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.'THE RETURNS TO P.ARHlltrD. IN THE AUSTRALIANVOOLINDUSTRY. 

SevEiralft&.D funclirsgo;~ani.ation.have):)een inc:reasin.g 'theprppo,rti.o1'l of their 
fq~4B ,spent: ()1'1.4evelopin~1 newteehnolQ9Yf()~the processinga.8 'opposaclt() thE! 
pr.oclut;tion QffarmproduC:~8... Thi.'8Wi;t;ch .inre8ource.SJ 8~8tO .be.·based on t\;to 
',ProJ?Psi ti:Ql\' ,. , 

,';t'hetirBtpropcuJitioni. 'thilt the farmer. 'share ,of thetotal.,~a~afitso£new 
t~cMolO9,1·itithe'.a.mewhethert:hetechnoldgy :is introduced at the farm.or 
processing lev~ls ,.ndtherefore.r~lIea.rch resourc.e!lshc)uldbe devQted.tothat, 
part. of thema.,rltet~ng'ehain·Where'total :induatrybenefits are' likely to be 
9r,ate8t.fleca~aeth.'V~lue acidedto tbf$fArul prQductinpr()~es'i.ng is often 
largerth~tttha value of the ffiJ:1Tlproduct, s~allf!r gains inp,roc:t;tssing 
.etticieney a.rerequtred to give the.' lIaJne 'returns as prodt.lction research.. 

This propositio1'l was .statedclearly ~yF,reebair.n,Da.visanclEdwards( 19S2} and 
.:is :bas$d ontbe-.ssWTlptiPrl itb,at: ·f'~rttl.ndnc>n~fax.-m . .in~tsarl1used ;'nf$.,~ed 
proPQrtions", 'there J.snowagrellt~r apPl'eciationpf 'the 1:'ole.ofinput 
,sut;,st.it~tion: in the distrib\1tion of the,returnll from.newtechnolQ9Y(J!l.lston and 
$(:ol:>.i.e (19t1,3) ,!'r.e~irn,pavi •• ndB4waJ:da (198,3J, ,Mullan, ,W()hlgenant~nc:l 
'Farris (19Sa) and Holloway ( l.9891 )" Inttu!contextofthewooliJ1dust;:ry,Hullen, 
Alston andWohlgenant '(1.989) :founc1.that;.l\uB,tralian",c)olgrotl8ra. receives. larger 
shareQf' the'))e~efit.ftOqlprOduction ,raseaa.:rc:hthanthj9Y dofromprocc:)ssing . 
refJea(ch .~hi.1I .,rellul t :follow15. 'be,caus. a.;eductic>ll ,in ,thepriceofl\t.\stralian 
woolf,rorit newptO«:!u.cti,on 1:ecbrlology 'pl;'o\7idea:alJ; incentive for woolpJ;"o~esspr.sto 
'subst·ltqte, ,Auat:ralianwool, for wool from ,othersOUrC$8 and, of .1eS$e1' 
.iqnificancE!.,{o~:proc:esl!ing .l.nputll" Thill :aubstitut,i.onef.fect dOes not arise 
.from pr.oPf1!.sin9 :reaearcb.One implication . .i.. thai: tn(talloqati.,oAQfR&D 
;,e.Q~l:'ces, ~1.)etweenQn .... and.off-farmac:tiV'ltie" ;a!lO\1ldJlC;:>; .. ~. ,grl.v.n aolelybl" 
Yil.lueadd~d9t inp~tc;:o.t.h~reconSsiderations.~&D .bodies need to (!onsidfar not 
Qn~y'·t9~1 .';"ndustry.g.i1l8puttl1ee)ctel'lttowhichprod~cer.aharej.n the 
benefits f.r:t:miJ'lflwtechnologya t .differe;lt;p;.1inte;inthe ,mar~eti:t19il.nc:lprocessing 
ctulin. 

'':1'h(tS~CPfl<1 ,propos,1.tic:mquesttona the. current andpotentl.lprofi tabili tyof 
prQduct1.on R&Q. ,Inque.tioning :currentprofitability,mehard.on 
(19aa,.p~8) fOX'fuc,ampl., ~Clcrl.tic;::al·o~; 'What 'be terms the production researcli 
tr~inin9 ind\1strYs.aying;thflt "'.,. .. we seem to have. shortag(to£career 
.ci,entiat:fl Int(t~ti.l(tS ,~Dd;afJl,tJ;pl.1.11J 1:np~oduetionandrun the risk tha.t the 
al.l.QCil.t.i,9l'l·Q~ f-qnc!Q· irsdri:,venlnOre by what thescientiats think ",ill lead to 
.ucc:~ssft1lrefet~eedpublicatlons ,thaI) :bywhat: gen~~at~snet.benefitst() 
WQo19rower.....Thcn .. e!arGla1 .. 0 thoseWhQ QOU»t: pQtential profitability arguing 
tha1=; the bi.99ainll.inJ?roquQt;iveefficiencyhave.already })eenmad~.and ~ues~ion 
~1l(! fa~lev.el, ~rnpactof .bi9technology .1t. .. ,disc1JsaedJDOrefully~low,est:imate!3 
ofre.t\lrne toR6m in agtlCt,llture ha.vebeen bigb1r vlu:l.able, '.reflectipgin part a 
lae~ ofconsEtnsus about .bpw~.atto analyze limited dataOl'1~&Dexpenditures 
~n.d,p.rodu~ti v.i tygrowtll. 

',Our 'C)bject1v~.ha. :~(tn: to asses. the~eturna tJtl!1.t .A\1stralianwoolgrowers might, 
e~c;::tfromW901pt04UCt:ion R~D activities.:rn. that-be first:'fJtage ·off;h~s' worl( 
,wtt .madli sQmecoJ'ljecf;u.resfrom 'thE!, literature .about. tb.eshaJ?Ootap.roduct;ion 
f1:lllctipll 11.p)dtlge~persd,itur~on. 'woolproc:l1JctionR&D .ac;tivitles to wool. 
prQcluctivit-y grCtWth ,with .•. vi.wte) ,estimating t.he x.-a teofpr.9duptiv,it,ygrowth 
~h~t. .tt'ight .})e~ctadfromtb.current.lave'lof wQOlproductionR&Dacti vities. 
Tt141 isecon~atageqf burt/ark .1..SlVc;>lvedtranslating thisesti~te of productivity 
~QWth int:()ane.,tima.teofthenet~nefitsfrorl' production R&D to Au~tral,ian 
wop19x.-9w~raC!ln~tl1Xj;>C!ly'n: •• Thi8was d9nebyustug tlle .Hu1len, Alston and 
Wolllgen.nt(.1989)rnO<1el.of' 'the wool. inClustry ~9 estimatfl the totalal'lnual return 



to :woclgrcwer.sfrom ... shIft ill the 8upplyof Austra.lianwool. In.a third and 
f.lnal~tage,.the annual returnwasu$ed to calculate.a 2:'ate of return to 
i:nvestment~nR'D byallC».dngf,or laga illt.h~ development, adoption and decay o.f 
new tecbnologyand.usJ.J;'tg discounting tec::hniques.tc .accountfora c:ontinuipgflow 
of benefits and expenditu~.eon; R'D!, 

Tp.;s ~s •. an e~ploratory analysis of ,factors detepninillg the, ¢urr.ent rate of 
Tet;.urnftQD1 .farmproduction. res~arch. Little .is lcnownabo11tl1lanyofthe 
parameters used, hence the, emphasis on the exploratory 1lature of the 'worl(. The 
analYf,lis is. intended to be illustrat.i.verather thanenablingdefinit;.ive 
conc::;lusions to be drawn about .theoptimal level .of .J.nvf!$tmentinproduct,ion 
r~search. De.spitethese qualificatIons we suggest that thisresearcp. 'is valuable 
fOr two reas.()l}s .• Flrst.to ·our knowledge~it providestheon11 quantitative 
est:ilnateoftbereturnsto AUlitralian woo.lgrowers that ,might be ,expected from 
prodUction 'R'Dactivlties.5ecQnd it identi'f.iesp~rarnetersthathave an 
lmportantinfluence on th.e tetutns to Australianwoolgrowerli fromR'D 
activiti,es,shpws the natura of the rela,tionshlpbetween tbeseparameters and 
retutnsfrom R&D, 'and demonst,rateshowthey .Illightbe .inco~poratedina 
consistent .analytical £rtmleworlt.WestlggestthatourapproAch isa Eruitful 
avenue for fut'.therresear.chinthisareaofst-rategicR&D 'planning. At the very 
leastsitnilaranalysesshoUldbeundertakenofR&J)actlvities.tothe.%' stages in 
tlle'WQ.olcnSl.ll to as sis tinalloca ting res earchresout:ce$ between farm and 
proce.ssing. act.ivities. 

ExpenditureonVool :Production R&D Activities in Australia 

'VQolproductionR&D isundert;.akenb1~nyprivate,andpublic o~gan$.tions ~n 
Australia .including CSIRO.st,ate departments of agriculture and. universities. 
While expenditure by the Wool Re.search .andDevelopmetlt Council(WJU)C) is known 
inciet;ail ,data .on It&Dexpenditure lnthewool indus.try by .theseothergroups 
have never been assembled as far as we are aware. R&D expenditure'by the'WRDC 
'hastmlounted ,torougblyone pe~cent oftheg~oss value of the AustrallanWOQl 
clip .and is, funded by a levyongrowe.rs.plug. ,a matching contribution of Federal 
funds of up to 1/2 percent of the value of the industry. ,armproduction R&D 
,activities have .accounted for between forty and f.ifty percent of t-otal WRDC 
expenditurc! .• For the purposes of this analysis let us assume that WlU>C funded 
prodUi;:ti.on. resear.chcont.ributes ~12percenttowards t.otal .productionre~e~rch 
intensity .• Wehaveas$umed .that the other research organisations contJ;'ibute a 
futtherone p.ercent; towards total research intensity so that totalR&Pspending 
is assumed to be 1.5 percent of the value of wool produced. at the farm level. 

,In :198.5 ·the WRDCspent about$10m. on wool production R&D. Hence total spending 
onp:roduction .R&Dby all organisations may have been in the order of $.30m in 
1985. 

The ProductivIty of Production R&D Activities 

In this fi~stpart of the paper the literature concerning productivity growth in 
theWQolindustry is briefly reviewed, thesbape ofa researcbproduction 
f~ncti.on lspostulated and then .anattempt is made to estimate the contribution 
of production .R&'oactivities to the growth in productivity in the Australian 
wool .industry,. 

The ,approa.ch. used most often to examine the relationship between .R&Dactivities 
anc;!productiv:!tygrQwth for agriculture in total or for industries within 
4griculture(asppposed to individual projects) is what Norton and Davj.s (1.981) 
refertCl as the production function approach. In this appraochsomeform of 
agri.c::ulturalproductiv.i.ty index is regressed ona get of variables including 



several. years of lagged R&Dexpendltures to identify the lag.structure involved 
.n.dth~ .sizeof t'heR'Deffect,theresearchproductloncoefficient. which is 
usuallyestiuvltedastbe sum of the coefficients on the individual lagged R&D 
expenditure$.Theproductioncoefficient .is then translated into a marginal 
value product and thence .1l1arginal internal rate of return to R&Dexpenditure1 • 

llel»1ve nQt attempt.ed an empirical application of t'heproduction func.tion 
approach 'here", Rather. our approach has been to impose somerest.rictions on the 
shapeo! theproductionfttnction from a re.view of past studies of productivity 
gr~hin Australianiagriculture and the wool industry and from studies of the 
nature of t'heresearchproces.s. 

Following Scobie (197,9),& research production function of the form depicted in 
Figure 1 is&dopted. The.re are two key .assumptions .incorporated in this 
.relationship: . 

(i) As research intensIty (total researchspenciing (It), expressed asa 
percentage of the value of .production of tbe s.ector (V).) increases, 
productivity growth increases but ,at a diminishing rate, eventually 
approaching amaxlmwn rlllte.In other words, .successive increments to 
research spending result in smaller gains to productivity; nature is 
increZLsingly niggar.dly. . 

(ii) In tl1.eabsenceof .t'esearclt, pJ:'oductivity wouldgtow at somemini~l rate. 
dueJ;.o innovations in ~n~ch areas ast;anspox;t t communication .andservices 
1dlich the wool sector uses as .tnput,$. Furthermore, formally funded R&D is 
not. the. only source .. of innovation. Mucho! the.tmprovement .in productivity 
tomes frotlimprovement, dlscovered by growers and, applied in their 
ind! vidualcir.cumstsnces • 

A convenient form for ,the relationship .is given by: 

(1)8: -g(lWt) - {DIFF1(1+(R/V»)CX} 

~here.: 
!t. ;::: the. rat. 'of 'growth ofprQ~ucti.vity; 
q(liAX) - 'the~ximwnfeaaibl~ rate.of ~uBtaineclgrowth of productivity; 
g(}!IN) -the .rate o~productivit1 growth observed in the absence of .R&D 

DlFF 
:a/V 
~ 

,inv~st.merttl 

-9(MAXl~g(M1:N)1 
-rese&.r.ch .i.nt.enlsitYI and 
• a 'parameter influencing the curV.a.ture of the production function. 

This .function .i.best :i;nterpreted as showing the expected long term relationship 
bfJtweenproductivity 9rowthartdR~D.1,rhat is ~ it,.lIhoWB the relationship between 
thft 9uJ!taine4annual growthrate'of'productivity.and thssustainedannual 
,research i'nten$i ty ~lt abstra,cte .frOtnimpoJ:'tant dynalllicis$ues, inpatticular 
1:he lagsbetw~f!n re8f!1a~ch. investment.artd ~esultin9·improvem(!ntsin 
~roductivi~)" .. :r;t also impli~s. that inputs to productivity growth other than R&D 
ar.~ing sU,Pplied at 'Buch A rate a,stomaintain a fixed relationship between 
1.v~1.ofr~8~arc::h interud:ty andassQciated rates of productivity growth through 
'time.llo tha,t,toJ."eXRUnple f · a rate of 'productivity growth of 2.5 percent is 
alway •. a •• ociated witba ref;Jearch intensity of 1 •. 5~J:'cent.lf :r:esearch 
lntensity is incr~asedwhileholciirl9constanttherate at which other 
p~odu~ivity 811hancing inpu:t. ... J:'e supplied; diminishing returns to R&D wi:'1 be 
.• xpet:ienc~· as auccessiv.aly ,smaller increments to the rate of productivity 
9rQWt.h~ 
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tbtlactual ,posit.ion .0f,tb~rese.r.chpr:C)duc.tlonfunct.ion at any point intim~ .is 
dElt.~tm.in~clin,p.~t by thQ existing$tock .0fresE!aJ'chcapital. Thialncludesthe 
ext.an;t.st.ockofltnowledg~relatedto thereseaJ."ch.areaandthe ~pr:oductivit.yof 
resource8u.edintheresearch 1)1;OCe88 .uehas the physical and human capit.al. 
;:.f!search'met.hodologies 4l'l.d systems of resear:ch management. that can 'be applied t.O 
the;esearcb ar:ea:.The t:ate &twnicb the stock ofreaea,r:c:hcapitalgr:ows 
deterD)ineslihether 'the rat. of product.lv.itysr.otJrth l.nci."ease~.r~ins constant 
or decreascasfora ·given level of research intensity ·thr(\\~ghtime.. For.example. 
&,by-pz;'oduct.of initialrese~t:;'chin I1partlcula,rarea could bet-be development 
QfanimpJ."oYed 'researchtechnlquewhi.c:b. wben~ppliedinthe .future.tcould 
.up~mt ·theproductivity ·ofthE! researC:hprocess. in effect ciispl.cing .~pw:atd 
.tberesearC:hprQduction ·funct,ion,.in Figure 1. On 'th~oth~r hanei. 8smore .and 
,mQreltn()'tIrled$e.ecum~l-.tes about • given area, the .$tock.()f resear.ch capital may 
no~ begr.owing-.t ,as\1fficient .rateto~,intainthe 't:ate of productiv!ty growth 
from the existing rate. of 'RfcDj.ntha.tarea. 

Thez:e ,is. nowa1togene~al,is~ aboutt:hese cly~..tc effects;.tlleactualshifts in 
the 'f\1nctlonthrough ~imewo\11ddepend ont}1.e 'l18,ture' and cltcumstallces of the 
pzr.):tic~la; topic ot:;'researeha;f;!a. Weha"enoempiric~levidenceofhowthe 
researcb 'Prod~ction 'function fo'!; tbe.wool .inc1urstry is .behavingthroughtime and 
hence have fallenbaCkou thestatic;eprest'!ntatioJ.l;described 'above. 

We ~setg(MAX)"4. Opereentancig<HlN) -1.0 percent • 1he. choice of these ~ 
values 'wa~ based on'a Stlrvey.ofstudies of prod\lctlvity 'growth for ,both \the 
111r&1 s.eCt..orand tb.esheep.1ndUltryin .particular .,The$s' are :swmUu:ized .in 
table,! .and.2." t4hile.there, .ls. considerablevariatiolldependingollthe time 
per1oda:Q.d the approa.cbadoptecl bythe.rese.rche~lJ ,.Jmu.l~ates t)fptoducti vi ty 
,gtowthtypieally "I.rrbi!tw,.n; one" andthreeperc.ent .. 

In •• ttiJ1gS(MINlatl,,,Opercent .e.ar.,'pethaps 'underatatingthe contrib~tion of 
ll&!> tQ:pt'()dUc,tivitysr()~hbeca\l$e.the~e hist:orical'rate •. ~fproductivitygrowth 
;(eflec;tth~ 'contrilltltionof RliD.Ontbeother}1.al'ldo\1J; .approllch. implif!sthat all 
,prQduc,tint,. grQwt.h:abovetbi.$Ql~nimullll eye1 t:llnbeattribut;.edto lUI> .. 

'l'bernaximum rate of productivity 'growth. g(MA){) , ·of4, O'percentr~uire8S011le. 
furtb,;,re,pon •• '.byproducti v~t,.grovtll tobieher .. rates .0£ research, . intellsity 
tllanbave·appliedhi.torically..Sucba high rate '0£ prodqctivi.tysrqwth ba, 
r&lr.el,.·bei!!nQliser:ved:over loncper:.!o4sfor:asrleult.ural 'industries a~ywhere in 
the WQJ;'ld .. ,Clearl, 1tis ~mport:anttoehecltthe.sensiti\fityofourfind,ings to 
tJtese pIlramett!r:aandtodlfferentfunctionalfoJ:IQs. 

'1'bepar~et~i."C:X retlect:e the curvattlJ:e ()ftJ1care"eaJ:c:hprodtlction.fUIlction. Whem 
a lazero, lt~D ·act.ivU:J. •• dontctcontributa ,topi:odu:~ti;vity growth. All a 
,tnc~ea.e.tb. icontz:-ibutidnofR,pactivitiea increasea .andpro4uctivity growth 
~I>pro ... ch.a it •• xiraumratth 'When al •• mallthecurv-.ture oftheproductiQn 
function ;inF.i9Ut'" lis ;~~lativ.l¥flat .• 'The contribution .ofR&Qtoprpductivit)' 
grQWth f:::OlIl .ucC:.llu~i ve i:ncre"tlt.ofR&D iliS.smal.lar at firalbut doea.nOt: 
dl'1lini:aha.rapi~lY"'.for .larg0valuea ()fa. 

SI.;!ing .• p,cif.~ed :maximu.m 'and minimum level$i()'fpr~ductiv~tygrowththe value of 
Q:,e.n.bat •• t:a~li.he4 frOt1lonepther point on thaproduct:iQA function. Our 
.:pprdach :11 •• ibeentoo.bscarvefrom,tbe 11 ter.aturaci t~abov.e.thatproductl .. vitl" 
,gt'Cwi:h irttheWPPlinduatry b •• beel1 . .sbout:: 2 •.. 5 percent. We further aaaumEl that 
;,J;e.earch int.nad.tyln, 'tJteWOQl lndu.tryba.betln about 1.5 ,per cent. Tbi. 
·rfitlat1onship"..twf,$na, prQduct1.Vity 91:owth ra,tfit of 2.5 percent .and re •• arcp 
i,nt:en,1.tyof, 1~5~rc:entgive.th.required point em th,.productionfunction .. 
'fhea$IUlUIUlnptl.<ln. ,~mply _v .. lueo! tX ofQ.76.The contrib\ltion of R&D activities 



1':01,. 1.1 .Annualhte .of .'Productl.vlty 'Growth in Australian 
Mrleulture:selected iEstlm&tes 

Source 
;5Ubtt 'Herr Y01l1'lS, 'McL.eanA l'iowel1b 

1939 ... .,3 '],922 ... 571949 ... 681.871-1910 '1,921-70 

,--i---_-_i--...... :percentp.a.__. _____ ---
Ov.rall-'vera90' '0.61.2, 1 .. 71 •. 3 
.$~peri04s~' 
le1,1~190() 
1900 .. 1920' 
1921 .... 1930 
,1931-:1$40 
'194,1-1950 
,19S~-~·1.960 
~1961-1.910 

-0 .. 4 
0.6; 
4.0, 

(_) 'V~t;~()riaoJ.1.1Y· 
Jbl$.l.c::te4,v&~U..cmly " 

2.0 
0.7 
O.,7c 
a.QC 1.9 

O,Sc 

«c),.&~lt1;Q, ... tly:pai:t0f the ,.t1b~pericx1 
sour,cel'Mapted.ffomJarrettand l,.lndIl8l;( 1982) .. 

0 •. '8 

-2 .. 7 
4.0 
0.5 
O.Sc 
1,,3, 

Table!2.t Annual Rate ofProduct:.ivity ;Growth in ,the Australian Sheep 
Industry: Selected :Est'imates 

SOurce 
Uo.ogvlietLaw.r;eri,ce Lawre.llce Paul et.a1. Paul 

.a.nd}(C1tay 
tegteD: 19.58-59 ,to .1953 .. 54 to 19~O-fi1 to 1957-68 to 19.67 .... 68tQ 

1970 .... 1,1 1976""'7 1976-77 1980-81 1981-:.82 

QV~J:,,'l.l ,a.verage 
.$p~.¢,ifle ;lti!sipns; 
Pastoral 0 •. 9(.) 

.ZQIU!: 

'Whe"ttsl1e,e:p 
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High .7!'2lin£all 2.9 
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. Source:, ,Adapted 'froUl Paul (1984). 
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to'prp4uc:t!vltl$ro,ltb .ia :l.$p~lI:cen1;.., If prociuc.tivitY'8J:'owth. of 21'S p~rcent 
'Were:"chb~vedfrQ\t areaearc:h,intenlll ty of .1. 0 percent,tben . the impli4!dvalueo£ 
«:1..11, 1 ..• 0 .1:)1-. <~nt.ribu~j.ol\ c~ tt&iD ,to 'S'I:'QWtli 1- .1.8 percant.when rellallrch 
Int.nfJl.ty 1. l.$parc.ntanc:l'cl is, 1.0. 

'I:hflJ;llt..ofptoduct.ivitygrQwth ••• Qcl.1l teclwithcU.ffarent. 'lev .• Is Q~ r~lJlearch 
intensity anc\th,:increlMlntfl tQgrowt:bfr~ '.n~cC::Q.iv. i,...c::tamentainresflarc:h 
int~n.l~y:;or~tb " •. lu.aot ~ ,are,.t&pwn In,~abl. 3~ .1681:'11.e,,-.lu80£ ·~·tal18 
'frOl\\ .1.'.0, toO .76 ,tha ti..., :tesearch produ¢ti,pn ,f\lnct.iQnbe~8.'£l,atter j the 
tnarg1nal .r.teQt ptodiJctivitY9rowtn ,ia low.x: ,and hi.gher at..1cw&nd:h1ghlevels 
Qfr, •• eatch ,;tntensity' but is not very :different 'for t.v.llilo~r ••• ar<::ll 
.1ntenai.t;yot:Cur r·j;ng; l.n tllGWQ()l induatz:-y atpz:-e.ant.Tilia ._nathat tor tile 
.s8,wnsc1~~irn~.nd. ml.nimuml.EJv~l.a o(PJ;'oc1uctivity ·gl."owtfiandfor the levEill of 
~ ••• areh l.nt.nDityc:ommon~yob'QI.""ed .:in· the wOQ1. induat;ry the marginal 
prc>c;luct.ivj.tyof a&pi,.a ~nsel'll3itiv. tothec\1J;Vature ot the rellearcli..prO(1uction 
.f~~ction~ijoweve,rtheact~algrowth in J?t'oducti vi~y dacreaaea .ft"~ 2.8 percent. 
tc2.,S .percentwhena fa,l.la from 1 .. 0 toO~76wnan,researeh inten.ity i. 1.5 
.l'G1:Cftnt it 

~he ,)?&rtic\11ar Xf:!pr.8tmtation. of the .r«lJJeilrch ~t'odtict.i.,c::mfunct.i.Qn ul!ed in this 
an41.y.1.8 A.IJ~.diminl..hing returns ·ttltcnlgho\1t its ;'angewiththf.t degJ:eeof 
c\1rvature; detel;'1\1iningth •• ize'of 9ainafl."om inc;ements 1n research intensity'. 
Qbvi:Qt1s1y thers are other J;epr.senta.t~on.Of :theprO<1uc:ti,.on function that we 
co~lc;l consider. 

;I.. s,i:rnpl.er alterna.tivE:t .l.f.l .a linearrelaticmship):>etweenproc:iuctLvitygroW'th ,and 
're.eal:'chi,ntensi1:;y Ov.r the range of r.$searchl.ntene.i.tyweobserve. :tt may take 
thefotrn: 

.(,;t /- 9UUN) ... 1J3(R/V,) lff(R/V)< ;4.0t 

wnell g(MIN) ;'11 1iotOper~nt ,and Q:.nda/Var.~ .. S.nd.l.5perc::.n't;,·fJ i.s 1.Q and 
.J\ence t.~. i.nc:t'emel1ttQPr.QductivitygrQwtbfroman increase in rfJ!searc)l 
.1.n:tansityot' O .• sprecent is & 1",. y8 0.5 percent up to aresearcn. intensi.tyof 4.0 
percent .• 'Whilethl. r~prell5entat.ionba8 tlle, .ttractionthatwe do ~no.thaveto 
'~~ •• s.umption8.abQutth. ~rvature()t the rcteearch.prcx1uctioll furtc:t;ion, :it 
imlili~8cQnstant:r.turnl\l tOR&pover.widerang8of re.earch intensity .. 

·~.~Qt.e .• ophistl.¢Ated .representationwQuld&aythat.at very lowl.evelll .of 
.rfiitsearch(and,llttl.e aCcllml,llatedstoclcof knowledge), it is di.f.ticult to make 
advan¢e.with.cmly a ;nuargipal increment to. funding. 'l'hiflvi.ew is reflected .in 
tbeapl'roach. taken byDavis;oram and Ryan (19B7), who argued tllat i;.he 
,probability i,. .lowthat additional research will.be8ucces.~ul., 'both when 
,Cqr.~EUlt; x~aearclt C:1fforts ar~ v~rY' 10WIUI,w$11 a8 when they are already at A high 
level. 

Thert!l.. nQ (:'Onceptualbarrierto incorporatingretJellr(:h prOduction functions 
,wfli'!;:hc:U.aplays\1chc:naracteriatica. The only limitation i. our insights into 
tbtl prQcelUI of 9f1neJ:'atinc;1 newknowled9th and :howtheaizeof the existing stock 
,ot .Jtnowl~~ge go vernal 't.he.response to curr.er,trEtsearcli.funding. At this .stage we 
fltEt.imply lackltlgadequate understanding toform\11ateageneralmQdel of ·the 
r.~ea.rc.hpro~"... $$.ntple. reprcil!lentat.iona, such as that ad()p~edhere captuJ:'e the 
IU~8(1J1tial. .,feature., weho~ ,.nd .by using known "bound." we ar.e able to provide 
r •• sonable anagni:t.udel';!fcr key parameters. 

It, 18111110 (:1".r ,(rPPl Table 3 that fot:' the pa.J:'ticular research production 
functiqnw8 h.vechosen,the prQductivity gains from succesiveincrements in 
research inttUl$ityfall..aba.rpl.y.'l'hillJ:'aises the question of whether or not it 



rabltl 3: Implied Relation between Research Investment and .Produc.ti vity Growth 
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1" ~pO"ibletQ: Ident.~f, ate., ol:researcborresearc:norganisatipnswho operate 
WElt. research ;intensJ,t7increAseafr6Dl 1 ... 0 to 1.$ percent. For example is the 
O.5pcu:ees;ti.ncrementtQre.eatch in~.!nslt1 provided by the 'WRDC directed to 
\t1li ... tal.ll141 &re.Vh~l'et.l'Ul gain .in prod-uctlvityfrom thi~ ~ncrement is only 
0 .• 28perc~mt.alccmpared·to .·saln. of O. 79pe1:'c~mtfromt.befirstlncrement. 
!erhapl it could be ,argued tbat·lnU)C·funda.c:tivit,ies :atthe ,margin becattse 
o~her'r.le.r~h.rQupl:wuld be expected. ,to cont1nue ·or even expandtheirl&D 
.;c~ivU:i~s If the WlUlCceasedfunding'R,J) or thatWRDC funding ,.tt.r&cta other 
func:l1..ng to projects thatperbap.wouldnototherwlsebavebeen \1ndertaken. 

A$ainstthi'i.th~ viall . th.tJ:'esearchorg~ni9.tions .. determine iaprogranllleof 
re.,arcbtQt addreasesthe.ir priorltieswnichar.e likely to be closely bU.t not 
per.fectlyalianedwit.h th,prj.or.ities of wool growers , They then seekf~nancial 
.uppc:;trtf~~ .pl;gflni.!Jations $luc:has the 'WRDC..lfsuppott.isgr.l'lted.thenres(!arch 
;".flU$OtlrCes.['fJfteedtocondu¢t.proj.cts tllatare more marg'inal f~oJl\the 
viewpQint .0ft.l1floJ:'$_td.taatlon,. It.le~D1s 'd.tf,ficultto make a strong case that 
~rt;;ic\llllrre •• atch programnea .are .m.arsin.·loriJlft~rginal.lfowevet: it. still 
~~in. iJ:Dportant .to .recpgnisethat productivityga!nsft;Jm Bucce.sive 
.il\crements in. 1:e.£tllrcnintensity 'may decrease qUite markedly. 

UOl;'tol1andDliv.1s(19811po!ntedou ttllatthe \1$ualprocfa\'lure. inestima ting the. 
returns to tU,Dl. to use ·theest.imated .rateoi the proQuc.tivitygrowth 
attributable toR&J> to. est!D1ate a marginal value prodUct for R&D .. Instead 'we
'h4ve tlfJed ;it,toestinlate Ii ve;-ticals\1pply. shift (that is •. ~·reduetlonin . farm 
produc:tionco,t,. )tdlich,canthen .be .used .in '.the Mullen. AlstonandWohlgenallt, 
,(.1989)woQl'~ndusttymodeltoestinlate .ben~fit. t;o thl! different eectors of the 
.,i~duPtry. Anattrac:tiol1 of this approach is tha.t!t all.ows \tbe distr!but!ol1 
b.tw~'npt;oducers. processors .ndcOIl.aumer softhebenefita f rom·.ndco. taof 
resilatchtobe. examined\> :heapproach . .is described {ntha follQwing 'sections • 

. A.Modelof thaVool 'Top IndusU:x 

~llen, Alston a net lIohlgenan.t;. r198~) used ,anequJ.llbrium.displa,cesnent. ,model of 
the worldwt)Ql \top industrtto est!matethechanges ineconomc 'surplus to 
AUlttali&na:nQ:otner woolsrovers,wool proces.sorsand woolconsumet:s that result 
frexn.exoaenoussupply.and demand shiftBcaused.bysuccessful research"Their 
metb,odologyc:los,·lyfQllowsMuth(1964). Gardner (1975).. Alston. and Scobie 
{198,) al'1(lKullen. WQhlgenantand F.rri$(,1988). 

·the ·wol;'ld"wool top ifidl,lstryuses );,\tstraliant:av 'wool, Xl, \IlOol suit.blefor 
t()pmaking from competing 'wool pr,-oducing nationfh .xa. and processing inputs such 
as labour .an(! ca,pital. X3. irtthe production. of wool top. Y. The ~ol top 
industry .is. part of the WQr.t~dp~.ocesswhich uses fine wool to produce woven 
t~til(!8. About. eighty fIve .percent of AUstralianWQol is suitable for this 
proc~sl .. 

,l~n: .induced technical' .cnangereduces the costofptoduc.ing or process.J.ng wool 
alld !.JDodellC!d a.s .sh.:lftingthe .s.upply of wool .or the supply of processing 
Itlput.down~S\Jcce'8ful tes.earch into textile .. manufac.tur . .ing is exp~r!eneed by 
th~llOoltc)p indus.trya$an increase in the demand for wool top and is modelled 
al 'such. 

fl\.Di~thodologyinvolv~d describing the mArkets for the inputs and the pr.oduct 
of ,t!he vool top industry intenns of supply .and demand equations where pr.i.ces 
and;q~.ntJ.ties Are f,!xpr.e, sed as percentage changes.. Tocnsl.\re that the indust.ry 
.is .in~qu11ibr,ium'ndthatall .maJ:'.kets clear tlla indust'ry is assumed to earn 
.;eroproflt: 'and isreptesentedby. ,production funet.ion . character.izedby 
cOJ\stantreturnstoscale.. Under these assumptions the industry total cost 



·Cm Y~'c(Wl, \l2,W3} 

where the W's 1;efer 'to inpu\'.prtces and c(,) ~$ the un,it cost fUnctio·n. 

;!qu~lj,bJ:!.umin theilldustrycan be descr:.t.bed as: 

(.2lP • f{Y. N) 
(3 )P .. c(Wl.... 'W2. W3) 
(4)Xl"hl(Wl;"2,W3).~ 

(~):X2 a;bz(tJl_W2,W3).Y 
(6) X3 1=' b3{~1, "2; iJ3),Y 
~(7). tU·IIIi'Cl",(Xl, "1'1) 
(8)W2- 9a()t~, T2) 

(9) W3 lIII: 9"tX.3, 1'3) 

(Wool top demand) 
(Market.elearlngconditionlSupply of wool top) 

(Demalld f.oJ: ~\.UJt1.7.!llian 'WoQl,) 
(Pel\\Clndfo~ c:ompetitors l wool) 
(~manclforproc:essingtnputB) 

(supply of AUBtral.l.an wool) 
(Supply of c:ompetitqra'wQol) 
(Supplyofp~oce.sin9 .inputs) 

JSqutltion ta) i.athe demClnd for wool top, whet'e P is the pz:Lce of wool" top ant;i N 

is anexogGtioU8. d~ndshifter encompassi.ng theef.feota of research in tEixtile 

~nuf.ctJ,irl.n9 .~uation .( 3) expresses the long run co.nd,i. t.io.n that product price 

equals minimum4ve:rage i:ot,al cost. Th.ou~pu.t. eons trained. demandfuncti.onsfor 

inputs I eq"uat~on. (.4), (.$); and ( 6) ,areobtained,b1 apPlyil)g Shephard's Lemm.a 

to the total .cQlftfunction.. ~be remaininS}:E1qua ti..onaarepx:ipe de~ndent input 

.~pply (~,\.\ati.o.nain Whic;h. Tl,'l'2. .and 'T.3,are exogenous shifters of supply 

J:epresentin~ the itnpact, of new technology gener~ted by R&D .. 

When the ac,1Qption ot new t.echnology causes a small $hiftfron) an in;1.t1a1 

~ui.lib~i.um, changes 1n prices and qua'l'lti.ti~s can ·):>e·appro)tima.ted .linearly by 

totall¥clifterentia~i119equa~iona (2) - (9) and convert.ing them to elasticit.y 

.form to give equations (10) .... (17): 

.(lQ}EP ~ fl/ll)EY +EN 

(11l EP =: 1t1.E'til + "1C2~2 + K'):EW3 
(12) EXI =: -(.(20'12 +K'3C1.~)EW1+ K'2 O'1.2 EW2 + ",0'1.3 Ew3 + DY 

(13) EX2= K,1"'1a ENl -(Kl(11~+ K3C~~ )EW2 ... K' !o:u ~3 + EY 

(14).EX3 • K1t:11~EWl +. Kao :z 3 EW' - (K'lO'J.) + "'2C23)EW3 +EY 

(15) ~1 == s :EXl fETl 
p.~) EW . .2 • s ;EX2 +ET2 
(1.7) ~3 ;IIi a .,1\:X3 + ST3 

wh.el:'e .r;. indicu:t'esrelatiivf,! change (e.g. EP - .AP1P) I '1 iathe own price 

elasti~i ty of dernanQfo~ wool top, Ki Lathe ahareof total wool top processing 

c:qsta to~ input, 1, o.tj .is the Allen (1938) .partial elasticity of .input 

tBubstitqtion between input' { and j ,and Si Lsthe inverse of the own price 

elaaticityof s'l.1pplyof inpt,tt {3. 

Tbe e$tlmat~dcha~ge$ill ,pric.e.$ and quantitlesare used tl!.) calculate changes in 

f,!cQnomic 'sur;p.1u$ to Consumers of "WOol top. CSt the AUlitralian wool industry, 

.l?$l;,tnf,! ~~Ol industry .in cQlnpe.ting countries. t'S2 ,and the suppliers of other 

i,:nputsusei;l in the production of wool top ,PS3. The consumer$ of wool top extend 

,from spinner.s and .textil$D1l1I1ufacture.r,$ through to final consumers and are 

generallynon.-residentsof Australia" The Australian wool industry consists of 

WQ~lgrowers, .suppliersof :1nputs to woolgrowers and the .suppliers of marketing 

audtransportservices. Australian woolgrowers are expected to capture most of 

th~.$e"~entsbec.useth\!! inputs they supply are least elastic in supply. comprise 

• latgesh21re. offinal-eost of growing wool and ar.ethe subject of the largest 

cornpon~nt .. of, R&D .expenditur:e in the farm pt.oduction area. The rents to wool top 

processorstPS3,gen~rally accrue to firms off-shore but there is an Australian 

~ODlPQnentt(l tbis industt'ywhieb,has not been identified here. In effect 'we are 



. ., 
.'Sum,l.llg ,tha.t A,ust,raliaQnlybenefi·ta.from new technology in the wool t.op 
inc1\iatt'l to tbe extent tbat-Auatralianwoolgrower,'l,)enefit. 

Fpl:1o,,!ns ltO$,~ (19SQ) ,t.be estimation ofS1,\rplUS changes is based on the 
a,Jlst,1mpi;,$,ontbat. research~induced sMfts of $upply~nd demand art;tparallelin the 
pJ:'lcedil:'eetion.This.s$qmptlon of.parall.el shift is critical.' Lindner and 
Jatrett (1978) havesbownhowt.henat.ure of the supply shift affects the total 
ben~fits ,from R&D '!ld tbe,tr distribut.'ion, , Howeve;the nat1,\reof the$upply 
!ihift· 'frQIll past RttD .i. unkno'W.. \Ie ac.cept .Rosets (1980) .argwnentstbat even for 
.particullr1nnovatipn. ,pr.edicting the nature of the supplysbift ltcauses is 
vit,tual1yilnpossible because supply prices are usually inclusive of rents_ 

The 'formulae to calculate surplus changes. are-: 

(1$) OS »P.Y(,tN .... JSP) (1 +O.SE¥) 
(l.$).Psl. Wl.X1(~1-$Tl) (1 ,+ O.SEX1) 
(.~O) .fSa ~ W2 •. X2(EW2"'"'ET2)(1 + O,.,S'EX2,) 
('21) ,psa UlW3.X3(EW3 ... B~l) (1 +0.5EX3) 

The system Q~ eq~~tions. (10) - (17), could be solved for changes in. prices and 
quantities if tllgV.alue$ of all the market parameters were kn~wn. Parameter 
valueswEltre cbolien afters review of pa.ststudtes and of Qe,rived demand tbeory. 
after consulting people knowledgeZlbleabout t.hE! wool industry and from 
'econome.tric analyslsconclucted as part of the project (Mqllen and Alston 
(1989) .~ 

'V.lues for marketpar.a.metersu,seq in the bas.e scenario were: 

~lasticityof d~nd for wool top 
~lasticit.ies input supstitutl.Qn between: 
-Aust.rall&Ul .nd oth~rwool 
.... Australian, "'1001 andproc~8.inginput 
- Other wool. ~ndproce.Bing inputs 
,Elasticityofsupplyo£ .Australian wool 
Elast!cit.yot supply of other wool 
Bl$st!city of supply of processing inputs 
Cost share ·ofAustralian wool 
Cost share of other wool 
Cost share of processing inputs 

lJ 

aJ.~ 
°3.3 

°23 
Sl 
S2 
S, 
K 

l. 
~2 
1e

3 

Present Value oEthe Benefits fr.om Farm Productivity Gains 

-1.0 

5.0 
0.1 
0 .• 1 
1.0 
1.0 

20.0 
0.5 
0.3 
0.2 

Ea~,lier it w"s9uggested tha.t the present rate of investment in 'Wool production 
R&J)activities (a total expenditure of about $30m in 1985 dollars) may result in 
.nnUal productivIty gains of about ~.5 percent .. The gain from a 0.5 percent. 
!ncrement.inre.search intensity (that. is. an additional $lOxn per year) is 
perhaps a f\.lttherO.l'9percent in annual productivity growth. The Mullen et. al. 
(1989) model is driven by vertical supply shifts or percentage .reductions in 
production costs aaa result of new technology. They used .supply elasticit.ies of 
1 .• 0 fot' Australian Ilnd other wool, corresponding to a mediwn term period of 
$upplyrespon!le. Productivity gains and cost reductions are equivalent in this 
scenario. Thea.:nnual retur,ns to Australian woolgrowers from cost reductions of 
1.$ andQ •. 19 petcentare$18.6m and $2.. 35m. These returns were estimated by 
BettingETl to -1.5 and -0 ... 19 respectively and solving the system of equations 
using.theparametervalues a.bove. 

The annualb~nefits to the entire wool chain from a 1.S percent reduction in 
A,1.tsttalit;n'WOQ1.growingcQsts are $32m and the share of this benef.it accruing to 

"-f'~lWK·l ,..' & tl6t"ia/P'·" \" 



Austra.l-flirt woolgrowers is .58.percent, .J.U$t as the benefitl» from new technology 
4r~shaJ:edthroughout the. wool chain, SO is. the WOQl tax paid 01 .Au$tralian 
~olgrbw~J:$tofund RftD. It.wus noted above ,thatthe.WRDC spent SlOman 
productiQn rf!Se8s:cl\ . $on .1~8S . and that ~ustralian woolgrower,$. ditectlyfunt\ed$5rn 
of this" The final i,ncidenceoll. AustJ:aliaJ) ~olgrowers is 58. perc:en~ of thato.r: 
$~jl9m. At\implic.ation of this .is that the f.inal incidence on Australia of the 
tQta'lexpendit1,reof$30m in 1985 On .product.ion R&D ws.$$27 .9m. 

All, ;increment tt;)resE!a.rc::h,;intensityo.fO, 5,percentcos't,s $lam itl .1985 dollars. 
If: .4us,traliart . ~01growerspa7th~ samept:~portion o£this8.s t.hey doaf total 
expenditut:. the1?othe.flna.l incidence on 'them .is ,58 percent of $1.67I1lor$0 .97m 
a.ncl tb~finallncidenc~ on.:Australi,a is $9,3ms • Thi. iticr~ment :inrE)search 
intensitY'couldbe.ftlnded in"otherwayst:hatwould~lter tbe n$treturns to 
Austr,aliaancl ,tC)woolgr,owers,but 'we .have not yete~amill~d.t:nem. 

Tb:e'J;'etl1rns tQAufJtral,ianwool,growersfrom new.techno.1ogyare~ensltJ.ve.to 
a~~umption$ made a,boutsu,pply :responsivenE!ss.lnpa-r.t4,CJllar: t4eyaJ;e ·erode4 as, 
'WQol, ,produ.cers ,ma1<:e larger .'adjustment$to the.size of their enterpr:ise !n 
re,SPQnseto lowetproQuctiQn. cQsts • Anothe.r scenario we: examine is when the 
elasticityofsu,PPl.yof AustJ;'alianand .other wool is 2.0" .In this. scenario we 
as,umectthatilercentage<:ost ted~¢t.1CtnfJwere.halfthe productivit.y.gain,sbecause 
of tile greater .supplyre~,pOtlse.B~ncetll.epercentt1ge cost reductions associatf:!d 
wit.ha;esearch .intensity at 1..5 pe.t,cent were~O .• 7~ percent, overall an¢ -0.095 
pet."cent..t;the.~ginand these ,retuJ,:'ned$6.90m and$0.87mto Australian. 
'woolgJ:'o~rs • 

When 'the:elasticityo£supply .. of Austral:lan ,4nc1otller wool 1s 2 •. 0 ,inateadof 
1.0 t tl1eS,hareof the wo.olta.xpaicl by A\1stralian woolgrowersfalls t,043 
pereen,t .. ndl1ence the ,final incidence on. them otthe$Smraised ~n taxis 
$2.lSm",T.he final incidence on them of an incr~ent in rE!searcll ,intensity Is 
$0. 7~m • .T1l.e :final incidence 'on AU$.tr:ali. fortllas.e tWO$ituat~ons is $27 .·15m 4ncl 
$9.0.5m. 

We 'have ,been examining thE! returns to tbewo.ol ,indu!;tryfor different supply 
scen~ri.os bu.t 'llavecont~nuE!d ,to 4s.swne that a r.esearch intcnsj.tyof 1.5 percent 
J,.s ;.associateqwithtotalproductl.,vitygains of 2.5 'percent. that.i,sthat. ~ is 
0.'76.Ifre~earch reSQurces1'le,re mQre 'product.ive~uch that $imilar productivity 
9ainscQuld be achi.evedataresearcn intensity of 1 .. 0 'percent.,t~t .is a .is 
~~Q ,i:ben thegaini,nproQuctivityas.soci'ateclwi tharesea%,"cbintensityof 1.5 
pe!rcflnt; is 1.SpercEmt;lnc1,t;hegainfrom a .furtberO .. SptJrcentresearch 
intensity .is (h2Qpercent. (from Table 3) • The returns to the Australianwo91 
inchu'trY .from :~\livalent.cost reduc.tiorus, that .i.s wlienth£lelast,icity of supply 
of wool i., 1 •. 0, are$22.3m .and$2.4'1m. 1J'l t.he long ,run scenario these returns 
fall toSS. 3ma.nc1 $0 .. 92"\.Thes~ scena,riosare s\1lTl1l\arised iJ'lT~ble 4. 

Recal,.ltl'1~t, these estimated returns are gross annual return~ after' the industry 
l\a.s h"c1tirp,et()rE!4Ch a 'newequil,ibriwn. To eS.timatenetreturns to Australia 
anqAustrtili.anwoolgrQwersthe flow of benefits andcQsts thto\lgh time has to be 
considered and this is tackled in th.e foll()wingsection. 

Lags int:heDevelopment:. Adoption and 'Decay ·of Technology 

a'D ,can.bE!vieweciasan investment which adds to the stock of knowledge (Scobie 
~. ;Eveleens(19:87);PardflY (1986»" 1'hatstock isa capital i'tem, us.ed in 
conjutlct:ionvLtnother inpUts,in tbe production of wool.. Typicallyt.her:e is a 
lag' ,after 'th(! R&Dact.ivJ,ty 'coQlllencesbeforenew technology is generated; ,the 
a.dQ,ptionoft hetechnQlo.gy imr,olvestime;and the .r.esults'c:lenay' or depreciate 
;llv.alt1~ wit.l.the passing 'oftinie(Scobieand .Jardille (1988» 6 .Afurtber 



chi1rac~eristic .il;lthe. n,ecl' fQrmainte1l$nCE!"f the capital stock.. It .is tob.e 
expectedthatafterthein.itialinvestment ing~n.eratil'lgnew·krtowledge, there 
w.i.ll be 'a streamQf on-igQing,. albeit ~educedtmaintenance :expenses, 'aswould be 
t11e .¢a.sefpt'&lny f;~~ital item. 

1.hes.eeletlents inthe.developm,ent. a,do.Ption and.decayo£technology ar.e 
11lustrated.sraphic1l11y in :Figure2.A 'periodof invesbllentinR&l) (denoted: 1,:) 
.tstollQWedby"n .~doptionperiQd l~ )" . and finally,.a pay-off ,period. Davis, 
Oram.andltyan(19&7~p,36) ()~fera useful summary of some .studie.s of the lag 
betw:eentlleconmencement of. research project and the .availability of the new 
technology. 'Theyconclucledtbat a· .mec:iium. lag of 8 years was aPlpropria~efor 
t.heir stttdy inv()lving botllal1l'l\1ala,nd. perennialcrpps. 'It is .generallyfQund 
that Iagain l~ve$tock industries .are longer (Scob!eantiJ?:vel~fi!ns, (1987» anda 
lag of ),0. 1elll:' $ was'adopted.he~eT. 

the .p#lttern"of .ac:iopt.i.()D, once the technolQgybecomes :available is modelled using 
a logistic function .ofthe form ;, 

,(~3) '1c.~ :r;./{l + e-(a+Pt)} 

1t: :I: the.~)ttfant of 'adoption inyeax:texpx:esaed Aaa 
pr()po~tion of 'totaladopt.ion; 

~ :I: a~J:'amet~J:' de.cribingthetnaxlm~ 
po.si"l~extent ofadoptiol'l; 

a,P =~J:'ameterswhosev&lu~s ar.e to '.b$l1pec.i:fiea .• 

'tile ,1ogisticfuncti.Qn :i~as)'1llptotic tpboththeho~izontal 'axi$~ ,and the .ceiling 
'level"A. Thi$ form, following Griliches (19S7)"hasbeen wielely used for 
m()clelling.the 'adoption ofagricu].tural ipnov4tions. industt.ialproc¢ss~s, and 
consumer dur:ahles. 'TAevaltles()f thepatamete~s,canbe de.rivedeitherfr~ past 
,stUdies " oftechnologyacioptionor 'by fit ting . the following lineul:'re$ression t 
obtained.py dividil1gboth sides of equation (23 )by (A-' "~) and taking natural 
,1Q9'ari,tiunf.u, 

'where',\: is a,random disturbance term. 

In the ,absence of data ,needed to estimate (24", tbeparameters can, be found by 
specifying the value of .A ,(r.el1sonably set equal to unity reflecting 100 percfi!nt 
a4optioniandthevaluesof1t,ilt b.,Q selected point~ (Dyer,. Scobie .andDavis 
(,1.9$41). .In this casethevc1luescho.sen were: 

Zo .. O.Ol ill year ,10, and, 
Z,l=O.95 inyel!r 19. 

·'W'e assumed a hignrateof .ctoption of technology because the entimat.es of the 
historicalrate·ofgrowth of'prodl.lc:tivity ·in.tbe wool industry already reflect 
the It!vel of lid option oftechnology8. 

l~~) b- 1/(,t
1 
-tol{ln(Zl/(A - zl.l) - 11'l(Zo/(A - Zo»} 

(26) a ., In {rtl(A-7tl} -bt 
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that thep~r~icularform of the adoption curve was: 

(27) .r.: ·~l/{l + ..,-(-12.97 +0 •. 75t)} 

Benefitst() tlle AU$tl;'alian wool .industry were estimated by multiplying the level 
Q.f~dQption in each year by thfi! gross returnsfroJIl the particular research 
prod~ctiv,it,sCeJUlriobeing examined. Af'ter reaching peak .adoption le.vels in 
year 20 t benefi.tswe.reassumed to depr.eciate.at the rate of .fivepercent each 
year for. further 30 years,until year 50. It-was assUDled that reducing 
industrybenefitsblfj;ve percetlt annually after year 20 reflects the cost of 
the techrlQlogy becoming ob$Qlete and .negates the need to include an annulil 
chllrge to maintain the technology. 

Net RetUrns from Production R&D to Australia and AustralianWoolgrowers 

UnClei7 these asswnptionsconcerning 11lgs in the development.andadopt.ion of new 
technology, the present valUe of the stream of gross benefits to the Australian 
'WOol ind~st;ry from a .1.5 percent reduction in the cost of growing wool is 
$34.72m for ·8 r.eal discount rate of ten percent. This is obtained by .applying 
theappropriete .level of adoption. and a discountr.ate of ten percent to the 
estimated annual gain of$18.6m to Aust.r.aliaonce the industry is in 
equilibrium. 

AS dlscu$sedabove .• in 19.85 the final incidence on Australia and Aus.tralian 
woolgrowers (lfthe costa! farm Froduction research was $27.9mand$2.9m9 • Under 
thea~s'U1tlptionsmade above concernin9 adoptlon lags and using a%'eal discount 
rate oft.enperc::ent, the net present value of areciuction in wool production 
costs 0.f1 ... 5· percent ·after deducting these costs of R&D 1&S6 .8m to Australi'a 
ox,'$ll.Sm.to Australian woolgroweri3 .. The internal rate of .return, IRR,to 
Au~t:raliafrom suchan i.nvestment (.of S27.9m in 1.985) is aboutE=levenpercent 
and;hereturnto AUEJtralianwoolgrowers (from their investment of S2 •. 9m) is 
I1bout25 ... 0 percentl.o .. 

The gain in productivity growth when research intensity increases from 1.5 to 
2.0 percent isO.19percel'lt(see Table 3).'rhefinal inc~denceof the costa of 
SUChaI\increase in rei3earch intensityon1\ustralia as a. whole is $9 ... 3mand on 
AU8tral.iallWQ()lgr~wers .is$0.97m. The gross returns from such a gain are .$4.39m 
at ;& discountt'ateoftenpercent.H4;!nce the net returns are -S4 .. 91mto 
Australia .i1nd $3.42mtowoolgrowers. 'rh,e .IRR'sto Australia and to woolgrowers 
a1'$6.5 .and 18 per.eent:Il.. 

If, instea4:ofS.m~9in9 c;liminishing ;oeturnsto .R&D, we use the simple ll.near 
relationl\tbip:between the rat~ ofgJ;'owth .in.productivity and research intensity 
forwhic:h th~ increment in productivity 9rowthfrom a one half percent increase. 
inr~search intensity is: ccmstantatO.S percent up to a research intensity of 
4 .OpfiJ;'Cfi!nt, ·tberetur.nstoanincrease in resear.zch intensity are bigher • The 
annual gross returnst;o 1\ustralia ar~$6.1Bm, the present value using a discount 
.rate .often percent of tllis inCrease in productivity is S1l.5m and the IRR~ s to 
Au.tr.".li~ and. AU8tralianwoo19r9~lers are. about 9 .. 2S and 25 percent. 

'1'fteother8C$n~n::,iosw~ examined were amorestaeply sloped research production 
function representing big her Productivity from r.esearch resources, and .amore 
e1.Gtic 8Ppplyof .woo;t.Tl'1eret"Qrns to Australia. and Australian woolgrowElrs from 
these diffE!rentocfmarios are presented in Table 4. 

Xncreal\tingthe. curvature oftheresearchproc1uction function by one third haa 
had little impaetontheIRR.·'sfrom production R&D. There was lit.tle change in 
either therfitturn f,rom.tot:al R&D activity or from a 0.5 percent incJ::'ement in 
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'Ta:ble4: The Returns from. Farm Production Research to Australia and 

AUBtralianWoolgrowers 
Net Present, Value at 10% Interflal .Ra te 

of Return 
Net Benef!ts Gros.sBenefits 

Sm. 
Costs 

$m 

$LAS'l'IClTYOFSUPPLYOF WOOL- 1.0 

CUrVAture QfResellrcb Productignll"ns;tigp. - cr -0.76 

Re~urnB wllen research intensity (R/V) is 1.5% to: 

A,\1stralia 
:Australlanwoolgrowers 

34.72 
34.72 

27.90 
2.90 

$m 

6.8 
31.8 

Re-t:,url'\B .from 0.5' increment in .research intensity to: 

Australia 
A~stralian woolgrowers 

4.3.9 
4.39 

9.30 
0.91 

Cllrvat\1regfResearcbProdus;tigp FupctigU- Q! 11: 1.0 

Re~uJ:ns when research intenaity(R/V") is '1.5\ to : 

Australia 
Australian woalgrowers 

41.70 
41.70 

.21.90 
2.90 

RetUrns f·rom 0.5\ increment in reflearch intenllitytOt 

Australia, 
1l.u&tralia,nwoolgrowers 

4 .. 61 
.4.61 

ELASTICITY' OF SUPPt,YOP' WOOL- 2,0 

Quryature·gfResearcbProductignFunctipD 

9 •. 30 
0.97 

g_ Q.76 

RaturnaWhenresea,rchintenI;Jity (R/V)is 1 .• 5% to: 

Australia 
l\utstrali.n woolgrowers 

12.8.9 
12.89 

27.15 
2.15 

Re.turns .fromO.5\ increment in research intensity to: 

Austrl1lia 
Australian woolgrowers 

1,,6.2 
1 .• 62 

Cury~turegf Relu't1tcb Prgduction Function 

9 .. 05 
0.7.2 

g - 1.0 

Ret;urnswhenresearch intensi1;y (R/V) is 1 .. 5\ to: 

Australi.a 
AU$tralianwoolqrowers 

15.46 
15.46 

27 .. 15 
2.15 

R41!turns frort\0.5~ increment inresearcb intensity to: 

:Auatral;ia 
~u.tralianwoolgtower. 

1 .. 72 
1.72 

9.05 
0.72 

-4.91 
3.42 

13.8 
36.8 

-4.69 
3.64 

-14.26 
10.24 

-7.43 
0.90 

-11.69 
13.31 

-7 •. 33 
1.00 

11.00 
25.00 

6.50 
18.00 

12.00 
26.00 

6.75 
19.00 

6.50 
20.00 

2.50 
14.00 

7.25 
21.50 

2.50 
14.50 
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;~.$e.rch inten$ity..Hc.,.,evertbedegreeofc,,*rv$ t.uteas s.~eclin ,e;' ther c.s eis 
,It.\chthat:. the teturn. frOItl an in~~e~entintesear¢h !ntensity ar~m.ucn lower 
than frQm t:he p~e'Vl()us lev,l Qf ,:esearcl1.intenslty.'the.el:eturns are quite low 
ftomt.he vieW'paitlt of cAustralla. A$A whol~but.retnain.ttr.cUve fromtl1e 
v!ewpo!,n.tofAuettli,ltanwo():l.growers • 

~s alt:'ea4,<U.sc~l$ed.l..n..st .. ticwotld thelnarsinal ,producti,vlty.o£ 'research 
re$ource$ i~ expecte4to decl1ne in thelfa,y illustrated h~te. In a1l\Q·re dynamic 
~ettingthe tnai:'gl,rllll prQductiyityo£ research.resource$ 'm&1nOtdecl.ine at ,the 
sam/! rat~. ,If forexample,thi!-, 8to\¢h.inpro<1uctlvit,y 'wnenre$earch ,intenslt1 
inct:'easedfrQ11\ :1 .. $ to 2,,, Q:percentreuudn.ed a,tO .. 2.8 ,percent ~ thera tea$soeia..t.ed 
with ,theprevi()u$incrementto rese!irchl.ntens,ity "then thenetpres.entV'alu~at 
• ,discount rate of :t;enpercent"tQAu8traliaan4 AUIlt;t'alianwoQIgrowers'is'" 
,,$2 •. B4JJtan(i $S.49m. TijeIRR.!s.reabout 8 .. 2S.nq 2().Spercent,tQ/llistralia .and to 
WQol.gr()wer,s. 

tne-tet.Urns to ,Aus.trald.$ .and Aust:r~li.n WQolgrowers aJ;'e partitularlysensitlve 
totneelAsticity 'Qfsupplyo£Austtalian 'and otht!r wool,; Clear,lywhensuppl,.' 
tespon$!Ven~s$ is largeJ:;' the returns ft'ompro(.iuc::tion R&J) .arefJit le$Silttrac:ti'V~ 
,frornAuitt.ll.·a viewpoint" Ip:1Qo1cinsat ,s.ste.41stflte~qutlibriumposj.tiQn 
we.bstractfrolll'the tilpeit takes \TOolgrowers toaajus~.productiontoprj.ce 
cha.ngesa$ sociatedwtthnewteeMol\ (8Y- A more:sopb1.s tieatedapP1-"o.<:hwQ.uld be. 
it9 tlllQ';tFtnadcetpar:mnetersto. cb~~e~ .th;ough time\tiing theappt'c;ulCf1. 'Sugg~sted 
~b1Jus~, ~ueth.nd S(:\1mlt,z (1982) and ~dapte.d by Mullen.Wohlgen.nt,-an(l :Ftirr!s 
(1988h 'W'ewpuld expect A\.\str.li.tos~t .~ much lzu:ger 'snare of tbebenfits from 
~e"p;Qduction tecl\nQli)SY in~lle ~~rly ye.rs but.s,th~. su.pplyotW091.b~¢am~ 
#iOJ;eel'$tic;relative tQ ·demand,thesnaJ:'e ofbenefit$t~ ccnsumeJ."sWQuld 
{perea$e. 

Conclud~n$ collDlents 

lntl1~ 'thQ 'tatesof: X'etllt'n 'to pr.od'Ucti(,n. 'R~l)aet;ivit.ies estimated ab()vea,r(!l.owe~ 
than thQ$f.!'$~&g~st(!d lnthe literatUre" (neve:fth~le .. ss itwo\fld .• ppear that from 
tbe'cutrel1tlev~l af;esear.chintetl$it) ot "'fSpercent,Austl:'aliahasbe¢Zl 
earnin$a re.l .,ate,flfJ:'eturnwhich ,i.s (:cmpar:able to. or :hig'hert.han th.e 
<lPPQrtuq.!tycost. of f~ds ..lncQInPa,(l..ng tht. c.;ereturnswl. th ,otnerstudies of the 
ret"rn$tQlttd)~t.hQ\lldal.obebol:'nein Dlindthat weJiavebeenconeern~Q'With 
~he .benefj.t$tQA.l1$tt:'.lll1rAtb.er tbantQ thetotalworldwiae indU!Jtrywhlcn are 
up, ;tQt;:wi(!e:~l1o$.~.d.t$cu.$$ed.her.e.(whenth~elasticity ofs~pplYQ~ 'WOol !s 
1.,,01. 

the returtls·tc ,A~stralia :from. an.ine~elllent in RiD, '0£0 '!-Spereentto 2.Qperc::ent 
.reno~ .n~a:r."lya~'.t~ractiv~.,J;'eflec;tJ.n8our. aS$uznPtiQns about the curvature of 
thereaeatchpr.QduetlQnf.unctl0l'-hHoweve('eVen ifthe:r~te of !It'ociuct.!vity 
'8J:o'Wtn wert! the lame a. ior 'th~p:revio.u.s incteI1l\,!nt inre$ea);chintens!ty (itom 
1.()' :to .1.$ 'percentl. ~he llUt to Australia falls from 11 t08.Z,S percent. The 
qu •• t!Qnnaturallyztrise$l :a,s.to wbetber lncreas.ingresearch ,int.ens,i;ty 'b)'O.S 
perC:e'~t; ;isPtofit''>l~ from AUst~alia's Viewpoint :ot ~pe:tbaps whether Aus.tJ:alia 
.ht)~ld.re4uc;e :rctse.arch .intensit.y by ,0.5 percent.. Clearly thel;lnswer depends on 
the opportunity, cost ·O,f ;lnv~$tingresou7:ces inthe1trQol :proQ.\lction RftD.!iowever 
:.ven: if this were, known, 'we'~~ld.; be ~~lu~tantto dtaw fitm concltud.oi\s1lbo~t 
:(e.e~r:ch: 1rtt.naitY· .. l:arg~ly.b~caq8e of the atat.tc 'flatu!:,e ()fourm()del~ 

'TJl.teturQ.t04~strali.n.1I'001arower$ ,are much nigber .beeau$eofthesmall share 
t)f ·q..,,-costof l&D that they btar,.. 1'hiaquest~on Q.f 'the dlveq!e.nce J.n 'the 
.f.nterest .• pf A~~tt""1i."an4it'$ wp()lgrowers .i.$ 'd1sct.$ss~d in more 4~tailj.n 
4ltitQn,.Mttllell.nd ~a;idley(1988),.SQ1newpuld argue that"bec.usel&D is a r,isky 
inv •• ~~~:j.tl1ex:~t.urn. ',sbould include ari.sk 'preJIdu.m and hencetnat it-he returns 



e.tb1ated :here ate :nQt ,.atisEacto;"y"" 'Clea):'l.y.. c1~cisi()ttsa:boutthe level of 
inva.tment i_re,tU,de, ,inar;ilf(1vor1d' • 

• ~t: ,t/!iI~;Jd J.a ,z-.llky p;lJlCJIh.Jl4Df; ,~~ ,~.i111H.1 ,:in f:IJ. 
).1" t.Z'jfru.nJIo,t.gr'/t:U.lt:r.y:IJJ ~'III4z-(;h'pJ.I1IU,"11P' Jlnd ,p&.ior,t.t)' 
... ttJng."(~dllx;.on (1,9$8) tp,:(i». 

~he~eseatchprocellit.elf :i,ri'kt.&nbl~kin&on~'patticul.r ",pr.:; ject i500 
gu,aranteeof ult~te, :Iucce •• 01, , '.rbe,very not:i.on of1lhatcoQatituteS, ,success is 
llQt,Iu!lf"',evldent; ,'partIal findln$.~,. welt be valu.'ble~ J.'I'utureprlces,and. 
COI1;$ate unee~tai.n. IInd,our,tqtQwledge df ';keyparameters ,is imperfec,t,'!Hethod,$ 
do,e~llt"for ,analysing :ltQDJ.,n ,the faceo£risl;.and.canprovicte ,ad18tri,bl1tion 
~f ;r .. t"q£,ret\1rn, :1nsteadoft'be 'pointtullitimatesgiven :her,. (Dyer.Scob,ie and. 
:I>.vi~.. ,1984). 

'?PPQlingtb1a,ilrgwnent.fox;. ,riskpremi~~.tb, 'vievth~t.qbset;vedratel of 
PJ:Qt!uctlvJ,t1sr"wtl1 ;.lr~ady r~flectth~ri9k .I.ssocia.ted ''Citith tUiJ) :activities>, at 
,le.s.tto 'some 'extent. 

!'£~l.1y. _~ve'used .pa$ttatesofp~oductivlt1growth ;as$uides. t .. othat,which 
JP,811t ,1l'e:Epected in. future. ifiatory'cansometitnes;be a vert imperfect gU,icle .. ;to 
the,ratep,ffut;urej,mtQvatiQn.Hajorhtetlktbrougbs in., . sa, •. genetlcengineer.i.ng 
for. :bothplant.St Allcl animalsCQuld .. lte.r dramatically 'd,,! . future .. pa,.~offs ~ .In 
eQntra.t.tb~re i,t.hevievt;hatthe 'eas,.'prpbleQ1s '~vebeen.sQlved.'1'he 
prQ.duetl: vlty;of' . researcb .fun<li.ng 'will ,4eelitte. ,in. tbf!future. as .,. increasillily 
d.tff:ioc\llt ..• ndmor:-e ·pefl,.phe.ralquestions:aretackl,ed.Only'the judpentan4 
insights .of:$cient.istlwlth .• nlnt1mate1cnovleclse of part.iculara.rel\$ can offer 
$u1danceOi',l,t:be$e queJtiot?,a" .s alread11n~.U:e.ted'tltis '$tudt·r~pt'~$~nt. o~e st.ep.tnadclt.e$sit,tst.nt:!pJ;'oblem of 
determining,Jn, :op.timalpQrtfol'lo ofwoQlresearch 4cJ;os.smajorr,esearchareas .. 
'W1tlleitappearlrthat tn/! :re.turn,tQ:woolproduction xeaearch is liltelyto be 
"adeqult.eA

, this ;t,ell.a iU,. nothingaboutwhet:hertbe :X'C!.tu'rn isfal11ng overtime, 
Qr1ibet.her !.~ .Ul.f.ght,b,e:evenhi.$l1erin ,pt.herarea ••.. Only .by dev~l.opillga $lmilar 
fraDlewQrk. ,for, ,,., te~tl.le 'rf!searc:b:. CflUl;.We ba8into.ddress: tl\e .questlon:",lf 
$4Qm~were.va~la1>lefor 'R&I>.hcrwshould it be divided .among the. key research 
~U:e •• :(productioJh :prot;~s';llgt ,dlstrlb~tlon.etc~) :lnordett;otnaxi:mise th¢ 
ret~rns 'tQA:Ust.tali,Anwool. :growersl" This Inalys!,stakes one st;.eptoward 
:Dleetill$tnatchal1enge. 



FOOTNOTES 

·tfTbl': 't,s~.rc:hh •• \ been 'p .. rtlyfund~d·bytbeWdol .IteuelA,rchand :pevelopmentFund 
Qn 'tbe;ecouaendat!ono(thellool;J!e.ear:c;b and 'Development t""unc,l.l~Thea\1thors 
areerate(u); :for lug$estlon~fran .BQb LlndneJ:'t .DonSavilleandPaulMcNamata. 

1.J)avls. ·(19811,) .tt()tedth.tltlO$t.Bt\1dteJ haci .. not.t!opted .cons1stentappro,.cJl in 
'H~timating ~_~ginal. intertlal,- t,'ates of rt!turn.Me (.1981b)alsopoint.,dout 'that 
ttl, :,funct.ioQl fOgllsus4!d, 'to .est.imate.prQductiol).funct10ns.,i.n. .most applications 
ilnpl,iedtMtRftP:c.usec!a dlverg(mtsllif tinth. ·supply func;tion. ''We & s sumed 
parallellluppl,'sh!fts in ,this $tudybe(:&useof the diffiCulty of .ident,ify1ng 
the 'natu';8 ·aEtna .su,1ppl)'$hift(RQse. 1980 ).' ,,As Davis points'out, the total 
il1dust;y :returns from. a divergent. shift 'arehalf .those .froul.parallel $hift!' 
1'hetf!.ate.scenar,ip$ in whl.chJ~u~tr41.ian'm)algrowers. lO.sefrom adiverg(int s\1pply 
$bift • 

• ~.,Amargl~lr.'teo£ ptocluct.lvitygroJithcan be calcu\ated as the slope ·bf 
:eq.uation .1", TbisWQuldgive'a linearapproximatlonofthe. increase in 
procluctiV'it.y front, a. one percent increase in ,rese~u;eh ,in.tensit;y and has to be 
halv~dfor.onehalfpercent. increment intesearchinten:ity,.the unit we ate 
dealingwltb.WeusedequatlQn 1 to calculate ,actualc.hanges .1n~£odUctivity 
gr.o~.b· for·s'Uceessiv.e incrementsinrE!search intensity )lecause the linear 
appr9x,.1Jnation, eonsideJ;ably pverestimated t.he 'increase inprodUctivit1. 

3 •. For .s:nallc'h2lnges.f.rolllan initial equilibrium, matketp.:4ram~t.ers areassu.xned 
tobeappro~telY'constant.Howevetnopresw:rtpt1on 'is rr~de .bbutthe 
funct;i.onai 'form. taken by ,theseequati9nS .• In partic1,ilar ~ .ltis tlotassumedthat 
th~sllppl.yand dcmmnd equations ate of the cOnstant elasticities. form. 

4. As shown by .Alst()na:.~ Wohlge1'lant; in .Mul1enand /119ton(1989.) th~sllfQrmulae 
.r.ee~actly correct fQ~p~rallel$hiftsof line.rsupply Qr d,emand cutvesbut 
.re .onlyapPt;'oxlxnateforotherfunct,ionalfo.rDls "Th(!apPJ."oximat~orterrQrs are 
trlviall.1 '.mall for the Jm.ll shifts.cortsideredhere. The .estimates. 9£ surplus 
c:bange$coq14 be.ihterpreteda$ the annual eh~n$e, in gross su;plus frolll Qne per 
centcos~ .r.¢ductlonsi.n the three $ tagesofthe wool. chainmo4elledhere • 
. 4$suming .thattheentit"ei,ndu.stry adQpted the new tt!chrtology immediately and 
tbatalladj\tstment$ in deJ[Lllnd and supply occllrred within the year. 
Alternatively it !!ligh,tbe.v.!ewed as the .chartgef.rom .an lnitialeq,uilibrium to a 
new equilibrium insom~future. year .. Inany case. care needs to betaken to 
enS1.1rf.!. that all Ot themarketpar~eter.s.and the value of production data used, 
app:1YtQth,esame len$th .of 'run: 

5. In assessIng the inctdence o.f the cost of RiD on Australianvoolgrowerswe 
.haveignOJ;'edtb.e share they pay tbrQugh income and company tax. In assessing :the 
lleneflts :fran.R'Dlle h.ve 8$sumed thatbecause~ost Australian wool is processed 
&nd:c:onsumed Oversea$, thebenefit.s to Australia ar.e the benefits toAl.lstralian 
·WQolgrQwers~ The i.ncidenceofthe ",;001 tax and matching government grant are 
~U,$.ctl$$ed ,tAQre fully in Alston. Mull.en and Rid1ey (198S) • Of the $30m spent on 
voolproduction. R'D,. $ZSm isprovideci by Australian taxpayers bllt this 
:qnderstatf!!s tJlenet social cO.stsofgovernment spending because it does not 
lncltldette axteQI burdeno·f tax mE!8SUreS to finance that spending. Assuming !t 

'marginal excess burden of 40 percent, as suggested by Find!ay and Johi\es (1982) 
gO'lternment ftlnJing.Qf $25m to fl,n~nce productionR'D involves a. final incidence 
qli t'neAu8traliantaxpay.er of$3Stn. An implication of this!s that the final 
itu::,idenceon.Austral!a of the tot.llexpenditure of $30m in 198.5 on production 
.'J)W$,8 :$S1.9n\.An increment to research intensity of 0.5 percent costs $lOm 1n 
1985dollarsand the final irteiclence on Australian taxpayers and .Australia is 
$13.;'067m .n"$13 ~:34~. 



•. • 

$.'J:h1.4ept.¢i.~.ton o~cqtS .»ecllusQ ·o.fboth ec::onomicand technical factors. 

ebans.ing re,lati,:veilltlc~s and technologlr~nde.;knowledge generated in the pa~tf 

less val'\uLbletoda1~ . ,For eltaunplthknot.rledgeconcetningoptimwn grazip& 

lUn.&e!D.ent ,chemes whi,ellwas televant in 192C). will be of little value today 

wheIlS()ilf,rtllJ.tt level$ .• ~r.e~d. C)rstr;ains of sheep, the cost of labour and 

Qt,herlnput ••.• ncl 11001 pr!cesareal14.ifferent. If re.istancet.opathogenshas 

bee~ br:e.d int.o •• ,ctQPoJ;' pasture sPecies • .itmay well break down over time as 

the alsea,u~VQctor ~tatesand.lle~ strainstmet;ge. 

1~!h!. J.....cQl\troversial.tea as evidencedbya debate intbeBtitish 

.1.i.teratU.reb~itween'tlU~tlu and.Bott()ml;eY(1988)"whoar
g~ed against.a,llowing .~or 

su<:h. la&s.nd •. stlmate~a.'t'~te .ofreturnto agt;'! cultura I tesearch ·of seventy 

,n1n~pet'centt .,MWilU! (.19$6)t who~$edalag Qf f1.ve years and estimated :J;ates 

of r4!turnfrpm: JUtDof.les.s thantwelvepercen.t. ;in so~esc:enario$ hecQl\s1dered. 

;this diffe~enc:e 'Ws.sexpl..ineci, toa ,lar:ge deat:ee, ~y .fiS\1Il1pt!ons abou.t ,the 

;,.searcb: Ia.Siand' th. 'Per:$istenceofprodQ,etivitY811ins .• 

e'., ~9b' ;Lin(1nex: au8ge$ tec1.t.histous~ 

9.11eh..ve.,sUUledth. ttAecolltSQfanlt'DprotJr~e are all incurred,: in the 

f~r.t ye,rand ;hencl!~v.undet'estillUltedthenet ben.fitsft'o~Rfc:l). Tile l,.rgest'. 

.hare 9f:c;o,t. 'prob.bl,.are. ;i:ncut't'C!d fntheeaJ::.~y ,.e.rs QfapJ;'Qjectbutan 

,altern-tlv.e .pptQ&ch wQu:ldbeto di.stribute, :.C(,lfts over the 2.0 year developll1fJnt 

ilnd.a<!optlonp$tlQds", 

10" 'The il1t;etnalratesof ,return, ar:e !approx~teto the extent that they .are 

:a¢~ur.teto :the I.st unit;; t.t'her tMn to .,I&n1 deciInalplac:~ • 

. 1.1..If~h~~()$t.()fth'Il'Dptogt:'41l~U! ,to Atlstralla wasfluglIientedby .afactQ17 til 

l.,,4t:'efl(!ctingthe~~ee$lbutdel\. ·oftaxlltion at*d.iscussec11Tl,.foQtnoteS, the 

IU.t,:o At.uitra:11.when,r.e,..a:rcb int.n.sitt ,l.sl,,5 'pe.reent ia a'bout .. 9, .. S.percent.and 

'it 1.:4. 7S:per.c;ent :i.oranlnC2;f!aSe il1r.es~.tchil\tens!tlofO.S pe.rcent • 
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