UdVtlllCe is nls() 
Hkely to oommence ourlier. us urc vnrious other proJ\~cts designer.! to cupiHlliso on the 
knowledge sulns uchlevcd in the project. 

Henco u project CUll rCtlsoHubl)' be expected to rosult not only in enrlier commencement ()f 
bo·ncflts Cllld COShi of solving the target problem but nlso, by u shl1ilnr de~l'Oc, cnrlicr 
commoncement of benofits und costs of undcrtnldllg the chain of succeeding l1otivitics. 
"rhls type of t;itutltion cun be luwl>16Cd by tldnpting the ~ch{lngc frurncworl\' developed b~ 
Ciross at all (1991) to nccmmt for tl project result 1118 in ehrlicr cnll1ll1enccmcnt of benefits 
and costli of solving n pal'ticulur problem, The nduptutiou tlcc()unts for the nuditionnl 
Impacts ()f cllubllng (.H:U'licr eommcnCCIllOllt of u elwin of succeedIng uCllvitios. The vcr~ion 
of tho frClnlcwot'K illustratod in Flgul'<~ 4 n:!(ttcs to the situntlol1 represonted in Figure 
3(b)i). The benefits nnd costs urc in renl \ ulucs but htlvc not been discountQd to reflect 
the time vuluc of money. 

Hcgnrdlc5s or whClhcl' ulldoHakcn hy rcs(tm'ch Imllitu\lons til' hy l'UI'tl1L.Hh 
I 

,'hig if! only flno M /l wld(} flll1g~ of pllRslhlo Ii!tuntltms thOt ~muhl b\'\ ulllllyt;l,ld ualng Ulh(!t' Wl'li/ollS 
of Iho 1'rlHn~wlll'k, 
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The COSI~; of the proposed project commence ut to und continue; ul tho sume rute until the 
project is complotlJd at (t' Tho·ronftcr thoro fife continuing oosts nssocinted with the chnin 
of nctivities dependent upon cmnpletion of tho proJect. The totul of those nnl1unl costs is 
ussunlod here t() remuln constnnt until ta at n level lower thun for tho proposed proJeot. 
whioh I,; nppropriutc for cuscs wh¢rc subsequent aativities pl'irnudly involve refinements of 
a woll-developed C nl~lturc') lcclmolosy. tn cuses of 'immuture' technologies. however, n 
series of major nctlvitles I1wy be oxpaotod to follow on fl'l)fll completion of U pH)[)oscd 
project (cg. t In the cusc of IJ project tlimlng to eNtul)liuh thu fcnsibiUt)' of dcvclnpfllg u 
purticUltlr type of solution), so thut the Wlnl t.lllnutll costs of the succeeding chuin of 
notivitiQS muy bo higher thun thnt of tho pr()poscd project. 

Aftc,r the tcchn()It)~iQtll udvtmccli gcnMillcd il) the J'mJccl me processod Into n solution. 
udopliml or the !mlutl(m commences ttl l,j. Adoption (unci thereforo t()\ui bancfit from 
udoption lU

) increases until tho acHing level of uc\opti()n is ultulncd nt ttl' Towl benefit 
frorn the soluthm would soon nftot begin to decline l1S it ontol's its dccrctlslng Hdt)pticm 

'fmul bctl~rh rnilY. hnw,'wl,.lr, im.1rCMU III n a}rnwl' mItt tlHln udupHun if Iho Imhuiou <"xpcl'lutlUl.ls 
hiologhml d\.lcny, 
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phnsQP~ntQsnhnrtl~\~QrtQ~hnqtn~tg~, mukln~ U·nb$'c)letc!l!l,<lW9YQJ;) th~ l'~f)QU~~:(lrthQ 
. Rf()J QQt;~mltht.u~ ~~kU)ls,p¢t'KJOVJ~IUl1tH t$d~$J)hQb~m~fl tsftmll·thQ :aUIYfnnt,:;J)J~v.i:n~ 
dc.¢lln~(h Thts,;t(l.n~q'6':'An t~tlQ\\ll'n~Qrt)t'10WQt"Sl)l~ltl()nsi:(inQlQ~,inll''.fb()~~. ,ttclol'Ul"lnt;QnoU¢c 
r,~,' ~,'cn r<~,h), buH ~i, nS,t, utm 11," tho k,,:,m,lwlc,~, 1'!~?,",' ':,~"lll, ))$,,', t\~hl~,voa,"",.t,'~,l,l,h, Q,', -f,.,~rt,),~" .~e,·,::,;tl" 1,,7~, lt41 ,\t,'"lC,"fl9",JHS,',fO,., m the pr()Jcut$ubsc(llieutly dCQlino()ncc,thfs .gamut ()f S<llu'ti()nsls:,~nA~lQ al)s()I¢tchy:thoso:of 
n ,mmth¢t SCtlus. uIlUlbctl~(ltSC~fl(~t) Whollt\d(jptlon,'fr(m):tht~,gonu»QJUls;nttlQi, 'rheg~$t$ 
or th~ ohnin ()f tli~tivHfQ$ dopcndtmt l.lll()ll ud~w~lopnnmto.rUS()lUt1()[lto thut;lrgt:t .problcifi 
tltc nssumtld to conse .nt t,lI, 

An uhornntlvc tU()Jcc·t nd~trcs$ins the sume J?rQbltHll is QXPcotQtlU)·C()nlm('\llC~llt t~nud bQ 
Qomplotod m t~. ort~l' which there (lrocominuiIlSQ~)st$ nSNoolutcd wHh the sub$¢(lUQ1U 
ohnhl of nctivitlcs. trIte lensth ()f tho tdlOrtlotiv<; projucf. the lc,v¢l (if ltsnllU\1tl1,C()$ts And 
tho level of c(mt.hmlng costl;uru un tlSSUUlcd t.() be tho sumo. us for tho 11rOP()scdpfojcot, 

The sohulml rcsui tins fnun lJ\c tcclumlogloul (ldv(UlC(lS of tho nltermltivt.) proJ~ot bc(wmcs 
nvnlhlblo ott, urtllr whJch its ndopljOJl (nnd th~wQfotl) totol bcncfits fWU1 udopUon) 
incfoosoS unHl tho c.uH1nS h,w(~1 or udoptlon is nttnfncd ut t·1• 'rlhe bOlloWs ()fthc nltQrnuUvc 
projoot continue ul U11~ "euk l~vQl until tli ns u result of newer solutions bulldhllf, upuJ) tho 
klwwlcd&\O gnins uchicvedln thu nllornnHve pmJo,ot, "fotul henefits from tho (\ltOtllut!VC 
project subs~quently duclilHt once this gallus of solutions is mnde obsolete by those of 
mmthcr genus1 until heneflts oanso wh~Jl udoption front the outlier genus ontln ut t'l' The 
costs of the chain of Hi..'tivit.jc.s dupondclU upon tl dovelopment of u solution t(;) the tUfgcI 
problem LlfO lls~unlod to CCt~SC tll 19, 

Subject ttl thuse t1ssumptiolls the cost effect or proceeding with the project fP8UHs purely 
from ~hiftins {l gl\QIl PUI(Cfn or COllIs su Hun it is incurred closer to tho prosOllL Tho 
(lindiscounted) totlll vnluQ ()f the costs wUh thQ pmrJ()$od pt'oJoat (nlot\surcd by tho nren 
to~lI"cU.t!i) is tho smUfJ us the (um.lhtcmUltqd) lOlul VLlluf,l of cmH~ ()f ntH pwGtccding with the 
pmjctJt (ml.1usur{~d b)~ the urcu Ildcflu9)' Tho eost impnct of UUdol'wking the proposQd 
Prt)joct IhQrefol'e ndttc.fi only us (\ result of' tho discount rule Incorporated in stundurd SeA 
mct.hodo}()gy w nCCUUlH for (hel mnrgfnul mto uf time proforence. 

StmHurl)', th~ uffect un b~llcfhl'l front pt'ocQcdlng with tha proJuct results puro.l>' from 
ShiftJI'\8, u ~ivon pOltonl of betlOnlS so thot It nCCfUOS c,lnsol' to tho pruscnt. The 
(undisoountod) tntul vulue of tho bonofitli ft'OJll lho proposed projeot (tlHU1SUfCd by the urea 
,,.lkt.n'lls the sarno us the (undil\coumod) totnl 'luluo t}1' bunofits (t(llll nut pmccQding with 
the project (Imulsurcd by th~ dlen tJIt II ). The impucl on bel1efits uf undorutklns tho 
proposed project thcrofnrc nlso nriSIJH nnly dua ttl tile mmglnul rutc nf time pn~lrcrcncc, 

The ,nurglnnl rUle uf limo pl'cferull(u! eml Ilonnnlly be expected to bo po~itivu (i.e .. , tl given 
rotll botlufH incrcHlics In \ nlue Iho curlier II is recoived, us doos tl ,~tlvcll nUtI cost). 
ACQot'dlng to tbe uhnve fnuncwork, there foro , undertaking u prup(}scd proj~H'Jf incrctlsc.'4 tho 
present voluo (If bOl1ofihl us wolt us (noroutios ttlO prc~Qm \I:1h10 uf aosts. ThQ project 
sutlsf1Qij the oritol'iml uf ooouotllic offielency 11' its murglnnl bunefit uxcccds its umfginnl 

It if! tlslunl\(}d Owl rQ!i\):lu"c;:h t(.l,I\(l\IHJ~'n wuuld bu: rU(lllounl~d 10 \tIP IlIJW n~nufj uf Nnlullull$ lit lhls 
PUIUL 
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'e~}~'.·j ·'nl.·Jl~ut!.··.~~,S~\lhtt;, l1Qll'Q.rlt~Qq~l!'i\fU.fJti\~~~JlU~lf~ut·'~t~u"irl~, '~:~~~'1Pt~J~'~ti~XQ99d,~i":~~' ·"1$ 
:te~l~lltedm ~~$n t~~tht,) .P.f()J9Ch ,th¢,br~n.~~~~VQJl ;M~nUQi"n,~. ,,9.~ 

·:A ... ·~l~nlfi"t'ntfct\t.\l.tQ.·.'}£tht\ .... dl1nn~~. Jttnll¢W~l'~ 1Isit)mil}u;,~o.Q~.n(1~":·~~{lH'r~~/(b~\il?gtlf~lrtJ$pe"4 
l~chnut(u.~l¢ul tl,1Vt'O.Q(J··. (abo ·~xnn~lU~ .d~(bIC~~l\ ft()ll); :it$,:98F¢(;I~~I~;~.~ltnrt~llJ{r~11dnt, 
dcvol<ming.nsplu\ionlOtl .mrs~tJ?r()l)l~mla~ :llr··fh~::.~hl,\.ilAQ;.rrOnl~,WQ-t~J."~Jn~.l,~m~,:Ul)p"t 
Ud$t~hniollShll)tlrclmvlfQittyhlCo~·pl'mtf;d.hl. tlSSnmplitilt~t~~~rYhl$"ifh~#Xh~JlliinlWhlgh: 
thl;pt()j~(u fncr¢n~cs tho tot~,()r u,dOpUOfI ()f {\.~nlutl()nmlttl'n·:'brhl~$ (tlfwnt«iAh¢ 
¢()nlnl cnccm em· {If Us udopUun. 

J.~ itmllh)lcnl Slgoif1cmlCO()f the .Ohl\nG¢IJl.":OU(lwQ'~l' 

Pn~Q(u ai, (1991) ol1d Juhmnoll m (tIl (1903~tmrUonlYtlS3\nllCd llunthQ tfl6~AJPhpr()Jp¢t" 
thu)! ~V{dllnt~d were tho onl~' ~i()\li'~()$ ()I' s()llltlo.u~ tel tho p.r()bl~ms hQlns tJddrc$s¢~t. In;tltls 
rorm~t.lntlon the n1(u:~Jnnl bcnorH nnd nnu'ldnnl.cost (,)f t\ rcsenrQhpr()JcQtt'r¢c~mIYU1Qnh 
rcsp(.\cHvcl.~, to the b~hofit (Hut <mst of tho t(tV$lllmlo~lcul udvuaccs tu~lsing .ffomthc pt()Jpct. 

\V~ c.ntltuHd HUll n ~stntic' whhout""'pmjQQl 8ccnnri() StIch us this Is not {lppmpriutQ futmost 
ul,4ricuhumJ rogc(ltoh pr()joctN. [n ordor ttl cxpl{)I'c the ImputUmcc (If this iijsuowr. 
rc¢nlculnt,~d the orJuiuul IleA of the c.mp vnrlety tt'fnln proJQctcvnluntod felf ORoe (t9"92) 
ushU?i. finn!)', u 'SUHic\ \\IUh .mt .... prnJoo.t 5ce:nnri() (te. 110 udtlpthm of now vtlrhlUCs of 
trndhionul crops nnd no UXPOlu\IOt1 (If the urot! of now arop types) und. sccundly. the 
original 'd)'Jlumic' with()ut"'PI'Ojoct S~i.!nari() (i Ie. n(.l(.)prion of new vuriotios ()ftrl~diti{)nul 
crop~ d~luyod by IW(l }~eun.; I'OhllivQ to tho \Vllh"'projuot sccnntlo ttnt! expunsiotl of thQ 
unm of new crop typos Ht u towel' tuto lhun in tho wJth-pmjc<H saonar-io). l'ro be uthcrwlsc 
c<)Ilsistcnt wf.th th(.} Johmmm (U (ll, (1<)92) ffUtl'lCwork., the orJginul IleA hus bo~n 
rcculculutcd nssu.ming thnt tho punk lovel t)f benefits fr(Hll iJ'Hl()vntiutls (i.e., released 
vnriotics) f¢nlllting from tho pmJo(.\t onntinues until 40 yours utter its complcflon. 

The diffct(}llo0 botwaon the tW() npprml,'hcs Is Ulustrntcd hI 111U;\.Jt!u 5 in rolution to 
n1(Ml8urjl1~ the bcncrH~i frf)m thut purt of the proJeot cvuhHltillll now whent vutictius. 

In ilucountil1g feu t.hu httlH/,fifs of II;~llullt'ch PI'OJUO\th PlIg!~ ttl (tl. O!J!J 1) (111(1 jul\Ul'tull f)t (II. (l VV2) 
fOQUB$¢d nn thu b~HCrhl$ or Imlutions (1.0., cotnl)I\!t\cd 111I\tWtlIJUlJIl) ~wllntually uri/dng !fom tflu 
\(l(~llIIulnaicl\.1 lHl\l,mtto~ ucwmucd by (I Pl'ujl.l(.\l. Fm CUfllllsluuuy It Is Hum n\.lCUSliIlry, M urnUQd by 
Johlllmmm (d. (H)f)Z), In QC~mlTll '1)1' th~ COglS flf PI'uc~liainn the I~t:ihllnlnnicnl lulvunCcR Inln 
snhHhms In tIIldlHun II) thu clmtli or U~I\\l\'nlhll; IhfJ tcclilluh)llicnl IItlvnucl.I1i. 

Hi 



J3011efits from t.ho whe,ut vutl~tio~ ttl b~ ~vtdumod in tho proJeot wcru prQdictcd tn 
COJ1UlHUlCC tn 1 Q(JS with the f)H)joct 1 with lhu J)Quk hwol of totul bCJ)()fits from thusc 
vnricttCS of $~J()O,OOC per your bolns f'ouliNt,d by 2003. lrJlls pcuk lovcI ()f Huul beuefHs 
from t.he vtlri~tles is nssmncd W continua up,U 2034 (i.e., flO >/c.Qrn ufter conW1cWm of tho 
projoct). If a Nuuic wlthout-proJoct SQ~ntltlo is uN!lumcd, thQ (undl~¢(ltmtcd) r)tulbcncfits 
of the l'tojoct (Ire th~:r(lf(m~ given by tho nnw in ('1igul'c !i donoted bt ubodl 

U tho dynmnlQ wilhout .... projcol s,tOt1urio uutlined uhm c iM assumed. htlWOVQi', bonofits 
(mm lh().,lC now vnr:IQli~s would emnmonao in 1997, with lhc$460.000 pcnKunnuul 
benefits I'Qullsud by j.()05. In thi~ anse t.ho (undlscourttcd) mtol bcnljfitH of tho l>rt)j(xct ute 
dauoted b>' the aren nboC, trhls 10'101 of prujo.~.t 1)l,!uo!H~ is much h)wor them tlmt obtained 
(lssunlhl~ n gttHic withoul""f)l'Ujeot 6UOJUlf!O, 

'rhls discrepnn~~>! is rofleotod hI tho cutl'sldcrnhlo tJlfforonccs bOlWcoll'the bonofit""c()st 
rutit)s oaleulutcd u81ngthc ultarllutlve withmU~proJQOI Hflonnrios, \Vhh u S per (lent 
discmun rute "t)pliod. tlu! bc·ncfh·,cmH wHo for the pmjoot Wllft thund to be 31:1 with n 
~;tutic witlmut .... projcct SCOlUlrlO aompurcd with ():l with n dyntlmic withoul~pr()jcct 
socllUri(), \Vitb u 10 pt:r cent discount tutu tml~lIetl, ,he a()rt'(}spundhlJ~ b¢l1ofit-Qost mtios 
won,! 15: 1 nnt! 4:1. h is nppurent thnl 1mll,pr()NhHO usc of n stntlo without .... pn)jcot socntlrio 
c:tm fQSUIt In sctiuua UVCI·· ..... ostimutlol) 01' the bfJ)\tlflt.,..,cost rutin of u I'cscnroh projcc.tL 

U~Q of U Sltlti<J wHIIOUl""PWjQQt ~collnrlo for tho P1QjUQl [3eA In liue with most (if not nUl 
of thcBCA~l c)f ()liler FH'()jcC\S would lhutnroru bocxfJcotcd to huvo siuniflcmnly improved 
thu nCR mnking of t'ho pmjocl within t.ho 2t (lIU:)C pmj(.\ols evuluutcu (seu ;rublu 4. I of 
Oru)C 1992), und to huvuinctonscd tho nvofugu b()llQfH\OIlcost rutio of nil the pwJccts 
<'wnh.tntcd. 
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3.4 ~vnluuU'l~l~xt~l.shm$ u'tOh"OlugJ~f:ol~t'~nn$ 

Ill$ ¢()numm for cutudn t¥pos uf fcscol'uh 't() J)t()QQ¢(l wnbhi()n~~)111SPrQgttlo16\\(r()r 
h1SttnlCC) vnrio(Cll nSS~SSUlQnt or or()pbrQ~dln~~ fnr dlsc,us(.\ tQSjsUlnQc)~UlS"~11'ip,r6nttImSt 
thu scuuo,t>tpo (If fosenroh notivltyJa Uko,lym be l'Q\p~A)H~(ll,ul'J()dIQuH)' (,t$ olt¢umuttfnQQ6 
¢ht\tll~c, Inu progrmll ()f bJ'~oding fOt','Us¢oso roslstnncct f(}t ~,~umplQt c(mtinldtl~) ovoh)tHm 
of pnth()SQn~ rQtluircs thut lh~ untiru pr(1COS~ of dcv~lopintl n tHs()nso~rcslstnnt vt,~rt9WllQ 
()n$()hl~. l"hm~c Uil ()Ilgoins pro!tfUUl ut nn>1 fhm~ ctunprJscsmr t)ttn>' ()fshnHtlrpftlJeets. 
cnQh <If which hnt; touohcd tl diffl;\font p()hn In {I f'clmlvoty stuntlurd 'P"<)Joo,t oy¢l~', 
H(')wcvor. ill prnotico. theso rU'{)jocta (U'() stnmgl)t iutcdinkcd byshurins UQ()n1IUon ptlol or 
stuff and oth(u' rcs()u 1''006, 

In t1 wllum bn.!cding proJ(,H)t, for ax:umplQt nuwUnc~ or genetic lnutcrJul tlrc c()Jlt.huudly 
b'ling. tosted. rlnlSQ tosts lcud 1.0 tho idQuUfiantJo)1 ()f 0 nUmUQf (.)f SUp(~ti()r broeding UUes 
(mdl with tikill uml rortullC. ttl n t'olaused wh~mt QuHivnJ'l l)J'ctmun (U)88) Qstlmmc!; thnttbo 
c •• PQ(llQd time ml<u,u from first crosses to QuHlvnr relcm1i@ Is 'J~, ~QnnL t(lbe run8Q(,)( 
brccdhlf~ nctlvities tel bp pcu'fnrmod If n whaut breeding Pf()j,~ctworc to bQ oxtondudby 
throe yenrs would ho spl'('\'t\d (llongt) contJnuum. At OttQ onci (If the cCHltinuutn, Qt()ssos fot 
n pr()spotlt'lve (JulJivnt ttl be 1"c·tauflQd, p~rhups 13 yct\r~} hlfc,r nlny be curried nul. At tho 
othel~ cnd, finnl fluId cvuluntlcma fol' U ouhlvul' oxpet)tcd to be rclcnsod in the seoond your 
of thQ' uxtcnsfon trUI)' be porfol'lued, 

Inehis situutioll tho funding dcofalun wHI ulmost Itlvuriubly ,'oluto to extension of u 
progrmn rnther thun ttl whuthor u mlW pmj(1,1t should bo inHintod within tht} pro~mm. 1"hc 
extension c)f u progNHn mny involve fnitlntins 'HlO or llwrc proJocts, but. ,It will olso 
involvo pwgrc$sing nil Urnl)1 of proJeotn fnltiLltcd durln~~ previous funding r()umls. 
ltvnluntillS wh~th,'3r un ongoing progl'um uhould bo cxtond~d UHmJforo effeotlvely involves 
clpplyinu l')CA to eueh ()f the projects to be Ilmgru6SQd durillg tho O~h.ulRi()n ond tht>n 
o!~sr\Uanting to (.)~\t(~rmlnc ~ho ovot'ull butlorh""o\)fn ratio, ;l"his PI'oocduru will need to unsure 
thot th~) wftlwut ... proJcot s(.tOtHlrlCl of cooh proj(.tol mlcquu(.cly hIkes Into naO()UlU tho 
uxpcctcd wlllt"'"projcot ()utQ()mu~ of tho l'orllulndoJ' ()f tho pJ'ogrulll. 
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T!';bfi'l"'\i.ot,h rc~ct t :. ,.i·('l·;I~;l;> 
;tit,\;~ \;l"t~\·. ". .;', ',;:::.>,,,:;\'\ .,~;.".' 

Jl",~:~ s.tl'~'9;A ... ,~tl~t.~cgt,:::,,: .. ,., .....•.......•.......•... 9P .. , 
9;~t9miU)ut>H· ·.~~tt),~.h~tc{l In.n()¥nfl~$'t,:, .. '. 
~rUl$ .... '1nQ~;ll.l~. t~~lyh'~~:.:(ll~(>:r . ,., .l. "'·:tlJ·;(:~i":;:.:;.,.::~''' .. ~:, "/ ..... ',' " . . ..,"" ,I ..... ,. ,",'71,',,1' f" '.:.' "i'; .' 

.. ' ...s. 1~hQsc·pr()j~ct$\·nnl$l.~,J.;, b~.f~~(lY,t~9tlii(U1~./~U,~~~·S~Jq,. .. . ,,," <lsnlg~:: 
f~Q lltl)tqgl~JlllldVt.nQU$:'~gn¢l',tl.f~;~~<by. ,n;.t~~~'~~~~ll>~pe~J~¢(:l~,t~'.'t~lt~tt~)'~~.:".\ ..... .. i#.U,.· .. i·~~~l.91n.'Olti 
(),f their b'Ul(littS rO{l\dr~H lUl. ,nnd.~r$tnndfnn (>t 'tU~.Jlutlrt~nCtlIQ:b9n~tflWi(1f;':iA···¢()rnp]at~d 
itlU()Vtltiotl. 

(t(QwQvor. the mnrghull b(Ul~rft f~ft}t'110 t"f;~nrch~t(jJp~1 \yllrh()\;,·bl·L~~m)t'~l.~~lUUl:th¢lQm·()t 
bQtlctits fr(:nn lhtl t.~Qltn(llotttonl udvno(\Q$t"s~mcrutQHI.slnct}t~ohin>t~)Ulqnl')~vnn~c$· 
rOlfJ\!LUlt' to the lU()blQUl b~.tnu(,ddrcss~d cun usu~lll¥. tn~"~rQQtQ~t:tt) ndR~\ fft)m<)thc;f 
S()Uf~14\~ .. if thapl'()JuQt dmrs not p'~(')aCQd!Arutlli$tlo:QtHhnnt:o·or:d~t.l ml1r~int}l'bQ,n~t~l ti

r(>filll 
rc·go·urch l)toJcot UIUsl Utl4mUU ('H' fhut llk\\lUHU)d. n'JuuU~llQuH6U~Qs(llmlrlf~tr ()f:nl~ 
!ll£lfstuul ootiH oru I'C:80un~h l)rnJcut wtll uQ¢tHUltfm' un,)' QrrQ~H Umt' :r)W¢(ledln~ wUh :(hQ 
prQJo"l Jum Oil snvhl~ rQSuu.rocs that \"'mlld (uhol'wisQ ovOnnmH)lhtwQ bQQlldov,Ot~dt<) 
$olvlnu. thQ sumo prohlem. Sineo thQwithmll~~'t()JQ~t so(mUl~h) ()(ollQh. t'H;om'~b :Juo.icot Is 
unique, om'o in its ~poQHt~ultionfs ot'ltiQulif llCA I~ to 'j~ vttHdlY used os A W(llt()f: 
~lssbiling l'csonroh mUlwgam lO ullocnlQ scnrcu funds utllOnS n pOftf(lU() ()f rusQttfch pr<)J~ctSI 

To Q~pl(,}rQ the eH1f,lf'icnt ~lgHifi(,umec of Innppr()prinl~ly d~ffntng tho wJlhout·"projom 
s¢unurio. f.l fQt-lom'ch project WUN ultcn1ntcly ovuluulccl \.tiln!!. rttsHy (m; ptU' lhQ odslnul \ 
mudysls). u 'd)'tlurnic' wlthoUI"'rH'ojcat ~ccunrlo (WhQfCln rolovunt teohnol()&hml ndvuuuQs \ 
were ns~mncd to urfse wltfu.lut the pro,lccl) und n 'stmief withmlt¥"proJoOl sQ(.\llHrio(whQf¢in 
the prnposcd projoci WUb ussumod to bo tha sulo sourco of rulcvnnt tcchn()I()L~f(!ul 
mJwmecs) 1t wns fuund that InllPpropriutc LIse of th~ 'stmlc' wlthout .. ·prQjccl sCQuurln 
would result in thl.: t,cl,\\!fit ... cmH wHo of the projoQt being scrimlsly (wur,i<losthnntod. 

rr OO(HlOmlc unul)'sis is tn impf'o\'c dcc;isiotl#-muking by roscnrch jnmH'UUn~1 it Is U1CfOf(ml 
Qrlticul thnt withfHH"'projeol HCCIlUl'ios nro rcullstlcltUy ucoounlod ror In nil emms. 'rho unins 
in rQl[nbilhy of' udvicQ uchiuvod by l'cqulrlna of OCmShHQnG~>' or BCA nssutnptiont; tlO,fOSS 
PJ'()jcclM should nnt be confused with the snhu; in ~dlnpUoily Utdliovuclby hnposfng 
unifol'lllit)' ()f u6sumptiolls. CtHlsistonc)! r~'lulros t'hut tho unique circumsttHiIlOS of ctI<:ll 
projoct be us UCQUl'llt.l'Jl)' U~ posnihlo t'uflcCIQd b)' Ul1iq\l¢ usuuml'titm~, O"Ufehcs (1958) und 
Johllfttnn tU a/, (}992) Wo,TU right: coonomh: cvulunUon of t'Qs(~urc:h is dltl'louh. Thor'~ Is Et 
renl. dung,cr thtH rocent nttclnplH c.nCOlII'uulllg t(.\s"mfch U1tUluger's to hclioVQ mhtU'wisc will 
lond ttl dh.cnchontmem (lr researoh fllnIlOUUf'H tlntl eaonomists ullktl. 



ln~ltl~'ll~NC~'S; . 

A11t(!n~,.Clj·.·~n\l·1\I\d~tllP!l •. 'Mi·· ·~ml'M~~~t!ilrjll~~1~tI9~~·~~,tjI~~~~f~~(~9\'4ttl~J,·r(!~ 
the Q"~'\mQ: {mt\W~1$'()·ri.,Q,ult\~xijll·4S~!t :1~rpJ~¢ts!), ~ilsnr~'ulWt(~~\ ~S~SIJ~m~V '.,7.· 
1:83"lQ~J 

Dt¢ll1ltm, J'I'])' (1'988)., A\l·aCQ"1(J~lll~lhVc$n~q.V6ll.t)fWI19tJtarc~.4h)~Vr()~rglP1~ .• 
;,ttgrICtiltunII11elm'tmtlC1\~ JJuIIcUllfNt>t~~~j .Oopnttrn~utpf A~dgu lty,ruJ ;a~t)'lOm lO$'AJ)d 
llusincssMn1lt\sQmcnltUf1h~ol'$lty or New B11llinfn.l, Anntdule. 

Duvfds(lJ1. ll.l~, nnd Mtltfln •.. afH~ (:lP($p), ~~l~h~ reJntlmu~blpb¢twccll~IalQ$ dnr4~)lSun41n 
OXIlQtitlllllHs', rf~fustN~U{m JrmNwl ('I dlU'/cmltm:nl /!cOtlQ/i1lolt9(2) 1:~~""'t40, 

l'unOtUh l~fC, (:H773)) ~llct~mls tn smnc AU8trnlhm l)ustu.re tcsontoh',Jaurn(JI (.)/O(lrm 
P'~II(~v. 1321\<\' l3(L 

UdWMds. a .\V, unt11"n~cbnlrnl J. \V. (1 ~}B 1). AI/tUfsurlng (l Cf)UlW~vtS' Otlill.\' from Ilcscarc:/t,· 
11u.mr)1 mlri,#J,pplk(ltimf (() Runt! Rt!~Y(m,.,~h In dtlsO'(llia,R(muft to tho 
C()nmh}tlwcuhh Council for Rurnl I~CNOMCh un~J a.xtun~I()Il. AOPS, Cnnbc.frH, 

l~dwnrds, CJ.\V. Imd J'tl'(;.\cbnirn, J.\V. (U'84), '#'r'h" snlns from l'QseUl'Q,h tnt() U'll(!oub!o 
o('Hlum)dilics'. American Jour/wI oj' f*lgrkulturull£cOlwmtcs 66(l). 41i\l!'l49. 

OfU)C (l9~)a)t Gains /01' Groin, JlolulIUl 1 ~ ° ltltl'v/(nv , Oruhls HO»CMCh tln~t Ocvolt)pmcnt 
Cm'pornt Ion I Cunbcf't'n. 

CJrIlichos, Z.i (l9~8), . HCSCIJrch costs and l.moiu) l'cturnsl hybrid corn tlnd feinted 
innt,Vfll.hms'; JourlUd 01 P()llftc'(lll!;,~()1lOmy 66($). 419..-fl:U. 

Choss. it~ Knecbollo. V., und t.u~~c.. It (1991). "l~(jturns fmll) tll'~ nec~~IQl'mkm of 
ngricuHufLll t'(.tKCtlfCh'. Conu'ibulod pupel' to lho 35th AnmHlI CnnferollC:c of tho 
Austrnllnn At~l'it~ultuml lioOllomics Sooiety. lJnivc.rsity of Now l'lnglnnd, l\rmtdulu. 

Bonl)l, T. Llnd liOns, J. (1991),' Roturn,; fmm CSlIlO l~cscurCh't l'Hl'i,\uIIW~l:rl '~(!s(wrch. 
Murch, :W""l9, . 

J;lchlh M.N, oml 13lnkoaloc, L. (19H()), . t:3iolugicnl uduptntiun und ro~cnrch impuots on 
whunt yields In \Vushlnglon', UnpubHfihud pUpOI' prcsunlcd ul CUllUW! nH~QHng ()f 'he 
Amoricnn AUrir:ulturul !1conmnlcN AHS()ciution, f'~on(), Novmlu. 

J()hnston. 13. (199()). 'AJ'f>lyIIlB bt.mcflt ... ooat mmlYf)is to the cvnluutinn of rcscHrch nnd 
dovulopmonl nOli\' /tIm;" Pupal' prOHonlCcI to the \VOl'J<slmp Oil It&n BvuluuUont 

Lcuf'n, NS\V I ()I'gunisod by the Cuntl'c fur trcchlloloU>' und 500iul Chungc, 
University or Wollongc.mg. 26",,28 Novembor, 
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~ill~lil~'\it .l~, tmtl Jt\n~cn •. JrI{(liQ'7~)l ~Su.m~I~~hJft~mld Jh~;,i$l~r ()I)tQS¢OllQh:b~)l~fU~'. 
If/mJI'J'~t1n ll().un/(il·fll"'B,nltmlnJNlr}1~()fl(ml1c\~·dOl 4,a~\5a!, > 

Mnrsdcn. J .,M'tlnJn,O'J .1~nt'lHmh ,0", llhld~U~lnnlh '1:'. Jn1gJ,t~hl1Mnht Il, (:1,;9UO). ,/JomnM' 
em iluSlnlllau ttl~rlcH/tuf'(ll RCSll(Jj'ch,OSIHC)\Ulld IAOt(itmb~u'rHf 

M()rris,tvllllllj ,I:>ttbin. HIJ'I und P()JtlH'Qh fl\ <'l~Q~) •. J~aflU~llst(J nmemt U();wI4r~h in lic/utl. 
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