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".~. 
",.l.~t~c.af wdtr.t;''$I~1 •• d ' •• 'tlt!l11 'Ult' Dp£llQl'.r tlf'<:tl.O! 
.lrlC\lltv~.l .:rell.reb ;11:1"'~~'f;l.4.1t 1 •. l'#Q •• tt4 "t_t .. ~r,.~d.\Jt. 
tblcpl110V1tr'."«ttl ,of,.".reb!., 1~"~~fot .• t,~1.t~J.\.c~.1.t_t; 
deb.t:., 'Oft l' .••• ,te,h pa1le,. ·c4·.1.ofc~ ,tt";14i.=I"lt_t;i'~.lJ,7b.'.4 
!-nfQrMtlrr'to :,up,ortr •••• tch d8¢l.t~ Uk~I. It 1.;f~ 'tbltu.tt, 
Uvt,bt.f..4"t,Jl1t,4, ,.ttppt.'to .prOtt!" .' .. ¢'1 •• J;!' ~l. ,oft.I •• ~@. 
."1110,,,g. ~. 'IIC_« p.~tQt tbl 'pJpot' ,ot:tl~':. ,.t;r~ b ••• d,pI'OCld~. 
which n.plieltl" it'.c0qor,&te, ;J1(;t<:~ltut.1.Pt04*ti. (_.£~Itl .. ,11\4 
r' ••• r~h ,pl1:1ovt,r., 1r4tc,. '.It,1.' •• 1 ..... 1 I'I"I.!:C' ,ft.l"'l_~li •. :1.,. 
iiiftbJI.!.po;rh~ti •• v.I.: t:.lat1.q; '~O :t'.,g~:~h.u ••• l1!t ,.lch ,1"* ,ft. 
:thi •• _lar:ah,1Ihl,la1ta. ",.1\11· ,ql~l~i;;,~.t. Ul~.·tr.t16ft_ 

2._ 'lItfat •••.•• I .... IUWlIYIU i'. DIU. II ...... 
2.1. lapo:rtaace 0' leIO"ICl\S,lllOft.t. 

n,~. ar*t.'hr •••• pact. of 'th.t:p.ttl"'.~.!I.et.,o!~~.'.rC'lt '.leb ,.;0'1'14. 
.att:01:lI ball. foC' 4 •• ,loplGI·abttt'te", luuterltu4ml of tltu. ItWb ot 
tbe....'::. 4110*1114 1)1.'1.',1;:7 belaw, 

(i) Input into ...... Rltfol,tc:rDl'bat. 

'rob.blt ttw.c.te'*PIlj,1n1 'bl'".f~1:'Q'f.atMllt ~l", • .nt :n 
tJlri.cultu:alrel •• "m il t!w ef,ficlenq-l.tp.Nnt. mt •• r'.t:Qtlull"~1 
that t .. rklt f&11~r.· _1oft.eM _ :a •• ~~rf; of .... ".'t~b..c.t,i.tt,...th, 
priuQ'I\')~r:e;. clUt!s : •• tketfa.lluR !.tht J,u\l1~lt1 ofpti,.at. 
m4.1vid. •• l_. fig, .:n;:d.,nGp'l'blpl. cccuct"'.I·. to *pprf4»t'iattt a.joc 
Ib&l)t of tb. '~t:Ut;l.l ._:1tl,f:r_un, 'f~q. ofn,."n:lh lfOltotlter 
ara.''Iftt.& fo1t'F\\blle ,btt;t"tntiOQ,althOf:Jp ·ottn u •• 4.1: . .,tfl",.ta.4:upto 
clott: .,I1:Rtlftl,.(ln.it\.e ••••. ;y: (wtnot $off:tc1'Q.t): ,cQdlt!cc ',fOf'tM 14\c=k 
of .,pro,~1.bl11tJ ·of t •• ~.ccbl.;kla 111tbat ,thttttchn;c'tt"re.ult,lQI ft. 
tbere".rth be'nldll, .ppl1e:abl. aerclcun1,to,lt,.phlcal, l.ocl.tlQft$ ;aud 
tblrafcr.f.n =1,.", for: tbt. to ~. ,the C"., th" •• t,J,tlthal.t.t be 
pot;,Rtl.::tl,ra,pllcabl,e to@' • ru'.of.'I:icult\J .... l, productioa .c;~4.l.tl.. or 
.'G.it~ftt,.;. Cl •• ",l, unr r ........ eh wt'u~ •• ,1 :hJ,vf; 't!t ••• d\.tl;c't:.tJ.stlc, 
,et tM'b«l.flt.1 f~ =da;t,.lk:b\1 thtr •••• rebe •••. ttll ... 'ptollt'lat'db1 
thor. w:.artakilll It:.. 'Vor,Q4p'l...p.tentabl. "It, •• xen cu,t,ot.ct' 
ttl'clmololl ••• ~1.11 1n ,1ft in;;~t '.hicn ep " p.t,.,Ubn4 .. 

It 1. t.e~ml c~te, :r,fer to the '11.148: .pplkabl11ty otre, ••• :r:ch ti. the 
*lplll.O"lr" UfICtS.. Altho~p .~( •• p.ct,.l,l, !.t\tJ)Ut prJ,,,att. •• etcl' 
·orl.:lt.4 lit.,rata.ca)ha". .110 ".ftrtt4 t,o tbe.t ap"c't.... .. 1 •. lk ...... .­
G1'1tC tb. D.~Ot'Ca.Qtltofth' .pl,11oY'tt'f:,ffeef:,' ctp, •• r(b .c~I'.ln1 
loe.tot __ '1\4 e:n"I~:Qt.to th., ca •• ,forloyemamt In...,l •• ''01:;,, .it!. 
,u,r:ll.1til ,tof~UAC.:t ftlat,l".~lf ltt,tle It'ttftt1·Oft h..betttltvento 
cll.atJ.y .c'i!.11;ill."4."J~rUI tllltt'.lf-ct, OJ 

(.i1) lnJNttl'tluppo't:t 'bl,a"i;hllau, .... t Dlc11itm ttUers 

rb.ppl1clbl1.1t1 of .. '.,I,,·rch .,nl:'.1'.,4 ,eet.uol()ll ••. dtpen4,tlplf1eantly 
on the t1P".of 't'i)du=~IOJ\ condition. vttn:. _lrieultul'141J.c.tivlti •• take 
,:lae:t", III fiaf'.abS strata,l.. ,,:ese.rehan.,t'..'. of'. :f'<:,14 tlith 
1 •• t.Ma~ ;r',.lrd.lnl·.hl't.hcl:' t •••• rcb 'prolt'... :.bou14 fa-cut a.ttantlcn on 



'_.l,Oflq\'i;~lOlll" itt.ldl i'l*1"'.t;ti:lct4:,C'pt~t:10AcQC41tlQA'. ;.~. 
;tM .... ~.,.Oe_.~U.~.~C~. ,pl.-.tlq4''-'''t .~lgl11tt~'~~.~1 
i.lf:,.,.t ''''foft.~ ... 41ya;:','. tU:od.;t;!oa'. (c0t'41t;lcc.o~ ,~'tlr~~tl'. 
~~"'~of' •. ~ •.• " .o~t .. ,1M: ,_s., ~."r.U.nl~dt ,.PJ:od:u,ct,£oq ,eQ"lt~~t*o 
IkUl 'ft •• aRb .• ,~.t$.OCi'I'QA. ",'ROt' .pplle:,.:bl.t'tUt'.t:~h 1. 11Ql,:o '.1>1 
to ..• 11~t~t.t_.Yir .... t. :tb..a'!.t·~I.t"..ofc_lc.'.111,b. 
for: .Mjt\ll.~'. ,IYA 1:f ... t1Wrt 1.,~ .... t".bUttJ bt~... pt~tlOl\. 
1."lr .... tltld. 1,· .-11k.If. to be ·.lrQ,ali.' . It, 40. 1IIpo~ .. t ~~o prc;rr:14e 
.... : ,l#forut.104; .1,'llIr4io,tltif;. ;~.,.ctof .' ~.II.tCl\* '~.1"1):1 • . of' t;b.~. 
'PJe:,'l:cb. GPAt·1.1CAbl1ttJ.'G:ot·'p,1110Vlr$cQ: bll~I~,·cbaJ.C.'..fb' 
t~. of: •••• f¢;!lP:tOlt •••• 1) .. ,.J\tf.~4 •. 'ottt.J:"c~1c ••• :ct 1,1k,1,tC) 
'il~lud. ·th.~f.le.l lOC.~lCQof"'.Ar~11 .;b;4fr.'t=~tul:..4 ,the .t~tur. 
o!r.I •• =hh~ c.pltalU'pltti, •• 

11th .. ".: •••. rchpro,j.ct.4tc1t:10A •. ,ept:.4in1.foJ" ·.~l...~.thltto 
~~.:,;n'r.t. ~Oft d'\f •. 1Ofl.,t"~1'l11,.t to .. , . .ula;t"tM'PJ:~Ct£OA 
1.,Rft.-t. 1«u: .. wp,elflcpro4w:tlonu.,ltOOMntcr..xlJll •• ·tbt 
appl:tc;lbl1tt 7 ofa .... 11.r pI'Qauc,tlvl.t.11.i~ot'.r·.vldfu: ••. tol! ,pr:QC\uttlOlt 
.QY!.t'~t. vlllttquire ••• " • .-ntof ·the •• tlnt qf ,p111ovet'1 .u4. 
";~h •. 1' S'., •• rcb;effol't can chan,_ 'the.e:atblx-t)lq·v.oti;:wlth1ft tll_. 

'1'0 !aprOW'. tbe eoot 11 t.ftcy cf tht.et1pes:cf .4Iel.1Oft.,. ov4lr tu.. '. 
t1st .at-ie undtrltandin; of tben, •• cch.pUlcwetl an41.t.\.".at!mt of' 
tttforMtlcm r_,.tdln:a Ut.. 1. l1k.l1 to be :!rIpottant", 

(11~) ~~Ine ... nt of b •• arch k:aluationJ.th0401QI1 

h:lni tho 'lit 30. ' •• t.e~.ider.hl. ad,.,ance. have bien ... 4" ,.;bl ·the 
4."lloPMnt of _a.odolcl1u •• uSto ey,l~ .. t.tb. velf.rel'inl !,to-apu.blicl, 
f=404 dsearch. ~ .spect. oe thi.4e",elopMnt ,ha'Nn ..."pif1cant 
abate: .bout bw btlt torlpn.I,nt tbe ~ ... c:.t o.f ;r" •• rcb..tan .w.pt,d 
(u.U4l1,' D.at'tCXtAl)nppl1 1.,..1.ltUChof tl111 debate hal :foeu.edontbe 
uth.utJ;it~" npR'Q.tatlon of ·tM'ar.l.c.c~lt:,.tUpp.l,.hfot'Qd; 
.ft.~th.l' •••• reh ~ct. n.t- .l'Ia:ltll1 .r.e.ift, .1plf!~at\t 
at.t.'fttJ.on. bowtvGJ:1\ An __ ,C&.8."... to llQOrea:nispol'tlllt COl\cluli. 
fticb It • .-a fre;;t.he iftt,reuQ,. bltv •• n. lQI8t19aO).vl.. 'am! ,..11 
rl,.e)an4 Ll#=,ran4 Jal't'.tt (:t"O)bal.,4 ,0:0, tb,cr~l!nal ,.ork~11tln4u.1' 
~ "').nett, (191" '" fhllcenclu.I.oaluI ••• tetl that •••• tlU. wou14 in.,.olve 
,·ubdlv14111.ltha product.1on .,r.. int.o hoIlo,en,IOUI: rl,1an. 1A tet1lloftbt 
apaet of the ~(W.t1cm. tn 'lu.,t:f.oc'O:ft,uld. and produc,tion. COltl.. VlthUl 
.usch l!I,.lon, • p •. ral1.1 Iblfte.ouli:l, b. pl':.''WMU~ vlthoulr11k ofsel'iotll 
.:I:OJ;t1 (L1nU'fliU\dJ.&"".tt ~ltB:O,p.e'4)'. 

tf tblI41""l'elatlcn Qptloo111 adopted the qu.ltion of ,pillovil.!; up.ct .• 
a! :f., •• reh be,eae. Japort'ttt.. I.n JlCltprtv!ousltur.U.e,s1nc:. the .,I,,,,,,.te,. UlallJol.t10Q.l. ~~ppl1 1 .•• lItl MI ta.n " •• 4 the J.a:plictt 
••• o.ptlon hal M.n. th.tth.l' •••• rc:h 1.. =lforu,..pp'l:icable 'to .11 
pfcductlcn. "en vhlntb_:. ,~.t.lnlflc.ntd!.vt.r.it1 In production 
fJnvi:rQQMlV"·1 m ttatltoltG.phlea'l :telten. lnttead of th.11 18p11e.1t 
••• u.pti_.oatm. dill.rtnct. 1n app:11cabl11t1 of teebnolOI:1e. hat been 
!llttodtu:d \\31Jl1 An ,.t!ute 'Of the cellini adoptionl.".l .fortbat 
te:hnolol1.ltore d,·~ 111ed under'tandlnl and IliUdllltAa oitha sDillo".:: 
.ffact. of "e.e,reb v 111(1 th,e.:-e.fore,. f •. c!lit.ate .ore r .... listie 
di'*'Ir-"atloco.f te.e.rch evalultJ.onanal,s1t and al.o provide additiona.l 
d~Mnllons fot th.u;nd.r.u.~41n1 of .dopt.lon of to.eMo1es!e •• 



" 
In IUlUty there •. re at. lellt three .u.portantte.¥ou lihich .ulle$t. uata 
aQrt4lta.l1t4 ~d.r.tlAd1n1 .*#d .~11Clt.oa.l1inIOft'.I.&~(!b.pil1QV.tl 

1.' •• J:~qtt4., A' is, 'l,lSu! 'with anyllcd.l11D, .~rc.t..,tb.d.t:.l1J Df; th. 

·~.1.111k· ctet.nined b1 thet)'pflt of ittfom.e.tion ~.qui;.a. fcoait to 

••• lttd:.c111on.uld.nl. 

2.21bY1. of 'rnioua .. ,CJ. __ t.of ..... J:ChSpilloft~s 

ae.olut1onofthe i,."eo!vblthera'A,ur.sto 1ndic.~,.b.t~t • 

'technolou110f the .ppropr:1Ablet1peor: Doti, Itill'OHV.,'oft.tbtre 

l~ac:on.ld..l'&bl. bo4Jof' l1t.r.tu:re~cb c.ou$.1dsr':a "th. :1.'10.' of 

intellectual P;optt:t1 riJhtt and th!lh.. bleil, btottlhtt.o 'bfit,l:' ·em 

&Irlcultural rel.a.reb. nt ltt\1. of plAll,t .•• rlet.l. ~lJht.· 1, &1.\ .3portallt 

1~1U.1 tr.t;lM,for recent _papl,., '(ill \k:t4~(lt89 ).QdX.rt.nJt41&11c1G4~n 

(19$9). Thil 'work bas notre.u1te4 . !ntb'de'f'lo~t .of qwmt~t.ti.' 

,M_sur..which c. :l11dic.te ,.pptop;1.bl1it,1.l'lon .... ppro,pr:1abilJ,t.yo,:c df;111'i116:1 

i)f appropr:labl11tr.E".n .... ur.lo! the.xtent .ofapplicabl1it1 

('lpl11o\f.~) bavenotblJen.d • .,.l0p'd ... part of thi. d,bate. 

IPor the 1Qdu.tri.l •• ctot:the".e hay. been aorM Itte.pt.toaMr... tbe 

i.lu, of .p1110,,0r:. fro. technololi.'i. Tb.·ttOrkb, Ltvtt4'Q41.d,.'(1~88) t 

I.mlt.in and.tfld.irJ.(19'I).L..,& (198iU .,Coc~~m and Qrj.·l1c:ll..(1"'" 

lJemlte,:!.n (1988.) and L.vin et .,1. (.1917) indicate thttr.n:d., intb1...s.-••• 

So_ att.apt.to •••• utO sp1110v.r. in in4\lltrJ,"lpr:oduct1Qt1.n.ll'o~.nt. 

and reI.tatheleto appropr:iabl1ity at., 111C1Uded, in thlavork.!fQ1:btna •. at 

this :pomt,. i. r.ad11y 'adaptable toalricultut:t whicbwCUlt! .. cld~'I.tb. 

11.u,. discuI.e4above. 

If the appropriab111t7 1.,\1.. 11 lanored theri! have. 'towe:vfft. },),...vtral 
.tudJ,.. vhichltave addret.edthe'Pl11ove.r :lIJUI' .rut havebeen.peQlflc.l11 

focu •• d on .• ,ric:\11tur.. fber."i,e. by.orttmudP.vl.(1910lr ...... l.4 

only one •• tofptevi:ou, stlldl.t.nicheon.aldel'ea..pl11o.,er: eff,ct.,. the •• 

ctntttd."ouncl the work h7lven.OQ, (19761') which It'ld'llr.lat,pr04~ct!:t"lt1 

or productioafamctlon .peciflcatlonl .lthpubl;lct"I.reh'.~1tU1';. 

leVlll to .'tiaatl ,in an'saresat.e .e~Je. t4.relatlonlhlp betwt,n 

expendlttu:. oorellj,.l:ch at one loclt1ononthe ou~put in otb.lra.Ivtl\lon 

(1980)repotted .. fGrthflltX'efUut..,nt totbl1 vork,. '~.ppropr!&t.. 1..",,1 

of allre,"tionof Granal, •. 1. cl •• rlydependa onthtt7pe of 4.ci..lon 

Nkinlthe 1nforut.icn ,euerated ilto.upport. A"~'latt4 ,.tu,U....w::h •• th... uluall,p.rov.14tu,eful inforaat;iont.o ••• llt¥enttal"e.tarc:b po1t.e1 

di,cu ... loAS. If an)" 'vbat if' type :1 •• ut..r.r.l~qt an,4 ral,.d,tbo 

a .. t_,at!". natureo! tha.ellOdt.l. &:114 usually 1tf.'!:1 IJ&lt,(l,ourc;e. of 

acc,ur:ate d.l'Jallt .• ,ated data on which .odeleJ,ta.ticn i, 'b ••• 4.t •• trict 

tlwiru •• fo!nol •• 

S •• ,;:.l cale .tudy t1Pema111.lhavebeenun4et:tak.nvbich h.avel:4,ntlfl,4 

.pl11over blt\ef·ltsfrar ••• arch. r.or eXMple,lrennan(1986) •• tlaaat.d 

.iplficant..cOllODle,a.tn1 to, A\llt:.1!a ,fraCltll'ttt lth ••. t.r •••• rch" the •• 

• tu,4i..... howe.,I):.. hav.taken.pecif1~t.eMolol:1tl.1)d de".loped anal, .••• 

,p.clflcto the partlcularlltuat:ion. fte..04,l, uI.ddo notal.a 1111 

dlrect ecmlltl'l:'atlonto.aatnetall.td sp1110yer UPl.ct. 

1ft. t.enl of t.be,enl.rally acc.pt.edeccnOllic SUrplult1Peres.arch 

.".luat:!onacdell,14 •• 1:dl ,and f.r •• b.:1:r;n (19.81, 1912 .• 1984) develop_d, .. two 

,re,ioa tt:aa'fIOdtl wld.ell !nclu,de4 an allowanee forlpl11o'W' •. J:1 bat •• n tn. 

t.voto,ionl. Til •• etCtslonl are U$uall,. ItOlt.phlcal1,./pollticall" d.efined .. , 



·1A.·tb.ltc ••• otltCQQtlt;y ,.u4t1ltr,.t ·01;1\-. '.0;14. *11111"j:l,t,0l\&Jl4, 
'Qhl.~t (19.') :u •• 4 .•. ,WI • .: .t1fOX.ll~ ..• pU10'1*;' JrOd.l.to. '1~ ._t 
:Ptoc;.I.~ •• ct~'r •••• t~lt* 11\ 'bQthc •••• ;b;JPO~t.I~.l i ••••• ~r,'., ; •• ~ 
,to~..p$.11on.r J114~;v.;.'l •• 4Coft£p1:. 't)..,·~tc;o.t :J:'";lCt:!~ 
•• tJ.N~ ••• 

t>*vi*.Or..pf! ~,..n(l,,*17).x~n4.4 tMI4 •• ~4.·I.n4't •• h~1K14.1tQ 
~~1U4.""t:'IIC$J~4:ul.4'I;o<;·1'wtic souti~.otk ~Q 14'~tlf1 
.1t'ic~ltur.lpro4"Uon;.~'f1romae:At.. .:I!tJJ.lf$.rlt.lt. l.,Q. tlle$...lf~nt. 
"'l'-u.ed, .t()I"~j ,ct1"ely , ••• "..,111ov.r: .• ffectl .:(.,.1J.\...: •.•• rQ .to . on. 
1n46¥) 'for diff'rtntc;~J.tl...I"r.tl.1O. flo."ut',tb..1'.111Q"fel: 
•• tlut •••• ftI !tu:lvod :fo~ leOlrapblcal/pol*,tlc.1rtt,lonl ... ·In· ,.,t 'c •• ,. 
CQuntr'l ••• 

xnallo!the .,.r •• loal: .• twU.'I~.1tel't .••• lIq)t1cm. :t.,.tc.tl11l. ,tbt 
pr-oduct;i.on:tnv!ronaut foeu. of tb." •••• rch."...4. qrJ ...... 4f:b.(J. 
XJfthan,e. in 'thefOt:u., of 'tbe " •••• tc;hoccur, r.""a •••• ' .. nt 01' 
,eolraphlcal Jp1.l1ovetov:l11,\lluJl1y bt,r.qu.l,e4. 

3. AiODIJ. mllUJIftD5mtQlm. UGlOl·lPIIlGllrJ.QDDIG 

l.1W.1~tp_lltl 

AI vith aoy .arl," lIOdtld.".lopMut an; :1sportlA.tr.quir ... nt t-to lte.ptlle 
lItOflel.. sapl. ..pollible.. tbedi.cu"11C1'4 1n tbepre"iouI;"ct:i.otl 
'USlelt.tbr:fI...1n~;",.quJ.:r ••• nt. foruy.x:tens1oa to'$1Itin., ;t ..... J'ch 
spl11over •• tiutlon .a4e11:. the.. include, 

(i) The edel Ihoiild be cOIIIIplAtible vith qlltinlattbodolol1u •• d in 
rOleareh ,.".lt1 •. ticD. .studie.. Givln. recent trendS i:Q. thl •• r.a 
thi~"&l\' ',ntw:inlthe _04el elm.re.411y ~t.rf.c. ,,1~ 'the 
exilt!nlecODaic surplus type .r •••• rcb ,,,a.10&t,1oollethodQlOI)'. 
AI .. X'eC'1!Qt pllperb), Allton (1990)h~ahl11bt... ar:e.lat;lvel,. 
e:i:te.mt:ive lit. of aultL ark.to, aoael,arex-,.dl1y .a",aiiahle. 
truturad~v.'lo"'ll.t..hQuld be _de ;J.n ."M.r"ld~tbf.cl1itat •• , 
where pIl •• ib1., interface with these. 

(.tilth. ao4el sbeuld, UI. a. itt batic referenc, point ..uitably 
defined.lt ofrelativelyhoac,en,o\\,product.lon envi:otulentl. 
The.. axeu.nUkely 1:;0 be the .....IJIO'ts.o'r.pb.ical/politlc.l 
resic:ml. Since Reb. of tb.,conOtlie data rl(1)1're4 11 aval1able on 
a aeOltaphicallpolitic.l r,,1011 balil and al,ore.eatch deci,ion 
ukilll Is often oXlani •• dthis •• ,1t i, iaportl1lt to include a 
ut:bodfor tran,fotntionbet.veentbe,,,tvo :in the estillat.ion 
procell. 

U.1.1) TbeMQdel sbould be able t.o r.adilyfa.e:ll1tate tbe consideration 
of te • .,ltch atratealel vhlchfoeul on dev'lapins technolosle.for 
cliff.rent. prcxtuction env1tonuntl.. It .hau1db. r,le to a.le'$ 
the potential con •• qulnce. of cl\an&Usa this focus .. 
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3.2 OUt1;f.ne of the Propoae4Hod.el 

3.2.1 

J!iB~re 1 IWlUri.e. tile b.sicnlt1-r,gional traded good. "'tveloped by 
Idvardaand Freebaim (1984) and extendtd!b1 navil,Oraa :&l1c:lll&D. (.1901) .• 
Aa indicated b, ROlt (1980)andLfntinerandJarrett(19S0)wlth.,u:1ta'ble 
dis.sar.gationtbia type of aode1 vill pJ:'ovide a8 good, Ifno.t b'tt'r, 
.pprQ~tionl of z;'elearchbenef:1t.1 t.han thematb,e..-tital ... nipulatlonl t.o 
aaaregate .upplyfunctions IOlletiaslpropoled. 

The JULin olilil.ionfroll tn.! •• odel il thevert.ical 'JU.rketsepa;ation.Xl(J. 
Jlorecoliplex fara level input dll.SgteS-tIc.,. *upl.\(iledby Al.toll(l'~~)., 
The deel*ian. to .1nao;porateth •••. el;tr. .co.pleziti,. will c:tepeu4onth. 
clf4eision .. k:1ns Iltu.tion inforaatlQn is be1nSS'i:ler.tedioJ:. lilt1l1. 
diScussion .nd develop.ant thefara levelor1ent.tiQn.i •• ,intaU\e4 .. 

the research benefit estimation fotlllulae 4e~elope4 ~tl .. v1." ,Qra.u4JlY&n 
(1987) inc:orporate the estaateol t.he final :monetl'Q'valtle ,of tht: 
apillovtu;, unit COlt reduction. In EdwJu.~,d.tlnd Frelbaim (1984) .and-tho 
empir.ical applicatipn inD.via, Oru and l\y&U. (1987)a.pilloV':e.rindex 
vectpr or matrix is used. If tbe ana'lys;i.a cQverallan,. 't'eglotlsthls 
approach reduces the data changing task if dlfferentcolt: reduction 
analy!)e,. are re.quired. .Notationally this extra corapQnent. can b. 
repre£ented a.ll: 

..... (1) 

where 

It is.a Jlatrix o.f monetary direct and spillover unit COlt 
reductions. It i8 an n lI: n JQt.rU where n 1.. tile number of 
goographical :08&ion8 in the analYlis.k,1s then t.b.eunit 
cost reduction in region j resulting fro.1!es.arch1,Ul.dertaken 

.. in region i. 

* K is diagona\, ~I.trix of base rate cost:. reductions for each 
regl.on. k ii is the expected. cost seduction in r.slon 
• i' where the research is undertaken. k 1j .. o. 

S is a matrix ofrasea,reh spillovltr indexes or lIeight$. In 
most casssit ie expeetedthat 0 <sij < 1. Although this 
is not a nscelsa.ry condition. 

As indicated earlier ,Sd1latd8 ... a. nd Freeb.alrn (.1984) used values forI:!,. 
that were At'bitrarily chosen. Davis, Oramand Ryan (1987) used 
subjectively detetminedvalu8s for 81i , although these were based, on 
detailed information regard.ing the produQtion environments and theit 
distribution for eaeh cOlD!Qodity. Given the large number ofregiolls 
(COUntries) involved and diversity of production environments "itllin .801le 
of these. tile subjective veighting p.rocess involvedof.ten ta:dng menta.l 
gyltlUlatiQs..A need for a lesoaubjective weighting procels became. apparent 
as the application of the analysis progressed. 
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The need to ~~par.teaS'.8sllentsof the iJlspa.ct of' ,tGchnol~Sl~u. frQ. 
arbitrary SGographicallpol1t.icalboundari •• b.ca .. ~app.r.nt.n.p.nc:U.ns on 
abost ofen,vironraental. f.eto; endolll\entan4 otber teclul!calvfU:1 .. bl'l, 
plants. and animalaperfot1ll tn· diff.tent".ya. teehnQI081....J;'.J.p.v.J.:'ubll 
developed tosui1;solle location, and •• , not ,uitoth,r$. Allor~,. elf 
tneau may e~iat vithu.. the sa.. 88ographlcallpolltical.bound .. q. ne n •• 4 
to relat~ $pillover modelling to these production.envitoQ.1lent 'fa~to:·. waQ 
recognised by Davis ,Orlll:\and I,..n (.1.987)" ~pa.nsi(m of the ,u'bject.iva 
estJ.aatic.n procedure requires the foll'Owina 

(1)ChoQ8e an Appropriate Production EnvironltentCla,.i~lc~tion Syst •• 

There are a large number of stud1e..hiCh .bave de.veloPed aSfor;ll.lIat.f.c. 
classification systeas fot the world. For lIo$t.plan't b._ed copod1,tl..th. 
problem is us.ually too man,. to choQsef.~oll. Vitn .SQa. c;OUQdlt)' grQ)lpa and 
especially fisheries tbeoptiona are 1I10re luited. The important 
cons~,derations in choos.ing the cla,ssiflcationsyste. aret 

(a) It must be IPplicable to pos.ible teclmologies. TQo .• ucl\, detail 
is likely to be redundant. tea little l1kely to result in 
aggregation errors. 

(b) It must match and. suit the preferences of the t\.cl.io~, .• akers 
likely to UGe the infQtJlation. If they currentl,. "al&t.dane! 
decide on tbe basis '~f a simplesy.tea. then u f'i .f. cOllplex 
extensive system may J.,t'ov!de information in the VJ,.J%t tom. 

(c) Information. and computational requirement.s lIay lait the lev'l of 
disaggregation. 

(ii) Estimation of Production Enviro1Ulent to ProducticnEnvirotulent 
Spillovers 

Notationally this matrix has been termed the '0· lIb.trix (this i$ an a x 111 
matrix where m is the number o.f production environments). I.t. i. a matr1x 
of the spillover indexes briefly outlin.d above. In interprl!Jting the .ct." 
elements of this matrix it is iIlportant to refer to figure 1. Instead OJ; 
vieuing each supply/demand diagraa as a co~try it Ghouldbe vievac! as a 
homogeneous production environment:. t Tne ctv valu88 are found by using 
the ratios of the leii ·s. for exalZ1ple. for the production environment 
where the technol:lSY vits developed for. aay a, 

k •• 
ca ... -

kaa 

.. 1 (2.) 

On tbe other hand, in production environment b, for research undertaken in 
a. 

(3) 
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The inteqlretation of k is impottant:.. It iathe1.Ulit coat :red\lctioll ill 
production environlDent .,,1\ 1f the technology developed sp?c!ficlollyfor ',,at 
ia used iutb'. For ka to be p.oa.lt.1ve that$cMologYllus.t. be superioJ: 
to the best already av.flable technology for prodqct1ou -nvirQn.ment • b t , 

Note this could be a different technology than the pJ:e-.J:estiar.chtechnology 
in. l a' • Inmost cases it is expected tb.tc b < 1. thati", tbeco$t 
reduction is less in a production envirQl\1llent tMat the technol0.$Y .... not 
specifically designed for. However. this is not al;ellt;'ict1on of the 
lQodel.. 

This notion of a production environment to production e\lvironment;'.spillQver 
introduces many d;l.mensions which can be discu8se4 and may need resolution. 
Below lists a few and does not attempt to discuss them 1n detail: 

(a) The C matrix is unlikely to be unique. Fo.rexlUDple.the elements 
might change depen.ding on the type Q; research. say. Plant 
breeding vorsus plant protection or soils. Depend$.ng on t.he 
decision making environment the a\'lalysJ.1 is being used to BllPpo;t 
individual estima.tes may be tequire.d or a weighted aver_S,e. 

(b) Research may be unde.rtaken with the view of Jla~;llt\i$~S the COtlt 
reduction for a specific production environment or pe.rbilPtI be 
interpreted as aiming to increase the. size of the C matrix 
elements. The latter could be viewed as X'edu.cing the procluc;tion 
environment sensitivity of a crop. 

(c) Estimation of these parameters could be throu.gh elic.itation. from 
technical experts or ptoceQures developed to make use of research 
trial results. 

(iii) Estimate the Region. to Region Spillovers 

Aggregation of the tel matrix to give the • S· matrix or region to region. 
s'&Jillover!Jrequires two additional sets. of infotlllation. These include; 

(a) The production environment production shares fOr each commodity. 
This is given the notation of an 'F' matrix vb,ich is an .m x n 
matrix (where ~ is the number of production environments andn the 
number o£regions). For each region this is the pt.'oportion of 
production in each production environment. 

(b) The production environment focus of the research. The notation 
for this information is an t R t matrix which is n x. m. It 
specifies the share of research focu,ed on eacb production 
environment in a region. If a region (country> has production in 
eight pt'oduction environmenta, researcb decision makers will nf;!ed 
to deter~ine whether research will focus on all pt.'oduction 
environments or a sub-set. If 80 will each be given equal 
attention ot' vill 70 percent of the effort. be focused on one 
production environment. For assisting aggregat.e level decision 
making applications, so .far. have a.asuaed research e~fort is 
focused in proportion to the production in each production 
envirorment. Inmatru notation this is the same as ass~ing a • 
Ft. Clearly. a range of alternatives are possible and the model 
can generC\te a rich set of inforlJlation regarding possible 



deq~$iQn~ Allc:Jthelt$1.lbs~q\le.nt PQt~ntJ.a..l. i~p.Cton~e8eAs:'qll 
app.l.i~ability (tipJJ1Qver$). 

W.!.tb tb,eabove sets of in.form"tiot\ the Clgg;egatedresioll to~ealon. 
apilloverQ Call be found UQlIlg: 

S-RCF ..... (4) 

This set of information can then be used; in the 1D'll.lti"!'.x:egional research 
evaluation model to estimate po.ssible research bene fit & .AQs.oc~atQ4 viththe 
cliffe rent options. 

The next sect10n highlights fieve;al aspects of the mo cht 1 "it1\ &.1\ 
illustrative application. 

4. AN ILLUSTRATIVE APPLICATION TO ESl'UADlogSDI JE§JAiCB §PIJ.k9'lEM 

4.1 Introduction 

An empirical application of any model is ~sual11 the best. vay to highliaht 
the important features. The type of spillover estimation prOCEtd'lr~ 
outlined in section 3 is in the process of being applied as part 0.£ 
information systems to assist research decision making in several 
institutions. It is an integral component of the information sy.tell). used. 
to assist decision maki~g in ACIAR. In this application analysis bas been 
completed or is nea~ing completion for 24 agricultural. a foresttY .nd 11 
fisheries commodities. Together this coverage includes around 9$ pEtrcent 
of ACIAR' s research expenditure. Davis and Ryan (1988), Davis. McKenney 
and Turnbu .... (1989) and Fearn and Davis (1991) s~mmariae progress with this 
application. ltelated collaborative studies, jointly fUI\ded by tClAR and 
national research institutions 1 are nearing completion in the Philippines 
and Tha;lland. Both of these have adapted the basic .spillover estimation 
pracedl.u:e described above to suit the particular decision making 
environnlent. A similar effort is underway in Indonesia via collaboration 
with ISNAR. 

Since the spillover estimation component is only one part of the 
information system being developed, current documentati()n bas not provided 
details of just the spillover estimation. This section provides a brief 
discussion using ehc foreetry commodity saw and veneer logs 
(non-.coniferous) • 

4.2 Country-to ... Country Spillover Estimates for a lorest rroduct 

Davis, McKenney and Turnbull (1989) provide a description of the 
application of an economJ.c sutplus model application to measuring the 
potential gains from forestry research. They also describe how this 
illfo.r£llation is adj1.lsted and presented to support research decision making 
in ACIAR. Tbey only present a brief description of the spillover 
estimation procedure used. Here a more detailed descrilltion is developed. 

Following the discussion in section 3 the following choices and information 
a.re requit'ed: 

.j"! ...... "I' t I fltt ',It t·· p!"'!t·tHtm·' l3Iib. , 
"'w_M 

. 
i' 

I 

* 
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(1) Choice of App~opriate PrQduct!on Environlllent Ql,ss~i!cat.1Qn $1$t~~ 

A;terd1scu8sianswith forestry research e~e;ts 1tt148' decideqt'hAt. t'o~ 
tbe purpoIl)s of 1nform~tiQn8ene;at,d, ~ agrc;r:.l;i.lllatJ,1;: cl.wlif1Qi),tiQl\ 
ays.te.- wAssufficJ..ent.. The Papadald.a (1975) STate. W"sQg.osen ~ftel;' 
revievj.ns a range Qf possibilities. FQr the agricult",ralapplic.t.io1\ t1\$ 
FAO (1978a.b, 19BOa,b) a8rQecologica.l~one s1steJll wasuaed4 For fisl\e;;iea. 
see Fearn and Davis (1991). i) species base4 p.rQd\1ct.ion env.i.;OlUaent ayst.1l 
was adopted. There are nQ clear ruidel!nes fOr tnakillS this cboi.ee. The 
approach adopted in appll.ClltionSflQ fa; has been to 1:$lYOA the agviCe'oi 
the. research e~pertsf especially those ip:V'QlvetJ, ill tne decision.lIlak.ing 
process that the information is being developEtd to G\1pport. 

Figure 2 illustrates this classification systeEll£or Auestralia an¢ New 
Zealand. The system is available for all countriEts of the ~o1;'ld. For 
forestry a total of 72 production envlrQnQents wEtre l.ncluded~Th" (: matr~ 
developed was therefore 72 x 72. Figure 2 ind!cates that 4uatralill, 
agroclimatically is quite diver.$e. It is interesting to note that th' 
initial choice of this production env1r,onment 'fas madebefo1;'e exposil\g the 
final information to the decision making process.. Subseqqently 1t has been 
found that the information system has much more flexibilityan.d can provide 
a more detailed set of inforwation to support dacis~on tJ.lakins if, where 
possible. a standardised classification system is adopted for all 
commodities. All a result the forestry data base is being reviaedto use 
the FAO classification. 

(i1) Estimate the Production Environment Sp~llovers 

In the ACIAR work where a world wide analysis is required. logistically it 
has been necessary to rely on technical research exprtrts' j.udgements to 
provide the elements of the tC' matrix. Nationally focused studies. such 
as those in Thailand and the Phil ippille s • are investigatinsempirical 
procedures for estimating these para13libteru from research t\".'ial 
information. This i8 a critical area which r.equires further investigt ' \011. 

and refinement. 

If elicitation of spillover estimates from one production environmen~ ",0 

another is used it has been found to be ver important to ensure ttle 
technical expert. has a clearperspect1v~ of the concept as sU$Ilmarised il" 
section 3. Especially important is to keep in mind the notion of a 4..(' s t 
reduction relative to the best currently available technology. 

Table 1 presents the estimates for saw and veneer logs (non-coniferous). 
Only 21 of the 72 production environments are used for illustrati~n .. 
Throughout this section only a small subset of each se.t of information ate 
given because of the logistics of table presentation. ~y calculated 
results are, however. based on the full set of data. 

It is noticed that the diagonal elements cii are all one. Using tbe 
definition of c from section 3 this is expected. 1ft however. the 
production envirat1nents are aggregated and not 'sufficientl,-' bomogeneous 
this may not always be the case. Also notice that the matrix is symetric, 
tbis is based on. the judgement of the researchers f however. is not a 
requirement of the model. Finally notice that tlle matrix is block 
diagonal. This is expected as the production env i !'onments are listed in 
order of those most likely to be similnl. 
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CLIMATESOF AUSTRALIA 
AND NEW ZEALAND 

Schematic: Mop 
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I., TROPICAL: 1.2. humid tropical: 1.3. marjne SlIvanna; 1.4. continental 

savanna; 1.5. semlaud ttopJcat; 1.6, cool tropical; 1.9, coul-v.;ntcr tropical.­

l.. TIERRA FRlA: 2.1. gmt-tropical tierra fria; 2.2, low tierra fria; 2.3. 

medium nella frta.- 3., DESERT: 3.1. hOl tropical desert; 3.2, hot ~btropjcal 

desert; 3.4. m'ltU1~ subttopictl descrL- 4., StJBTROPICAt.: 4.1, humid 

subtropical; 4.1. continental subtropical; 4.3, continental semi.tropical; 4.6. 

semj'steppic semi-tr0plI:al; 4.1. marine subtropical.- 5., PAMPEAN: 5.1. typical 

pampean; 5.3. subtropical pampean; 5.4, marine pampean; 5.6, monsoon 

Source: Papadakis (197S,p.187). 

30· 

160- 110· 

pampean; 5.7, semiarid pampean; 5.8. pat:leonianpasmnd; 5~9~semjarid 

patagonian.- 6,. MEDITERRANEAN: 6.\. :tubtropicalmCditerr.ane:m; 6.1, 

marine mcditerraOe:1n: 6.3. cool-marine mediterranean; 604 .• u:opical mediterra· 

nean; 6.5. temperate mediterrant3n; 6.6, cold mediterranean; ,6.lI,5ubuopical 

semiarid mediterranean.- 1 •• MARINE: 1.1. v.':um inalZ1,c: 7.2. cool maTi ....... 

7.5. temperate mediterranean; 1.6.cool1emperatt>;1.8.humidpatagonlan; lO.s. 

;llpine. tn the Great Dividing Rangeclitnates are so mixed. that Uisimpossible 

to m3p' them at so smallscate. 

Figure 2. Agroclimatic Classii!~ation System Used For Forestry. 
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C.3 '.3 0.3 1.0 t.5 t.5 I.JO.3 
0.' 0.3 0_3 1.5 1.le.s '.! •. , 
0.3 0.3 0.3 C.S O.S 1.0 0.3 0.3 

:.3 0.SO.3 G.3 1.0 1.5 
' •. 3 0.3 0.3 0.3 0.5 1.0 

1.0 1,5 0.50.5 
O.S 1.0 8.5 '.$ 
0.5 0.5 1.0 O.S 
0.5 '.5 1.5 1.' 

Scnee: bUnted br ~r J~b 111'1\111. ACIAI Foreatr, Profru Co Ordbator it CoudbUOI wiU Ollert. 
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U.S.1) D:eterainethe Production Sha~e' b1Ptoduetio~£nv1t'otUlent 

The. .bate or proportion ()f production in eachptoduction .$lvir~.nt,for 
each ,country 1Irl'1\1.ire4. Ideally this i_the .h.tee~.ctedtoex1.t "wheJi 
tht relult. are avail.bleal atecMolozy. I~.o.t caa •• estimat •• !\Ave 
been based on txi'tinS production level.. rQrthefore.tq.ppliC"~ion 
theae •• tia.te, vere subject.ively detenlined b1 fOf,,.t%1exp'u:tafuifiar 
with forestry production in each count7!'1. The.aricultur.l •• t~ .. tea\ .-ere 
ba,edondtta.iled .sti.,talra.deby 'lAO. 'or ,fisheries:. tbeapec1e. 
production data tapes produced by FAa ve". us,dtc calculatetl111 
inforaation .. 

Table 2. prelent. ex •• pl.information on product1onlha.re informatiQn f'or 
nin. of the total npber of coun:tri.lu'ecl .tnt-h. anI1)'.1_., 411 c.ountrte. 
of the 1forld are included. h01ifev.r. 10.' an aalt.gated. to reduce tl:ledata 
table size" AI a rule all countries ',Us ACIAR.' I .• andate are kept a. 
leparatecountries. .s are other latg8cO'4ntrJ.... fheX'est are It.d.tabl,. 
48Irel&te4. The final set is 15 countrie .• or reglons. 

fable 2 hipliSh.tsthe world p.tt~.en for tbi' production ahare 
i.nforuticn. Soa. countries. such .a Australia. Ind1. and CbtnabavfIl 
diverle distributions of production env!romaents, vb:.f.ch often inc'lu4etba 
production of .iIIilar products. Outhet other hand othercountriel only 
have liJlited production enviromlent diverlity. By definition the SUII ·of 
the.. share. ohonld ba 1. 

(lv) Specification of Research Pocus 

Inforaaation regarding the expect~u! research focus sttategielof each 
country is not available. In the standard anal"'il an as.sumpt1on ,Wlar 
to conantenCe is aad.. .Tbt.t ia. it is .s.Qed that a cC\uod!tyre.earch 
effort within II CO\'Ultr,' or 1:.sion i. focused accoeding to the iapo:tJO,ce of 
the ptoduction anvironaent for that co_odity. ,orth. _Siresate l.vel of 
deci.ion •• kina. currently of iaportance at .ACId. thia ••• wapt,1.on has been 
acceptable. F01: other decision aakingenviJ:onctntl alternative .. lsUillption 
aay be aOrfJ appropriate. The ability of the eltilution procedure to 
aceo_edate altcu:nat1ve .trAtes!et and •••••• their iapact on x,'esl.onal 
spillover. and their potential benefit., is one of it, attractivafeaturea. 

lot' the illustration used here the 'at • .,trix ia therefore aaswae.c1 to be 
the tr.nlp~Je of the production .hate .atrut F. 

The inforaa.tion included in tablel 1 and 2. can be used to calculate the 
aSlres.teel region-to-region t!jJillover .,ti •• tea. Tha.. ate present,din 
table 3 for the nine countries uled in this illust.ration. Many point. 
resardina the.. C~ be discu' •• ed. The fallowina are only a fev to 
illultr.te. 

Cal There il conaiderable diver.ity 1n the direct ef,fec.t e.tiaate •• 
that it. 1:. • The countriel with production !$pread over a 
diver.e rmit of production enviroruaentl obvioully have lo"er 
dlrlctresearch effects. Inspection of table. 1 and 2 reveal this 
rel.atlon.bip. AUlt'talia, for: exaaple, hal prOduction in 
envlronaf)Jlta vbe.r. there are,for.olt applied :relearch,unlikely 
to be any Ipillo •• r ef.fectl. fhultechnolosl.. developed for one 
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pto4uQtionen,vlroQ,nt. ,are. 'not like1,. to beuicd b1P~od\tC:.t'.,f.p, 
.anoth.t" 

(b) D.:apll1over ,.ffect,to othercountrl..are ".;1*1.>1.. In,c •• 
c.... the.e .cQbelaraet . than .t.hedlr.ct. .effect .. ~th.coUlltq" 
doiftBthe or1s1na1. T!\ ,e.rcht At;;f;l'ltslauc.thl. '()ft.npu:~l •• 
an Qb,erver.lfollQfll'r . it. beco...cl •• X' Iftabl.. lan(lZal'fI 
iD.pecte6. Fot .x~spl"t int.b.. C, •. , of _mt .oltoE it. 
prod\lc:tiol\ ~t. inproductioAenv1roPlient a.2,hQt, .8uh.tr.QPJ.cal 
dOlert. Vhile arelati:'.3.y .... ll.bar.ofA\litt .. lllA pt'oduc:tlo~ 
11 .inthisp.roductlonenv,lro1Uilep,titis .till laportant... Since 
there '&1:'. Qnly •• allap!\loverato ._.Q .. otheJ: pr()dl1~.tio1\ .r~.'and 
none to ctht4t'It.. an,. r ••• a~ch viII have 1111i.t,d,appl1cabll1;t1 to 
total AUltrc·lian. production. on th.other l1lu.\d ·t'hi.r: •••• rch."ill 
potenti.1ly apply toa 1.rge.lta.re.oflmtt .proclulJ t:.l~. 

(e) It il impcu:tanttoreaeaberth.tt.hi.s J.nfotl,l,. tion lGuindtx. 
The potential.velfare ga1nsfro.tll.e.e.pilluvl!~sare scaled by 
aeveralotberfactors in the research evaluatIon f;.Jlevo~ki!The.e 
eventual Qonetar,. sa ins a:,. not pre •• l1tedb • .u:e b13:t ar. discus.ed 
in Davis. Hcltenney and Turnbull (1989). (Not. t~t llubers..." 
not lIatchexactly sinr:e those included here have ineorflotated ·80. •• 
refineBents to the 01:J.ll.1naldata and foraatofanaly.ie.) 

(d) The results have intt.resting aplications in teQ8 of the notion 
'Of t.echnology adoption. It is pna,ibleto regard the el •• ent" of 
the direct effect .s -:ontaining 101le olthe dillenstons of what i. 
often folded into the term adoption. In Australia 1Ie vouldexpect 
to find a relativel:.- low average adoption of any forettrr 
tecMolo81. in teras of totm1 production. Fro. tl\ble 3, .in fact. 
about 28 percent1t1 the likel,. ave rag'" • 1'01' the .rest of 
production the • average' technolo,y viII not provide sufficient 
improvement of the existing tet. to warrant adoption. Sometl ••• 
analys.t. are inclined to attribute the.. low figures to other 
adoption factors. for example. lack of extension etc. 

(e) If countries are di.aggregated into sub-regions siailarregional 
spillovers can be calculated between states or s •• ller 
geographical/political areas. Sirailarpattet"'" to that in table 3 
can be found. although the diversity is IO~ ".mes not as large. 
It i8 possible to show_ however. that this c1isaggregation is a 
m;;)re productive approach to the iS8ue ·of the type o.f supply shift. 
a. oppolea to ua1ngllatheaatical lIanipulationl of the aggregate 
supply function. It can be shown that it is possible that pivotal 
divergent with non-linear supply shift. at the aggregate level can 
give higher esti~ates than par.!1llel linear shifts applied at the 
disaggregated. level. This confirm!) the susgestiona of Lindner and 
Jarrett (1980) and Rose (1980). Davis (forthcoming) uses this 
spillover modelling and disaggregation to illustrate this poin.t. 

4 .. 3 Spilloyer S.tiates wIth Alternative Production Environaent Beae.reb. 
I'oe! 

A range ofaltem"tlve research strategiea can be investigated vith this 
simple spillover estia •. tion model. One is illustrated here. 
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In table 3 .pilleve:r eatiutea vere b~.ed on the so called '.congruence' 
a.$sumption. That is. researcb was focused on pJ:(:)ductionrmvl.J:'onments 
,.ccotding to exittlngproductlon in each envirotulent. the imp,ct of 
alternative research 8tratesiescan be lnve8:t1gat.ed. Table 4 illustrate, a 
range of pOIslbilitJ,el for AUltralh and sav .and, ventUlt: log 
(llo,u-coniferous) research. 

The firat row in table 4 rep.a.ts the Austral:ian roY fro .. table 3. Tbfl 
other seven rovs ••• \me that all research effort .1af.ocused Qll on17 one 
produ.ction environ.ant. The resultant technolo81 will only.directly 
influence production inthl., enViroqCfnt. Spillovers.till OCcu~· •• 
indic.ated by table 1. Yhe diver.it" of ,Ault:r,al1an. proQ.uction ccmd,itiotll 
produces 10.' signiflrant variations in. spillover es;tiaa.tel. in4icating 
iIIportant lensitiv.it;1 to the choice of r •••• x:eh.tr.t.S1. ,Asaill. arAllseof 
points can be discu'led. lor exaaple, 

(al The congruent Itr!lte81 d",' ~ not alvAJ'1 pro<1uct thehigheltdlreet 
ef.fect. AlthOUgh. by def:inition :it vili be near to this .. 

(b) So...ignlf,icl.ntchans,s can occur in the .spillovers to Qth.;u: 
countries • resioua froll chanaes in these Itr.teai •• " Soaetitles 
significant. !ncrea,el in spi'llonrat.oothe:r countr!.. can tfulUlt 
fro. I.all change. in dlrect effacta .. 

(c) The distribution of research gain."ithin a .region:::ountty c.n 
clulnle sigai'ficalltly du.. to different stratesl.s 10 The.. $#pact. 
can only be extracted by di •• ssresationfro. a utional to 
intra-national level. 

(d) Agab. it 11 !aport.a'lt torelUe.ber that the Ie spillover, are 
indicea and differences canbead]ulted vhen spillover reaeareh 
benefits ai:ecalc:ulated. 

(e) An iIIpot'tant i'$ue which needs tob. interface4 witb. thia 
inEonsa.tian 1s the unit COlt t'eduction that i, 11kely to b~ 
achiovable in .achproduction environaent. !hi. i. a '0 eal1ed 
research produc.t.ionfunction.type illue. If this inforiPtion can 
be e.tiMated it can be 1nc:ol'.'porUed .in ar,aearch benefit 
alla ••• ent vitb the spillover ;incU.ces. 

~l.lile not a ptUari concern of the inlt.ial infon,at1on.yateadevelopec1 to 
as.i.t decisi01l uk;f.ng at AC1AR., inforaatlon on chanae' !uth.s. research 
stratesiel and opt.i.onl are ptovinl to be useful additional coapleutltsto 
th.e basic inforaation daveloped. ror a rel.tect dilcus.ion ••• 'yanand 
navis (.19tO). 

fbispAperbesan by idtntlf.y1n1 ""'Ira1 rea.ons vhy .ore detailed aod.ell;:':.Il1 
ofr, ••• rch Ipillover. app.ars varranted. tbe.e !:lcludvd th.pol.ibl11~1 
of beina able to provide aore detailed JnforlUtion to tllll.t r •••• reh 
policy debate. re,earch pro&r.. planning and .atilfy .. lap in the existh1a 
re •• arch e1tAluation •• thodoloIY. 
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A sl.al.llelineal." .04&l val developed in this pap .• r "bich!$ auase,lteda,. 
furthal;" atap 1n this.-rea. the lIodel h:1&h1iahtt thena.u! t.O.t 

(i) Separate thenotiol'l of reseatchapllloversto relate to te.:.htdcal. 
productlQn environments" Thea. can then he _llreS.ted to 
geolr'aphicallpolitical reglons tOluit the level of tOlerabl. 
Isgregation error. 

(ii) Address clear attention to the issue ofta •• arch .• tr.tegit,. 
enpecially regardina the types of production environsent. r •••• reh 
is expected to 'focus on. 
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